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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
awar 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
am 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 FPA 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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N F PA an d  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  a r e  r e g i s te r e d  tr ad e m a r ks  o f th e  N a ti o n al  F i r e  P r o te c ti o n  As s o c i ati o n ,  Qu i n c y,  M a s s a c h u s e tts  0 2 1 6 9 .

C o p yr i gh t ©  2 0 2 2  N ati o n al  F i r e  P r o te c ti o n  As s o c i a ti o n ® .  Al l  Ri g h ts  Re s e r ve d .

N FPA®  2

H yd ro ge n  Te c h n o l o gi e s  C o d e

2 0 2 3  E d i ti o n

T h i s  e d i ti o n  o f N F PA 2 ,  Hydrogen Technologies Code,  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
H yd r o g e n  Te c h n o l o g y.  I t was  i s s u e d  b y th e  S ta n d ar d s  C o u n c i l  o n  N o ve m b e r  2 9 ,  2 0 2 2 ,  wi th  a n
e ffe c ti ve  d a te  o f D e c e m b e r  1 9 ,  2 0 2 2 ,  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 2  was  ap p r o ve d  as  an  Am e r i c an  N ati o n al  S tan d ar d  o n  D e c e m b e r  1 9 ,  2 0 2 2 .

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

Wi th  th e  i n c r e as e d  i n te r e s t i n  h yd r o ge n  b e i n g  u s e d  as  a fu e l  s o u r c e ,  th e  N ati o n a l  F i r e  P r o te c ti o n
As s o c i ati o n  wa s  p e ti ti o n e d  to  d e ve l o p  a n  a l l -e n c o m p as s i n g  d o c u m e n t th at e s tab l i s h e s  th e  n e c e s s ar y
r e q u i r e m e n ts  fo r  h yd r o g e n  te c h n o l o g i e s .  I n  2 0 0 6 ,  th e  Te c h n i c a l  C o m m i tte e  o n  H yd r o g e n
Te c h n o l o g y wa s  fo r m e d  an d  tas ke d  to  d e ve l o p  a d o c u m e n t th at ad d r e s s e s  a l l  a s p e c ts  o f h yd r o ge n
s to r ag e ,  u s e ,  a n d  h an d l i n g ;  th a t d r a ws  fr o m  e x i s ti n g  N F PA c o d e s  an d  s tan d ar d s ;  an d  th a t identifes
an d  flls  te c h n i c a l  ga p s  fo r  a c o m p l e te  fu n c ti o n a l  s e t o f r e q u i r e m e n ts  fo r  c o d e  u s e r s  an d  e n fo r c e r s .
T h i s  d o c u m e n t i s  al s o  s tr u c tu r e d  s o  th at i t wo r ks  s e am l e s s l y wi th  b u i l d i n g  an d  fre  c o d e s .

T h i s  c o d e  i s  l ar g e l y e x tr ac te d  fr o m  o th e r  N F PA c o d e s  an d  s tan d ar d s  ( e . g . ,  N F PA 5 2 ,  N F PA 5 5 ,  an d
N F PA 8 5 3 )  an d  i s  o r g an i z e d  i n  a fas h i o n  th a t i s  specifc  fo r  h yd r o g e n .  P ar a gr a p h s  th a t h ave  b e e n
e x tr ac te d  fr o m  o th e r  d o c u m e n ts  a r e  s h o wn  wi th  th e  e x tr ac t r e fe r e n c e  b r a c ke ts  a t th e  e n d  o f th e
p ar a gr a p h .  I n  s o m e  c a s e s ,  modifcations  h ave  b e e n  m a d e  to  th e  e x tr ac te d  te x t to  u s e  te r m i n o l o g y
ap p r o p r i a te  fo r  th i s  c o d e ,  s u c h  a s  th e  te r m s  GH2 i n s te a d  o f compressed gas a n d  LH2 i n s te ad  o f cryogenic
fuid.  I n  th o s e  i n s tan c e s ,  b r a c ke ts  e n c a s e  th e  m o d i fyi n g wo r d s .  S i m i l a r l y,  wh e r e  l an g u ag e  was  d e l e te d
to  ad h e r e  to  r e q u i r e m e n ts  b as e d  e x c l u s i ve l y o n  h yd r o g e n  an d  n o  o th e r  c h an g e s  we r e  m a d e  to  th e
p ar a gr a p h ,  b r a c ke ts  th at e n c o m p as s  a  h yp h e n  [ -]  ar e  i n s e r te d  i n to  th e  p a r ag r ap h  to  d e n o te  a  c h a n ge
to  th e  o r i g i n a l  m ate r i al  wh i l e  r e tai n i n g  th e  e x tr a c t to  th e  s o u r c e  d o c u m e n t.  I n  s h o r t,  ad d e d  o r
modifed  te x t i s  s h o wn  wi th  b r ac ke ts  ar o u n d  th e  d i ffe r i n g l a n gu ag e  an d  p u r e  d e l e ti o n s  o f te x t ar e
s h o wn  wi th  [ -] .

T h e  2 0 1 6  e d i ti o n  o f N F PA 2  wa s  m o r e  c l o s e l y a l i g n e d  wi th  th e  r e q u i r e m e n ts  i n  N F PA 5 5  fo r
g as e o u s  an d  liquefed  h yd r o ge n  s ys te m s .  B o th  d o c u m e n ts  we r e  i n  th e  s a m e  r e vi s i o n  c yc l e ,  wh i c h
a l l o we d  th e  te c h n i c al  c o m m i tte e s  to  wo r k m o r e  c l o s e l y to ge th e r  o n  r e vi s i o n s  to  th e  j o i n t c o n te n t.
T h e  r e q u i r e m e n ts  fo r  h yd r o ge n  g e n e r ati o n  s ys te m s  i n  N F PA 2  ( C h ap te r  1 3 )  we r e  n o  l o n ge r
e x tr ac te d  fr o m  N F PA 5 5 ,  an d  th e  r e q u i r e m e n ts  fo r  h yd r o ge n  fu e l i n g s ys te m s  ( C h ap te r s  1 0  an d  1 1 )
we r e  n o  l o n g e r  e x tr ac te d  fr o m  N F PA 5 2 .  T h e  Te c h n i c al  C o m m i tte e  o n  H yd r o g e n  Te c h n o l o g y h a d
p r i m ar y r e s p o n s i b i l i ty fo r  th o s e  r e q u i r e m e n ts .

T h e  2 0 1 6  e d i ti o n  h ad  th e  fo l l o wi n g  c h an g e s :

( 1 ) Signifcant r e vi s i o n s  to  C h a p te r  1 0 ,  Ga s e o u s  Ve h i c l e  F u e l i n g F a c i l i ti e s ,  th at refected
signifcant e ffo r ts  b y th e  te c h n i c al  c o m m i tte e  i n  i m p r o vi n g  th i s  c h a p te r

( 2 ) Clarifcation  an d  o r g an i z a ti o n  o f th e  r e q u i r e m e n ts  fo r  ga s e o u s  h yd r o g e n  s ys te m s  i n to  th r e e
ti e r s  b as e d  o n  th e  q u a n ti ty o f h yd r o ge n  s to r e d :  l e s s  th an  o r  e q u al  to  th e  m ax i m u m  al l o wa b l e
q u an ti ty ( M AQ) ,  gr e a te r  th an  th e  M AQ b u t l e s s  th an  th e  b u l k q u a n ti ty,  a n d  b u l k s ys te m s

( 3 ) C h an g e s  to  th e  r e q u i r e m e n ts  i n  C h a p te r  7  fo r  e m e r ge n c y i s o l ati o n  c o n s i s te n t wi th  th e
c h a n ge s  m ad e  to  N F PA 5 5

( 4 ) N e w r e q u i r e m e n ts  fo r  h yd r o ge n  e q u i p m e n t e n c l o s u r e s  to  a d d r e s s  th e  g r o wi n g  u s e  o f th e s e
s ys te m s  i n  a var i e ty o f feld  a p p l i c ati o n s

( 5 ) N e w c h ap te r s  fo r  p ar ki n g  g ar a ge s  an d  r e p ai r  ga r ag e s  fo r  h yd r o g e n  fu e l  c e l l  ve h i c l e s

F o r  th e  2 0 2 0  e d i ti o n  o f N F PA 2 ,  s e ve r al  u p d ate s  we r e  m ad e  to  b o th  C h a p te r  1 0 ,  GH 2  Ve h i c l e
F u e l i n g  F ac i l i ti e s ,  a n d  C h a p te r  1 8 ,  Re p ai r  Ga r ag e .  C h an g e s  m a d e  to  C h a p te r  1 0  fo c u s e d  o n
ad d r e s s i n g fu e l i n g  p r o to c o l s ,  a u th o r i z e d  fu e l i n g,  s i g n ag e ,  a n d  ve h i c l e  to  s ta ti o n  c o m m u n i c a ti o n
p r o to c o l s .  Wi th  th e  i n c l u s i o n  o f th e s e  u p d a te s ,  C h ap te r  1 0  wa s  r e s tr u c tu r e d  to  m a i n tai n  c l a r i ty fo r
th e  u s e r.  C h ap te r  1 8  wa s  r e vi s e d  to  b e  l i m i te d  to  o n l y ap p l y to  L H 2  a p p l i c ati o n s .  T h e  c h an g e s  m a d e
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to  C h ap te r  1 8  e n h a n c e  th e  e as e  o f r e p a i r  ga r ag e s  to  ac c e p t h yd r o g e n  as  an  al te r n a ti ve  m o to r  fu e l  wh i l e  p r o p e r l y a d d r e s s i n g  th e
a d d i ti o n al  h a z a r d s  th e  r e p ai r  a n d  s e r vi c i n g  o f th e s e  ve h i c l e s  c an  p r e s e n t wi th o u t r e d u c i n g  th e  l e ve l  o f p r o te c ti o n  c u r r e n tl y
r e q u i r e d .

F o r  th e  2 0 2 3  e d i ti o n ,  th e  wo r d  “ p e r m i tte d ”  h as  b e e n  c h a n ge d  to  “ al l o we d ”  th r o u gh o u t th e  c o d e  to  a vo i d  m i s i n te r p r e ti n g
th e  c o d e  to  r e q u i r e  a  p e r m i t b e  ac q u i r e d  to  a l i g n  wi th  c o d e  r e q u i r e m e n ts .  An y l an g u ag e  o r i g i n al l y e x tr ac te d  fr o m  N F PA 5 5
th at h as  b e e n  m a i n tai n e d  i n  th e  c o d e  h as  h ad  th e  N F PA 5 5  e x tr ac t c i ta ti o n  r e m o ve d ,  s i n c e  th e  s c o p e  o f th i s  c o d e  h as  p r i m a c y
fo r  th e  d e ve l o p m e n t o f g as e o u s  an d  l i q u i d  h yd r o ge n  r e q u i r e m e n ts .

Wh e r e  m e c h an i c al  ve n ti l a ti o n  i s  b e i n g  u s e d  to  r e d u c e  th e  a r e a classifcation  a s  p r e s c r i b e d  i n  C h a p te r  6 ,  n e w r e q u i r e m e n ts
h a ve  b e e n  d e ve l o p e d  th a t m an d ate  d e te c ti o n  o f l o s s  o f ve n ti l ati o n  b e  p r o vi d e d .

C h ap te r  7  h as  ad d e d  a n e w s e c ti o n  fo r  GH 2-flled  m e te o r o l o g i c al  a n d  p i l o te d  b al l o o n s ,  as  we l l  as  a n e w s e c ti o n  th at
identifes  m i n i m u m  d e s i gn  fe atu r e s  fo r  c o u r ts  a n d  e n c l o s e d  c o u r ts  th at c o n tai n  b u l k g as e o u s  h yd r o ge n  g as  s ys te m s .

U s i n g  r i s k- i n fo r m e d  l e ak s i z e  a n d  c o n s e r va ti ve  m o d e l  a s s u m p ti o n s ,  th e  s e p ar ati o n  d i s ta n c e s  fo r  liquifed  h yd r o ge n  s ys te m s
i n  C h ap te r  8  h ave  b e e n  r e vi s e d .  An n e x  N  h as  b e e n  c r e ate d  th at e x p l ai n s  th e  m e th o d o l o g y u ti l i z e d  to  d e ve l o p  th e s e  l i q u i d
h yd r o g e n  s e p ar a ti o n  d i s ta n c e s .

I n  C h ap te r  1 0 ,  th e  ve h i c l e  fu e l i n g c o n n e c ti o n  n o z z l e  m u s t n o w b e  r a te d  to  th e  s am e  o r  l o we r  p r e s s u r e  c l as s  as  th e  fu e l
s u p p l y c o n ta i n e r s  b e i n g  fu e l e d  i n  o r d e r  to  p r e ve n t s e r i o u s  e q u i p m e n t d a m ag e .  N e w S e c ti o n  1 0 . 7  a d d r e s s e s  c o m p ac t h yd r o g e n
fu e l i n g  s ys te m s  ( c H F S ) .  T h e s e  c h a n ge s  r e q u i r e  c H F S s  to  b e  l i s te d  o r  ap p r o ve d ,  a n d  a c l e a r  d e l i n e ati o n  h as  b e e n  m a d e  b e twe e n
l ar g e r  h yd r o g e n  s ys te m s  an d  th e  s m al l e r  c H F S .  Ad d i ti o n a l l y,  c H F S  e n c l o s u r e s  m u s t b e  d e s i gn e d  to  al l o w ac c e s s ,  i n s p e c ti o n ,
s e r vi c e ,  r e p ai r,  an d  r e p l a c e m e n t o f h ar d war e  an d  c a n n o t b e  c a te g o r i z e d  as  g as  c a b i n e ts  o r  ga s  r o o m s .

Al s o  i n  C h ap te r  1 0 ,  r e q u i r e m e n ts  fo r  th e  d e s i gn  an d  c o n s tr u c ti o n  a s  i t a p p l i e s  to  th e  p i p i n g  a n d  h o s e s ,  ve n t s ys te m s ,  an d
b u ffe r  c a p a c i ty fo r  o u td o o r  n o n p u b l i c  h o m e  fu e l i n g ap p l i an c e s  ( H FAs )  h a ve  b e e n  d e ve l o p e d .  T h i s  a l s o  i n c l u d e s  n e w
r e q u i r e m e n ts  fo r  th e  ap p l i an c e  ac c e s s  an d  i n s ta l l ati o n  o f H FAs .

Re vi s i o n s  h ave  b e e n  p r o vi d e d  i n  C h ap te r  1 0  to  c l a r i fy th e  d i ffe r e n c e  b e twe e n  o n - d e m an d  m o b i l e  fu e l i n g  an d  o u td o o r
n o n p u b l i c  m o b i l e  feet fu e l i n g .  Defnitions  fo r mobile fueling vehicle a n d  mobile fueling trailer h a ve  b e e n  ad d e d  to  C h ap te r  3  to
a d d  c l ar i ty to  th o s e  r e vi s i o n s .

To  p r o vi d e  fu r th e r  gu i d a n c e  fo r  th e  d e l i ve r y o f h yd r o ge n  to  fu e l  s tati o n s ,  ad d i ti o n al  c a r go  tr an s p o r t u n l o ad i n g
r e q u i r e m e n ts  h ave  b e e n  a d d e d  to  C h a p te r s  1 0  a n d  1 1 .

A n e w C h ap te r  1 9  fo r  h yd r o ge n - p o we r e d  i n d u s tr i a l  tr u c ks  ( H P I Ts )  h a s  b e e n  c r e ate d  th a t a p p l i e s  to  th e  d e s i g n ,
c o n s tr u c ti o n ,  an d  u s e  o f H P I Ts .

An n e x e s  E  an d  I  h a ve  b e e n  c o n s o l i d ate d  to  a vo i d  c o n fu s i o n  fo r  N F PA 2  h i s to r i c a l  r e fe r e n c e s .  A n e w a n n e x ,  An n e x  M ,  h as
b e e n  ad d e d  th at p r o vi d e s  g u i d e l i n e s  a n d  p r a c ti c e s  fo r  r e p a i r i n g l e a ks  i n  h yd r o g e n  s ys te m s .
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N O T E :  M e m b e r s h i p  o n  a  c o m m i tte e  s h al l  n o t i n  a n d  o f i ts e l f c o n s ti tu te  a n  e n d o r s e m e n t o f
th e  As s o c i a ti o n  o r  a n y d o c u m e n t d e ve l o p e d  b y th e  c o m m i tte e  o n  wh i c h  th e  m e m b e r  s e r ve s .

C o m m i tte e  S c o p e :  T h i s  c o m m i tte e  s h a l l  h a ve  p r i m ar y r e s p o n s i b i l i ty fo r  d o c u m e n ts  o n  th e
s to r a g e ,  tr a n s fe r,  p r o d u c ti o n ,  a n d  u s e  o f h yd r o g e n .  T h e  u s e  o f h yd r o g e n  wo u l d  i n c l u d e
s ta ti o n ar y,  p o r ta b l e ,  a n d  ve h i c u l ar a p p l i c ati o n s .  T h i s  C o m m i tte e  s h a l l  b e  r e fe r r e d  to  b y th e
Te c h n i c a l  C o m m i tte e  o n  I n d u s tr i al  a n d  M e d i c a l  G as e s  fo r  an y m a te r i al  o n  g a s e o u s  a n d
l i q u i d  h yd r o g e n  s to r a g e  a n d  u s e .
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IMPORTANT NOTE: This NFPA document is made available for
use subject to important notices and legal disclaimers.  These notices
and disclaimers appear in all publications containing this document

and may be found under the heading “Important Notices and
Disclaimers Concerning NFPA Standards. ” They can also be viewed
at www. nfpa. org/disclaimers or obtained on request from NFPA.

UPDATES,  ALERTS,  AND FUTURE EDITIONS: New editions of
NFPA codes,  standards,  recommended practices,  and guides (i. e. ,

NFPA Standards)  are released on scheduled revision cycles.  This
edition may be superseded by a later one,  or it may be amended
outside of its scheduled revision cycle through the issuance of Tenta‐

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

current edition or to determine if it has been amended by TIAs or
Errata,  please consult the National Fire Codes® Subscription Service

or the “List of NFPA Codes & Standards” at www. nfpa. org/docinfo.
In addition to TIAs and Errata,  the document information pages also

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

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

th e  p a r ag r ap h  c an  b e  fo u n d  i n  An n e x  A.
A r e fe r e n c e  i n  b r ac ke ts  [  ]  fo l l o wi n g a  s e c ti o n  o r  p a r ag r ap h

i n d i c ate s  m a te r i al  th at h as  b e e n  e x tr ac te d  fro m  an o th e r  N F PA
d o c u m e n t.  E x tr ac te d  te x t m ay b e  e d i te d  fo r  c o n s i s te n c y an d

s tyl e  an d  m a y i n c l u d e  th e  r e vi s i o n  o f i n te r n a l  p 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 a l l  b e  s e n t to  th e

te c h n i c al  c o m m i tte e  r e s p o n s i b l e  fo r  th e  s o u rc e  d o c u m e n t.
I n fo r m a ti o n  o n  r e fe r e n c e d  p u b l i c a ti o n s  c an  b e  fo u n d  i n

C h ap te r  2  an d  An n e x  O .

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  c o d e  s h al l  a p p l y to  th e  p ro d u c ti o n ,  s to r ag e ,
tr a n s fe r,  a n d  u s e  o f h yd r o g e n .

1 . 2  P u rp o s e .    T h e  p u r p o s e  o f th i s  c o d e  s h a l l  b e  to  p r o vi d e
fu n d am e n tal  s afe g u ar d s  fo r  th e  g e n e r ati o n ,  i n s ta l l ati o n ,  s to r ‐

a ge ,  p i p i n g,  u s e ,  an d  h an d l i n g  o f h yd r o g e n  i n  c o m p r e s s e d  ga s
( GH 2 )  fo r m  o r  c r yo g e n i c  l i q u i d  ( L H 2 )  fo r m .

1 . 3 *  Ap p l i c ati o n .

1 . 3 . 1    T h e  u s e  o f h yd r o g e n  s h a l l  i n c l u d e  s tati o n a r y,  p o r tab l e ,
an d  ve h i c u l ar  i n fr as tr u c tu r e  ap p l i c ati o n s .

1 . 3 . 2    T h e  fu n d am e n ta l  r e q u i r e m e n ts  o f C h ap te r s  1  an d  4
th r o u g h  8  s h al l  ap p l y i n  ad d i ti o n  to  th e  use-specifc  r e q u i r e ‐

m e n ts  p r o vi d e d  i n  C h ap te r s  9  th r o u gh  1 8 ,  a s  a p p l i c ab l e .

Δ 1 . 3 . 3  E x e m p ti o n s .    T h i s  c o d e  s h al l  n o t a p p l y to  th e  fo l l o wi n g :

( 1 ) D e s i gn  o r  c o m p o n e n ts  r e l ate d  to  th e  tr an s p o r t o f h yd r o ‐
ge n  o r  p r o p u l s i o n  o f h yd r o g e n  m o to r  ve h i c l e s ,  i n c l u d i n g
o n b o ar d  h yd r o g e n  s to r ag e  s ys te m s

( 2 ) M i x tu r e s  o f GH 2  an d  o th e r  g as e s  wi th  a h yd r o g e n  c o n c e n ‐
tr ati o n  o f l e s s  th an  9 5  p e r c e n t b y vo l u m e  wh e n  i n  ac c o r d ‐

an c e  wi th  N F PA 5 5

( 3 ) T h e  s to r ag e ,  h an d l i n g,  u s e ,  o r  p r o c e s s i n g o f m e tal
h yd r i d e  m a te r i al s  o u ts i d e  o f m e tal  h yd r i d e  s to r ag e

s ys te m s  defned  i n  C h ap te r  3
•

1 . 4  Re tro ac ti vi ty.    T h e  p r o vi s i o n s  o f th i s  c o d e  refect a  c o n s e n ‐
s u s  o f th e  c r i te r i a  n e c e s s a r y to  p r o vi d e  a n  ac c e p tab l e  d e g r e e  o f

p r o te c ti o n  fr o m  th e  h az ar d s  ad d r e s s e d  i n  th i s  c o d e  at th e  ti m e
th e  c o d e  was  i s s u e d .

1 . 4 . 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  c o d e
s h a l 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 a‐

ti o n s  th at e x i s te d  o r  we r e  a p p r o ve d  fo r  c o n s tr u c ti o n  o r  i n s tal l a‐
ti o n  p r i o r  to  th e  e ffe c ti ve  d ate  o f th e  c o d e .  Wh e r e  specifed,
th e  p r o vi s i o n s  o f th i s  c o d e  s h a l l  b e  r e tr o a c ti ve .

1 . 4 . 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
( AH J )  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  a n  u n a c ‐

c e p ta b l e  d e g r e e  o f r i s k,  th e  AH J  s h al l  b e  p e r m i tte d  to  a p p l y
r e tr o ac ti ve l y an y p o r ti o n s  o f th i s  c o d e  d e e m e d  ap p r o p r i ate .

1 . 4 . 3    T h e  r e tr o ac ti ve  r e q u i r e m e n ts  o f th i s  c o d e  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 ati o n  wo u l d  b e  i m p r a c ‐
ti c a l  i n  th e  j u d g m e n t o f th e  AH J ,  an d  o n l y wh e r e  i t i s  e vi d e n t

th at a r e as o n ab l e  d e gr e e  o f s a fe ty i s  p r o vi d e d .

1 . 5  E q u i val e n c y.

1 . 5 . 1    N o th i n g i n  th i s  c o d e  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 al i ty,

s tr e n g th ,  fre  r e s i s tan c e ,  e ffe c ti ve n e s s ,  d u r a b i l i ty,  an d  s a fe ty
o ve r  th o s e  p r e s c r i b e d  b y th i s  c o d e .

1 . 5 . 2    Te c h n i c al  d o c u m e n ta ti o n  s h al l  b e  s u b m i tte d  to  th e  AH J
to  d e m o n s tr a te  e q u i va l e n c y.

1 . 5 . 3    T h e  s ys te m ,  m e th o d ,  o r  d e vi c e  s h al l  b e  ap 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  AH J .

1 . 6  U n i ts  an d  Fo r m u l as .

1 . 6 . 1    T h e  u n i ts  o f m e a s u r e  i n  th i s  c o d e  a r e  p r e s e n te d  frst i n
U . S .  c u s to m a r y u n i ts  ( i n c h -p o u n d  u n i ts ) .  I n te r n a ti o n al  S ys te m

( S I )  o f U n i ts  fo l l o w th e  i n c h -p o u n d  u n i ts  i n  p a r e n th e s e s .

1 . 6 . 2    E i th e r  s ys te m  o f u n i ts  s h al l  b e  ac c e p tab l e  fo r  s a ti s fyi n g
th e  r e q u i r e m e n ts  i n  th e  c o d e .

1 . 6 . 3    U s e r s  o f th i s  c o d e  s h a l l  ap p l y o n e  s ys te m  o f u n i ts  c o n s i s ‐
te n tl y a n d  s h al l  n o t al te r n a te  b e twe e n  u n i ts .

1 . 6 . 4    T h e  val u e s  p r e s e n te d  fo r  m e as u r e m e n ts  i n  th i s  c o d e  a r e
e x p r e s s e d  wi th  a  d e gr e e  o f p r e c i s i o n  ap p r o p r i a te  fo r  p r ac ti c al
a p p l i c a ti o n  a n d  e n fo r c e m e n t.  I t i s  n o t i n te n d e d  th a t th e  a p p l i ‐

c a ti o n  o r  e n fo r c e m e n t o f th e s e  val u e s  b e  m o r e  p r e c i s e  th a n  th e
p r e c i s i o n  e x p r e s s e d .

1 . 6 . 5    Wh e r e  e x tr ac te d  te x t c o n tai n s  val u e s  e x p r e s s e d  i n  o n l y
o n e  s ys te m  o f u n i ts ,  th e  va l u e s  i n  th e  e x tr ac te d  te x t h ave  b e e n
r e tai n e d  wi th o u t c o n ve r s i o n  to  p r e s e r ve  th e  va l u e s  e s ta b l i s h e d

b y th e  r e s p o n s i b l e  te c h n i c al  c o m m i tte e  i n  th e  s o u r c e  d o c u ‐
m e n t.

1 . 6 . 6    I f a val u e  fo r  m e as u r e m e n t g i ve n  i n  th i s  c o d e  i s  fo l l o we d
b y an  e q u i val e n t val u e  i n  o th e r  u n i ts ,  th e  frst s tate d  s h al l  b e
r e g ar d e d  as  th e  r e q u i r e m e n t.  T h e  gi ve n  e q u i val e n t val u e  s h a l l

b e  c o n s i d e r e d  to  b e  a p p r o x i m a te .

1 . 6 . 7    Al l  p r e s s u r e s  i n  th i s  d o c u m e n t ar e  ga u g e  p r e s s u r e s ,
u n l e s s  o th e r wi s e  i n d i c ate d .
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1 . 7  E n fo rc e m e n t.

1 . 7 . 1 *    T h i s  c o d e  s h al l  b e  ad m i n i s te r e d  a n d  e n fo r c e d  b y th e
AH J  d e s i g n ate d  b y th e  g o ve r n i n g au th o r i ty u n d e r  th e  a d m i n i s ‐
tr a ti ve  p r o vi s i o n s  o f th e  a d o p te d  b u i l d i n g  o r  fre  p r e ve n ti o n
c o d e .  ( See Annex C for sample wording for enabling legislation. )

1 . 7 . 2    T h e  a d m i n i s tr a ti ve  p r o vi s i o n s  o f An n e x  B  s h al l  b e
al l o we d  to  b e  u s e d  wh e r e  specifcally ad o p te d .

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  c o d e  an d  s h al l  b e  c o n s i d ‐
e r e d  p a r 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 u b l i c ati o n s .    N ati o n a l  F i r e  P r o te c ti o n  As s o c i a ti 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 0 ,  Standard for Portable Fire Extinguishers,  2 0 2 2  e d i ti o n .
N F PA 1 1 ,  Standard for Low-,  Medium-,  and High-Expansion

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

2 0 2 2  e d i ti o n .
N F PA 1 2 A,  Standard on Halon 1 301  Fire Extinguishing Systems,

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

e d i ti o n .
N F PA 1 4 ,  Standard for the Installation of Standpipe and Hose

Systems,  2 0 1 9  e d i ti o n .
N F PA 1 5 ,  Standard for Water Spray Fixed Systems for Fire Protec‐

tion,  2 0 2 2  e d i ti o n .
N F PA 1 7 ,  Standard for Dry Chemical Extinguishing Systems,  2 0 2 1

e d i ti o n .
N F PA 1 7 A,  Standard for Wet Chemical Extinguishing Systems,

2 0 2 1  e d i ti o n .
N F PA 2 5 ,  Standard for the Inspection,  Testing,  and Maintenance

of Water-Based Fire Protection Systems,  2 0 2 3  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 0 A,  Code for Motor Fuel Dispensing Facilities and Repair

Garages,  2 0 2 1  e d i ti o n .
N F PA 3 1 ,  Standard for the Installation of Oil-Burning Equipment,

2 0 2 0  e d i ti o n .
N F PA 4 5 ,  Standard on Fire Protection for Laboratories Using Chem‐

icals,  2 0 1 9  e d i ti o n .
N F PA 5 4 ,  National Fuel Gas Code,  2 0 2 1  e d i ti o n .
N F PA 5 5 ,  Compressed Gases and Cryogenic Fluids Code,  2 0 2 3

e d i ti o n .
N F PA 5 8 ,  Liquefed Petroleum Gas Code,  2 0 2 3  e d i ti o n .
N F PA 6 8 ,  Standard on Explosion Protection by Defagration Vent‐

ing,  2 0 1 8  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 .
NFPA 70®,  National Electrical Code®,  2 0 2 3  e d i ti o n .
NFPA 72®,  National Fire Alarm and Signaling Code®,  2 0 2 2

e d i ti o n .
N F PA 7 7 ,  Recommended Practice on Static Electricity,  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 8 0 ,  Standard for Fire Doors and Other Opening Protectives,
2 0 2 2  e d i ti o n .

N F PA 8 6 ,  Standard for Ovens and Furnaces,  2 0 2 3  e d i ti o n .
N F PA 8 8 A,  Standard for Parking Structures,  2 0 2 3  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 1 ,  Standard for Exhaust Systems for Air Conveying of

Vapors,  Gases,  Mists,  and Particulate Solids,  2 0 2 0  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 1 1 0 ,  Standard for Emergency and Standby Power Systems,
2 0 2 2  e d i ti o n .

N F PA 1 1 1 ,  Standard on Stored Electrical Energy Emergency and
Standby Power Systems,  2 0 2 2  e d i ti o n .

N F PA 2 5 9 ,  Standard Test Method for Potential Heat of Building
Materials,  2 0 1 8  e d i ti o n .

N F PA 4 0 0 ,  Hazardous Materials Code,  2 0 2 2  e d i ti o n .
N F PA 4 9 6 ,  Standard for Purged and Pressurized Enclosures for

Electrical Equipment,  2 0 2 1  e d i ti o n .
N F PA 5 0 5 ,  Fire Safety Standard for Powered Industrial Trucks

Including Type Designations,  Areas of Use,  Conversions,  Maintenance,
and Operations,  2 0 1 8  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 2 2  e d i ti o n .

N F PA 7 5 0 ,  Standard on Water Mist Fire Protection Systems,  2 0 2 3
e d i ti o n .

N F PA 8 5 3 ,  Standard for the Installation of Stationary Fuel Cell
Power Systems,  2 0 2 0  e d i ti o n .

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

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

2 . 3 . 1  AI H A P u b l i c ati o n s .    Am e r i c an  I n d u s tr i a l  H ygi e n e  As s o c i ‐
a ti o n ,  3 1 4 1  F ai r vi e w P a r k D r. ,  S u i te  7 7 7 ,  F al l s  C h u r c h ,  VA
2 2 0 4 2 .

AN S I / AI H A Z 9 . 5 ,  Laboratory Ventilation,  2 0 1 2 .

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

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

AN S I  Z 5 3 5 . 1 ,  Safety Colors,  2 0 1 7 .

AN S I  Z 5 3 5 . 2 ,  Environmental and Facility Safety Signs,  2 0 1 1
(reaffrmed  2 0 1 7 ) .

AN S I  Z 5 3 5 . 3 ,  Criteria for Safety Symbols,  2 0 1 1  (reaffrmed
2 0 1 7 ) .

AN S I  Z 5 3 5 . 4 ,  Product Safety Signs and Labels,  2 0 1 1  (reaffrmed
2 0 1 7 ) .

Δ 2 . 3 . 3  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 an 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  A1 3 . 1 ,  Scheme for the Identifcation of Piping Systems,
2 0 1 5 .

AS M E  B 3 1 ,  Code for Pressure Piping,  2 0 1 8 .

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

AS M E  B 3 1 . 1 2 ,  Hydrogen Piping and Pipelines,  2 0 1 9 .
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AS M E  Boiler and Pressure Vessel Code,  “ Ru l e s  fo r  th e  C o n s tr u c ‐
ti o n  o f Unfred  P r e s s u r e  Ve s s e l s , ”  S e c ti o n  VI I I ,  D i vi s i o n  1 ,  2 0 1 9 .

2 . 3 . 4  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 ,  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 1 a .

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 .

AS T M  E 1 5 2 9 ,  Determining Effects of Large Hydrocarbon Pool Fire
on Structural Members and Assemblies,  2 0 1 6 e 1 .

AS T M  E 1 5 9 1 ,  Standard Guide for Data for Fire Models,  2 0 2 0 .

AS T M  E 2 6 5 2 ,  Standard Test Method for Assessing Combustibility
of Materials Using a Tube Furnace with a Cone-shaped Airfow Stabil‐

izer,  at 750°C,  2 0 1 8 .

AS T M  E 2 9 6 5 ,  Standard Test Method for Determination of Low
Levels of Heat Release Rate for Materials and Products Using an
Oxygen Consumption Calorimeter,  2 0 1 7 .

2 . 3 . 5  C G A P u b l i c ati o n s .    C o m p r e s s e d  Ga s  As s o c i ati o n ,
8 4 8 4  We s tp ar k D r i ve ,  S u i te  2 2 0 ,  M c L e an ,  VA 2 2 1 0 2 .

C GA C -7 ,  Guide to Classifcation and Labeling of Compressed Gas,
2 0 2 0 .

C GA G-5 . 5 ,  Hydrogen Vent Systems,  2 0 1 4 .

C GA P -1 ,  Safe Handling of Compressed Gases in Containers,  2 0 1 5 .

C GA S -1 . 1 ,  Pressure Relief Device Standards — Part 1  — Cylinders
for Compressed Gases,  2 0 1 9 .

C GA S -1 . 2 ,  Pressure Relief Device Standards — Part 2 — Cargo
and Portable Tanks for Compressed Gases,  2 0 1 9 .

C GA S -1 . 3 ,  Pressure Relief Device Standards — Part 3 — Station‐
ary Storage Containers for Compressed Gases,  2 0 2 0 .

Δ 2 . 3 . 6  C S A G ro u p  P u b l i c ati o n s .    C S A G r o u p ,  1 7 8  Re x d al e
B o u l e var d ,  To r o n to ,  O N  M 9 W 1 R3 ,  C a n ad a.

AN S I / C S A F C  1 ,  Fuel Cell Technologies — Part 3-1 00: Stationary
fuel cell power systems — Safety,  2 0 1 4  (reaffrmed  2 0 1 8 ) .

AN S I / C S A Am e r i c a  F C  3 ,  Portable Fuel Cell Power Systems,  2 0 0 4
(reaffrmed  2 0 1 7 ) .

C S A/ AN S I  H GV 4 . 3 ,  Test Methods for Hydrogen Fueling Parame‐
ter Evaluation,  2 0 1 9 .

2 . 3 . 7 *  C T C  P u b l i c ati o n s .    C an a d i an  Tr an s p o r tati o n  Ag e n c y,
1 5  E d d y S tr e e t,  Gati n e a u ,  Qu e b e c  J 8 X  4 B 3 .

Transportation of Dangerous Goods Regulations.

2 . 3 . 8  I C C  P ub l i c ati o n s .    I n te r n ati o n al  C o d e  C o u n c i l ,  5 0 0  N e w
J e rs e y Ave n u e ,  N W,  6 th  F l o o r,  Wa s h i n g to n ,  D C  2 0 0 0 1 .

International Fire Code (IFC),  2 0 2 1 .

International Fuel Gas Code (IFGC),  2 0 2 1 .

Δ 2 . 3 . 9  I E C  P u b l i c ati o n s .    I n te r n a ti o n al  E l e c tr o te c h n i c al
C o m m i s s i o n ,  3 ,  r u e  d e  Var e m b é ,  P. O .  B o x  1 3 1 ,  C H -1 2 1 1
G e n e va  2 0 ,  S wi tz e r l an d .

I E C  6 0 0 7 9 -1 0 -1 ,  Explosive atmospheres — Part 1 0-1 : Classifca‐
tion of areas — Explosive gas atmospheres,  2 0 2 0 .

N 2 . 3 . 1 0  I S O  P u b l i c ati o n s .    I n te r n ati o n al  O r ga n 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 ta r i a t,  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 6 1 1 0 -1 , Hydrogen generators using fuel processing technolo‐
gies – Part1 : Safety,  2 0 1 6 .

I S O  1 7 2 6 8 ,  Gaseous hydrogen land vehicle refuelling connection
devices,  2 0 2 0 .

2 . 3 . 1 1  S AE  P u b l i c ati o n s .    S AE  I n te r n a ti o n a l ,  S o c i e ty o f Au to ‐
m o ti ve  E n gi n e e r s ,  9 0 1  1 5 th  S tr e e t,  N W,  S u i te  5 2 0 ,  Was h i n gto n ,

D C  2 0 0 0 5 ,  www. S AE . o r g .

S AE  J 2 5 7 9  2 0 1 8 0 6 ,  Standard for Fuel Systems in Fuel Cell and
Other Hydrogen Vehicles,  2 0 1 8 .

S AE  J 2 6 0 0 ,  Compressed Hydrogen Surface Refueling Connection
Devices,  2 0 1 5 .

S AE  J 2 6 0 1 -3 ,  Fueling Protocol for gaseous Hydrogen Powered
Industrial Trucks,  2 0 1 3 .

Δ 2 . 3 . 1 2  U L  P u b l i c ati o n s .    U n d e r wr i te r s  L ab o r ato 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 9 .

U L  7 2 3 ,  Tests for Surface Burning Characteristics of Building
Materials,  2 0 1 8 .

U L  6 1 0 1 0 - 1 ,  Safety Requirements for Electrical Equipment for
Measurement,  Control,  and Laboratory Use – Part 1 : General Require‐

ments,  2 0 1 9 .

2 . 3 . 1 3  U S  G o ve r n m e n t P u b l i c ati o n s .    U S  Go ve r n m e n t
P u b l i s h i n g  Offce,  7 3 2  N o r th  C a p i to l  S tr e e t,  N W,  Was h i n gto n ,
D C  2 0 4 0 1 -0 0 0 1 .

T i tl e  2 9 ,  C o d e  o f F e d e r a l  Re g u l ati o n s ,  P ar t 1 9 1 0 . 1 0 0 0 ,  “ Ai r
c o n tam i n a n ts . ”

T i tl e  4 9 ,  C o d e  o f F e d e r al  Re g u l ati o n s ,  P ar ts  1 0 0 –1 9 9 ,  “ P i p e ‐
l i n e  an d  H a z a r d o u s  M a te r i al s  S afe ty Ad m i n i s tr ati o n ,  D e p a r t‐

m e n t o f Tr an s p o r tati o n . ”

T i tl e  4 9 ,  C o d e  o f F e d e r al  Re gu l ati o n s ,  P a r t 5 7 1 . 1 0 8 ,  “ L a m p s ,
Refective  D e vi c e s ,  a n d  As s o c i a te d  E q u i p m e n t. ”

2 . 3 . 1 4  O th e r P ub l i c ati o n s .

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

U N  Gl o b al  Te c h n i c a l  Re g u l a ti o n  N o .  1 3 ,  Global technical regu‐
lation on hydrogen and fuel cell vehicles,  2 0 1 3 .

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

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

One- and Two-Family Dwellings and Manufactured Homes,  2 0 2 2
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 0 A,  Code for Motor Fuel Dispensing Facilities and Repair
Garages,  2 0 2 1  e d i ti o n .

N F PA 4 5 ,  Standard on Fire Protection for Laboratories Using Chem‐
icals,  2 0 1 9  e d i ti o n .
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N F PA 5 2 ,  Vehicular Natural Gas Fuel Systems Code,  2 0 2 3
e d i ti o n .

N F PA 5 4 ,  National Fuel Gas Code,  2 0 2 1  e d i ti o n .
N F PA 5 6 ,  Standard for Fire and Explosion Prevention During

Cleaning and Purging of Flammable Gas Piping Systems,  2 0 2 0
e d i ti o n .

N F PA 5 8 ,  Liquefed Petroleum Gas 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 .
N F PA 8 0 ,  Standard for Fire Doors and Other Opening Protectives,

2 0 2 2  e d i ti o n .
N F PA 8 6 ,  Standard for Ovens and Furnaces,  2 0 2 3  e d i ti o n .
N F PA 8 8 A,  Standard for Parking Structures,  2 0 2 3  e d i ti o n .
N F PA 9 1 ,  Standard for Exhaust Systems for Air Conveying of

Vapors,  Gases,  Mists,  and Particulate Solids,  2 0 2 0  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 1 8 ,  Standard for the Protection of Semiconductor Fabrica‐

tion Facilities,  2 0 2 2  e d i ti o n .
N F PA 4 0 0 ,  Hazardous Materials Code,  2 0 2 2  e d i ti o n .
N F PA 8 0 1 ,  Standard for Fire Protection for Facilities Handling

Radioactive Materials,  2 0 2 0  e d i ti o n .
N F PA 8 2 0 ,  Standard for Fire Protection in Wastewater Treatment

and Collection Facilities,  2 0 2 0  e d i ti o n .
N F PA 8 5 3 ,  Standard for the Installation of Stationary Fuel Cell

Power Systems,  2 0 2 0  e d i ti o n .
N F PA 9 2 1 ,  Guide for Fire and Explosion Investigations,  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 .

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 a p te r  s h a l l
a p p l y to  th e  te r m s  u s e d  i n  th i s  c o d e .  Wh e r e  te rm s  ar 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 a l 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
ac c e p te d  m e an 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 rga n i z ati o n ,
offce,  o r  i n d i vi d u a l  r e s p o n s i b l e  fo r  e n fo r c i n g th e  r e q u i r e m e n ts

o f a  c o d e  o r  s tan d ar d ,  o r  fo r  a p p r o vi n g  e q u i p m e n t,  m ate r i al 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 *  C o d e .    A s ta n d ar d  th at i s  an  e x te n s i ve  c o m p i l a ti o n  o f
p r o vi s i o n s  c o ve r i n g b r o ad  s u b j e c t m atte r  o r  th a t i s  s u i ta b l e  fo r
ad o p ti o n  i n to  l a w i n d e p e n d e n tl y o f o th e r  c o d e s  an d  s tan d a r d s .

3 . 2 . 4  L ab e l e d .    E q u i p m e n t o r  m ate r i a l s  to  wh i c h  h as  b e e n
atta c h e d  a l ab e l ,  s ym b o l ,  o r  o th e r  i d e n ti fyi n g  m a r k o f an  o r g an ‐

i z a ti o n  th at i s  a c c e p ta b l e  to  th e  au 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  p r o d u c t e va l u ati o n ,  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 ab e l e d  e q u i p m e n t o r  m ate r i ‐

a l s ,  an d  b y wh o s e  l ab e l i n g th e  m an u fa c tu r e r  i n d i c ate s
c o m p l i a n c e  wi th  ap p r o p r i ate  s tan d ar d s  o r  p e r fo r m a n c e  i n  a
specifed  m an n e r.

3 . 2 . 5 *  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 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  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 . 6  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 . 7  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 . 3  G e n e ral  Defnitions.

3 . 3 . 1  Ab o ve gro u n d  S to rage  Tan k .    S e e  3 . 3 . 2 3 8 . 4 . 1 .

3 . 3 . 2  Ab o ve gro u n d  Tan k .    S e e  3 . 3 . 2 3 8 . 1 .

3 . 3 . 3  Ab s o l u te  P re s s u re .    S e e  3 . 3 . 1 9 7 . 1 .

3 . 3 . 4  Ai r.

3 . 3 . 4 . 1  Auxiliary Air.    S u p p l y o r  s u p p l e m e n tal  ai r  d e l i ve r e d
n e ar  th e  o u ts i d e  fa c e  o f a c h e m i c al  fu m e  h o o d  to  r e d u c e
r o o m  ai r  c o n s u m p ti o n .  [ 4 5 ,  2 0 1 9 ]

Δ 3 . 3 . 4 . 2  Exhaust Air.    Ai r  r e m o ve d  fr o m  a s p a c e  a n d  n o t
r e u s e d .

Δ 3 . 3 . 4 . 3  Ventilation Air.    T h e  p o r ti o n  o f s u p p l y ai r,  th e  s o u r c e
o f wh i c h  i s  th e  o u ts i d e / o u td o o r s ,  p l u s  an y r e c i r c u l ate d  ai r
th a t h as  b e e n  tr e ate d  an d  i s  a c c e p ta b l e  fo r  u s e  th a t c an  b e

u s e d  fo r  c i r c u l a ti o n ,  d i l u ti o n ,  an d / o r  p r i m a r y a i r  ap p l i c a‐
ti o n s .

3 . 3 . 5  Ap p aratus .    F u r n i tu r e ,  c h e m i c a l  fu m e  h o o d s ,  c e n tr i ‐
fu ge s ,  r e fr i g e r ato r s ,  a n d  c o m m e r c i al  o r  m a d e -o n -s i te  e q u i p ‐
m e n t u s e d  i n  a  l ab o r ato r y.  [ 4 5 ,  2 0 1 9 ]

3 . 3 . 6  Atte n d an t.    An  e m p l o ye e  o r  au th o r i z e d  p e r s o n  wh o  o ve r ‐
s e e s  a m o to r  fu e l  d i s p e n s i n g  fa c i l i ty.

3 . 3 . 7  Are a.

Δ 3 . 3 . 7 . 1  Control Area.    A b u i l d i n g o r  p o r ti o n  o f a b u i l d i n g o r
o u td o o r  ar e a wi th i n  wh i c h  h az ar d o u s  m a te r i al s  a r e  al l o we d

to  b e  s to r e d ,  d i s p e n s e d ,  u s e d ,  o r  h an d l e d  i n  q u an ti ti e s  n o t
e x c e e d i n g th e  M AQ.  [ 4 0 0 ,  2 0 2 2 ]

Δ 3 . 3 . 7 . 2  Indoor Area.    An  a r e a th at i s  wi th i n  a  b u i l d i n g  o r
s tr u c tu r e  h a vi n g o ve rh e ad  c o ve r,  o th e r  th an  a  s tr u c tu r e

q u al i fyi n g a s  “ we ath e r  p r o te c ti o n . ”  (See also 3. 3. 7. 5,  Outdoor
Area. )

3 . 3 . 7 . 3  Laboratory Work Area.    A r o o m  o r  s p ac e  [ r e gu l ate d
b y C h ap te r  1 6  u s e d ]  fo r  te s ti n g ,  an a l ys i s ,  r e s e ar c h ,  i n s tr u c ‐

ti o n ,  o r  s i m i l ar  a c ti vi ti e s  th at i n vo l ve  th e  u s e  o f c h e m i c al s .
[ 4 5 ,  2 0 1 9 ]

3 . 3 . 7 . 4  Nonlaboratory Area.    An y s p a c e  wi th i n  a  [ l a b o r a to r y]
b u i l d i n g  n o t i n c l u d e d  i n  a  l ab o r ato r y u n i t.  (See also 3. 3. 1 4. 2

and 3. 3. 245. 1 . ) [ 4 5 ,  2 0 1 9 ]

Δ 3 . 3 . 7 . 5  Outdoor Area.    An  ar e a  th at i s  n o t an  i n d o o r  a r e a.

Δ 3 . 3 . 7 . 6 *  Use Area.    A l o c a ti o n  i n s i d e  o r  o u ts i d e  o f a b u i l d ‐
i n g o r  s tr u c tu r e  wh e r e  th e  m ate r i a l  p l ac e d  i n to  u s e  i s  s i tu ‐
a te d .

3 . 3 . 8  AS M E .    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 .  [ 5 8 ,
2 0 2 0 ]

3 . 3 . 9  AS T M .    Am e r i c an  S o c i e ty fo r  Te s ti n g  an d  M ate r i al s .
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3 . 3 . 1 0  Au to m ati c  E m e rge n c y S h u to ff Val ve .    S e e  3 . 3 . 2 5 2 . 1 . 1 .

3 . 3 . 1 1  Au to m ati c  Fi re  D e te c ti o n  S ys te m .    S e e  3 . 3 . 2 3 7 . 1 .

3 . 3 . 1 2  Au x i l i ar y Ai r.    S e e  3 . 3 . 4 . 1 .

3 . 3 . 1 3  Baffe.    An  o b j e c t p l ac e d  i n  an  a p p l i a n c e  to  c h an g e  th e
d i r e c ti o n  o f o r  to  r e ta r d  th e  fow o f a i r,  ai r –g as  m i x tu r e s ,  o r
fue  g as e s .  [ 5 4 ,  2 0 2 1 ]

3 . 3 . 1 4  B ui l d i n g.    An y s tr u c tu r e  u s e d  o r  i n te n d e d  fo r  s u p p o r t‐
i n g  o r  s h e l te r i n g  an y u s e  o r  o c c u p a n c y.  [ 1 01 ,  2 0 2 1 ]

Δ 3 . 3 . 1 4 . 1  Detached Building.    A s e p ar ate  s i n g l e -s to r y b u i l d i n g ,
wi th o u t a  b a s e m e n t o r  c r a wl  s p a c e ,  u s e d  e x c l u s i ve l y fo r  th e

s to r ag e  o r  u s e  o f h az ar d o u s  m ate r i a l s  a n d  l o c a te d  a n
ap p r o ve d  d i s tan c e  fr o m  o th e r  s tr u c tu r e s .

3 . 3 . 1 4 . 2  Laboratory Building.    A s tr u c tu r e  c o n s i s ti n g  wh o l l y
o r  p r i n c i p al l y o f o n e  o r  m o r e  l a b o r a to r y u n i ts .  (See also
3. 3. 245. 1 ,  Laboratory Unit. ) [ 4 5 ,  2 0 1 9 ]

3 . 3 . 1 5  B u i l d i n g C o d e .    S e e  3 . 3 . 4 0 . 1 .

3 . 3 . 1 6  B u l k H yd ro ge n  C o m p re s s e d  G as  S ys te m .    S e e
3 . 3 . 2 3 7 . 2 .

3 . 3 . 1 7  B u l k Liquefed  H yd ro ge n  G as  S ys te m .    S e e  3 . 3 . 2 3 7 . 3 ,
B u l k Liquefed  H yd r o ge n  ( L H 2 )  S ys te m .

3 . 3 . 1 8  B u l k O x yge n  S ys te m .    S e e  3 . 3 . 2 3 7 . 4 .

3 . 3 . 1 9  B u r n e r.    A d e vi c e  o r  g r o u p  o f d e vi c e s  u s e d  fo r  th e  i n tr o ‐
d u c ti o n  o f fu e l ,  a i r,  o x yge n ,  o r  o x yg e n -e n r i c h e d  ai r  i n to  a

fu r n ac e  at th e  r e q u i r e d  ve l o c i ti e s ,  tu r b u l e n c e ,  an d  c o n c e n tr a‐
ti o n  to  m a i n tai n  i gn i ti o n  a n d  c o m b u s ti o n  o f fu e l .  [ 8 6 ,  2 0 2 3 ]

3 . 3 . 2 0  B ur n - I n .    T h e  p r o c e d u re  u s e d  i n  s ta r ti n g u p  a s p e c i al
atm o s p h e r e  fu r n ac e  to  r e p l a c e  a i r  wi th i n  th e  h e ati n g  c h a m ‐

b e r ( s )  a n d  ve s ti b u l e ( s )  wi th  fammable  s p e c i a l  atm o s p h e r e .
[ 8 6 ,  2 0 2 3 ]

3 . 3 . 2 1  B ur n - O u t.    T h e  p r o c e d u r e  u s e d  i n  s h u tti n g d o wn  o r
i d l i n g  a  s p e c i al  atm o s p h e r e  to  r e p l a c e  fammable  atm o s p h e r e
wi th i n  th e  h e ati n g  c h a m b e r ( s )  an d  ve s ti b u l e ( s )  wi th  nonfam‐
mable  atm o s p h e r e .  [ 8 6 ,  2 0 2 3 ]

3 . 3 . 2 2  B yp as s  [ L ab o rato r y H o o d s ] .    An  airfow-compensating
o p e n i n g  th a t m a i n tai n s  a  r e l ati ve l y c o n s ta n t vo l u m e  e x h a u s t

th r o u g h  a c h e m i c a l  fu m e  h o o d  r e ga r d l e s s  o f s a s h  p o s i ti o n ,
s e r vi n g to  l i m i t th e  m a x i m u m  fac e  ve l o c i ty as  th e  s a s h  i s

l o we r e d .  [ 4 5 ,  2 0 1 9 ]

3 . 3 . 2 3  C ab i n e t.

Δ 3 . 3 . 2 3 . 1 *  Gas Cabinet.    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  g as  c yl i n d e r s  i n  s to r a ge  o r  u s e .

3 . 3 . 2 3 . 2  Laminar Flow Cabinet.    A ve n ti l ate d ,  p a r ti al l y
e n c l o s e d  c ab i n e t p r i m ar i l y i n te n d e d  to  p r o vi d e  fltered
airfow o ve r  th e  wo r k s u r fac e  b y u s e  o f l am i n a r  airfow m e th ‐
o d s .  [ 4 5 ,  2 0 1 9 ]

3 . 3 . 2 4  C an o p y.    A p e r m a n e n t s tr u c tu r e  o r  ar c h i te c tu r al
p r o j e c ti o n  o f r i g i d  c o n s tr u c ti o n  o ve r  wh i c h  a  c o ve r i n g  i s

atta c h e d  th at p r o vi d e s  we ath e r p r o te c ti o n ,  i d e n ti ty,  o r  d e c o r a‐
ti o n .

3 . 3 . 2 5  C an o p y H o o d .    S e e  3 . 3 . 1 2 0 . 1 .

3 . 3 . 2 6  C ap ac i ty [ Ve h i c u l ar Fu e l  C o n tai n e r] .    T h e  wate r  vo l u m e
o f a c o n ta i n e r  i n  g al l o n s  ( l i te r s ) .  [ 5 2 ,  2 0 2 3 ]

3 . 3 . 2 7  C argo  Tran s p o r t Ve h i c l e .    A m o b i l e  u n i t d e s i gn e d  to
tr a n s p o r t GH 2  o r  L H 2 .

3 . 3 . 2 8  C ath o d i c  P ro te c ti o n .    S e e  3 . 3 . 2 0 3 . 1 .

Δ 3 . 3 . 2 9  C ath o d i c  P ro te c ti o n  Te s te r.    A p e r s o n  wh o  d e m o n ‐
s tr ate s  an  u n d e r s tan d i n g  o f th e  p r i n c i p l e s  an d  m e as u r e m e n ts

o f al l  c o m m o n  typ e s  o f c a th o d i c  p r o te c ti o n  s ys te m s  ap p l i c ab l e
to  m e tal  p i p i n g  an d  c o n tai n e r  s ys te m s  a n d  wh o  h a s  e d u c a ti o n
an d  e x p e r i e n c e  i n  s o i l  r e s i s ti vi ty,  s tr ay c u r r e n t,  s tr u c tu r e - to -s o i l

p o te n ti a l ,  an d  c o m p o n e n t e l e c tr i c a l  i s o l ati o n  m e as u r e m e n ts  o f
m e tal  p i p i n g  an d  c o n ta i n e r  s ys te m s .

3 . 3 . 3 0  C e i l i n g L i m i t.    S e e  3 . 3 . 1 4 4 . 1 .

3 . 3 . 3 1  C FR.    T h e  C o d e  o f F e d e r al  Re gu l a ti o n s  o f th e  U n i te d
S tate s  G o ve r n m e n t.  [ 1 ,  2 0 2 1 ]

3 . 3 . 3 2  C G A.    C o m p re s s e d  Gas  As s o c i a ti o n .  [ 1 ,  2 0 2 1 ]

3 . 3 . 3 3 *  C h e m i c al .    A s u b s tan c e  wi th  o n e  o r  m o r e  o f th e
fo l l o wi n g  h az ar d  r a ti n gs  as  defned  i n  N F PA 7 0 4 :  H e a l th  — 2 ,
3 ,  o r  4 ;  F l am m ab i l i ty — 2 ,  3 ,  o r  4 ;  I n s ta b i l i ty — 2 ,  3 ,  o r  4 .  (See

also Section B. 2. )

3 . 3 . 3 4  C h e m i c al  Fu m e  H o o d .    S e e  3 . 3 . 1 2 0 . 2 .

3 . 3 . 3 5  C l as s  2  U n s tab l e  Re ac ti ve  G as .    S e e  3 . 3 . 1 0 6 . 1 2 . 1 .

3 . 3 . 3 6  C l as s  3  U n s tab l e  Re ac ti ve  G as .    S e e  3 . 3 . 1 0 6 . 1 2 . 2 .

3 . 3 . 3 7  C l as s  4  U n s tab l e  Re ac ti ve  G as .    S e e  3 . 3 . 1 0 6 . 1 2 . 3 .

3 . 3 . 3 8 *  C l as s  C  Fu r n ac e .    An  o ve n  o r  fu r n a c e  th at h as  a p o te n ‐
ti a l  h a z a r d  d u e  to  a fammable  o r  o th e r  s p e c i al  atm o s p h e r e

b e i n g u s e d  fo r  tr e a tm e n t o f m ate r i al  i n  p r o c e s s .  [ 8 6 ,  2 0 2 3 ]

N 3 . 3 . 3 9 *  C l o s e d  P i p i n g S ys te m .    An  as s e m b l y th a t i s  m a d e  u p  o f
e i th e r  a fu l l y we l d e d  c o n s tr u c ti o n ,  c o n ti n u o u s  tu b i n g,  o r  o f
u n we l d e d  c o n n e c ti o n s  th at h ave  b e e n  te s te d  i n  a c c o r d a n c e

wi th  AS M E  B 3 1 . 3 ,  Process Piping,  a n d  p r o ve n  to ,  u n d e r  n o r m al
o p e r ati n g  c o n d i ti o n s ,  c o n tai n  al l  H 2  wi th i n  i ts  c o n tr o l  b o u n ‐

d ar y wi th o u t tr an s fe r r i n g H 2  to  th e  a tm o s p h e r e .

3 . 3 . 4 0  C o d e .

Δ 3 . 3 . 4 0 . 1  Building Code.    T h e  b u i l d i n g  o r  c o n s tr u c ti o n  c o d e
ad o p te d  b y th e  j u r i s d i c ti o n .

Δ 3 . 3 . 4 0 . 2  Fire Code.    T h e  fre  p r e ve n ti o n  c o d e  ad o p te d  b y
th e  j u r i s d i c ti o n .

Δ 3 . 3 . 4 0 . 3  Mechanical Code.    T h e  m e c h a n i c al  o r  m e c h a n i c al
c o n s tr u c ti o n  c o d e  ad o p te d  b y th e  j u r i s d i c ti o n .

3 . 3 . 4 1  C o m b us ti b l e .    C a p a b l e  o f u n d e r go i n g c o m b u s ti o n .
[ 8 5 3 ,  2 0 2 0 ]

3 . 3 . 4 1 . 1  Limited-Combustible Material.    S e e  4 . 1 5 . 2 .

3 . 3 . 4 2  C o m b us ti b l e  L i q u i d .    S e e  3 . 3 . 1 4 7 . 1 .

3 . 3 . 4 3  C o m b us ti o n  S afe gu ard .    A s afe ty d e vi c e  o r  s ys te m  th at
r e s p o n d s  to  th e  p r e s e n c e  o r a b s e n c e  o f fame  p r o p e r ti e s  u s i n g

o n e  o r  m o r e  fame  d e te c to r s  a n d  p r o vi d e s  s afe  s tar t-u p ,  s a fe
o p e r ati o n ,  a n d  s afe  s h u td o wn  o f a b u r n e r  u n d e r  n o r m al  an d
ab n o r m a l  c o n d i ti o n s .  [ 8 6 ,  2 0 2 3 ]

3 . 3 . 4 4  C o m p ac t H yd ro ge n  Fu e l i n g S ys te m  ( c H FS ) .    A s e l f-
c o n tai n e d  p ac kag e  o r  fa c to r y-m a tc h e d  p a c ka ge  wh i c h  ge n e r ‐

a te s ,  c o m p r e s s e s ,  s to r e s ,  an d  d i s p e n s e s  g as e o u s  h yd r o ge n  fo r
p u b l i c  an d  n o n p u b l i c  fu e l i n g.
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S h ad 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 ate r i a l . 2 0 2 3  E d i t i o n

3 . 3 . 4 5  C o m p re s s e d  G as .    S e e  3 . 3 . 1 0 6 . 1 .

Δ 3 . 3 . 4 6  C o m p re s s e d  G as  C o n tai n e r.    S e e  3 . 3 . 5 0 . 1

3 . 3 . 4 7  C o m p re s s e d  G as  S ys te m .    S e e  3 . 3 . 2 3 7 . 5 .

3 . 3 . 4 8  C o m p re s s i o n  D i s c h arge  P re s s u re .    S e e  3 . 3 . 1 9 7 . 2 .

Δ 3 . 3 . 4 9  C o m p re s s o r.    A m e c h an i c al  d e vi c e  u s e d  to  i n c r e as e  th e
p r e s s u r e  an d  th e  r e s u l ta n t d e n s i ty o f a g as  th r o u gh  th e  ac t o f
c o m p r e s s i o n .

Δ 3 . 3 . 5 0  C o n tai n e r.    A ve s s e l ,  s u c h  as  a c yl i n d e r,  p o r tab l e  tan k,
o r  s tati o n ar y ta n k,  th at var i e s  i n  s h ap e ,  s i z e ,  an d  m ate r i a l  o f
c o n s tr u c ti o n .

Δ 3 . 3 . 5 0 . 1  Compressed Gas Container.    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  ab s o l u te  p r e s s u r e
gr e a te r  th an  1  a tm o s p h e r e  at 6 8 ° F  ( 2 0 ° C )  th at i n c l u d e s

c yl i n d e r s ,  c o n tai n e r s ,  an d  tan ks .

3 . 3 . 5 0 . 2  Fuel Supply Container.    A c o n tai n e r  m o u n te d  o n  a
ve h i c l e  to  s to r e  L H 2  o r  G H 2  a s  th e  fu e l  s u p p l y to  th e  ve h i c l e .

3 . 3 . 5 1  C o n tro l .

Δ 3 . 3 . 5 1 . 1  Excess Flow Control.    A fai l -s a fe  s ys te m  o r  ap p r o ve d
m e a n s  d e s i g n e d  to  s h u t o ff fow d u e  to  a  r u p tu r e  i n  p r e s s u r ‐
i z e d  p i p i n g  s ys te m s .

Δ 3 . 3 . 5 1 . 2 *  Explosion Control.    A m e an s  o f e i th e r  p r e ve n ti n g
a n  e x p l o s i o n  th r o u gh  th e  u s e  o f e x p l o s i o n  s u p p r e s s i o n ,  fu e l
r e d u c ti o n ,  o r  o x i d an t r e d u c ti o n  s ys te m s  o r  a m e a n s  to

p r e ve n t th e  s tr u c tu r al  c o l l ap s e  o f a  b u i l d i n g i n  th e  e ve n t o f
a n  e x p l o s i o n  th r o u g h  th e  u s e  o f defagration  ve n ti n g ,  b a r r i ‐
c a d e s ,  o r  r e l a te d  c o n s tr u c ti o n  m e th o d s .

Δ 3 . 3 . 5 1 . 3  Remotely Located,  Manually Activated Shutdown
Control.    A c o n tr o l  s ys te m  th at i s  d e s i gn e d  to  i n i ti ate  s h u t‐

d o wn  o f th e  fow o f g as  o r  l i q u i d  th at i s  m an u al l y a c ti vate d
fr o m  a p o i n t l o c ate d  s o m e  d i s tan c e  fr o m  th e  d e l i ve r y

s ys te m .

3 . 3 . 5 2  C o n tro l  Are a.    S e e  3 . 3 . 7 . 1 .

3 . 3 . 5 3  C o n tro l l e r.

3 . 3 . 5 3 . 1  Excess Temperature Limit Controller.    A d e vi c e
d e s i g n e d  to  c u t o ff th e  s o u r c e  o f h e a t i f th e  o p e r ati n g

te m p e r a tu r e  e x c e e d s  a p r e d e te r m i n e d  te m p e r atu r e  s e t
p o i n t.

3 . 3 . 5 3 . 2  Temperature Controller.    A d e vi c e  th a t m e as u r e s  th e
te m p e r a tu r e  a n d  au to m ati c al l y c o n tr o l s  th e  i n p u t o f h e a t
i n to  th e  fu r n a c e .  [ 8 6 ,  2 0 2 3 ]

Δ 3 . 3 . 5 4  C o r ro s i o n  E x p e r t.    A p e r s o n  wh o ,  b y r e as o n  o f kn o wl ‐
e d g e  o f th e  p h ys i c al  s c i e n c e s  an d  th e  p r i n c i p l e s  o f e n gi n e e r i n g

a c q u i r e d  th r o u gh  p r o fe s s i o n a l  e d u c a ti o n  an d  r e l a te d  p r ac ti c al
e x p e r i e n c e ,  i s  qualifed  to  e n gag e  i n  th e  p r ac ti c e  o f c o r r o s i o n

c o n tr o l  o f c o n ta i n e r  s ys te m s .

3 . 3 . 5 5  C o r ro s i o n  P ro te c ti o n .    S e e  3 . 3 . 2 0 3 . 2 .

3 . 3 . 5 6  C o r ro s i ve  G as .    S e e  3 . 3 . 1 0 6 . 2 .

Δ 3 . 3 . 5 7  C o ur t.    An  o p e n ,  u n c o ve r e d ,  u n o c c u p i e d  s p a c e ,  u n o b ‐
s tr u c te d  to  th e  s ky,  b o u n d e d  o n  th r e e  s i d e s  b y wal l s .

3 . 3 . 5 7 . 1  Enclosed Court.    A c o u r t b o u n d e d  o n  al l  s i d e s  b y
wal l s .

Δ 3 . 3 . 5 8  C r yo ge n i c  Fl u i d .    A fuid  wi th  a  b o i l i n g p o i n t l o we r
th a n  − 1 3 0 ° F  ( − 9 0 ° C )  a t a n  ab s o l u te  p r e s s u r e  o f 1 4 . 7  p s i

( 1 0 1 . 3  kP a) .

Δ 3 . 3 . 5 8 . 1  Flammable Cryogenic Fluid.    A c r yo g e n i c  fuid  th a t
fo r m s  fammable  m i x tu r e s  i n  ai r  wh e n  i n  i ts  vap o r  s tate .

Δ 3 . 3 . 5 9  C yl i n d e r.    A p r e s s u r e  ve s s e l  d e s i g n e d  fo r  ab s o l u te  p r e s ‐
s u r e s  h i gh e r  th an  4 0  p s i  ( 2 7 6  kP a)  an d  h a vi n g a  c i r c u l ar  c r o s s -
s e c ti o n .  I t d o e s  n o t i n c l u d e  a p o r ta b l e  tan k,  m u l ti u n i t tan k c a r

tan k,  c a r go  tan k,  o r  ta n k c ar.

Δ 3 . 3 . 6 0 *  C yl i n d e r P ac k.    An  a r r an g e m e n t o f c yl i n d e r s  i n to  a
c l u s te r  wh e r e  th e  c yl i n d e r s  a r e  confned  i n to  a g r o u p i n g  o r

ar r an g e m e n t wi th  a s tr a p p i n g  o r  fr am e  s ys te m  an d  c o n n e c ti o n s
ar e  m ad e  to  a  c o m m o n  m an i fo l d .  T h e  fr a m e  s ys te m  i s  al l o we d

to  b e  o n  s ki d s  o r  wh e e l s  to  p e r m i t m o ve m e n t.

3 . 3 . 6 1 *  D e fu e l i n g.    T h e  c o n tr o l l e d  d i s c h ar g e  o f h yd r o g e n
fr o m  ve h i c l e  fu e l  s to r ag e  tan k s ys te m s  ac c o r d i n g  to  th e  ve h i c l e

m a n u fac tu r e r ’ s  i n s tr u c ti o n s ,  u ti l i z i n g a n o z z l e  o r  p o r t s u p p l i e d
b y th e  ve h i c l e  o r  te s t s ys te m  m an u fa c tu r e r  a n d  e q u i p m e n t th at

h a s  b e e n  l i s te d  a n d  l a b e l e d ,  o r  ap p r o ve d  fo r  th e  i n te n d e d  u s e .

3 . 3 . 6 2  D e tac h e d  B u i l d i n g.    S e e  3 . 3 . 1 4 . 1 .

3 . 3 . 6 3  D e vi c e .

Δ 3 . 3 . 6 3 . 1  Emergency Shutdown Device (ESD)  [Vehicle Fueling].
A d e vi c e  th a t b r i n g s  al l  o p e r a ti o n s  to  a fai l -s a fe  c o n d i ti o n

wi th i n  th e  fu e l i n g fac i l i ty fr o m  e i th e r  l o c al  o r  r e m o te  l o c a‐
ti o n s .

Δ 3 . 3 . 6 3 . 2  Pressure Relief Device.    A d e vi c e  d e s i gn e d  to  o p e n
to  p r e ve n t a  r i s e  o f i n te r n al  p r e s s u r e  i n  e x c e s s  o f a  specifed
va l u e .

3 . 3 . 6 3 . 3  Safety Device [Furnaces].    An  i n s tr u m e n t,  a c o n tr o l ,
o r  o th e r  e q u i p m e n t th at ac ts ,  o r  i n i ti a te s  a c ti o n ,  to  c au s e
th e  fu r n ac e  to  r e ve r t to  a s a fe  c o n d i ti o n  i n  th e  e ve n t o f

e q u i p m e n t fa i l u r e  o r  o th e r  h a z a r d o u s  e ve n t.  [ 8 6 ,  2 0 2 3 ]

3 . 3 . 6 4 *  D i s tri b u te d  I n te grate d  C o n tro l s  ( D I C ) .    S ys te m s  o r
i n te gr a te d  c o n tr o l s  u s e d  to  m o n i to r  an d  c o n tr o l  th e  fu n c ti o n s

o f e q u i p m e n t,  s ys te m s ,  o r  p l an ts .  [ 8 5 3 ,  2 0 2 0 ]

Δ 3 . 3 . 6 5  D i s tri b u to r.    A b u s i n e s s  e n ga ge d  i n  th e  s al e  o r  r e s a l e ,  o r
b o th ,  o f c o m p r e s s e d  g as e s  o r  c r yo ge n i c  fuids,  o r  b o th .

3 . 3 . 6 6  D O T.    U . S .  D e p a r tm e n t o f Tr a n s p o r ta ti o n .  [ 5 2 ,  2 0 2 3 ]

3 . 3 . 6 7  D u c t S ys te m .    S e e  3 . 3 . 2 3 7 . 6 .

3 . 3 . 6 8  D we l l i n g.    An y d e ta c h e d  b u i l d i n g,  o r  a n y p ar t o f a to wn ‐
h o u s e ,  b a c k-to -b ac k to wn h o u s e ,  o r  s tac ke d  to wn h o u s e  s tr u c tu r e
th at i s  s e p ar a te d  fr o m  th e  r e m a i n d e r  o f th e  to wn h o u s e  s tr u c ‐

tu r e  wi th  fre-resistance-rated  a s s e m b l i e s  i n  ac c o r d a n c e  wi th
l o c a l  b u i l d i n g  c o d e ,  th a t c o n tai n s  n o  m o r e  th an  two  d we l l i n g
u n i ts  i n te n d e d  to  b e  u s e d ,  r e n te d ,  l e as e d ,  l e t,  o r  h i r e d  o u t to  b e
o c c u p i e d  o r  th a t ar e  o c c u p i e d  fo r  h a b i ta ti o n  p u r p o s e s .  [ 1 3 D ,

2 0 2 2 ]

3 . 3 . 6 9  E m e rge n c y S h u td o wn  D e vi c e  ( E S D ) .    S e e  3 . 3 . 6 3 . 1 .

3 . 3 . 7 0  E m e rge n c y S h u to ff Val ve .    S e e  3 . 3 . 2 5 2 . 1 .

3 . 3 . 7 1  E n c l o s e d  C o u r t.    S e e  3 . 3 . 5 7 . 1 .

3 . 3 . 7 2  E n c l o s e d  P ark i n g S tr u c tu re .    S e e  3 . 3 . 1 8 6 . 1 .

3 . 3 . 7 3  E n gi n e e re d  an d  Fi e l d - C o n s tr uc te d  Fu e l  C e l l  P o we r
S ys te m .    S e e  3 . 3 . 2 3 7 . 7 .
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2 0 2 3  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 . 7 4  E val u ati o n .

3 . 3 . 7 4 . 1 *  Fire Risk Evaluation.    A d e tai l e d  e n gi n e e r i n g
r e vi e w o f a  p l a n t’ s  c o n s tr u c ti o n  fe atu r e s  an d  o p e r ati n g  p r o c ‐

e s s  c o n d u c te d  to  e n s u r e  th at ap p l i c a b l e  fre  p r e ve n ti o n  an d
fre  p r o te c ti o n  r e q u i r e m e n ts  fo r  s afe g u ar d i n g  l i fe  an d  p h ys i ‐

c a l  p r o p e r ty a r e  m e t.  [ 8 5 3 ,  2 0 2 0 ]

3 . 3 . 7 5  E x c e s s  Fl o w C o n tro l .    S e e  3 . 3 . 5 1 . 1 .

3 . 3 . 7 6  E x c e s s  Te m p e ratu re  L i m i t C o n tro l l e r.    S e e  3 . 3 . 5 3 . 1 .

3 . 3 . 7 7  E x h au s t Ai r.    S e e  3 . 3 . 4 . 2 .

3 . 3 . 7 8  E x h au s t S ys te m .    S e e  3 . 3 . 2 3 7 . 8 .

Δ 3 . 3 . 7 9 *  E x h au s te d  E n c l o s u re .    An  ap p l i an c e  o r  p i e c e  o f e q u i p ‐
m e n t th a t c o n s i s ts  o f a to p ,  a b ac k,  an d  two  s i d e s  th at p r o vi d e s  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 ga s e s ,  fu m e s ,  vap o r s ,  an d
m i s ts .

3 . 3 . 8 0  E x i t Ac c e s s .    T h at p o r ti o n  o f a m e a n s  o f e g r e s s  th a t
l e ad s  to  a n  e x i t.  [ 1 01 ,  2 0 2 1 ]

3 . 3 . 8 1  E x p l o s i o n  C o n tro l .    S e e  3 . 3 . 5 1 . 2 .

3 . 3 . 8 2  Fac e  Ve l o c i ty.    T h e  r ate  o f fow o r  ve l o c i ty o f a i r  m o vi n g
i n to  th e  c h e m i c a l  fu m e  h o o d  e n tr an c e  o r  fa c e ,  as  m e as u r e d  at
th e  p l an e  o f th e  c h e m i c a l  fu m e  h o o d  fac e .  [ 4 5 ,  2 0 1 9 ]

3 . 3 . 8 3  Fac i l i ty.

3 . 3 . 8 3 . 1  Incidental Testing Facility.    An  ar e a  wi th i n  a p r o d u c ‐
ti o n  fac i l i ty s e t as i d e  fo r  th e  p u r p o s e  o f c o n d u c ti n g i n -

p r o c e s s  c o n tr o l  te s ts  th at a r e  r e l ate d  to  th e  p r o d u c ti o n
p r o c e s s .  [ 4 5 ,  2 0 1 9 ]

3 . 3 . 8 3 . 2  Motor Fuel Dispensing Facility.    T h at p o r ti o n  o f a
p r o p e r ty wh e r e  m o to r  fu e l s  a r e  s to r e d  a n d  d i s p e n s e d  fr o m
fxed  e q u i p m e n t i n to  th e  fu e l  tan ks  o f m o to r  ve h i c l e s  o r

m a r i n e  c r a ft o r  i n to  ap p r o ve d  c o n tai n e r s ,  i n c l u d i n g  a l l
e q u i p m e n t u s e d  i n  c o n n e c ti o n  th e r e wi th .  [ 3 0 A,  2 0 2 1 ]

3 . 3 . 8 3 . 2 . 1  Attended Self-Service Motor Fuel Dispensing Facility.
A m o to r  fu e l  d i s p e n s i n g  fac i l i ty th at h a s  an  atte n d an t o r

e m p l o ye e  o n  d u ty wh e n e ve r  th e  fac i l i ty i s  o p e n  fo r  b u s i n e s s .
T h e  a tte n d a n t o r  e m p l o ye e  o n  d u ty d o e s  n o t typ i c al l y
d i s p e n s e  m o to r  fu e l s  i n to  fu e l  tan ks  o r  c o n ta i n e r s .  T h e

c u s to m e r  o r  ve h i c l e  o p e r a to r  u s u a l l y c o n d u c ts  th e  d i s p e n s ‐
i n g.  [ 3 0 A,  2 0 2 1 ]

3 . 3 . 8 3 . 2 . 2  Fleet Vehicle Motor Fuel Dispensing Facility.    A
m o to r  fu e l  d i s p e n s i n g fac i l i ty at a c o m m e r c i a l ,  i n d u s tr i al ,

g o ve r n m e n tal ,  o r  m an u fac tu r i n g p r o p e r ty wh e r e  m o to r
fu e l s  ar e  d i s p e n s e d  i n to  th e  fu e l  tan ks  o f m o to r  ve h i c l e s  th a t

ar e  u s e d  i n  c o n n e c ti o n  wi th  th e  b u s i n e s s  o r  o p e r a ti o n  o f
th at p r o p e r ty b y p e r s o n s  wi th i n  th e  e m p l o y o f s u c h  b u s i n e s s
o r  o p e r a ti o n .  [ 3 0 A,  2 0 2 1 ]

3 . 3 . 8 3 . 2 . 3  Full-Service Motor Fuel Dispensing Facility.    A
m o to r  fu e l  d i s p e n s i n g fac i l i ty th a t h as  o n e  o r  m o r e  a tte n d ‐
a n ts  o r  s u p e r vi s o r s  o n  d u ty to  d i s p e n s e  m o to r  fu e l s  i n to  fu e l

ta n ks  o r  c o n ta i n e r s  wh e n e ve r  th e  fac i l i ty i s  o p e n  fo r  b u s i ‐
n e s s .  [ 3 0 A,  2 0 2 1 ]

3 . 3 . 8 3 . 2 . 4 *  Motor Fuel Dispensing Facility Located Inside a
Building.    T h at p o r ti o n  o f a m o to r  fu e l  d i s p e n s i n g  fac i l i ty
l o c a te d  wi th i n  th e  p e r i m e te r  o f a b u i l d i n g o r  b u i l d i n g  s tr u c ‐
tu r e  th at al s o  c o n tai n s  o th e r  o c c u p an c i e s .  [ 3 0 A,  2 0 2 1 ]

3 . 3 . 8 3 . 2 . 5  Unattended Self-Service Motor Fuel Dispensing
Facility.    A m o to r  fu e l  d i s p e n s i n g  fac i l i ty th a t h as  n o  a tte n d ‐

a n t o r  e m p l o ye e  o n  d u ty.  T h e  c u s to m e r  o r  ve h i c l e  o p e r ato r
c o n d u c ts  th e  d i s p e n s i n g o p e r a ti o n .  T h i s  i n c l u d e s  c o i n ,

c u r r e n c y,  m e m b e r s h i p  c a r d ,  an d  c r e d i t c ar d  d i s p e n s i n g
o p e r ati o n s .  [ 3 0 A,  2 0 2 1 ]

•
N 3 . 3 . 8 3 . 3 *  Home Fueling Appliance (HFA) .    A s e l f‐c o n ta i n e d

p ac kag e  o r  fac to r y‐m atc h e d  p ac kag e  o f i n te gr a te d  s ys te m s
o r  h ar d war e  th a t p r o vi d e s  fu e l i n g o f h yd r o ge n - p o we r e d

ve h i c l e s  i n  r e s i d e n ti al  d we l l i n g s  wi th  a  n o m i n al  vo l tag e  n o t
e x c e e d i n g 2 4 0  vo l ts  ac .

3 . 3 . 8 4 *  Fai l - S afe .    A d e s i gn  ar r a n ge m e n t i n c o r p o r ati n g  o n e  o r
m o r e  fe atu r e s  th a t au to m ati c al l y c o u n te r a c ts  th e  e ffe c t o f an

an ti c i p ate d  s o u r c e  o f fai l u r e  o r  wh i c h  i n c l u d e s  a d e s i g n
ar r an g e m e n t th a t e l i m i n ate s  o r  m i ti ga te s  a h az ar d o u s  c o n d i ‐

ti o n  b y c o m p e n s a ti n g au to m ati c a l l y fo r  a fa i l u r e  o r  m al fu n c ‐
ti o n .

3 . 3 . 8 5  Fi re  D am p e r.    A d e vi c e ,  i n s tal l e d  i n  an  a i r-d i s tr i b u ti o n
s ys te m ,  th at i s  d e s i gn e d  to  c l o s e  a u to m a ti c a l l y u p o n  d e te c ti o n
o f h e at to  i n te r r u p t m i gr a to r y airfow a n d  to  r e s tr i c t th e

p as s ag e  o f fame.  [ 5 0 0 0 ,  2 0 2 1 ]

3 . 3 . 8 6  Fi re  P re ve n ti o n .    M e as u r e s  d i r e c te d  to wa r d  avo i d i n g
th e  i n c e p ti o n  o f fre.  [ 8 0 1 ,  2 0 2 0 ]

3 . 3 . 8 7  Fi re  P ro te c ti o n .    S e e  3 . 3 . 2 0 3 . 3 .

3 . 3 . 8 8  Fi re  Ri s k  E val u ati o n .    S e e  3 . 3 . 7 4 . 1 .

3 . 3 . 8 9  Fl am m ab l e  C r yo ge n i c  Fl u i d .    S e e  3 . 3 . 5 8 . 1 .

3 . 3 . 9 0  Fl am m ab l e  G as .    S e e  3 . 3 . 1 0 6 . 3 .

3 . 3 . 9 1  Fl am m ab l e  Liquefed  G as .    S e e  3 . 3 . 1 0 6 . 4 .

3 . 3 . 9 2  Fl am m ab l e  L i q u i d .    S e e  3 . 3 . 1 4 7 . 2 ,  F l am m ab l e  L i q u i d
( C l a s s  I ) .

3 . 3 . 9 3  Fl am m ab l e  S p e c i al  Atm o s p h e re .    S e e  3 . 3 . 2 2 7 . 1 .

3 . 3 . 9 4  Fl as h  P o i n t.    T h e  m i n i m u m  te m p e r a tu r e  at wh i c h  a
l i q u i d  o r  a s o l i d  e m i ts  vap o r  suffcient to  fo r m  a n  i g n i tab l e

m i x tu r e  wi th  ai r  n e ar  th e  s u r fa c e  o f th e  l i q u i d  o r  th e  s o l i d .
[ 8 5 3 ,  2 0 2 0 ]

3 . 3 . 9 5  Fl e e t Ve h i c l e  M o to r Fu e l  D i s p e n s i n g Fac i l i ty.    S e e
3 . 3 . 8 3 . 2 . 2 .

3 . 3 . 9 6  Fl o w S wi tc h .    A s wi tc h  th at i s  ac ti vate d  b y th e  fow o f a
fuid  i n  a  d u c t o r  p i p i n g s ys te m .  [ 8 6 ,  2 0 2 3 ]

3 . 3 . 9 7  Fue l  C e l l  C ar tri d ge .    A r e m o va b l e  ar ti c l e  th a t c o n tai n s
an d  s u p p l i e s  fu e l  to  th e  m i c r o  fu e l  c e l l  p o we r  u n i t o r  i n te r n al

r e s e r vo i r.

3 . 3 . 9 8  Fu e l  C e l l  P o we r S ys te m  ( FC P S ) .    S e e  3 . 3 . 2 3 7 . 9 .

3 . 3 . 9 9  Fu e l  G as .    S e e  3 . 3 . 1 0 6 . 5 .

3 . 3 . 1 0 0  Fu e l  L i n e .    T h e  p i p e ,  tu b i n g ,  o r  h o s e  o n  a ve h i c l e ,
i n c l u d i n g  al l  r e l a te d  fttings,  th r o u g h  wh i c h  h yd r o ge n  p as s e s

d u r i n g n o r m al  ve h i c l e  fu e l i n g  o r  o p e r a ti o n .

3 . 3 . 1 0 1  Fu e l  S u p p l y C o n tai n e r.    S e e  3 . 3 . 5 0 . 2 .

3 . 3 . 1 0 2  Fu e l i n g N o z z l e .    A m ati n g  d e vi c e  at th e  r e fu e l i n g
s tati o n ,  i n c l u d i n g  s h u to ff val ve s ,  th at c o n n e c ts  th e  fu e l i n g
d i s p e n s e r  h o s e  to  th e  ve h i c l e  fu e l  flling  s ys te m  r e c e p tac l e  fo r

th e  tr a n s fe r  o f l i q u i d  o r  vap o r.



D E F I N I T I O N S 2 - 1 3

S h ad 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 ate r i a l . 2 0 2 3  E d i t i o n

3 . 3 . 1 0 3  Fu e l i n g P ro to c o l .

3 . 3 . 1 0 3 . 1 *  Nonstandard Automotive Fueling Protocol.    A fu e l ‐
i n g p r o to c o l  th a t h a s  n o t b e e n  d e s c r i b e d  i n  a  p u b l i s h e d

s tan d ar d .

3 . 3 . 1 0 3 . 2  Standard Automotive Fueling Protocol.    A fu e l i n g
p r o to c o l  p u b l i s h e d  b y a s ta n d ar d s  d e ve l o p i n g  o r g an i z a ti o n

th a t h as  b e e n  a c c e p te d  b y th e  au to m o ti ve  fu e l  s u p p l y i n d u s ‐
tr i e s  to  e n s u r e  al l  h yd r o g e n  ve h i c l e s  c an  u s e  th e  p r o to c o l

wi th o u t e x c e e d i n g  o p e r ati n g  p a r am e te r s .

3 . 3 . 1 0 4 *  Fu l l  Tr yc o c k.    A val ve  c o n n e c te d  to  a l i n e  i n s e r te d
i n to  th e  i n n e r  tan k o f a c r yo g e n i c  fuid  tan k an d  p o s i ti o n e d
s u c h  th a t l i q u i d  j u s t b e g i n s  to  fow fr o m  th e  val ve  wh e n
o p e n e d .

3 . 3 . 1 0 5  G al l o n ,  U . S .  S tan d ard .    1  U . S .  g al  =  0 . 8 3 3  I m p e r i al  g al
=  2 3 1  i n . 3  =  3 . 7 8 5  L .  [ 5 8 ,  2 0 2 0 ]

3 . 3 . 1 0 6  G as .

Δ 3 . 3 . 1 0 6 . 1 *  Compressed Gas.    A m ate r i a l ,  o r  m i x tu r e  o f m a te ‐
r i al s ,  th at ( 1 )  i s  a  ga s  at 6 8 ° F  ( 2 0 ° C )  o r  l e s s  at an  a b s o l u te
p r e s s u r e  o f 1 4 . 7  p s i  ( 1 0 1 . 3  kP a)  a n d  ( 2 )  h as  a b o i l i n g  p o i n t

o f 6 8 ° F  ( 2 0 ° C )  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 4 . 7  p s i
( 1 0 1 . 3  kP a )  an d  th at 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 a z a r d  p r o p e r ti e s  ar 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
ga s 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  an  ab s o ‐
l u te  p re s s u r e  o f 4 0 . 6  p s i  ( 2 8 0  kP a)  a t 6 8 ° F  ( 2 0 ° C ) .

Δ 3 . 3 . 1 0 6 . 2  Corrosive Gas.    A g as  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 al
ac ti o n  a t th e  s i te  o f c o n tac t.

Δ 3 . 3 . 1 0 6 . 3 *  Flammable Gas.    A m a te r i al  th a t i s  a g as  at 6 8 ° F
( 2 0 ° C )  o r  l e s s  at an  ab s o l u te  p r e s s u r e  o f 1 4 . 7  p s i
( 1 0 1 . 3  kP a ) ,  th at i s  i gn i ta b l e  a t a n  ab s o l u te  p r e s s u r e  o f

1 4 . 7  p s i  ( 1 0 1 . 3  kP a)  wh e n  i n  a m i x tu r e  o f 1 3  p e r c e n t o r  l e s s
b y vo l u m e  wi th  ai r,  o r  th at h as  a fammable  r an g e  a t a n  a b s o ‐
l u te  p r e s s u r e  o f 1 4 . 7  p s i  ( 1 0 1 . 3  kP a )  wi th  ai r  o f a t l e as t
1 2  p e rc e n t,  r e g ar d l e s s  o f th e  l o we r  l i m i t.

Δ 3 . 3 . 1 0 6 . 4  Flammable Liquefed Gas.    A liquefed  c o m p r e s s e d
ga s  th at,  wh e n  u n d e r  a c h a r ge d  p r e s s u r e ,  i s  p a r ti al l y l i q u i d
at a  te m p e r a tu r e  o f 6 8 ° F  ( 2 0 ° C )  an d  i s  fammable.

3 . 3 . 1 0 6 . 5  Fuel Gas.    A ga s  u s e d  as  a fu e l  s o u r c e ,  i n c l u d i n g
n atu r al  ga s ,  m an u fa c tu r e d  ga s ,  s l u d g e  ga s ,  liquefed  p e tr o ‐
l e u m  gas –a i r  m i x tu r e s ,  liquefed  p e tr o l e u m  g as  i n  th e  vap o r

p h as e ,  an d  m i x tu r e s  o f th e s e  g as e s .  [ 8 2 0 ,  2 0 2 0 ]

Δ 3 . 3 . 1 0 6 . 6 *  Inert Gas.    A n o n r e a c ti ve ,  nonfammable,
n o n c o r r o s i ve  ga s  s u c h  as  ar g o n ,  h e l i u m ,  kr yp to n ,  n e o n ,

n i tr o g e n ,  a n d  x e n o n .

Δ 3 . 3 . 1 0 6 . 7  Nonfammable Gas.    A ga s  th a t d o e s  n o t m e e t th e
defnition  o f a  fammable  g as .

Δ 3 . 3 . 1 0 6 . 8 *  Other Gas.    A ga s  th at i s  n o t a c o r r o s i ve  g as ,  fam‐
mable  ga s ,  h i g h l y to x i c  ga s ,  o x i d i z i n g  ga s ,  p yr o p h o r i c  g as ,

to x i c  ga s ,  o r  u n s ta b l e  r e a c ti ve  g as  wi th  a  h az ar d  r ati n g  o f
C l a s s  2 ,  C l a s s  3 ,  o r  C l as s  4  ga s .

Δ 3 . 3 . 1 0 6 . 9  Oxidizing Gas.    A g as  th a t c an  s u p p o r t an d  ac c e l ‐
e r a te  c o m b u s ti o n  o f o th e r  m a te r i al s  m o r e  th a n  a i r  d o e s .

Δ 3 . 3 . 1 0 6 . 1 0  Pyrophoric Gas.    A ga s  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 1 3 0 ° F  ( 5 4 . 4 ° C ) .

Δ 3 . 3 . 1 0 6 . 1 1  Toxic Gas.    A g as  wi th  a m e d i a n  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 m o r e  th an  2 0 0  p p m  b u t n o t m o r e  th a n

2 0 0 0  p p m  b y vo l u m e  o f ga s  o r  vap o r,  o r  m o r e  th a n  2  m g / L
b u t n o t m o r e  th a n  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 re d  b y c o n ti n u o u s  i n h a l 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

0 . 4 4  l b  an d  0 . 6 6  l b  ( 2 0 0  g an d  3 0 0  g )  e ac h .

Δ 3 . 3 . 1 0 6 . 1 1 . 1  Highly Toxic Gas.    A c h e m i c a l  th at h as  a
m e d i a n  l e th al  c o n c e n tr a ti o n  ( L C 5 0 )  i n  ai r  o f 2 0 0  p p m  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  ad m i n i s te r e d  b y c o n ti n u o u s  i n h a l a ti 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  0 . 4 4  l b  an d  0 . 6 6  l b  ( 2 0 0  g a n d  3 0 0  g)
e a c h .

Δ 3 . 3 . 1 0 6 . 1 2 *  Unstable Reactive Gas.    A g as  th a t,  i n  th e  p u r e
s tate  o r  as  c o m m e r c i a l l y p r o d u c e d ,  wi l l  vi g o r o u s l y p o l ym e r ‐

i z e ,  d e c o m p o s e ,  o r  c o n d e n s e ;  b e c o m e  s e l f-r e ac ti ve ;  o r  o th e r ‐
wi s e  u n d e r g o  a vi o l e n t c h e m i c al  c h an g e  u n d e r  c o n d i ti o n s  o f

s h o c k,  p r e s s u r e ,  o r  te m p e r atu r e .

Δ 3 . 3 . 1 0 6 . 1 2 . 1  Class 2 Unstable Reactive Gas.    M a te r i al s  th a t
r e a d i l y u n d e r g o  vi o l e n t c h e m i c al  c h a n ge  at e l e vate d  te m p e r ‐
a tu r e s  a n d  p r e s s u r e s .

Δ 3 . 3 . 1 0 6 . 1 2 . 2  Class 3 Unstable Reactive Gas.    M a te r i al s  th at i n
th e m s e l ve s  a r e  c ap ab l e  o f d e to n ati o n  o r  e x p l o s i ve  d e c o m p o ‐
s i ti o n  o r  e x p l o s i ve  r e ac ti o n ,  b u t th at r e q u i r e  a  s tr o n g  i n i ti a t‐

i n g  s o u r c e  o r  th a t m u s t b e  h e ate d  u n d e r  confnement
b e fo r e  i n i ti a ti o n .

Δ 3 . 3 . 1 0 6 . 1 2 . 3  Class 4 Unstable Reactive Gas.    M ate r i a l s  th at i n
th e m s e l ve s  a r e  r e a d i l y c ap ab l e  o f d e to n a ti o n  o r  e x p l o s i ve

d e c o m p o s i ti o n  o r  e x p l o s i ve  r e a c ti o n  at n o r m al  te m p e r a‐
tu r e s  an d  p r e s s u r e s .

3 . 3 . 1 0 7  G as  An al yz e r.    A d e vi c e  th a t m e a s u r e s  c o n c e n tr ati o n s ,
d i r e c tl y o r  i n d i r e c tl y,  o f s o m e  o r  a l l  c o m p o n e n ts  i n  a  g as  o r

m i x tu r e .  [ 8 6 ,  2 0 2 3 ]

3 . 3 . 1 0 8  G as  C ab i n e t.    S e e  3 . 3 . 2 3 . 1 .

3 . 3 . 1 0 9  G as  D e te c ti o n  S ys te m .    S e e  3 . 3 . 2 3 7 . 1 0 .

Δ 3 . 3 . 1 1 0  G as  M an u fac tu re r/ P ro d uc e r.    A b u s i n e s s  th a t p r o d u ‐
c e s  c o m p r e s s e d  g as e s  o r  c r yo ge n i c  fuids,  o r  b o th ,  o r  flls  p o r ta‐
b l e  o r  s ta ti o n ar y g as  c yl i n d e r s ,  c o n tai n e r s ,  o r  ta n ks .

Δ 3 . 3 . 1 1 1  G as  Ro o m .    A s e p a r ate l y ve n ti l ate 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 ,  c r yo g e n i c  fuids,  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 . 1 1 2  G as e o u s  H yd ro ge n  ( G H 2 )  S ys te m .    S e e  3 . 3 . 2 3 7 . 1 1 .

Δ 3 . 3 . 1 1 3  Gasifer.    An  a s s e m b l y o f e q u i p m e n t th at c o n ve r ts
c a r b o n a c e o u s  m ate r i a l s ,  s u c h  as  c o al  o r  p e tr o l e u m ,  i n to  c ar b o n

m o n o x i d e  an d  h yd r o g e n  b y r e ac ti n g  th e  r aw m ate r i a l  at h i gh
te m p e r a tu r e s  wi th  a  c o n tr o l l e d  am o u n t o f o x yge n .

N 3 . 3 . 1 1 4  Gasifer H az ard  Are a.    An  ar e a  a r o u n d  a gasifer
c o n tai n i n g  h a z a r d s  s u c h  as  fammable  g as e s ,  to x i c  m ate r i a l s ,
h o t s u r fac e s ,  an d  s o  o n .

3 . 3 . 1 1 5  G H 2 .    H yd r o g e n  i n  th e  g as  p h a s e .

Δ 3 . 3 . 1 1 6 *  H an d l i n g.    T h e  d e l i b e r ate  m o ve m e n t o f m a te r i al  i n
c o n tai n e r s  b y a n y m e an s  to  a  p o i n t o f s to r ag e  o r  u s e .



H YD RO GE N  T E C H N O L O G I E S  C O D E2 - 1 4

2 0 2 3  E d i t i o n S h a d e d  te x t =  Re vi s i o n s .  Δ  =  Te x t d e l e ti o n s  a n d  fgure/table  r e vi s i o n s .  •  =  S e c ti o n  d e l e ti o n s .  N  =  N e w m a te r i a l .

Δ 3 . 3 . 1 1 7 *  H az ard  Rati n g.    T h e  n u m e r i c a l  r ati n g  o f th e  h e a l th ,
fammability,  s e l f-r e ac ti vi ty,  an d  o th e r  h az ar d s  o f th e  m a te r i al ,

i n c l u d i n g  i ts  r e a c ti o n  wi th  wa te r.

3 . 3 . 1 1 8  H az ard o u s  M ate ri al  ( C h e m i c al ) .    S e e  3 . 3 . 1 4 9 . 1 ,
H az ar d o u s  M ate r i a l .

3 . 3 . 1 1 9  H e al th  H az ard  M ate ri al .    A c h e m i c a l  o r  s u b s tan c e  c l a s ‐
sifed  a s  a to x i c ,  h i gh l y to x i c ,  o r  c o r r o s i ve  m ate r i al  i n  ac c o r d ‐

an c e  wi th  defnitions  s e t fo r th  i n  th i s  c o d e .  [ 4 0 0 ,  2 0 2 2 ]

3 . 3 . 1 2 0  H o o d .

3 . 3 . 1 2 0 . 1 *  Canopy Hood.    A s u s p e n d e d  ve n ti l a ti n g d e vi c e
u s e d  o n l y to  e x h au s t h e at,  wate r  va p o r,  o d o r s ,  a n d  o th e r

n o n h a z a r d o u s  m ate r i a l s .  [ 4 5 ,  2 0 1 9 ]

3 . 3 . 1 2 0 . 2 *  Chemical Fume Hood.    A ve n ti l ate d  e n c l o s u r e
d e s i g n e d  to  c o n tai n  a n d  e x h au s t fu m e s ,  g as e s ,  vap o r s ,  m i s ts ,

an d  p ar ti c u l ate  m a tte r  ge n e r a te d  wi th i n  th e  h o o d  i n te r i o r.
[ 4 5 ,  2 0 1 9 ]

3 . 3 . 1 2 1  H o o d  I n te ri o r.    T h e  vo l u m e  e n c l o s e d  b y th e  s i d e ,
b a c k,  an d  to p  e n c l o s u r e  p an e l s ,  th e  wo r k s u r fac e ,  th e  ac c e s s

o p e n i n g  ( c a l l e d  th e  fa c e ) ,  th e  s as h  o r  s as h e s ,  a n d  th e  e x h a u s t
p l e n u m ,  i n c l u d i n g  th e  baffe  s ys te m  fo r  airfow d i s tr i b u ti o n .

[ 4 5 ,  2 0 1 9 ]

3 . 3 . 1 2 2 *  H yd ro ge n  E q u i p m e n t E n c l o s u re  ( H E E ) .    A p r e fab r i ‐
c a te d  a r e a d e s i g n e d  to  p r o te c t h yd r o ge n  e q u i p m e n t th at i s
confned  b y a t l e as t th r e e  wa l l s  a n d  a  r o o f n o t r o u ti n e l y o c c u ‐
p i e d ,  a n d  h as  a to ta l  ar e a  l e s s  th an  4 5 0  ft2  ( 4 1 . 8  m 2 ) .

3 . 3 . 1 2 3  H yd ro ge n  G e n e rati o n  S ys te m .    S e e  3 . 3 . 2 3 7 . 1 2 .

3 . 3 . 1 2 4  H yd ro ge n  G e n e rato r.    A p a c ka ge d  o r  fac to r y-  m a tc h e d
h yd r o g e n  g as  g e n e r ati o n  d e vi c e  th at ( 1 )  u s e s  e l e c tr o c h e m i c al

r e a c ti o n s  to  e l e c tr o l yz e  wa te r  to  p r o d u c e  h yd r o ge n  a n d  o x yge n
g as  ( e l e c tr o l yz e r )  o r  ( 2 )  c o n ve r ts  h yd r o c a r b o n  fu e l  to  a

h yd r o g e n -r i c h  s tr e am  o f c o m p o s i ti o n  an d  c o n d i ti o n s  s u i tab l e
fo r  th e  typ e  o f d e vi c e  ( e . g. ,  fu e l  c e l l s )  u s i n g  th e  h yd r o ge n
( r e fo r m e r ) .

N 3 . 3 . 1 2 5  H yd ro ge n - P o we re d  I n d u s tri al  Tr u c k ( H P I T ) .
H yd r o g e n -p o we r e d  ve h i c l e s  i n c l u d i n g  l i ft tr u c ks ,  m o to r i z e d

h a n d  tr u c ks ,  an d  o th e r  s p e c i al i z e d  i n d u s tr i al  tr u c ks .

3 . 3 . 1 2 6  I n c i d e n tal  Te s ti n g Fac i l i ty.    S e e  3 . 3 . 8 3 . 1 .

3 . 3 . 1 2 7  I n d o o r Are a.    S e e  3 . 3 . 7 . 2 .

3 . 3 . 1 2 8 *  I n d o o r I n s tal l ati o n .    S e e  3 . 3 . 1 3 0 . 1 .

3 . 3 . 1 2 9  I n e r t G as .    S e e  3 . 3 . 1 0 6 . 6 .

Δ 3 . 3 . 1 3 0  I n s tal l ati o n  ( Fue l  C e l l  P o we r S ys te m ) .    T h e  l o c a ti o n
wh e r e  a fu e l  c e l l  p o we r  s ys te m  o th e r  th a n  a p o r ta b l e  m i c r o  fu e l
c e l l  p o we r  s ys te m  i s  s i te d  a s  a  u n i t o r  b u i l t as  an  as s e m b l y.

3 . 3 . 1 3 0 . 1  Indoor Installation (Fuel Cell Power System) .    A fu e l
c e l l  p o we r  s ys te m  o th e r  th an  a  p o r ta b l e  o r  m i c r o  fu e l  c e l l

p o we r  s ys te m  c o m p l e te l y s u r r o u n d e d  an d  e n c l o s e d  b y wal l s ,
a  r o o f,  a n d  a foor.

3 . 3 . 1 3 0 . 2  Outside or Outdoor Installation [Fuel Cell Power
System].    A p o we r  s ys te m  i n s tal l ati o n  ( o th e r  th an  a  p o r tab l e
o r  m i c r o  fu e l  c e l l  p o we r  s ys te m )  th at i s  n o t l o c ate d  i n s i d e  a
b u i l d i n g  o r  th at h as  o n l y p ar ti al  we ath e r  p r o te c ti o n  ( m ax i ‐

m u m  c o ve r ag e  o f a r o o f an d  u p  to  2 5  p e r c e n t e n c l o s i n g
wal l s ) .

Δ 3 . 3 . 1 3 0 . 3  Portable Fuel Cell Power System Installation.    A fu e l
c e l l  p o we r  s ys te m  g e n e r ato r  o th e r  th an  a m i c r o  fu e l  c e l l

p o we r  s ys te m  o f e l e c tr i c i ty th a t i s  n o t fxed  i n  p l ac e .  A p o r ta‐
b l e  a p p l i a n c e  u ti l i z e s  a  c o r d  a n d  p l u g c o n n e c ti o n  to  a g ri d -
i s o l ate d  l o a d  an d  h as  an  i n te gr a l  fu e l  s u p p l y.

3 . 3 . 1 3 0 . 4  Rooftop Installation.    A p o we r  s ys te m  i n s tal l a ti o n
l o c ate d  o n  th e  r o o f o f a b u i l d i n g .  [ 8 5 3 ,  2 0 2 0 ]

3 . 3 . 1 3 1  I n s tr u c ti o n al  L ab o rato r y U n i t.    S e e  3 . 3 . 2 4 5 . 1 . 1 .

3 . 3 . 1 3 2  I n te rac ti ve  S ys te m .    S e e  3 . 3 . 2 3 7 . 1 5 .

3 . 3 . 1 3 3  I n te rl o c k .

3 . 3 . 1 3 3 . 1  1 400°F (760°C)  Bypass Interlock.    A d e vi c e
d e s i g n e d  to  p e r m i t specifc  p e r m i tte d  l o gi c  wh e n  th e

c o m b u s ti o n  c h a m b e r  i s  p r o ve d  to  b e  a b o ve  1 4 0 0 ° F  ( 7 6 0 ° C ) .
[ 8 6 ,  2 0 2 3 ]

3 . 3 . 1 3 3 . 2  Excess Temperature Limit Interlock.    A d e vi c e
d e s i g n e d  to  c u t o ff th e  s o u r c e  o f h e a t i f th e  o p e r ati n g
te m p e r a tu r e  e x c e e d s  a p r e d e te r m i n e d  te m p e r atu r e  s e t

p o i n t.  [ 8 6 ,  2 0 2 3 ]

3 . 3 . 1 3 3 . 3  Safety Interlock.    A d e vi c e  r e q u i r e d  to  e n s u r e  s afe
s tar tu p  a n d  s a fe  o p e r ati o n  an d  to  c au s e  s afe  e q u i p m e n t

s h u td o wn .  [ 8 6 ,  2 0 2 3 ]

Δ 3 . 3 . 1 3 4 *  I S O  M o d u l e .    An  as s e m b l y o f tan ks  o r  tu b u l ar  c yl i n ‐
d e r s  p e r m an e n tl y m o u n te d  i n  a fr a m e  c o n fo r m i n g  to  I n te r n a‐

ti o n a l  O r g an i z a ti o n  fo r  S tan d ar d i z a ti o n  ( I S O )  r e q u i r e m e n ts .

3 . 3 . 1 3 5  L ab o rato r y.    A fac i l i ty as  r e gu l ate d  b y C h a p te r  1 6  th at
p r o vi d e s  c o n tr o l l e d  c o n d i ti o n s  i n  wh i c h  scientifc  r e s e a r c h ,

e x p e r i m e n ts ,  o r  m e a s u r e m e n ts  ar e  p e r fo r m e d .

3 . 3 . 1 3 6  L ab o rato r y B ui l d i n g.    S e e  3 . 3 . 1 4 . 2 .

3 . 3 . 1 3 7  L ab o rato r y E q u i p m e n t.    S e e  3 . 3 . 5 ,  Ap p ar a tu s .

3 . 3 . 1 3 8  L ab o rato r y U n i t.    S e e  3 . 3 . 2 4 5 . 1 .

3 . 3 . 1 3 9 *  L ab o rato r y Wo rk  Are a.    S e e  3 . 3 . 7 . 3 .

3 . 3 . 1 4 0  L am i n ar Fl o w C ab i n e t.    S e e  3 . 3 . 2 3 . 2 .

3 . 3 . 1 4 1  L e c tu re  B o ttl e .    A s m al l  c o m p r e s s e d  g as  c yl i n d e r  u p  to
a s i z e  o f ap p r o x i m a te l y 2  i n .  ×  1 3  i n .  ( 5  c m  ×  3 3  c m ) .  [ 4 5 ,  2 0 1 9 ]

3 . 3 . 1 4 2 *  L H 2 .    H yd r o g e n  i n  th e  l i q u i d  p h a s e .

3 . 3 . 1 4 3  L H 2  S ys te m .    An  as 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 tai n ,  d i s tri b u te ,  o r  tr a n s p o r t L H 2 .

3 . 3 . 1 4 4  L i m i t.

3 . 3 . 1 4 4 . 1 *  Ceiling Limit.    T h e  m ax i m u m  c o n c e n tr ati o n  o f
an  a i r b o r n e  c o n tam i n a n t to  wh i c h  o n e  c an  b e  e x p o s e d .

[ 5 0 0 0 ,  2 0 2 1 ]

3 . 3 . 1 4 4 . 2  Exposure Limit.

Δ 3 . 3 . 1 4 4 . 2 . 1 *  Permissible Exposure Limit (PEL) .    T h e  m ax 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 a‐

ti o n  o f a n  a i r b o r n e  c o n tam i n a n t.

Δ 3 . 3 . 1 4 4 . 2 . 2 *  Short-Term Exposure Limit (STEL) .    T h e
c o n c e n tr ati o n  to  wh i c h  i t i s  b e l i e ve d  th at wo r ke r s  c an  b e

e x p o s e d  c o n ti n u o u s l y fo r  a  s h o r t p e r i o d  o f ti m e  wi th o u t
s u ffe r i n g  fr o m  i r r i tati o n ,  c h r o n i c  o r  i r r e ve r s i b l e  ti s s u e
d am a ge ,  o r  n a r c o s i s  o f a d e g r e e  suffcient to  i n c r e a s e  th e

l i ke l i h o o d  o f a c c i d e n tal  i n j u r y,  i m p ai r m e n t o f s e l f- r e s c u e ,  o r
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S h ad 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 ate r i a l . 2 0 2 3  E d i t i o n

th e  m ate r i a l  r e d u c ti o n  o f wo r k effciency,  wi th o u t e x c e e d i n g
th e  d a i l y 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 ) .

3 . 3 . 1 4 4 . 3  Lower Flammability Limit (LFL) .    T h at c o n c e n tr a‐
ti o n  o f a  c o m b u s ti b l e  m ate r i a l  i n  a i r  b e l o w wh i c h  i gn i ti o n
wi l l  n o t o c c u r.  [ 5 2 ,  2 0 2 3 ]

3 . 3 . 1 4 5  L i m i te d  C o m b u s ti b l e .    S e e  3 . 3 . 4 1 . 1 ,  L i m i te d -
C o m b u s ti b l e  M ate r i a l .

3 . 3 . 1 4 6  Liquefed  H yd ro ge n  S ys te m .    S e e  3 . 3 . 2 3 7 . 1 6 ,  L i q u e ‐
fed  H yd r o g e n  ( L H 2 )  S ys te m .

3 . 3 . 1 4 7  L i q u i d .

Δ 3 . 3 . 1 4 7 . 1 *  Combustible Liquid.    An  i gn i ti b l e  l i q u i d  th at i s
classifed  as  a C l as s  I  o r  C l as s  I I I  l i q u i d .  (See 4. 2. 2 and 4. 2. 3 in
NFPA 30. ) [ 3 0 ,  2 0 2 1 ]

Δ 3 . 3 . 1 4 7 . 2 *  Flammable Liquid (Class I) .    An y l i q u i d  h avi n g  a
c l o s e d -c u p  fash  p o i n t n o t e x c e e d i n g  1 0 0 ° F  ( 3 7 . 8 ° C ) .

3 . 3 . 1 4 8  L o we r Fl am m ab i l i ty L i m i t ( L FL ) .    S e e  3 . 3 . 1 4 4 . 3 .

3 . 3 . 1 4 9  M ate ri al .

3 . 3 . 1 4 9 . 1 *  Hazardous Material.    A c h e m i c al  o r  s u b s ta n c e
th a t i s  classifed  as  a p h ys i c a l  h a z a r d  m ate r i a l  o r  a h e a l th

h a z a r d  m ate r i a l ,  wh e th e r  th e  c h e m i c a l  o r  s u b s tan c e  i s  i n
u s ab l e  o r  wa s te  c o n d i ti o n .  (See also 3. 3. 1 1 9,  Health Hazard
Material,  and 3. 3. 1 88,  Physical Hazard Material. ) [ 4 0 0 ,  2 0 2 2 ]

3 . 3 . 1 4 9 . 2  Noncombustible Material.    S e e  4 . 1 5 . 1 .

Δ 3 . 3 . 1 5 0  M ax i m u m  Al l o wab l e  Q u an ti ty p e r C o n tro l  Are a
( M AQ ) .    A th r e s h o l d  q u a n ti ty o f h a z a r d o u s  m ate r i al  i n  a
specifc  h az ar d  c l a s s  th a t o n c e  e x c e e d e d  r e q u i r e s  th e  a p p l i c a‐
ti o n  o f a d d i ti o n al  ad m i n i s tr a ti ve  p r o c e d u r e s ,  c o n s tr u c ti o n

fe atu r e s ,  o r  e n g i n e e ri n g c o n tr o l s .

3 . 3 . 1 5 1  M ax i m u m  Al l o wab l e  Wo rki n g P re s s ure  ( M AWP ) .    S e e
3 . 3 . 1 9 7 . 3 .

3 . 3 . 1 5 2 *  M ax i m u m  O p e rati n g P re s s u re .    S e e  3 . 3 . 1 9 7 . 5 . 1 .

3 . 3 . 1 5 3  M e c h an i c al  C o d e .    S e e  3 . 3 . 4 0 . 3 .

3 . 3 . 1 5 4  M e c h an i c al  C o n n e c ti o n .    A n o n -we l d e d  o r  b r a z e d
c o n n e c ti o n .

3 . 3 . 1 5 5  M e c h an i c al  Ve n ti l ati o n .    S e e  3 . 3 . 2 5 6 . 2 .

Δ 3 . 3 . 1 5 6  M e tal  H yd ri d e .    A g e n e r i c  n am e  fo r  c o m p o u n d s
c o m p o s e d  o f m e tal l i c  e l e m e n t( s )  an d  h yd r o g e n .

3 . 3 . 1 5 7  M e tal  H yd ri d e  S to rage  S ys te m .    S e e  3 . 3 . 2 3 7 . 1 7 .

3 . 3 . 1 5 8  M e tal l i c  H o s e .    A h o s e  wh o s e  s tr e n gth  d e p e n d s
p r i m ar i l y o n  th e  s tr e n g th  o f i ts  m e tal l i c  p ar ts ;  i t c an  h ave  m e ta l ‐

l i c  l i n e r s  o r  c o ve r s ,  o r  b o th .  [ 5 2 ,  2 0 2 3 ]

3 . 3 . 1 5 9  M i c ro  Fu e l  C e l l .    A fu e l  c e l l  th at i s  we a r ab l e  o r  e as i l y
c a r r i e d  b y h an d  p r o vi d i n g a d i r e c t c u r r e n t o u tp u t th a t d o e s  n o t
e x c e e d  6 0  VD C  an d  p o we r  o u tp u t th a t d o e s  n o t e x c e e d  2 4 0  VA.

3 . 3 . 1 6 0 *  M o b i l e  [ Fue l i n g] .    T h e  d i s p e n s i n g o f h yd r o g e n  fr o m
a m o b i l e  fu e l i n g  ve h i c l e  o r  m o b i l e  fu e l i n g tr a i l e r  d i r e c tl y i n to  a
h yd r o g e n  m o to r  ve h i c l e .

N 3 . 3 . 1 6 0 . 1  On-Demand Mobile Fueling.    T h e  d i s p e n s i n g  o f
h yd r o g e n  i n to  a p ar ke d  h yd r o g e n  m o to r  ve h i c l e  fr o m  a

m o b i l e  fu e l i n g ve h i c l e  o r  m o b i l e  fu e l i n g tr a i l e r  th at i s
d r i ve n  to  th e  p ar ke d  ve h i c l e .

N 3 . 3 . 1 6 1  M o b i l e  Fu e l i n g Trai l e r.    A D O T- ap p r o ve d  tr ai l e r  u s e d
fo r  m o b i l e  fu e l i n g wi th  th e  fu e l i n g  e q u i p m e n t an d  c o n tai n e r s

m o u n te d  d i r e c tl y to  th e  tr a i l e r  a n d  to we d  b y a m o to r  ve h i c l e .

N 3 . 3 . 1 6 2  M o b i l e  Fue l i n g Ve h i c l e .    A D O T-a p p r o ve d  ve h i c l e  u s e d
fo r  m o b i l e  fu e l i n g wi th  th e  fu e l i n g  e q u i p m e n t an d  c o n tai n e r s

m o u n te d  d i r e c tl y to  th e  ve h i c l e .

3 . 3 . 1 6 3  M o b i l e  S u p p l y U n i t.    S e e  3 . 3 . 2 4 5 . 2 .

3 . 3 . 1 6 4  M o to r Fue l  D i s p e n s i n g Fac i l i ty.    S e e  3 . 3 . 8 3 . 2 .

3 . 3 . 1 6 5  M o to r Fu e l  D i s p e n s i n g Fac i l i ty L o c ate d  I n s i d e  a B u i l d ‐
i n g.    S e e  3 . 3 . 8 3 . 2 . 4 .

3 . 3 . 1 6 6  M o to r Ve h i c l e .    An y s e l f-p r o p e l l e d  c ar,  b u s ,  tr u c k,  tr ac ‐
to r,  s e m i tr ai l e r,  tr u c k-tr ai l e r  c o m b i n a ti o n ,  o r  o th e r  ve h i c l e  u s e d

fo r  th e  tr a n s p o r ta ti o n  o f p as s e n ge r s  o r  fr e i g h t fo r  u s e  o n  p u b l i c
s tr e e ts ,  r o ad s ,  an d  h i gh ways .

3 . 3 . 1 6 6 . 1  Hydrogen Vehicle.    A ve h i c l e  th at u s e s  h yd r o g e n  a s
a fu e l  fo r  p r o p u l s i o n .

3 . 3 . 1 6 6 . 2 *  Light-Duty Hydrogen Motor Vehicle.    A h yd r o ge n
ve h i c l e  th at h as  a gr o s s  ve h i c l e  we i g h t l e s s  th a n  8 , 5 0 0  l b ,  a s
defned  b y th e  U n i te d  S tate s  E n vi r o n m e n tal  P r o te c ti o n

Ag e n c y.

N 3 . 3 . 1 6 6 . 3 *  Heavy-Duty Hydrogen Motor Vehicle.    A h yd r o ge n
m o to r  ve h i c l e  th at h a s  a  g r o s s  ve h i c l e  we i g h t r a ti n g g r e ate r

th an  2 6 , 0 0 1  l b s  ( 1 1 , 7 9 4  kg)  as  defned  b y th e  U n i te d  S tate s
D e p ar tm e n t o f Tr an s p o r tati o n  F e d e r al  H i g h wa y Ad m i n i s tr a‐

ti o n .

3 . 3 . 1 6 7  N atural  Ve n ti l ati o n .    S e e  3 . 3 . 2 5 6 . 3 .

Δ 3 . 3 . 1 6 8  N e s ti n g.    A m e th o d  o f s e c u r i n g  c yl i n d e r s  u p r i g h t i n  a
ti g h t m a s s  u s i n g  a c o n ti gu o u s  th r e e -p o i n t c o n ta c t s ys te m

wh e r e b y a l l  c yl i n d e r s  i n  a  g r o u p  h a ve  a m i n i m u m  o f th r e e
c o n tac t p o i n ts  wi th  o th e r  c yl i n d e r s  o r  a  s o l i d  s u p p o r t s tr u c tu r e
( e . g . ,  a  wal l  o r  r a i l i n g ) .

3 . 3 . 1 6 9 *  N o n - B u l k  H yd ro ge n  C o m p re s s e d  G as .    Ga s e o u s
h yd r o g e n  ( GH 2 )  p a c ka ge d  i n  c yl i n d e r s ,  c o n ta i n e r s ,  o r  tan ks

wi th  a  c o n ta i n e d  vo l u m e  n o t e x c e e d i n g  5 0 0 0  s c f ( 1 4 1 . 6  N m 3 )
e ac h  at N T P  th at a r e  e i th e r  n o t i n te r c o n n e c te d  b y m a n i fo l d s  o r
p i p i n g  s ys te m s  o r  th at wh e n  i n te r c o n n e c te d  h ave  an  a gg r e g ate

c o n tai n e d  vo l u m e  o f l e s s  th an  5 0 0 0  s c f ( 1 4 1 . 6  N m 3 ) .

3 . 3 . 1 7 0  N o n c o m b u s ti b l e .    N o t c a p ab l e  o f i g n i ti n g  a n d  b u r n ‐
i n g wh e n  s u b j e c te d  to  a fre.  [ 8 0 ,  2 0 2 2 ]

3 . 3 . 1 7 1  N o n c o m b u s ti b l e  M ate ri al .    S e e  3 . 3 . 1 4 9 . 2 .

3 . 3 . 1 7 2  Nonfammable  G as .    S e e  3 . 3 . 1 0 6 . 7 .

3 . 3 . 1 7 3  N o n l ab o rato r y Are a.    S e e  3 . 3 . 7 . 4 .

Δ 3 . 3 . 1 7 4  N o r m al  C u b i c  M e te r ( N m 3 )  o f G as .    A c u b i c  m e te r  o f
g as  a t an  a b s o l u te  p r e s s u r e  o f 1 4 . 7  p s i  ( 1 0 1 . 3  kP a )  an d  a

te m p e r a tu r e  o f 7 0 ° F  ( 2 1 ° C ) .

3 . 3 . 1 7 5  N o r m al  Te m p e ratu re  an d  P re s s ure  ( N T P ) .    S e e
3 . 3 . 1 9 7 . 4 .

3 . 3 . 1 7 6  O p e n  P arki n g S tr u c tu re .    S e e  3 . 3 . 1 8 6 . 2 .

3 . 3 . 1 7 7  O p e rati n g P re s s u re .    S e e  3 . 3 . 1 9 7 . 5 .

3 . 3 . 1 7 8  O p e rato r [ Fur n ac e ] .    An  i n d i vi d u al  tr ai n e d  an d
r e s p o n s i b l e  fo r  th e  s tar t-u p ,  o p e r ati o n ,  s h u td o wn ,  a n d  e m e r ‐
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2 0 2 3  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 .

ge n c y h a n d l i n g  o f th e  fu r n ac e  an d  as s o c i ate d  e q u i p m e n t.  [ 8 6 ,
2 0 2 3 ]

Δ 3 . 3 . 1 7 9  O S H A.    T h e  O c c u p a ti o n al  S afe ty an d  H e al th  Ad m i n i s ‐
tr a ti o n  o f th e  U . S .  D e p ar tm e n t o f L ab o r.

3 . 3 . 1 8 0  O th e r G as .    S e e  3 . 3 . 1 0 6 . 8 .

3 . 3 . 1 8 1  O utd o o r Are a.    S e e  3 . 3 . 7 . 5 .

3 . 3 . 1 8 2  O uts i d e  o r O u td o o r I n s tal l ati o n .    S e e  3 . 3 . 1 3 0 . 2 .

3 . 3 . 1 8 3  O ve n .    S e e  3 . 3 . 3 8 ,  C l a s s  C  F u r n ac e .

3 . 3 . 1 8 4  O ve rp re s s u re .    S e e  3 . 3 . 1 9 7 . 6 .

3 . 3 . 1 8 5  O x i d i z i n g G as .    S e e  3 . 3 . 1 0 6 . 9 .

3 . 3 . 1 8 6 *  P ark i n g S tr u c tu re .    A b u i l d i n g ,  s tr u c tu r e ,  o r  p o r ti o n
th e r e o f u s e d  fo r  th e  p ar ki n g ,  s to r ag e ,  o r  b o th ,  o f m o to r  ve h i ‐
c l e s .  [ 8 8 A,  2 0 2 3 ]

3 . 3 . 1 8 6 . 1  Enclosed Parking Structure.    An y p a r ki n g s tr u c tu r e
th a t i s  n o t a n  o p e n  p ar ki n g  s tr u c tu r e .  [ 8 8 A,  2 0 2 3 ]

3 . 3 . 1 8 6 . 2  Open Parking Structure.    A p a r ki n g s tr u c tu r e  th at
m e e ts  th e  r e q u i r e m e n ts  o f S e c ti o n  5 . 6  o f N F PA 8 8 A.  [ 8 8 A,

2 0 2 3 ]

3 . 3 . 1 8 7  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 ) .    S e e  3 . 3 . 1 4 4 . 2 . 1 .

3 . 3 . 1 8 8  P h ys i c al  H az ard  M ate ri al .    A c h e m i c al  o r  s u b s ta n c e
classifed  a s  a n  e x p l o s i ve ,  fammable  c r yo ge n ,  fammable  g as ,
fammable  s o l i d ,  i gn i ta b l e  (fammable  o r  c o m b u s ti b l e )  l i q u i d ,
o r g an i c  p e r o x i d e ,  o x i d i z e r,  o x i d i z i n g  c r yo ge n ,  p yr o p h o r i c ,
u n s ta b l e  ( r e ac ti ve ) ,  o r  wa te r-r e a c ti ve  m ate r i al .  [ 4 0 0 ,  2 0 2 2 ]

3 . 3 . 1 8 9  P i l o t.    A fame  th a t i s  u s e d  to  l i g h t th e  m a i n  b u r n e r.
[ 8 6 ,  2 0 2 3 ]

3 . 3 . 1 9 0  P i l o t P l an t.    An  e x p e r i m e n tal  a s s e m b l y o f e q u i p m e n t
fo r  e x p l o r i n g p r o c e s s  va r i ab l e s  o r  fo r  p r o d u c i n g s e m i c o m m e r ‐
c i al  q u an ti ti e s  o f m ate r i al s .  [ 4 5 ,  2 0 1 9 ]

3 . 3 . 1 9 1  P i p i n g S ys te m .    S e e  3 . 3 . 2 3 7 . 2 0 .

3 . 3 . 1 9 2  P o i n t o f Tran s fe r.    T h e  l o c ati o n  wh e r e  c o n n e c ti o n s
an d  d i s c o n n e c ti o n s  ar e  m ad e .  [ 5 2 ,  2 0 2 3 ]

3 . 3 . 1 9 3  P o r tab l e  Fu e l  C e l l  [ P o we r S ys te m ]  I n s tal l ati o n .    S e e
3 . 3 . 1 3 0 . 3 .

3 . 3 . 1 9 4  P o r tab l e  Tan k.    S e e  3 . 3 . 2 3 8 . 2 .

3 . 3 . 1 9 5  P re - e n gi n e e re d  an d  M atc h e d  M o d ul ar C o m p o n e n ts
Fu e l  C e l l  P o we r S ys te m .    S e e  3 . 3 . 2 3 7 . 2 1 .

3 . 3 . 1 9 6  P re p ac kage d ,  S e l f- C o n tai n e d  Fu e l  C e l l  P o we r S ys te m .
S e e  3 . 3 . 2 3 7 . 2 2 .

3 . 3 . 1 9 7  P re s s u re .

Δ 3 . 3 . 1 9 7 . 1 *  Absolute Pressure.    P r e s s u r e  b as e d  o n  a  z e r o  r e fe r ‐
e n c e  p o i n t,  th e  p e r fe c t va c u u m .

3 . 3 . 1 9 7 . 2  Compression Discharge Pressure.    T h e  va r yi n g  p r e s ‐
s u r e  a t th e  p o i n t o f d i s c h ar g e  fr o m  th e  c o m p r e s s o r.  [ 5 2 ,
2 0 2 3 ]

3 . 3 . 1 9 7 . 3  Maximum Allowable Working Pressure (MAWP)
[GH2 Fueling Facilities].    T h e  m a x i m u m  p r e s s u r e  to  wh i c h  a

c o m p o n e n t i s  d e s i gn e d  to  b e  s u b j e c te d  wh e n  h an d l i n g fuid
o r  g as  o ve r  th e  r a n ge  o f d e s i gn  te m p e r atu r e .  [ 5 2 ,  2 0 2 3 ]

Δ 3 . 3 . 1 9 7 . 4 *  Normal Temperature and Pressure (NTP) .    A
te m p e r a tu r e  o f 7 0 ° F  ( 2 1 ° C )  a t an  ab s o l u te  p r e s s u r e  o f

1 4 . 7  p s i  ( 1 0 1 . 3  kP a ) .

3 . 3 . 1 9 7 . 5  Operating Pressure.    T h e  var yi n g p r e s s u r e  i n  a  fu e l
s ys te m  c o m p o n e n t d u r i n g  n o r m a l  u s e .  [ 5 2 ,  2 0 2 3 ]

3 . 3 . 1 9 7 . 5 . 1  Maximum Operating Pressure [GH2 Vehicular Fuel‐
ing].    T h e  s te a d y-s ta te  g au g e  p r e s s u r e  a t wh i c h  a  p ar t o r

s ys te m  n o r m a l l y o p e r a te s .  T h i s  val u e  i s  1 . 2 5  ×  th e  p r e s s u r e .

3 . 3 . 1 9 7 . 6  Overpressure.    E x c e e d i n g th e  M AWP  o r  a  p r e s s u r e
th a t c an  c au s e  d am ag e  o r  r u p tu r e  to  a  c o m p o n e n t o r

c o n tai n e r.

Δ 3 . 3 . 1 9 7 . 7  Service Pressure.    T h e  s e ttl e d  p r e s s u r e  o f th e  fu e l
c o n tai n e r  a t a u n i fo r m  ga s  te m p e r atu r e  o f 7 0 ° F  ( 2 1 ° C )  an d

fu l l  g as  c o n te n t an d  fo r  wh i c h  th e  c o n tai n e r,  u n d e r  n o r m al
c o n d i ti o n s ,  h a s  b e e n  c o n s tr u c te d .

3 . 3 . 1 9 7 . 8  Set Pressure.    T h e  s tar t-to -d i s c h a r ge  p r e s s u r e  fo r
wh i c h  a r e l i e f val ve  i s  s e t an d  m a r ke d .  [ 5 2 ,  2 0 2 3 ]

3 . 3 . 1 9 7 . 9  Settled Pressure.    T h e  p r e s s u r e  i n  a c o n ta i n e r  afte r
th e  te m p e r atu r e  o f th e  ga s  r e a c h e s  e q u i l i b r i u m .

3 . 3 . 1 9 7 . 1 0  Storage Pressure.    T h e  var yi n g p re s s u r e  i n  th e
s to r ag e  c o n tai n e r s .

3 . 3 . 1 9 8 *  P re s s u re  C l as s .    T h e  d e s i gn a ti o n  o f th e  s e r vi c e  p r e s ‐
s u r e  o f a  fu e l  s u p p l y c o n ta i n e r.  T h e  p r e s s u r e  c l as s  i s  d e n o te d  b y
th e  l e tte r  H  fo l l o we d  b y th e  s e r vi c e  p r e s s u r e  i n  M P a.

3 . 3 . 1 9 9  P re s s u re  Re gu l ato r.    S e e  3 . 3 . 2 1 2 . 1 .

3 . 3 . 2 0 0  P re s s u re  Re l i e f D e vi c e .    S e e  3 . 3 . 6 3 . 2 .

3 . 3 . 2 0 1  P re s s u re  Re l i e f D e vi c e  C h an n e l s .    T h e  p as s ag e  o r
p as s ag e s  b e yo n d  th e  o p e r ati n g  p ar ts  o f th e  p r e s s u r e  r e l i e f

d e vi c e  th r o u g h  wh i c h  fuid  p a s s e s  to  r e a c h  th e  atm o s p h e r e .
[ 5 2 ,  2 0 2 3 ]

3 . 3 . 2 0 2  P re s s u re  Ve s s e l .    A c o n ta i n e r  o r  o th e r  c o m p o n e n t
d e s i g n 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.  [ 5 2 ,  2 0 2 3 ]

3 . 3 . 2 0 3  P ro te c ti o n .

Δ 3 . 3 . 2 0 3 . 1 *  Cathodic Protection.    A te c h n i q u e  to  r e s i s t th e
c o r r o s i o n  o f a  m e ta l  s u r fa c e  b y m aki n g  th e  s u r fac e  th e  c a th ‐

o d e  o f an  e l e c tr o c h e m i c a l  c e l l .

Δ 3 . 3 . 2 0 3 . 2  Corrosion Protection.    P r o te c ti n g  a c o n tai n e r,
p i p i n g ,  o r  s ys te m  to  r e s i s t d e gr a d a ti o n  o f th e  m e tal  th r o u g h

o x i d ati o n  o r  r e a c ti vi ty wi th  th e  e n vi r o n m e n t i n  wh i c h  i t i s
i n s ta l l e d .

3 . 3 . 2 0 3 . 3  Fire Protection.    M e th o d s  o f p r o vi d i n g fo r  fre
c o n tr o l  o r  fre  e x ti n gu i s h m e n t.  [ 8 0 1 ,  2 0 2 0 ]

Δ 3 . 3 . 2 0 4 *  P ro te c ti o n  L e ve l .    A ti e r  o f b u i l d i n g s afe ty th at
e x c e e d s  th e  c o n s tr u c ti o n  r e q u i r e m e n ts  fo r  c o n tr o l  ar e a s  to

a c c o m m o d ate  q u a n ti ti e s  o f h a z a r d o u s  m a te r i al s  i n  e x c e s s  o f
th o s e  p e r m i tte d  u s i n g  th e  c o n tr o l  a r e a c o n c e p t.

3 . 3 . 2 0 5 *  P urge  [ S p e c i al  Atm o s p h e re  Ap p l i c ati o n s ] .    T h e
r e p l a c e m e n t o f a fammable,  i n d e te r m i n ate ,  o r h i g h -o x yge n -
b e a r i n g  a tm o s p h e r e  wi th  an o th e r  g as  th at,  wh e n  c o m p l e te ,

r e s u l ts  i n  a  nonfammable  fnal  s ta te .  [ 8 6 ,  2 0 2 3 ]
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S h ad 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 ate r i a l . 2 0 2 3  E d i t i o n

Δ 3 . 3 . 2 0 6  P u rgi n g.    A m e th o d  u s e d  to  fr e e  th e  i n te r n al  vo l u m e
o f a p i p i n g  s ys te m  o f u n wan te d  c o n te n ts  th a t r e s u l ts  i n  th e

e x i s ti n g  c o n te n ts  b e i n g  r e m o ve d  o r  r e p l a c e d .

3 . 3 . 2 0 7  P yro p h o ri c  G as .    S e e  3 . 3 . 1 0 6 . 1 0 .

Δ 3 . 3 . 2 0 8  Qualifed  I n d i vi d u al .    An  i n d i vi d u a l  kn o wl e d ge a b l e  i n
th e  h az ar d s  o f c o m p r e s s e d  ga s e s  an d  c r yo g e n i c  fuids  th r o u gh

tr a i n i n g  an d  wo r k e x p e r i e n c e .

3 . 3 . 2 0 9  Qualifed  P e rs o n .    A p e r s o n  wh o ,  b y p o s s e s s i o n  o f a
r e c o g n i z e d  d e g r e e ,  certifcate,  p r o fe s s i o n al  s tan d i n g,  o r  s ki l l ,
an d  wh o ,  b y kn o wl e d g e ,  tr a i n i n g,  a n d  e x p e r i e n c e ,  h as  d e m o n ‐

s tr ate d  th e  ab i l i ty to  d e al  wi th  p r o b l e m s  r e l a ti n g to  a  p ar ti c u l ar
s u b j e c t m a tte r,  wo r k,  o r  p r o j e c t.  [ 4 5 ,  2 0 1 9 ]

3 . 3 . 2 1 0  Ram p - Typ e  P ark i n g S tr u c tu re .    S e e  3 . 3 . 1 8 6 ,  P a r ki n g
S tr u c tu r e .

Δ 3 . 3 . 2 1 1  Re fo r m e r.    An  a s s e m b l y o f e q u i p m e n t th at c an  b e
u s e d  to  p r o d u c e  h yd r o g e n  g as  fr o m  h yd r o c ar b o n s  o r  o th e r
h yd r o g e n -c o n ta i n i n g fu e l ,  u s u al l y a t h i g h  te m p e r atu r e  an d

u s u al l y i n  th e  p r e s e n c e  o f a c a ta l ys t.  T h e  g as e o u s  s tr e a m
c o n s i s ts  p r i n c i p a l l y o f a  m i x tu r e  o f h yd r o ge n  an d  c ar b o n
m o n o x i d e .

3 . 3 . 2 1 2  Re gu l ato r.

3 . 3 . 2 1 2 . 1  Pressure Regulator.    A d e vi c e ,  e i th e r  a d j u s tab l e  o r
n o n a d j u s tab l e ,  fo r  c o n tr o l l i n g a n d  m ai n ta i n i n g,  wi th i n

a c c e p ta b l e  l i m i ts ,  a u n i fo r m  o u tl e t p r e s s u r e .  [ 5 2 ,  2 0 2 3 ]

3 . 3 . 2 1 3  Re m o te l y L o c ate d ,  M an ual l y Ac ti vate d  S h u td o wn
C o n tro l .    S e e  3 . 3 . 5 1 . 3 .

3 . 3 . 2 1 4  Re p ai r G arage s .

Δ 3 . 3 . 2 1 4 . 1  Major Repair Garage (Hydrogen Vehicle) .    A b u i l d ‐
i n g  o r  p o r ti o n s  o f a b u i l d i n g fo r  m aj o r  r e p ai r s ,  s u c h  a s  wo r k
o n  th e  h yd r o ge n  s to r ag e  s ys te m ,  th e  fu e l  s ys te m ,  r e p a i r s  th at

r e q u i r e  d e fu e l i n g  o f th e  h yd r o ge n  ve h i c l e ,  an d  m a i n te n an c e
o r  r e p a i r s  th a t r e q u i r e  open-fame  c u tti n g  o r  we l d i n g.

3 . 3 . 2 1 4 . 2 *  Minor Repair Garage (Hydrogen Vehicle) .    A b u i l d ‐
i n g  o r  p o r ti o n s  o f a b u i l d i n g  u s e d  fo r  l u b r i c ati o n ,  i n s p e c ‐
ti o n ,  a n d  m i n o r  au to m o ti ve  m a i n te n an c e  wo r k,  s u c h  a s

e n g i n e  tu n e -u p s ,  r e p l a c e m e n t o f p a r ts ,  fuid  c h a n ge s  ( e . g . ,
b r a ke  fuid,  ai r  c o n d i ti o n i n g r e fr i g e r an ts ) ,  b r a ke  s ys te m
r e p ai r s ,  ti r e  r o ta ti o n ,  a n d  s i m i l ar  r o u ti n e  m ai n te n an c e  wo r k.

•
3 . 3 . 2 1 5  Ro o fto p  I n s tal l ati o n .    S e e  3 . 3 . 1 3 0 . 4 .

3 . 3 . 2 1 6 *  S afe ty D ata S h e e t ( S D S ) .    T h e  d o c u m e n t th a t
d e s c r i b e s  c o m p o s i ti o n  o f a m a te r i al ,  h az ar d o u s  p r o p e r ti e s  an d

h az ar d  m i ti g ati o n ,  an d  d i s p o s al  i n fo r m a ti o n .  [ 4 0 0 ,  2 0 2 2 ]

3 . 3 . 2 1 7 *  S afe ty D e vi c e .    S e e  3 . 3 . 6 3 . 3 .

3 . 3 . 2 1 8  S afe ty I n te rl o c k .    A d e vi c e  r e q u i r e d  to  e n s u r e  s a fe
s tar tu p  an d  s afe  o p e r ati o n  an d  to  c au s e  s a fe  e q u i p m e n t s h u t‐

d o wn .  [ 8 6 ,  2 0 2 3 ]

3 . 3 . 2 1 9  S afe ty S h u to ff Val ve .    S e e  3 . 3 . 2 5 2 . 2 . 1 .

3 . 3 . 2 2 0  S as h .    A m o va b l e  p an e l  o r  p a n e l s  s e t i n  th e  h o o d
e n tr an c e .  [ 4 5 ,  2 0 1 9 ]

3 . 3 . 2 2 1 *  S e l f- S e r vi c e  M o to r Fu e l  D i s p e n s i n g Fac i l i ty.    A p r o p ‐
e r ty wh e r e  l i q u i d s  o r  g as e s  u s e d  as  m o to r  fu e l s  a r e  s to r e d  an d
d i s p e n s e d  fr o m  fxed,  a p p r o ve d  d i s p e n s i n g  e q u i p m e n t i n to  th e

fu e l  tan ks  o f m o to r  ve h i c l e s  b y p e r s o n s  o th e r  th a n  th e  fac i l i ty
a tte n d a n t.

3 . 3 . 2 2 2  S e r vi c e  P re s s u re .    S e e  3 . 3 . 1 9 7 . 7 .

3 . 3 . 2 2 3  S e t P re s s u re .    S e e  3 . 3 . 1 9 7 . 8 .

3 . 3 . 2 2 4  S e ttl e d  P re s s u re .    S e e  3 . 3 . 1 9 7 . 9 .

3 . 3 . 2 2 5  S h o r t- Te r m  E x p o s u re  L i m i t ( S T E L ) .    S e e  3 . 3 . 1 4 4 . 2 . 2 .

3 . 3 . 2 2 6  S o u rc e  Val ve .    S e e  3 . 3 . 2 5 2 . 3 .

3 . 3 . 2 2 7 *  S p e c i al  Atm o s p h e re .    A p r e p a r e d  ga s  o r  a ga s
m i x tu r e  th at i s  i n tr o d u c e d  i n to  th e  h e ati n g  c h a m b e r  o f a
fu r n a c e  to  r e p l a c e  ai r,  g e n e r al l y to  p r o te c t o r  i n te n ti o n al l y

c h a n ge  th e  s u r fa c e  o f th e  m ate r i al  u n d e r g o i n g  h e a t p r o c e s s i n g
( h e at tr e atm e n t) .  [ 8 6 ,  2 0 2 3 ]

3 . 3 . 2 2 7 . 1  Flammable Special Atmosphere.    A s p e c i al  atm o s ‐
p h e r e  i n  wh i c h  ga s e s  ar e  kn o wn  to  b e  fammable  an d

p r e d i c tab l y i g n i ti b l e  wh e r e  m i x e d  wi th  a i r.  [ 8 6 ,  2 0 2 3 ]

3 . 3 . 2 2 7 . 2  Synthetic Special Atmosphere.    A s p e c i a l  atm o s ‐
p h e r e  s u c h  as  th o s e  o f an h yd r o u s  am m o n i a,  h yd r o g e n ,

n i tr o g e n ,  o r  i n e r t g as e s  o b tai n e d  fr o m  c o m p r e s s e d  ga s  c yl i n ‐
d e r s  o r  b u l k s to r ag e  tan ks  an d  th o s e  d e r i ve d  b y c h e m i c al

d i s s o c i ati o n  o r  m i x i n g  o f h yd r o c ar b o n  fuids,  i n c l u d i n g
m i x tu r e s  o f s yn th e ti c  an d  ge n e r a te d  atm o s p h e r e s .  [ 8 6 ,
2 0 2 3 ]

Δ 3 . 3 . 2 2 8  S p e c i al  P ro vi s i o n s .    C o n tr o l s  r e q u i r e d  wh e n  th e  m ax i ‐
m u m  a l l o wab l e  q u a n ti ty i n  th e  c o n tr o l  a r e a i s  e x c e e d e d .

3 . 3 . 2 2 9  S p ri n k l e r S ys te m .    S e e  3 . 3 . 2 3 7 . 2 3 .

Δ 3 . 3 . 2 3 0  S tan d ard  C ub i c  Fo o t ( s c f)  o f G as .    An  a m o u n t o f ga s
th a t o c c u p i e s  o n e  c u b i c  fo o t a t an  a b s o l u te  p r e s s u r e  o f 1 4 . 7  p s i

( 1 0 1  kP a )  an d  a  te m p e r a tu r e  o f 7 0 ° F  ( 2 1 ° C ) .

3 . 3 . 2 3 1  S tati o n ar y.    P e r m an e n tl y c o n n e c te d  a n d  fxed  i n
p l a c e .  [ 8 5 3 ,  2 0 2 0 ]

3 . 3 . 2 3 2  S tati o n ar y Tan k .    S e e  3 . 3 . 2 3 8 . 3 .

Δ 3 . 3 . 2 3 3  S to rage .    An  i n ve n to r y o f c o m p r e s s e d  ga s e s  o r  c r yo ‐
g e n i c  fuids  i n  c o n ta i n e r s  th at ar e  n o t i n  th e  p r o c e s s  o f b e i n g
e x am i n e d ,  s e r vi c e d ,  reflled,  l o ad e d ,  o r  u n l o ad e d .

3 . 3 . 2 3 4  S to rage  P re s s u re .    S e e  3 . 3 . 1 9 7 . 1 0 .

3 . 3 . 2 3 5  S to rage  Tan k.    S e e  3 . 3 . 2 3 8 . 4 .

3 . 3 . 2 3 6  S yn th e ti c  S p e c i al  Atm o s p h e re .    S e e  3 . 3 . 2 2 7 . 2 .

3 . 3 . 2 3 7  S ys te m .

Δ 3 . 3 . 2 3 7 . 1  Automatic Fire Detection System.    A fre  d e te c ti o n
s ys te m  th at s e n s e s  th e  p r e s e n c e  o f fre,  s m o ke ,  o r  h e a t an d

ac ti va te s  a  fre  s u p p r e s s i o n  s ys te m  a n d / o r  an  a u to m a ti c
a l a r m  s ys te m .  [ 8 5 3 ,  2 0 2 2 ]

Δ 3 . 3 . 2 3 7 . 2 *  Bulk Hydrogen Compressed Gas System.    A ga s e o u s
h yd r o g e n  ( GH 2 )  s ys te m  wi th  a  s to r ag e  c a p a c i ty o f m o r e  th an

5 0 0 0  s c f ( 1 4 1 . 6  N m 3 )  o f c o m p r e s s e d  h yd r o g e n  g as .

Δ 3 . 3 . 2 3 7 . 3 *  Bulk Liquefed Hydrogen (LH2)  System.    A l i q u e ‐
fed  h yd r o g e n  ( L H 2 )  s ys te m  wi th  a s to r a ge  c ap a c i ty o f m o r e

th a n  3 9 . 7  ga l  ( 1 5 0  L )  o f liquefed  h yd r o ge n .

Δ 3 . 3 . 2 3 7 . 4 *  Bulk Oxygen System.    An  as s e m b l y o f e q u i p m e n t,
s u c h  as  o x yg e n  s to r age  c o n tai n e r s ,  p r e s s u r e  r e g u l a to r s ,  p r e s ‐

s u r e  r e l i e f d e vi c e s ,  vap o r i z e r s ,  m a n i fo l d s ,  a n d  i n te r c o n n e c t‐
i n g  p i p i n g,  th a t h as  a  s to r a ge  c ap a c i ty o f m o r e  th a n

2 0 , 0 0 0  s c f ( 5 6 6  N m 3 )  o f o x yge n  a n d  th at te r m i n a te s  at th e
s o u r c e  val ve .
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2 0 2 3  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 . 2 3 7 . 5  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 gn e d  to  c o n tai n ,  d i s tr i b u te ,  o r  tr a n s p o r t
c o m p r e s s e d  g as e s .  [ 3 1 8 ,  2 0 2 2 ]

3 . 3 . 2 3 7 . 6  Duct System.    A c o n ti n u o u s  p as s ag e wa y fo r  th e
tr an s m i s s i o n  o f ai r  th a t,  i n  ad d i ti o n  to  d u c ts ,  i n c l u d e s  d u c t
fttings,  d am p e r s ,  fan s ,  an d  ac c e s s o r y a i r-m an a gi n g e q u i p ‐
m e n t an d  a p p l i a n c e s .  [ 8 5 3 ,  2 0 2 0 ]

3 . 3 . 2 3 7 . 7 *  Engineered and Field-Constructed Fuel Cell Power
System.    A fu e l  c e l l  p o we r  s ys te m  th a t i s  n o t p r e as s e m b l e d  o r
d o e s  n o t h ave  fac to r y-m atc h e d  c o m p o n e n ts .  [ 8 5 3 ,  2 0 2 0 ]

3 . 3 . 2 3 7 . 8  Exhaust System.    An  a i r-c o n ve yi n g  s ys te m  fo r
m o vi n g  m a te r i al s  fr o m  a s o u r c e  to  a p o i n t o f d i s c h a r ge .  [ 9 1 ,
2 0 2 0 ]

3 . 3 . 2 3 7 . 9  Fuel Cell Power System (FCPS) .    A g e n e r ato r  s ys te m
th a t c o n ve r ts  th e  c h e m i c a l  e n e r g y o f r e ac tan ts  ( a fu e l  an d
o x i d an t)  b y an  e l e c tr o c h e m i c al  p r o c e s s  to  e l e c tr i c  e n e r g y
( d i r e c t c u r r e n t o r  al te r n a ti n g c u r r e n t e l e c tr i c i ty)  a n d  th e r ‐
m a l  e n e r g y.  [ 8 5 3 ,  2 0 2 0 ]

Δ 3 . 3 . 2 3 7 . 1 0  Gas Detection System.    O n e  o r  m o r e  s e n s o r s  c ap a‐
b l e  o f d e te c ti n g h yd r o g e n  at specifed  c o n c e n tr ati o n s  an d
ac ti va ti n g a l ar m s  an d  s a fe ty s ys te m s .

Δ 3 . 3 . 2 3 7 . 1 1 *  Gaseous Hydrogen (GH2)  System.    An  a s s e m b l y o f
e q u i p m e n t th at c o n s i s ts  o f,  b u t i s  n o t l i m i te d  to ,  s to r a ge
c o n tai n e r s ,  p r e s s u r e  r e g u l a to r s ,  p r e s s u r e  r e l i e f d e vi c e s ,

c o m p r e s s o r s ,  m an i fo l d s ,  a n d  p i p i n g an d  th a t te r m i n ate s  at
th e  s o u r c e  val ve .

Δ 3 . 3 . 2 3 7 . 1 2  Hydrogen Generation System.    A p ac kag e d ,  fac to r y
m a tc h e d ,  o r  s i te  c o n s tr u c te d  h yd r o ge n  g as  ge n e r a ti o n  a p p l i ‐

a n c e  o r  s ys te m  s u c h  as  ( a)  an  e l e c tr o l yz e r  th at u s e s  e l e c tr o ‐
c h e m i c a l  r e a c ti o n s  to  e l e c tr o l yz e  wate r  to  p r o d u c e  h yd r o ge n

an d  o x yg e n  g as ;  ( b )  a r e fo r m e r  th a t c o n ve r ts  h yd r o c ar b o n
fu e l  to  a  h yd r o g e n -r i c h  s tr e am  o f c o m p o s i ti o n  an d  c o n d i ‐
ti o n s  s u i ta b l e  fo r  th e  typ e  o f d e vi c e  u s i n g  th e  h yd r o g e n ;  o r

( c )  a gasifer  th a t c o n ve r ts  c o a l  to  a h yd r o g e n -r i c h  s tr e a m  o f
c o m p o s i ti o n  a n d  c o n d i ti o n s  s u i ta b l e  fo r  a typ e  o f d e vi c e
u s i n g  th e  h yd r o g e n .  I t d o e s  n o t i n c l u d e  h yd r o g e n  g e n e r ate d

as  a b y-p r o d u c t o f a wa s te  tr e a tm e n t p r o c e s s .

3 . 3 . 2 3 7 . 1 3  Hydrogen Storage System.    T h at p o r ti o n  o f a
c l o s e d  s ys te m  u s e d  fo r  r e te n ti o n  o f h yd r o g e n  g as  o r  l i q u i d

u p s tr e am  o f th e  s o u r c e  val ve .

3 . 3 . 2 3 7 . 1 4  Hydrogen Use System.    P l ac i n g  h yd r o g e n  i n to
a c ti o n  th r o u gh  th e  u s e  o f p i p i n g ,  p r e s s u r e  o r  c o n tr o l

s ys te m s  d o wn s tr e am  o f th e  s o u r c e  val ve .

Δ 3 . 3 . 2 3 7 . 1 5  Interactive System.    A fu e l  c e l l  p o we r  s ys te m  th a t
o p e r ate s  i n  p ar a l l e l  wi th  an d  m ay d e l i ve r  p o we r  to  a n  e l e c tr i ‐

c a l  p r o d u c ti o n  a n d  d i s tr i b u ti o n  n e two r k.  F o r  th e  p u r p o s e  o f
th i s  defnition,  an  e n e r g y s to r ag e  s u b s ys te m  o f a fu e l  c e l l
p o we r  s ys te m ,  s u c h  as  a b a tte r y,  i s  n o t an o th e r  e l e c tr i c al

p r o d u c ti o n  s o u r c e .

Δ 3 . 3 . 2 3 7 . 1 6 *  Liquefed Hydrogen (LH2)  System.    An  as s e m b l y
o f e q u i p m e n t th at c o n s i s ts  o f,  b u t i s  n o t l i m i te d  to ,  s to r a ge

c o n tai n e r s ,  p r e s s u r e  r e g u l a to r s ,  p re s s u r e  r e l i e f d e vi c e s ,
c o m p r e s s o r s ,  m an i fo l d s ,  a n d  p i p i n g an d  th a t te r m i n ate s  a t
th e  s o u r c e  val ve .

Δ 3 . 3 . 2 3 7 . 1 7  Metal Hydride Storage System.    A c l o s e d  s ys te m
c o n s i s ti n g  o f a gr o u p  o f c o m p o n e n ts  as s e m b l e d  as  a  p ac ka ge
to  c o n ta i n  m e tal –h yd r o ge n  c o m p o u n d s  fo r  wh i c h  th e r e

e x i s ts  an  e q u i l i b r i u m  c o n d i ti o n  wh e r e  th e  h yd r o ge n -
a b s o r b i n g  m e ta l  al l o y( s ) ,  h yd r o g e n  ga s ,  a n d  th e  m e tal –
h yd r o g e n  c o m p o u n d ( s )  c o e x i s t an d  wh e r e  o n l y h yd r o ge n

ga s  i s  r e l e as e d  fr o m  th e  s ys te m  i n  n o r m al  u s e .

3 . 3 . 2 3 7 . 1 8  Micro Fuel Cell Power System.    A m i c r o  fu e l  c e l l
p o we r  u n i t an d  as s o c i ate d  fu e l  c ar tr i d ge s  th at i s  we ar a b l e  o r

th a t i s  e as i l y c a r r i e d  b y h a n d .

Δ 3 . 3 . 2 3 7 . 1 9 *  Non-Bulk Flammable Gas System.    A s ys te m
c o n s i s ti n g  o f c yl i n d e r s  o r  o th e r  s to r a ge  s ys te m s ,  wi th  e a c h

i n d i vi d u al  c yl i n d e r  an d  e a c h  i n d i vi d u al  s e t o f c o n n e c te d
c yl i n d e r s  h avi n g  l e s s  th an  5 0 0 0  s c f ( 1 4 1 . 6  N m 3 ) .

Δ 3 . 3 . 2 3 7 . 2 0 *  Piping System.    I n te r c o n n e c te d  p i p i n g c o n s i s t‐
i n g o f m e c h a n i c al  c o m p o n e n ts  s u i tab l e  fo r  j o i n i n g  o r  a s s e m ‐

b l y i n to  p r e s s u r e -ti gh t fuid-containing  s ys te m .  C o m p o n e n ts
i n c l u d e  p i p e ,  tu b i n g,  fttings,  fanges,  b o l ti n g ,  val ve s ,  an d
d e vi c e s  s u c h  a s  e x p an s i o n  j o i n ts ,  fexible  j o i n ts ,  p r e s s u r e

h o s e s ,  i n -l i n e  p o r ti o n s  o f i n s tr u m e n ts ,  an d  we tte d  c o m p o ‐
n e n ts  o th e r  th a n  i n d i vi d u al  p i e c e s  o r  s ta ge s  o f e q u i p m e n t.

Δ 3 . 3 . 2 3 7 . 2 1 *  Pre-engineered and Matched Modular Components
Fuel Cell Power System.    A fu e l  c e l l  p o we r  s ys te m  th at h a s
c o m p o n e n ts  th at a r e  as s e m b l e d  i n  a fac to r y i n  s e p ar a te
m o d u l e s ,  s u c h  as  th e  fu e l  c e l l  p o we r  s ys te m  s ta c k,  r e fo r m e r,

an d  i n ve r te r.

3 . 3 . 2 3 7 . 2 2  Prepackaged,  Self-Contained Fuel Cell Power System.
A fu e l  c e l l  p o we r  s ys te m  th a t i s  d e s i gn e d  as  o n e  u n i t,  a s s e m ‐
b l e d  i n  a fac to r y,  an d  s h i p p e d  to  s i te .  [ 8 5 3 ,  2 0 2 0 ]

Δ 3 . 3 . 2 3 7 . 2 3  Sprinkler System.    A s ys te m ,  c o m m o n l y a c ti va te d
b y h e a t fr o m  a  fre  a n d  d i s c h ar g e s  wa te r  o ve r th e  fre  ar e a ,
th at c o n s i s ts  o f an  i n te g r ate d  n e two r k o f p i p i n g  d e s i g n e d  i n

ac c o r d an c e  wi th  fre  p r o te c ti o n  e n g i n e e r i n g  s tan d ar d s  th at
i n c l u d e s  a  wate r  s u p p l y s o u r c e ,  a  c o n tr o l  va l ve ,  a  waterfow
a l a r m ,  an d  a  d r ai n .  T h e  p o r ti o n  o f th e  s p ri n kl e r  s ys te m

ab o ve  g r o u n d  i s  a n e two r k o f s p e c i a l l y s i z e d  o r  h yd r a u l i c al l y
d e s i g n e d  p i p i n g i n s tal l e d  i n  a b u i l d i n g ,  s tr u c tu r e ,  o r  ar e a ,
g e n e r al l y o ve rh e ad ,  an d  to  wh i c h  s p r i n kl e r s  ar e  atta c h e d  i n

a s ys te m a ti c  p atte r n .  [ 1 3 ,  2 0 2 2 ]

Δ 3 . 3 . 2 3 7 . 2 4  Treatment System.    An  a s s e m b l y o f e q u i p m e n t
c a p ab l e  o f p r o c e s s i n g  a h az ar d o u s  g as  an d  r e d u c i n g  th e  ga s

c o n c e n tr ati o n  to  a p r e d e te r m i n e d  l e ve l  a t th e  p o i n t o f
d i s c h ar g e  fr o m  th e  s ys te m  to  th e  atm o s p h e r e .

3 . 3 . 2 3 8  Tan k  ( Fl am m ab l e  o r C o m b u s ti b l e  L i q u i d) .

3 . 3 . 2 3 8 . 1  Aboveground Tank.    A s to r ag e  tan k th at i s  i n s tal l e d
ab o ve  g r ad e ,  a t gr a d e ,  o r  b e l o w g r ad e  wi th o u t backfll.  [ 3 0 ,

2 0 2 1 ]

Δ 3 . 3 . 2 3 8 . 2  Portable Tank.    An y p a c kag i n g  o ve r  6 0  U . S .  g al
( 2 2 7 . 1  L )  c a p a c i ty d e s i g n e d  p r i m a r i l y to  b e  l o ad e d  i n to  o r

o n ,  o r  te m p o r a r i l y atta c h e d  to ,  a tr a n s p o r t ve h i c l e  o r  s h i p
a n d  e q u i p p e d  wi th  s ki d s ,  m o u n ti n gs ,  o r  ac c e s s o r i e s  to  fac i l i ‐

ta te  h an d l i n g o f th e  ta n k b y m e c h an i c a l  m e an s .

Δ 3 . 3 . 2 3 8 . 3 *  Stationary Tank.    A p ac ka gi n g d e s i gn e d  p r i m ar i l y
fo r  s tati o n a r y i n s ta l l ati o n s  n o t i n te n d e d  fo r  l o ad i n g,  u n l o ad ‐
i n g ,  o r  a ttac h m e n t to  a tr a n s p o r t ve h i c l e  as  p a r t o f i ts

n o r m al  o p e r ati o n  i n  th e  p r o c e s s  o f u s e .

3 . 3 . 2 3 8 . 4  Storage Tank.    An y ve s s e l  h avi n g  a l i q u i d  c ap ac i ty
th a t e x c e e d s  6 0  g al  ( 2 3 0  L ) ,  i s  i n te n d e d  fo r  fxed  i n s tal l a‐

ti o n ,  an d  i s  n o t u s e d  fo r  p r o c e s s i n g .  [ 3 0 ,  2 0 2 1 ]
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S h ad 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 ate r i a l . 2 0 2 3  E d i t i o n

3 . 3 . 2 3 8 . 4 . 1  Aboveground Storage Tank [Flammable or Combus‐
tible Liquids].    A h o r i z o n tal  o r  ve r ti c a l  tan k th at i s  l i s te d  an d
i n te n d e d  fo r  fxed  i n s ta l l a ti o n ,  wi th o u t backfll,  a b o ve  o r
b e l o w g r ad e  an d  i s  u s e d  wi th i n  th e  s c o p e  o f i ts  ap p r o va l  o r
l i s ti n g .  [ 3 0 A,  2 0 2 1 ]

3 . 3 . 2 3 9  Te m p e ratu re  C o n tro l l e r.    S e e  3 . 3 . 5 3 . 2 .

3 . 3 . 2 4 0 *  T h e r m al  S p rayi n g.    A c o ati n g  p r o c e s s  i n  wh i c h
m e l te d  ( o r  h e a te d )  m a te r i al s  a r e  s p r a ye d  o n to  a s u r fa c e .  T h e
“ fe e d s to c k”  ( c o ati n g  p r e c u r s o r )  i s  h e ate d  b y e l e c tr i c a l  ( p l a s m a

o r  ar c )  o r  c h e m i c al  m e an s  ( c o m b u s ti o n  fame) .

3 . 3 . 2 4 1  To x i c  G as .    S e e  3 . 3 . 1 0 6 . 1 1 .

3 . 3 . 2 4 2  T C .    Tr an s p o r t C an a d a .

3 . 3 . 2 4 3  Tre atm e n t S ys te m .    S e e  3 . 3 . 2 3 7 . 2 4 .

Δ 3 . 3 . 2 4 4 *  Tu b e  Trai l e r.    A tr u c k o r  s e m i tr ai l e r  o n  wh i c h  a
n u m b e r  o f ve r y l o n g c o m p r e s s e d  ga s  tu b u l a r  c yl i n d e r s  h a ve

b e e n  m o u n te d  an d  m a n i fo l d e d  i n to  a  c o m m o n  p i p i n g s ys te m .

3 . 3 . 2 4 5  U n i t.

3 . 3 . 2 4 5 . 1 *  Laboratory Unit.    An  e n c l o s e d  s p ac e  [ wi th i n  a
l ab o r ato r y b u i l d i n g ]  u s e d  fo r  e x p e r i m e n ts  o r  te s ts .  [ 4 5 ,
2 0 1 9 ]

3 . 3 . 2 4 5 . 1 . 1  Instructional Laboratory Unit.    A l a b o r a to r y u n i t,
u n d e r  th e  d i r e c t s u p e r vi s i o n  o f an  i n s tr u c to r,  th at i s  u s e d  fo r
th e  p u r p o s e s  o f i n s tr u c ti o n  fo r  s tu d e n ts  b e yo n d  th e  twe l fth
gr a d e .  [ 4 5 ,  2 0 1 9 ]

Δ 3 . 3 . 2 4 5 . 2 *  Mobile Supply Unit.    An y s u p p l y s o u r c e  th at i s
e q u i p p e d  wi th  wh e e l s  s o  i t i s  ab l e  to  b e  m o ve d  a r o u n d .

Δ 3 . 3 . 2 4 6  U n p i e rc e d  Wal l .    A wa l l  th at i s  al l o we d  to  h ave  p i p e s
o r  c o n d u i ts  p as s i n g  th r o u g h  i t,  o r  u n o p e n ab l e  wi n d o ws ,  g l a z e d
wi th  s a fe ty g l a s s  o r  wi r e d  g l as s ,  s e t i n  i t,  b u t s u c h  o p e n i n g s  a r e

s e al e d  to  p r e ve n t th e  fow o f ai r  b e twe e n  ad j a c e n t r o o m s .

3 . 3 . 2 4 7  U n s tab l e  Re ac ti ve  G as .    S e e  3 . 3 . 1 0 6 . 1 2 .

Δ 3 . 3 . 2 4 8  U s e .    To  p l ac e  a  m ate r i al  i n to  a c ti o n ,  i n c l u d i n g  s o l i d s ,
l i q u i d s ,  an d  g as e s .

3 . 3 . 2 4 9  U s e r ( D i s p e n s e r) .    A p e r s o n  wh o  u s e s  a d i s p e n s e r  to
fu e l  a m o to r  ve h i c l e  wh o  m i gh t o r  m i g h t n o t b e  tr ai n e d .

3 . 3 . 2 5 0 *  Vac uu m  J ac k e t.    A d o u b l e - wal l e d  p r e s s u r e  ve s s e l
c o n s i s ti n g  o f an  i n n e r  an d  o u te r  ve s s e l  th at h a s  b e e n  c o n s tr u c ‐

te d  i n  a m an n e r  s i m i l ar  to  a  th e r m o s  b o ttl e  wh e r e  th e  atm o s ‐
p h e r e  b e twe e n  th e  i n n e r  a n d  o u te r  ve s s e l s  h as  b e e n  r e m o ve d

b y m e c h a n i c al  m e a n s .

3 . 3 . 2 5 1  Vac u u m  P u m p .    A c o m p r e s s o r  fo r  e x h au s ti n g ai r  an d
n o n c o n d e n s ab l e  g as e s  fr o m  a  s p a c e  th a t i s  to  b e  m ai n tai n e d  a t

s u b atm o s p h e r i c  p r e s s u r e .  [ 8 6 ,  2 0 2 3 ]

3 . 3 . 2 5 2  Val ve .

Δ 3 . 3 . 2 5 2 . 1  Emergency Shutoff Valve.    A d e s i g n ate d  va l ve
d e s i g n e d  to  s h u t o ff th e  fow o f g as e s  o r  l i q u i d s .

Δ 3 . 3 . 2 5 2 . 1 . 1  Automatic Emergency Shutoff Valve.    A d e s i gn a te d
fa i l - s a fe  au to m ati c  c l o s i n g va l ve  d e s i gn e d  to  s h u t o ff th e  fow
o f g as e s  o r  l i q u i d s  th a t i s  i n i ti ate d  b y a  c o n tr o l  s ys te m  wh e r e
th e  c o n tr o l  s ys te m  i s  ac ti vate d  b y e i th e r  m a n u a l  o r  a u to ‐
m a ti c  m e a n s .

3 . 3 . 2 5 2 . 2  Shutoff Valve.

3 . 3 . 2 5 2 . 2 . 1 *  Safety Shutoff Valve.    A n o r m a l l y c l o s e d  val ve
i n s ta l l e d  i n  th e  p i p i n g th a t c l o s e s  a u to m a ti c al l y to  s h u t o ff
th e  fu e l ,  atm o s p h e r e  ga s ,  o r  o x yg e n  i n  th e  e ve n t o f a b n o r ‐

m a l  c o n d i ti o n s  o r  d u r i n g  s h u td o wn .  [ 8 6 ,  2 0 2 3 ]

Δ 3 . 3 . 2 5 2 . 3 *  Source Valve.    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,
at 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 .

3 . 3 . 2 5 3 *  Vap o ri z e r.    A h e at e x c h an g e r  th a t tr a n s fe r s  h e a t fr o m
a n  o u ts i d e  s o u r c e  to  a  l i q u i d ,  typ i c al l y a  c r yo g e n i c  fuid

c o n tai n e d  wi th i n  a c l o s e d  p i p i n g  s ys te m ,  i n  o r d e r  to  tr a n s fo r m
th e  fuid  fr o m  i ts  l i q u i d  p h a s e  to  th e  ga s e o u s  p h as e .

3 . 3 . 2 5 4  Ve h i c l e .    A d e vi c e  o r  s tr u c tu r e  fo r  tr an s p o r ti n g
p e r s o n s  o r  th i n g s ;  a  c o n ve ya n c e  ( e . g . ,  au to m o b i l e s ,  tr u c ks ,

m a r i n e  ve s s e l s ,  r ai l r o ad  tr ai n s ) .  [ 5 2 ,  2 0 2 3 ]

N 3 . 3 . 2 5 5 *  Ve n t S ys te m .    A s ys te m  th a t p r o vi d e s  a  m e a n s  o f
d e p r e s s u r i z i n g o r  r e l i e vi n g e x c e s s  g as  p r e s s u r e  a n d  d i r e c ti n g

th e  ve n ti n g g as  to  a s afe  l o c ati o n .

3 . 3 . 2 5 6  Ve n ti l ati o n .

Δ 3 . 3 . 2 5 6 . 1  Fixed Natural Ventilation.    T h e  m o ve m e n t o f ai r
i n to  an d  o u t o f a  s p a c e  th r o u gh  p e r m an e n t o p e n i n g s  th a t

ar e  a r r an g e d  i n  s u c h  a  way th at th e  r e q u i r e d  ve n ti l a ti o n
c a n n o t b e  r e d u c e d  b y o p e r a ti n g wi n d o ws ,  d o o r s ,  l o u ve r s ,  o r

s i m i l a r  d e vi c e s .

3 . 3 . 2 5 6 . 2  Mechanical Ventilation.    T h e  fow o f ai r  o r  ga s
c r e a te d  b y a fan ,  b l o we r,  o r  o th e r  m e c h an i c a l  m e an s  th at

wi l l  p u s h  o r  i n d u c e  th e  g as  s tr e am  th r o u g h  a  ve n ti l a ti o n
s ys te m .  [ 8 5 3 ,  2 0 2 0 ]

3 . 3 . 2 5 6 . 3  Natural Ventilation.    T h e  fow o f ai r  o r  g as e s
c r e a te d  b y th e  d i ffe r e n c e  i n  th e  p r e s s u r e s  o r  g as  d e n s i ti e s

b e twe e n  th e  o u ts i d e  a n d  i n s i d e  o f a ve n t,  r o o m ,  o r  s p ac e .
[ 8 5 3 ,  2 0 2 0 ]

3 . 3 . 2 5 7  Ve n ti l ati o n  Ai r.    S e e  3 . 3 . 4 . 3 .

3 . 4  Defnitions  fo r P e r fo r m an c e - B as e d  D e s i gn s .

3 . 4 . 1  Al te r n ati ve  C al c u l ati o n  P ro c e d u re .    A c al c u l a ti o n  p r o c e ‐
d u r e  th at d i ffe r s  fr o m  th e  p r o c e d u r e  o r i gi n al l y e m p l o ye d  b y

th e  d e s i g n  te am  b u t th a t p r o vi d e s  p r e d i c ti o n s  fo r  th e  s a m e  var i ‐
ab l e s  o f i n te r e s t.  [ 1 01 ,  2 0 2 1 ]

3 . 4 . 2  An al ys i s .

3 . 4 . 2 . 1  Sensitivity Analysis.    An  an a l ys i s  p e r fo r m e d  to  d e te r ‐
m i n e  th e  d e gr e e  to  wh i c h  a p r e d i c te d  o u tp u t wi l l  va r y g i ve n

a  specifed  c h an g e  i n  an  i n p u t p ar a m e te r,  u s u a l l y i n  r e l a ti o n
to  m o d e l s .  [ 5 0 0 0 ,  2 0 2 1 ]

3 . 4 . 2 . 2  Uncertainty Analysis.    An  a n al ys i s  p e r fo r m e d  to
d e te r m i n e  th e  d e g r e e  to  wh i c h  a  p r e d i c te d  val u e  wi l l  var y.

[ 5 0 0 0 ,  2 0 2 1 ]

3 . 4 . 3  D ata C o n ve rs i o n .    T h e  p r o c e s s  o f d e ve l o p i n g  th e  i n p u t
d ata s e t fo r  th e  as s e s s m e n t m e th o d  o f c h o i c e .  [ 1 01 ,  2 0 2 1 ]

3 . 4 . 4  D e s i gn  Fi re  S c e n ari o .    S e e  3 . 4 . 9 . 1 .

3 . 4 . 5  D e s i gn  Specifcation.    S e e  3 . 4 . 2 0 . 1 .

3 . 4 . 6  D e s i gn  Te am .    A g r o u p  o f s take h o l d e r s  i n c l u d i n g,  b u t
n o t l i m i te d  to ,  r e p r e s e n tati ve s  o f th e  ar c h i te c t,  c l i e n t,  an d  a n y

p e r ti n e n t e n g i n e e r s  an d  o th e r  d e s i g n e r s .  [ 1 01 ,  2 0 2 1 ]
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2 0 2 3  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 . 4 . 7 *  E x p o s u re  Fi re .    A fre  th a t s ta r ts  a t a  l o c ati o n  th a t i s
r e m o te  fr o m  th e  ar e a b e i n g p r o te c te d  an d  gr o ws  to  e x p o s e  th at
wh i c h  i s  b e i n g  p r o te c te d .  [ 1 01 ,  2 0 2 1 ]

3 . 4 . 8 *  Fi re  M o d e l .    A s tr u c tu r e d  ap p r o ac h  to  p r e d i c ti n g o n e
o r  m o r e  e ffe c ts  o f a fre.  [ 1 01 ,  2 0 2 1 ]

3 . 4 . 9 *  Fi re  S c e n ari o .    A s e t o f c o n d i ti o n s  th at defnes  th e
d e ve l o p m e n t o f fre,  th e  s p r e ad  o f c o m b u s ti o n  p r o d u c ts
th r o u g h o u t a  b u i l d i n g  o r  p o r ti o n  o f a b u i l d i n g ,  th e  r e ac ti o n s  o f
p e o p l e  to  fre,  a n d  th e  e ffe c ts  o f c o m b u s ti o n  p r o d u c ts .  [ 1 01 ,
2 0 2 1 ]

3 . 4 . 9 . 1  Design Fire Scenario.    A fre  s c e n ar i o  s e l e c te d  fo r
e va l u a ti o n  o f a p r o p o s e d  d e s i gn .  [ 1 01 ,  2 0 2 1 ]

3 . 4 . 1 0  Fu e l  L o ad .    T h e  to tal  q u an ti ty o f c o m b u s ti b l e  c o n te n ts
o f a  b u i l d i n g ,  s p a c e ,  o r  fre  a r e a,  i n c l u d i n g  i n te r i o r  fnish  an d
tr i m ,  e x p r e s s e d  i n  h e a t u n i ts  o r  th e  e q u i va l e n t we i gh t i n  wo o d .
[ 9 2 1 ,  2 0 2 1 ]

3 . 4 . 1 1  I n c ap ac i tati o n .    A c o n d i ti o n  u n d e r  wh i c h  h u m a n s  d o
n o t fu n c ti o n  ad e q u ate l y a n d  b e c o m e  u n ab l e  to  e s c ap e  u n te n a‐
b l e  c o n d i ti o n s .  [ 1 01 ,  2 0 2 1 ]

3 . 4 . 1 2  I n p u t D ata Specifcation.    S e e  3 . 4 . 2 0 . 2 .

3 . 4 . 1 3  O c c u p an t C h arac te ri s ti c s .    T h e  ab i l i ti e s  o r  b e h avi o r s  o f
p e o p l e  b e fo r e  a n d  d u r i n g  a  fre.  [ 1 01 ,  2 0 2 1 ]

3 . 4 . 1 4 *  P e r fo r m an c e  C ri te ri a.    T h r e s h o l d  val u e s  o n  m e as u r e ‐
m e n t s c al e s  th at ar e  b a s e d  o n  quantifed  p e r fo r m an c e  o b j e c ‐
ti ve s .  [ 1 01 ,  2 0 2 1 ]

3 . 4 . 1 5 *  P ro p o s e d  D e s i gn .    A d e s i g n  d e ve l o p e d  b y a d e s i gn
te a m  a n d  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  fo r
ap p r o va l .  [ 1 01 ,  2 0 2 1 ]

3 . 4 . 1 6  S afe  L o c ati o n .    A l o c ati o n  r e m o te  o r  s e p a r ate d  fr o m
th e  e ffe c ts  o f a fre  s o  th at s u c h  e ffe c ts  n o  l o n g e r  p o s e  a th r e at.
[ 1 01 ,  2 0 2 1 ]

3 . 4 . 1 7  S afe ty Fac to r.    A fac to r  a p p l i e d  to  a p r e d i c te d  va l u e  to
e n s u r e  th at a suffcient s a fe ty m ar g i n  i s  m ai n ta i n e d .  [ 1 01 ,  2 0 2 1 ]

3 . 4 . 1 8  S afe ty M argi n .    T h e  d i ffe r e n c e  b e twe e n  a  p r e d i c te d
val u e  an d  th e  ac tu a l  va l u e  wh e r e  a  fa u l t c o n d i ti o n  i s  e x p e c te d .
[ 1 01 ,  2 0 2 1 ]

3 . 4 . 1 9  S e n s i ti vi ty An al ys i s .    S e e  3 . 4 . 2 . 1 .

3 . 4 . 2 0  Specifcation.

3 . 4 . 2 0 . 1 *  Design Specifcation.    A b u i l d i n g c h ar a c te r i s ti c  an d
o th e r  c o n d i ti o n s  th at ar e  u n d e r  th e  c o n tr o l  o f th e  d e s i gn

te a m .  [ 5 0 0 0 ,  2 0 2 1 ]

3 . 4 . 2 0 . 2  Input Data Specifcation.    I n fo r m a ti o n  r e q u i r e d  b y
th e  verifcation  m e th o d .  [ 1 01 ,  2 0 2 1 ]

3 . 4 . 2 1  S tak e h o l d e r.    An  i n d i vi d u a l ,  o r  r e p r e s e n tati ve  o f s am e ,
h avi n g  a n  i n te r e s t i n  th e  s u c c e s s fu l  c o m p l e ti o n  o f a p r o j e c t.
[ 1 01 ,  2 0 2 1 ]

3 . 4 . 2 2  U n c e r tai n ty An al ys i s .    S e e  3 . 4 . 2 . 2 .

3 . 4 . 2 3  Verifcation  M e th o d .    A p r o c e d u r e  o r  p r o c e s s  u s e d  to
d e m o n s tr ate  o r  confrm  th at th e  p r o p o s e d  d e s i g n  m e e ts  th e
specifed  c r i te r i a .  [ 1 01 ,  2 0 2 1 ]

C h ap te r 4    G e n e ral  Fi re  S afe ty Re q ui re m e n ts

4 . 1  Ap p l i c ati o n .    S e c ti o n s  4 . 1  an d  4 . 2  s h al l  e s tab l i s h  th e  m i n i ‐
m u m  go a l s  a n d  o b j e c ti ve s  c o m m e n s u r ate  wi th  p u b l i c  s afe ty to
b e  c o n s i d e r e d  i n  th e  a p p l i c ati o n  o f th i s  c o d e .

4 . 1 . 1    F o r  ap p l i c ati o n s  wh e r e  b u i l d i n gs  o r  s tr u c tu r e s  ar e  to  b e
p r o vi d e d ,  th i s  c o d e  an d  th e  b u i l d i n g  c o d e  a d o p te d  b y th e  j u r i s ‐

d i c ti o n  s h al l  b e  u s e d  to  r e g u l a te  m a tte r s  o f c o n s tr u c ti o n ,
i n c l u d i n g  r e q u i r e m e n ts  fo r  l i fe  s afe ty i n  th e  b u i l d i n g o r  s tr u c ‐
tu r e  i n  wh i c h  h yd r o ge n  i s  s to r e d ,  h a n d l e d ,  o r  u s e d .

4 . 1 . 2 *    F o r  ap p l i c a ti o n s  i n  fa c i l i ti e s  l o c a te d  o u td o o r s ,  th e  p r o x ‐
i m i ty o f h yd r o g e n  s to r a ge  s ys te m s  a n d  s ys te m s  th at u s e  o r

p r o d u c e  h yd r o g e n  s h al l  b e  r e g u l a te d  b y th i s  c o d e  i n  ad d i ti o n
to  th e  r e q u i r e m e n ts  o f b u i l d i n g o r  l o c al  z o n i n g  r e gu l ati o n s  th a t
ad d r e s s  m a tte r s  o f l o c ati o n ,  q u a n ti ty r e s tr i c ti o n s ,  o r  m a tte r s
th a t ar e  th e  s u b j e c t o f l o c al ,  s tate ,  o r  fe d e r al  r e g u l ati o n s .

4 . 1 . 3 *    P e r m i ts  s h al l  b e  o b tai n e 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  o f th e  j u r i s d i c ti o n  i n  wh i c h  th e  fac i l i ty o p e r a te s .

4 . 1 . 4    S u b s e c ti o n  4 . 4 . 1  s h a l l  b e  th e  d e fa u l t d e s i g n  o p ti o n  a p p l i ‐
c a b l e  to  fa c i l i ti e s  wh e r e  h yd r o g e n  i s  s to r e d ,  h a n d l e d ,  u s e d ,  o r

p r o d u c e d .

4 . 1 . 4 . 1    T h e  u s e  o f 4 . 4 . 2  s h a l l  b e  p e r m i tte d  at th e  o p ti o n  o f th e
p e r m i tte e  wi th  th e  ap p r o va l  o f th e  au th o r i ty h a vi n g j u r i s d i c ti o n

( AH J ) .

4 . 1 . 4 . 2    P e r fo r m an c e -b a s e d  d e s i g n s  s h al l  b e  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 C h ap te r  5 .

4 . 2 *  G o al s  an d  O b j e c ti ve s .    (Also see Section 4. 3. )

Δ 4 . 2 . 1 *  G o al s .    T h e  g o al s  o f th i s  Code s h a l l  b e  to  p r o vi d e  a
r e a s o n a b l e  l e ve l  o f s afe ty,  p r o p e r ty p r o te c ti o n ,  an d  p u b l i c

we l far e  fr o m  th e  h az ar d s  c r e a te d  b y fre,  e x p l o s i o n ,  a n d  o th e r
h az ar d o u s  c o n d i ti o n s .  [ 1 : 4 . 1 . 1 ]

Δ 4 . 2 . 2 *  O b j e c ti ve s .    To  a c h i e ve  th e  g o a l s  s ta te d  i n  4 . 2 . 1 ,  th e
go al s  an d  o b j e c ti ve s  o f 4 . 2 . 3  th r o u g h  4 . 2 . 5  s h a l l  b e  u s e d  to

d e te r m i n e  th e  i n te n t o f th i s  Code.  [ 1 : 4 . 1 . 2 ]

Δ 4 . 2 . 3 *  S afe ty.    T h i s  Code s h al l  p r o vi d e  fo r  l i fe  s a fe ty b y r e d u c ‐
i n g th e  p r o b ab i l i ty o f i n j u r y o r  d e ath  fr o m  fre,  e x p l o s i o n s ,  o r

e ve n ts  i n vo l vi n g [ GH 2  o r  L H 2 ] .  [ 1 : 4 . 1 . 3 ]

4 . 2 . 3 . 1  S afe ty fro m  Fi re .

Δ 4 . 2 . 3 . 1 . 1 *  S afe ty- fro m - Fi re  G o al s .    T h e  fre  s afe ty g o a l s  o f th i s
Code s h a l l  b e  as  fo l l o ws :

( 1 ) To  p r o vi d e  a n  e n vi r o n m e n t fo r  th e  o c c u p an ts  i n  a b u i l d ‐
i n g  o r  fac i l i ty an d  fo r  th e  p u b l i c  n e a r  a  b u i l d i n g  o r  fac i l i ty
th a t i s  r e as o n ab l y s afe  fro m  fre  a n d  s i m i l ar  e m e r ge n c i e s

( 2 ) To  p r o te c t fre  fghters  an d  e m e r ge n c y r e s p o n d e r s

[ 1 : 4 . 1 . 3 . 1 . 1 ]

4 . 2 . 3 . 1 . 2  S afe ty- fro m - Fi re  O b j e c ti ve s .

4 . 2 . 3 . 1 . 2 . 1    B u i l d i n g s  a n d  fa c i l i ti e s  s h al l  b e  d e s i gn e d ,  c o n s tr u c ‐
te d ,  a n d  m ai n ta i n e d  to  p r o te c t o c c u p an ts  wh o  ar e  n o t i n ti m ate

wi th  th e  i n i ti al  fre  d e ve l o p m e n t fo r  th e  a m o u n t o f ti m e
n e e d e d  to  e vac u a te ,  r e l o c ate ,  o r  d e fe n d  i n  p l a c e .  [ 1 : 4 . 1 . 3 . 1 . 2 . 1 ]
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S h ad 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 ate r i a l . 2 0 2 3  E d i t i o n

4 . 2 . 3 . 1 . 2 . 2 *    B u i l d i n gs  s h a l l  b e  d e s i gn e d  a n d  c o n s tr u c te d  to
p r o vi d e  r e as o n ab l e  s afe ty fo r  fre  fghters  a n d  e m e r ge n c y
r e s p o n d e r s  d u r i n g s e ar c h  an d  r e s c u e  o p e r ati o n s .  [ 1 : 4 . 1 . 3 . 1 . 2 . 2 ]

4 . 2 . 3 . 1 . 2 . 3    B u i l d i n g s  s h al l  b e  d e s i gn e d ,  l o c ate d ,  a n d  c o n s tr u c ‐
te d  to  r e as o n ab l y p r o te c t a d j ac e n t p e r s o n s  fr o m  i n j u r y o r  d e ath
as  a  r e s u l t o f a fre.  [ 1 : 4 . 1 . 3 . 1 . 2 . 3 ]

4 . 2 . 3 . 1 . 2 . 4    B u i l d i n g s  s h al l  b e  d e s i gn e d ,  l o c ate d ,  a n d  c o n s tr u c ‐
te d  to  p r o vi d e  r e as o n ab l e  ac c e s s  to  th e  b u i l d i n g  fo r  e m e r g e n c y
r e s p o n d e r s .  [ 1 : 4 . 1 . 3 . 1 . 2 . 4 ]

4 . 2 . 3 . 1 . 2 . 5 *    O p e r ati o n s  s h a l l  b e  c o n d u c te d  at fa c i l i ti e s  i n  a
s a fe  m a n n e r  th a t m i n i m i z e s ,  r e d u c e s ,  c o n tr o l s ,  o r  m i ti g ate s  th e
r i s k o f fre  i n j u r y o r  d e ath  fo r  th e  o p e r a to r s ,  wh i l e  p r o te c ti n g
th e  o c c u p an ts  n o t i n ti m ate  wi th  i n i ti a l  fre  d e ve l o p m e n t fo r  th e
am o u n t o f ti m e  n e e d e d  to  e va c u ate ,  r e l o c ate ,  o r  d e fe n d  i n
p l a c e .  [ 1 : 4 . 1 . 3 . 1 . 2 . 5 ]

4 . 2 . 3 . 2  S afe ty D uri n g B u i l d i n g U s e .

Δ 4 . 2 . 3 . 2 . 1 *  S afe ty- D uri n g- B ui l d i n g- U s e  G o al .    T h e  s a fe ty-
d u r i n g- b u i l d i n g -u s e  g o al  o f th i s  Code s h al l  b e  to  p r o vi d e  a n
e n vi r o n m e n t fo r  th e  o c c u p an ts  o f th e  b u i l d i n g  th at i s  r e as o n a‐
b l y s afe  d u r i n g  th e  n o r m a l  u s e  o f th e  b u i l d i n g .  [ 1 : 4 . 1 . 3 . 2 . 1 ]

4 . 2 . 3 . 2 . 2  S afe ty- D u ri n g- B u i l d i n g- U s e  O b j e c ti ve s .    P e r ‐
fo r m an c e -b as e d  b u i l d i n g  d e s i gn  s h al l  b e  i n  a c c o r d an c e  wi th
th e  r e q u i r e m e n ts  o f th e  a d o p te d  b u i l d i n g c o d e .

4 . 2 . 3 . 3 *  S afe ty fro m  H yd ro ge n  H az ard s .

4 . 2 . 3 . 3 . 1  S afe ty- fro m - H yd ro ge n - H az ard s  G o al .    T h e  s a fe ty-
fr o m - [ h yd r o g e n -h a z a r d s ]  go al  o f th i s  c o d e  s h al l  b e  to  p r o vi d e
an  e n vi r o n m e n t fo r  th e  o c c u p a n ts  i n  a b u i l d i n g  o r  fac i l i ty an d
to  th o s e  ad j ac e n t to  a b u i l d i n g  o r  fa c i l i ty th at i s  r e a s o n a b l y s afe
fr o m  e x p o s u r e s  to  ad ve r s e  e ffe c ts  fr o m  [ h yd r o ge n  h az ar d s ]
p r e s e n t th e r e i n .  [ 1 : 4 . 1 . 3 . 3 . 1 ]

4 . 2 . 3 . 3 . 2  S afe ty- fro m - H yd ro ge n - H az ard s  O b j e c ti ve s .

4 . 2 . 3 . 3 . 2 . 1    T h e  s to r ag e ,  u s e ,  o r  h an d l i n g  o f [ h yd r o ge n ]  i n  a
b u i l d i n g  o r  fac i l i ty s h al l  b e  a c c o m p l i s h e d  i n  a m a n n e r  th a t
p r o vi d e s  a  r e as o n ab l e  l e ve l  o f s a fe ty fo r  o c c u p a n ts  a n d  fo r
th o s e  ad j a c e n t to  a b u i l d i n g  o r  fac i l i ty fr o m  h e al th  h a z a r d s ,
i l l n e s s ,  i n j u r y,  o r  d e ath  d u r i n g  n o r m al  s to r a ge ,  u s e ,  o r  h a n d l i n g
o p e r ati o n s  an d  c o n d i ti o n s .  [ 1 : 4 . 1 . 3 . 3 . 2 . 1 ]

4 . 2 . 3 . 3 . 2 . 2 *    T h e  s to r ag e ,  u s e ,  o r  h a n d l i n g o f [ h yd r o ge n ]  i n  a
b u i l d i n g  o r  fac i l i ty s h a l l  b e  a c c o m p l i s h e d  i n  a  m a n n e r  th at
p r o vi d e s  a r e as o n ab l e  l e ve l  o f s a fe ty fo r  o c c u p a n ts  a n d  fo r
th o s e  a d j ac e n t to  a b u i l d i n g o r  fac i l i ty fr o m  i l l n e s s ,  i n j u r y,  o r
d e ath  d u e  to  th e  fo l l o wi n g c o n d i ti o n s :

( 1 ) An  u n p l a n n e d  r e l e a s e  o f [ h yd r o ge n ]
( 2 ) A fre  i m p i n g i n g  u p o n  th e  [ h yd r o g e n  p i p i n g  o r  c o n tai n ‐

m e n t s ys te m ]  o r  th e  i n vo l ve m e n t o f [ h yd r o g e n ]  i n  a  fre
( 3 ) T h e  a p p l i c a ti o n  o f an  e x te r n al  fo r c e  o n  th e  [ h yd r o ge n

p i p i n g  o r  c o n tai n m e n t s ys te m ]  th at i s  l i ke l y to  r e s u l t i n  an
u n s afe  c o n d i ti o n

[ 1 : 4 . 1 . 3 . 3 . 2 . 2 ]

4 . 2 . 4  P ro p e r ty P ro te c ti o n .

Δ 4 . 2 . 4 . 1  P ro p e r ty P ro te c ti o n  G o al .    T h e  p r o p e r ty p r o te c ti o n
go al  o f th i s  Code s h a l l  b e  to  l i m i t d am ag e  c r e ate d  b y a  fre,
e x p l o s i o n ,  o r  e ve n t a s s o c i a te d  wi th  [ GH 2  o r  L H 2 ]  to  a r e as o n a‐

b l e  l e ve l  to  th e  b u i l d i n g  o r  fac i l i ty a n d  a d j ac e n t p r o p e r ty.
[ 1 : 4 . 1 . 4 . 1 ]

4 . 2 . 4 . 2  P ro p e r ty P ro te c ti o n  O b j e c ti ve s .

4 . 2 . 4 . 2 . 1 *  P re ve n ti o n  o f I gn i ti o n .    T h e  fa c i l i ty s h al l  b e
d e s i g n e d ,  c o n s tr u c te d ,  an d  m ai n ta i n e d ,  an d  o p e r ati o n s  a s s o c i ‐

a te d  wi th  th e  fac i l i ty s h a l l  b e  c o n d u c te d ,  to  p r e ve n t u n i n te n ‐
ti o n a l  e x p l o s i o n s  an d  fres  th a t r e s u l t i n  fai l u r e  o f o r  d am ag e  to
ad j a c e n t c o m p ar tm e n ts ,  e m e r ge n c y l i fe  s afe ty s ys te m s ,  a d j ac e n t

p r o p e r ti e s ,  ad j a c e n t o u ts i d e  s to r ag e ,  an d  th e  fac i l i ty’ s  s tr u c tu r al
e l e m e n ts .  [ 1 : 4 . 1 . 4 . 2 . 1 ]

4 . 2 . 4 . 2 . 2 *  Fi re  S p re ad  an d  E x p l o s i o n s .    I n  th e  e ve n t th a t a  fre
o r  e x p l o s i o n  o c c u r s ,  th e  b u i l d i n g o r  fac i l i ty s h al l  b e  s i te d ,
d e s i g n e d ,  c o n s tr u c te d ,  o r  m ai n ta i n e d ,  an d  o p e r ati o n s  a s s o c i ‐

a te d  wi th  th e  fa c i l i ty s h al l  b e  c o n d u c te d  a n d  p r o te c te d ,  to
r e as o n ab l y r e d u c e  th e  i m p a c t o f u n wan te d  fres  an d  e x p l o s i o n s
o n  th e  a d j ac e n t c o m p a r tm e n ts ,  e m e r ge n c y l i fe  s a fe ty s ys te m s ,

a d j ac e n t p r o p e r ti e s ,  ad j a c e n t o u ts i d e  s to r ag e ,  a n d  th e  fa c i l i ty’ s
s tr u c tu r a l  e l e m e n ts .  [ 1 : 4 . 1 . 4 . 2 . 2 ]

4 . 2 . 4 . 2 . 3  S tr u c tu ral  I n te gri ty.    T h e  fac i l i ty s h a l l  b e  d e s i gn e d ,
c o n s tr u c te d ,  p r o te c te d ,  an d  m ai n ta i n e d ,  an d  o p e r ati o n s  a s s o c i ‐
ate d  wi th  th e  fa c i l i ty s h a l l  b e  c o n d u c te d ,  to  p r o vi d e  a r e as o n a‐

b l e  l e ve l  o f p r o te c ti o n  fo r  th e  fac i l i ty,  i ts  c o n te n ts ,  a n d  ad j ac e n t
p r o p e r ti e s  fr o m  b u i l d i n g  c o l l ap s e  d u e  to  a l o s s  o f s tr u c tu r al
i n te gr i ty r e s u l ti n g  fr o m  a fre.  [ 1 : 4 . 1 . 4 . 2 . 3 ]

4 . 2 . 4 . 2 . 4  H yd ro ge n  H az ard s .    T h e  fa c i l i ty s h a l l  b e  d e s i gn e d ,
c o n s tr u c te d ,  an d  m ai n ta i n e d ,  an d  o p e r a ti o n s  as s o c i ate d  wi th

th e  fac i l i ty s h al l  b e  c o n d u c te d ,  to  p r o vi d e  r e as o n ab l e  p r o p e r ty
p r o te c ti o n  fr o m  d am a ge  r e s u l ti n g fr o m  fres,  e x p l o s i o n s ,  an d
o th e r  u n s afe  c o n d i ti o n s  as s o c i ate d  wi th  th e  s to r ag e ,  u s e ,  an d

h a n d l i n g  o f [ h yd r o ge n ]  th e r e i n .  [ 1 : 4 . 1 . 4 . 2 . 4 ]

4 . 2 . 5  P ub l i c  We l fare .

Δ 4 . 2 . 5 . 1 *  P u b l i c  We l fare  G o al .    T h e  p u b l i c  we l far e  g o a l  o f th i s
Code s h al l  b e  to  m a i n tai n  a  h i g h  p r o b ab i l i ty th at b u i l d i n g s  an d

fa c i l i ti e s  th at p r o vi d e  a p u b l i c  we l far e  r o l e  fo r  a  c o m m u n i ty
c o n ti n u e  to  p e r fo r m  th e  fu n c ti o n  fo r  th e i r  i n te n d e d  p u r p o s e

fo l l o wi n g  a fre,  e x p l o s i o n ,  o r  h az ar d o u s  m a te r i al s  e ve n t.
[ 1 : 4 . 1 . 5 . 1 ]

4 . 2 . 5 . 2 *  P u b l i c  We l fare  O b j e c ti ve .    B u i l d i n gs  an d  fac i l i ti e s  th at
p r o vi d e  a  p u b l i c  we l fa r e  r o l e  fo r  a c o m m u n i ty s h a l l  b e
d e s i g n e d ,  c o n s tr u c te d ,  m ai n ta i n e d ,  a n d  o p e r a te d  to  p r o vi d e

r e a s o n a b l e  as s u r an c e  o f c o n ti n u e d  fu n c ti o n  fo l l o wi n g a fre,
e x p l o s i o n ,  o r  h az ar d o u s  m a te r i al s  e ve n t.  [ 1 : 4 . 1 . 5 . 2 ]

4 . 3  As s u m p ti o n s .

4 . 3 . 1 *  S i n gl e  Fi re  S o u rc e .

Δ 4 . 3 . 1 . 1    T h e  fre  p r o te c ti o n  m e th o d s  o f th i s  Code s h al l  a s s u m e
th a t m u l ti p l e  s i m u l ta n e o u s  fre  i n c i d e n ts  wi l l  n o t o c c u r.
[ 1 : 4 . 2 . 1 . 1 ]

4 . 3 . 1 . 2    T h e  s i n gl e  fre  s o u r c e  a s s u m p ti o n  s h a l l  n o t p r e c l u d e
th e  e va l u a ti o n  o f m u l ti p l e  d e s i gn  fre  s c e n ar i o s  as  r e q u i r e d  b y

S e c ti o n  5 . 4 .  [ 1 : 4 . 2 . 1 . 2 ]

4 . 3 . 2 *  S i n gl e  H az ard o u s  M ate ri al  Re l e as e .

Δ 4 . 3 . 2 . 1    T h e  p r o te c ti o n  m e th o d s  o f th i s  Code s h al l  a s s u m e  th at
m u l ti p l e  s i m u l ta n e o u s  u n au th o r i z e d  r e l e as e s  o f h az ar d o u s

m a te r i al s  fr o m  d i ffe r e n t l o c ati o n s  wi l l  n o t o c c u r.  [ 1 : 4 . 2 . 2 . 1 ]

4 . 3 . 2 . 2    T h e  s i n gl e  h a z a r d o u s  m a te r i al  r e l e as e  a s s u m p ti o n  s h a l l
n o t p r e c l u d e  th e  e va l u ati o n  o f m u l ti p l e  d e s i g n  s c e n ar i o s  a s
r e q u i r e d  b y S e c ti o n  5 . 4 .  [ 1 : 4 . 2 . 2 . 2 ]
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Δ 4 . 3 . 3 *  I n c i d e n ts  I m p i n gi n g o n  H az ard o u s  M ate ri al s .    T h e
p r o te c ti o n  m e th o d s  o f th i s  Code s h a l l  a s s u m e  th at a  fre,  e x p l o ‐

s i o n ,  h a z a r d o u s  m a te r i al s  r e l e as e ,  o r  e x te r n a l  fo r c e  th at c r e ate s
a d an g e r o u s  c o n d i ti o n  h a s  th e  p o te n ti al  to  i m p i n g e  o n  h az ar d ‐
o u s  m ate r i a l s  b e i n g  s to r e d ,  h a n d l e d ,  o r  u s e d  i n  th e  b u i l d i n g o r

fac i l i ty u n d e r  n o r m al  c o n d i ti o n s .  ( See Section 5. 4 for performance-
based design scenarios. )  [ 1 : 4 . 2 . 3 ]

Δ 4 . 4  C o m p l i an c e  O p ti o n s .    C o m p l i a n c e  wi th  th e  g o al s  an d
o b j e c ti ve s  o f S e c ti o n  4 . 2  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
e i th e r  o f th e  fo l l o wi n g:

( 1 ) T h e  p r e s c r i p ti ve -b as e d  p r o vi s i o n s  p e r  4 . 4 . 1
( 2 ) T h e  p e r fo r m an c e -b a s e d  p r o vi s i o n s  p e r  4 . 4 . 2
[ 1 : 4 . 3 ]

4 . 4 . 1  P re s c ri p ti ve - B as e d  O p ti o n .

4 . 4 . 1 . 1    A p r e s c r i p ti ve -b a s e d  o p ti o n  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 s  1  th r o u g h  4  an d  C h a p te r s  6  th r o u g h  1 8  o f th i s  c o d e

a s  a p p l i c a b l e .

4 . 4 . 2  P e r fo r m an c e - B as e d  O p ti o n .

Δ 4 . 4 . 2 . 1    A p e r fo r m a n c e - b a s e d  o p ti o n  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  1  th r o u g h  C h ap te r  5  o f th i s  Code.  [ 1 : 4 . 3 . 2 . 1 ]

Δ 4 . 4 . 2 . 2    P r e s c r i p ti ve  r e q u i r e m e n ts  s h a l l  b e  p e r m i tte d  to  b e
u s e d  as  p ar t o f th e  p e r fo r m an c e  ap p r o ac h ,  i f th e y,  i n  c o n j u n c ‐

ti o n  wi th  th e  p e r fo r m an c e  fe atu r e s ,  m e e t th e  o ve r al l  go a l s  an d
o b j e c ti ve s  o f th i s  Code.  [ 1 : 4 . 3 . 2 . 2 ]

4 . 4 . 3    Wh e r e  an y o f th e  r e q u i r e m e n ts  o f e i th e r  c o m p l i a n c e
m e th o d  r e q u i r e s  r e c o r d s  to  b e  ke p t,  th e y s h a l l  c o m p l y wi th  a l l

o f th e  fo l l o wi n g:

( 1 ) Re c o r d s  s h al l  b e  m ai n ta i n e d  o n  th e  p r e m i s e s  o r  o th e r
a p p r o ve d  l o c a ti o n .

( 2 ) Re te n ti o n  o f r e c o r d s  s h al l  b e  fo r  n o t l e s s  th a n  th r e e  ye a r s ,
o r  s h a l l  c o m p l y wi th  th e  p e r i o d  o f ti m e  wh e r e  specifed  i n
th i s  c o d e  o r  r e fe r e n c e d  s tan d a r d s ,  wh i c h e ve r  i s  l o n ge r.

( 3 ) Re c o r d s  s h a l l  b e  m ad e  a va i l a b l e  fo r  i n s p e c ti o n  b y th e  AH J
an d  a  c o p y s h al l  b e  p r o vi d e d  to  th e  AH J  u p o n  r e q u e s t.

Δ 4 . 5  P e r m i ts .    P e r m i ts  s h a l l  b e  o b tai n e d  i n  a c c o r d a n c e  wi th  th e
re q u i r e m e n ts  o f th e  j u r i s d i c ti o n  i n  wh i c h  th e  fac i l i ty o p e r a te s .

4 . 6  E m e rge n c y P l an .

Δ 4 . 6 . 1    An  e m e r ge n c y p l a n  s h a l l  b e  p r e p ar e d  a n d  u p d ate d  wh e r ‐
e ve r  GH 2  o r  L H 2  ar e  p r o d u c e d ,  h a n d l e d ,  s to r e d ,  o r  u s e d  i n
a m o u n ts  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 a n ti ty ( M AQ)

p e r  c o n tr o l  ar e a  o r  wh e r e  r e q u i r e d  b y th e  AH J .

Δ 4 . 6 . 2    T h e  p l an  s h al l  b e  a va i l ab l e  fo r  i n s p e c ti o n  b y th e  AH J
an d  s h al l  i n c l u d e  th e  fo l l o wi n g  i n fo r m a ti o n :

( 1 ) T h e  typ e  o f e m e r ge n c y e q u i p m e n t avai l a b l e  a n d  i ts  l o c a‐
ti o n

( 2 ) A b r i e f d e s c r i p ti o n  o f a n y te s ti n g  o r  m ai n te n a n c e
p r o gr a m s  fo r th e  avai l ab l e  e m e r g e n c y e q u i p m e n t

( 3 ) An  i n d i c ati o n  th at h a z a r d  identifcation  l ab e l i n g i s  p r o vi ‐
d e d  fo r  e a c h  s to r ag e  a r e a

( 4 ) T h e  l o c a ti o n  o f p o s te d  e m e r g e n c y p r o c e d u r e s
( 5 ) A s a fe ty d a ta s h e e t ( S D S )  o r  e q u i va l e n t fo r  GH 2  o r  L H 2

s to r e d  o r  u s e d  o n  th e  s i te
( 6 ) A l i s t o f p e r s o n n e l  wh o  ar e  d e s i gn a te d  an 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 a n d  wh o  a r e
re s p o n s i b l e  fo r  th e  fo l l o wi n g:

( a) Ai d i n g  th e  e m e r ge n c y r e s p o n d e r s  i n  p r e - e m e r g e n c y
p l a n n i n g

( b ) I d e n ti fyi n g  th e  l o c ati o n  o f th e  G H 2  an d  L H 2  s to r e d
o r  u s e d

( c ) Ac c e s s i n g S D S s
( d ) Kn o wi n g th e  s i te  e m e r ge n c y p r o c e d u r e s

( 7 ) A l i s t o f th e  typ e s  a n d  q u a n ti ti e s  o f GH 2  an d  L H 2  fo u n d
wi th i n  th e  fac i l i ty

4 . 7  Fac i l i ty C l o s u re .

4 . 7 . 1    Wh e r e  r e q u i r e d  b y th e  AH J ,  n o  fac i l i ty s to r i n g h az ar d o u s
m a te r i al s  l i s te d  i n  1 . 1 . 1  o f N F PA 4 0 0  s h a l l  c l o s e  o r  ab a n d o n  a n
e n ti r e  s to r a ge  fa c i l i ty wi th o u t n o ti fyi n g  th e  AH J  a t l e a s t 3 0  d ays

p r i o r  to  th e  s c h e d u l e d  c l o s i n g.  [ 4 0 0 : 1 . 9 . 1 ]

4 . 7 . 2    T h e  AH J  s h a l l  b e  p e r m i tte d  to  r e d u c e  th e  3 0 -d a y p e r i o d
specifed  i n  4 . 7 . 1  wh e r e  th e r e  ar e  s p e c i a l  c i r c u m s tan c e s  r e q u i r ‐

i n g  s u c h  r e d u c ti o n .  [ 4 0 0 : 1 . 9 . 2 ]

4 . 7 . 3  Fac i l i ti e s  O u t o f S e r vi c e .

4 . 7 . 3 . 1  Fac i l i ti e s  Te m p o rari l y O u t o f S e r vi c e .    F a c i l i ti e s  th a t
ar e  te m p o r ar i l y o u t o f s e r vi c e  s h al l  c o n ti n u e  to  m ai n ta i n  a
p e r m i t an d  b e  m o n i to r e d  a n d  i n s p e c te d .  [ 4 0 0 : 1 . 9 . 3 . 1 ]

4 . 7 . 3 . 2  Fac i l i ti e s  P e r m an e n tl y O u t o f S e r vi c e .    F ac i l i ti e s  fo r
wh i c h  a  p e r m i t i s  n o t ke p t c u r r e n t o r  th a t ar e  n o t m o n i to r e d

a n d  i n s p e c te d  o n  a r e gu l a r  b a s i s  s h a l l  b e  d e e m e d  to  b e  p e r m a‐
n e n tl y o u t o f s e r vi c e  an d  s h a l l  b e  c l o s e d  i n  ac c o r d a n c e  wi th
4 . 7 . 4 . 1  th r o u g h  4 . 7 . 4 . 2 .  [ 4 0 0 : 1 . 9 . 3 . 2 ]

4 . 7 . 4  C l o s u re  P l an .

4 . 7 . 4 . 1    Wh e r e  r e q u i r e d  b y th e  AH J ,  th e  p e r m i t h o l d e r  o r
ap p l i c a n t s h al l  s u b m i t a c l o s u r e  p l an  to  th e  fre  d e p ar tm e n t to

te r m i n a te  s to r ag e ,  d i s p e n s i n g,  h a n d l i n g ,  o r  u s e  o f [ GH 2  o r
L H 2 ]  at l e as t 3 0  d ays  p r i o r  to  fac i l i ty c l o s u r e .  [ 4 0 0 : 1 . 9 . 4 . 1 ]

4 . 7 . 4 . 2    T h e  p l an  s h al l  d e m o n s tr a te  th a t [ GH 2  o r  L H 2 ]  th a t wa s
s to r e d ,  d i s p e n s e d ,  h a n d l e d ,  o r  u s e d  i n  th e  fa c i l i ty h as  b e e n

tr a n s p o r te d ,  d i s p o s e d  o f,  o r  r e u s e d  i n  a  m a n n e r  th at e l i m i n ate s
th e  n e e d  fo r  fu r th e r  m a i n te n an c e  an d  an y th r e a t to  p u b l i c
h e a l th  an d  s afe ty.  [ 4 0 0 : 1 . 9 . 4 . 2 ]

Δ 4 . 7 . 4 . 3    T h e  p l a n  s h a l l  b e  s u b m i tte d  wi th  a  p e r m i t a p p l i c a ti o n
fo r  fa c i l i ty c l o s u r e  i n  ac c o r d an c e  wi th  S e c ti o n  4 . 5 .

Δ 4 . 8 *  O u t- o f- S e r vi c e  S tati o n ar y B ul k G as  S ys te m s .    I n s tal l e d
b u l k g as  s ys te m s  n o  l o n ge r  i n  u s e  th a t r e m a i n  i n  p l a c e  s h al l  b e

r e m o ve d  fr o m  s e r vi c e  b y th e  s u p p l i e r  o r  s h a l l  b e  s afe gu ar d e d  i n
ac c o r d an c e  wi th  th e  fo l l o wi n g:

( 1 ) Re q u i r e d  p e r m i ts  s h al l  b e  m a i n tai n e d .
( 2 ) T h e  s o u r c e  an d  fll  va l ve s  s h al l  b e  c l o s e d  to  p re ve n t th e

i n tr u s i o n  o f ai r  o r  m o i s tu r e .
( 3 ) C yl i n d e r s ,  c o n ta i n e r s ,  an d  tan ks  s h a l l  b e  m ai n ta i n e d  i n

s e r vi c e ab l e  c o n d i ti o n .
( 4 ) S e c u r i ty s h a l l  b e  m ai n ta i n e d  i n  a c c o r d an c e  wi th  7 . 1 . 7 .

4 . 9  M an age m e n t P l an  an d  H az ard o us  M ate ri al s  D o c u m e n ta‐
ti o n .

Δ 4 . 9 . 1  H az ard o u s  M ate ri al s  M an age m e n t P l an .    Wh e r e
r e q u i r e d  b y th e  AH J ,  a  h a z a r d o u s  m ate r i al s  m an a ge m e n t p l a n

( H M M P )  s h a l l  b e  s u b m i tte d  to  th e  AH J .

Δ 4 . 9 . 1 . 1    T h e  H M M P  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 th e
a d o p te d  fre  c o d e .
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S h ad 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 ate r i a l . 2 0 2 3  E d i t i o n

4 . 9 . 2 *  H az ard o u s  M ate ri al s  I n ve n to r y S tate m e n t.    Wh e n
r e q u i r e d  b y th e  AH J ,  a  h a z a r d o u s  m ate r i a l s  i n ve n to r y s ta te m e n t
( H M I S )  [ ad d r e s s i n g  th e  GH 2  o r  L H 2  p r e s e n t]  s h al l  b e  c o m p l e ‐
te d  a n d  s u b m i tte d  to  th e  AH J .  [ 4 0 0 : 1 . 1 2 . 1 ]

4 . 9 . 3  S afe ty D ata S h e e ts .    S afe ty D ata S h e e ts  ( S D S )  s h al l  b e
a va i l ab l e  o n  th e  p r e m i s e s  fo r  [ GH 2  o r  L H 2 ]  r e g u l a te d  b y th i s
c o d e .  Wh e n  a p p r o ve d ,  S D S s  s h a l l  b e  p e r m i tte d  to  b e  r e tr i e va‐

b l e  b y e l e c tr o n i c  a c c e s s .  [ 4 0 0 : 6 . 1 . 2 ]

4 . 1 0  Re l e as e  o f G H 2  o r L H 2 .

Δ 4 . 1 0 . 1 *  P ro h i b i te d  Re l e as e s .    [ G H 2  o r  L H 2 ]  s h al l  n o t b e
r e l e as e d  i n to  a s e we r,  s to r m  d r ai n ,  d i tc h ,  d r a i n ag e  c an a l ,  l ake ,
r i ve r,  o r  ti d a l  wa te r way;  u p o n  th e  gr o u n d ,  a s i d e wal k,  a  s tr e e t,

o r  a h i g h way;  o r  i n to  th e  atm o s p h e r e ,  u n l e s s  s u c h  r e l e as e  i s
p e r m i tte d  b y th e  fo l l o wi n g:

( 1 ) F e d e r al ,  s tate ,  o r  l o c al  go ve r n i n g  r e g u l ati o n s
( 2 ) P r e s s u r e  r e l i e f d e vi c e s  a n d  ve n ts  d e s i gn e d  as  p ar t o f a

s ys te m

4 . 1 0 . 2  C o n tro l  an d  M i ti gati o n  o f U n au th o ri z e d  Re l e as e s .
P r o vi s i o n s  s h al l  b e  m ad e  fo r  c o n tr o l l i n g  a n d  m i ti g ati n g  u n a u ‐

th o r i z e d  r e l e as e s .  [ 4 0 0 : 6 . 1 . 3 . 2 ]

4 . 1 0 . 3 *  Re c o rd s  o f U n au th o ri z e d  Re l e as e s .    Ac c u r ate  r e c o r d s
o f th e  u n au th o r i z e d  r e l e as e s  o f [ GH 2  o r  L H 2 ]  s h al l  b e  ke p t b y
th e  p e r m i tte e .  [ 4 0 0 : 6 . 1 . 3 . 3 ]

4 . 1 0 . 4  Notifcation  o f U n au th o ri z e d  Re l e as e s .    T h e  fre
d e p a r tm e n t s h al l  b e  notifed  i m m e d i a te l y o r  i n  a c c o r d a n c e
wi th  ap p r o ve d  e m e r g e n c y p r o c e d u r e s  wh e n  a n  u n au th o r i z e d

r e l e as e  b e c o m e s  r e p o r ta b l e  u n d e r  s ta te ,  fe d e r al ,  o r  l o c al  r e g u ‐
l ati o n s .  [ 4 0 0 : 6 . 1 . 3 . 4 ]

4 . 1 0 . 5  C o n tai n e r Fai l u re .    Wh e n  a n  u n a u th o r i z e d  r e l e a s e  d u e
to  p r i m ar y c o n ta i n e r  fai l u r e  i s  d i s c o ve r e d ,  th e  i n vo l ve d  p r i m ar y
c o n tai n e r  s h al l  b e  r e p ai r e d  o r  r e m o ve d  fr o m  s e r vi c e .

[ 4 0 0 : 6 . 1 . 3 . 5 ]

4 . 1 0 . 6  Re s p o n s i b i l i ty fo r C l e an u p  o f U n au th o ri z e d  Re l e as e s .

4 . 1 0 . 6 . 1    T h e  p e r s o n ,  frm,  o r  c o r p o r ati o n  re s p o n s i b l e  fo r  a n
u n au th o r i z e d  r e l e a s e  s h al l  i n s ti tu te  a n d  c o m p l e te  al l  ac ti o n s

n e c e s s ar y to  r e m e d y th e  e ffe c ts  o f s u c h  u n a u th o r i z e d  r e l e as e ,
wh e th e r  s u d d e n  o r  gr a d u al ,  at n o  c o s t to  th e  AH J .

[ 4 0 0 : 6 . 1 . 3 . 7 . 1 ]

4 . 1 0 . 6 . 2    Wh e n  d e e m e d  n e c e s s a r y b y th e  AH J ,  c l e a n u p  o f a n
u n au th o r i z e d  r e l e a s e  s h al l  b e  p e r m i tte d  to  b e  i n i ti a te d  b y th e
fre  d e p a r tm e n t o r  b y an  au th o r i z e d  i n d i vi d u a l  o r  frm,  an d

c o s ts  a s s o c i a te d  wi th  s u c h  c l e an u p  s h al l  b e  b o r n e  b y th e  o wn e r,
o p e r ato r,  o r  o th e r  p e r s o n  r e s p o n s i b l e  fo r  th e  u n au th o r i z e d
r e l e as e .  [ 4 0 0 : 6 . 1 . 3 . 7 . 2 ]

4 . 1 1 *  P e rs o n n e l  Trai n i n g.    P e r s o n s  i n  ar e a s  wh e r e  [ GH 2  o r
L H 2 ]  ar e  s to r e d ,  d i s p e n s e d ,  h an d l e d ,  o r  u s e d  s h a l l  b e  tr a i n e d
i n  th e  h az ar d s  o f th e  m ate r i al s  e m p l o ye d  a n d  ac ti o n s  r e q u i r e d

b y th e  e m e r g e n c y p l an .  T h e  l e ve l  o f tr ai n i n g to  b e  c o n d u c te d
s h a l l  b e  c o n s i s te n t wi th  th e  r e s p o n s i b i l i ti e s  o f th e  p e r s o n s  to  b e

tr ai n e d  i n  a c c o r d a n c e  wi th  4 . 1 1 . 1  th r o u g h  4 . 1 1 . 4 . 4 .  [ 4 0 0 : 6 . 1 . 4 ]

4 . 1 1 . 1  Aware n e s s .    T h e  tr ai n i n g  p r o vi d e d  fo r  p e r s o n s  d e s i g n a‐
te d  i n  S e c ti o n  4 . 1 1  s h a l l  i n c l u d e  a war e n e s s  tr a i n i n g i n  ac c o r d ‐

an c e  wi th  4 . 1 1 . 1 . 1  th r o u gh  4 . 1 1 . 1 . 3 .  [ 4 0 0 : 6 . 1 . 4 . 1 ]

4 . 1 1 . 1 . 1  C o m p l e ti o n .    I n i ti al  tr ai n i n g  s h al l  b e  c o m p l e te d  p r i o r
to  b e gi n n i n g  wo r k i n  th e  wo r k ar e a .  [ 4 0 0 : 6 . 1 . 4 . 1 . 1 ]

4 . 1 1 . 1 . 2  H az ard  C o m m u n i c ati o n s .    Tr ai n i n g  s h a l l  b e  p r o vi d e d
p r i o r  to  b e g i n n i n g wo r k i n  th e  wo r k ar e a  to  e n ab l e  p e r s o n n e l
to  r e c o gn i z e  an d  i d e n ti fy [ GH 2  o r  L H 2 ]  s to r e d ,  d i s p e n s e d ,
h a n d l e d ,  o r  u s e d  o n  s i te  a n d  wh e r e  to  fnd  h a z a r d  s afe ty i n fo r ‐

m a ti o n  p e r ta i n i n g  to  th e  h a z a r d s  o f th e  m ate r i al s  e m p l o ye d .
[ 4 0 0 : 6 . 1 . 4 . 1 . 2 ]

4 . 1 1 . 1 . 3  E m e rge n c y P l an .    Tr ai n i n g  s h a l l  b e  p r o vi d e d  p r i o r  to
b e g i n n i n g wo r k i n  th e  wo r k a r e a to  e n ab l e  p e r s o n n e l  to  i m p l e ‐

m e n t th e  e m e r ge n c y p l a n .  [ 4 0 0 : 6 . 1 . 4 . 1 . 3 ]

4 . 1 1 . 2  O p e rati o n s  P e rs o n n e l .    P e r s o n s  e n ga ge d  i n  s to r i n g ,
u s i n g ,  o r  h an d l i n g  [ GH 2  o r  L H 2 ]  s h al l  b e  d e s i gn a te d  as  o p e r a‐

ti o n s  p e r s o n n e l  an d  s h a l l  b e  tr a i n e d  i n  ac c o r d an c e  wi th  4 . 1 1 . 1
an d  4 . 1 1 . 2 . 2  th r o u g h  4 . 1 1 . 2 . 7 .  [ 4 0 0 : 6 . 1 . 4 . 2 ]

4 . 1 1 . 2 . 1  Fue l i n g.    C u s to m e r s  p e r fo r m i n g  p u b l i c  m o to r  fu e l
d i s p e n s i n g o f GH 2  ve h i c l e s  i n  ac c o r d an c e  wi th  C h ap te r  1 0  s h a l l
n o t b e  d e s i gn a te d  as  o p e r a ti o n s  p e r s o n n e l  s u b j e c t to  th e

r e q u i r e m e n ts  o f 4 . 1 1 . 2 .

4 . 1 1 . 2 . 2  P h ys i c al  an d  H e al th  H az ard  P ro p e r ti e s .    O p e r ati o n s
p e r s o n n e l  s h a l l  b e  tr ai n e d  i n  th e  c h e m i c al  n atu r e  o f th e  m a te ‐

r i al s ,  i n c l u d i n g  th e i r  p h ys i c al  h az ar d s  a n d  th e  s ym p to m s  o f
ac u te  o r  c h r o n i c  e x p o s u r e  as  p r o vi d e d  b y th e  s a fe ty d ata s h e e t

( S D S )  fu r n i s h e d  b y th e  m a n u fac tu r e r  o r  o th e r  a u th o r i ta ti ve
s o u r c e s .  [ 4 0 0 : 6 . 1 . 4 . 2 . 1 ]

4 . 1 1 . 2 . 3  D i s p e n s i n g,  U s i n g,  an d  P ro c e s s i n g.    O p e r a ti o n s
p e r s o n n e l  s h a l l  b e  tr ai n e d  i n  th e  specifc  u s e  o f s afe g u ar d s
ap p l i c a b l e  to  th e  d i s p e n s i n g,  p r o c e s s i n g,  o r  u s e  o f th e  m ate r i al s

a n d  th e  e q u i p m e n t e m p l o ye d .  [ 4 0 0 : 6 . 1 . 4 . 2 . 2 ]

4 . 1 1 . 2 . 4  S to rage .    O p e r a ti o n s  p e r s o n n e l  s h al l  b e  tr a i n e d  i n  th e
a p p l i c a ti o n  o f s to r a ge  ar r a n ge m e n ts  an d  site-specifc  l i m i ta‐

ti o n s  o n  s to r ag e  fo r  th e  m ate r i a l s  e m p l o ye d .  [ 4 0 0 : 6 . 1 . 4 . 2 . 3 ]

4 . 1 1 . 2 . 5  Tran s p o r t ( H an d l i n g) .    O p e r a ti o n s  p e r s o n n e l
i n vo l ve d  i n  m ate r i al s  h an d l i n g s h a l l  b e  tr ai n e d  i n  th e  r e q u i r e ‐
m e n ts  fo r  o n -s i te  tr an s p o r t o f th e  m a te r i al s  e m p l o ye d .

[ 4 0 0 : 6 . 1 . 4 . 2 . 4 ]

4 . 1 1 . 2 . 6  Ac ti o n s  i n an  E m e rge n c y.    O p e r a ti o n s  p e r s o n n e l  s h a l l
b e  tr a i n e d  i n  th e  n e c e s s ar y ac ti o n s  to  take  i n  th e  e ve n t o f an

e m e r g e n c y,  i n c l u d i n g  th e  o p e r ati o n  an d  ac ti vati o n  o f e m e r ‐
ge n c y c o n tr o l s  p r i o r  to  e vac u a ti o n .  [ 4 0 0 : 6 . 1 . 4 . 2 . 5 ]

4 . 1 1 . 2 . 7  C h an ge s .    Tr ai n i n g  s h al l  b e  p r o vi d e d  wh e n e ve r  a n e w
h az ar d o u s  m ate r i al  i s  i n tr o d u c e d  i n to  th e  wo r k ar e a th at

p r e s e n ts  a n e w p h ys i c al  o r  h e a l th  h a z a r d ,  o r  wh e n  n e w i n fo r m a‐
ti o n  i s  o b ta i n e d  p e r tai n i n g  to  p h ys i c al  o r  h e a l th  h a z a r d s  o f an

e x i s ti n g  h a z a r d o u s  m a te r i al  th at h a s  n o t b e e n  i n c l u d e d  i n
p r e vi o u s  tr ai n i n g ,  an d  wh e n  th e r e  ar e  c h a n ge s  i n  an y o f th e

fo l l o wi n g :

( 1 ) E q u i p m e n t
( 2 ) O p e r a ti o n s
( 3 ) H az ar d o u s  M ate r i a l s
[ 4 0 0 : 6 . 1 . 4 . 2 . 6 ]

4 . 1 1 . 3  E m e rge n c y Re s p o n s e  L i ai s o n .  [ 4 0 0 : 6 . 1 . 4 . 3 ]

4 . 1 1 . 3 . 1    Re s p o n s i b l e  p e r s o n s  s h a l l  b e  d e s i g n ate d  a n d  tr a i n e d
to  b e  e m e r g e n c y r e s p o n s e  ( E R)  l i ai s o n  p e r s o n n e l .

[ 4 0 0 : 6 . 1 . 4 . 3 . 1 ]
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2 0 2 3  E d i t i o n S h a d e d  te x t =  Re vi s i o n s .  Δ  =  Te x t d e l e ti o n s  a n d  fgure/table  r e vi s i o n s .  •  =  S e c ti o n  d e l e ti o n s .  N  =  N e w m a te r i a l .

4 . 1 1 . 3 . 2    E m e r g e n c y r e s p o n s e  l i ai s o n  p e r s o n n e l  s h al l  d o  th e
fo l l o wi n g :

( 1 ) Ai d  e m e r ge n c y r e s p o n d e r s  i n  p r e - p l a n n i n g  r e s p o n s e s  to
e m e r g e n c i e s

( 2 ) I d e n ti fy l o c ati o n s  wh e r e  [ GH 2  o r  L H 2 ]  a r e  l o c ate d
( 3 ) H a ve  ac c e s s  to  s a fe ty d ata s h e e ts
( 4 ) B e  kn o wl e d g e ab l e  i n  th e  s i te  e m e r g e n c y r e s p o n s e  p r o c e ‐

d u r e s

[ 4 0 0 : 6 . 1 . 4 . 3 . 2 ]

4 . 1 1 . 4 *  E m e rge n c y Re s p o n d e rs .    E m e r ge n c y r e s p o n d e r s  s h a l l
b e  tr ai n e d  to  b e  c o m p e te n t i n  th e  ac ti o n s  to  b e  take n  i n  a n
e m e r g e n c y e ve n t.  [ 4 0 0 : 6 . 1 . 4 . 4 ]

4 . 1 1 . 4 . 1 *  E m e rge n c y Re s p o n s e  Te am  L e ad e r.    P e r s o n s  ac ti n g
as  E R te a m  l e ad e r s  s h al l  b e  tr ai n e d  u n d e r  th e  I n c i d e n t

C o m m a n d  S ys te m  c o n c e p t o r  e q u i val e n t.  [ 4 0 0 : 6 . 1 . 4 . 4 . 1 ]

4 . 1 1 . 4 . 2 *  Re s p o n s e  to  I n c i p i e n t E ve n ts .    Re s p o n s e s  to  i n c i d e n ‐
tal  r e l e as e s  o f [ G H 2  o r  L H 2 ]  wh e r e  th e  m ate r i a l  c a n  b e  a b s o r ‐

b e d ,  n e u tr al i z e d ,  o r  o th e r wi s e  c o n tr o l l e d  at th e  ti m e  o f r e l e a s e
b y e m p l o ye e s  i n  th e  i m m e d i ate  r e l e as e  ar e a ,  o r  b y m ai n te n a n c e

p e r s o n n e l ,  s h a l l  n o t b e  c o n s i d e r e d  e m e r ge n c y r e s p o n s e s  a s
defned  wi th  th e  s c o p e  o f th i s  c o d e .  [ 4 0 0 : 6 . 1 . 4 . 4 . 2 ]

4 . 1 1 . 4 . 3 *  O n - S i te  E m e rge n c y Re s p o n s e  Te am .    Wh e n  an  o n -
s i te  e m e r ge n c y r e s p o n s e  te am  i s  p r o vi d e d ,  e m e r g e n c y r e s p o n d ‐
e r s  s h a l l  b e  tr ai n e d  i n  ac c o r d a n c e  wi th  th e  r e q u i r e m e n ts  o f th e
specifc  s i te  e m e r g e n c y p l an  o r  a s  r e q u i r e d  b y fe d e r al ,  s tate ,  o r
l o c a l  g o ve r n m e n ta l  ag e n c i e s .  [ 4 0 0 : 6 . 1 . 4 . 4 . 3 ]

4 . 1 1 . 4 . 4  Trai n i n g M an d ate d  b y o th e r Age n c i e s .    Tr ai n i n g
r e q u i r e d  b y fe d e r a l ,  s tate ,  o r  l o c al  r e g u l ati o n s  th at i s  r e q u i r e d

b a s e d  o n  th e  q u a n ti ty o r typ e  o f [ GH 2  o r  L H 2 ]  s to r e d ,
d i s p e n s e d ,  h an d l e d ,  o r  u s e d  s h a l l  b e  c o n d u c 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 an d  u n d e r  th e  j u r i s d i c ti o n  o f th e

go ve r n i n g  a ge n c y.  [ 4 0 0 : 6 . 1 . 4 . 5 ]

4 . 1 1 . 4 . 5  D o c um e n tati o n .    Tr ai n i n g  s h a l l  b e  d o c u m e n te d  an d
th e  d o c u m e n tati o n  m ad e  avai l ab l e  to  th e  AH J  u p o n  wr i tte n

r e q u e s t.  [ 4 0 0 : 6 . 1 . 4 . 6 ]

4 . 1 2  I gn i ti o n  S o urc e  C o n tro l s .

Δ 4 . 1 2 . 1  S m o ki n g.    S m o ki n g  s h al l  b e  p r o h i b i te d  i n  th e  fo l l o wi n g
l o c a ti o n s :

( 1 ) Wi th i n  2 5  ft ( 7 . 6  m )  o f o u td o o r  s to r a ge  o r  ar e a s ,  d i s p e n s ‐
i n g  a r e as ,  o r  o p e n  u s e  a r e as .

( 2 ) I n  r o o m s  o r  ar e a s  wh e r e  [ G H 2  o r  L H 2 ]  a r e  s to r e d  o r
d i s p e n s e d  o r  u s e d  i n  o p e n  s ys te m s  i n  a m o u n ts  r e q u i r i n g a
p e r m i t i n  ac c o r d an c e  wi th  S e c ti o n  4 . 5

[ 4 0 0 : 6 . 1 . 5 . 1 ]

4 . 1 2 . 2  O p e n  Fl am e s  an d  H i gh - Te m p e rature  D e vi c e s .    O p e n
fames  an d  h i gh - te m p e r a tu r e  d e vi c e s  s h al l  n o t b e  u s e d  i n  a

m a n n e r  th at c r e ate s  a  h a z a r d o u s  c o n d i ti o n .  [ 4 0 0 : 6 . 1 . 5 . 2 ]

4 . 1 2 . 3  E n e rgy- C o n s u m i n g E q u i p m e n t.    E n e r gy-c o n s u m i n g
e q u i p m e n t wi th  th e  p o te n ti al  to  s e r ve  as  a  s o u r c e  o f i gn i ti o n
s h a l l  b e  l i s te d  o r  ap p r o ve d  fo r  u s e  wi th  [ G H 2  o r  L H 2 ]  s to r e d  o r
u s e d .  [ 4 0 0 : 6 . 1 . 5 . 3 ]

4 . 1 2 . 4  P o we re d  I n d u s tri al  Tr uc k s .    P o we r e d  i n d u s tr i al  tr u c ks
s h a l l  b e  o p e r ate d  a n d  m a i n tai n e d  i n  ac c o r d an c e  wi th
N F PA 5 0 5 .  [ 1 : 1 0 . 1 7 ]

4 . 1 2 . 5  L ab o rato ri e s .    E q u i p m e n t i n  l a b o r a to r i e s  s h al l  b e  i n
a c c o r d an c e  wi th  C h ap te r  1 6 .

4 . 1 3  S i gn s .

4 . 1 3 . 1  G e n e ral .

4 . 1 3 . 1 . 1 *  D e s i gn  an d  C o n s tr u c ti o n .    S i g n s  s h a l l  b e  d u r ab l e ,
a n d  th e  s i z e ,  c o l o r,  a n d  l e tte r i n g o f s i g n s  s h al l  b e  i n  ac c o r d a n c e

wi th  n ati o n al l y r e c o g n i z e d  s ta n d ar d s .  [ 4 0 0 : 6 . 1 . 8 . 1 . 1 ]

4 . 1 3 . 1 . 2  L an guage .    S i g n s  s h al l  b e  i n  E n gl i s h  as  th e  p r i m ar y
l an g u a ge  o r  i n  s ym b o l s  p e r m i tte d  b y th i s  c o d e .  [ 4 0 0 : 6 . 1 . 8 . 1 . 2 ]

4 . 1 3 . 1 . 3  M ai n te n an c e .    S i g n s  s h a l l  m e e t th e  fo l l o wi n g c r i te r i a :

( 1 ) T h e y s h al l  n o t b e  o b s c u r e d .
( 2 ) T h e y s h al l  b e  m ai n ta i n e d  i n  a l e g i b l e  c o n d i ti o n .
( 3 ) T h e y s h al l  n o t b e  r e m o ve d ,  u n l e s s  fo r  r e p l ac e m e n t.

[ 4 0 0 : 6 . 1 . 8 . 1 . 3 ]

4 . 1 3 . 2  H az ard  Identifcation  S i gn s .

4 . 1 3 . 2 . 1    Vi s i b l e  h a z a r d  identifcation  s i g n s  i n  a c c o r d a n c e  wi th
N F PA 7 0 4  s h a l l  b e  p l a c e d  at th e  fo l l o wi n g  l o c ati o n s ,  e x c e p t

wh e r e  th e  AH J  h a s  r e c e i ve d  a h a z a r d o u s  m ate r i al s  m a n ag e m e n t
p l a n  an d  a  h az ar d o u s  m ate r i a l s  i n ve n to r y s tate m e n t i n  ac c o r d ‐
a n c e  wi th  4 . 9 . 1  an d  4 . 9 . 2  a n d  h a s  d e te r m i n e d  th at o m i s s i o n  o f

s u c h  s i gn s  i s  c o n s i s te n t wi th  s a fe ty:

( 1 ) O n  s ta ti o n ar y ab o ve gr o u n d  ta n ks
( 2 ) O n  s ta ti o n ar y ab o ve gr o u n d  c o n tai n e r s
( 3 ) At e n tr an c e s  to  l o c a ti o n s  wh e r e  h a z a r d o u s  m ate r i a l s  a r e

s to r e d ,  d i s p e n s e d ,  u s e d ,  o r  h an d l e d  i n  q u a n ti ti e s  r e q u i r ‐
i n g a  p e r m i t

( 4 ) * At o th e r  e n tr a n c e s  a n d  l o c ati o n s  d e s i g n ate d  b y th e  AH J

[ 4 0 0 : 6 . 1 . 8 . 2 . 1 ]

4 . 1 3 . 2 . 2  Identifcation  o f C o n tai n e rs ,  C ar to n s ,  an d  P ac k age s .
I n d i vi d u al  c o n ta i n e r s ,  c ar to n s ,  o r  p ac kag e s  s h a l l  b e  c o n s p i c u ‐
o u s l y m ar ke d  o r  l a b e l e d  i n  a c c o r d an c e  wi th  n ati o n al l y r e c o g‐

n i z e d  c o d e s  a n d  s ta n d ar d s .

Δ 4 . 1 3 . 2 . 3  Identifcation  o f G as  Ro o m s  an d  C ab i n e ts .    Ro o m s  o r
c a b i n e ts  c o n ta i n i n g  c o m p r e s s e d  g as e s  s h al l  b e  c o n s p i c u o u s l y

l ab e l e d  as  fo l l o ws :

C O M P RE S S E D  GAS

4 . 1 3 . 3  N o  S m o k i n g S i gn s .    Wh e r e  “ n o  s m o ki n g”  i s  n o t a p p l i c a‐
b l e  to  an  e n ti r e  s i te  o r  b u i l d i n g,  s i g n s  s h al l  b e  p r o vi d e d  a s

fo l l o ws :

( 1 ) I n  r o o m s  o r  ar e a s  wh e r e  [ GH 2  o r  L H 2 ]  i s  s to r e d  o r
d i s p e n s e d  o r  u s e d  i n  o p e n  s ys te m s  i n  am o u n ts  r e q u i r i n g a
p e r m i t i n  ac c o r d an c e  wi th  S e c ti o n  1 . 8  o f N FPA 4 0 0

( 2 ) Wi th i n  2 5  ft ( 7 . 6  m )  o f o u td o o r  s to r a ge ,  d i s p e n s i n g ,  o r
o p e n -u s e  ar e a s

[ 4 0 0 : 6 . 1 . 8 . 3 ]

4 . 1 4  P ro te c ti o n  Fro m  Ve h i c u l ar D am age .

4 . 1 4 . 1    Wh e r e  r e q u i r e d ,  g u ar d  p o s ts  i n  ac c o r d a n c e  wi th
4 . 1 4 . 1 . 2  o r  o th e r  a p p r o ve d  m e a n s  s h al l  b e  p r o vi d e d  to  p r o te c t

a ga i n s t p h ys i c a l  d a m ag e .

4 . 1 4 . 1 . 1    Gu a r d  p o s ts  o r  o th e r  ap p r o ve d  m e an s  s h al l  b e  p r o vi ‐
d e d  to  p r o te c t th e  fo l l o wi n g  wh e r e  s u b j e c t to  ve h i c u l ar
d am ag e :

( 1 ) * S to r a ge  tan ks  a n d  c o n n e c te d  p i p i n g,  val ve s ,  a n d  fttings
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( 2 ) S to r ag e  a r e as  c o n tai n i n g  tan ks  o r  p o r tab l e  c o n tai n e r s
e x c e p t wh e r e  th e  e x p o s i n g  ve h i c l e s  a r e  p o we r e d  i n d u s ‐
tr i a l  tr u c ks  u s e d  fo r  tr a n s p o r ti n g th e  [ GH 2  o r  L H 2 ]

( 3 ) U s e  a r e as

[ 4 0 0 : 6 . 1 . 9 . 1 ]

4 . 1 4 . 1 . 2    Wh e r e  g u ar d  p o s ts  ar e  i n s tal l e d ,  th e  p o s ts  s h al l  m e e t
th e  fo l l o wi n g  c r i te r i a:

( 1 ) T h e y s h a l l  b e  c o n s tr u c te d  o f s te e l  n o t l e s s  th an  4  i n .
( 1 0 2  m m )  i n  d i am e te r  an d  c o n c r e te  flled.

( 2 ) T h e y s h a l l  b e  s p ac e d  n o t m o r e  th a n  4  ft ( 1 . 2  m )  b e twe e n
p o s ts  o n  c e n te r.

( 3 ) T h e y s h a l l  b e  s e t n o t l e s s  th a n  3  ft ( 0 . 9  m )  d e e p  i n  a
c o n c r e te  fo o ti n g  o f n o t l e s s  th an  a 1 5  i n .  ( 3 8 0  m m )  d i am ‐
e te r.

( 4 ) T h e y s h al l  b e  s e t wi th  th e  to p  o f th e  p o s ts  n o t l e s s  th an
3  ft ( 0 . 9  m )  ab o ve  g r o u n d .

( 5 ) T h e y s h al l  b e  l o c ate d  n o t l e s s  th an  3  ft ( 0 . 9  m )  fr o m  th e
ta n k.

[ 4 0 0 : 6 . 1 . 9 . 2 ]

4 . 1 5 *  B u i l d i n g C o n s tr u c ti o n  M ate ri al s .

Δ 4 . 1 5 . 1 *  N o n c o m b u s ti b l e  M ate ri al .    T h e  m ate r i a l  c o m p l i e s  wi th
an y o f th e  fo l l o wi n g  s h a l l  b e  c o n s i d e r e d  a n o n c o m b u s ti b l e

m a te r i al :

( 1 ) * T h e  m ate r i al ,  i n  th e  fo r m  i n  wh i c h  i t i s  u s e d  a n d  u n d e r
th e  c o n d i ti o n  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 as e  fammable  vap o r s ,  wh e n  s u b j e c te d

to  fre  o r  h e at.
( 2 ) A m a te r i al  th at i s  r e p o r te d  a s  p as s i n g  AS T M  E 1 3 6 ,  Stand‐

ard Test Method for Assessing Combustibility of Materials Using
a Tube Furnace at 750°C.  

( 3 ) A m ate r i a l  th a t i s  r e p o r te d  as  c o m p l yi n g wi th  th e  p a s s / fa i l
c r i te r i a o f AS T M  E 1 3 6  wh e n  te s te d  i n  ac c o r d an c e  wi th

th e  te s t m e th o d  an d  p r o c e d u r e  i n  AS T M  E 2 6 5 2 ,  Standard
Test Method for Assessing Combustibility of Materials Using a
Tube Furnace with a Cone-shaped Airfow Stabilizer,  at 750°C.

[ 5 0 0 0 : 7 . 1 . 4 . 1 ]

Δ 4 . 1 5 . 2 *  L i m i te d - C o m b u s ti b l e  M ate ri al .    A m ate r i al  s h al l  b e
c o n s i d e r e d  a  l i m i te d -c o m b u s ti b l e  m ate r i al  wh e r e  o n e  o f th e
fo l l o wi n g  i s  m e t:

( 1 ) T h e  c o n d i ti o n s  o f 4 . 1 5 . 2 . 1  a n d  4 . 1 5 . 2 . 2 ,  an d  th e  c o n d i ‐
ti o n s  o f e i th e r  4 . 1 5 . 2 . 3  o r  4 . 1 5 . 2 . 4 ,  s h a l l  b e  m e t.

( 2 ) T h e  c o n d i ti o n s  o f 4 . 1 5 . 2 . 6  s h al l  b e  m e t.
[ 5 0 0 0 : 7 . 1 . 4 . 2 ]

Δ 4 . 1 5 . 2 . 1    T h e  m ate r i al  s h al l  n o t c o m p l y wi th  th e  r e q u i r e m e n ts
fo r  a  n o n c o m b u s ti b l e  m a te r i al ,  i n  a c c o r d an c e  wi th  4 . 1 5 . 1 .
[ 5 0 0 0 : 7 . 1 . 4 . 2 . 1 ]

Δ 4 . 1 5 . 2 . 2    T h e  m a te r i al ,  i n  th e  fo r m  wh i c h  i t i s  u s e d ,  e x h i b i ts  a
p o te n ti a l  h e a t va l u e  n o t e x c e e d i n g  3 5 0 0  B tu / l b  ( 8 1 4 1  kJ / kg)

wh e r e  te s te d  i n  ac c o r d a n c e  wi th  N F PA 2 5 9 .  [ 5 0 0 0 : 7 . 1 . 4 . 2 . 2 ]

Δ 4 . 1 5 . 2 . 3    T h e  m a te r i al  s h a l l  h ave  a s tr u c tu r al  b a s e  o f a
n o n c o m b u s ti b l e  m ate r i a l  wi th  a s u r fa c i n g  n o t e x c e e d i n g  a

th i c kn e s s  o f 1 ∕8   i n .  ( 3 . 2  m m )  wh e r e  th e  s u r fac i n g  e x h i b i ts  a
fame  s p r e a d  i n d e x  n o t g r e ate r  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
Characteristics of Building Materials,  o r  AN S I / U L  7 2 3 ,  Standard for
Test for Surface Burning Characteristics of Building Materials.
[ 5 0 0 0 : 7 . 1 . 4 . 2 . 3 ]

Δ 4 . 1 5 . 2 . 4    T h e  m a te r i al  s h al l  b e  c o m p o s e d  o f m a te r i al s  th at,  i n
th e  fo r m  an d  th i c kn e s s  u s e d ,  n e i th e r  e x h i b i t a fame  s p r e ad

i n d e x  g r e ate r  th a n  2 5  n o r  e x h i b i t e vi d e n c e  o f c o n ti n u e d
p r o gr e s s i ve  c o m b u s ti o n  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 ,  o r  AN S I / U L  7 2 3 ,  a n d  ar e  o f s u c h  c o m p o s i ti o n  th at a l l

s u r fac e s  th at wo u l d  b e  e x p o s e d  b y c u tti n g th r o u gh  th e  m a te r i al
o n  a n y p l an e  wo u l d  n e i th e r  e x h i b i t a  fame  s p r e a d  i n d e x
gr e a te r  th an  2 5  n o r  e x h i b i t e vi d e n c e  o f c o n ti n u e d  p r o g r e s s i ve

c o m b u s ti o n  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  o r
U L  7 2 3 .  [ 5 0 0 0 : 7 . 1 . 4 . 2 . 4 ]

Δ 4 . 1 5 . 2 . 5    M ate r i a l s  s h a l l  b e  c o n s i d e r e d  l i m i te d -c o m b u s ti b l e
m a te r i al s  wh e r e  te s te d  i n  ac c o r d an c e  wi th  AS T M  E 2 9 6 5 ,  Stand‐
ard Test Method for Determination of Low Levels of Heat Release Rate

for Materials and Products Using an Oxygen Consumption Calorime‐
ter,  at an  i n c i d e n t h e at fux  o f 7 5  kW/ m 2  fo r  a 2 0 -m i n u te  e x p o ‐

s u r e  an d  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  m e t:

( 1 ) T h e  p e ak h e a t r e l e as e  r ate  s h al l  n o t e x c e e d  1 5 0  kW/ m 2

fo r  l o n ge r  th an  1 0  s e c o n d s .
( 2 ) T h e  to tal  h e at r e l e as e d  s h al l  n o t e x c e e d  8  M J / m 2 .
[ 5 0 0 0 : 7 . 1 . 4 . 2 . 5 ]

Δ 4 . 1 5 . 2 . 6    Wh e r e  th e  te r m  limited-combustible i s  u s e d  i n  th i s  Code,
i t s h al l  al s o  i n c l u d e  th e  te r m  noncombustible.  [ 5 0 0 0 : 7 . 1 . 4 . 2 . 6 ]

C h ap te r 5    P e r fo r m an c e - B as e d  O p ti o n

5 . 1 *  G e n e ral .

5 . 1 . 1  Ap p l i c ati o n .    T h e  r e q u i r e m e n ts  o f th i s  c h a p te r  s h a l l
a p p l y to  fac i l i ti e s  d e s i gn e d  to  th e  p e r fo r m an c e -b as e d  o p ti o n
p e r m i tte d  b y S e c ti o n  4 . 4 .  [ 1 : 5 . 1 . 1 ]

5 . 1 . 2  G o al s  an d  O b j e c ti ve s .    T h e  p e r fo r m an c e -b as e d  d e s i gn
s h a l l  m e e t th e  g o al s  an d  o b j e c ti ve s  o f th i s  c o d e  i n  ac c o r d a n c e

wi th  S e c ti o n  4 . 3 .

5 . 1 . 3 *  Ap p ro ve d  Qualifcations.    T h e  p e r fo r m an c e -b as e d
d e s i g n  s h al l  b e  p r e p a r e d  b y a  p e r s o n  wi th  qualifcations  ac c e p t‐

a b l e  to  th e  AH J .  [ 1 : 5 . 1 . 3 ]

5 . 1 . 4 *  P l an  S u b m i ttal  D o c u m e n tati o n .    Wh e n  a p e r fo r m a n c e -
b a s e d  d e s i gn  i s  s u b m i tte d  to  th e  AH J  fo r  r e vi e w a n d  ap p r o val ,

th e  o wn e r  s h al l  d o c u m e n t,  i n  an  ap p r o ve d  fo r m a t,  e a c h
p e r fo r m a n c e  o b j e c ti ve  an d  ap p l i c ab l e  s c e n ar i o ,  i n c l u d i n g  an y

c a l c u l ati o n  m e th o d s  o r  m o d e l s  u s e d  i n  e s ta b l i s h i n g th e
p r o p o s e d  d e s i gn ’ s  fre  a n d  l i fe  s afe ty p e r fo r m an c e .  [ 1 : 5 . 1 . 4 ]

5 . 1 . 5 *  I n d e p e n d e n t Re vi e w.    T h e  AH J  s h al l  b e  p e r m i tte d  to
r e q u i r e  an  a p p r o ve d ,  i n d e p e n d e n t th i r d  p a r ty to  r e vi e w th e
p r o p o s e d  d e s i g n  an d  p r o vi d e  an  e va l u ati o n  o f th e  d e s i gn  to  th e

AH J  at th e  e x p e n s e  o f th e  o wn e r.  [ 1 : 5 . 1 . 5 ]

5 . 1 . 6  S o u rc e s  o f D ata.    D ata s o u r c e s  s h a l l  b e  identifed  an d
d o c u m e n te d  fo r  e ac h  i n p u t d ata r e q u i r e m e n t th at i s  r e q u i r e d

to  b e  m e t u s i n g  a s o u r c e  o th e r  th a n  a  r e q u i r e d  d e s i g n  s c e n a r i o ,
an  as s u m p ti o n ,  o r  a  fa c i l i ty d e s i g n  specifcation.  [ 1 : 5 . 1 . 6 ]

5 . 1 . 6 . 1    T h e  d e g r e e  o f c o n s e r va ti s m  refected  i n  s u c h  d ata s h al l
b e  specifed,  a n d  a justifcation  fo r  th e  s o u r c e  s h al l  b e  p r o vi ‐

d e d .  [ 1 : 5 . 1 . 6 . 1 ]

5 . 1 . 6 . 2    C o p i e s  o f al l  r e fe r e n c e s  r e l i e d  u p o n  b y th e
p e r fo r m a n c e -b as e d  d e s i g n  to  s u p p o r t as s u m p ti o n s ,  d e s i gn

fe a tu r e s ,  o r  a n y o th e r  p ar t o f th e  d e s i g n  s h al l  b e  m ad e  avai l ab l e
to  th e  AH J  i f r e q u e s te d .  [ 1 : 5 . 1 . 6 . 2 ]
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5 . 1 . 7  Fi n al  D e te r m i n ati o n .    T h e  AH J  s h a l l  m a ke  th e  fnal
d e te r m i n ati o n  as  to  wh e th e r  th e  p e r fo r m an c e  o b j e c ti ve s  h ave
b e e n  m e t.  [ 1 : 5 . 1 . 7 ]

Δ 5 . 1 . 8 *  O p e rati o n s  an d  M ai n te n an c e  M an ual .    An  ap p r o ve d
O p e r ati o n s  a n d  M a i n te n an c e  ( O & M )  M an u a l  s h al l  b e  p r o vi d e d
b y th e  o wn e r  to  th e  AH J  an d  th e  fre  d e p a r tm e n t an d  s h a l l  b e
m a i n tai n e d  at th e  fa c i l i ty i n  an  a p p r o ve d  l o c ati o n .  [ 1 : 5 . 1 . 8 ]

5 . 1 . 9 *  I n fo r m ati o n  Tran s fe r to  th e  Fi re  S e r vi c e .    Wh e r e  a
p e r fo r m a n c e -b as e d  d e s i gn  i s  ap p r o ve d  an d  u s e d ,  th e  d e s i gn e r
s h a l l  e n s u r e  th at i n fo r m ati o n  r e ga r d i n g  th e  o p e r ati n g  p r o c e ‐
d u r e s  o f th e  p e r fo r m a n c e -b as e d  d e s i gn e d  fre  p r o te c ti o n
s ys te m  i s  tr an s fe r r e d  to  th e  o wn e r  a n d  to  th e  l o c al  fre  s e r vi c e
fo r  i n c l u s i o n  i n  th e  pre-fre  p l a n .  [ 1 : 5 . 1 . 9 ]

5 . 1 . 1 0 *  D e s i gn  Fe atu re  M ai n te n an c e .

5 . 1 . 1 0 . 1    T h e  d e s i gn  fe a tu r e s  r e q u i r e d  fo r  th e  fac i l i ty to  m e e t
th e  p e r fo r m an c e  g o al s  an d  o b j e c ti ve s  s h a l l  b e  m ai n ta i n e d  b y
th e  o wn e r  a n d  b e  r e ad i l y a c c e s s i b l e  to  th e  AH J  fo r  th e  l i fe  o f
th e  fa c i l i ty.  [ 1 : 5 . 1 . 1 0 . 1 ]

5 . 1 . 1 0 . 2    T h e  fac i l i ty s h a l l  b e  m ai n tai n e d  i n  a c c o r d a n c e  wi th  a l l
d o c u m e n te d  as s u m p ti o n s  an d  d e s i g n  specifcations.
[ 1 : 5 . 1 . 1 0 . 2 ]

5 . 1 . 1 0 . 2 . 1    An y p r o p o s e d  c h an g e s  o r  va r i a ti o n s  fr o m  th e
ap p r o ve d  d e s i g n  s h a l l  b e  a p p r o ve d  b y th e  AH J  p r i o r  to  th e
ac tu al  c h a n ge .  [ 1 : 5 . 1 . 1 0 . 2 . 1 ]

5 . 1 . 1 0 . 2 . 2    An y ap p r o ve d  c h an g e s  to  th e  o r i gi n al  d e s i g n  s h a l l
b e  m ai n tai n e d  i n  th e  s am e  m a n n e r  a s  th e  o r i g i n a l  d e s i g n .
[ 1 : 5 . 1 . 1 0 . 2 . 2 ]

5 . 1 . 1 1 *  An n u al  Certifcation.    Wh e r e  a p e r fo r m an c e -b as e d
d e s i g n  i s  ap p r o ve d  an d  u s e d ,  th e  p r o p e r ty o wn e r  s h al l  an n u al l y
c e r ti fy th at th e  d e s i g n  fe atu r e s  a n d  s ys te m s  h a ve  b e e n  m ai n ‐
ta i n e d  i n  a c c o r d an c e  wi th  th e  ap p r o ve d  o r i g i n al  p e r fo r m a n c e -
b a s e d  d e s i gn  an d  a s s u m p ti o n s  an d  an y s u b s e q u e n t a p p r o ve d
c h a n ge s  o r  modifcations  to  th e  o r i g i n a l  p e r fo r m an c e -b as e d
d e s i g n .  [ 1 : 5 . 1 . 1 1 ]

5 . 1 . 1 2  H az ard o u s  M ate ri al s .

5 . 1 . 1 2 . 1    P e r fo r m an c e -b as e d  d e s i gn s  fo r  fac i l i ti e s  c o n tai n i n g
h i g h  h az ar d  c o n te n ts  s h al l  i d e n ti fy th e  p r o p e r ti e s  o f h az ar d o u s
m a te r i al s  to  b e  s to r e d ,  u s e d ,  o r  h an d l e d  a n d  s h al l  p r o vi d e
ad e q u ate  an d  r e l i ab l e  s a fe g u a r d s  to  ac c o m p l i s h  th e  fo l l o wi n g
o b j e c ti ve s ,  c o n s i d e r i n g  b o th  n o r m a l  o p e r ati o n s  an d  p o s s i b l e
ab n o r m a l  c o n d i ti o n s :

( 1 ) M i n i m i z e  th e  p o te n ti al  o c c u r r e n c e  o f u n wan te d  r e l e as e s ,
fre,  o r  o th e r  e m e r g e n c y i n c i d e n ts  r e s u l ti n g  fr o m  th e

s to r ag e ,  u s e ,  o r  h an d l i n g  o f h az ar d o u s  m a te r i al s
( 2 ) M i n i m i z e  th e  p o te n ti al  fa i l u r e  o f b u i l d i n gs ,  e q u i p m e n t,

o r  p r o c e s s e s  i n vo l vi n g  h az ar d o u s  m ate r i al s  b y e n s u r i n g
th at s u c h  b u i l d i n gs ,  e q u i p m e n t,  o r  p r o c e s s e s  a r e  r e l i a b l y
d e s i g n e d  an d  a r e  s u i tab l e  fo r  th e  h az ar d s  p r e s e n t

( 3 ) M i n i m i z e  th e  p o te n ti al  e x p o s u r e  o f p e o p l e  o r  p r o p e r ty
to  u n s a fe  c o n d i ti o n s  o r  e ve n ts  i n vo l vi n g an  u n i n te n d e d
r e ac ti o n  o r  r e l e a s e  o f h az ar d o u s  m ate r i a l s

( 4 ) M i n i m i z e  th e  p o te n ti al  fo r  a n  u n i n te n ti o n a l  r e ac ti o n
th a t r e s u l ts  i n  a fre,  e x p l o s i o n ,  o r  o th e r  d an g e r o u s

c o n d i ti o n
( 5 ) P r o vi d e  a  m e an s  to  c o n ta i n ,  tr e at,  n e u tr al i z e ,  o r  o th e r ‐

wi s e  h an d l e  p l a u s i b l e  r e l e a s e s  o f h az ar d o u s  m ate r i a l s  to
m i n i m i z e  th e  p o te n ti al  fo r  a d ve r s e  i m p ac ts  to  p e r s o n s  o r
p r o p e r ty o u ts i d e  o f th e  i m m e d i ate  ar e a o f a  r e l e as e

( 6 ) P r o vi d e  ap p r o p r i a te  s afe gu ar d s  to  m i n i m i z e  th e  r i s k o f
a n d  l i m i t d am a ge  an d  i n j u r y th a t c o u l d  r e s u l t fr o m  an
e x p l o s i o n  i n vo l vi n g  h a z a r d o u s  m a te r i al s  th a t p r e s e n t

e x p l o s i o n  h az ar d s
( 7 ) D e te c t h a z a r d o u s  l e ve l s  o f g as e s  o r  va p o r s  th at a r e

d an g e r o u s  to  h e a l th  a n d  al e r t a p p r o p r i a te  p e r s o n s  o r
m i ti ga te  th e  h az ar d  wh e n  th e  p h ys i o l o g i c a l  wa r n i n g

p r o p e r ti e s  fo r  s u c h  g as e s  o r  vap o r s  ar e  i n a d e q u a te  to
war n  o f d a n ge r  p r i o r  to  p e r s o n al  i n j u r y

( 8 ) M ai n ta i n  p o we r  to  p r o vi d e  fo r  c o n ti n u e d  o p e r a ti o n  o f
s a fe g u a r d s  an d  i m p o r tan t s ys te m s  th a t ar e  r e l i e d  u p o n  to
p r e ve n t o r  c o n tr o l  a n  e m e r ge n c y c o n d i ti o n  i n vo l vi n g

h a z a r d o u s  m ate r i a l s
( 9 ) M ai n ta i n  ve n ti l ati o n  wh e r e  ve n ti l ati o n  i s  r e l i e d  u p o n  to

m i n i m i z e  th e  r i s k o f e m e r ge n c y c o n d i ti o n s  i n vo l vi n g
h az ar d o u s  m ate r i a l s

( 1 0 ) M i n i m i z e  th e  p o te n ti al  fo r  e x p o s i n g  c o m b u s ti b l e  h az ar d ‐
o u s  m ate r i a l s  to  u n i n te n d e d  s o u r c e s  o f i gn i ti o n  an d  fo r
e x p o s i n g an y h a z a r d o u s  m ate r i al  to  fre  o r  p h ys i c al

d am ag e  th a t c an  l e ad  to  e n d an g e r m e n t o f p e o p l e  o r
p r o p e r ty

[ 1 : 5 . 1 . 1 2 . 1 ]

5 . 1 . 1 2 . 2    A p r o c e s s  h a z a r d  an al ys i s  an d  o ff- s i te  c o n s e q u e n c e
a n al ys i s  s h a l l  b e  c o n d u c te d  wh e n  r e q u i r e d  b y th e  AH J  to

e n s u r e  th at p e o p l e  a n d  p r o p e r ty a r e  s ati s fac to r i l y p r o te c te d
fr o m  p o te n ti al l y d an g e r o u s  c o n d i ti o n s  i n vo l vi n g  h az ar d o u s
m a te r i al s .  T h e  r e s u l ts  o f s u c h  an a l ys e s  s h al l  b e  c o n s i d e r e d

wh e n  d e te r m i n i n g a c ti ve  an d  p as s i ve  m i ti g ati o n  m e a s u r e s  u s e d
i n  ac c o m p l i s h i n g  th e  o b j e c ti ve s  o f 4 . 2 . 3 . 3 . 2  an d  4 . 2 . 4 . 2 .
[ 1 : 5 . 1 . 1 2 . 2 ]

5 . 1 . 1 2 . 3    Wr i tte n  p r o c e d u r e s  fo r  p r e -s tar t-u p  s afe ty r e vi e ws ,
n o r m al  a n d  e m e r g e n c y o p e r ati o n s ,  m an a ge m e n t o f c h an g e ,

e m e r g e n c y r e s p o n s e ,  an d  ac c i d e n t i n ve s ti g ati o n  s h a l l  b e  d e ve l ‐
o p e d  p r i o r  to  b e gi n n i n g  o p e r ati o n s  a t a fac i l i ty [ -] .  S u c h  p r o c e ‐
d u r e s  s h al l  b e  d e ve l o p e d  wi th  th e  p a r ti c i p a ti o n  o f e m p l o ye e s .

[ 1 : 5 . 1 . 1 2 . 3 ]

5 . 1 . 1 3  S p e c i al  Defnitions.    A l i s t o f s p e c i al  te r m s  u s e d  i n  th i s
c h a p te r  s h a l l  b e  as  fo l l o ws :

( 1 ) D e s i g n  F i r e  S c e n a r i o  (See 3. 4. 9. 1 . )
( 2 ) D e s i g n  Specifcation  (See 3. 4. 20. 1 . )
( 3 ) D e s i g n  Te a m  (See 3. 4. 6. )
( 4 ) E x p o s u r e  F i r e  (See 3. 4. 7. )
( 5 ) F i r e  M o d e l  (See 3. 4. 8. )
( 6 ) F i r e  S c e n a r i o  (See 3. 4. 9. )
( 7 ) F u e l  L o ad  (See 3. 4. 1 0. )
( 8 ) I n p u t D ata Specifcation  (See 3. 4. 20. 2. )
( 9 ) O c c u p an t C h ar a c te r i s ti c s  (See 3. 4. 1 3. )

( 1 0 ) P e r fo r m an c e  C r i te r i a  (See 3. 4. 1 4. )
( 1 1 ) P r o p o s e d  D e s i g n  (See 3. 4. 1 5. )
( 1 2 ) S a fe ty F a c to r  (See 3. 4. 1 7. )
( 1 3 ) S a fe ty M ar g i n  (See 3. 4. 1 8. )
( 1 4 ) S e n s i ti vi ty An a l ys i s  (See 3. 4. 2. 1 . )
( 1 5 ) S take h o l d e r  (See 3. 4. 21 . )
( 1 6 ) U n c e r ta i n ty An al ys i s  (See 3. 4. 2. 2. )
( 1 7 ) Verifcation  M e th o d  (See 3. 4. 23. )

[ 1 : 5 . 1 . 1 3 ]

5 . 2  P e r fo r m an c e  C ri te ri a.

5 . 2 . 1  G e n e ral .    A d e s i gn  s h al l  m e e t th e  o b j e c ti ve s  specifed  i n
S e c ti o n  4 . 2  i f,  fo r  e ac h  r e q u i r e d  d e s i g n  s c e n ar i o ,  a s s u m p ti o n ,
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an d  d e s i g n  specifcation,  th e  p e r fo r m a n c e  c r i te r i a o f 5 . 2 . 2  a r e
m e t.  [ 1 : 5 . 2 . 1 ]

5 . 2 . 2 *  Specifc  P e r fo r m an c e  C ri te ri a.

5 . 2 . 2 . 1 *  Fi re  C o n d i ti o n s .    N o  o c c u p a n t wh o  i s  n o t i n ti m ate
wi th  i gn i ti o n  s h al l  b e  e x p o s e d  to  i n s tan tan e o u s  o r  c u m u l ati ve
u n te n a b l e  c o n d i ti o n s .  [ 1 : 5 . 2 . 2 . 1 ]

5 . 2 . 2 . 2 *  E x p l o s i o n  C o n d i ti o n s .    T h e  fa c i l i ty d e s i g n  s h a l l
p r o vi d e  a n  ac c e p tab l e  l e ve l  o f s a fe ty fo r  o c c u p an ts  an d  fo r  i n d i ‐
vi d u a l s  i m m e d i ate l y a d j ac e n t to  th e  p r o p e r ty fr o m  th e  e ffe c ts  o f
u n i n te n ti o n al  d e to n a ti o n  o r  defagration.  [ 1 : 5 . 2 . 2 . 2 ]

5 . 2 . 2 . 3 *  H az ard o u s  M ate ri al s  E x p o s u re .    T h e  fac i l i ty d e s i gn
s h a l l  p r o vi d e  an  ac c e p tab l e  l e ve l  o f s afe ty fo r  o c c u p an ts  an d  fo r
i n d i vi d u al s  i m m e d i a te l y a d j ac e n t to  th e  p r o p e r ty fr o m  th e
e ffe c ts  o f an  u n au th o r i z e d  r e l e a s e  o f h a z a r d o u s  m a te r i al s  o r
th e  u n i n te n ti o n a l  r e ac ti o n  o f h az ar d o u s  m a te r i al s .  [ 1 : 5 . 2 . 2 . 3 ]

5 . 2 . 2 . 4 *  P ro p e r ty P ro te c ti o n .    T h e  fac i l i ty d e s i gn  s h al l  l i m i t
th e  e ffe c ts  o f a l l  r e q u i r e d  d e s i g n  s c e n ar i o s  fr o m  c a u s i n g  a n
u n ac c e p tab l e  l e ve l  o f p r o p e r ty d am ag e .  [ 1 : 5 . 2 . 2 . 4 ]

5 . 2 . 2 . 5 *  P u b l i c  We l fare .    F o r  fac i l i ti e s  th a t s e r ve  a p u b l i c
we l far e  r o l e  as  defned  i n  4 . 2 . 5 ,  th e  fac i l i ty d e s i gn  s h al l  l i m i t
th e  e ffe c ts  o f a l l  r e q u i r e d  d e s i g n  s c e n ar i o s  fr o m  c a u s i n g  an
u n ac c e p tab l e  i n te r r u p ti o n  o f th e  fac i l i ty’ s  m i s s i o n .  [ 1 : 5 . 2 . 2 . 5 ]

5 . 2 . 2 . 6  O c c u p an t P ro te c ti o n  fro m  U n te n ab l e  C o n d i ti o n s .
M e an s  s h a l l  b e  p r o vi d e d  to  e vac u a te ,  r e l o c ate ,  o r  d e fe n d  i n
p l a c e  o c c u p a n ts  n o t i n ti m a te  wi th  i g n i ti o n  fo r  suffcient ti m e  s o
th a t th e y ar e  n o t e x p o s e d  to  i n s ta n ta n e o u s  o r  c u m u l ati ve
u n te n a b l e  c o n d i ti o n s  fr o m  s m o ke ,  h e a t,  o r  fames.  [ 1 : 5 . 2 . 2 . 6 ]

5 . 2 . 2 . 7  E m e rge n c y Re s p o n d e r P ro te c ti o n .    B u i l d i n g s  s h al l  b e
d e s i g n e d  an d  c o n s tr u c te d  to  r e as o n ab l y p r e ve n t s tr u c tu r al  fai l ‐
u r e  u n d e r  fre  c o n d i ti o n s  fo r  suffcient ti m e  to  e n ab l e  fre
fghters  an d  e m e r g e n c y r e s p o n d e r s  to  c o n d u c t s e a r c h  an d
re s c u e  o p e r a ti o n s .  [ 1 : 5 . 2 . 2 . 7 ]

5 . 2 . 2 . 8 *  O c c u p an t P ro te c ti o n  fro m  S tr u c tu ral  Fai l u re .    B u i l d ‐
i n gs  s h al l  b e  d e s i gn e d  a n d  c o n s tr u c te d  to  r e as o n ab l y p r e ve n t
s tr u c tu r a l  fai l u r e  u n d e r  fre  c o n d i ti o n s  fo r  suffcient ti m e  to
p r o te c t th e  o c c u p a n ts .  [ 1 : 5 . 2 . 2 . 8 ]

5 . 3  Re tai n e d  P re s c ri p ti ve  Re q u i re m e n ts .

5 . 3 . 1  S ys te m s  an d  Fe atu re s .    Al l  fre  p r o te c ti o n  s ys te m s  an d
fe a tu r e s  o f th e  b u i l d i n g  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 ar d s  fo r  th o s e  s ys te m s  a n d  fe atu r e s .  [ 1 : 5 . 3 . 1 ]

5 . 3 . 2  E l e c tri c al  S ys te m s .    E l e c tr i c al  s ys te m s  s h a l l  c o m p l y wi th
ap p l i c a b l e  N F PA s tan d a r d s  fo r  th o s e  s ys te m s .  [ 1 : 5 . 3 . 2 ]

5 . 3 . 3  G e n e ral .    T h e  d e s i g n  s h al l  c o m p l y wi th  th e  fo l l o wi n g
re q u i r e m e n ts  i n  a d d i ti o n  to  th e  p e r fo r m a n c e  c r i te r i a o f
S e c ti o n  5 . 2  a n d  th e  m e th o d s  o f S e c ti o n s  5 . 4  th r o u g h  5 . 7 :

( 1 ) Ge n e r al  r e q u i r e m e n ts  fo r  p r e c a u ti o n s  a ga i n s t fre  fr o m
th e  ad o p te d  fre  c o d e

( 2 ) E m e r ge n c y e vac u ati o n  d r i l l  r e q u i r e m e n ts  fr o m  th e  a d o p ‐
te d  fre  c o d e

( 3 ) S m o ki n g p r o h i b i ti o n  r e q u i r e m e n ts  o f 4 . 1 2 . 1
( 4 ) F i r e  s e r vi c e  fe a tu r e  r e q u i r e m e n ts  o f th e  ad o p te d  fre  c o d e
( 5 ) Re q u i r e m e n ts  fo r  fre  s a fe ty d u r i n g  c o n s tr u c ti o n  an d

d e m o l i ti o n  fr o m  th e  a d o p te d  fre  c o d e

5 . 3 . 4  M e an s  o f E gre s s .    T h e  d e s i g n  s h a l l  c o m p l y wi th  th e
ad o p te d  b u i l d i n g  c o d e  i n  ad d i ti o n  to  th e  p e r fo r m an c e  c r i te r i a
o f S e c ti o n  5 . 2  a n d  th e  m e th o d s  o f S e c ti o n s  5 . 4  th r o u g h  5 . 7 .

5 . 3 . 5  E q u i val e n c y.    E q u i val e n t d e s i g n s  fo r  th e  fe atu r e s  c o ve r e d
i n  th e  r e ta i n e d  p r e s c r i p ti ve  r e q u i r e m e n ts  m a n d a te d  b y 5 . 3 . 1

th r o u g h  5 . 3 . 4  s h a l l  b e  a d d r e s s e d  i n  ac c o r d a n c e  wi th  th e  e q u i va‐
l e n c y p r o vi s i o n s  o f S e c ti o n  1 . 5 .  [ 1 : 5 . 3 . 5 ]

5 . 4 *  D e s i gn  S c e n ari o s .

5 . 4 . 1  G e n e ral .

5 . 4 . 1 . 1    T h e  p r o p o s e d  d e s i gn  s h a l l  b e  c o n s i d e r e d  to  m e e t th e
g o al s  an d  o b j e c ti ve s  i f i t a c h i e ve s  th e  p e r fo r m an c e  c r i te r i a  fo r
e a c h  r e q u i r e d  d e s i gn  s c e n ar i o .  T h e  AH J  s h al l  a p p r o ve  th e

p ar a m e te r s  i n vo l ve d  wi th  r e q u i r e d  d e s i g n  s c e n a r i o s .  [ 1 : 5 . 4 . 1 . 1 ]

5 . 4 . 1 . 2 *    D e s i g n  s c e n a r i o s  s h a l l  b e  e va l u a te d  fo r  e a c h  r e q u i r e d
s c e n a r i o  u s i n g  a  m e th o d  ac c e p tab l e  to  th e  AH J  an d  ap p r o p r i ‐

a te  fo r  th e  c o n d i ti o n s .  E ac h  s c e n a r i o  s h a l l  b e  as  c h al l e n gi n g
a n d  r e al i s ti c  as  an y th at c o u l d  r e a l i s ti c a l l y o c c u r  i n  th e  b u i l d i n g.
[ 1 : 5 . 4 . 1 . 2 ]

5 . 4 . 1 . 3 *    S c e n ar i o s  s e l e c te d  a s  d e s i g n  s c e n ar i o s  s h al l  i n c l u d e ,
b u t n o t b e  l i m i te d  to ,  th o s e  specifed  i n  5 . 4 . 2  th r o u g h  5 . 4 . 5 .

[ 1 : 5 . 4 . 1 . 3 ]

5 . 4 . 1 . 3 . 1    D e s i g n  fre  s c e n a r i o s  d e m o n s tr ate d  b y th e  d e s i gn
te a m  to  th e  s a ti s fac ti o n  o f th e  AH J  as  i n ap p r o p r i ate  fo r  th e

b u i l d i n g  u s e  a n d  c o n d i ti o n s  s h a l l  n o t b e  r e q u i r e d  to  b e  e val u ‐
a te d  fu l l y.  [ 1 : 5 . 4 . 1 . 3 . 1 ]

5 . 4 . 1 . 4    E ac h  d e s i g n  s c e n ar i o  u s e d  i n  th e  p e r fo r m an c e -b as e d
d e s i g n  p r o p o s a l  s h a l l  b e  tr an s l a te d  i n to  i n p u t d ata specifca‐
tions,  as  ap p r o p r i a te  fo r  th e  c a l c u l ati o n  m e th o d  o r  m o d e l .

[ 1 : 5 . 4 . 1 . 4 ]

5 . 4 . 1 . 5    An y d e s i gn  s c e n ar i o  specifcations  th a t th e  d e s i g n  a n al ‐
ys e s  d o  n o t e x p l i c i tl y a d d r e s s  o r  i n c o r p o r a te  an d  th a t a r e ,
th e r e fo r e ,  o m i tte d  fr o m  i n p u t d ata specifcations  s h a l l  b e  i d e n ‐
tifed,  an d  a  s e n s i ti vi ty an a l ys i s  o f th e  c o n s e q u e n c e s  o f th at

o m i s s i o n  s h al l  b e  p e r fo r m e d .  [ 1 : 5 . 4 . 1 . 5 ]

5 . 4 . 1 . 6    An y d e s i gn  s c e n a r i o  specifcations  modifed  i n  i n p u t
d ata specifcations,  b e c au s e  o f l i m i tati o n s  i n  te s t m e th o d s  o r
o th e r  d a ta  g e n e r ati o n  p r o c e d u r e s ,  s h a l l  b e  identifed,  an d  a

s e n s i ti vi ty an a l ys i s  o f th e  c o n s e q u e n c e s  o f th e  modifcation
s h a l l  b e  p e r fo r m e d .  [ 1 : 5 . 4 . 1 . 6 ]

5 . 4 . 2 *  Re q u i re d  D e s i gn  S c e n ari o s  — Fi re .    P e r fo r m an c e -b as e d
b u i l d i n g  d e s i gn  fo r  l i fe  s a fe ty affe c ti n g  th e  e g r e s s  s ys te m  s h a l l
b e  i n  ac c o r d an c e  wi th  th i s  c o d e  an d  th e  r e q u i r e m e n ts  o f th e

ad o p te d  b u i l d i n g  c o d e .

5 . 4 . 3  Re q u i re d  D e s i gn  S c e n ari o s  — E x p l o s i o n .

5 . 4 . 3 . 1  E x p l o s i o n  D e s i gn  S c e n ari o  1  — H yd ro ge n  P re s s u re
Ve s s e l  B u rs t S c e n ari o .    E x p l o s i o n  D e s i g n  S c e n a r i o  1  s h a l l  b e
th e  p r e ve n ti o n  o r  m i ti g ati o n  o f a r u p tu r e d  h yd r o g e n  p r e s s u r e
ve s s e l .

5 . 4 . 3 . 1 . 1    E x p l o s i o n  D e s i g n  S c e n ar i o  1  s h al l  i d e n ti fy th e  va r i ‐
o u s  p r e s s u r e  ve s s e l  fa i l u r e  p r e ve n ti o n  m e a s u r e s  i n  r e l ati o n  to

b o th  e x p e c te d  an d  p o te n ti a l  ab n o r m al  ve s s e l  fll  an d  o p e r ati n g
c o n d i ti o n s .

5 . 4 . 3 . 1 . 2    M i ti g ati o n  m e as u r e s ,  i f a p p l i c a b l e ,  s h al l  ad d r e s s  th e
s a fe ty o f i n d i vi d u a l s  a t var i o u s  d i s ta n c e s  fr o m  th e  p r e s s u r e
ve s s e l .

5 . 4 . 3 . 2  E x p l o s i o n  D e s i gn  S c e n ari o  2  — H yd ro ge n  Defagration.
 E x p l o s i o n  D e s i gn  S c e n ar i o  2  s h a l l  b e  th e  defagration  o f a

h yd r o g e n -a i r  o r  h yd r o ge n -o x i d an t m i x tu r e  wi th i n  an  e n c l o s u r e
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s u c h  as  a r o o m  o r  wi th i n  l a r ge  p r o c e s s  e q u i p m e n t c o n tai n i n g
h yd r o g e n .

5 . 4 . 3 . 2 . 1    E x p l o s i o n  D e s i gn  S c e n a r i o  2  s h al l  i d e n ti fy th e
specifc  ga s  m i x tu r e  fo r m e d  i n  r e l a ti o n  to  b o th  e x p e c te d  an d
p o te n ti a l  ab n o r m al  o p e r a ti n g c o n d i ti o n s  a n d  ve n ti l ati o n  i n  th e
e n c l o s u r e .

5 . 4 . 3 . 2 . 2    M i ti ga ti o n  m e as u r e s ,  s u c h  a s  defagration  ve n ti n g ,
s h a l l  a d d r e s s  th e  h a z a r d s  to  an y i n d i vi d u a l s  wi th i n  th e  e n c l o ‐
s u r e  an d  i n  th e  vi c i n i ty o f th e  e n c l o s u r e .

5 . 4 . 3 . 3  E x p l o s i o n  D e s i gn  S c e n ari o  3  — H yd ro ge n  D e to n ati o n .
E x p l o s i o n  D e s i gn  S c e n ar i o  3  s h a l l  b e  th e  d e to n ati o n  o f a
h yd r o g e n -a i r  o r  h yd r o ge n -o x i d an t m i x tu r e  wi th i n  an  e n c l o s u r e
s u c h  as  a r o o m  o r  a  p r o c e s s  ve s s e l  o r  wi th i n  p i p i n g  c o n tai n i n g
h yd r o g e n .

5 . 4 . 3 . 3 . 1    T h e  specifc  e n c l o s u r e  s e l e c te d  s h al l  b e  th e  e n c l o ‐
s u r e  th at h as  th e  g r e ate s t p o te n ti al  fo r  a d e to n ati o n .

5 . 4 . 3 . 3 . 2    E x p l o s i o n  D e s i gn  S c e n a r i o  3  s h al l  i d e n ti fy th e
specifc  ga s  m i x tu r e  fo r m e d  i n  r e l a ti o n  to  b o th  e x p e c te d  an d
p o te n ti a l  ab n o r m al  o p e r a ti n g c o n d i ti o n s  an d  ve n ti l ati o n  i n  th e
e n c l o s u r e .

5 . 4 . 3 . 3 . 3    M i ti g ati o n  m e as u r e s ,  s u c h  a s  d e to n ati o n  c o n tai n ‐
m e n t,  s h al l  ad d r e s s  th e  h a z a r d s  to  a n y i n d i vi d u a l s  i n  th e  vi c i n i ty
o f th e  e n c l o s u r e .

5 . 4 . 4 *  Re q u i re d  D e s i gn  S c e n ari o s  — H az ard o u s  M ate ri al s .

5 . 4 . 4 . 1  H az ard o u s  M ate ri al s  D e s i gn  S c e n ari o  1 .    H az ar d o u s
M ate r i a l s  D e s i g n  S c e n ar i o  1  i n vo l ve s  an  u n a u th o r i z e d  r e l e a s e
o f h a z a r d o u s  m a te r i al s  fr o m  a  s i n g l e  c o n tr o l  a r e a.  T h i s  d e s i g n
s c e n a r i o  s h al l  ad d r e s s  th e  c o n c e r n  r e ga r d i n g th e  s p r e ad  o f
h a z a r d o u s  c o n d i ti o n s  fr o m  th e  p o i n t o f r e l e as e .  [ 1 : 5 . 4 . 4 . 1 ]

5 . 4 . 4 . 2  H az ard o u s  M ate ri al s  D e s i gn  S c e n ari o  2 .    H az ar d o u s
M ate r i a l s  D e s i g n  S c e n ar i o  2  i n vo l ve s  an  e x p o s u r e  fre  o n  a l o c a ‐
ti o n  wh e r e  h az ar d o u s  m a te r i al s  a r e  s to r e d ,  u s e d ,  h an d l e d ,  o r
d i s p e n s e d .  T h i s  d e s i gn  s c e n ar i o  s h al l  ad d r e s s  th e  c o n c e r n
re g ar d i n g  h o w a fre  i n  a fac i l i ty a ffe c ts  th e  s a fe  s to r ag e ,
h an d l i n g ,  o r  u s e  o f h a z a r d o u s  m ate r i al s .  [ 1 : 5 . 4 . 4 . 2 ]

5 . 4 . 4 . 3  H az ard o u s  M ate ri al s  D e s i gn  S c e n ari o  3 .    H az ar d o u s
M ate r i a l s  D e s i g n  S c e n a r i o  3  i n vo l ve s  th e  ap p l i c ati o n  o f a n
e x te r n al  fac to r  to  th e  h az ar d o u s  m ate r i a l  th a t i s  l i ke l y to  r e s u l t
i n  a fre,  e x p l o s i o n ,  to x i c  r e l e a s e ,  o r  o th e r  u n s afe  c o n d i ti o n .
T h i s  d e s i g n  s c e n ar i o  s h a l l  a d d r e s s  th e  c o n c e r n  r e ga r d i n g th e
i n i ti a ti o n  o f a h a z a r d o u s  m a te r i al s  e ve n t b y th e  ap p l i c ati o n  o f
h e a t,  s h o c k,  i m p a c t,  o r  wate r  o n to  a  h a z a r d o u s  m a te r i al  b e i n g
s to r e d ,  u s e d ,  h an d l e d ,  o r  d i s p e n s e d  i n  th e  fac i l i ty.  [ 1 : 5 . 4 . 4 . 3 ]

5 . 4 . 4 . 4  H az ard o u s  M ate ri al s  D e s i gn  S c e n ari o  4 .

5 . 4 . 4 . 4 . 1    H az ar d o u s  M ate r i a l s  D e s i g n  S c e n a r i o  4  i n vo l ve s  an
u n au th o r i z e d  d i s c h a r ge  wi th  e a c h  p r o te c ti o n  s ys te m  i n d e p e n d ‐
e n tl y r e n d e r e d  i n e ffe c ti ve .  T h i s  s e t o f d e s i g n  h az ar d o u s  m ate r i ‐
al s  s c e n ar i o s  s h a l l  ad d r e s s  c o n c e r n  r e g ar d i n g  e ac h  p r o te c ti o n
s ys te m  o r  p r o te c ti o n  fe atu r e ,  c o n s i d e r e d  i n d i vi d u al l y,  b e i n g
u n r e l i ab l e  o r  b e c o m i n g  u n a va i l a b l e .  [ 1 : 5 . 4 . 4 . 4 . 1 ]

5 . 4 . 4 . 4 . 2 *    H a z a r d o u s  M ate r i al s  D e s i g n  S c e n ar i o  4  s h a l l  n o t b e
r e q u i r e d  to  b e  a p p l i e d  to  p r o te c ti o n  s ys te m s  o r  fe atu r e s  fo r
wh i c h  b o th  th e  l e ve l  o f r e l i ab i l i ty an d  th e  d e s i g n  p e r fo r m a n c e
i n  th e  a b s e n c e  o f th e  s ys te m  ar e  ac c e p tab l e  to  th e  AH J .
[ 1 : 5 . 4 . 4 . 4 . 2 ]

5 . 4 . 5  Re q u i re d  D e s i gn  S c e n ari o s  — S afe ty D uri n g B u i l d i n g
U s e .

5 . 4 . 5 . 1 *  B u i l d i n g U s e  D e s i gn  S c e n ari o  1 .    B u i l d i n g U s e  D e s i g n
S c e n ar i o  1  i n vo l ve s  a n  e ve n t i n  wh i c h  th e  m ax i m u m  o c c u p a n t

l o ad  i s  i n  th e  as s e m b l y b u i l d i n g  an d  an  e m e r ge n c y e ve n t o c c u r s
b l o c ki n g  th e  p r i n c i p a l  e x i t/ e n tr an c e  to  th e  b u i l d i n g.  T h i s

d e s i g n  s c e n ar i o  s h a l l  a d d r e s s  th e  c o n c e r n  o f o c c u p an ts  h a vi n g
to  ta ke  al te r n a ti ve  e x i t r o u te s  u n d e r  c r o wd e d  c o n d i ti o n s .
[ 1 : 5 . 4 . 5 . 1 ]

5 . 4 . 5 . 2  B u i l d i n g U s e  D e s i gn  S c e n ari o  2 .    B u i l d i n g  U s e  D e s i g n
S c e n ar i o  2  i n vo l ve s  a  fre  i n  an  ar e a  o f a  b u i l d i n g  u n d e r g o i n g

c o n s tr u c ti o n  o r  d e m o l i ti o n  wh i l e  th e  r e m a i n d e r  o f th e  b u i l d i n g
i s  o c c u p i e d .  T h e  n o r m al  fre  s u p p r e s s i o n  s ys te m  i n  th e  ar e a

u n d e r g o i n g  c o n s tr u c ti o n  o r  d e m o l i ti o n  h as  b e e n  ta ke n  o u t o f
s e r vi c e .  T h i s  d e s i gn  s c e n ar i o  s h al l  ad d r e s s  th e  c o n c e r n  r e g ar d ‐

i n g th e  i n o p e r a b i l i ty o f c e r ta i n  b u i l d i n g fre  s afe ty fe a tu r e s
d u r i n g c o n s tr u c ti o n  a n d  d e m o l i ti o n  i n  a p a r ti al l y o c c u p i e d
b u i l d i n g .  [ 1 : 5 . 4 . 5 . 2 ]

5 . 5  E val u ati o n  o f P ro p o s e d  D e s i gn s .

5 . 5 . 1  G e n e ral .

5 . 5 . 1 . 1    A p r o p o s e d  d e s i g n ’ s  p e r fo r m a n c e  s h al l  b e  as s e s s e d
r e l ati ve  to  e ac h  p e r fo r m an c e  o b j e c ti ve  i n  S e c ti o n  4 . 2  an d  e a c h

a p p l i c a b l e  s c e n ar i o  i n  S e c ti o n  5 . 4 ,  wi th  th e  a s s e s s m e n t c o n d u c ‐
te d  th r o u g h  th e  u s e  o f ap p r o p r i ate  c al c u l a ti o n  m e th o d s .
[ 1 : 5 . 5 . 1 . 1 ]

5 . 5 . 1 . 2    T h e  c h o i c e  o f a s s e s s m e n t m e th o d s  s h a l l  r e q u i r e  th e
ap p r o va l  o f th e  AH J .  [ 1 : 5 . 5 . 1 . 2 ]

5 . 5 . 2  U s e .    T h e  d e s i gn  p r o fe s s i o n a l  s h a l l  u s e  th e  as s e s s m e n t
m e th o d s  to  d e m o n s tr ate  th at th e  p r o p o s e d  d e s i g n  ac h i e ve s  th e

g o al s  an d  o b j e c ti ve s ,  as  m e a s u r e d  b y th e  p e r fo r m an c e  c r i te r i a
i n  l i g h t o f th e  s afe ty m a r gi n s  an d  u n c e r tai n ty an a l ys i s ,  fo r  e a c h
s c e n a r i o ,  g i ve n  th e  a s s u m p ti o n s .  [ 1 : 5 . 5 . 2 ]

5 . 5 . 3  I n p u t D ata.

5 . 5 . 3 . 1  D ata.

5 . 5 . 3 . 1 . 1    I n p u t d ata fo r  c o m p u te r  fre  m o d e l s  s h al l  b e
o b tai n e d  i n  ac c o r d an c e  wi th  AS T M  E 1 5 9 1 ,  Standard Guide for

Obtaining Data for Fire Growth Models.  [ 1 : 5 . 5 . 3 . 1 . 1 ]

5 . 5 . 3 . 1 . 2    D a ta  fo r  u s e  i n  a n al yti c al  m o d e l s  th at a r e  n o t
c o m p u te r-b as e d  fre  m o d e l s  s h a l l  b e  o b ta i n e d  u s i n g a p p r o p r i ‐

ate  m e a s u r e m e n t,  r e c o r d i n g ,  a n d  s to r ag e  te c h n i q u e s  to  e n s u r e
th e  ap p l i c ab i l i ty o f th e  d ata to  th e  an a l yti c a l  m e th o d  b e i n g

u s e d .  [ 1 : 5 . 5 . 3 . 1 . 2 ]

5 . 5 . 3 . 2  D ata Re q u i re m e n ts .    A c o m p l e te  l i s ti n g  o f i n p u t d a ta
r e q u i r e m e n ts  fo r  al l  m o d e l s ,  e n g i n e e r i n g m e th o d s ,  an d  o th e r

c a l c u l ati o n  o r  verifcation  m e th o d s  r e q u i r e d  o r  p r o p o s e d  a s
p ar t o f th e  p e r fo r m an c e -b as e d  d e s i g n  s h a l l  b e  p r o vi d e d .

[ 1 : 5 . 5 . 3 . 2 ]

5 . 5 . 3 . 3  U n c e r tai n ty an d  C o n s e r vati s m  o f D ata.    U n c e r tai n ty i n
i n p u t d ata s h a l l  b e  a n al yz e d  a n d ,  as  d e te r m i n e d  a p p r o p r i ate  b y

th e  AH J ,  a d d r e s s e d  th r o u g h  th e  u s e  o f c o n s e r va ti ve  val u e s .
[ 1 : 5 . 5 . 3 . 3 ]

5 . 5 . 4  O u tp u t D ata.    T h e  as s e s s m e n t m e th o d s  u s e d  s h a l l  ac c u ‐
r ate l y an d  a p p r o p r i a te l y p r o d u c e  th e  r e q u i r e d  o u tp u t d a ta

fr o m  i n p u t d ata b as e d  o n  th e  d e s i g n  specifcations,  as s u m p ‐
ti o n s ,  an d  s c e n ar i o s .  [ 1 : 5 . 5 . 4 ]
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5 . 5 . 5  Val i d i ty.    E vi d e n c e  s h al l  b e  p r o vi d e d  confrming  th at th e
as s e s s m e n t m e th o d s  ar e  val i d  an d  ap p r o p r i a te  fo r  th e  p r o p o s e d
fa c i l i ty,  u s e ,  an d  c o n d i ti o n s .  [ 1 : 5 . 5 . 5 ]

5 . 6 *  S afe ty Fac to rs .    Ap p r o ve d  s a fe ty fac to r s  s h al l  b e  i n c l u d e d
i n  th e  d e s i g n  m e th o d s  a n d  c a l c u l ati o n s  to  refect u n c e r tai n ty i n
th e  as s u m p ti o n s ,  d ata,  an d  o th e r  fa c to r s  as s o c i ate d  wi th  th e
p e r fo r m an c e -b as e d  d e s i gn .  [ 1 : 5 . 6 ]

5 . 7  D o c u m e n tati o n  Re q u i re m e n ts .

5 . 7 . 1 *  G e n e ral .

5 . 7 . 1 . 1    Al l  as p e c ts  o f th e  d e s i g n ,  i n c l u d i n g th o s e  d e s c r i b e d  i n
5 . 7 . 2  th r o u gh  5 . 7 . 1 4 ,  s h a l l  b e  d o c u m e n te d .  [ 1 : 5 . 7 . 1 . 1 ]

5 . 7 . 1 . 2    T h e  fo r m at an d  c o n te n t o f th e  d o c u m e n ta ti o n  s h al l  b e
ac c e p tab l e  to  th e  AH J .  [ 1 : 5 . 7 . 1 . 2 ]

5 . 7 . 2 *  Te c h n i c al  Re fe re n c e s  an d  Re s o urc e s .

5 . 7 . 2 . 1    T h e  AH J  s h al l  b e  p r o vi d e d  wi th  suffcient d o c u m e n ta‐
ti o n  to  s u p p o r t th e  val i d i ty,  ac c u r ac y,  r e l e va n c e ,  a n d  p r e c i s i o n
o f th e  p r o p o s e d  m e th o d s .  [ 1 : 5 . 7 . 2 . 1 ]

5 . 7 . 2 . 2    T h e  e n gi n e e r i n g  s tan d ar d s ,  c a l c u l ati o n  m e th o d s ,  an d
o th e r  fo r m s  o f scientifc  i n fo r m a ti o n  p r o vi d e d  s h al l  b e  a p p r o ‐
p r i a te  fo r  th e  p ar ti c u l ar  ap p l i c ati o n  a n d  m e th o d o l o gi e s  u s e d .
[ 1 : 5 . 7 . 2 . 2 ]

5 . 7 . 3  Fac i l i ty D e s i gn  Specifcations.    Al l  d e tai l s  o f th e
p r o p o s e d  fac i l i ty d e s i gn  th a t affe c t th e  ab i l i ty o f th e  fa c i l i ty to
m e e t th e  s ta te d  go al s  a n d  o b j e c ti ve s  s h al l  b e  d o c u m e n te d .
[ 1 : 5 . 7 . 3 ]

5 . 7 . 4  P e r fo r m an c e  C ri te ri a.    P e r fo r m an c e  c r i te r i a,  wi th  s o u r ‐
c e s ,  s h a l l  b e  d o c u m e n te d .  [ 1 : 5 . 7 . 4 ]

5 . 7 . 5  O c c u p an t C h arac te ri s ti c s .    As s u m p ti o n s  ab o u t o c c u p a n t
c h a r ac te r i s ti c s  s h al l  b e  d o c u m e n te d .  [ 1 : 5 . 7 . 5 ]

5 . 7 . 6  D e s i gn  S c e n ari o s .    D e s c r i p ti o n s  o f d e s i g n  h az ar d  s c e n ar ‐
i o s  s h al l  b e  d o c u m e n te d .  [ 1 : 5 . 7 . 6 ]

5 . 7 . 7  I n p ut D ata.    I n p u t d ata to  m o d e l s  an d  as s e s s m e n t m e th ‐
o d s ,  i n c l u d i n g  s e n s i ti vi ty a n al ys i s ,  s h al l  b e  d o c u m e n te d .
[ 1 : 5 . 7 . 7 ]

5 . 7 . 8  O u tp u t D ata.    O u tp u t d ata fr o m  m o d e l s  an d  a s s e s s m e n t
m e th o d s ,  i n c l u d i n g  s e n s i ti vi ty an a l ys i s ,  s h al l  b e  d o c u m e n te d .
[ 1 : 5 . 7 . 8 ]

5 . 7 . 9  S afe ty Fac to rs .    S afe ty fac to r s  u ti l i z e d  s h a l l  b e  d o c u m e n ‐
te d .  [ 1 : 5 . 7 . 9 ]

5 . 7 . 1 0  P re s c ri p ti ve  Re q u i re m e n ts .    Re tai n e d  p r e s c r i p ti ve
re q u i r e m e n ts  s h al l  b e  d o c u m e n te d .  [ 1 : 5 . 7 . 1 0 ]

5 . 7 . 1 1 *  M o d e l i n g Fe atu re s .

5 . 7 . 1 1 . 1    As s u m p ti o n s  m ad e  b y th e  m o d e l  u s e r,  an d  d e s c r i p ‐
ti o n s  o f m o d e l s  a n d  m e th o d s  u s e d ,  i n c l u d i n g kn o wn  l i m i ta‐
ti o n s ,  s h a l l  b e  d o c u m e n te d .  [ 1 : 5 . 7 . 1 1 . 1 ]

5 . 7 . 1 1 . 2    D o c u m e n ta ti o n  s h a l l  b e  p r o vi d e d  th at th e  a s s e s s m e n t
m e th o d s  h a ve  b e e n  u s e d  va l i d l y a n d  ap p r o p r i a te l y to  ad d r e s s
th e  d e s i g n  specifcations,  a s s u m p ti o n s ,  an d  s c e n a r i o s .
[ 1 : 5 . 7 . 1 1 . 2 ]

5 . 7 . 1 2  E vi d e n c e  o f M o d e l e r C ap ab i l i ty.    T h e  d e s i g n  te am ’ s
re l e va n t e x p e r i e n c e  wi th  th e  m o d e l s ,  te s t m e th o d s ,  d a ta b as e s ,
an d  o th e r  a s s e s s m e n t m e th o d s  u s e d  i n  th e  p e r fo r m an c e -b as e d
d e s i g n  p r o p o s al  s h a l l  b e  d o c u m e n te d .  [ 1 : 5 . 7 . 1 2 ]

5 . 7 . 1 3  P e r fo r m an c e  E val u ati o n .    T h e  p e r fo r m an c e  e val u a ti o n
s u m m a r y s h al l  b e  d o c u m e n te d .  [ 1 : 5 . 7 . 1 3 ]

5 . 7 . 1 4  U s e  o f P e r fo r m an c e - B as e d  D e s i gn  O p ti o n .    D e s i gn
p r o p o s al s  s h a l l  i n c l u d e  d o c u m e n tati o n  th a t p r o vi d e s  an yo n e

i n vo l ve d  i n  o wn e r s h i p  o r  m an ag e m e n t o f th e  fac i l i ty wi th  al l  o f
th e  fo l l o wi n g  notifcation:

( 1 ) T h e  fa c i l i ty wa s  ap p r o ve d  as  a  p e r fo r m a n c e - b a s e d  d e s i gn
wi th  c e r tai n  specifed  d e s i gn  c r i te r i a  a n d  as s u m p ti o n s .

( 2 ) An y r e m o d e l i n g ,  modifcation,  r e n o vati o n ,  c h an g e  i n  u s e ,
o r  c h a n ge  i n  th e  e s ta b l i s h e d  as s u m p ti o n s  r e q u i r e s  a  r e -
e val u a ti o n  a n d  r e ap p r o va l .

[ 1 : 5 . 7 . 1 4 ]

C h ap te r 6    G e n e ral  H yd ro ge n  Re q u i re m e n ts

6 . 1  G e n e ral .

6 . 1 . 1    O c c u p a n c i e s  c o n tai n i n g  G H 2  o r  L H 2  s h a l l  c o m p l y wi th
th i s  c h ap te r  i n  a d d i ti o n  to  o th e r  a p p l i c ab l e  r e q u i r e m e n ts  o f

th i s  c o d e .

6 . 1 . 1 . 1  Specifc  Re q u i re m e n ts .    Wh e r e  specifc  r e q u i r e m e n ts
ar e  p r o vi d e d  i n  o th e r  c h ap te r s ,  th o s e  specifc  r e q u i r e m e n ts
s h a l l  a p p l y.

6 . 1 . 1 . 2  Confict P ro vi s i o n s .    Wh e r e  th e r e  i s  a confict b e twe e n
a ge n e r a l  r e q u i r e m e n t a n d  a specifc  r e q u i r e m e n t,  th e  specifc

r e q u i r e m e n t s h al l  b e  ap p l i c a b l e .

Δ 6 . 1 . 1 . 3  O c c u p an c y Classifcation.    T h e  o c c u p an c y o f a b u i l d ‐
i n g o r  s tr u c tu r e ,  o r  p o r ti o n  o f a b u i l d i n g  o r  s tr u c tu r e ,  wh e r e

h yd r o g e n  i s  s to r e d  o r  u s e d ,  s h a l l  b e  classifed  i n  a c c o r d a n c e
wi th  th e  ad o p te d  b u i l d i n g c o d e .

Δ 6 . 1 . 1 . 4  Q u an ti ti e s  L e s s  T h an  o r E q u al  to  th e  M AQ .    I n d o o r
c o n tr o l  ar e a s  wi th  GH 2  o r  L H 2  s to r e d  o r  u s e d  i n  q u a n ti ti e s  l e s s

th an  o r  e q u al  to  th o s e  s h o wn  i n  Tab l e  6 . 4 . 1 . 1 . 1  s h al l  b e  i n
ac c o r d an c e  wi th  6 . 4 . 1 . 5  a n d  S e c ti o n s  6 . 1 ,  6 . 8 ,  6 . 9 ,  6 . 1 3 ,  an d
6 . 1 7 .

Δ 6 . 1 . 1 . 5  Q u an ti ti e s  G re ate r T h an  th e  M AQ .    B u i l d i n g -r e l a te d
c o n tr o l s  i n  a r e as  wi th  GH 2  o r  L H 2  s to r e d  o r  u s e d  wi th i n  a n

i n d o o r  a r e a i n  q u an ti ti e s  gr e a te r  th a n  th o s e  s h o wn  i n  Tab l e
6 . 4 . 1 . 1 . 1  s h a l l  b e  i n  a c 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 C h ap ‐
te r  6 .

6 . 2  D e s i gn  an d  C o n s tr uc ti o n .    B u i l d i n gs ,  o r  p o r ti o n s  th e r e o f,
s h a l l  b e  d e s i gn e d ,  l o c ate d ,  an d  c o n s tr u c te d  i n  ac c o r d a n c e  wi th

th e  ad o p te d  b u i l d i n g  c o d e .

6 . 3  C o n tro l  Are as .

6 . 3 . 1  C o n s tr u c ti o n  Re q u i re m e n ts .    C o n tr o l  ar e a s  s h a l l  b e  s e p a‐
r a te d  fr o m  e ac h  o th e r ' s  fre  b ar r i e r s  i n  a c c o r d an c e  wi th  th e

ad o p te d  b u i l d i n g  c o d e .

6 . 3 . 2  N um b e r o f C o n tro l  Are as .

6 . 3 . 2 . 1    T h e  m ax i m u m  n u m b e r  o f c o n tr o l  a r e as  wi th i n  a  b u i l d ‐
i n g  s h a l l  b e  i n  ac c o r d a n c e  wi th  th e  ad o p te d  b u i l d i n g  c o d e .

6 . 3 . 2 . 2    Wh e r e  o n l y o n e  c o n tr o l  ar e a i s  p r e s e n t i n  a  b u i l d i n g ,
n o  s p e c i a l  c o n s tr u c ti o n  p r o vi s i o n s  s h al l  b e  r e q u i r e d .
[ 4 0 0 : 5 . 2 . 2 . 2 ]
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2 0 2 3  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  O c c u p an c y Classifcation.

6 . 4 . 1  Q u an ti ty T h re s h o l d s  fo r G H 2  o r L H 2  Re q u i ri n g S p e c i al
P ro vi s i o n s .

6 . 4 . 1 . 1  T h re s h o l d  E x c e e d e n c e s .

Δ 6 . 4 . 1 . 1 . 1    Wh e r e  th e  q u an ti ti e s  o f GH 2  o r  L H 2  s to r e d  o r  u s e d
wi th i n  a n  i n d o o r  c o n tr o l  ar e a e x c e e d  th o s e  s h o wn  i n  Tab l e

6 . 4 . 1 . 1 . 1 ,  th e  a r e a s h a l l  m e e t th e  r e q u i r e m e n ts  fo r  th e  o c c u ‐
p an c y classifcation  i n  ac c o r d a n c e  wi th  th e  ad o p te d  b u i l d i n g
c o d e ,  b as e d  o n  th e  r e q u i r e m e n ts  o f 6 . 4 . 2 .

6 . 4 . 1 . 1 . 2    P r e s s u r e  r e l i e f d e vi c e s  o r  s tati o n ar y o r  p o r tab l e
c o n tai n e r s  s h al l  b e  ve n te d  d i r e c tl y o u td o o r s  o r to  a n  e x h a u s t

h o o d .

Δ 6 . 4 . 1 . 2  Aggre gate  Al l o wab l e  Q u an ti ti e s .    T h e  agg r e ga te  q u an ‐
ti ty i n  u s e  an d  s to r ag e  s h al l  n o t e x c e e d  th e  q u a n ti ty l i s te d  fo r

s to r ag e .

Δ 6 . 4 . 1 . 3  I n c o m p ati b l e  M ate ri al s .    Wh e n  th e  classifcation  o f
m a te r i al s  i n  i n d i vi d u a l  c o n ta i n e r s  r e q u i r e s  th e  ar e a to  b e
p l a c e d  i n  m o r e  th an  o n e  o c c u p an c y classifcation,  th e  s e p a r a‐

ti o n  o f o c c u p a n c i e s  s h al l  n o t b e  r e q u i r e d ,  p r o vi d e d  th e  a r e a i s
c o n s tr u c te d  to  m e e t th e  r e q u i r e m e n ts  o f th e  m o s t r e s tr i c ti ve
o c c u p an c y classifcation  an d  th at th e  i n c o m p ati b l e  m a te r i al s

ar e  s e p ar a te d  as  r e q u i r e d  b y 7 . 2 . 1 . 1 .

6 . 4 . 1 . 4  M ul ti p l e  H az ard s .    GH 2  b l e n d e d  wi th  o th e r  g as e s
h a vi n g m u l ti p l e  h a z a r d s  s h al l  al s o  c o m p l y wi th  N F PA 5 5 .

6 . 4 . 1 . 5  G H 2 .

Δ 6 . 4 . 1 . 5 . 1 *    GH 2  s h a l l  n o t b e  s to r e d  o r  u s e d  i n  o th e r  th a n  i n d u s ‐
tr i al  o r  s to r a ge  o c c u p a n c i e s ,  o r  l ab o r ato r y wo r k ar e a s  o f b u s i ‐

n e s s  o c c u p an c i e s .

Δ 6 . 4 . 1 . 5 . 1 . 1    C yl i n d e r s ,  c o n tai n e r s ,  o r  tan ks  n o t e x c e e d i n g
2 5 0  s c f ( 7 . 1  N m 3 )  c o n te n t at n o r m al  te m p e r a tu r e  an d  p r e s s u r e

( N T P )  an d  u s e d  fo r  m ai n te n a n c e  p u r p o s e s ,  p ati e n t c a r e ,  o r
o p e r ati o n  o f e q u i p m e n t s h al l  b e  p e r m i tte d .

6 . 4 . 1 . 5 . 1 . 2    P i p i n g s ys te m s  u s e d  to  s u p p l y GH 2  i n  ac c o r d a n c e
wi th  6 . 5 . 1  s h al l  b e  a l l o we d .

6 . 4 . 1 . 5 . 1 . 3    H yd r o g e n  g as  s ys te m s  l o c a te d  i n  a h yd r o ge n  ga s
r o o m  th a t 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  6 . 6  a r e  p e r m i s s i b l e
i n  q u an ti ti e s  u p  to  th o s e  a l l o we d  b y Tab l e  6 . 4 . 1 . 1 . 1  fo r  as s e m ‐
b l y,  e d u c a ti o n a l ,  i n s ti tu ti o n al ,  r e s i d e n ti al ,  o r  b u s i n e s s  o c c u p an ‐

c i e s .

6 . 4 . 2  Classifcation  o f O c c u p an c y.    T h e  o c c u p an c y classifca‐
tion  r e q u i r e d  s h a l l  b e  b a s e d  o n  th e  h az ar d  c l as s  o f th e  m a te r i al

i n vo l ve d  as  i n d i c ate d  i n  6 . 4 . 2 . 1 .

6 . 4 . 2 . 1  O c c u p an c y Classifcation.    O c c u p an c i e s  u s e d  fo r  th e
s to r ag e  o r  u s e  o f GH 2  o r  L H 2  i n  q u an ti ti e s  th at e x c e e d  th e

q u an ti ty th r e s h o l d s  fo r  g as e s  r e q u i r i n g  s p e c i al  p r o vi s i o n s  s h a l l
b e  classifed  i n  a c c o r d a n c e  wi th  th e  ad o p te d  b u i l d i n g  c o d e .

6 . 5 *  P i p i n g.

Δ 6 . 5 . 1 *  P i p i n g S ys te m s .    P i p i n g ,  tu b i n g ,  val ve s ,  an d  fttings  s h al 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 an c e  wi th  a p p l i c ab l e

s e c ti o n s  o f AS M E  B 3 1 ,  Code for Pressure Piping,  a n d  S e c ti o n s
7 0 4 . 1 . 2 . 3 ,  7 0 4 . 1 . 2 . 4 ,  an d  7 0 4 . 1 . 2 . 5  o f th e  I C C  International Fuel
Gas Code (IFGC).  C a s t,  d u c ti l e ,  m a l l e ab l e ,  o r  h i g h -s i l i c o n  i r o n

p i p e ,  val ve s ,  an d  fttings  s h al l  n o t b e  u s e d .

Δ 6 . 5 . 1 . 1    P r i o r  to  ac c e p tan c e  an d  i n i ti al  o p e r a ti o n ,  al l  p i p i n g
i n s ta l l a ti o n s  s h a l l  b e  i n s p e c te d  an d  p r e s s u r e  te s te d  i n  ac c o r d ‐

an c e  wi th  AS M E  B 3 1 ,  Code for Pressure Piping,  an d  S e c ti o n  7 0 5  o f
th e  I C C  International Fuel Gas Code (IFGC).

Δ 6 . 5 . 1 . 2    I n  ad d i ti o n  to  th e  r e q u i r e m e n ts  o f 6 . 5 . 1 ,  b r az i n g  m a te ‐
r i al s  u s e d  fo r  j o i n ts  i n  p i p i n g an d  tu b i n g  s ys te m s  s h al l  h ave  a

m e l ti n g p o i n t a b o ve  1 0 0 0 ° F  ( 5 3 8 ° C ) .

Δ 6 . 5 . 1 . 3    U n d e r gr o u n d  p i p i n g s ys te m s  s h al l  b e  i n  ac c o r d a n c e
wi th  6 . 5 . 3 .

Δ 6 . 5 . 1 . 4  I n te gri ty.    P i p i n g ,  tu b i n g ,  p r e s s u r e  r e g u l a to r s ,  va l ve s ,
an d  o th e r  a p p ar atu s  s h al l  b e  ke p t ga s ti gh t to  p r e ve n t l e akag e .

Δ 6 . 5 . 1 . 5  Backfow P re ve n ti o n .    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 r e  th e  backfow o f h az ar d o u s  m a te ‐

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 au s e  th e  u n au th o r ‐
i z e d  d i s c h ar g e  o f h az ar d o u s  m a te r i al s .

6 . 5 . 2  E q u i p m e n t As s e m b l y.

Δ 6 . 5 . 2 . 1    Va l ve s ,  g au ge s ,  r e g u l a to r s ,  an d  o th e r  a c c e s s o r i e s  u s e d
fo r  h yd r o g e n  s ys te m s  s h al l  b e  specifed  fo r  h yd r o g e n  s e r vi c e  b y

th e  m an u fa c tu r e r  o r  th e  h yd r o ge n  s u p p l i e r.

Δ 6 . 5 . 2 . 2    S to r ag e  c o n tai n e r s ,  p i p i n g ,  val ve s ,  r e g u l ati n g  e q u i p ‐
m e n t,  an d  o th e r  a p p u r te n a n c e s  s e r vi n g h yd r o g e n  s ys te m s  s h a l l

b e  a c c e s s i b l e  a n d  s h al l  b e  p r o te c te d  ag ai n s t p h ys i c a l  d a m a ge
a n d  tam p e r i n g.

Δ 6 . 5 . 2 . 3    C a b i n e ts  o r  e n c l o s u r e s  c o n ta i n i n g  h yd r o g e n  c o n tr o l  o r
o p e r ati n g  e q u i p m e n t s h al l  b e  ve n ti l ate d  to  p r e ve n t th e  ac c u ‐

m u l a ti o n  o f h yd r o g e n .

Δ Tab l e  6 . 4 . 1 . 1 . 1  M ax i m u m  Al l o wab l e  Q u an ti ty o f H yd ro ge n  p e r C o n tro l  Are a ( Q u an ti ty
T h re s h o l d s  Re q u i ri n g S p e c i al  P ro vi s i o n s )

 U n s p ri n k l e re d  Are as  S p ri n kl e re d  Are as

M ate ri al

N o  G as  C ab i n e t,  G as
Ro o m ,  o r E xh aus te d

E n c l o s u re

G as  C ab i n e t,  G as
Ro o m ,  o r E x h au s te d

E n c l o s ure  

N o  G as  C ab i n e t,  G as
Ro o m ,  o r E x h au s te d

E n c l o s ure

G as  C ab i n e t,  G as
Ro o m ,  o r E x h au s te d

E n c l o s ure

L H 2 0  g al  ( 0  L ) 4 5  g al  ( 1 7 0  L )  * 4 5  g a l  ( 1 7 0  L ) 4 5  g a l  ( 1 7 0  L )
G H 2 1 0 0 0  s c f ( 2 6 . 3  N m 3 ) 2 0 0 0  s c f ( 5 2 . 6  N m 3 ) 2 0 0 0  s c f ( 5 2 . 6  N m 3 ) 4 0 0 0  s c f ( 1 0 5 . 1  N m 3 )

F o r  S I  u n i ts :  1  ft =  3 0 4 . 8  m m ;  1  s c f =  0 . 0 2 8 3 2  N m 3 .
N o te :  N o n e  a l l o we d  i n  u n s p r i n kl e r e d  b u i l d i n g s  u n l e s s  s to r e d  o r  u s e d  i n  g a s  r o o m s  o r  i n  a p p r o ve d  g a s  c a b i n e ts
o r  e x h a u s te d  e n c l o s u r e s ,  a s  specifed  i n  th i s  c o d e ,  a n d  p r e s s u r e -r e l i e f d e vi c e s  fo r  s tati o n a r y o r  p o r tab l e
c o n ta i n e r s  ve n te d  d i r e c tl y o u td o o r s  o r  to  a n  e x h au s t h o o d .
* A g a s  c a b i n e t o r  e x h a u s te d  e n c l o s u r e  i s  r e q u i r e d  (see also 6. 4. 1 . 1 . 2).
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S h ad 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 ate r i a l . 2 0 2 3  E d i t i o n

Δ 6 . 5 . 2 . 4    M o b i l e  h yd r o ge n  s u p p l y u n i ts  u s e d  a s  p ar t o f a  h yd r o ‐
ge n  s ys te m  s h a l l  b e  s e c u r e d  to  p r e ve n t m o ve m e n t.

Δ 6 . 5 . 2 . 5    M o b i l e  h yd r o g e n  s u p p l y u n i ts  s h al l  b e  e l e c tr i c al l y
b o n d e d  to  th e  s to r ag e  s ys te m  b e fo r e  h yd r o ge n  i s  d i s c h a r ge d

fr o m  th e  s u p p l y u n i t.

6 . 5 . 3  U n d e rgro u n d  P i p i n g.

Δ 6 . 5 . 3 . 1    U n d e r g r o u n d  p i p i n g  s h a l l  b e  o f we l d e d  c o n s tr u c ti o n
wi th o u t val ve s ,  u n we l d e d  m e c h a n i c al  j o i n ts ,  o r  c o n n e c ti o n s

i n s ta l l e d  u n d e r gr o u n d .

Δ 6 . 5 . 3 . 1 . 1    Va l ve s  o r  c o n n e c ti o n s  l o c ate d  i n  b o x e s  o r  e n c l o s u r e s
s h a l l  b e  p e r m i tte d  to  b e  i n s tal l e d  u n d e r g r o u n d  wh e r e  s u c h
b o x e s  o r  e n c l o s u r e s  a r e  a c c e s s i b l e  fr o m  ab o ve  g r o u n d  an d

wh e r e  th e  val ve s  o r  c o n n e c ti o n s  c o n tai n e d  ar e  i s o l a te d  fr o m
d i r e c t c o n tac t wi th  e a r th  o r  fll.

Δ 6 . 5 . 3 . 1 . 2    Va l ve  b o x e s  o r  e n c l o s u r e s  i n s ta l l e d  i n  a r e as  s u b j e c t to
ve h i c u l a r  traffc  s h al l  b e  c o n s tr u c te d  to  r e s i s t u n i fo r m l y d i s tr i b ‐
u te d  an d  c o n c e n tr ate d  l i ve  l o a d s  i n  a c c o r d an c e  wi th  th e  a d o p ‐

te d  b u i l d i n g c o d e  fo r  a r e as  d e s i g n ate d  a s  ve h i c u l a r  d r i ve ways
an d  yar d s ,  s u b j e c t to  tr u c ki n g .

Δ 6 . 5 . 3 . 1 . 3 *    P i p i n g  i n s tal l e d  i n  tr e n c h  s ys te m s  l o c a te d  b e l o w
gr a d e  wh e r e  th e  tr e n c h  i s  o p e n  to  ab o ve  s h a l l  n o t b e  c o n s i d ‐
e r e d  to  b e  u n d e r g r o u n d .

6 . 5 . 3 . 2  C o n tac t wi th  E ar th .

Δ 6 . 5 . 3 . 2 . 1    P i p i n g i n  c o n tac t wi th  e a r th  o r  o th e r  m ate r i a l  th at
c o u l d  c o r r o d e  th e  p i p i n g  s h al l  b e  p r o te c te d  ag ai n s t c o r r o s i o n

i n  an  ap p r o ve d  m a n n e r.

Δ 6 . 5 . 3 . 2 . 2    Wh e n  c ath o d i c  p r o te c ti o n  i s  p r o vi d e d ,  i t s h al l  b e  i n
a c c o r d an c e  wi th  7 . 1 . 1 7 .

6 . 5 . 3 . 3    U n d e r g r o u n d  p i p i n g s h al l  b e  i n s ta l l e d  o n  a t l e a s t 6  i n .
( 1 5 0  m m )  o f we l l -c o m p ac te d  b e d d i n g  m a te r i al .  [ 3 0 : 2 7 . 6 . 5 . 1 ]

6 . 5 . 3 . 4    I n  a r e as  s u b j e c t to  ve h i c l e  traffc,  th e  p i p e  tr e n c h  s h a l l
b e  d e e p  e n o u g h  to  p e r m i t a c o ve r  o f a t l e as t 1 8  i n .  ( 4 5 0  m m )

o f we l l -c o m p ac te d  backfll  m ate r i a l  an d  p a ve m e n t.
[ 3 0 : 2 7 . 6 . 5 . 2 ]

6 . 5 . 3 . 5    I n  p ave d  ar e a s  wh e r e  a  m i n i m u m  2  i n .  ( 5 0  m m )  o f
as p h a l t i s  u s e d ,  backfll  b e twe e n  th e  p i p e  an d  th e  as p h al t s h a l l

b e  p e r m i tte d  to  b e  r e d u c e d  to  8  i n .  ( 2 0 0  m m )  m i n i m u m .
[ 3 0 : 2 7 . 6 . 5 . 3 ]

6 . 5 . 3 . 6    I n  p ave d  a r e as  wh e r e  a m i n i m u m  4  i n .  ( 1 0 0  m m )  o f
r e i n fo r c e d  c o n c r e te  i s  u s e d ,  backfll  b e twe e n  th e  p i p e  an d  th e
as p h a l t s h al l  b e  p e r m i tte d  to  b e  r e d u c e d  to  4  i n .  ( 1 0 0  m m )

m i n i m u m .  [ 3 0 : 2 7 . 6 . 5 . 4 ]

Δ 6 . 5 . 3 . 7    I n  ar e as  n o t s u b j e c t to  ve h i c l e  traffc,  th e  p i p e  tr e n c h
s h a l l  b e  d e e p  e n o u g h  to  p e r m i t a c o ve r  o f at l e as t 1 2  i n .

( 3 0 0  m m )  o f we l l -c o m p a c te d  backfll  m a te r i al .

6 . 5 . 3 . 8    A g r e ate r  b u r i a l  d e p th  s h a l l  b e  p r o vi d e d  wh e n
r e q u i r e d  b y th e  m a n u fac tu r e r ’ s  i n s tr u c ti o n s  o r  wh e r e  fr o s t
c o n d i ti o n s  a r e  p r e s e n t.  [ 3 0 : 2 7 . 6 . 5 . 6 ]

6 . 5 . 3 . 9    P i p i n g wi th i n  th e  s am e  tr e n c h  s h al l  b e  s e p a r ate d  h o r i ‐
z o n tal l y b y at l e as t two  p i p e  d i a m e te r s .  S e p ar a ti o n  n e e d  n o t

e x c e e d  9  i n .  ( 2 3 0  m m ) .  [ 3 0 : 2 7 . 6 . 5 . 7 ]

6 . 5 . 3 . 1 0    Two  o r  m o r e  l e ve l s  o f p i p i n g wi th i n  th e  s am e  tr e n c h
s h a l l  b e  s e p a r ate d  ve r ti c a l l y b y a  m i n i m u m  6  i n .  ( 1 5 0  m m )  o f

we l l -c o m p ac te d  b e d d i n g m ate r i a l .  [ 3 0 : 2 7 . 6 . 5 . 8 ]

6 . 5 . 3 . 1 1    “ As -b u i l t”  d r awi n g s  o f th e  u n d e r g r o u n d  p i p i n g  i n s ta l ‐
l ati o n  s h a l l  b e  m a i n tai n e d  b y th e  o wn e r  an d  s h al l  b e  avai l ab l e
u p o n  r e q u e s t b y th e  AH J .

Δ 6 . 6  G as  Ro o m s .    Wh e r e  a ga s  r o o m  i s  u s e d  to  i n c r e a s e  th e
th r e s h o l d  q u an ti ty fo r  a  g as  r e q u i r i n g  s p e c i a l  p r o vi s i o n s  o r

wh e r e  o th e r wi s e  r e q u i r e d  b y th e  m ate r i a l  o r  a p p l i c a ti o n
specifc  r e q u i r e m e n ts  o f C h ap te r s  1 0  th r o u gh  1 8 ,  th e  r o o m
s h a l l  m e e t th e  r e q u i r e m e n ts  o f 6 . 6 . 1  th r o u gh  6 . 6 . 5 .

Δ 6 . 6 . 1  P re s s u re  C o n tro l .    Ga s  r o o m s  s h a l l  o p e r a te  at a n e g ati ve
p r e s s u r e  i n  r e l a ti o n s h i p  to  th e  s u r r o u n d i n g a r e a.

Δ 6 . 6 . 2  E x h au s t Ve n ti l ati o n .    Ga s  r o o m s  s h al l  b e  p r o vi d e d  wi th
an  e x h a u s t ve n ti l a ti o n  s ys te m .

Δ 6 . 6 . 3  C o n s tr u c ti o n .    Ga s  r o o m s  s h a l l  b e  c o n s tr u c te d  i n  a c c o r d ‐
an c e  wi th  th e  ad o p te d  b u i l d i n g c o d e .

Δ 6 . 6 . 4  S e p arati o n .    Gas  r o o m s  s h al l  b e  s e p a r ate d  fr o m  o th e r
o c c u p an c i e s  b y a  m i n i m u m  o f 1 -h o u r  fre  r e s i s ta n c e .

6 . 6 . 5  L i m i tati o n  o n  C o n te n ts .

Δ 6 . 6 . 5 . 1    T h e  fu n c ti o n  o f c o m p r e s s e d  ga s  r o o m s  s h al l  b e  l i m i te d
to  s to r a ge  a n d  u s e  o f c o m p r e s s e d  g as e s  an d  as s o c i ate d  e q u i p ‐

m e n t an d  s u p p l i e s .

6 . 6 . 5 . 2    Wh e r e  GH 2  o r  L H 2  i s  s to r e d  an d  u s e d  i n  ga s  r o o m s  i t
s h a l l  c o m p l y wi th  6 . 6 . 5 . 1 .

6 . 7  We ath e r P ro te c ti o n .

6 . 7 . 1  Classifcation  o f We ath e r P ro te c ti o n  as  an  I n d o o r Ve rs us
O u td o o r Are a.

6 . 7 . 1 . 1    A we ath e r  p r o te c ti o n  s tr u c tu r e  s h a l l  b e  al l o we d  to  b e
u s e d  fo r  s h e l te r i n g  h yd r o g e n  i n  o u td o o r  s to r a ge  o r  u s e  a r e as ,
wi th o u t r e q u i r i n g  th e s e  ar e as  to  b e  classifed  as  i n d o o r  s to r a ge .

Δ 6 . 7 . 1 . 2    We ath e r  p r o te c te d  ar e a s  c o n s tr u c te d  i n  a c c o r d a n c e
wi th  6 . 7 . 1 . 4  s h al l  b e  r e gu l ate d  a s  o u td o o r  s to r ag e  o r  u s e .

Δ 6 . 7 . 1 . 3    We ath e r  p r o te c te d  ar e a s  th at ar e  n o t c o n s tr u c te d  i n
ac c o r d an c e  wi th  6 . 7 . 1 . 4  s h al l  b e  r e g u l ate d  a s  i n d o o r  s to r ag e  o r

u s e .

Δ 6 . 7 . 1 . 4    B u i l d i n g s  o r  s tr u c tu r e s  u s e d  fo r  we a th e r  p r o te c ti o n
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 ) T h e  b u i l d i n g o r  s tru c tu r e  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 a te ri al s .

( 2 ) Wal l s  s h al l  n o t o b s tr u c t m o r e  th a n  o n e  s i d e  o f th e  s tr u c ‐
tu r e .

( 3 ) Wal l s  s h al l  b e  p e r m i tte d  to  o b s tr u c t p o r ti o n s  o f m u l ti p l e
s i d e s  o f th e  s tr u c tu r e ,  p r o vi d e d  th a t th e  o b s tr u c te d  ar e a

d o e s  n o t e x c e e d  2 5  p e r c e n t o f th e  s tr u c tu r e ’ s  p e r i m e te r
a r e a.

( 4 ) T h e  b u i l d i n g  o r  s tr u c tu r e  s h a l l  b e  l i m i te d  to  a m ax i m u m
ar e a o f 1 5 0 0  ft2  ( 1 4 0  m 2 ) ,  wi th  i n c r e as e s  i n  ar e a  al l o we d
b y th e  b u i l d i n g  c o d e  b as e d  o n  o c c u p a n c y an d  typ e  o f

c o n s tr u c ti o n .
( 5 ) T h e  d i s tan c e  fr o m  th e  s tr u c tu r e  c o n s tr u c te d  a s  we a th e r

p r o te c ti o n  to  b u i l d i n g s ,  l o t l i n e s ,  p u b l i c  ways ,  o r  m e a n s  o f
e g r e s s  to  a p u b l i c  wa y s h al l  n o t b e  l e s s  th a n  th e  d i s ta n c e

r e q u i r e d  fo r  an  o u ts i d e  h a z a r d o u s  m ate r i a l  s to r ag e  o r  u s e
ar e a wi th o u t we ath e r  p r o te c ti o n  b as e d  o n  th e  h az ar d  c l a s ‐
sifcation  o f th e  m ate r i a l s  c o n tai n e d .

( 6 ) Re d u c ti o n s  i n  s e p a r ati o n  d i s tan c e  s h al l  b e  p e r m i tte d
b a s e d  o n  th e  u s e  o f fre  b ar r i e r  wa l l s  wh e r e  p e r m i tte d  fo r
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specifc  m a te r i al s  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 ap te r s  7  a n d  8 .

6 . 8 *  E l e c tri c al  E q u i p m e n t.    E l e c tr i c al  wi r i n g  an d  e q u i p m e n t
s h a l l  b e  i n  a c c o r d an c e  wi th  S e c ti o n  6 . 8 ,  NFPA 70,  a n d  N F PA 7 9 ,

as  ap p l i c a b l e .

6 . 8 . 1  S tan d b y P o we r.

Δ 6 . 8 . 1 . 1    Wh e r e  th e  fo l l o wi n g  s ys te m s  ar e  r e q u i r e d  b y th i s  c o d e
fo r  th e  s to r ag e  o r  u s e  o f G H 2  o r  L H 2  th a t e x c e e d  th e  q u an ti ty
th r e s h o l d s  fo r  g as e s  r e q u i r i n g  s p e c i al  p r o vi s i o n s ,  s u c h  s ys te m s
s h a l l  b e  c o n n e c te d  to  a s tan d b y p o we r  s ys te m  i n  a c c o r d a n c e

wi th  NFPA 70:

( 1 ) M e c h an i c a l  ve n ti l ati o n
( 2 ) Tr e atm e n t s ys te m s
( 3 ) Te m p e r a tu r e  c o n tr o l s
( 4 ) Al ar m s
( 5 ) D e te c ti o n  s ys te m s
( 6 ) O th e r  e l e c tr i c a l l y o p e r a te d  s ys te m s

Δ 6 . 8 . 1 . 2    T h e  r e q u i r e m e n ts  o f 6 . 8 . 1 . 1  s h al l  n o t a p p l y wh e r e
e m e r g e n c y p o we r  i s  p r o vi d e d  i n  ac c o r d a n c e  wi th  6 . 8 . 2  an d

NFPA 70.

Δ 6 . 8 . 2  E m e rge n c y P o we r.    Wh e n  e m e rge n c y p o we r  i s  r e q u i r e d ,
th e  s ys te m  s h a l l  m e e t th e  r e q u i r e m e n ts  fo r  a L e ve l  2  s ys te m  i n

ac c o r d an c e  wi th  N F PA 1 1 0  o r  N F PA 1 1 1 .

Δ 6 . 8 . 2 . 1    Wh e n  s ta n d b y p o we r  i s  r e q u i re d ,  th e  s ys te m  s h al l  m e e t
th e  r e q u i r e m e n ts  fo r  a  L e ve l  2  s ys te m  i n  ac c o r d an c e  wi th
N F PA 1 1 1 .

Δ 6 . 9 *  E m p l o ye e  Al ar m  S ys te m .    Wh e r e  r e q u i r e d  b y g o ve r n ‐
m e n t r e g u l ati o n s ,  an  e m p l o ye e  a l a r m  s ys te m  s h al l  b e  p r o vi d e d

to  al l o w war n i n g fo r  n e c e s s ar y e m e r ge n c y ac ti o n  a s  c a l l e d  fo r  i n
th e  e m e r ge n c y a c ti o n  p l an  r e q u i r e d  b y 4 . 6 . 1 ,  o r  fo r  r e a c ti o n

ti m e  fo r  s a fe  e g r e s s  o f e m p l o ye e s  fr o m  th e  wo r kp l a c e  o r  th e
i m m e d i a te  wo r k ar e a,  o r  b o th .

6 . 1 0 *  E x p l o s i o n  C o n tro l .

6 . 1 0 . 1    E x p l o s i o n  c o n tr o l  s h al l  b e  p r o vi d e d  wh e r e  th e  q u an ti ty
o f GH 2  o r  L H 2  i n  s to r ag e  o r  u s e  e x c e e d s  th e  q u an ti ty th r e s h ‐

o l d s  r e q u i r i n g s p e c i al  p r o vi s i o n s  a s  l i s te d  i n  Tab l e  6 . 4 . 1 . 1 . 1  o r
wh e r e  o th e r wi s e  r e q u i r e d .

6 . 1 0 . 2    Wh e r e  e x p l o s i o n  c o n tr o l  i s  r e q u i r e d ,  i t s h al l  b e  p r o vi ‐
d e d  b y o n e  o r  b o th  o f th e  fo l l o wi n g m e th o d s :

( 1 ) E x p l o s i o n  p r e ve n ti o n  i n  ac c o r d a n c e  wi th  6 . 1 0 . 3
( 2 ) Defagration  ve n ti n g  i n  ac c o r d an c e  wi th  6 . 1 0 . 4

6 . 1 0 . 3 *  E x p l o s i o n  P re ve n ti o n .    Wh e r e  p r o vi d e d ,  e x p l o s i o n
p r e ve n ti o n  s h al l  b e  i n  ac c o r d an c e  wi th  o n e  o r  m o r e  o f th e
m e th o d s  specifed  i n  N F PA 6 9 .

6 . 1 0 . 4  Defagration  Ve n ti n g.    Wh e r e  p r o vi d e d ,  e x p l o s i o n
p r o te c ti o n  b y th e  u s e  o f defagration  ve n ti n g  s h al l  b e  i n  ac c o r d ‐
an c e  wi th  N F PA 6 8 .

6 . 1 1  Fi re  P ro te c ti o n  S ys te m s .    B u i l d i n gs ,  o r  p o r ti o n s  th e r e o f,
r e q u i r e d  to  c o m p l y wi th  th e  r e q u i r e m e n ts  fo r  h az ar d o u s  o c c u ‐
p an c i e s  s h a l l  b e  p r o te c te d  b y an  ap p r o ve d  au to m ati c  fre  s p r i n ‐

kl e r  s ys te m  c o m p l yi n g wi th  N F PA 1 3 .

Δ 6 . 1 1 . 1  S p ri n k l e r S ys te m  D e s i gn .    Wh e n  s p r i n kl e r  p r o te c ti o n  i s
r e q u i r e d ,  th e  a re a i n  wh i c h  GH 2  o r  L H 2  i s  s to r e d  o r  u s e d  s h a l l
b e  p r o te c te d  wi th  a  s p r i n kl e r  s ys te m  d e s i gn e d  to  b e  n o t l e s s

th an  th at r e q u i r e d  b y 1 1 . 2 . 3 . 1 1  o f N F PA 1 3  fo r  th e  E x tr a
H a z a r d  Gr o u p  1  d e n s i ty/ ar e a  c u r ve .

6 . 1 2  Fi re  Al ar m  S ys te m s .

6 . 1 2 . 1    A m an u al  fre  al a r m  s ys te m  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  th e  ad o p te d  b u i l d i n g c o d e .

6 . 1 2 . 2    T h e  s ys te m  s h al l  b e  d e s i gn 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  NFPA 72.

6 . 1 3 *  G H 2  D e te c ti o n  S ys te m s .

6 . 1 3 . 1    Gas  d e te c ti o n  e q u i p m e n t s h a l l  b e  l i s te d  o r  ap p r o ve d .

6 . 1 3 . 2    Wh e r e  GH 2  d e te c ti o n  s ys te m s  ar e  i n s ta l l e d ,  th e y s h a l l
b e  d e s i g n e d ,  i n s ta l l e d ,  te s te d ,  i n s p e c te d ,  c al i b r ate d ,  an d  m ai n ‐
ta i n e d  i n  a c c o r d an c e  wi th  th e  fo l l o wi n g:

( 1 ) M an u fa c tu r e r ’ s  r e q u i r e m e n ts
( 2 ) E q u i p m e n t l i s ti n g  r e q u i r e m e n ts

6 . 1 3 . 2 . 1    M a i n te n an c e ,  i n s p e c ti o n ,  c al i b r ati o n ,  an d  te s ti n g
s h a l l  b e  c o n d u c te d  b y tr ai n e d  p e r s o n n e l .

6 . 1 3 . 2 . 1 . 1 *    Te s ti n g s h a l l  b e  c o n d u c te d  at l e as t an n u a l l y.

6 . 1 3 . 2 . 1 . 2    M a i n te n an c e ,  i n s p e c ti o n ,  c al i b r ati o n ,  an d  te s ti n g
r e c o r d s  s h al l  b e  r e tai n e d  fo r  a  m i n i m u m  o f 3  ye a r s .

Δ 6 . 1 4 *  L i gh ti n g.    Ap p r o ve d  l i g h ti n g  b y n atu r al  o r  artifcial
m e a n s  s h a l l  b e  p r o vi d e d  fo r  ar e a s  o f s to r ag e  o r  u s e .

6 . 1 5  S p i l l  C o n tro l ,  D rai n age ,  an d  S e c o n d ar y C o n tai n m e n t.

Δ 6 . 1 5 . 1  G H 2 .    S p i l l  c o n tr o l ,  d r ai n ag e ,  an d  s e c o n d a r y c o n tai n ‐
m e n t s h al l  n o t b e  r e q u i r e d  fo r  G H 2 .

Δ 6 . 1 5 . 2  L H 2 .    D i ki n g  s h a l l  n o t b e  u s e d  to  c o n tai n  an  L H 2  s p i l l .

Δ 6 . 1 5 . 2 . 1  L H 2    D i ki n g o r  b e r m s  s h al l  b e  p e r m i tte d  to  d i r e c t th e
s p i l l  awa y fr o m  e x p o s u r e s .

6 . 1 6  S h e l vi n g.

Δ 6 . 1 6 . 1    S h e l ve s  u s e d  fo r  th e  s to r ag e  o f c yl i n d e r s ,  c o n ta i n e r s ,
an d  tan ks  s h al 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  an d

d e s i g n e d  to  s u p p o r t th e  we i g h t o f th e  m ate r i al s  s to r e d .

Δ 6 . 1 6 . 2    S h e l ve s  a n d  c o n ta i n e r s  s h al l  b e  s e c u r e d  fr o m  o ve r tu r n ‐
i n g.

Δ 6 . 1 7 *  Ve n t S ys te m  Te r m i n ati o n .    H yd r o ge n - ve n ti n g  s ys te m s
s e r vi n g p r e s s u r e  r e l i e f d e vi c e s  d i s c h ar g i n g  h yd r o g e n  to  th e

atm o s p h e r e  s h a l l  b e  i n  a c c o r d a n c e  wi th  C GA G-5 . 5 ,  Hydrogen
Vent Systems.

6 . 1 7 . 1    E x i ts  o f ve n t s tac ks  s h a l l  b e  l o c a te d  o u td o o r s  a n d  away
fr o m  p e r s o n n e l  ar e as ,  i gn i ti o n  s o u r c e s ,  a i r  i n ta ke s ,  b u i l d i n g

o p e n i n g s ,  an d  o ve rh a n gs .

N 6 . 1 7 . 2 *    T h e  ar e a  classifcations  a n d  e x te n t o f th e  h az ar d o u s
(classifed)  vo l u m e  s u r r o u n d i n g th e  ve n t p i p e  te r m i n a ti o n  s h al l
b e  d e te r m i n e d  u s i n g I E C  6 0 0 7 9 -1 0 - 1 ,  Explosive atmospheres —

Part 1 0-1 : Classifcation of areas — Explosive gas atmospheres.

N 6 . 1 7 . 3    T h e  ve r ti c a l  d i m e n s i o n  o f th e  ve n t e x i t e l e vati o n  s h a l l
b e  th e  gr e a te s t o f th e  fo l l o wi n g:

( 1 ) T h e  th e r m al  r a d i ati o n  an d  i m p i n g e m e n t d i s ta n c e  d e te r ‐
m i n e d  i n  S e c ti o n  6 . 1 7

( 2 ) T h e  e x te n t o f th e  h a z a r d o u s  ar e a  d e te r m i n e d  i n  6 . 1 7 . 2
( 3 ) A m i n i m u m  o f 1 0  ft ( 3  m )  ab o ve  g r ad e ,  2  ft ( 0 . 6 1  m )

a b o ve  ad j a c e n t e q u i p m e n t,  o r  5  ft ( 1 . 5  m )  ab o ve  r o o fto p s
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N 6 . 1 7 . 4 *    T h e  h o r i z o n tal  s e p a r ati o n  d i s ta n c e  fr o m  th e  ve n t p i p e
te r m i n a ti o n  to  E x p o s u r e s  Gr o u p  1  a n d  E x p o s u r e s  Gr o u p  2  i n

Tab l e  7 . 3 . 2 . 3 . 1 . 2 ( B ) ( a)  s h al l  b e  th e  g r e ate s t o f th e  fo l l o wi n g :

( 1 ) T h e  h o r i z o n tal  c o m p o n e n t o f th e  th e r m al  r ad i ati o n  an d
i m p i n g e m e n t d i s ta n c e  d e te r m i n e d  i n  S e c ti o n  6 . 1 7

( 2 ) T h e  h o r i z o n ta l  c o m p o n e n t o f th e  e x te n t o f th e  h az ar d o u s
(classifed)  ar e a d e te r m i n e d  i n  6 . 1 7 . 2

•
Δ 6 . 1 8 *  Ve n ti l ati o n .    I n d o o r  s to r a ge  an d  u s e  a r e as  a n d  s to r ag e

b u i l d i n g s  fo r  GH 2  an d  L H 2  s h a l l  b e  p r o vi d e d  wi th  m e c h a n i c al
e x h au s t ve n ti l a ti o n  o r  fxed  n atu r al  ve n ti l ati o n ,  wh e r e  n a tu r al

ve n ti l ati o n  i s  s h o wn  to  b e  a c c e p ta b l e  fo r  th e  GH 2  o r  L H 2  a s
s to r e d .

Δ 6 . 1 8 . 1  Ve n ti l ati o n  Rate .    M e c h a n i c al  e x h au s t o r  fxed  n a tu r al
ve n ti l a ti o n  s h a l l  b e  p r o vi d e d  at a r a te  o f n o t l e s s  th an

1  s c f/ m i n / ft2  ( 0 . 0 0 5 1  m 3 / s e c / m 2 )  o f foor  ar e a o ve r  th e  ar e a
o f s to r ag e  o r  u s e .

6 . 1 8 . 2  M e c h an i c al  E x h aus t Ve n ti l ati o n .

Δ 6 . 1 8 . 2 . 1  Ve n ti l ati o n  S ys te m s .    I n  ad d i ti o n  to  th e  r e q u i r e m e n ts
o f S e c ti o n  6 . 1 8 ,  ve n ti l a ti o n  s ys te m s  s h a l l  b e  d e s i g n 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  th e  re q u i r e m e n ts  o f th e  a d o p te d

m e c h a n i c al  c o d e .

Δ 6 . 1 8 . 2 . 1 . 1  C o n ti n u o u s  O p e rati o n .    Wh e n  o p e r a ti o n  o f ve n ti l a‐
ti o n  s ys te m s  i s  r e q u i r e d ,  s ys te m s  s h a l l  o p e r ate  c o n ti n u o u s l y

u n l e s s  an  al te r n a ti ve  d e s i gn  i s  ap p ro ve d  b y th e  AH J .

Δ 6 . 1 8 . 2 . 1 . 2  S h uto ff C o n tro l s .    Wh e r e  p o we r e d  ve n ti l ati o n  i s
p r o vi d e d ,  a m a n u al  s h u to ff s wi tc h  s h a l l  b e  p r o vi d e d  o u ts i d e  th e
r o o m  i n  a p o s i ti o n  a d j ac e n t to  th e  p r i n c i p a l  ac c e s s  d o o r  to  th e

r o o m  o r  i n  an  ap p r o ve d  l o c ati o n .

Δ 6 . 1 8 . 2 . 1 . 3  M an u al  S h u to ff S wi tc h.    T h e  s wi tc h  s h al l  b e  th e
b r e a kg l a s s  o r  e q u i val e n t typ e  an d  s h al l  b e  l ab e l e d  as  fo l l o ws :

WARN I N G :
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6 . 1 8 . 2 . 1 . 4  E x h au s t S ys te m .

Δ 6 . 1 8 . 2 . 1 . 4 . 1    T h e  e x h au s t ve n ti l a ti o n  s ys te m  d e s i g n  s h al l  ta ke
i n to  a c c o u n t th e  d e n s i ty o f th e  p o te n ti a l  ga s e s  r e l e as e d .

Δ 6 . 1 8 . 2 . 1 . 4 . 2    F o r  g as e s  th a t ar e  l i gh te r  th a n  a i r,  e x h au s t s h al l  b e
ta ke n  fr o m  a p o i n t wi th i n  1 2  i n .  ( 3 0 5  m m )  o f th e  c e i l i n g.  T h e

u s e  o f s u p p l e m e n ta l  i n l e ts  s h a l l  b e  al l o we d  to  b e  i n s tal l e d  a t
p o i n ts  b e l o w th e  1 2  i n .  ( 3 0 5  m m )  th r e s h o l d  l e ve l .

6 . 1 8 . 2 . 1 . 4 . 3 *    T h e  i n l e ts  to  th e  e x h a u s t s ys te m s  s h a l l  b e  e i th e r
d e s i g n e d  to  p r e ve n t b l o c ka ge  d u e  to  d e b r i s ,  fo l i ag e ,  i c e ,  s n o w,

an d  s o  o n ,  o r  th e  e x h au s t s ys te m  s h a l l  d e te c t a n d  r e ac t to  th e
b l o c kag e .

6 . 1 8 . 2 . 1 . 5    T h e  l o c a ti o n  o f b o th  th e  e x h au s t a n d  i n l e t ai r  o p e n ‐
i n gs  s h al l  b e  d e s i gn e d  to  p r o vi d e  ai r  m o ve m e n t ac r o s s  a l l
p o r ti o n s  o f th e  r o o m  o r  a r e a to  p r e ve n t th e  ac c u m u l ati o n  o f

h yd r o g e n  wi th i n  th e  ve n ti l ate d  s p ac e .

Δ 6 . 1 8 . 2 . 1 . 6    E x h au s t ve n ti l ati o n  s h al l  n o t b e  r e c i r c u l a te d .

6 . 1 8 . 2 . 1 . 7 *  Ve n ti l ati o n  D i s c h arge .    Ve n ti l ati o n  d i s c h a r ge
s ys te m s  c o n ve yi n g  h yd r o ge n  m i x tu r e s  e x c e e d i n g  2 5  p e r c e n t

L F L  i n  an y n o r m al  o r  e m e r g e n c y o p e r a ti n g m o d e  s h al l  te r m i ‐
n a te  a t a p o i n t o u td o o r s  n o t l e s s  th an  3 0  ft ( 9 . 1  m )  fr o m  p r o p ‐

e r ty l i n e s ,  1 0  ft ( 3  m )  fr o m  o p e r ab l e  o p e n i n gs  i n to  b u i l d i n g s
a n d  p u b l i c  ac c e s s ,  6  ft ( 1 . 8  m )  fro m  e x te r i o r  wal l s  an d  r o o fs ,

3 0  ft ( 9 . 1  m )  fr o m  c o m b u s ti b l e  wa l l s  an d  o p e r a b l e  o p e n i n g s
i n to  b u i l d i n gs  th a t ar e  i n  th e  d i r e c ti o n  o f th e  e x h a u s t

d i s c h ar g e ,  a n d  1 0  ft ( 3  m )  a b o ve  ad j o i n i n g  g r ad e .

N 6 . 1 8 . 2 . 1 . 8  Ve n ti l ati o n  Fai l ure .

N 6 . 1 8 . 2 . 1 . 8 . 1 *    Wh e r e  a m e c h a n i c al  ve n ti l ati o n  s ys te m  i s  u s e d  to
r e d u c e  th e  ar e a  classifcation,  i t s h al l  i n c l u d e  a  m e a n s  to  d e te c t
th e  l o s s  o f ai r  fow.

N 6 . 1 8 . 2 . 1 . 8 . 2    U p o n  d e te c ti o n  o f l o s s  o f a i r  fow o r  o th e r  ve n ti l a‐
ti o n  fai l u r e ,  th e  s ys te m  s h a l l  a c c o m p l i s h  th e  fo l l o wi n g:

( 1 ) S to p  al l  h yd r o g e n  ge n e r a ti o n  p r o c e s s e s
( 2 ) C l o s e  al l  s u p p l y val ve s  th at fe e d  h yd r o g e n  o r  o th e r  fam‐

mable  m a te r i al s  to  th e  ve n ti l ate d  ar e a
( 3 ) D e -e n e r gi z e  a l l  i g n i ti o n  s o u r c e s  i n  th e  ve n ti l a te d  a r e a th a t

a r e  n o t s u i tab l e  fo r  th e  a r e a classifcation  th at wo u l d
ap p l y wi th o u t ve n ti l a ti o n .

N 6 . 1 8 . 2 . 1 . 8 . 3 *    T h e  c o m p o n e n ts  o f th e  ve n ti l a ti o n  s ys te m ,  d e te c ‐
ti o n  s ys te m ,  an d  th e  c i r c u i t o r  s ys te m  th a t a c c o m p l i s h e s

6 . 1 8 . 2 . 1 . 8 . 2  s h al l  b e  s u i tab l e  fo r  th e  ar e a classifcation  th a t
wo u l d  ap p l y wi th o u t ve n ti l a ti o n .

Δ 6 . 1 9  G as  C ab i n e ts .    Wh e r e  a  ga s  c ab i n e t i s  r e q u i r e d ,  i s  u s e d  to
p r o vi d e  s e p ar a ti o n  o f ga s  h az ar d s ,  o r  i s  u s e d  to  i n c r e a s e  th e
th r e s h o l d  q u an ti ty fo r  a g as  r e q u i r i n g  s p e c i a l  p r o vi s i o n s ,  th e

g as  c ab i n e t s h al l  b e  i n  a c c o r d a n c e  wi th  th e  r e q u i r e m e n ts  o f
6 . 1 9 . 1  th r o u g h  6 . 1 9 . 4 .

6 . 1 9 . 1  C o n s tr u c ti o n .

Δ 6 . 1 9 . 1 . 1  M ate ri al s  o f C o n s tr u c ti o n .    T h e  ga s  c ab i n e t 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 an  0 . 0 9 7  i n .  ( 2 . 4 6  m m )  ( 1 2  g au ge )
s te e l .

Δ 6 . 1 9 . 1 . 2  Ac c e s s  to  C o n tro l s .    T h e  g as  c a b i n e t s h al l  b e  p r o vi d e d
wi th  s e l f-c l o s i n g  l i m i te d  a c c e s s  p o r ts  o r  n o n c o m b u s ti b l e

wi n d o ws  to  g i ve  ac c e s s  to  e q u i p m e n t c o n tr o l s .

Δ 6 . 1 9 . 1 . 3  S e l f- C l o s i n g D o o rs .    T h e  g as  c a b i n e t s h al 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 .

Δ 6 . 1 9 . 2  Ve n ti l ati o n  Re q u i re m e n ts .    T h e  g as  c a b i n e t s h al l  b e
p r o vi d e d  wi th  a n  e x h au s t ve n ti l a ti o n  s ys te m  d e s i g n e d  to  o p e r ‐

a te  a t a n e g ati ve  p r e s s u r e  r e l a ti ve  to  th e  s u r r o u n d i n g a r e a.

Δ 6 . 1 9 . 3  Q u an ti ty L i m i ts .    G as  c ab i n e ts  s h a l l  c o n tai n  n o t m o r e
th an  th r e e  c yl i n d e r s ,  c o n tai n e r s ,  o r  ta n ks .

Δ 6 . 1 9 . 4  S e p arati o n  o f I n c o m p ati b l e s .    I n c o m p ati b l e  g as e s ,  a s
defned  b y Tab l e  7 . 2 . 1 . 1 ,  s h al l  b e  s to r e d  o r  u s e d  wi th i n  s e p ar a te
g as  c ab i n e ts .

6 . 2 0  E x h aus te d  E n c l o s ure s .

Δ 6 . 2 0 . 1  Ve n ti l ati o n  Re q u i re m e n ts .    Wh e r e  a n  e x h au s te d  e n c l o ‐
s u r e  i s  r e q u i r e d  o r  u s e d  to  i n c r e as e  th e  th r e s h o l d  q u an ti ty fo r  a

ga s  r e q u i r i n g  s p e c i a l  p r o vi s i o n s ,  th e  e x h au s te d  e n c l o s u r e  s h a l l
b e  p r o vi d e d  wi th  an  e x h a u s t ve n ti l a ti o n  s ys te m  d e s i g n e d  to
o p e r ate  a t a n e ga ti ve  p r e s s u r e  i n  r e l ati o n s h i p  to  th e  s u r r o u n d ‐

i n g  a r e a.

6 . 2 0 . 2  S e p arati o n  o f I n c o m p ati b l e  G as e s  wi th i n  E n c l o s ure s .

Δ 6 . 2 0 . 2 . 1    C yl i n d e r s ,  c o n ta i n e r s ,  a n d  tan ks  wi th i n  e n c l o s u r e s
s h a l l  b e  s e p a r ate d  i n  ac c o r d a n c e  wi th  Tab l e  7 . 2 . 1 . 1 .

Δ 6 . 2 0 . 2 . 2    I n c o m p a ti b l e  ga s e s ,  a s  defned  b y Ta b l e  7 . 2 . 1 . 1 ,  s h a l l
b e  s to r e d  o r  u s e d  wi th i n  s e p a r ate  e x h au s te d  e n c l o s u r e s .



H YD RO GE N  T E C H N O L O G I E S  C O D E2 - 3 4

2 0 2 3  E d i t i o n S h a d e d  te x t =  Re vi s i o n s .  Δ  =  Te x t d e l e ti o n s  a n d  fgure/table  r e vi s i o n s .  •  =  S e c ti o n  d e l e ti o n s .  N  =  N e w m a te r i a l .

Δ 6 . 2 0 . 3  Fi re  P ro te c ti o n .    E x h a u s te d  e n c l o s u r e s  s h a l l  b e  i n te r ‐
n a l l y s p r i n kl e r e d .

Δ 6 . 2 1 *  S o u rc e  Val ve .    B u l k ga s  s ys te m s  s h al l  b e  p r o vi d e d  wi th  a
s o u rc e  val ve .

Δ 6 . 2 1 . 1    T h e  s o u r c e  val ve  s h al l  b e  m ar ke d .

Δ 6 . 2 1 . 2    T h e  s o u r c e  va l ve  s h a l l  b e  d e s i g n ate d  o n  th e  d e s i g n
d r awi n g s  fo r  th e  i n s tal l ati o n .

N 6 . 2 1 . 3 *    I f th e  s o u r c e  va l ve  h a s  a  r e m o te  s o u r c e  o f a c tu ati o n ,
th e  e n e r g y s o u r c e  an d  i s o l a ti o n  d e vi c e  s h a l l  b e  c l e a r l y l ab e l e d .

6 . 2 2  C l e an i n g,  P u rgi n g,  an d  Re p ai ri n g o f P i p i n g S ys te m s .

6 . 2 2 . 1  G e n e ral .

Δ 6 . 2 2 . 1 . 1    H yd r o g e n  s ys te m s  s h a l l  b e  c l e an e d  a n d  p u r ge 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 S e c ti o n  6 . 2 2  wh e n  o n e  o r

m o r e  o f th e  fo l l o wi n g  c o n d i ti o n s  e x i s t:

( 1 ) T h e  s ys te m  i s  i n s tal l e d  a n d  p r i o r  to  b e i n g  p l ac e d  i n to
s e r vi c e

( 2 ) T h e r e  i s  a c h an g e  i n  s e r vi c e
( 3 ) * T h e r e  a r e  al te r a ti o n s  o r  r e p a i r  o f th e  s ys te m  i n vo l vi n g  th e

r e p l a c e m e n t o f p a r ts  o r  a d d i ti o n  to  th e  p i p i n g  s ys te m  an d
p r i o r  to  r e tu r n i n g th e  s ys te m  to  s e r vi c e

( 4 ) * T h e  d e s i g n  s tan d ar d s  o r  wr i tte n  p r o c e d u r e s  s p e c i fy c l e an ‐
i n g o r  p u r gi n g

Δ 6 . 2 2 . 1 . 2    C l e an i n g  an d  p u r gi n g o f th e  i n te r n a l  s u r fa c e s  o f
h yd r o g e n  s ys te m s  s h al l  b e  c o n d u c te d  b y qualifed  i n d i vi d u al s

tr ai n e d  i n  c l e an i n g an d  p u r gi n g o p e r a ti o n s  an d  p r o c e d u r e s ,
i n c l u d i n g  th e  r e c o g n i ti o n  o f p o te n ti a l  h a z a r d s  as s o c i ate d  wi th
c l e an i n g an d  p u r g i n g .

Δ 6 . 2 2 . 1 . 3 *    A wr i tte n  c l e an i n g o r  p u r g i n g  p r o c e d u r e  s h a l l  b e
p r o vi d e d  to  e s tab l i s h  th e  r e q u i r e m e n ts  fo r  th e  c l e a n i n g  an d

p u r g i n g  o p e r ati o n s  to  b e  c o n d u c te d .

Δ 6 . 2 2 . 1 . 3 . 1 *    An  i n d e p e n d e n t o r  th i r d -p a r ty r e vi e w o f th e  wr i t‐
te n  p r o c e d u r e  s h a l l  b e  c o n d u c te d  afte r  th e  p r o c e d u r e  h as  b e e n

wr i tte n  a n d  s h al l  ac c o m p l i s h  th e  fo l l o wi n g :

( 1 ) E val u ate  h a z a r d s ,  e r r o r s ,  a n d  m a l fu n c ti o n s  r e l a te d  to
e a c h  s te p  i n  th e  p r o c e d u r e

( 2 ) Re vi e w th e  m e as u r e s  p r e s c r i b e d  i n  th e  p r o c e d u r e  fo r
a p p l i c a b i l i ty

( 3 ) M ake  r e c o m m e n d a ti o n s  fo r  ad d i ti o n a l  h az ar d  m i ti ga ti o n
m e a s u r e s  i f d e e m e d  n e c e s s a r y

Δ 6 . 2 2 . 1 . 3 . 2    T h e  c o m p l e te d  wr i tte n  p r o c e d u r e  s h a l l  b e :

( 1 ) M ai n ta i n e d  o n  s i te  b y th e  fac i l i ty o wn e r / o p e r ato r
( 2 ) P r o vi d e d  to  o p e r ati n g  p e r s o n n e l  e n g ag e d  i n  c l e a n i n g  o r

p u r g i n g  o p e r ati o n s
( 3 ) M ad e  avai l ab l e  to  th e  AH J  u p o n  r e q u e s t

Δ 6 . 2 2 . 1 . 3 . 3    Wh e r e  ge n e r i c  c l e an i n g o r  p u r g i n g  p r o c e d u r e s
h ave  b e e n  e s ta b l i s h e d ,  a job-specifc  o p e r a ti n g p r o c e d u r e  s h a l l

n o t b e  r e q u i r e d .

Δ 6 . 2 2 . 1 . 3 . 4    Ge n e r i c  p r o c e d u r e s  s h a l l  b e  r e vi e we d  wh e n  o r i g i ‐
n a l l y p u b l i s h e d  o r  wh e n  th e  p r o c e d u r e  o r  o p e r a ti o n  i s

c h a n ge d .

6 . 2 2 . 1 . 4    Wr i tte n  p r o c e d u r e s  to  m an a ge  c h an g e  to  p r o c e s s
m a te r i al s ,  te c h n o l o gy,  e q u i p m e n t,  p r o c e d u r e s ,  an d  fa c i l i ti e s
s h a l l  b e  e s ta b l i s h e d  a n d  i m p l e m e n te d .

6 . 2 2 . 1 . 4 . 1    T h e  m an a ge m e n t-o f-c h a n ge  p r o c e d u r e s  s h a l l
e n s u r e  th at th e  fo l l o wi n g i s s u e s  ar e  a d d r e s s e d  p r i o r  to  an y

c h a n ge :

( 1 ) T h e  te c h n i c al  b as i s  fo r  th e  p r o p o s e d  c h an g e
( 2 ) T h e  s afe ty an d  h e a l th  i m p l i c ati o n s
( 3 ) Wh e th e r  th e  c h an g e  i s  p e r m an e n t o r  te m p o r ar y
( 4 ) Modifcations  to  th e  c l e an i n g an d  p u r g i n g  p r o c e d u r e s
( 5 ) E m p l o ye e  tr a i n i n g r e q u i r e m e n ts
( 6 ) Au th o r i z ati o n  r e q u i r e m e n ts  fo r  th e  p r o p o s e d  c h a n ge

[ 5 6 : 4 . 6 . 1 ]

6 . 2 2 . 1 . 4 . 2 *    I m p l e m e n ta ti o n  o f th e  m a n ag e m e n t-o f-c h an g e
p r o c e d u r e s  s h a l l  n o t b e  r e q u i r e d  fo r  r e p l ac e m e n ts - i n -ki n d .

[ 5 6 : 4 . 6 . 2 ]

6 . 2 2 . 1 . 4 . 3    T h e  wr i tte n  c l e an i n g  an d  p u r gi n g p r o c e d u r e ,  a s
r e q u i r e d  b y 6 . 2 2 . 1 . 3 ,  s h al l  b e  u p d ate d  to  i n c o r p o r ate  th e
c h a n ge .   [ 5 6 : 4 . 6 . 3 ]

Δ 6 . 2 2 . 1 . 5    P r i o r  to  c l e a n i n g  o r  p u r g i n g ,  h yd r o g e n  p i p i n g
s ys te m s  s h al l  b e  i n s p e c te d  an d  te s te d  to  d e te r m i n e  th at th e

i n s ta l l a ti o n ,  i n c l u d i n g  th e  m ate r i a l s  o f c o n s tr u c ti o n ,  an d
m e th o d  o f fab r i c ati o n ,  c o m p l y wi th  th e  r e q u i r e m e n ts  o f th e
d e s i g n  s ta n d ar d  u s e d  an d  th e  i n te n d e d  a p p l i c a ti o n  fo r  wh i c h

th e  s ys te m  wa s  d e s i g n e d .

Δ 6 . 2 2 . 1 . 5 . 1    I n s p e c ti o n  an d  te s ti n g  o f p i p i n g  s ys te m s  s h a l l  n o t
b e  r e q u i r e d  to  r e m o ve  a s ys te m  fr o m  s e r vi c e .

Δ 6 . 2 2 . 1 . 5 . 2 *    P e r s o n n e l  i n  th e  a ffe c te d  a r e a( s ) ,  as  d e te r m i n e d
b y th e  c l e a n i n g  o r  p u r g i n g  p r o c e d u r e ,  s h al l  b e  i n fo r m e d  o f th e

h az ar d s  a s s o c i a te d  wi th  th e  o p e r a ti o n al  ac ti vi ty a n d  notifed
p r i o r  to  th e  i n i ti a ti o n  o f an y s u c h  a c ti vi ty.

N 6 . 2 2 . 1 . 6 *    M an u al  an d  au to m ati c  s h u to ff val ve s  r e q u i r e d  fo r
i s o l ati o n  s h al l  b e  c l o s e d ,  l o c ke d ,  a n d  tag ge d  p r i o r  to  r e p ai r s

i n vo l vi n g d i s c o n n e c ti n g  p i p i n g  o r  p i p i n g c o m p o n e n ts .

C h ap te r 7    G as e o u s  H yd ro ge n

7 . 1  G e n e ral .

7 . 1 . 1    T h e  s to r a ge ,  u s e ,  an d  h a n d l i n g o f G H 2  s h al l  c o m p l y wi th
th i s  c h ap te r  i n  ad d i ti o n  to  o th e r  a p p l i c ab l e  r e q u i r e m e n ts  o f
th i s  c o d e .

7 . 1 . 1 . 1    Wh e r e  specifc  r e q u i r e m e n ts  ar e  p r o vi d e d  i n  o th e r
c h a p te r s ,  th o s e  specifc  r e q u i r e m e n ts  s h al l  ap p l y.

7 . 1 . 1 . 2    Wh e r e  th e r e  i s  a  confict b e twe e n  a ge n e r a l  r e q u i r e ‐
m e n t an d  a  specifc  r e q u i r e m e n t,  th e  specifc  r e q u i r e m e n t s h al l
b e  a p p l i c ab l e .

7 . 1 . 1 . 3    T h e  o c c u p an c y o f a b u i l d i n g o r  s tr u c tu r e ,  o r  p o r ti o n
th e r e o f,  wh e r e  h yd r o ge n  i s  s to r e d  o r  u s e d  s h al l  b e  classifed  i n

a c c o r d an c e  wi th  th e  ad o p te d  b u i l d i n g c o d e .

7 . 1 . 2 *  G H 2  S ys te m s .

Δ 7 . 1 . 2 . 1  S ys te m  D e s i gn .    GH 2  s ys te m s  s h a l l  b e  d e s i gn e d  fo r  th e
i n te n d e d  u s e  an d  s h a l l  b e  d e s i g n e d  b y p e r s o n s  c o m p e te n t i n
s u c h  d e s i gn .

Δ 7 . 1 . 2 . 2  I n s tal l ati o n .    I n s tal l ati o n  o f b u l k GH 2  s ys te m s  s h al l  b e
s u p e r vi s e d  b y p e r s o n n e l  kn o wl e d ge a b l e  i n  th e  ap p l i c ati o n  o f

th e  s ta n d a r d s  fo r  th e i r  c o n s tr u c ti o n  a n d  u s e .
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S h ad 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 ate r i a l . 2 0 2 3  E d i t i o n

7 . 1 . 2 . 3  C o n tro l s .

Δ 7 . 1 . 2 . 3 . 1    GH 2  s ys te m  c o n tr o l s  s h a l l  b e  d e s i gn e d  to  p r e ve n t
m a te r i al s  fr o m  e n te r i n g  o r  l e avi n g  th e  p r o c e s s  at a n  u n i n te n ‐
d e d  ti m e ,  r ate ,  o r  p a th .

Δ 7 . 1 . 2 . 3 . 2    Au to m ati c  c o n tr o l s  s h a l l  b e  d e s i gn e d  to  b e  fai l -s afe .

7 . 1 . 2 . 4    GH 2  s h al l  n o t b e  u s e d  to  o p e r a te  a n y d e vi c e  o r  e q u i p ‐
m e n t th a t h as  n o t b e e n  d e s i g n e d  fo r  G H 2  s e r vi c e .

Δ 7 . 1 . 3  L i s te d  o r Ap p ro ve d  H yd ro ge n  E q ui p m e n t.    L i s te d  o r
ap p r o ve d  h yd r o g e n -ge n e r a ti n g an d  h yd r o g e n -c o n s u m i n g

e q u i p m e n t s h a l l  b e  i n  ac c o r d an c e  wi th  th e  l i s ti n g  r e q u i r e m e n ts
an d  m an u fa c tu r e r s ’  i n s tr u c ti o n s .

7 . 1 . 4 *  M e tal  H yd ri d e  S to rage  S ys te m s .

7 . 1 . 4 . 1  G e n e ral .

Δ 7 . 1 . 4 . 1 . 1  M e tal  H yd ri d e  S to rage  S ys te m  Re q u i re m e n ts .    T h e
s to r ag e  an d  u s e  o f m e tal  h yd r i d e  s to r age  s ys te m s  s h al l  b e  i n
ac c o r d an c e  wi th  7 . 1 . 4 .

Δ 7 . 1 . 4 . 1 . 2  M e tal  H yd ri d e  S ys te m s  S to ri n g o r S u p p l yi n g G H 2 .
T h o s e  p o r ti o n s  o f th e  s ys te m  th at ar e  u s e d  a s  a m e a n s  to  s to r e

o r  s u p p l y GH 2  s h al l  al s o  c o m p l y wi th  S e c ti o n s  7 . 2  o r  7 . 3  a s
a p p l i c a b l e .

Δ 7 . 1 . 4 . 1 . 3  Classifcation.    T h e  h a z a r d  classifcation  o f th e  m e tal
h yd r i d e  s to r age  s ys te m ,  as  r e q u i r e d  b y 5 . 1 . 1  a n d  5 . 1 . 3  o f

N F PA 5 5 ,  s h al l  b e  b as e d  o n  th e  GH 2  s to r e d  wi th o u t r e g ar d  to
th e  m e ta l  h yd r i d e  c o n te n t.

Δ 7 . 1 . 4 . 1 . 4 *  L i s te d  o r Ap p ro ve d  S ys te m s .    M e ta l  h yd r i d e  s to r ag e
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  ap p l i c ati o n  an d
d e s i g n e d  i n  a  m a n n e r  th a t p r e ve n ts  th e  ad d i ti o n  o r  r e m o va l  o f

th e  m e tal  h yd r i d e  b y o th e r  th a n  th e  o r i g i n a l  e q u i p m e n t m an u ‐
fac tu r e r.

Δ 7 . 1 . 4 . 1 . 5  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 .    GH 2  c yl i n ‐
d e r s ,  c o n ta i n e r s ,  an d  tan ks  u s e d  fo r  m e ta l  h yd r i d e  s to r a ge
s ys te m s  s h a l l  b e  d e s i g n e d  an d  c o n s tr u c te d  i n  a c c o r d a n c e  wi th

7 . 1 . 5 . 1 .

Δ 7 . 1 . 4 . 1 . 6  S e r vi c e  L i fe  an d  I n s p e c ti o n  o f C o n tai n e rs .    M e tal
h yd r i d e  s to r a ge  s ys te m  c yl i n d e r s ,  c o n ta i n e r s ,  a n d  tan ks  s h al l  b e

i n s p e c te d  at i n te r val s  n o t to  e x c e e d  5  ye ar s .

Δ 7 . 1 . 4 . 1 . 7  M arki n g an d  L ab e l i n g.    M ar ki n g  an d  l ab e l i n g o f
c yl i n d e r s ,  c o n tai n e r s ,  ta n ks ,  an d  s ys te m s  s h a l l  b e  i n  ac c o rd a n c e
wi th  7 . 1 . 5  an d  th e  r e q u i r e m e n ts  i n  7 . 1 . 4 . 1 . 7 . 1  th r o u gh

7 . 1 . 4 . 1 . 7 . 4 .

Δ 7 . 1 . 4 . 1 . 7 . 1  S ys te m  M ark i n g.    M e ta l  h yd r i d e  s to r ag e  s ys te m s
s h a l l  b e  m ar ke d  wi th  th e  fo l l o wi n g :

( 1 ) M an u fa c tu r e r ’ s  n am e
( 2 ) S e r vi c e  l i fe  i n d i c a ti n g th e  l as t d ate  th e  s ys te m  c a n  b e  u s e d
( 3 ) A u n i q u e  c o d e  o r  s e r i al  n u m b e r  specifc  to  th e  u n i t
( 4 ) S ys te m  n am e  o r  p r o d u c t c o d e  th a t identifes  th e  s ys te m

b y th e  typ e  o f c h e m i s tr y u s e d  i n  th e  s ys te m
( 5 ) E m e r g e n c y c o n tac t n a m e ,  te l e p h o n e  n u m b e r,  o r  o th e r

c o n tac t i n fo r m ati o n
( 6 ) L i m i ta ti o n s  o n  reflling  o f c o n ta i n e r s  to  i n c l u d e  r ate d

c h a r gi n g p r e s s u r e  a n d  c ap a c i ty

Δ 7 . 1 . 4 . 1 . 7 . 2  Val ve  M arki n g.    M e tal  h yd r i d e  s to r ag e  s ys te m  va l ve s
s h a l l  b e  m ar ke d  wi th  th e  fo l l o wi n g :

( 1 ) M an u fa c tu r e r’ s  n am e

( 2 ) S e r vi c e  l i fe  i n d i c a ti n g th e  l as t d ate  th e  val ve  c an  b e  u s e d
( 3 ) M e tal  h yd r i d e  s e r vi c e  i n  wh i c h  th e  val ve  c an  b e  u s e d  o r  a

p r o d u c t c o d e  th a t i s  tr ac e ab l e  to  th i s  i n fo r m ati o n

Δ 7 . 1 . 4 . 1 . 7 . 3  P re s s u re  Re l i e f D e vi c e  M arki n g.    M e tal  h yd r i d e
s to r ag e  s ys te m  p r e s s u r e  r e l i e f d e vi c e s  s h al l  b e  m ar ke d  wi th  th e

fo l l o wi n g :

( 1 ) M an u fa c tu r e r ’ s  n am e
( 2 ) M e ta l  h yd r i d e  s e r vi c e  i n  wh i c h  th e  d e vi c e  c an  b e  u s e d  o r

a  p r o d u c t c o d e  th a t i s  tr ac e ab l e  to  th i s  i n fo r m ati o n
( 3 ) Ac ti vati o n  p a r am e te r s  to  i n c l u d e  te m p e r a tu r e ,  p r e s s u r e ,

o r  b o th

Δ ( A)    T h e  r e q u i r e d  m ar ki n g s  fo r  p r e s s u r e  r e l i e f d e vi c e s  th a t a r e
i n te g r al  c o m p o n e n ts  o f val ve s  u s e d  o n  c yl i n d e r s ,  c o n tai n e r s ,

a n d  tan ks  s h al l  b e  al l o we d  to  b e  p l ac e d  o n  th e  val ve .

Δ 7 . 1 . 4 . 1 . 7 . 4  P re s s u re  Ve s s e l  M arki n gs .    C yl i n d e r s ,  c o n ta i n e r s ,
a n d  tan ks  u s e d  i n  m e tal  h yd r i d e  s to r a ge  s ys te m s  s h al l  b e

m a r ke d  wi th  th e  fo l l o wi n g:

( 1 ) M an u fa c tu r e r ’ s  n am e
( 2 ) D e s i g n  specifcation  to  wh i c h  th e  ve s s e l  wa s  m an u fa c ‐

tu r e d
( 3 ) Au th o r i z e d  b o d y a p p r o vi n g  th e  d e s i gn  an d  i n i ti a l  i n s p e c ‐

ti o n  an d  te s t o f th e  ve s s e l
( 4 ) M an u fa c tu r e r ’ s  o r i g i n al  te s t d ate
( 5 ) U n i q u e  s e r i a l  n u m b e r  fo r  th e  ve s s e l
( 6 ) S e r vi c e  l i fe  i d e n ti fyi n g th e  l as t d ate  th e  ve s s e l  c a n  b e  u s e d
( 7 ) S ys te m  n am e  o r  p r o d u c t c o d e  th a t identifes  th e  s ys te m

b y th e  typ e  o f c h e m i s tr y u s e d  i n  th e  s ys te m

Δ 7 . 1 . 4 . 1 . 8  Te m p e ratu re  E x tre m e s .    M e ta l  h yd r i d e  s to r ag e
s ys te m s ,  wh e th e r  fu l l  o r  p ar ti al l y fu l l ,  s h al l  n o t b e  e x p o s e d  to

te m p e r a tu r e s  e x c e e d i n g  th e  r an g e  s ti p u l a te d  b y th e  m an u fac ‐
tu r e r.

Δ 7 . 1 . 4 . 1 . 9  Fal l i n g O b j e c ts .    M e tal  h yd r i d e  s to r ag e  s ys te m s  s h a l l
n o t b e  p l a c e d  i n  a r e as  wh e r e  th e y ar e  c a p ab l e  o f b e i n g
d am a ge d  b y fa l l i n g o b j e c ts .

Δ 7 . 1 . 4 . 1 . 1 0  Reflling o f C o n tai n e rs .    T h e  reflling  o f l i s te d  o r
ap p r o ve d  m e tal  h yd r i d e  s to r a ge  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  th e  l i s ti n g  r e q u i r e m e n ts  a n d  m an u fa c tu r e r s ’  i n s tr u c ti o n s .

7 . 1 . 4 . 1 . 1 0 . 1  I n d u s tri al  Tr u c ks .    T h e  reflling  o f m e tal  h yd r i d e
s to r ag e  s ys te m s  s e r vi n g p o we r e d  i n d u s tr i a l  tr u c ks  s h al l  b e  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 0 .

Δ 7 . 1 . 4 . 1 . 1 0 . 2  H yd ro ge n  P u ri ty.    T h e  p u r i ty o f GH 2  u s e d  fo r  th e
p u r p o s e  o f reflling  c o n ta i n e r s  s h a l l  b e  i n  a c c o r d an c e  wi th  th e
l i s ti n g  a n d  th e  m a n u fac tu r e r s ’  i n s tr u c ti o n s .

Δ 7 . 1 . 4 . 1 . 1 1  E l e c tri c al .    E l e c tr i c al  c o m p o n e n ts  fo r  m e tal  h yd r i d e
s to r ag e  s ys te m s  s h al l  b e  d e s i g n e d ,  c o n s tr u c te d ,  an d  i n s ta l l e d  i n

ac c o r d an c e  wi th  NFPA 70.

7 . 1 . 4 . 2  P o r tab l e  C o n tai n e rs  o r S ys te m s .

Δ 7 . 1 . 4 . 2 . 1  S e c u ri n g C o n tai n e rs .    C yl i n d e r s ,  c o n ta i n e r s ,  an d
ta n ks  s h al l  b e  s e c u r e d  i n  ac c o r d an c e  wi th  7 . 1 . 7 . 4 .

Δ 7 . 1 . 4 . 2 . 1 . 1  U s e  o n  M o b i l e  E q u i p m e n t.    Wh e r e  a m e tal  h yd r i d e
s to r ag e  s ys te m  i s  u s e d  o n  m o b i l e  e q u i p m e n t,  th e  e q u i p m e n t

s h a l l  b e  d e s i gn e d  to  r e s tr ai n  c yl i n d e r s ,  c o n tai n e r s ,  o r  tan ks
fr o m  d i s l o d ge m e n t,  s l i p p i n g ,  o r  r o ta ti n g wh e n  th e  e q u i p m e n t

i s  i n  m o ti o n .



H YD RO GE N  T E C H N O L O G I E S  C O D E2 - 3 6

2 0 2 3  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 .

7 . 1 . 4 . 2 . 1 . 2  M o to ri z e d  E q u i p m e n t.

Δ ( A)    M e ta l  h yd r i d e  s to r a ge  s ys te m s  u s e d  o n  m o to r i z e d  e q u i p ‐
m e n t s h al l  b e  i n s ta l l e d  i n  a m an n e r  th at p r o te c ts  va l ve s ,  p r e s ‐
s u r e  r e gu l ato r s ,  fttings,  an d  c o n tr o l s  a ga i n s t a c c i d e n tal  i m p ac t.

Δ ( B )    M e ta l  h yd r i d e  s to r ag e  s ys te m s ,  i n c l u d i n g  c yl i n d e r s ,
c o n tai n e r s ,  tan ks ,  an d  fttings,  s h a l l  n o t e x te n d  b e yo n d  th e  p l a t‐
fo r m  o f th e  m o b i l e  e q u i p m e n t.

Δ 7 . 1 . 4 . 2 . 2  Val ve s .    Val ve s  o n  c yl i n d e r s ,  c o n ta i n e r s ,  a n d  tan ks
s h a l l  r e m ai n  c l o s e d  e x c e p t wh e n  c o n tai n e r s  ar e  c o n n e c te d  to
c l o s e d  s ys te m s  an d  r e a d y fo r  u s e .

7 . 1 . 5  C yl i n d e rs ,  C o n tai n e rs ,  an d  Tan ks .

Δ 7 . 1 . 5 . 1  D e s i gn  an d  C o n s tr u c ti o n .    C yl i n d e r s ,  c o n tai n e r s ,  an d
tan ks  s h a l l  b e  d e s i gn e d ,  fab r i c ate d ,  te s te d ,  a n d  m ar ke d  ( i . e . ,
s tam p e d )  i n  ac c o r d a n c e  wi th  D e p ar tm e n t o f Tr a n s p o r ta ti o n
( D O T )  r e gu l ati o n s ,  Tr an s p o r t C a n ad a’ s  ( T C )  Transportation of
Dangerous Goods Regulations,  o r  th e  AS M E  Boiler and Pressure
Vessel Code.

7 . 1 . 5 . 2  D e fe c ti ve  C yl i n d e rs ,  C o n tai n e rs ,  an d  Tan k s .

Δ 7 . 1 . 5 . 2 . 1    D e fe c ti ve  c yl i n d e r s ,  c o n ta i n e r s ,  a n d  tan ks  s h al l  b e
r e tu r n e d  to  th e  s u p p l i e r.

Δ 7 . 1 . 5 . 2 . 2    S u p p l i e r s  s h al l  r e p ai r  th e  c yl i n d e r s ,  c o n tai n e r s ,  an d
ta n ks ,  r e m o ve  th e m  fr o m  s e r vi c e ,  o r  d i s p o s e  o f th e m  i n  a n
ap p r o ve d  m a n n e r.

Δ 7 . 1 . 5 . 2 . 3    C yl i n d e r s ,  c o n tai n e r s ,  an d  tan ks  s h a l l  b e  r e p ai r e d  o r
r e m o ve d  fr o m  s e r vi c e  an d  d i s p o s e d  o f i n  an  ap p r o ve d  m a n n e r.

Δ 7 . 1 . 5 . 3  S u p p o r ts .    S ta ti o n a r y c yl i n d e r s ,  c o n tai n e r s ,  a n d  tan ks
s h a l l  b e  p r o vi d e d  wi th  e n g i n e e r e d  s u p p o r ts  o f n o n c o m b u s ti b l e
m a te r i al  o n  n o n c o m b u s ti b l e  fo u n d a ti o n s .

Δ 7 . 1 . 5 . 4  C yl i n d e rs ,  C o n tai n e rs ,  an d  Tan k s  C o n tai n i n g Re s i d u al
G as .    GH 2  c yl i n d e r s ,  c o n tai n e r s ,  an d  ta n ks  c o n tai n i n g  r e s i d u al

p r o d u c t s h a l l  b e  tr e a te d  a s  fu l l  e x c e p t wh e n  b e i n g  e x am i n e d ,
s e r vi c e d ,  o r  reflled  b y a  g as  m an u fac tu r e r,  au th o r i z e d  c yl i n d e r
requalifer,  o r  d i s tr i b u to r.

7 . 1 . 5 . 5  P re s s u re  Re l i e f D e vi c e s .

Δ 7 . 1 . 5 . 5 . 1    Wh e n  r e q u i r e d  b y 7 . 1 . 5 . 5 . 2 ,  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 ro vi d e d  to  p r o te c t c o n tai n e r s  an d  s ys te m s  c o n tai n i n g

GH 2  fr o m  r u p tu r e  i n  th e  e ve n t o f o ve r p r e s s u r e  fr o m  th e r m al
e x p o s u r e .

Δ 7 . 1 . 5 . 5 . 2    P r e s s u r e  r e l i e f d e vi c e s  to  p r o te c t c o n tai n e r s  s h al l  b e
d e s i gn e d  an d  p r o vi d e d  i n  ac c o r d an c e  wi th  C GA S - 1 . 1 ,  Pressure

Relief Device Standards — Part 1  — Cylinders for Compressed Gases,
fo r  c yl i n d e r s ;  C G A S -1 . 2 ,  Pressure Relief Device Standards — Part 2
— Cargo and Portable Tanks for Compressed Gases,  fo r  p o r tab l e

ta n ks ;  an d  C GA S - 1 . 3 ,  Pressure Relief Device Standards — Part 3 —
Stationary Storage Containers for Compressed Gases,  fo r  s tati o n ar y
tan ks  o r  i n  ac c o r d a n c e  wi th  ap p l i c a b l e  e q u i va l e n t r e q u i r e m e n ts

i n  th e  c o u n tr y o f u s e .

Δ 7 . 1 . 5 . 5 . 3    P r e s s u r e  r e l i e f d e vi c e s  s h al l  b e  s i z e d  i n  ac c o r d a n c e
wi th  th e  specifcations  to  wh i c h  th e  c o n tai n e r  was  fa b r i c ate d .

Δ 7 . 1 . 5 . 5 . 4    T h e  p r e s s u r e  r e l i e f d e vi c e  s h a l l  h ave  th e  c a p ac i ty to
p r e ve n t th e  m a x i m u m  d e s i gn  p r e s s u r e  o f th e  c o n tai n e r  o r

s ys te m  fr o m  b e i n g  e x c e e d e d .

Δ 7 . 1 . 5 . 5 . 5    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  ar r a n ge d  to  d i s c h ar g e
u n o b s tr u c te d  to  th e  o p e n  a i r  i n  s u c h  a m a n n e r  a s  to  p r e ve n t

a n y i m p i n ge m e n t o f e s c ap i n g  ga s  u p o n  th e  c o n ta i n e r,  ad j ac e n t
s tr u c tu r e s ,  o r  p e r s o n n e l .  T h i s  r e q u i r e m e n t s h al l  n o t ap p l y to

D O T  specifcation  c o n ta i n e r s  h a vi n g an  i n te r n a l  vo l u m e  o f
2 . 0  s c f ( 0 . 0 5 7  N m 3 )  o r  l e s s .

Δ 7 . 1 . 5 . 5 . 6    P r e s s u r e  r e l i e f d e vi c e s  o r  ve n t p i p i n g  s h al l  b e
d e s i g n e d  o r  l o c ate d  s o  th at m o i s tu r e  c a n n o t c o l l e c t an d  fr e e z e

i n  a m an n e r  th a t wo u l d  i n te r fe r e  wi th  o p e r a ti o n  o f th e  d e vi c e .

7 . 1 . 6  L ab e l i n g Re q u i re m e n ts .

Δ 7 . 1 . 6 . 1  C o n tai n e rs .    I n d i vi d u al  G H 2  c yl i n d e r s ,  c o n ta i n e r s ,  an d
tan ks  s h al l  b e  m a r ke d  o r  l ab e l e d  i n  ac c o r d an c e  wi th  D O T
r e q u i r e m e n ts  o r  th o s e  o f th e  a p p l i c ab l e  r e g u l ato r y ag e n c y.

Δ 7 . 1 . 6 . 2  L ab e l  M ai n te n an c e .    T h e  l ab e l s  a p p l i e d  b y th e  ga s
m a n u fac tu r e r  to  i d e n ti fy th e  liquefed  o r  nonliquefed  G H 2

c yl i n d e r  c o n te n ts  s h al l  n o t b e  al te r e d  o r  r e m o ve d  b y th e  u s e r.

7 . 1 . 6 . 3  S tati o n ar y G H 2  C yl i n d e rs ,  C o n tai n e rs ,  an d  Tan k s .

Δ 7 . 1 . 6 . 3 . 1    S ta ti o n ar y G H 2  c yl i n d e r s ,  c o n ta i n e r s ,  an d  ta n ks  s h a l l
b e  m ar ke d  i n  a c c o r d a n c e  wi th  N F PA 7 0 4 .

Δ 7 . 1 . 6 . 3 . 2    M ar ki n g s  s h a l l  b e  vi s i b l e  fr o m  an y d i r e c ti o n  o f
a p p r o a c h .

7 . 1 . 6 . 4  P i p i n g S ys te m s .

Δ 7 . 1 . 6 . 4 . 1    E x c e p t as  p r o vi d e d  i n  7 . 1 . 6 . 4 . 2 ,  p i p i n g s ys te m s  s h a l l
b e  m ar ke d  i n  ac c o r d a n c e  wi th  AS M E  A1 3 . 1 ,  Scheme for the Identi‐
fcation of Piping Systems,  o r  o th e r  ap p l i c a b l e  ap p r o ve d  c o d e s
an d  s tan d a r d s  as  fo l l o ws :

( 1 ) M ar ki n g  s h al l  i n c l u d e  th e  n a m e  o f th e  g as  a n d  a
direction-of-fow a r ro w.

( 2 ) P i p i n g  th at i s  u s e d  to  c o n ve y m o r e  th an  o n e  g as  at var i o u s
ti m e s  s h al l  b e  m a r ke d  to  p r o vi d e  c l e ar  identifcation  an d
war n i n g  o f th e  h a z a rd .

( 3 ) M ar ki n g s  fo r  p i p i n g  s ys te m s  s h al l  b e  p r o vi d e d  at th e
fo l l o wi n g  l o c ati o n s :

( a) At e ac h  c r i ti c al  p r o c e s s  c o n tr o l  val ve
( b ) At wal l ,  foor,  o r  c e i l i n g  p e n e tr a ti o n s
( c ) At e ac h  c h an ge  o f d i r e c ti o n
( d ) At a m i n i m u m  o f e ve r y 2 0  ft ( 6 . 1  m )  o r  fr ac ti o n

th e r e o f th r o u gh o u t th e  p i p i n g  r u n

Δ 7 . 1 . 6 . 4 . 2    P i p i n g wi th i n  ga s  m an u fa c tu r i n g p l an ts ,  ga s  p r o c e s s ‐
i n g  p l a n ts ,  refneries,  an d  s i m i l a r  o c c u p an c i e s  s h a l l  b e  m a r ke d
i n  an  ap p r o ve d  m a n n e r.

7 . 1 . 6 . 5  M arki n g.

Δ 7 . 1 . 6 . 5 . 1    H az ar d  identifcation  s i g n s  s h al l  b e  p r o vi d e d  i n
a c c o r d an c e  wi th  4 . 1 3 . 2 .

Δ 7 . 1 . 6 . 5 . 2    I n  a d d i ti o n ,  th e  ar e a  i n  wh i c h  a h yd r o g e n  s ys te m  i s
l o c a te d  s h a l l  b e  p e r m a n e n tl y p l ac ar d e d  as  fo l l o ws :

WARN I N G :  H YD RO GE N  — F L AM M AB L E  GAS  — N O  S M O K‐
I N G — N O  O P E N  F L AM E S

7 . 1 . 7  S e c u ri ty.

Δ 7 . 1 . 7 . 1  G e n e ral .    GH 2  c yl i n d e r s ,  c o n tai n e r s ,  tan ks ,  an d  s ys te m s
s h a l l  b e  s e c u r e d  a ga i n s t a c c i d e n tal  d i s l o d ge m e n t an d  a ga i n s t

ac c e s s  b y u n au th o r i z e d  p e r s o n n e l .

Δ 7 . 1 . 7 . 2 *  S e c u ri ty o f Are as .    S to r ag e ,  u s e ,  a n d  h an d l i n g  ar e a s
s h a l l  b e  s e c u r e d  a ga i n s t u n au th o r i z e d  e n tr y.
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Δ 7 . 1 . 7 . 2 . 1    Ad m i n i s tr a ti ve  c o n tr o l s  s h al l  b e  al l o we d  to  b e  u s e d  to
c o n tr o l  a c c e s s  to  i n d i vi d u a l  s to r a ge ,  u s e ,  an d  h a n d l i n g ar e a s

l o c a te d  i n  s e c u r e  fa c i l i ti e s  n o t a c c e s s i b l e  b y th e  g e n e r al  p u b l i c .

7 . 1 . 7 . 3  P h ys i c al  P ro te c ti o n .

Δ 7 . 1 . 7 . 3 . 1    GH 2  c yl i n d e r s ,  c o n ta i n e r s ,  tan ks ,  an d  s ys te m s  th at
c o u l d  b e  e x p o s e d  to  p h ys i c al  d am ag e  s h a l l  b e  p r o te c te d .

Δ 7 . 1 . 7 . 3 . 2    Gu ard  p o s ts  o r  o th e r  m e an s  s h al l  b e  p r o vi d e d  to
p r o te c t GH 2  c yl i n d e r s ,  c o n tai n e r s ,  tan ks ,  a n d  s ys te m s  i n d o o r s
a n d  o u td o o r s  fr o m  ve h i c u l ar  d am a ge  i n  ac c o r d an c e  wi th
S e c ti o n  4 . 1 4 .

7 . 1 . 7 . 3 . 3    Wh e r e  g u ar d  p o s ts  ar e  i n s tal l e d ,  th e y s h a l l  b e  i n
a c c o r d an c e  wi th  4 . 1 4 . 1 . 2 .

Δ 7 . 1 . 7 . 4  S e c uri n g G H 2  C yl i n d e rs ,  C o n tai n e rs ,  an d  Tan ks .    G H 2

c yl i n d e r s ,  c o n ta i n e r s ,  an d  tan ks  i n  u s e  o r  i n  s to r ag e  s h a l l  b e
s e c u r e d  to  p r e ve n t th e m  fr o m  fal l i n g o r  b e i n g  kn o c ke d  o ve r  b y
c o r r a l l i n g th e m  an d  s e c u r i n g  th e m  to  a  c a r t,  fr am e wo r k,  o r
fxed  o b j e c t b y u s e  o f a  r e s tr ai n t,  u n l e s s  o th e r wi s e  p e r m i tte d  b y

7 . 1 . 7 . 4 . 1  an d  7 . 1 . 7 . 4 . 2 .

Δ 7 . 1 . 7 . 4 . 1    GH 2  c yl i n d e r s ,  c o n tai n e r s ,  an d  ta n ks  i n  th e  p r o c e s s
o f e x am i n a ti o n ,  s e r vi c i n g,  a n d  reflling  s h al l  n o t b e  r e q u i r e d  to
b e  s e c u r e d .

Δ 7 . 1 . 7 . 4 . 2    At cylinder-flling  p l an ts ,  a u th o r i z e d  c yl i n d e r  r e q u a‐
lifer’s  fa c i l i ti e s ,  an d  d i s tr i b u to r s ’  wa r e h o u s e s ,  th e  n e s ti n g o f

c yl i n d e r s  s h a l l  b e  p e r m i tte d  as  a m e an s  to  s e c u r e  c yl i n d e r s .

7 . 1 . 8  Val ve  P ro te c ti o n .

Δ 7 . 1 . 8 . 1 *  G e n e ral .    GH 2  c yl i n d e r,  c o n tai n e r,  a n d  tan k va l ve s
s h a l l  b e  p r o te c te d  fr o m  p h ys i c a l  d a m a ge  b y m e a n s  o f p r o te c ti ve
c a p s ,  c o l l ar s ,  o r  s i m i l ar  d e vi c e s .

Δ 7 . 1 . 8 . 1 . 1    Va l ve  p r o te c ti o n  o f i n d i vi d u a l  va l ve s  s h a l l  n o t b e
r e q u i r e d  to  b e  i n s tal l e d  o n  i n d i vi d u al  c yl i n d e r s ,  c o n ta i n e r s ,  o r

ta n ks  i n s ta l l e d  o n  tu b e  tr ai l e r s  o r  s i m i l a r  tr an s p o r tab l e  b u l k ga s
s ys te m s  e q u i p p e d  wi th  m an i fo l d s  th a t a r e  p r o vi d e d  wi th  a

m e a n s  o f p h ys i c a l  p r o te c ti o n  th at wi l l  p r o te c t th e  va l ve s  fr o m
p h ys i c al  d a m a ge  wh e n  th e  e q u i p m e n t i s  i n  u s e .  P r o te c ti ve
s ys te m s  r e q u i r e d  b y D O T  fo r  o ve r  th e  r o ad  tr an s p o r t s h a l l

p r o vi d e  an  ac c e p tab l e  m e a n s  o f p r o te c ti o n .

Δ 7 . 1 . 8 . 1 . 1 . 1    Va l ve  p r o te c ti o n  o f i n d i vi d u al  val ve s  s h al l  n o t b e
r e q u i r e d  o n  c yl i n d e r s ,  c o n tai n e r s ,  o r  tan ks  th a t c o m p r i s e  b u l k

o r  n o n -b u l k g as  s ys te m s  wh e r e  th e  c o n tai n e r s  ar e  s tati o n ar y,  o r
p o r ta b l e  e q u i p p e d  wi th  m a n i fo l d s ,  th a t ar e  p r o vi d e d  wi th  p h ys i ‐
c a l  p r o te c ti o n  i n  ac c o rd an c e  wi th  4 . 1 . 4  a n d  7 . 1 . 7 . 3  o r  o th e r

a p p r o ve d  m e a n s .  P r o te c ti ve  s ys te m s  r e q u i r e d  b y D O T  fo r  o ve r
th e  r o ad  tr an s p o r t s h al l  p r o vi d e  a n  ac c e p tab l e  m e a n s  o f p r o te c ‐

ti o n .

Δ 7 . 1 . 8 . 2  Val ve - P ro te c ti ve  C ap s .    Wh e r e  GH 2  c yl i n d e r s ,  c o n tai n ‐
e r s ,  an d  tan ks  a r e  d e s i g n e d  to  ac c e p t va l ve -p r o te c ti ve  c ap s ,  th e

u s e r  s h al l  ke e p  s u c h  c a p s  o n  th e  GH 2  c yl i n d e r s ,  c o n ta i n e r s ,  an d
ta n ks  at al l  ti m e s ,  e x c e p t wh e n  e m p ty,  b e i n g  p r o c e s s e d ,  o r

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

7 . 1 . 9  S e p arati o n  fro m  H az ard o u s  C o n d i ti o n s .

Δ 7 . 1 . 9 . 1  G e n e ral .    GH 2  c yl i n d e r s ,  c o n tai n e r s ,  tan ks ,  an d  s ys te m s
i n  s to r a ge  o r  u s e  s h a l l  b e  s e p ar a te d  fr o m  m ate r i a l s  an d  c o n d i ‐

ti o n s  th at p r e s e n t e x p o s u r e  h az ar d s  to  o r  fr o m  e ac h  o th e r.

Δ 7 . 1 . 9 . 1 . 1 *  C l e aran c e  fro m  C o m b u s ti b l e s  an d  Ve ge tati o n .
C o m b u s ti b l e  was te ,  ve g e ta ti o n ,  a n d  s i m i l ar  m ate r i a l s  s h al l  b e

ke p t a m i n i m u m  o f 1 0  ft ( 3 . 1  m )  fr o m  G H 2  c yl i n d e r s ,  c o n ta i n ‐
e r s ,  tan ks ,  an d  s ys te m s .

Δ 7 . 1 . 9 . 1 . 1 . 1    A n o n c o m b u s ti b l e  p ar ti ti o n  wi th o u t o p e n i n g s  o r
p e n e tr ati o n s  an d  e x te n d i n g  n o t l e s s  th an  1 8  i n .  ( 4 5 7  m m )
ab o ve  an d  to  th e  s i d e s  o f th e  s to r ag e  ar e a  s h a l l  b e  p e r m i tte d  i n

l i e u  o f th e  m i n i m u m  d i s tan c e .

Δ 7 . 1 . 9 . 1 . 1 . 2    T h e  n o n c o m b u s ti b l e  p ar ti ti o n  s h al l  b e  e i th e r  a n
i n d e p e n d e n t s tr u c tu r e  o r  th e  e x te r i o r  wal l  o f th e  b u i l d i n g a d j a‐

c e n t to  th e  s to r ag e  a r e a.

Δ 7 . 1 . 9 . 1 . 2  L e d ge s ,  P l atfo r m s ,  an d  E l e vato rs .    G H 2  c yl i n d e r s ,
c o n tai n e r s ,  an d  ta n ks  s h a l l  n o t b e  p l a c e d  n e a r  e l e vato r s ,  u n p r o ‐
te c te d  p l a tfo r m  l e d ge s ,  o r  o th e r  a r e as  wh e r e  GH 2  c yl i n d e r s ,

c o n tai n e r s ,  o r  tan ks  c o u l d  fa l l  d i s tan c e s  e x c e e d i n g  o n e -h al f th e
h e i g h t o f th e  c o n tai n e r,  c yl i n d e r,  o r  ta n k.

Δ 7 . 1 . 9 . 1 . 3  Te m p e ratu re  E x tre m e s .    GH 2  c yl i n d e r s ,  c o n tai n e r s ,
an d  tan ks ,  wh e th e r  fu l l  o r  p a r ti al l y fu l l ,  s h al l  n o t b e  e x p o s e d  to
te m p e r a tu r e s  e x c e e d i n g  1 2 5 ° F  ( 5 2 ° C )  o r  s u b a m b i e n t ( l o w)

te m p e r a tu r e s  u n l e s s  d e s i g n e d  fo r  u s e  u n d e r  s u c h  e x p o s u r e .

Δ 7 . 1 . 9 . 1 . 3 . 1    GH 2  c yl i n d e r s ,  c o n ta i n e r s ,  an d  tan ks  th a t h a ve  n o t
b e e n  d e s i g n e d  fo r  u s e  u n d e r  e l e vate d  te m p e r atu r e  c o n d i ti o n s

s h a l l  n o t b e  e x p o s e d  to  d i r e c t s u n l i g h t o u td o o r s  wh e r e  am b i e n t
te m p e r a tu r e s  e x c e e d  1 2 5 ° F  ( 5 2 ° C ) .  T h e  u s e  o f a  we ath e r

p r o te c te d  s tr u c tu r e  o r  s h a d e d  e n vi r o n m e n t fo r  s to r a ge  o r  u s e
s h a l l  b e  p e r m i tte d  a s  a  m e a n s  to  p r o te c t ag ai n s t d i r e c t e x p o ‐
s u r e  to  s u n l i gh t.

Δ 7 . 1 . 9 . 1 . 4  Fal l i n g O b j e c ts .    GH 2  c yl i n d e r s ,  c o n ta i n e r s ,  an d  tan ks
s h a l l  n o t b e  p l ac e d  i n  a r e as  wh e r e  th e y ar e  c a p ab l e  o f b e i n g

d am ag e d  b y fal l i n g o b j e c ts .

Δ 7 . 1 . 9 . 1 . 5  H e ati n g.    G H 2  c yl i n d e r s ,  c o n ta i n e r s ,  an d  tan ks ,
wh e th e r  fu l l  o r  p ar ti a l l y fu l l ,  s h al l  n o t b e  h e ate d  b y d e vi c e s  th a t

c o u l d  r ai s e  th e  s u r fac e  te m p e r atu r e  o f th e  c o n tai n e r,  c yl i n d e r,
o r  tan k to  ab o ve  1 2 5 ° F  ( 5 2 ° C ) .

Δ 7 . 1 . 9 . 1 . 5 . 1  E l e c tri c al l y P o we re d  H e ati n g D e vi c e s .    E l e c tr i c al
h e ati n g  d e vi c e s  s h al l  b e  i n  ac c o r d an c e  wi th  NFPA 70.

Δ 7 . 1 . 9 . 1 . 5 . 2  Fai l - S afe  D e s i gn .    D e vi c e s  d e s i g n e d  to  m a i n tai n
i n d i vi d u al  GH 2  c yl i n d e r s ,  c o n tai n e r s ,  an d  ta n ks  at c o n s tan t

te m p e r a tu r e  s h al l  b e  d e s i g n e d  to  b e  fai l -s afe .

Δ 7 . 1 . 9 . 1 . 6  S o u rc e s  o f I gn i ti o n .    O p e n  fames  an d  h i gh -
te m p e r a tu r e  d e vi c e s  s h a l l  n o t b e  u s e d  i n  a  m an n e r  th a t c r e ate s

a h az ar d o u s  c o n d i ti o n .

Δ 7 . 1 . 9 . 1 . 7  E x p o s u re  to  C h e m i c al s .    G H 2  c yl i n d e r s ,  c o n tai n e r s ,
an d  ta n ks  s h a l l  n o t b e  e x p o s e d  to  c o r r o s i ve  c h e m i c al s  o r  fu m e s
th a t c o u l d  d a m a ge  c yl i n d e r s ,  c o n tai n e r s ,  tan ks ,  o r  val ve -

p r o te c ti ve  c a p s .

Δ 7 . 1 . 9 . 1 . 8  E x p o s u re  to  E l e c tri c al  C i rc u i ts .    GH 2  c yl i n d e r s ,
c o n tai n e r s ,  an d  ta n ks  s h al l  n o t b e  p l ac e d  wh e r e  th e y c o u l d

b e c o m e  a p a r t o f a n  e l e c tr i c a l  c i r c u i t.

Δ 7 . 1 . 9 . 1 . 8 . 1 *    E l e c tr i c a l  d e vi c e s  m o u n te d  o n  GH 2  p i p i n g,  c yl i n ‐
d e r s ,  c o n tai n e r s ,  o r  tan ks  s h a l l  b e  i n s tal l e d ,  g ro u n d e d ,  an d
b o n d e d  i n  a c c o r d an c e  wi th  th e  m e th o d s  specifed  i n  NFPA 70

( N E C ) .

Δ 7 . 1 . 1 0  S e r vi c e  an d  Re p ai r.    S e r vi c e ,  r e p a i r,  modifcation,  o r
r e m o val  o f val ve s ,  p r e s s u r e  r e l i e f d e vi c e s ,  o r  o th e r  GH 2  c yl i n ‐

d e r,  c o n tai n e r,  an d  tan k ap p u r te n an c e s  s h al l  b e  p e r fo r m e d  b y
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tr a i n e d  p e r s o n n e l  a n d  wi th  th e  p e r m i s s i o n  o f th e  c o n tai n e r
o wn e r.

Δ 7 . 1 . 1 1  U n au th o ri z e d  U s e .    GH 2  c yl i n d e r s ,  c o n ta i n e r s ,  an d
tan ks  s h al l  n o t b e  u s e d  fo r  an y p u r p o s e  o th e r  th an  to  s e r ve  as  a

ve s s e l  fo r  c o n ta i n i n g th e  p r o d u c t fo r  wh i c h  i t was  d e s i gn e d .

Δ 7 . 1 . 1 2  C yl i n d e rs ,  C o n tai n e rs ,  an d  Tan k s  E x p o s e d  to  Fi re .    G H 2

c yl i n d e r s ,  c o n tai n e r s ,  a n d  ta n ks  e x p o s e d  to  fre  s h a l l  n o t b e
u s e d  o r  s h i p p e d  wh i l e  fu l l  o r  p ar ti a l l y fu l l  u n ti l  th e y ar e  r e q u a l i ‐
fed  i n  a c c o r d an c e  wi th  th e  p r e s s u r e  ve s s e l  c o d e  u n d e r  wh i c h

th e y we r e  m a n u fac tu r e d .

7 . 1 . 1 3  L e aks ,  D am age ,  o r C o r ro s i o n .

Δ 7 . 1 . 1 3 . 1 *  Re m o val  Fro m  S e r vi c e .    L e a ki n g,  d a m ag e d ,  o r
c o r r o d e d  GH 2  c yl i n d e r s ,  c o n tai n e r s ,  a n d  tan ks  s h a l l  b e

r e m o ve d  fr o m  s e r vi c e .

Δ 7 . 1 . 1 3 . 2  Re p l ac e m e n t an d  Re p ai r.    L e aki n g ,  d a m ag e d ,  o r
c o r r o d e d  GH 2  s ys te m s  s h a l l  b e  r e p l ac e d  o r  r e p ai r e d .

Δ 7 . 1 . 1 3 . 3 *  H an d l i n g o f C yl i n d e rs ,  C o n tai n e rs ,  an d  Tan ks
Re m o ve d  fro m  S e r vi c e .    GH 2  c yl i n d e r s ,  c o n ta i n e r s ,  a n d  tan ks
th at h a ve  b e e n  r e m o ve d  fr o m  s e r vi c e  s h al l  b e  h a n d l e d  i n  an

ap p r o ve d  m a n n e r.

7 . 1 . 1 4  S u r fac e s .

Δ 7 . 1 . 1 4 . 1    To  p r e ve n t b o tto m  c o r r o s i o n ,  c yl i n d e r s ,  c o n tai n e r s ,
an d  tan ks  s h al l  b e  p r o te c te d  fr o m  d i r e c t c o n tac t wi th  s o i l  o r

s u r fac e s  wh e r e  wate r  m i gh t ac c u m u l ate .

Δ 7 . 1 . 1 4 . 2    S u r fac e s  s h al l  b e  gr ad e d  to  p r e ve n t ac c u m u l ati o n  o f
wate r.

7 . 1 . 1 5  Val ve s .

Δ 7 . 1 . 1 5 . 1    Val ve s  u ti l i z e d  o n  GH 2  s ys te m s  s h al l  b e  d e s i gn e d  fo r
th e  ga s  o r  g as e s  a n d  p r e s s u r e  i n te n d e d  an d  s h a l l  b e  ac c e s s i b l e .

Δ 7 . 1 . 1 5 . 2    Val ve  h an d l e s  o r  ac tu ato r s  fo r  r e q u i r e d  s h u to ff va l ve s
s h a l l  n o t b e  r e m o ve d  o r  o th e r wi s e  a l te r e d  to  p r e ve n t a c c e s s .

Δ 7 . 1 . 1 6  G H 2  Ve n ti n g S ys te m s .    H yd r o ge n - ve n ti n g  s ys te m s  s e r v‐
i n g p r e s s u r e  r e l i e f d e vi c e s  d i s c h a r gi n g GH 2  to  th e  atm o s p h e r e
s h a l l  b e  i n  ac c o r d a n c e  wi th  C GA G -5 . 5 ,  Hydrogen Vent Systems.

Δ 7 . 1 . 1 6 . 1    Ve n ti n g  fr o m  th e  r e l i e f ve n ts  fro m  th e  h yd r o ge n
s u p p l y p i p i n g  s e r vi n g l i s te d  fu e l  c e l l  s ys te m s  s h a l l  b e  p e r m i tte d

to  b e  d i s c h a r ge d  i n to  an  e n c l o s u r e  i n te gra l  to  th e  fu e l  c e l l
s ys te m  wh e r e  th e  c o n c e n tr ati o n  o f h yd r o g e n  i s  d i l u te d  b e l o w
2 5  p e r c e n t o f th e  l o we r  fammable  l i m i t ( L FL )  at th e  o u tl e t o f

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

Δ 7 . 1 . 1 6 . 1 . 1    T h e  h yd r o g e n  s u p p l y p i p i n g s ys te m  s h a l l  b e
d e s i g n e d  to  i s o l a te  th e  s o u r c e  o f h yd r o ge n  fr o m  th e  r e l i e f ve n t

i n  th e  e ve n t o f l o s s  o f d i l u ti o n  ve n ti l a ti o n  o r  p o we r.

7 . 1 . 1 6 . 2  Ve n t P i p e  Te r m i n ati o n .

Δ 7 . 1 . 1 6 . 2 . 1    Ve n ti n g  o f GH 2  s h a l l  b e  d i r e c te d  to  a n  ap p r o ve d
l o c a ti o n .

Δ 7 . 1 . 1 6 . 2 . 2    T h e  te r m i n ati o n  p o i n t fo r  p i p e d  ve n t s ys te m s  s e r v‐
i n g c yl i n d e r s ,  c o n tai n e r s ,  tan ks ,  a n d  g as  s ys te m s  u s e d  fo r  th e
p u r p o s e  o f o p e r ati o n al  o r e m e r g e n c y ve n ti n g s h a l l  b e  i n

ac c o r d an c e  wi th  S e c ti o n  6 . 1 7 .

Δ 7 . 1 . 1 7  C ath o d i c  P ro te c ti o n .    Wh e r e  r e q u i r e d ,  c ath o d i c  p r o te c ‐
ti o n  s h al l  b e  i n  ac c o r d an c e  wi th  7 . 1 . 1 7 .

Δ 7 . 1 . 1 7 . 1  O p e rati o n .    Wh e r e  i n s tal l e d ,  c ath o d i c  p r o te c ti o n
s ys te m s  s h al l  b e  o p e r a te d  an d  m ai n ta i n e d  to  c o n ti n u o u s l y

p r o vi d e  c o r r o s i o n  p r o te c ti o n .

Δ 7 . 1 . 1 7 . 2  I n s p e c ti o n .    C o n tai n e r  s ys te m s  e q u i p p e d  wi th  c ath o ‐
d i c  p r o te c ti o n  s h al l  b e  i n s p e c te d  fo r  p r o p e r  o p e r ati o n  b y a

c a th o d i c  p r o te c ti o n  te s te r.  T h e  fr e q u e n c y o f i n s p e c ti o n  s h a l l  b e
d e te r m i n e d  b y th e  d e s i g n e r  o f th e  c ath o d i c  p r o te c ti o n  s ys te m .

Δ 7 . 1 . 1 7 . 2 . 1    T h e  c a th o d i c  p r o te c ti o n  te s te r  s h al l  b e  certifed  a s
b e i n g qualifed  b y th e  N a ti o n al  As s o c i ati o n  o f C o r r o s i o n  E n g i ‐

n e e r s ,  I n te r n a ti o n a l  ( N AC E ) .

Δ 7 . 1 . 1 7 . 3  I m p re s s e d  C u r re n t S ys te m s .    S ys te m s  e q u i p p e d  wi th
i m p r e s s e d  c u r r e n t c a th o d i c  p r o te c ti o n  s ys te m s  s h al l  b e  i n s p e c ‐

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  o f th e  d e s i g n  an d
7 . 1 . 1 7 . 2 .

Δ 7 . 1 . 1 7 . 3 . 1    T h e  d e s i gn  l i m i ts  o f th e  c ath o d i c  p r o te c ti o n  s ys te m
s h a l l  b e  avai l a b l e  to  th e  AH J  u p o n  r e q u e s t.

Δ 7 . 1 . 1 7 . 3 . 2    T h e  s ys te m  o wn e r  s h al l  m a i n tai n  th e  fo l l o wi n g
r e c o r d s  to  d e m o n s tr a te  th at th e  c a th o d i c  p r o te c ti o n  i s  i n

c o n fo r m a n c e  wi th  th e  r e q u i r e m e n ts  o f th e  d e s i g n :

( 1 ) T h e  r e s u l ts  o f i n s p e c ti o n s  o f th e  s ys te m
( 2 ) T h e  r e s u l ts  o f te s ti n g  th a t h a s  b e e n  c o m p l e te d

Δ 7 . 1 . 1 7 . 4  C o r ro s i o n  E x p e r t.    Re p ai r s ,  m a i n te n an c e ,  o r  r e p l a c e ‐
m e n t o f a  c a th o d i c  p r o te c ti o n  s ys te m  s h al l  b e  u n d e r  th e  s u p e r ‐
vi s i o n  o f a  c o r r o s i o n  e x p e r t certifed  b y N AC E .

Δ 7 . 1 . 1 7 . 4 . 1    T h e  c o r r o s i o n  e x p e r t s h al l  b e  certifed  b y N AC E  a s
a  s e n i o r  c o r r o s i o n  te c h n o l o g i s t,  a  c ath o d i c  p r o te c ti o n  s p e c i a l ‐

i s t,  o r  a c o r r o s i o n  s p e c i a l i s t o r  s h a l l  b e  a  r e gi s te r e d  e n gi n e e r
wi th  r e g i s tr ati o n  i n  a feld  th a t i n c l u d e s  e d u c a ti o n  a n d  e x p e r i ‐
e n c e  i n  c o r r o s i o n  c o n tr o l .

Δ 7 . 1 . 1 8  Tran s fe r.    Tr an s fe r  o f GH 2  b e twe e n  c yl i n d e r s ,  c o n ta i n ‐
e r s ,  an d  ta n ks  s h al l  b e  p e r fo r m e d  b y qualifed  p e r s o n n e l  u s i n g

e q u i p m e n t an d  o p e r ati n g  p r o c e d u r e s  i n  ac c o r d a n c e  wi th  C GA
P -1 ,  Safe Handling of Compressed Gases in Containers.

Δ 7 . 1 . 1 9  C o m p re s s i o n  an d  P ro c e s s i ng E q u i p m e n t.    C o m p r e s s i o n
an d  ga s  p r o c e s s i n g e q u i p m e n t i n te g r al  to  h yd r o g e n

c o m p r e s s e d  g as  s to r ag e  s ys te m s  s h a l l  b e  d e s i g n e d  fo r  u s e  wi th
GH 2  an d  fo r  m ax i m u m  p r e s s u r e s  a n d  te m p e r a tu r e s  to  wh i c h  i t
c a n  b e  s u b j e c te d  u n d e r  n o r m al  o p e r ati n g  c o n d i ti o n s .

Δ 7 . 1 . 1 9 . 1    C o m p r e s s i o n  an d  g as  p r o c e s s i n g e q u i p m e n t s h a l l
h ave  p r e s s u r e  r e l i e f d e vi c e s  th at l i m i t e ac h  s ta ge  p r e s s u r e  to  th e
m a x i m u m  a l l o wa b l e  wo r ki n g  p r e s s u r e  fo r  th e  c o m p r e s s i o n

c yl i n d e r  an d  p i p i n g  a s s o c i a te d  wi th  th a t s ta ge  o f c o m p r e s s i o n .

Δ 7 . 1 . 1 9 . 2    Wh e r e  GH 2  c o m p r e s s i o n  e q u i p m e n t i s  o p e r ate d  u n at‐
te n d e d ,  i t s h al l  b e  e q u i p p e d  wi th  a  h i gh  d i s c h a r ge  a n d  a l o w

s u c ti o n  p r e s s u r e  a u to m a ti c  s h u td o wn  c o n tr o l .

Δ 7 . 1 . 1 9 . 3    Wh e n  a n  a u to m a ti c  s h u td o wn  c o n tr o l  s h u ts  d o wn  a
s ys te m ,  th e  s ys te m  s h al l  r e m ai n  o u t o f s e r vi c e  u n ti l  p e r s o n n e l

a u th o r i z e d  b y th e  o wn e r  d e te r m i n e s  th e  c a u s e  o f th e  s h u td o wn
a n d  th at th e  s ys te m  i s  s afe  to  r e s ta r t.

7 . 1 . 2 0  S tati o n ar y C o m p re s s o rs .

7 . 1 . 2 0 . 1  Val ve s .

Δ ( A)    Val ve s  s h a l l  b e  i n s tal l e d  s u c h  th a t e ac h  c o m p r e s s o r  i s  ab l e
to  b e  i s o l ate d  fo r  m ai n te n a n c e .
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S h ad 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 ate r i a l . 2 0 2 3  E d i t i o n

Δ ( B )    T h e  d i s c h a r ge  l i n e  s h a l l  b e  e q u i p p e d  wi th  a  c h e c k val ve  to
p r e ve n t th e  backfow o f g as  fr o m  h i g h -p r e s s u r e  s o u r c e s  l o c a te d

d o wn s tr e a m  o f th e  c o m p r e s s o r.

7 . 1 . 2 0 . 2  Fo u n d ati o n s .

Δ ( A)    F o u n d a ti o n s  u s e d  fo r  s u p p o r ti n g  e q u i p m e n t s h al l  b e
d e s i g n e d  an d  c o n s tr u c te d  to  p r e ve n t fr o s t h e avi n g .

Δ ( B )    T h e  s tr u c tu r al  as p e c ts  o f s u c h  fo u n d a ti o n s  s h a l l  b e
d e s i g n e d  a n d  c o n s tr u c te 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

th e  ad o p te d  b u i l d i n g c o d e .

Δ 7 . 1 . 2 0 . 3  E m e rge n c y S h u td o wn .    Wh e n  an  e m e r g e n c y s h u t‐
d o wn  s ys te m  ( E S S )  i s  r e q u i r e d ,  a c ti va ti o n  o f th e  E S S  s h al l  s h u t
d o wn  o p e r ati o n  o f al l  c o m p r e s s o r s  s e r vi n g  a s i n gl e  g as  i n s tal l a‐

ti o n .

7 . 1 . 2 0 . 4  Re l i e f Val ve s .

Δ ( A)    E a c h  c o m p r e s s o r  s h al l  b e  p r o vi d e d  wi th  a  ve n t o r  r e l i e f
d e vi c e  th at wi l l  p r e ve n t o ve r p r e s s u r i z i n g  o f th e  c o m p r e s s o r

u n d e r  n o r m al  o r  u p s e t c o n d i ti o n s .

Δ ( B )    P r e s s u r e  r e l i e f d e vi c e s  u s e d  to  s e r ve  p u m p s  o r  c o m p r e s ‐
s i o n  e q u i p m e n t s h al l  b e  c o n n e c te d  to  a ve n t p i p e  s ys te m  i n
ac c o r d an c e  wi th  7 . 1 . 1 6 .

7 . 1 . 2 0 . 5  P re s s ure  M o n i to ri n g.

Δ 7 . 1 . 2 0 . 5 . 1    T h e  p r e s s u r e  o n  th e  c o m p r e s s o r  d i s c h a r ge  s h al l  b e
m o n i to r e d  b y a  c o n tr o l  s ys te m .

Δ 7 . 1 . 2 0 . 5 . 2    D i s c h ar g e  p r e s s u r e s  i n  e x c e s s  o f th e  e q u i p m e n t
m a x i m u m  o p e r a ti n g p r e s s u r e  s h al l  c au s e  th e  c o m p r e s s o r  to

s h u t d o wn .  

Δ 7 . 1 . 2 0 . 6  P ro te c ti o n .    Tr a n s fe r  p i p i n g a n d  c o m p r e s s o r s  s h al l  b e
p r o te c te d  fr o m  ve h i c u l a r  d am a ge .

7 . 1 . 2 1  U s e  o f G H 2  fo r Infation.    Infatable  e q u i p m e n t,  d e vi ‐
c e s ,  o r  b al l o o n s  s h al l  n o t b e  p r e s s u r i z e d  o r  flled  wi th  GH 2

u n l e s s  th e  b al l o o n  i s  d e s i g n e d  specifcally fo r  h yd r o g e n  as  a l i ft
g as .

N 7 . 1 . 2 1 . 1    B al l o o n s  u s e d  fo r  m e te o r o l o g i c al  s o u n d i n g fights
a n d  infated  wi th  h yd r o g e n  s h a l l  c o m p l y wi th  7 . 1 . 2 1 . 1 .

N 7 . 1 . 2 1 . 1 . 1    Hydrogen-flled  m e te o r o l o g i c a l  b al l o o n s  s h al l  m e e t
th e  fo l l o wi n g :

( 1 ) B e  infated  i n d o o r s  i n  a p u r p o s e -b u i l t,  d e d i c ate d  ar e a ,
r o o m ,  o r  b u i l d i n g

( 2 ) L i ft o n l y m e te o r o l o g i c al  s o u n d i n g  i n s tr u m e n t( s )
( 3 ) * N o t b e  i n te n d e d  to  l a n d

N 7 . 1 . 2 1 . 1 . 2 *    H yd r o ge n  infation  fa c i l i ti e s  fo r  m e te o r o l o g i c al
b a l l o o n s  s h al l  b e  certifed  as  m e e ti n g th e  r e q u i r e m e n ts  o f th i s

c o d e  an d  b e i n g  ad e q u ate l y s afe  b y qualifed  e n gi n e e r ( s )  wi th
e x p e r ti s e  an d  c o m p e te n c e  i n  h yd r o ge n  b a l l o o n  infation  an d
h yd r o g e n  fre  s a fe ty.

N 7 . 1 . 2 2    P i l o te d  b al l o o n s  s h al l  b e  p e r m i tte d  to  b e  flled  wi th
GH 2  wh e n  a l l  o f th e  fo l l o wi n g  ar e  m e t:

( 1 ) T h e  p i l o te d  b a l l o o n  i s  d e s i g n e d  an d  ap p r o ve d  fo r  u s e
wi th  GH 2 .

( 2 ) * T h e  p i l o te d  b al l o o n  i s  o p e r a te d ,  m a i n tai n e d ,  an d  i n s p e c ‐
te d  i n  ac c o r d an c e  wi th  ap p l i c a b l e  a vi ati o n  r e g u l ati o n s

a n d  i s  r e gi s te r e d  wi th  a  r e c o g n i z e d  n ati o n al  avi a ti o n
a u th o r i ty.

( 3 ) * T h e  p i l o te d  b al l o o n ’ s  s tr u c tu r al  c o n d u c ti ve  c o m p o n e n ts
an d  infation  s ys te m  ar e  b o n d e d  to g e th e r  vi a  m e a n s
r e c o m m e n d e d  b y th e  b al l o o n ’ s  m an u fa c tu r e r.

( 4 ) * T h e  p i l o te d  b a l l o o n  infation  s ys te m  i s  b o n d e d  to  th e
G H 2  s u p p l y c o n ta i n e r ( s )  an d  gr o u n d e d  vi a a  g r o u n d i n g

e l e c tr o d e  c o n d u c to r  c o n n e c te d  to  a gr o u n d i n g  e l e c tr o d e
i n s tal l e d  i n to  th e  e ar th .

( 5 ) T h e  p i l o te d  b al l o o n  infation  as s e m b l y b o n d e d  e l e m e n ts
h a ve  a r e s i s ta n c e  l e s s  th an  1 0 6  o h m s  b e twe e n  th e  g r o u n d ‐

i n g  e l e c tr o d e  a n d  th e  d i ffu s e r.
( 6 ) T h e  p i l o te d  b al l o o n  i s  flled  o u td o o r s ,  wi th i n  an  e s ta b ‐

l i s h e d  infation  s a fe ty z o n e  th a t m e e ts  th e  fo l l o wi n g
c o n d i ti o n s :

( a) * I t i s  m a r ke d  o r  d e l i n e ate d  b y s i g n ag e  to  p r e ve n t
p u b l i c  ac c e s s .

( b ) I t i s  r e s tr i c te d  to  au th o r i z e d  p e r s o n n e l  n e c e s s ar y fo r
th e  infation.

( c ) Al l  p o te n ti al  i g n i ti o n  s o u r c e s  wi th i n  th e  infation
s a fe ty z o n e ,  i n c l u d i n g ve h i c l e s ,  ar e  p r o h i b i te d
d u r i n g th e  infation  p r o c e s s .

( 7 ) * T h e  p i l o te d  b a l l o o n  GH 2  s o u r c e  i s  i m m o b i l e  o r  h as  b e e n
r e n d e r e d  i m m o b i l e .

( 8 ) T h e  p i l o te d  b al l o o n  infation  h o s e  i s  d e s c r i b e d  a s  fo l l o ws :

( a) D e s i g n e d  fo r  G H 2  s e r vi c e  a t th e  fow r ate s  u s e d  fo r
infation

( b ) Ra te d  wi th  a h yd r o s tati c  p r e s s u r e  ap p r o p r i ate  fo r
th e  GH 2  s o u r c e

( c ) E l e c tr i c al l y c o n d u c ti ve  o r  s tati c  d i s s i p ati ve  wi th  a
s m o o th -b o r e  l i n e r

( d ) Vi s u a l l y i n s p e c te d  fo r  d am ag e  p r i o r  to  u s e
( e ) P u r g e d  o f ai r,  flled  wi th  GH 2 ,  p r e s s u r i z e d ,  an d  l e a k-

c h e c ke d  p r i o r  to  infation
( 9 ) E ac h  p i l o te d  b a l l o o n  infation  i s  c o o r d i n a te d  b y a s i n g l e

d e s i g n ate d  p e r s o n  wh o  i s  r e s p o n s i b l e  fo r  th e  fo l l o wi n g :

( a) * B e i n g  certifcated  o r  l i c e n s e d  as  a  p i l o t o f GH 2

b a l l o o n s  b y a r e c o gn i z e d  n a ti o n al  a vi ati o n  au th o r i ty
( b ) P r o vi d i n g  a s a fe ty briefng  to  al l  p e r s o n n e l  i n vo l ve d

i n  th e  infation
( c ) E n s u r i n g th a t th e  g as  s u p p l y m ai n  s h u t- o ff val ve  i s

s taffe d  a t a l l  ti m e s  b y an  o p e r ato r  tr a i n e d  i n  G H 2

s a fe ty
( d ) M ai n ta i n i n g  c o n ti n u o u s  vi s u al  c o n tac t wi th  th e  ga s

s u p p l y’ s  m a i n  s h u t- o ff val ve  o p e r ato r  wh e n  g as  i s
fowing

7 . 1 . 2 3  H ydro ge n  E q u i p m e n t E n c l o s u re s .

Δ 7 . 1 . 2 3 . 1    H yd r o g e n  e q u i p m e n t e n c l o s u r e s  ( H E E s )  s h al l  b e  i n
ac c o r d an c e  wi th  th e  ap p r o ve d  b u i l d i n g c o d e  o r  7 . 1 . 2 3  wh e n
th e  to ta l  q u an ti ty o f h yd r o g e n  s to r e d  i n  o r  p i p e d  i n to  th e

e n c l o s u r e  e x c e e d s  1 0 0 0  s c f ( 2 8 . 3  N m 3 )  o r  wh e r e  th e  e n c l o s u r e
c o n tai n s  h yd r o g e n  p r o c e s s i n g  o r  g e n e rati n g  e q u i p m e n t.

Δ 7 . 1 . 2 3 . 1 . 1    S u b s e c ti o n  7 . 1 . 2 3  s h al l  n o t ap p l y to  an y o f th e
fo l l o wi n g :

( 1 ) G as  c ab i n e ts  i n  ac c o r d an c e  wi th  S e c ti o n  6 . 1 9
( 2 ) E x h au s te d  e n c l o s u r e s  i n  ac c o r d a n c e  wi th  S e c ti o n  6 . 2 0

( 3 ) Ve n ti l a te d  e n c l o s u r e s  wi th  suffcient d i l u ti o n  to  m a i n tai n
an  unclassifed  a r e a i n  th e  i n te r i o r  i n  ac c o r d a n c e  wi th
S e c ti o n  4 . 1 2

( 4 ) E n c l o s u r e s  i n te gr a l  to  fu e l  c e l l  s ys te m s  th at a r e  l i s te d  o r
a p p r o ve d  i n  a c c o r d an c e  wi th  C h ap te r  1 2

( 5 ) E n c l o s u r e s  i n te gr a l  to  h yd r o g e n  g e n e r ato r s  th a t ar e  l i s te d
o r  ap p r o ve d  i n  ac c o r d a n c e  wi th  C h ap te r  1 3
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2 0 2 3  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 .

7 . 1 . 2 3 . 1 . 2    H E E  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 a te ‐
r i al s .

7 . 1 . 2 3 . 2    H E E  gr o u n d i n g  a n d  e q u i p m e n t b o n d i n g wi th i n  th e
e n c l o s u r e  s h a l l  c o m p l y wi th  al l  o f th e  fo l l o wi n g :

( 1 ) T h e  H E E  s tr u c tu r e  s h al l  b e  gr o u n d e d  i n  ac c o r d a n c e  wi th
NFPA 70.

( 2 ) Al l  c o n d u c ti ve  p a r ts  o f th e  e n c l o s u r e  s h al l  b e  gr o u n d e d
o r  b o n d e d .

( 3 ) H yd r o ge n  p i p i n g  an d  e q u i p m e n t s h al l  b e  b o n d e d  to  th e
H E E  s tr u c tu r e  to  p r e ve n t s tati c  d i s c h ar g e .

7 . 1 . 2 3 . 3  H yd ro ge n  Ve n t S ys te m s .

7 . 1 . 2 3 . 3 . 1    GH 2  s h a l l  n o t b e  ve n te d  wi th i n  th e  H E E  o r  to
c o m p a r tm e n ts  wi th i n  an  H E E .

7 . 1 . 2 3 . 3 . 2    Ve n t p i p 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  6 . 1 7
a n d  7 . 1 . 1 6 .

7 . 1 . 2 3 . 3 . 3    P r e s s u r e  r e l i e f d e vi c e s  a n d  val ve s  d i s c h a r gi n g to  th e
a tm o s p h e r e  s h al l  b e  ve n te d  i n  ac c o r d a n c e  wi th  7 . 1 . 5 . 5 . 5 .

7 . 1 . 2 3 . 4  O x yge n  Defciency.    An  H E E  th at c an  b e  e n te r e d  an d
c o n tai n s  o r  i s  c o n n e c te d  to  a s o u r c e  o f GH 2  s h al l  b e  e val u a te d
fo r  th e  p o te n ti al  o f an  oxygen-defcient atm o s p h e r e  d u r i n g

n o r m a l  o r  o ff- n o r m a l  c o n d i ti o n s .

7 . 1 . 2 3 . 4 . 1  Al ar m s .

7 . 1 . 2 3 . 4 . 1 . 1    Wh e r e  th e  p o te n ti a l  e x i s ts  fo r  an  oxygen-defcient
atm o s p h e r e ,  d e te c ti o n  an d  notifcation  ap p l i an c e s  s h a l l  b e
p r o vi d e d  to  war n  p e r s o n n e l  o f an  oxygen-defcient atm o s ‐

p h e r e .

7 . 1 . 2 3 . 4 . 1 . 2    Notifcation  a p p l i a n c e s  s h a l l  p ro d u c e  a  d i s ti n c ti ve
a u d i b l e  an d  vi s u al  a l a r m  a n d  b e  l o c a te d  o u ts i d e  th e  e n tr an c e  to
a l l  l o c a ti o n s  wh e r e  th e  oxygen-defcient c o n d i ti o n  c o u l d  e x i s t.

7 . 1 . 2 3 . 4 . 1 . 3    I f a  G H 2  d e te c ti o n  s ys te m  i s  p r o vi d e d  i n  a c c o r d ‐
a n c e  wi th  S e c ti o n  6 . 1 3 ,  o x yge n  d e te c to r s  ar e  n o t r e q u i r e d .

7 . 1 . 2 3 . 5  S e c uri ty.

7 . 1 . 2 3 . 5 . 1    E x te r i o r  a c c e s s  d o o r s  fo r  a  H E E  s h al l  b e  s e c u r e d
a ga i n s t u n au th o r i z e d  e n tr y.

7 . 1 . 2 3 . 5 . 1 . 1    E x te r i o r  ac c e s s  d o o r s  s h al l  n o t b e  r e q u i r e d  to  b e
s e c u r e d  i f a s e c u r e d  p e r i m e te r  fe n c e  o r  wa l l  i s  p r o vi d e d  to

p r e ve n t u n a u th o r i z e d  e n tr y.

7 . 1 . 2 3 . 5 . 2    L o c ks  o r  l atc h e s  s h al l  n o t r e q u i r e  th e  u s e  o f a ke y,  a
to o l ,  o r  s p e c i a l  kn o wl e d g e  o r  e ffo r t fo r  th e  o p e r ati o n  fr o m  th e
e gr e s s  s i d e .

7 . 1 . 2 3 . 6 *    M e an s  o f e gr e s s  fo r  a H E E  s h a l l  b e  i n  a c c o r d a n c e
wi th  7 . 1 . 2 3 . 6 . 1 ,  u n l e s s  th e  H E E  c an n o t b e  e n te r e d .

7 . 1 . 2 3 . 6 . 1    N o t fe we r  th an  two  m e an s  o f e g r e s s  s h al l  b e  p r o vi ‐
d e d  fr o m  e a c h  e q u i p m e n t e n c l o s u r e  o r  e q u i p m e n t c o m p a r t‐

m e n t,  u n l e s s  al l  o f th e  fo l l o wi n g c r i te r i a  ar e  m e t:

( 1 ) U n d i vi d e d  H E E  o r  e q u i p m e n t c o m p ar tm e n ts  d o  n o t
e x c e e d  2 0 0  ft2  ( 1 8 . 6  m 2 ) .

( 2 ) H E E  o r  e q u i p m e n t c o m p ar tm e n ts  h a ve  a tr a ve l  d i s ta n c e
to  th e  r o o m  o r  c o m p a rtm e n t e x i t d o o r ( s )  n o t e x c e e d i n g
1 5  ft ( 4 . 6  m ) .

7 . 1 . 2 3 . 6 . 1 . 1    T h e  m e an s  o f e gr e s s  s h al l  h ave  th e  fo l l o wi n g:

( 1 ) A m i n i m u m  o f 2 8  i n .  ( 7 1 0  m m )  c l e a r  wi d th
( 2 ) A m i n i m u m  h e ad r o o m  o f n o t l e s s  th an  6  ft 8  i n .

( 2 0 3 0  m m )  al o n g  th e  e n ti r e  d e s i g n ate d  m e an s  o f e g r e s s
p ath

7 . 1 . 2 3 . 7    A m e an s  s h a l l  b e  p r o vi d e d  to  i s o l ate ,  d e p r e s s u r i z e ,
a n d  m ake  e q u i p m e n t an d  p i p i n g s ys te m s  s afe  p r i o r  to  r e p l ac e ‐
m e n t,  m a i n te n an c e ,  o r  s e r vi c e .

7 . 1 . 2 3 . 8    A H E E  s h a l l  b e  s e c u r e d  to  a  s tr u c tu r e  o r  fo u n d a ti o n
i n  a  m an n e r  a p p r o ve d  b y th e  a u th o r i ty h a vi n g j u r i s d i c ti o n

( AH J ) .

7 . 1 . 2 3 . 9  I s o l ati o n  o f G H 2  S to rage .

7 . 1 . 2 3 . 9 . 1    Wh e r e  r e q u i r e d  b y Ta b l e  7 . 1 . 2 3 . 9 . 1 ,  a m e an s  fo r
i s o l ati o n  o f G H 2  s to r a ge  s h al l  b e  p r o vi d e d  i n  ac c o r d a n c e  wi th

7 . 1 . 2 3 . 9 .

7 . 1 . 2 3 . 9 . 2 *    G H 2  s to r a ge  s h al l  b e  e q u i p p e d  wi th  a u to m a ti c
e m e r g e n c y s h u to ff val ve s  to  i s o l a te  th e  s o u r c e  o f h yd r o ge n
fr o m  th e  d e l i ve r y p i p i n g  s ys te m .

Δ Tab l e  7 . 1 . 2 3 . 9 . 1  P ro te c ti o n  Fe atu re s  B as e d  o n  U s e

H E E  o r a c o m p ar tm e n t i n
an  H E E  c o n tai n s : G H 2  s to rage G H 2  s to rage

H yd ro ge n  ge n e rati o n ,
c o m p re s s i o n  an d / o r

p ro c e s s i n g e q u i p m e n t
S u p p o r t e q u i p m e n t ro o m  ( i n

an  H E E )

E n c l o s u r e  Vo l u m e : < 2 0 0  ft3 ≥ 2 0 0  ft3 N o t l i m i te d N o t l i m i te d
C o n ta i n s  o r  i s  c o n n e c te d  

to  a  s o u r c e  o f h yd r o g e n :
Ye s Ye s Ye s N o

Au to m a ti c  i s o l a ti o n  fr o m  
GH 2  s to r a g e

N o t r e q u i r e d N o t r e q u i r e d Re q u i r e d N o t a p p l i c a b l e

Ve n ti l ati o n N atu r a l  o r  m e c h a n i c a l N a tu r a l  o r  m e c h an i c a l M e c h an i c a l N o  ad d i ti o n a l  r e q u i r e m e n t
S to r a g e  c o m p a r tm e n t 

s e p ar ati o n
N o t a p p l i c ab l e N o t ap p l i c a b l e Re q u i r e d Re q u i r e d

E l e c tr i c a l  e q u i p m e n t P e r  NFPA 70,  C h a p te r  5 P e r  NFPA 70,  C h a p te r  5 P e r  NFPA 70,  C h a p te r  5 Unclassifed
B o n d i n g / g r o u n d i n g Re q u i r e d Re q u i r e d Re q u i r e d P e r  NFPA 70
E x p l o s i o n  c o n tr o l N o t r e q u i r e d Re q u i r e d Re q u i r e d N o t r e q u i r e d
D e te c ti o n L o s s  o f ve n ti l a ti o n * GH 2 ,  L o s s  o f ve n ti l a ti o n * G H 2 ,  F i r e  a n d  L o s s  o f 

ve n ti l a ti o n
G H 2  i f n e c e s s a r y to  m e e t th e  

r e q u i r e m e n ts  o f 
7 . 1 . 2 3 . 1 0 . 3 . 1

* Wh e r e  m e c h a n i c a l  ve n ti l ati o n  i s  p r o vi d e d
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S h ad 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 ate r i a l . 2 0 2 3  E d i t i o n

7 . 1 . 2 3 . 9 . 3    Au to m ati c  e m e r ge n c y s h u to ff va l ve s  s h al l  b e  l o c ate d
wi th i n  th e  s a m e  c o m p ar tm e n t a s  th e  h yd r o g e n  s to r ag e .

7 . 1 . 2 3 . 9 . 4    Au to m ati c  e m e r ge n c y s h u to ff val ve s  s h a l l  o p e r a te
o n  GH 2  d e te c ti o n  a l ar m s ,  fre  a l a r m s ,  an d  E S S  ac ti vati o n s .

7 . 1 . 2 3 . 9 . 5    Au to m a ti c  e m e r g e n c y s h u to ff val ve s  s h al l  b e  fa i l -
s a fe  to  c l o s e  u p o n  l o s s  o f p o we r  o r  ai r  p r e s s u r e .

7 . 1 . 2 3 . 9 . 6    GH 2  g e n e r ati o n  a n d  c o m p r e s s i o n  e q u i p m e n t wi th i n
an  H E E  th at s u p p l i e s  h yd r o g e n  to  e x te r n al  s to r ag e  c o n tai n e r s

s h a l l  b e  e q u i p p e d  wi th  e i th e r  an  e x te r n a l  a u to m a ti c  e m e r g e n c y
s h u to ff val ve  o r  n o n -r e tu r n  va l ve  o n  th e  e x i t p i p i n g o u ts i d e  th e

e n c l o s u r e  o r  c o m p ar tm e n t.

7 . 1 . 2 3 . 1 0  Ve n ti l ati o n .

7 . 1 . 2 3 . 1 0 . 1    Wh e r e  r e q u i r e d  b y Ta b l e  7 . 1 . 2 3 . 9 . 1 ,  ve n ti l a ti o n
s h a l l  b e  p r o vi d e d  i n  ac c o r d a n c e  wi th  7 . 1 . 2 3 . 1 0 .

7 . 1 . 2 3 . 1 0 . 2    A H E E  a n d  c o m p ar tm e n ts  wi th i n  an  H E E  th a t
c o n tai n  GH 2  s to r ag e ,  e q u i p m e n t,  o r  p i p i n g s h a l l  b e  p r o vi d e d

wi th  ve n ti l a ti o n  i n  ac c o r d an c e  wi th  S e c ti o n  6 . 1 8 .

7 . 1 . 2 3 . 1 0 . 3    N a tu r al  ve n ti l ati o n  o p e n i n gs  a n d  a i r  i n ta ke s  fo r
m e c h an i c al  ve n ti l a ti o n  s ys te m s  s h al l  b e  s e p a r ate d  fr o m  n o n -
b u l k s o u r c e s  o f GH 2  i n  ac c o r d an c e  wi th  7 . 2 . 2 . 3 . 2 . 4  an d  fr o m
b u l k s o u r c e s  o f GH 2  i n  ac c o r d a n c e  wi th  7 . 3 . 2 . 3 . 1 . 2 .

7 . 1 . 2 3 . 1 0 . 3 . 1    Ai r  i n take s  a n d  ve n ti l a ti o n  o p e n i n g s  s h a l l  n o t b e
r e q u i r e d  to  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  6 . 1 8  an d
7 . 1 . 2 3 . 1 0 . 3  wh e r e  th e  c o m p ar tm e n t i s  p r o vi d e d  wi th  G H 2  d e te c ‐

ti o n  i n  a c c o r d an c e  wi th  7 . 1 . 2 3 . 1 4 ,  wh i c h  i n i ti a te s  th e  e m e r ‐
g e n c y s h u td o wn  s ys te m  ( E S S )  fo r  th e  e q u i p m e n t wi th i n  th e

e n c l o s u r e  u p o n  d e te c ti o n  o f 2 5  p e r c e n t o f th e  L F L .

7 . 1 . 2 3 . 1 1  S to rage  Are a S e p arati o n .

7 . 1 . 2 3 . 1 1 . 1    Wh e r e  r e q u i r e d  b y Tab l e  7 . 1 . 2 3 . 9 . 1 ,  s to r a ge  ar e a
s e p ar a ti o n  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  7 . 1 . 2 3 . 1 1 .

7 . 1 . 2 3 . 1 1 . 2    F u e l  c e l l  e q u i p m e n t,  c o m p r e s s o r s ,  h yd r o ge n
ge n e r a to r s ,  e l e c tr i c al  d i s tr i b u ti o n  e q u i p m e n t,  an d  s i m i l ar a p p l i ‐
an c e s  s h al l  b e  s e p ar a te d  fr o m  b u l k GH 2  s to r a ge  ar e a s  wi th i n

th e  H E E  b y a o n e -h o u r  fre-rated  b ar r i e r  th at i s  al s o  c a p ab l e  o f
p r e ve n ti n g g as  tr a n s m i s s i o n .

7 . 1 . 2 3 . 1 2  E l e c tri c al  E q u i p m e n t.

7 . 1 . 2 3 . 1 2 . 1    Al l  e l e c tr i c a l  e q u i p m e n t i n  an  H E E  th at h as  GH 2

p i p i n g ,  s to r ag e ,  ge n e r a ti o n ,  o r  p r o c e s s i n g  e q u i p m e n t s h a l l  b e
s e l e c te d  an d  i n s tal l e d  i n  ac c o r d an c e  wi th  Ar ti c l e s  5 0 0  th r o u g h
5 0 5  o f NFPA 70.

7 . 1 . 2 3 . 1 2 . 2 *    E l e c tr i c al  e q u i p m e n t wi th i n  1 5  ft ( 4 . 6  m )  o f an y
n a tu r al  ve n ti l ati o n  o p e n i n g  o r  r e q u i r e d  e x h au s t d i s c h a r ge  o f
an  H E E  s h al l  b e  s e l e c te d  a n d  i n s tal l e d  i n  a c 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 Ar ti c l e s  5 0 0  th r o u g h  5 0 5  o f NFPA 70.

7 . 1 . 2 3 . 1 3  E m e rge n c y S h u td o wn  S ys te m  ( E S S ) .

7 . 1 . 2 3 . 1 3 . 1    An  E S S  s h a l l  b e  p r o vi d e d  fo r  th e  H E E .

7 . 1 . 2 3 . 1 3 . 1 . 1    T h e  E S S  s h a l l  o p e r a te  o n  GH 2  d e te c ti o n  al ar m s ,
fre  a l ar m s ,  a n d  l o s s  o f ve n ti l ati o n  al a r m s ,  wh e r e  th e s e  ar e

r e q u i r e d  b y Ta b l e  7 . 1 . 2 3 . 9 . 1 .

7 . 1 . 2 3 . 1 3 . 1 . 2    T h e  E S S  s h a l l  o p e r ate  u p o n  ac ti vati o n  o f a
m a n u a l  e m e r ge n c y s h u td o wn  d e vi c e  ( E S D ) .

7 . 1 . 2 3 . 1 3 . 1 . 3    T h e  E S S  s h al l  o p e r ate  ac r o s s  al l  i n te r c o n n e c te d
H E E  a t a c o m m o n  s i te .

7 . 1 . 2 3 . 1 3 . 1 . 4    Wh e r e  a c ti vate d ,  th e  E S S  s h al l  d e -e n e r gi z e
unclassifed  e l e c tr i c al  e q u i p m e n t i n s i d e  c o m p a r tm e n ts  c o n tai n ‐

i n g h yd r o g e n  o r  o th e r  fammable  g as e s  a n d  c l o s e  a l l  a u to m a ti c
s h u to ff c o n tr o l  val ve s  o n  p i p i n g  i n to  a n d  fr o m  i n te r c o n n e c te d

H E E  a n d  H E E  c o m p a r tm e n ts  c o n ta i n i n g h yd r o ge n  e q u i p m e n t.

7 . 1 . 2 3 . 1 3 . 1 . 5    A m a n u al  E S D  s h al l  b e  ac c e s s i b l e ,  l o c a te d  e x te ‐
r i o r  to  th e  H E E ,  an d  i n  th e  i m m e d i ate  a r e a o f e ac h  H E E  th at i s

i n te r c o n n e c te d  to  th e  h yd r o g e n  s ys te m .

( A)    T h e  E S D  s h al l  b e  identifed  b y a  s i g n  l o c ate d  a t th e  e x te ‐
r i o r  o f th e  e q u i p m e n t e n c l o s u r e .

7 . 1 . 2 3 . 1 3 . 1 . 6    A r e m o te  e m e r g e n c y s h u td o wn  s h a l l  b e  l o c a te d
n o t l e s s  th an  2 5  ft ( 7 . 6  m )  an d  n o t m o r e  th a n  1 0 0  ft ( 3 0  m )
fr o m  H E E  e q u i p p e d  wi th  i n d i vi d u al  E S D s .

7 . 1 . 2 3 . 1 3 . 1 . 7    Ac ti va ti o n  o f th e  E S S  s h al l  b e  i n d i c ate d  b y a  vi s i ‐
b l e  notifcation  d e vi c e  m o u n te d  o n  th e  e x te r i o r  o f th e  H E E .

7 . 1 . 2 3 . 1 4  D e te c ti o n .

7 . 1 . 2 3 . 1 4 . 1    Wh e r e  r e q u i r e d  b y Ta b l e  7 . 1 . 2 3 . 9 . 1 ,  GH 2  d e te c ‐
ti o n ,  fre  d e te c ti o n ,  a n d  l o s s  o f ve n ti l ati o n  d e te c ti o n  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  7 . 1 . 2 3 . 1 4 .

7 . 1 . 2 3 . 1 4 . 2  G H 2  D e te c ti o n .

7 . 1 . 2 3 . 1 4 . 2 . 1    G H 2  d e 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 a n c e
wi th  S e c ti o n  6 . 1 3 .

7 . 1 . 2 3 . 1 4 . 2 . 2    D e te c ti o n  o f h yd r o ge n  ab o ve  2 5  p e r c e n t o f th e
L F L  s h a l l  r e s u l t i n  ac ti va ti o n  o f th e  E S S .

7 . 1 . 2 3 . 1 4 . 3  Fi re  D e te c ti o n .

7 . 1 . 2 3 . 1 4 . 3 . 1    F i r e  d e te c ti o n  s h al l  b e  p r o vi d e d .

7 . 1 . 2 3 . 1 4 . 3 . 2    T h e  typ e  o f d e te c ti o n  s h al l  b e  a s  d e te r m i n e d  b y
a  r i s k a s s e s s m e n t.

7 . 1 . 2 3 . 1 4 . 3 . 3    F i r e  d e te c ti o n  s h a l l  c o m p l y wi th  b o th  o f th e
fo l l o wi n g : .

( 1 ) B e  i n  ac c o r d an c e  wi th  NFPA 72
( 2 ) Ac ti vate  th e  E S S

7 . 1 . 2 3 . 1 4 . 4  Ve n ti l ati o n  D e te c ti o n .

7 . 1 . 2 3 . 1 4 . 4 . 1    A d e vi c e  s h al l  b e  p r o vi d e d  to  d e te c t fa i l u r e  o f
th e  ve n ti l ati o n  s ys te m .

7 . 1 . 2 3 . 1 4 . 4 . 2    T h e  d e vi c e  s h al l  ac ti va te  th e  E S S  wh e n  airfow
d r o p s  b e l o w 7 5  p e rc e n t o f th e  r e q u i r e d  fow.

7 . 1 . 2 3 . 1 5  E x p l o s i o n  C o n tro l .

7 . 1 . 2 3 . 1 5 . 1    Wh e r e  r e q u i r e d  b y Tab l e  7 . 1 . 2 3 . 9 . 1 ,  e x p l o s i o n
c o n tr o l  s h a l l  b e  p r o vi d e d  i n  ac c o r d a n c e  wi th  S e c ti o n  6 . 1 0 .

7 . 1 . 2 3 . 1 5 . 1 . 1    E x p l o s i o n  ve n ts ,  wh e r e  u s e d ,  s h a l l  n o t d i s c h ar g e
i n to  ad j ac e n t H E E  c o m p ar tm e n ts .

7 . 1 . 2 3 . 1 6  H E E  Wal l s  U s e d  fo r S e p arati o n  D i s tan c e  Re d u c ti o n s .

7 . 1 . 2 3 . 1 6 . 1    Wh e r e  a wa l l  o f an  H E E  i s  c o n s tr u c te d  a s  a fre
b a r r i e r  a n d  u s e d  to  r e d u c e  s e p a r ati o n  d i s ta n c e s  p e r  7 . 3 . 2 . 3 . 1 . 4 ,

i n  7 . 1 . 2 3 . 1 6 . 1 . 1  th r o u g h  7 . 1 . 2 3 . 1 6 . 1 . 5  s h al l  ap p l y.



H YD RO GE N  T E C H N O L O G I E S  C O D E2 - 4 2

2 0 2 3  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 .

7 . 1 . 2 3 . 1 6 . 1 . 1  P e n e trati o n s .

Δ ( A)    T h e  fre  b ar r i e r  wal l  s h al l  b e  wi th o u t o p e n i n gs  o r  p e n e tr a‐
ti o n s .

Δ ( B )    P e n e tr ati o n s  o f th e  fre  b a r r i e r  wal l  b y c o n d u i t o r  p i p i n g
s h a l l  b e  p e r m i tte d  p r o vi d e d  th a t th e  p e n e tr a ti o n  i s  p r o te c te d
wi th  a frestop  s ys te m  i n  a c c o r d an c e  wi th  th e  ad o p te d  b u i l d i n g
c o d e .

Δ 7 . 1 . 2 3 . 1 6 . 1 . 2 *    F i r e  b ar r i e r  wal l s  s h al l  h ave  a  m i n i m u m  fre
re s i s tan c e  r ati n g  o f n o t l e s s  th an  2  h o u r s .

Δ 7 . 1 . 2 3 . 1 6 . 1 . 3    T h e  fre  b ar r i e r  wa l l  s h al l  i n te r r u p t th e  l i n e  o f
s i gh t b e twe e n  th e  b u l k h yd r o g e n  c o m p r e s s e d  g as  s ys te m  an d
th e  e x p o s u r e .

7 . 1 . 2 3 . 1 6 . 1 . 4    O n l y o n e  fre  b a r r i e r  wal l  o f an  H E E  s h al l  b e
al l o we d  to  b e  u s e d  to  r e d u c e  s e p a r ati o n  d i s tan c e s  p e r
7 . 3 . 2 . 3 . 1 . 4 .

7 . 1 . 2 3 . 1 6 . 1 . 5    F i r e  b ar r i e r  wa l l s  s h al l  b e  d e s i g n e d  a n d  c o n s tr 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 th e  ad o p te d  b u i l d ‐
i n g c o d e .

7 . 1 . 2 4  E m e rge n c y S h u to ff Val ve s .

Δ 7 . 1 . 2 4 . 1    Ac c e s s i b l e  m a n u al  o r  au to m ati c  e m e r ge n c y s h u to ff
val ve s  s h al l  b e  p r o vi d e d  to  s h u t o ff th e  fow o f GH 2  i n  c as e  o f
e m e r g e n c y.

Δ 7 . 1 . 2 4 . 1 . 1 *    M an u a l  e m e r g e n c y s h u to ff val ve s  o r  th e  d e vi c e
th at a c ti vate s  an  a u to m a ti c  e m e r ge n c y s h u to ff va l ve  o n  a b u l k

s o u r c e  o r  p i p i n g  s ys te m  s e r vi n g th e  b u l k s u p p l y s h a l l  b e  i d e n ti ‐
fed  b y m e an s  o f a s i g n .

Δ 7 . 1 . 2 4 . 2    E m e r g e n c y s h u to ffs  s h a l l  b e  l o c ate d  a t th e  p o i n t o f
u s e  a n d  a t th e  tan k,  c yl i n d e r,  o r  b u l k s o u r c e ,  an d  at th e  p o i n t
wh e r e  th e  s ys te m  p i p i n g e n te r s  th e  b u i l d i n g.

7 . 1 . 2 5  E m e rge n c y I s o l ati o n .

Δ 7 . 1 . 2 5 . 1    Wh e r e  GH 2  fr o m  s o u r c e s  i n  e x c e s s  o f th e  q u an ti ty
th r e s h o l d  i n  Tab l e  6 . 4 . 1 . 1 . 1  i s  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  a  ga u g e  p r e s s u r e  o f 1 5  p s i  ( 1 0 3  kP a ) ,  an  ap p r o ve d
m e th o d  o f e m e r ge n c y i s o l ati o n  s h al l  b e  p r o vi d e d .

Δ 7 . 1 . 2 5 . 2    Ap p r o ve d  m e an s  o f m e e ti n g th e  r e q u i r e m e n ts  fo r
e m e r g e n c y i s o l a ti o n  s h a l l  i n c l u d e  a n y o f th e  fo l l o wi n g :

( 1 ) Au to m ati c  s h u to ff val ve s ,  l o c a te d  as  c l o s e  to  th e  b u l k
s o u r c e  a s  p r ac ti c al ,  ti e d  to  l e ak d e te c ti o n  s ys te m s

( 2 ) Atte n d e d  c o n tr o l  s tati o n s  wh e r e  tr ai n e d  p e r s o n n e l  c a n
m o n i to r  a l ar m s  o r  s u p e r vi s o r y s i gn a l s  an d  c an  tr i g g e r

e m e r g e n c y r e s p o n s e s
( 3 ) A c o n s ta n tl y m o n i to r e d  c o n tr o l  s tati o n  wi th  an  a l a r m  an d

r e m o te  s h u to ff o f th e  ga s  s u p p l y s ys te m
( 4 ) E x c e s s  fow val ve s  at th e  b u l k s o u r c e

Δ 7 . 1 . 2 5 . 3    T h e  r e q u i r e m e n ts  o f 7 . 1 . 2 5  s h a l l  n o t b e  r e q u i r e d  fo r
th e  fo l l o wi n g:

( 1 ) P i p i n g  fo r  i n l e t c o n n e c ti o n s  d e s i gn e d  to  p r e ve n t backfow
at th e  s o u r c e

( 2 ) P i p i n g  fo r  p r e s s u r e  r e l i e f d e vi c e s

Δ 7 . 1 . 2 5 . 4  L o c ati o n  E x e m p ti o n s .    T h e  r e q u i r e m e n ts  o f 7 . 1 . 2 5 . 1
s h a l l  n o t a p p l y to  th e  fo l l o wi n g:

( 1 ) P i p i n g  fo r  i n l e t c o n n e c ti o n s  d e s i g n e d  to  p r e ve n t backfow
( 2 ) P i p i n g  fo r  p r e s s u r e  r e l i e f d e vi c e s
( 3 ) S ys te m s  c o n tai n i n g  4 3 0  s c f ( 1 2 . 7  N m 3 )  o r  l e s s  o f GH 2

Δ 7 . 1 . 2 6  I gn i ti o n  S o u rc e  C o n tro l .    I gn i ti o n  s o u r c e s  i n  ar e a s
c o n tai n i n g GH 2  s h al l  b e  i n  ac c o r d an c e  wi th  7 . 1 . 2 6 .

Δ 7 . 1 . 2 6 . 1  S tati c  P ro d u c i n g E q u i p m e n t.    S tati c  p r o d u c i n g  e q u i p ‐
m e n t l o c ate d  i n  GH 2  ar e a s  s h al l  b e  gr o u n d e d .

Δ 7 . 1 . 2 6 . 2  N o  S m o k i n g o r O p e n  Fl am e .    S i g n s  s h al l  b e  p o s te d  i n
ar e as  c o n tai n i n g  GH 2  s tati n g  th at s m o ki n g o r  th e  u s e  o f o p e n
fame,  o r  b o th ,  i s  p r o h i b i te d  wi th i n  2 5  ft ( 7 . 6  m )  o f th e  s to r a ge

o r  u s e  a r e a p e r i m e te r.

7 . 1 . 2 7  O p e rati n g I n s tr u c ti o n s .

Δ ( A)    F o r  i n s ta l l ati o n s  th a t r e q u i r e  an y o p e r ati o n  o f e q u i p m e n t
b y th e  u s e r,  th e  u s e r  s h al l  b e  i n s tr u c te d  i n  th e  o p e r ati o n  o f th e
e q u i p m e n t an d  e m e r ge n c y s h u td o wn  p r o c e d u r e s .

Δ ( B )    I n s tr u c ti o n s  s h al l  b e  m a i n tai n e d  at th e  o p e r ati n g  s i te  a t a
l o c ati o n  ac c e p tab l e  to  th e  AH J .

7 . 2  N o n - B u l k  G H 2 .

7 . 2 . 1  G e n e ral .

Δ 7 . 2 . 1 . 1 *  I n c o m p ati b l e  M ate ri al s .    G H 2  c yl i n d e r s ,  c o n tai n e r s ,
an d  tan ks  s h a l l  b e  s e p ar a te d  i n  ac c o r d an c e  wi th  Tab l e  7 . 2 . 1 . 1 .

7 . 2 . 1 . 1 . 1    GH 2  s ys te m s  i n  o u td o o r  s to r ag e  o r  u s e  s h al l  b e  s e p a‐
r ate d  fr o m  o th e r  c o m p r e s s e d  g as e s  i n  ac c o r d a n c e  wi th  Tab l e
7 . 3 . 2 . 3 . 1 . 2 ( B ) ( a) .

Δ 7 . 2 . 1 . 1 . 2    S u b p a r ag r ap h  7 . 2 . 1 . 1 . 1  s h al l  n o t ap p l y to  GH 2

c o n tai n e d  wi th i n  c l o s e d  p i p i n g s ys te m s .

Δ 7 . 2 . 1 . 1 . 3    T h e  d i s tan c e s  s h o wn  i n  Ta b l e  7 . 2 . 1 . 1  s h a l l  b e  p e r m i t‐
te d  to  b e  r e d u c e d  wi th o u t l i m i t wh e r e  GH 2  c yl i n d e r s ,  c o n ta i n ‐
e r s ,  an d  tan ks  a r e  s e p ar a te d  b y a  b a r r i e r  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  th at h as  a fre  r e s i s tan c e  r ati n g  o f at l e as t 0 . 5  h o u r
a n d  i n te r r u p ts  th e  l i n e  o f s i g h t b e twe e n  th e  c o n ta i n e r s .

Δ 7 . 2 . 1 . 1 . 4    T h e  2 0  ft ( 6 . 1  m )  d i s tan c e  s h al l  b e  p e r m i tte d  to  b e
r e d u c e d  to  5  ft ( 1 . 5  m )  wh e r e  o n e  o f th e  g as e s  i s  e n c l o s e d  i n  a
g as  c ab i n e t o r  wi th o u t l i m i t wh e r e  b o th  g as e s  ar e  e n c l o s e d  i n

ga s  c ab i n e ts .

Δ 7 . 2 . 1 . 1 . 5    C yl i n d e r s  wi th o u t p r e s s u r e  r e l i e f d e vi c e s  s h al l  n o t b e
s to r e d  wi th o u t s e p ar a ti o n  fr o m  fammable  a n d  p yr o p h o r i c

g as e s  wi th  p r e s s u r e  r e l i e f d e vi c e s .

Δ 7 . 2 . 1 . 1 . 6    S p a ti al  s e p a r ati o n  s h a l l  n o t b e  r e q u i r e d  b e twe e n
c yl i n d e r s  d e e m e d  to  b e  i n c o m p ati b l e  i n  gas  p r o d u c ti o n  fac i l i ‐

Δ Tab l e  7 . 2 . 1 . 1  S e p arati o n  o f G as  C yl i n d e rs ,  C o n tai n e rs ,  an d
Tan k s  b y H az ard  C l as s  fro m  N o n - B u l k  G H 2  C yl i n d e rs ,

C o n tai n e rs ,  Tan k s ,  an d  S ys te m s

 G H 2 *

G as  C ate go r y ft m

To x i c  o r  h i g h l y to x i c 2 0 6 . 1
P yr o p h o r i c 2 0 6 . 1
F l a m m a b l e — —
O x i d i z i n g 2 0 6 . 1
C o r r o s i ve 2 0 6 . 1
U n s tab l e  r e a c ti ve  C l a s s  2 ,  C l a s s  3 ,  

o r  C l a s s  4
2 0 6 . 1

O th e r  g a s N R N R

N R:  N o  s e p a r a ti o n  r e q u i r e d .
* S e e  fammable  g as  c o l u m n  fr o m  Tab l e  7 . 1 . 1 0 . 2  o f N F PA 5 5 .



GAS E O U S  H YD RO GE N 2 - 4 3

S h ad 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 ate r i a l . 2 0 2 3  E d i t i o n

ti e s  wh e r e  c yl i n d e r s  a r e  c o n n e c te d  to  m a n i fo l d s  fo r  th e  p u r p o ‐
s e s  o f flling,  a n al ys i s  o f c o m p r e s s e d  g as e s ,  o r  m an u fa c tu r i n g
p r o c e d u r e s ,  as s u m i n g th e  p r e s c r i b e d  c o n tr o l s  fo r  th e  m an u fac ‐
tu r e  o f ga s  m i x tu r e s  ar e  i n  p l ac e .

Δ 7 . 2 . 1 . 2  B o n d i n g an d  G ro un d i n g.    T h e  h yd r o g e n  c o m p r e s s e d
ga s  s ys te m  s h a l l  b e  e l e c tr i c al l y b o n d e d  an d  g r o u n d e d .

Δ 7 . 2 . 1 . 2 . 1    M o b i l e  h yd r o g e n  s u p p l y u n i ts  s h al l  b e  e l e c tr i c al l y
b o n d e d  to  th e  s to r ag e  s ys te m  b e fo r e  h yd r o ge n  i s  d i s c h a r ge d
fr o m  th e  s u p p l y u n i t.

7 . 2 . 2  N o n - B u l k  G H 2  S to rage .

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

Δ 7 . 2 . 2 . 1 . 1  Ap p l i c ab i l i ty.    T h e  s to r ag e  o f GH 2  e x c e e d i n g  th e
q u an ti ty th r e s h o l d s  fo r  g as e s  r e q u i r i n g  s p e c i al  p r o vi s i o n s  a s
specifed  i n  Tab l e  6 . 4 . 1 . 1 . 1  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 s  1  th r o u gh  6  as  ap p l i c a b l e  an d  S e c ti o n s  7 . 1  th r o u gh  7 . 2 .

Δ 7 . 2 . 2 . 1 . 2  Classifcation  o f We ath e r P ro te c ti o n as  an  I n d o o r
Ve rs u s  O u td o o r Are a.    F o r  o th e r  th an  e x p l o s i ve  m ate r i a l s  an d
h a z a r d o u s  m ate r i a l s  p r e s e n ti n g a d e to n ati o n  h az ar d ,  a  we a th e r

p r o te c ti o n  s tr u c tu r e  s h a l l  b e  p e r m i tte d  to  b e  u s e d  fo r  s h e l te r ‐
i n g o u td o o r  s to r ag e  o r  u s e  a r e as  wi th o u t r e q u i r i n g  s u c h  ar e a s
to  b e  classifed  as  i n d o o r  s to r a ge .

Δ 7 . 2 . 2 . 2  I n d o o r S to rage .    I n d o o r  s to r ag e  o f GH 2  s h al l  b e  i n
a c c o r d an c e  wi th  th e  ap p l i c ab l e  p r o vi s i o n s  o f S e c ti o n  7 . 1 .

7 . 2 . 2 . 2 . 1    I n d o o r  G H 2  s ys te m s  i n  c o n tr o l  ar e a s  wi th  l e s s  th an
th e  m a x i m u m  al l o wa b l e  q u a n ti ti e s  p e r  c o n tr o l  ar e a s h o wn  i n

Ta b l e  6 . 4 . 1 . 1 . 1  s h al l  b e  l o c a te d  i n  a c c o r d a n c e  wi th  th e  a p p l i c a‐
b l e  p r o vi s i o n s  o f Tab l e  7 . 2 . 1 . 1 .

7 . 2 . 2 . 2 . 2  I n d o o r H yd ro ge n  S ys te m  L o c ati o n .

Δ 7 . 2 . 2 . 2 . 2 . 1    H yd r o ge n  s ys te m s  o f l e s s  th an  5 0 0 0  s c f
( 1 4 1 . 6  N m 3 )  an d  gr e a te r  th an  th e  M AQ,  wh e r e  l o c ate d  i n s i d e
b u i l d i n g s ,  s h al l  b e  i n  ac c o r d an c e  wi th  th e  fo l l o wi n g :

( 1 ) I n  a ve n ti l a te d  ar e a i n  a c c o r d an c e  wi th  th e  p r o vi s i o n s  o f
S e c ti o n  6 . 1 8

( 2 ) S e p a r ate d  fr o m  i n c o m p ati b l e  m a te r i al s  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 7 . 2 . 1 . 1

( 3 ) A d i s tan c e  o f 2 5  ft ( 7 . 6  m )  fr o m  o p e n  fames  an d  o th e r
s o u r c e s  o f i gn i ti o n

( 4 ) A d i s tan c e  o f 5 0  ft ( 1 5  m )  fr o m  i n ta ke s  o f ve n ti l ati o n ,  ai r-
c o n d i ti o n i n g  e q u i p m e n t,  an d  a i r  c o m p r e s s o r s  l o c ate d  i n

th e  s am e  r o o m  o r  a r e a as  th e  h yd r o g e n  s ys te m

( a) T h e  d i s tan c e  s h a l l  b e  p e r m i tte d  to  b e  r e d u c e d  to
1 0  ft ( 3 . 1  m )  wh e r e  th e  r o o m  o r  ar e a  i n  wh i c h  th e
h yd r o g e n  s ys te m  i s  i n s tal l e d  i s  p r o te c te d  b y a  l i s te d

d e te c ti o n  s ys te m  p e r  Ar ti c l e  5 0 0 . 7 ( K)  o f NFPA 70
an d  th e  d e te c ti o n  s ys te m  s h u ts  d o wn  th e  fu e l  s u p p l y
i n  th e  e ve n t o f a  l e ak th at r e s u l ts  i n  a  c o n c e n tr a ti o n

th a t e x c e e d s  2 5  p e r c e n t o f th e  L F L .
( b ) E m e r g e n c y s h u to ff val ve 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  7 . 1 . 2 4 .
( 5 ) A d i s tan c e  o f 5 0  ft ( 1 5  m )  fr o m  o th e r  fammable  g as  s to r ‐

ag e
( 6 ) P r o te c te d  ag ai n s t d am a ge  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 7 . 1 . 7 . 3

7 . 2 . 2 . 2 . 2 . 2  S ys te m s  I n s tal l e d  i n  O n e  Ro o m .

Δ ( A)    M o r e  th a n  o n e  s ys te m  o f 5 0 0 0  s c f ( 1 4 1 . 6  N m 3 )  o r  l e s s  s h a l l
b e  p e r m i tte d  to  b e  i n s tal l e d  i n  th e  s am e  r o o m  o r ar e a,  p r o vi ‐

d e d  th e  s ys te m s  a r e  s e p ar ate d  b y at l e as t 5 0  ft ( 1 5  m )  o r  a  fu l l -
h e i gh t fre-resistive  p ar ti ti o n  h avi n g  a m i n i m u m  fre  r e s i s ta n c e

r ati n g  o f 2  h o u r s  i s  l o c ate d  b e twe e n  th e  s ys te m s .

Δ ( B )    T h e  s e p ar ati o n  d i s tan c e  b e twe e n  m u l ti p l e  s ys te m s  o f
5 0 0 0  s c f ( 1 4 1 . 6  N m 3 )  o r  l e s s  s h al l  b e  p e r m i tte d  to  b e  r e d u c e d
to  2 5  ft ( 7 . 6  m )  i n  b u i l d i n g s  wh e r e  th e  s p a c e  b e twe e n  s to r a ge
a r e as  i s  fr e e  o f c o m b u s ti b l e  m a te r i al s  an d  p r o te c te d  wi th  a

s p r i n kl e r  s ys te m  d e s i gn e d  fo r  E x tr a  H az ar d ,  Gr o u p  1  o c c u p an ‐
c i e s  i n  a c c o r d an c e  wi th  th e  r e q u i r e m e n ts  o f S e c ti o n  6 . 1 1 .

Δ ( C )    T h e  r e q u i r e d  s e p ar a ti o n  d i s tan c e  b e twe e n  i n d i vi d u al  p o r t‐
a b l e  s ys te m s  i n  th e  p r o c e s s  o f b e i n g flled  o r  s e r vi c e d  i n  fac i l i ‐
ti e s  a s s o c i a te d  wi th  th e  m an u fa c tu r e  o r  d i s tr i b u ti o n  o f

h yd r o g e n  a n d  i ts  m i x tu r e s  s h a l l  n o t b e  l i m i te d  b y 7 . 2 . 2 . 2 . 2 . 2 ( A)
o r  7 . 2 . 2 . 2 . 2 . 2 ( B )  wh e n  s u c h  fac i l i ti e s  ar e  p r o vi d e d  wi th  P r o te c ‐
ti o n  L e ve l  2  c o n tr o l s  a n d  th e  ap p l i c a b l e  r e q u i r e m e n ts  o f C h a p ‐

te r s  1  th r o u g h  7 .

7 . 2 . 2 . 3  O u td o o r S to rage .

Δ 7 . 2 . 2 . 3 . 1  G e n e ral .    E x te r i o r  s to r a ge  o f GH 2  s h a l l  b e  i n  a c c o r d ‐
a n c e  wi th  th e  material-specifc  p r o vi s i o n s  o f 7 . 2 . 1 ,  7 . 2 . 2 . 1 ,  an d

7 . 2 . 2 . 3 .

Δ 7 . 2 . 2 . 3 . 2 *  D i s tan c e  to  E x p o s u re s .    T h e  o u td o o r  s to r ag e  o r  u s e
o f GH 2  s h al l  b e  l o c a te d  fr o m  l o t l i n e s ,  p u b l i c  s tr e e ts ,  p u b l i c

a l l e ys ,  p u b l i c  wa ys ,  o r  b u i l d i n g s  n o t as s o c i ate d  wi th  th e  m a n u ‐
fa c tu r e  o r  d i s tr i b u ti o n  o f GH 2  i n  ac c o r d a n c e  wi th  Tab l e

7 . 2 . 2 . 3 . 2 .

7 . 2 . 2 . 3 . 2 . 1    T h e  m i n i m u m  r e q u i r e d  d i s ta n c e s  i n  Ta b l e  7 . 2 . 2 . 3 . 2
s h a l l  n o t ap p l y wh e n  fre  b ar r i e r s  wi th o u t o p e n i n gs  o r  p e n e tr a‐
ti o n s  h avi n g  a  m i n i m u m  fre  r e s i s ti ve  r ati n g  o f two  h o u r s  i n te r ‐

r u p t th e  l i n e  o f s i g h t b e twe e n  th e  s to r a ge  an d  th e  e x p o s u r e .

7 . 2 . 2 . 3 . 2 . 2    T h e  confguration  o f th e  fre  b ar r i e r s  i n  Tab l e
7 . 2 . 2 . 3 . 2  s h al l  b e  d e s i gn e d  to  al l o w n atu r a l  ve n ti l a ti o n  to

p r e ve n t th e  a c c u m u l a ti o n  o f h a z a rd o u s  g as  c o n c e n tr ati o n s .

7 . 2 . 2 . 3 . 2 . 3  Fi re  B ar ri e rs .

Δ ( A) *    Wh e r e  a  fre  b a r r i e r  i s  u s e d  to  p r o te c t GH 2  s ys te m s ,  th e
s ys te m  s h al l  te r m i n a te  d o wn s tr e am  o f th e  s o u r c e  val ve .

Δ ( B )    T h e  fre  b ar r i e r  wal l  s h a l l  b e  e i th e r  an  i n d e p e n d e n t s tr u c ‐
tu r e  o r  th e  e x te r i o r  wal l  o f th e  b u i l d i n g  a d j ac e n t to  th e  s to r a ge
o r  u s e  ar e a .

Δ ( C )    T h e  fre  b a r r i e r  wa l l  s h al l  b e  wi th o u t o p e n i n gs  o r  p e n e tr a‐
ti o n s .

( 1 ) P e n e tr ati o n s  o f th e  fre  b a r r i e r  wal l  b y c o n d u i t o r  p i p i n g
s h a l l  b e  p e r m i tte d  p r o vi d e d  th at th e  p e n e tr a ti o n  i s
p r o te c te d  wi th  a  frestop  s ys te m  i n  a c c o r d a n c e  wi th  th e
a d o p te d  b u i l d i n g  c o d e .

Δ ( D )    T h e  confguration  o f th e  fre  b ar r i e r  s h al l  b e  d e s i g n e d  to
al l o w n atu r al  ve n ti l ati o n  to  p r e ve n t th e  ac c u m u l ati o n  o f

h a z a r d o u s  g as  c o n c e n tr ati o n s .

Δ 7 . 2 . 2 . 3 . 2 . 4  Ai r I n tak e s .    S to r ag e  a n d  u s e  o f GH 2  s h al l  n o t b e
l o c a te d  wi th i n  2 0  ft ( 6  m )  o f ai r  i n ta ke s .

Δ 7 . 2 . 2 . 3 . 2 . 5  B u i l d i n g O p e n i n gs .    S to r a ge  a n d  u s e  o f GH 2

o u ts i d e  o f b u i l d i n g s  s h al l  al s o  b e  s e p ar a te d  fr o m  b u i l d i n g
o p e n i n g s  b y 2 5  ft ( 7 . 6  m ) .  F i r e  b ar r i e r s  s h a l l  b e  p e r m i tte d  to  b e
u s e d  as  a m e a n s  to  s e p ar ate  s to r a ge  ar e a s  fr o m  o p e n i n g s  o r  a

m e a n s  o f e g r e s s  u s e d  to  ac c e s s  th e  p u b l i c  way.



H YD RO GE N  T E C H N O L O G I E S  C O D E2 - 4 4

2 0 2 3  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 .

7 . 2 . 3  N o n - B u l k  G H 2  U s e .

7 . 2 . 3 . 1  G e n e ral .

Δ 7 . 2 . 3 . 1 . 1  Ap p l i c ab i l i ty.    T h e  u s e  o f GH 2  e x c e e d i n g  th e  q u a n ti ty
th r e s h o l d s  fo r  g as e s  r e q u i r i n g  s p e c i a l  p ro vi s i o n s  as  specifed  i n

Ta b l e  6 . 4 . 1 . 1 . 1  s h al l  b e  i n  ac c o r d an c e  wi th  C h ap te r s  1  th r o u g h
6  as  ap p l i c ab l e  an d  S e c ti o n s  7 . 1  a n d  7 . 2 .

Δ 7 . 2 . 3 . 2  I n d o o r U s e .    I n d o o r  u s e  o f GH 2  s h al l  b e  i n  a c 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 S e c ti o n  7 . 1 .

Δ 7 . 2 . 3 . 3  O u td o o r U s e .    E x te r i o r  u s e  o f GH 2  s h a l l  b e  i n  ac c o r d ‐
an c e  wi th  th e  ap p l i c ab l e  r e q u i r e m e n ts  o f S e c ti o n  7 . 1 .

7 . 2 . 4  N o n - B u l k  G H 2  H an d l i n g.

Δ 7 . 2 . 4 . 1  Ap p l i c ab i l i ty.    T h e  s to r ag e  o r  u s e  o f GH 2  e x c e e d i n g  th e
q u an ti ty th r e s h o l d s  fo r  ga s e s  r e q u i r i n g s p e c i al  p r o vi s i o n s  a s
specifed  i n  Tab l e  6 . 4 . 1 . 1 . 1  s h a l l  b e  i n  a c c o r d a n c e  wi th  C h a p ‐
te r s  1  th r o u gh  6  as  ap p l i c a b l e  an d  S e c ti o n s  7 . 1  an d  7 . 2 .

7 . 2 . 4 . 2  C ar ts  an d  Tr u c k s .

Δ 7 . 2 . 4 . 2 . 1    C yl i n d e r s ,  c o n ta i n e r s ,  a n d  tan ks  s h al l  b e  m o ve d
u s i n g  a n  ap p r o ve d  m e th o d .

Δ 7 . 2 . 4 . 2 . 2    Wh e r e  c yl i n d e r s ,  c o n ta i n e r s ,  an d  ta n ks  ar e  m o ve d  b y
h a n d  c ar t,  h an d  tr u c k,  o r  o th e r  m o b i l e  d e vi c e ,  s u c h  c ar ts ,

tr u c ks ,  o r  d e vi c e s  s h a l l  b e  d e s i g n e d  fo r  th e  s e c u r e  m o ve m e n t o f
c yl i n d e r s ,  c o n tai n e r s ,  an d  tan ks .

Δ 7 . 2 . 4 . 3  L i fti n g D e vi c e s .    Ro p e s ,  c h a i n s ,  o r  s l i n gs  s h al l  n o t b e
u s e d  to  s u s p e n d  GH 2  c yl i n d e r s ,  c o n tai n e r s ,  an d  tan ks  u n l e s s
p r o vi s i o n s  a t ti m e  o f m an u fac tu r e  h ave  b e e n  m a d e  o n  th e  c yl i n ‐
d e r,  c o n ta i n e r,  o r  tan k fo r  a p p r o p r i a te  l i fti n g  a ttac h m e n ts ,  s u c h

as  l u g s .

7 . 2 . 4 . 4  C argo  Tran s p o r t U n l o ad i n g.    C ar g o  tr an s p o r t u n l o a d ‐
i n g  s h a l l  b e  i n  ac c o r d an c e  wi th  7 . 3 . 4 . 2 .

7 . 3  B u l k  G H 2  S ys te m s .

7 . 3 . 1  B u l k  G H 2  S ys te m s  — G e n e ral .

Δ 7 . 3 . 1 . 1  Ap p l i c ab i l i ty.    T h e  s to r ag e ,  u s e ,  a n d  h an d l i n g  o f b u l k
GH 2  s ys te m s  s h al l  b e  i n  ac c o r d an c e  wi th  th e  a p p l i c ab l e  p r o vi ‐

s i o n s  o f C h ap te r s  1  th r o u gh  6 ,  a n d  S e c ti o n  7 . 3 .

Δ 7 . 3 . 1 . 2  B o n d i n g an d  G ro u n d i n g.    T h e  b u l k h yd r o g e n
c o m p r e s s e d  g as  s ys te m  s h al l  b e  e l e c tr i c al l y b o n d e d  an d  gr o u n ‐

d e d .

7 . 3 . 2  B u l k  G H 2  S ys te m s  S to rage .

7 . 3 . 2 . 1  G e n e ral .

Δ 7 . 3 . 2 . 1 . 1  B u l k  H yd ro ge n  C o m p re s s e d  G as .    S ys te m s  l o c ate d
ab o ve  g r o u n d  e i th e r  at g r ad e  o r  ab o ve  gr a d e  s h al l  b e  i n  a c c o r d ‐

a n c e  wi th  7 . 3 . 2 .

Δ 7 . 3 . 2 . 1 . 2 *  Fi re  P ro te c ti o n .    F i r e  p r o te c ti o n  s h al l  b e  i n  a c 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 S e c ti o n  6 . 1 1 .

7 . 3 . 2 . 1 . 3  I n s tal l ati o n  i n  Vau l ts  Ab o ve  an d  B e l o w G ro u n d .
G e n e r ati o n ,  c o m p r e s s i o n ,  s to r ag e ,  an d  d i s p e n s i n g  e q u i p m e n t

fo r  c o m p r e s s e d  ga s e s  s h al l  b e  al l o we d  to  b e  l o c ate d  i n  e i th e r
a b o ve g r ad e  o r  b e l o wg r ad e  vau l ts  i n  ac c o r d an c e  wi th  5 3 0 3 . 1 6  o f
th e  International Fire Code.

7 . 3 . 2 . 2  I n d o o r S to rage .

Δ 7 . 3 . 2 . 2 . 1    T h e  l o c ati o n  o f b u l k GH 2  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  Tab l e  7 . 3 . 2 . 2 . 1 .

7 . 3 . 2 . 2 . 2  D e tac h e d  B u i l d i n gs .

Δ 7 . 3 . 2 . 2 . 2 . 1    D e tac h e d  b u i l d i n g 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  o r  l i m i te d -c o m b u s ti b l e  m a te r i al s  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 S e c ti o n  6 . 6 .

Δ 7 . 3 . 2 . 2 . 2 . 2    Ve n ti l ati o n  s h a l l  b e  p r o vi d e d  i n  a c 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 S e c ti o n  6 . 1 8 .

Δ ( A)    O u tl e t o p e n i n g s  s h al l  b e  l o c ate d  a t th e  h i g h  p o i n t o f th e
r o o m  i n  e x te r i o r  wa l l s  o r  th e  r o o f.

Δ ( B )    I n l e t an d  o u tl e t o p e n i n g s  s h a l l  e a c h  h ave  a m i n i m u m  to tal
ar e a o f 1  ft2 / 1 0 0 0  ft3  ( 1  m 2 / 3 0 5  m 3 )  o f r o o m  vo l u m e .

Δ ( C )    D i s c h a r ge  fr o m  o u tl e t o p e n i n g s  s h al l  b e  d i r e c te d  o r
c o n d u c te d  to  th e  a tm o s p h e r e .

Δ 7 . 3 . 2 . 2 . 2 . 3 *    E x p l o s i o n  c o n tr o l  s h al l  b e  p r o vi d e d  i n  ac c o r d ‐
an c e  wi th  th e  r e q u i r e m e n ts  o f S e c ti o n  6 . 1 0 .

Δ 7 . 3 . 2 . 2 . 2 . 4    E l e c tr i c al  e q u i p m e n t s h a l l  b e  i n  ac c o r d a n c e  wi th
Ar ti c l e  5 0 1  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 .

Δ Tab l e  7 . 2 . 2 . 3 . 2  D i s tan c e  to  E x p o s u re s  fo r N o n - B u l k  G H 2

M axi m u m  Am o u n t P e r
S to rage  Are a

( ft3 )

M i n i m um  D i s tan c e
B e twe e n  S to rage

Are as
( ft)

M i n i m um  D i s tan c e
to  L o t L i n e s  o f

P ro p e r ty T h at C an
B e  B u i l t U p o n

( ft)

M i n i m um  D i s tan c e
to  P u b l i c  S tre e ts ,

P ub l i c  Al l e ys ,  o r
P u b l i c  Ways

( ft)

M i n i m u m  D i s tan c e  to  B ui l d i n gs  o n  th e  S am e
P ro p e r ty

L e s s  T h an
2 - H o ur

C o n s tr uc ti o n
2 - H o ur

C o n s tr u c ti o n
4 - H o u r

C o n s tr u c ti o n

0 –4 2 2 5 5 5 5 5 0 0
4 2 2 6 –2 1 , 1 2 5 1 0 1 0 1 0 1 0 5 0

2 1 , 1 2 6 –5 0 , 7 0 0 1 0 1 5 1 5 2 0 5 0
5 0 , 7 0 1 –8 4 , 5 0 0 1 0 2 0 2 0 2 0 5 0

8 4 , 5 0 1 –2 0 0 , 0 0 0 2 0 2 5 2 5 2 0 5 0

F o r  S I  u n i ts :  1  ft =  3 0 4 . 8  m m ;  1  s c f =  0 . 0 2 8 3 2  N m 3 .
N o te :  T h e  m i n i m u m  r e q u i r e d  d i s ta n c e s  d o  n o t a p p l y wh e r e  fre  b a r r i e r s  wi th o u t o p e n i n g s  o r  p e n e tr ati o n s  h a vi n g  a m i n i m u m  fre-resistive  r a ti n g  o f
2  h o u r s  i n te r r u p t th e  l i n e  o f s i g h t b e twe e n  th e  s to r a g e  a n d  th e  e x p o s u r e .  T h e  confguration  o f th e  fre  b ar r i e r s  s h a l l  b e  d e s i g n e d  to  a l l o w n a tu r a l

ve n ti l ati o n  to  p r e ve n t th e  ac c u m u l ati o n  o f h a z a r d o u s  g a s  c o n c e n tr a ti o n s .



GAS E O U S  H YD RO GE N 2 - 4 5

S h ad 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 ate r i a l . 2 0 2 3  E d i t i o n

Δ 7 . 3 . 2 . 2 . 2 . 5    H e ati n g ,  i f p r o vi d e d ,  s h a l l  b e  b y s te a m ,  h o t wate r,
o r  o th e r  i n d i r e c t m e a n s  e x c e p t th at e l e c tr i c al  h e a ti n g s h al l  b e
p e r m i tte d  to  b e  u s e d  i f i n  c o m p l i a n c e  wi th  7 . 3 . 2 . 2 . 2 . 4 .

7 . 3 . 2 . 2 . 3  H yd ro ge n  G as  Ro o m s .

Δ 7 . 3 . 2 . 2 . 3 . 1    F l o o r s ,  wal l s ,  a n d  c e i l i n gs  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  o r  l i m i te d -c o m b u s ti b l e  m a te r i al s  i n  ac c o r d ‐

an c e  wi th  th e  r e q u i r e m e n ts  o f th e  a d o p te d  b u i l d i n g c o d e .

Δ ( A)    I n te r i o r  wal l s  o r  p ar ti ti o n s  s h al l  h ave  a fre  r e s i s ta n c e
r ati n g  o f n o t l e s s  th a n  2  h o u r s ,  s h al l  b e  c o n ti n u o u s  fr o m  foor
to  c e i l i n g,  an d  s h a l l  b e  an c h o r e d  to  r e s i s t m o ve m e n t.

Δ ( B )    N o t l e s s  th an  2 5  p e r c e n t o f th e  p e r i m e te r  wa l l  s h a l l  b e  a n
e x te r i o r  wal l .

Δ ( C )    O p e n i n gs  to  o th e r  p ar ts  o f th e  b u i l d i n g  s h al l  n o t b e
p e r m i tte d .

Δ ( D )    Wi n d o ws  an d  d o o r s  s h al l  b e  i n  e x te r i o r  wa l l s  o n l y.

Δ 7 . 3 . 2 . 2 . 3 . 2    Ve n ti l ati o n  s h al l  b e  a s  p r o vi d e d  i n  S e c ti o n  6 . 1 8 .

Δ 7 . 3 . 2 . 2 . 3 . 3    E x p l o s i o n  c o n tr o l  s h a l l  b e  p r o vi d e d  i n  a c 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 S e c ti o n  6 . 1 0 .

Δ 7 . 3 . 2 . 2 . 3 . 4    T h e r e  s h a l l  b e  n o  s o u r c e s  o f i g n i ti o n  fr o m  o p e n
fames,  e l e c tr i c al  e q u i p m e n t,  o r  h e ati n g  e q u i p m e n t.

Δ 7 . 3 . 2 . 2 . 3 . 5 *    E l e c tr i c a l  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
Ar ti c l e  5 0 1  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 .

Δ 7 . 3 . 2 . 2 . 3 . 6    H e ati n g ,  i f p r o vi d e d ,  s h a l l  b e  b y s te a m ,  h o t wate r,
o r  i n d i r e c t m e a n s  e x c e p t th at e l e c tr i c al  h e a ti n g s h al l  b e  p e r m i t‐

te d  to  b e  u s e d  i f i n  c o m p l i an c e  wi th  7 . 3 . 2 . 2 . 3 . 5 .

7 . 3 . 2 . 3  O u td o o r S to rage .

7 . 3 . 2 . 3 . 1  Ab o ve gro u n d  L o c ati o n s .

N 7 . 3 . 2 . 3 . 1 . 1 *    T h e  m i n i m u m  d i s ta n c e  to  e x p o s u r e  fo r  i n d i vi d u al
c o m p o n e n ts  o f th e  b u l k h yd r o g e n  c o m p r e s s e d  g as  s ys te m  s h a l l

b e  take n  fr o m  Tab l e  7 . 3 . 2 . 3 . 1 . 2 ( B ) ( a) ,  Tab l e  7 . 3 . 2 . 3 . 1 . 2 ( B ) ( b ) ,
an d  Tab l e  7 . 3 . 2 . 3 . 1 . 2 ( B ) ( c )  b a s e d  o n  th e  m a x i m u m  i n te r n al

d i a m e te r  a n d  r e s p e c ti ve  s ys te m  d e s i g n  i n  wh i c h  th e y ar e  i n s ta l ‐
l e d .

Δ 7 . 3 . 2 . 3 . 1 . 2 *  M i n i m u m  D i s tan c e  fo r Ab o ve gro u n d  L o c ati o n s .
T h e  m i n i m u m  d i s tan c e  fr o m  a G H 2  s ys te m  l o c ate d  o u td o o r s  to
specifed  e x p o s u r e s  s h al l  b e  i n  ac c o r d an c e  wi th  Tab l e

7 . 3 . 2 . 3 . 1 . 2 ( B ) ( a) ,  Tab l e  7 . 3 . 2 . 3 . 1 . 2 ( B ) ( b ) ,  o r  Tab l e
7 . 3 . 2 . 3 . 1 . 2 ( B ) ( c ) .

N ( A)    T h e  ve n t s tac k s h al l  n o t b e  c o n s i d e r e d  p ar t o f th e  b u l k
h yd r o g e n  c o m p r e s s e d  ga s  s ys te m  fo r  d e te r m i n i n g  s e p ar a ti o n

d i s tan c e s  i n  7 . 3 . 2 . 3 . 1 . 1 .

Δ ( B )  M ax i m um  I n te r n al  D i am e te r o f I n te rc o n n e c ti n g P i p i n g.
T h e  m ax i m u m  i n te r n al  d i am e te r  o f th e  p i p i n g s ys te m  u s e d  fo r
i n te r c o n n e c ti n g  p i p i n g b e twe e n  th e  s h u to ff va l ve  o n  an y s i n gl e

s to r ag e  c o n tai n e r  to  th e  p o i n t o f c o n n e c ti o n  to  th e  s ys te m
s o u r c e  val ve  s h a l l  n o t b e  r e q u i r e d  to  b e  i n  a c c o r d a n c e  wi th  th e
va l u e s  s h o wn  i n  Ta b l e  7 . 3 . 2 . 3 . 1 . 2 ( B ) ( a)  wh e n  i n  a c c o r d a n c e

wi th  Tab l e  7 . 3 . 2 . 3 . 1 . 2 ( B ) ( b )  o r  Tab l e  7 . 3 . 2 . 3 . 1 . 2 ( B ) ( c ) .

( 1 ) T h e  s e p a r ati o n  d i s ta n c e  fo r  p i p i n g  s ys te m s  wi th  i n te r n al
d i a m e te r s  o th e r  th a n  th o s e  specifed  i n  Tab l e

7 . 3 . 2 . 3 . 1 . 2 ( B ) ( a)  fo r  th e  p r e s s u r e  r a n ge  s e l e c te d  s h al l  b e
p e r m i tte d  wi th  ta b u l a r  d i s tan c e s  d e te r m i n e d  b as e d  o n  th e
u s e  o f Ta b l e  7 . 3 . 2 . 3 . 1 . 2 ( B ) ( b )  o r  Ta b l e  7 . 3 . 2 . 3 . 1 . 2 ( B ) ( c ) .

( 2 ) S e p ar ati o n  d i s tan c e s  d e te r m i n e d  b a s e d  o n  th e  u s e  o f
Tab l e  7 . 3 . 2 . 3 . 1 . 2 ( B ) ( b )  o r  Tab l e  7 . 3 . 2 . 3 . 1 . 2 ( B ) ( c )  s h al l  b e
s u b j e c t to  r e vi e w an d  a p p r o val  b y th e  AH J .

( 3 ) T h e  s e p a r ati o n  d i s tan c e  s h al l  b e  m e as u r e d  fr o m  th e  p a r t
o f th e  b u l k h yd r o g e n  c o m p r e s s e d  g as  s ys te m  c l o s e s t to
th e  e x p o s u r e .

( 4 ) * D e te r m i n ati o n  o f I n te r n al  D i am e te r.  T h e  i n te r n al  d i a m e ‐
te r  o f th e  p i p i n g  s ys te m  s h al l  b e  d e te r m i n e d  b y th e  d i a m ‐

e te r  o f th e  p i p i n g s e r vi n g th at p o r ti o n  o f a  s to r ag e  ar r a y
wi th  c o n te n t g r e ate r  th a n  5 0 0 0  s c f ( 1 4 1 . 6  N m 3 ) .  T h e

p i p i n g  s ys te m  s i z e  u s e d  i n  th e  ap p l i c ati o n  o f Tab l e
7 . 3 . 2 . 3 . 1 . 2 ( B ) ( a) ,  Ta b l e  7 . 3 . 2 . 3 . 1 . 2 ( B ) ( b )  o r  Tab l e

7 . 3 . 2 . 3 . 1 . 2 ( B ) ( c )  s h al l  b e  d e te r m i n e d  b a s e d  o n  th a t
p o r ti o n  o f th e  s ys te m  wi th  th e  gr e a te s t m ax i m u m  i n te r n al

d i a m e te r.
( 5 ) * D e te r m i n ati o n  o f S ys te m  P re s s u re .  T h e  s ys te m  p re s s u r e

s h a l l  b e  d e te r m i n e d  b y th e  m a x i m u m  o p e r a ti n g p re s s u r e
o f th e  s to r a ge  ar r ay wi th  c o n te n t gr e a te r  th an  5 0 0 0  s c f

( 1 4 1 . 6 N  m 3 ) ,  i r r e s p e c ti ve  o f th o s e  p o r ti o n s  o f th e  s ys te m
e l e va te d  to  a h i g h e r  p r e s s u r e .

N 7 . 3 . 2 . 3 . 1 . 3    D i s ta n c e s  i n  Tab l e  7 . 3 . 2 . 3 . 1 . 2 ( B ) ( a)  to  ai r  i n take s
s h a l l  a p p l y o n l y to  m e c h a n i c a l  p i p i n g  c o n n e c ti o n s  o r  p o te n ti al
l e ak p o i n ts  th at ar e  p a r t o f th e  o u td o o r  b u l k h yd r o ge n

c o m p r e s s e d  g as  s ys te m .

7 . 3 . 2 . 3 . 1 . 4 *  Re d uc ti o n  o f D i s tan c e  b y M i ti gati o n  M e an s .    F i r e
b a r r i e r  wa l l s  l o c ate d  an d  c o n s tr u c te d  p e r  7 . 3 . 2 . 3 . 1 . 4 ( A)  s h a l l
n o t p e r m i t th e  r e d u c ti o n  o f d i s tan c e s  to  ai r  i n ta ke s .

Δ ( A) *  P as s i ve  M e an s .    T h e  d i s tan c e s  to  Gr o u p  1  an d  2  e x p o ‐
s u r e s  s h o wn  i n  Tab l e  7 . 3 . 2 . 3 . 1 . 2 ( B ) ( a) ,  Ta b l e  7 . 3 . 2 . 3 . 1 . 2 ( B ) ( b ) ,

a n d  Tab l e  7 . 3 . 2 . 3 . 1 . 2 ( B ) ( c )  ar e  p e r m i tte d  to  b e  r e d u c e d  to  0  ft
( 0  m )  wh e r e  fre  b ar r i e r  wa l l s  a r e  l o c ate d  b e twe e n  th e  s ys te m

Δ Tab l e  7 . 3 . 2 . 2 . 1  L o c ati o n  o f G H 2  S ys te m s

 Q u an ti ty o f H yd ro ge n

L o c ati o n

≥ 5 0 0 0  s c f to  < 1 5 , 0 0 0  s c f

( ≥ 1 4 2  N m 3  to  < 4 2 5  N m 3 )

≥ 1 5 , 0 0 0  s c f

( ≥ 4 2 5  N m 3 )

I n  a  d e tac h e d  b u i l d i n g  i n  
a c c o r d a n c e  wi th  S e c ti o n  6 . 5

A A

I n  a  P r o te c ti o n  L e ve l  2  o c c u p a n c y,  i n  
a c c o r d a n c e  wi th  S e c ti o n  6 . 4

A D e ta c h e d  b u i l d i n g  r e q u i r e d  i n  
a c c o r d a n c e  wi th  S e c ti o n  6 . 5

N o t i n  a  P r o te c ti o n  L e ve l  2  
o c c u p a n c y

N / A D e ta c h e d  b u i l d i n g  r e q u i r e d  i n  
a c c o r d a n c e  wi th  S e c ti o n  6 . 5

A:  Al l o we d .  N / A:  N o t a l l o we d .
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2 0 2 3  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 .

an d  th e  e x p o s u r e  a n d  c o n s tr u c te d  i n  ac c o r d a n c e  wi th  al l  o f th e
fo l l o wi n g :

( 1 ) T h e  fre  b a r r i e r  wal l  s h a l l  b e  wi th o u t o p e n i n gs  o r  p e n e ‐
tr ati o n s .

( a) P e n e tr a ti o n s  o f th e  fre  b a r r i e r  wa l l  b y c o n d u i t o r
p i p i n g  s h a l l  b e  p e r m i tte d  p r o vi d e d  th at th e  p e n e ‐

tr a ti o n  i s  p r o te c te d  wi th  a  frestop  s ys te m  i n
a c c o r d an c e  wi th  th e  ad o p te d  b u i l d i n g c o d e .

( 2 ) F i r e  b a r r i e r  wal l s  s h al l  h a ve  a m i n i m u m  fre  r e s i s ta n c e
r ati n g  o f n o t l e s s  th a n  2  h o u r s .

( 3 ) T h e  fre  b ar r i e r  wal l  s h al l  i n te r r u p t th e  l i n e  o f s i g h t
b e twe e n  th e  b u l k h yd r o ge n  c o m p r e s s e d  ga s  s ys te m  an d

th e  e x p o s u r e .
( 4 ) T h e  confguration  o f th e  fre  b a r r i e r  s h a l l  al l o w n a tu r al

ve n ti l a ti o n  to  p r e ve n t th e  a c c u m u l a ti o n  o f h az ar d o u s  ga s
c o n c e n tr ati o n s .

( 5 ) T h e  wa l l  s h al l  n o t h ave  m o r e  th an  two  s i d e s  at 9 0  d e g r e e
( 1 . 5 7  r ad )  d i r e c ti o n s  o r  n o t m o r e  th a n  th r e e  s i d e s  wi th
c o n n e c ti n g  a n gl e s  o f 1 3 5  d e g r e e s  ( 2 . 3 6  r a d ) ,  e x c e p t a s

p r o vi d e d  i n  7 . 3 . 2 . 3 . 1 . 4 ( A) ( 5 ) .

( 6 ) * T h e  c o n n e c ti n g an g l e s  b e twe e n  fre  b a r r i e r  wal l s  s h al l  b e
p e r m i tte d  to  b e  r e d u c e d  to  l e s s  th a n  1 3 5  d e gr e e s  ( 2 . 3 6

r a d )  fo r  i n s tal l ati o n s  c o n s i s ti n g  o f th r e e  wal l s  wh e n  i n
a c c o r d an c e  wi th  8 . 3 . 2 . 3 . 1 . 5 ( D ) .

( 7 ) Wh e r e  th e  n u m b e r  o f fre  b ar r i e r  wal l s  c r e ate s  a c o u r t o r
e n c l o s e d  c o u r t,  th e  r e q u i r e m e n ts  o f 7 . 3 . 2 . 5  s h a l l  a p p l y

( 8 ) F i r e  b ar r i e r  wal l s  s h al l  b e  d e s i g n e d  an d  c o n s tr u c te d  as  a
s tr u c tu r e  i n  ac c o r d an c e  wi th  th e  r e q u i r e m e n ts  o f th e

b u i l d i n g  c o d e  wi th o u t e x c e e d i n g th e  specifed  al l o wab l e
s tr e s s e s  fo r  th e  m ate r i a l s  o f c o n s tr u c ti o n  u ti l i z e d  an d

s h a l l  b e  d e s i g n e d  to  r e s i s t th e  o ve r tu r n i n g  e ffe c ts  o r  fa i l ‐
u r e  c a u s e d  b y l a te r a l  fo r c e s  d u e  to  defagration,  o ve r ‐
p r e s s u r e ,  wi n d ,  s o i l ,  food,  a n d  s e i s m i c  e ve n ts .

( 9 ) T h e  fre  b ar r i e r  wal l  s h al l  b e  e i th e r  an  i n d e p e n d e n t
s tr u c tu r e  o r  th e  e x te r i o r  wa l l  o f th e  b u i l d i n g  a d j ac e n t to
th e  s to r a ge  o r  u s e  ar e a  wh e n  th e  e x te r i o r  b u i l d i n g  wa l l

m e e ts  th e  r e q u i r e m e n ts  fo r  fre  b a r r i e r  wa l l s .
( 1 0 ) T h e  c o n s tr u c ti o n  o f a fre  b ar r i e r  wal l  th a t i s  p ar t o f a

h yd r o g e n  e q u i p m e n t e n c l o s u r e  an d  u s e d  to  r e d u c e  s e p a‐
r ati o n  d i s tan c e s  s h a l l  b e  i n  a c c o r d a n c e  wi th  7 . 1 . 2 3 . 1 6 .

Δ Tab l e  7 . 3 . 2 . 3 . 1 . 2 ( B ) ( a)  M i n i m u m  D i s tan c e  ( D )  fro m  O u td o o r B u l k  H yd ro ge n  C o m p re s s e d  G as  S ys te m s  to  E x p o s u re s  — Typ i c al
M ax i m u m  P i p e  S i z e

P re s s u re > 1 5  to  ≤ 2 5 0  p s i g > 2 5 0  to  ≤ 3 0 0 0  p s i g > 3 0 0 0  to  ≤ 7 5 0 0  p s i g > 7 5 0 0  to  ≤ 1 5 0 0 0  p s i g

I n te r n al  P i p e  D i am e te r ( I D )
> 1 0 3 . 4  to

≤ 1 7 2 4  kP a
> 1 7 2 4  to

≤ 2 0 , 6 8 4  k P a
> 2 0 , 6 8 4  to

≤ 5 1 , 7 1 1  kP a
> 5 1 , 7 1 1  to

≤ 1 0 3 , 4 2 1  k P a

d m m d  =  5 2 . 5 m m d  =  1 8 . 9 7 m m d =  7 . 3 1 m m d =  7 . 1 6 m m

E xp o s u re s  G ro u p  1 m ft m ft m ft m ft

L o t l i n e s 5 1 6 6 2 0 4 1 3 5 1 6
Ai r  i n ta ke s  ( H VAC ,  c o m p r e s s o r s ,  o th e r )
O p e r a b l e  o p e n i n g s  i n  b u i l d i n g s  an d  s tr u c tu r e s
I g n i ti o n  s o u r c e s  s u c h  a s  o p e n  fames  a n d  we l d i n g

E xp o s u re s  G ro u p  2 m ft m ft m ft m ft

E x p o s e d  p e r s o n s  o th e r  th a n  th o s e  s e r vi c i n g  th e  
s ys te m 5 1 6 6 2 0 3 1 0 4 1 3

P ar k e d  c ar s

E xp o s u re s  G ro u p  3 m ft m ft m ft m ft

B u i l d i n g s  o f n o n -c o m b u s ti b l e  non-fre-rated  
c o n s tr u c ti o n 4 1 3 5 1 6 3 1 0 4 1 3

B u i l d i n g s  o f c o m b u s ti b l e  c o n s tr u c ti o n
F l a m m a b l e  g a s  s to r a g e  s ys te m s  a b o ve  o r  b e l o w 

g r o u n d
H a z a r d o u s  m a te r i al s  s to r a g e  s ys te m s  a b o ve  o r  

b e l o w g r o u n d
H e a vy ti m b e r,  c o a l ,  o r  o th e r  s l o w-b u r n i n g  

c o m b u s ti b l e  s o l i d s
O r d i n ar y c o m b u s ti b l e s ,  i n c l u d i n g  fa s t-b u r n i n g  

s o l i d s  s u c h  a s  o r d i n a r y l u m b e r,  e x c e l s i o r,  p a p e r,  
o r  c o m b u s ti b l e  wa s te  a n d  ve g e ta ti o n  o th e r  th a n  
th at fo u n d  i n  m a i n ta i n e d  l a n d s c ap e d  ar e a s

U n o p e n a b l e  o p e n i n g s  i n  b u i l d i n g  a n d  s tr u c tu r e s
E n c r o a c h m e n t b y o ve rh e a d  u ti l i ti e s  ( h o r i z o n ta l  

d i s ta n c e  fr o m  th e  ve r ti c a l  p l a n e  B e l o w th e  
n e a r e s t o ve rh e a d  e l e c tr i c a l  wi r e  o f b u i l d i n g  
s e r vi c e )

P i p i n g  c o n ta i n i n g  o th e r  h a z a r d o u s  m ate r i a l s
F l a m m a b l e  g a s  m e te r i n g  a n d  r e g u l a ti n g  s ta ti o n s  

s u c h  a s  n a tu r al  g a s  o r  p r o p an e .
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S h ad 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 ate r i a l . 2 0 2 3  E d i t i o n

Δ ( B ) *  Ac ti ve  M e an s .    Ac ti ve  c o n tr o l  s ys te m s  th a t m i ti g ate  th e
r i s k o f s ys te m  l e aks  an d  fa i l u r e s  s h al l  b e  p e r m i tte d  to  b e  u s e d  a s
a  m e an s  to  r e d u c e  s e p ar a ti o n  d i s tan c e s  wh e r e  ap p r o ve d  b y th e

AH J  u n d e r  th e  au th o r i ty as  gr a n te d  b y S e c ti o n  1 . 5 .

Δ 7 . 3 . 2 . 3 . 1 . 5  Re q u i re d  S e p arati o n  D i s tan c e  fo r Al l  S ys te m s .
S e p ar ati o n  d i s ta n c e s  s h a l l  b e  r e q u i r e d  fo r  b u l k h yd r o g e n

c o m p r e s s e d  ga s  s ys te m s  i n d e p e n d e n t o f s ys te m  p r e s s u r e  o r
i n te r n al  d i am e te r  o f p i p i n g  s ys te m s  i n  a c c o r d a n c e  wi th  S e c ti o n s
7 . 3 . 2 . 3 . 1 . 5 ( A)  th r o u g h  7 . 3 . 2 . 3 . 1 . 5 ( D ) .

Δ ( A)    U n l o ad i n g  c o n n e c ti o n s  o n  d e l i ve r y e q u i p m e n t s h al l  n o t
b e  p o s i ti o n e d  c l o s e r  to  a n y o f th e  e x p o s u r e s  c i te d  i n  Tab l e
7 . 3 . 2 . 3 . 1 . 2 ( B ) ( a) ,  Tab l e  7 . 3 . 2 . 3 . 1 . 2 ( B ) ( b ) ,  o r  Tab l e

7 . 3 . 2 . 3 . 1 . 2 ( B ) ( c )  th an  th e  d i s tan c e s  g i ve n  fo r  th e  s to r a ge
s ys te m .

Δ ( B )    T h e  s e p ar a ti o n  d i s tan c e  b e twe e n  i n d e p e n d e n t ga s e o u s
an d  l i q u i d  s ys te m s  s h al l  m e e t th e  m i n i m u m  d i s ta n c e  r e q u i r e ‐

m e n ts  fo r  G r o u p  3  E x p o s u r e s  s h o wn  i n  Ta b l e  7 . 3 . 2 . 3 . 1 . 2 ( B ) ( a ) ,
Ta b l e  7 . 3 . 2 . 3 . 1 . 2 ( B ) ( b ) ,  an d  Tab l e  7 . 3 . 2 . 3 . 1 . 2 ( B ) ( c ) .

N ( C )    T h e  s e p a r ati o n  d i s tan c e  b e twe e n  i n te gr a te d  ga s e o u s  an d
l i q u i d  s ys te m s  s h a l l  b e  p e r m i tte d  to  b e  r e d u c e d  to  0  ft ( 0  m )

wh e r e  s u c h  s ys te m s  a r e  i n te gr a te d  wi th  a  s h a r e d  c o n tr o l  s ys te m .

Δ ( D )    S ys te m s  wi th i n  5 0  ft ( 1 5  m )  o f a b o ve gr o u n d  s to r a ge  o f a l l
c l as s e s  o f fammable  an d  c o m b u s ti b l e  l i q u i d s  s h al l  b e  l o c ate d
o n  gr o u n d  h i gh e r  th an  s u c h  s to r a ge ,  e x c e p t wh e r e  d i ke s ,  d i ve r ‐

s i o n  c u r b s ,  g r ad i n g,  o r  s e p ar a ti n g s o l i d  wa l l s  a r e  u s e d  to
p r e ve n t ac c u m u l ati o n  o f th e s e  l i q u i d s  u n d e r  th e  s ys te m .

Δ Tab l e  7 . 3 . 2 . 3 . 1 . 2 ( B ) ( b )  M i n i m um  D i s tan c e  ( D )  fro m  O u td o o r B u l k H yd ro ge n  C o m p re s s e d  G as  S ys te m s  to  E x p o s ure s  b y M ax i m u m
P i p e  S i z e  wi th  P re s s ure s  > 1 5  to  ≤ 3 0 0 0  p s i g

P re s s u re

> 1 5  to  ≤ 2 5 0  p s i g
> 1 0 3 . 4  to  ≤ 1 7 2 4  kP a

> 2 5 0  to  ≤ 3 0 0 0  p s i g
> 1 7 2 4  to  ≤ 2 0 , 6 8 4  kP a

E x p o s u re s * † E x p o s u re s * †

I n te r n al  P i p e
D i am e te r ( I D ) G ro u p  1 G ro u p  2 G ro up  3 G ro u p  1 G ro up  2 G ro u p  3

  D  =  0 . 0 9 5 2 d D  =  0 . 1 0 1 9 d  -  0 . 3 4 8 5 D  =  0 . 0 7 6 2 D  =  0 . 3 1 6 8 d D  =  0 . 3 3 8 4 d -  0 . 4 1 8 8 D  =  0 . 2 6 3 6 d

I D
( i n . )

d
( m m ) m ft m ft m ft m ft m ft m ft

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

0 . 3 7 . 6 0 . 7 2 0 . 4 1 0 . 6 2 2 . 4 8 2 . 2 7 2 . 0 7

0 . 4 1 0 . 2 1 . 0 3 0 . 7 2 0 . 8 3 3 . 2 1 1 3 . 0 1 0 2 . 7 9

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

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

0 . 7 1 7 . 8 1 . 7 6 1 . 5 5 1 . 4 4 5 . 6 1 9 5 . 6 1 8 4 . 7 1 5

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

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

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

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

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

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

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

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

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

1 . 7 4 3 . 2 4 . 1 1 3 4 . 1 1 3 3 . 3 1 1 1 3 . 7 4 5 1 4 . 2 4 7 1 1 . 4 3 7

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

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

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

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

N o te :  L i n e a r  i n te r p o l a ti o n  o f i n te r n a l  p i p e  d i a m e te r s  a n d  d i s ta n c e s  b e twe e n  ta b l e  e n tr i e s  i s  a l l o we d .
* F o r  a  l i s t o f e x p o s u r e s  i n  e ac h  e x p o s u r e  g r o u p ,  s e e  C o l u m n  1  o f Tab l e  7 . 3 . 2 . 3 . 1 . 2 ( B ) ( a ) .
† Wh e n  c a l c u l ati n g  th e  m i n i m u m  s e p a r a ti o n  d i s ta n c e  ( D )  u s i n g  th e  fo r m u l a s  i n d i c a te d ,  b as e d  o n  th e  e x p o s u r e  g r o u p  a n d  p r e s s u r e  i n d i c ate d ,  th e
i n te r n al  p i p e  d i a m e te r  ( d )  i s  e n te r e d  i n  m i l l i m e te r s  ( m m ) .  T h e  c al c u l a te d  d i s ta n c e  ( D )  i s  e x p r e s s e d  i n  u n i ts  o f m e a s u r e  i n  m e te r s  ( m ) .  To  c o n ve r t
d i s ta n c e  ( D )  to  u n i ts  o f m e a s u r e  i n  fe e t,  m u l ti p l y th e  val u e  o f ( D )  i n  m e te r s  b y 3 . 2 8 0 8  a n d  r o u n d  to  th e  n e a r e s t wh o l e  fo o t.
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2 0 2 3  E d i t i o n S h a d e d  te x t =  Re vi s i o n s .  Δ  =  Te x t d e l e ti o n s  a n d  fgure/table  r e vi s i o n s .  •  =  S e c ti o n  d e l e ti o n s .  N  =  N e w m a te r i a l .

Δ 7 . 3 . 2 . 3 . 1 . 6    B u l k h yd r o g e n  c o m p r e s s e d  ga s  s ys te m s  s h al l  b e
a l l o we d  to  i n te gr a te  o r  c o -l o c a te  o th e r  nonliquefed  fammable
g as  s ys te m s  as  a  c o m p o n e n t o f th e  h yd r o ge n  g as  s ys te m  wi th o u t

s e p ar a ti o n ,  wh e r e  th e  o u tp u t o f th e  s ys te m  i s  d e s i g n e d  to
d e l i ve r  a p r o d u c t i n  wh i c h  th e  g as e s  a r e  m i x e d  o r  b l e n d e d  fo r

d e l i ve r y i n to  th e  u s e r ’ s  s ys te m .

N 7 . 3 . 2 . 3 . 1 . 7  Are a Classifcation.    T h e  a r e a classifcation  ar o u n d
s to r ag e  e q u i p m e n t an d  r e l ate d  ve n ts  s h al l  b e  i n  ac c o r d a n c e

wi th  Ar ti c l e  5 0 0 . 5  o r  Ar ti c l e  5 0 5 . 5  o f NFPA 70 a n d  wi th  Tab l e
7 . 3 . 2 . 3 . 1 . 7 . 1 .

N 7 . 3 . 2 . 3 . 1 . 7 . 1 *    Specifc  l o c ati o n s  fo r  C l as s  1 ,  D i vi s i o n  1 ,  Gr o u p
B  ( h yd r o ge n )  an d  C l as s  1 ,  D i vi s i o n  2 ,  G r o u p  B  ( h yd r o ge n )

a r e as  s h al l  b e  i n  a c c o r d an c e  wi th  Ta b l e  7 . 3 . 2 . 3 . 1 . 7 . 1 .

Δ 7 . 3 . 2 . 3 . 1 . 8  E l e c tri c al  E q u i p m e n t.     E l e c tr i c al  wi r i n g an d
e q u i p m e n t s h al l  b e  i n  a c c o r d an c e  wi th  Ar ti c l e s  5 0 0 ,  5 0 1 ,  an d

5 0 4  o f NFPA 70 o r  wi th  Ar ti c l e  5 0 5  o f NFPA 70.

Δ 7 . 3 . 2 . 4  U n d e rgro u n d  S ys te m s .    B u l k h yd r o g e n  c o m p r e s s e d  g as
s ys te m s  i n s ta l l e d  u n d e r g r o u n d  wh e r e  GH 2  c o n tai n e r s  ar e  to  b e

b u r i e d  i n  c o n tac t wi th  e ar th  o r  fll  s h a l l  b e  i n  ac c o r d an c e  wi th
7 . 3 . 2 . 4 .

Δ 7 . 3 . 2 . 4 . 1  C o n tai n e r D e s i gn .    P r e s s u r e -c o m p r e s s e d  GH 2

c o n tai n e r s  i n s tal l e d  u n d e r g r o u n d  u s i n g b u r i al  m e th o d s  s h a l l
b e  o f s e am l e s s  c o n s tr u c ti o n  i n  ac c o r d an c e  wi th  th e  AS M E  Boiler

and Pressure Vessel Code.

Δ 7 . 3 . 2 . 4 . 1 . 1 *    GH 2  c o n ta i n e r s  s h a l l  b e  d e s i g n e d  to  i n c l u d e  c yc l i c
p r e s s u r e  l i fe  c al c u l ati o n s  u s i n g  fr a c tu r e  m e c h an i c s  m e th o d s .

Δ Tab l e  7 . 3 . 2 . 3 . 1 . 2 ( B ) ( c )  M i n i m um  D i s tan c e  ( D )  fro m  O u td o o r B u l k H yd ro ge n  C o m p re s s e d  G as  S ys te m s  to  E x p o s ure s  b y M ax i m u m
P i p e  S i z e  wi th  P re s s ure s  > 3 0 0 0  to  ≤ 1 5 , 0 0 0  p s i g

P re s s u re

> 3 0 0 0  to  ≤ 7 5 0 0  p s i g
> 2 0 , 6 8 4  to  ≤ 5 1 , 7 1 1  kP a

> 7 5 0 0  to  ≤ 1 5 , 0 0 0  p s i g
> 5 1 , 7 1 1  to  ≤ 1 0 3 , 4 2 1  kP a

E xp o s ure s * † E xp o s ure s * †

I n te r n al  P i p e
D i am e te r

( I D ) G ro u p  1 G ro u p  2 G ro u p  3 G ro u p  1 G ro up  2 G ro u p  3

  D  =  1 . 1 0 5 d  -  4 . 0 7 8 D  =  0 . 6 8 3 1 d  -  1 . 9 9 D  =  0 . 4 5 9 d  -  0 . 3 5 5 D  =  1 . 4 4 8 d  -  5 . 3 6 8 D  =  0 . 9 2 9 1 d  -  2 . 6 5 D  =  0 . 6 0 2 d -  0 . 3 1 0 3

I D
( i n . )

d
( m m ) m ft m ft m ft m ft m ft m ft

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

0 . 3 7 . 6 4 . 3 1 4 3 . 2 1 1 3 1 0 6 1 8 4 1 4 4 1 4

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

N o te :  L i n e a r  i n te r p o l a ti o n  o f i n te r n a l  p i p e  d i a m e te r s  a n d  d i s ta n c e s  b e twe e n  ta b l e  e n tr i e s  i s  a l l o we d .
* F o r  a  l i s t o f e x p o s u r e s  i n  e ac h  e x p o s u r e  g r o u p ,  s e e  C o l u m n  1  o f Tab l e  7 . 3 . 2 . 3 . 1 . 2 ( B ) ( a ) .
† Wh e n  c a l c u l ati n g  th e  m i n i m u m  s e p a r a ti o n  d i s ta n c e  ( D )  u s i n g  th e  fo r m u l a s  i n d i c a te d ,  b as e d  o n  th e  e x p o s u r e  g r o u p  a n d  p r e s s u r e  i n d i c ate d ,  th e
i n te r n al  p i p e  d i a m e te r  ( d )  i s  e n te r e d  i n  m i l l i m e te r s  ( m m ) .  T h e  c al c u l a te d  d i s ta n c e  ( D )  i s  e x p r e s s e d  i n  u n i ts  o f m e a s u r e  i n  m e te r s  ( m ) .  To  c o n ve r t
d i s ta n c e  ( D )  to  u n i ts  o f m e a s u r e  i n  fe e t,  m u l ti p l y th e  val u e  o f ( D )  i n  m e te r s  b y 3 . 2 8 0 8  a n d  r o u n d  to  th e  n e a r e s t wh o l e  fo o t.



GAS E O U S  H YD RO GE N 2 - 4 9

S h ad 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 ate r i a l . 2 0 2 3  E d i t i o n

7 . 3 . 2 . 4 . 1 . 2  G H 2  C o n tai n e r E x am i n ati o n .

Δ ( A)    C o m p r e s s e d  GH 2  c o n ta i n e r s  s h al l  b e  e x am i n e d  fo r  i n te r ‐
n a l  an d  e x te r n al  s u r fac e  faws  an d  i n c l u s i o n s  b e fo r e  b u r i al  o r  at
th e  ti m e  o f m a n u fac tu re .

Δ ( B )    C o m p r e s s e d  GH 2  c o n ta i n e r s  wi th  faws  o r  i n c l u s i o n s
e x c e e d i n g th e  l e s s e r  o f 5  p e r c e n t o f th e  wal l  th i c kn e s s  o r
0 . 1 2  i n .  ( 3  m m )  s h al l  n o t b e  u s e d .

7 . 3 . 2 . 4 . 1 . 3  C o m p o s i te  C o n tai n e rs .  ( Re s e r ve d )

Δ 7 . 3 . 2 . 4 . 2  C o r ro s i o n  P ro te c ti o n .    C o m p r e s s e d  GH 2  c o n tai n e r s
a n d  u n d e r gr o u n d  p i p i n g  s h a l l  b e  p r o te c te d  fr o m  c o r r o s i o n  i n

ac c o r d an c e  wi th  7 . 1 . 9 . 1 . 7 ,  7 . 1 . 1 4 ,  a n d  6 . 5 . 3  as  ap p l i c ab l e .

7 . 3 . 2 . 4 . 3 *  O u tl e t C o n n e c ti o n s .

Δ 7 . 3 . 2 . 4 . 3 . 1    T h r e ad e d  G H 2  c o n tai n e r  o u tl e t c o n n e c ti o n s  s h a l l
b e  d e s i g n e d  wi th  p r i m ar y an d  s e c o n d ar y s e al s  th a t s h a l l  b e

te s te d  fo r  fu n c ti o n al i ty.

Δ 7 . 3 . 2 . 4 . 3 . 2    T h e  s e a l  d e s i g n  s h a l l  i n c l u d e  a m e th o d  o f d e te c t‐
i n g  a  l e ak i n  th e  p r i m ar y s e al .

7 . 3 . 2 . 4 . 4  P i p i n g S ys te m s .

Δ 7 . 3 . 2 . 4 . 4 . 1    J o i n ts  i n  th e  p i p i n g s ys te m  s h al l  b e  i n s tal l e d  an d
i n s p e 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 AS M E  B 3 1 ,
Code for Pressure Piping,  o r  o th e r  a p p r o ve d  s ta n d a r d s .

Δ 7 . 3 . 2 . 4 . 4 . 2    Va l ve s ,  c o n tr o l s ,  s afe ty d e vi c e s ,  an d  i n s tr u m e n ta‐
ti o n  s h al l  b e  ab o ve  g r o u n d  an d  ac c e s s i b l e  to  au th o r i z e d  p e r s o n ‐
n e l .

Δ 7 . 3 . 2 . 4 . 5  L o c ati o n .    GH 2  c o n tai n e r s  s h al l  b e  l o c ate d  i n  ac c o r d ‐
a n c e  wi th  7 . 3 . 2 . 4 . 5 . 1  th r o u gh  7 . 3 . 2 . 4 . 5 . 6 .

Δ 7 . 3 . 2 . 4 . 5 . 1    U n d e r gr o u n d  GH 2  c o n tai n e r s  s h a l l  n o t b e  l o c ate d
b e n e a th  b u i l d i n gs .

Δ 7 . 3 . 2 . 4 . 5 . 2    GH 2  c o n ta i n e r s  an d  as s o c i ate d  e q u i p m e n t s h a l l  b e
l o c a te d  wi th  r e s p e c t to  fo u n d a ti o n s  an d  s u p p o r ts  o f o th e r  s tr u c ‐

tu r e s  s u c h  th at th e  l o ad s  c a r r i e d  b y s u c h  s tr u c tu r e s  c an n o t b e
tr an s m i tte d  to  th e  tan k.

Δ 7 . 3 . 2 . 4 . 5 . 3    T h e  d i s tan c e  fr o m  an y p a r t o f th e  GH 2  c o n tai n e r  to
th e  n e a r e s t wa l l  o f a b as e m e n t,  p i t,  c e l l ar,  o r  l o t l i n e  s h al l  n o t
b e  l e s s  th an  1 0  ft ( 3 . 1  m ) .

Δ 7 . 3 . 2 . 4 . 5 . 4    A s tr u c tu r e  o r  fo u n d a ti o n  o f a  s tr u c tu r e  o n  th e
s a m e  p r o p e r ty s h al l  n o t b e  e r e c te d  o r  c o n s tr u c te d  wi th i n  1 0  ft

( 3 . 1  m )  o f an y p o i n t o n  th e  c o n ta i n e r  s u r fa c e ,  u n l e s s  th e  fo o t‐
i n g s  e x te n d  to  th e  b o tto m  o f th e  c o n tai n e r  o r  th e  c o n ta i n e r ’ s
fo u n d ati o n .

Δ 7 . 3 . 2 . 4 . 5 . 5    A m i n i m u m  d i s tan c e  o f 1  ft ( 0 . 3  m ) ,  s h e l l  to  s h e l l ,
s h a l l  b e  m ai n ta i n e d  b e twe e n  ad j a c e n t u n d e r gr o u n d  c o n tai n e r s .

Δ 7 . 3 . 2 . 4 . 5 . 6 *    A m i n i m u m  d i s tan c e  o f 3  ft ( 0 . 9  m )  s h al l  b e  m ai n ‐
ta i n e d  b e twe e n  GH 2  c o n ta i n e r s  an d  b u r i e d  u ti l i ti e s .

Δ 7 . 3 . 2 . 4 . 6  Fo u n d ati o n s .    U n d e r g r o u n d  GH 2  c o n ta i n e r s  s h al l  b e
s e t o n  fo u n d ati o n s  c o n s tr u c te d  i n  ac c o r d a n c e  wi th  th e  a d o p te d

b u i l d i n g  c o d e ,  an d  s u r r o u n d e d  wi th  n o t l e s s  th a n  6  i n .
( 1 5 2  m m )  o f n o n c o r r o s i ve  m ate r i al .

Δ 7 . 3 . 2 . 4 . 6 . 1    T h e  c o n c r e te  s h al l  e x te n d  a m i n i m u m  o f 1  ft
( 0 . 3  m )  h o r i z o n ta l l y b e yo n d  th e  fo o tp r i n t o f th e  ta n k i n  a l l
d i r e c ti o n s .

Δ 7 . 3 . 2 . 4 . 7  D e p th ,  C o ve r,  an d  Fi l l .    C o n ta i n e r s  s h al l  b e  b u r i e d
s u c h  th a t th e  to p  o f th e  c o n ta i n e r  i s  c o ve r e d  wi th  a  m i n i m u m

o f 1  ft ( 0 . 3  m )  o f e ar th  a n d  wi th  c o n c r e te  a m i n i m u m  o f 4  i n .
( 1 0 1  m m )  th i c k p l ac e d  o ve r  th e  e ar th e n  c o ve r.

Δ 7 . 3 . 2 . 4 . 8 *  An c h o rage  an d  S e c u ri ty.    GH 2  c o n tai n e r s  i n s tal l e d
u n d e r g r o u n d  i n  food  h az ar d  a r e as  s h a l l  b e  a n c h o r e d  to
p r e ve n t fotation,  c o l l ap s e ,  o r  l a te r a l  m o ve m e n t r e s u l ti n g fr o m

h yd r o s tati c  l o ad s ,  i n c l u d i n g  th e  e ffe c ts  o f b u o yan c y,  d u r i n g
c o n d i ti o n s  o f th e  d e s i g n  food.

Δ 7 . 3 . 2 . 4 . 9  Ve n ti n g o f U n d e rgro u n d  G H 2  C o n tai n e rs .    Ve n t
p i p e s  fo r  u n d e r g r o u n d  GH 2  c o n ta i n e r s  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  6 . 5 .

Δ 7 . 3 . 2 . 4 . 1 0  Overfll  P ro te c ti o n  an d  P re ve n ti o n  S ys te m s .    An
a p p r o ve d  m e a n s  o r  m e th o d  s h a l l  b e  p r o vi d e d  to  p r e ve n t th e
overflling  o f th e  s to r a ge  c o n ta i n e r s .

Δ 7 . 3 . 2 . 4 . 1 1  P h ys i c al  P ro te c ti o n .    P i p i n g  an d  c o n tr o l  e q u i p m e n t
an c i l l ar y to  u n d e r gr o u n d  c o n ta i n e r s  th at i s  l o c a te d  ab o ve

g r o u n d  s h a l l  b e  p r o te c te d  fr o m  p h ys i c a l  d a m ag e  i n  ac c o r d a n c e
wi th  7 . 1 . 7 . 3 .

N 7 . 3 . 2 . 5  C o u r ts .    Wh e r e  a b u l k ga s  s ys te m  i s  l o c a te d  i n  a c o u r t
o r  e n c l o s e d  c o u r t,  th e  i n s ta l l ati o n  s h al l  m e e t al l  o f th e  fo l l o w‐

i n g  r e q u i r e m e n ts :

( 1 ) C o u r ts  s h al l  h ave  n a tu r al  o r  m e c h a n i c al  ve n ti l ati o n  i n
ac c o r d an c e  wi th  S e c ti o n  6 . 1 8 .

( 2 ) E x p l o s i o n  c o n tr o l  s h al l  b e  p r o vi d e d  i n  a c 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 S e c ti o n  6 . 1 0 .

Δ Tab l e  7 . 3 . 2 . 3 . 1 . 7 . 1  E l e c tri c al  Are a Classifcation

L o c ati o n Classifcation E xte n t o f Classifed  Are a

Wi th i n  3  ft ( 1  m )  o f an y ve n t o u tl e t a n d  
an y p o i n ts  wh e re  h yd r o g e n  i s  ve n te d  
to  th e  a tm o s p h e r e  u n d e r  n o r m a l  
o p e r a ti o n s

C l a s s  1 ,  D i vi s i o n  1 ,  
Gr o u p  B  o r  C l a s s  I ,  
Z o n e  1 ,  Gr o u p  I I C

B e twe e n  0  ft ( 0  m )  a n d  3  ft 
( 0 . 9  m )  a n d  m e a s u r e d  
s p h e r i c a l l y fr o m  th e  o u tl e t.

B e twe e n  3  ft ( 1  m )  a n d  1 5  ft ( 4 . 6  m )  o f 
an y ve n t o u tl e t a n d  an y p o i n ts  wh e r e  
h yd r o g e n  i s  ve n te d  to  th e  a tm o s p h e r e  
u n d e r  n o r m a l  o p e r ati o n s .

C l a s s  I ,  D i vi s i o n  2 ,  
Gr o u p  B  o r  C l a s s  I ,  
Z o n e  2 ,  Gr o u p  I I C

B e twe e n  3  ft ( 0 . 9  m )  a n d  1 5  ft 
( 4 . 6  m )  a n d  m e a s u r e d  
s p h e r i c a l l y fr o m  th e  ve n t o u tl e t

S to r a g e  e q u i p m e n t e x c l u d i n g  th e  p i p i n g  
s ys te m  d o wn s tre a m  o f th e  s o u r c e  val ve

C l a s s  I ,  D i vi s i o n  2 ,  
Gr o u p  B  o r  C l a s s  I ,  
Z o n e  2 ,  Gr o u p  I I C

B e twe e n  0  ft ( 0  m )  a n d  1 5  ft 
( 4 . 6  m )  a n d  m e a s u r e d  
s p h e r i c a l l y fr o m  th e  s o u r c e



H YD RO GE N  T E C H N O L O G I E S  C O D E2 - 5 0

2 0 2 3  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 ) T h e  d i s ta n c e  fr o m  an y p ar t o f th e  s ys te m  to  e x te r i o r
b u i l d i n g  wal l s  an d  r e l a te d  e x p o s u r e s  s h a l l  m e e t th e
r e q u i r e m e n ts  o f Tab l e  7 . 3 . 2 . 3 . 1 . 2 ( B ) ( a ) ,  Tab l e

7 . 3 . 2 . 3 . 1 . 2 ( B ) ( b ) ,  o r  Tab l e  7 . 3 . 2 . 3 . 1 . 2 ( B ) ( c ) .
( 4 ) F i r e  b ar r i e r  wal l s  s h a l l  m e e t th e  r e q u i r e m e n ts  o f

7 . 3 . 2 . 3 . 1 . 4 ( A) ( 1 )  th r o u gh  7 . 3 . 2 . 3 . 1 . 4 ( A) ( 4 )  an d
7 . 3 . 2 . 3 . 1 . 4 ( A) ( 7 )  th r o u gh  7 . 3 . 2 . 3 . 1 . 4 ( A) ( 9 ) .

( 5 ) Ve n ts  a n d  ve n ti l ati o n  e x h au s ts  s h a l l  te r m i n a te  a b o ve  th e
wal l s  o r  o u ts i d e  o f th e  c o u r t.

7 . 3 . 3  B u l k  G H 2  S ys te m s  U s e .

7 . 3 . 3 . 1    T h e  u s e  o f b u l k GH 2  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  S e c ti o n  7 . 1 .

Δ 7 . 3 . 3 . 2  G o o d  P rac ti c e  S tan d ard s .    Wh e r e  n ati o n al l y r e c o g‐
n i z e d  g o o d  p r ac ti c e s  o r  s tan d ard s  h ave  b e e n  e s ta b l i s h e d  fo r  th e

p r o c e s s  e m p l o ye d ,  s u c h  p r ac ti c e s  an d  s tan d a r d s  s h a l l  b e
fo l l o we d .

7 . 3 . 4  H an d l i n g o f B u l k  G H 2  S ys te m s .

7 . 3 . 4 . 1    T h e  h an d l i n g  o f GH 2  s h a l l  b e  i n  a c c o r d a n c e  wi th  7 . 2 . 4 .

7 . 3 . 4 . 2  C argo  Tran s p o r t U n l o ad i n g.

7 . 3 . 4 . 2 . 1    P e r s o n n e l  c o n d u c ti n g  tr an s fe r  o p e r ati o n s  fr o m  th e
b u l k tr an s p o r t ve h i c l e  s h al l  b e  tr ai n e d .

Δ 7 . 3 . 4 . 2 . 2    U n l o ad i n g c o n n e c ti o n s  o n  d e l i ve r y e q u i p m e n t s h a l l
n o t b e  p o s i ti o n e d  c l o s e r  to  a n y o f th e  e x p o s u r e s  th an  th e

d i s tan c e s  gi ve n  fo r  th e  b u l k G H 2  c o m p r e s s e d  ga s  s to r ag e
s ys te m .

Δ 7 . 3 . 4 . 2 . 3    D u r i n g  tr an s fe r  o f h yd r o ge n  fr o m  c a r go  ve h i c l e s  to
th e  b u l k G H 2  c o m p r e s s e d  g as  s to r a ge  s ys te m ,  th e  h an d  o r
e m e r g e n c y b r ake  o f th e  ve h i c l e  s h al l  b e  s e t,  an d  c h o c k b l o c ks

s h a l l  b e  u s e d  to  p r e ve n t th e  ve h i c l e  fr o m  m o vi n g .

Δ 7 . 3 . 4 . 2 . 4    C a r go  ve h i c l e s  e q u i p p e d  wi th  a i r-b r ake  i n te r l o c k i n
fr o n t o f th e  u n l o a d i n g  c o n n e c ti o n  to  p r o te c t ag ai n s t d r i ve -

a ways  s h a l l  b e  e n g ag e d  s u c h  th a t th e  i n te r l o c k i s  ac ti vate d .

Δ 7 . 3 . 4 . 2 . 5    M o b i l e  h yd r o g e n  s u p p l y u n i ts  s h al l  b e  e l e c tr i c al l y
b o n d e d  to  th e  b u l k h yd r o g e n  g as  s to r a ge  s ys te m  b e fo r e  h yd r o ‐
g e n  i s  d i s c h a r ge d  fr o m  th e  s u p p l y u n i t.

7 . 3 . 4 . 2 . 6  Tran s fe r S ys te m  D e p re s s u ri z ati o n .

Δ 7 . 3 . 4 . 2 . 6 . 1    T h e  tr a n s fe r  s ys te m s  s h a l l  b e  c ap ab l e  o f d e p r e s s u ‐
r i z i n g to  fac i l i tate  d i s c o n n e c ti o n .

Δ 7 . 3 . 4 . 2 . 6 . 2    B l e e d  c o n n e c ti o n s  s h al l  b e  c o n n e c te d  to  a h yd r o ‐
g e n  ve n ti n g  s ys te m  i n  a c c o r d an c e  wi th  7 . 1 . 1 6 .

Δ 7 . 3 . 4 . 2 . 7    Wh e r e  r e q u i r e d ,  c h e c k val ve s  o n  d e l i ve r y 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  6 . 5 . 1 . 5 .

Δ 7 . 3 . 4 . 2 . 8    P r o h i b i ti o n s  o n  s m o ki n g  o r  th e  u s e  o f o p e n  fame
s h a l l  b e  i n  ac c o r d a n c e  wi th  7 . 1 . 2 6 . 2 .

Δ 7 . 3 . 4 . 2 . 9    An  e m e r ge n c y s h u to ff val ve  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  7 . 1 . 2 4 .

7 . 3 . 5  M ai n te n an c e .

Δ 7 . 3 . 5 . 1    M a i n te n an c e  s h al l  b e  p e r fo r m e d  a n n u a l l y b y a  q u al i ‐
fed  r e p r e s e n tati ve  o f th e  e q u i p m e n t o wn e r.

Δ 7 . 3 . 5 . 2    T h e  m ai n te n a n c e  s h al l  i n c l u d e  i n s p e c ti o n  fo r  p h ys i c al
d am ag e ,  l e a k ti g h tn e s s ,  g r o u n d  s ys te m  i n te gr i ty,  ve n t s ys te m

o p e r ati o n ,  e q u i p m e n t identifcation,  war n i n g s i g n s ,  o p e r ato r

i n fo r m ati o n  a n d  tr ai n i n g r e c o r d s ,  s c h e d u l e d  m ai n te n a n c e  an d
r e te s t r e c o r d s ,  al ar m  o p e r a ti o n ,  a n d  o th e r  s a fe ty- r e l ate d

fe a tu r e s .

Δ 7 . 3 . 5 . 3    S c h e d u l e d  m a i n te n an c e  a n d  r e te s t ac ti vi ti e s  s h al l  b e
fo r m al l y d o c u m e n te d ,  an d  r e c o r d s  s h al l  b e  m a i n tai n e d  a m i n i ‐

m u m  o f 3  ye a r s .

C h ap te r 8    Liquefed  H yd ro ge n

8 . 1  G e n e ral .    T h e  s to r ag e ,  u s e ,  an d  h an d l i n g o f L H 2  i n  L H 2

s to r ag e  s ys te m s  s h a l l  c o m p l y wi th  th i s  c h a p te r  i n  ad d i ti o n  to
o th e r  ap p l i c a b l e  r e q u i r e m e n ts  o f th i s  c o d e .

8 . 1 . 1    Wh e r e  specifc  r e q u i r e m e n ts  a r e  p r o vi d e d  i n  o th e r  c h ap ‐
te r s ,  th o s e  specifc  r e q u i r e m e n ts  s h al l  ap p l y.

8 . 1 . 1 . 1    Wh e r e  th e r e  i s  a  confict b e twe e n  a  ge n e r a l  r e q u i r e ‐
m e n t an d  a  specifc  r e q u i r e m e n t,  th e  specifc  r e q u i r e m e n t s h al l
b e  ap p l i c ab l e .

8 . 1 . 1 . 2    T h e  o c c u p an c y o f a b u i l d i n g o r  s tr u c tu r e ,  o r  p o r ti o n
th e r e o f,  wh e r e  h yd r o g e n  i s  s to r e d  o r  u s e d ,  s h al l  b e  classifed  i n
a c c o r d an c e  wi th  th e  ad o p te d  b u i l d i n g c o d e .

Δ 8 . 1 . 2 *  C o n tai n e rs  — D e s i gn ,  C o n s tr uc ti o n ,  an d  M ai n te n an c e .
C o n ta i n e r s  e m p l o ye d  fo r  th e  s to r a ge  o r  u s e  o f L H 2  s h a l l  b e

d e s i g n e d ,  fa b r i c ate d ,  te s te d ,  m a r ke d  ( i . e . ,  s tam p e d ) ,  an d  m ai n ‐
ta i n e d  i n  ac c o r d an c e  wi th  D e p ar tm e n t o f Tr a n s p o r ta ti o n

( D O T )  r e gu l ati o n s ,  Tr an s p o r t C a n ad a’ s  ( T C )  Transportation of
Dangerous Goods Regulations,  th e  AS M E  Boiler and Pressure Vessel
Code,  o r  r e g u l ati o n s  o f o th e r  ad m i n i s te r i n g  a ge n c i e s .

Δ 8 . 1 . 3  D e s i gn .    L H 2  s ys te m s  s h a l l  b e  d e s i gn e d  fo r  th e  i n te n d e d
u s e  a n d  s h al l  b e  d e s i g n e d  b y p e r s o n s  c o m p e te n t i n  s u c h
d e s i g n .

8 . 1 . 3 . 1  P i p i n g S ys te m s .    P i p i n g,  tu b i n g,  fttings,  a n 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 ,  fab r i c ate d ,  an d  te s 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 AS M E  B 3 1 . 1 2 ,  Hydrogen Piping

and Pipelines,  o r  o th e r  ap p r o ve d  s tan d a r d s  an d  s h al l  b e  i n
ac c o r d an c e  wi th  8 . 1 . 3 . 1 . 1 .

8 . 1 . 3 . 1 . 1  P i p i n g an d Ap p u r te n an c e s .

Δ 8 . 1 . 3 . 1 . 1 . 1    P i p i n g s ys te m s  s h al l  b e  d e s i g n e d  fo r  th e  u s e  i n te n ‐
d e d  th r o u g h  th e  fu l l  r an g e  o f p r e s s u r e  an d  te m p e r atu r e  to
wh i c h  th e y wi l l  b e  s u b j e c te d .

Δ 8 . 1 . 3 . 1 . 1 . 2    P i p i n g o r  tu b i n g  u s e d  at o p e r ati n g  te m p e r a tu r e s
b e l o w –2 0 ° F  ( –2 9 ° C )  s h al l  b e  fab r i c a te d  fr o m  m a te r i al s  m e e t‐

i n g th e  i m p a c t te s t re q u i r e m e n ts  o f AS M E  B 3 1 ,  Pressure Piping.

Δ 8 . 1 . 3 . 1 . 1 . 3    P i p i n g s ys te m s  s h a l l  b e  d e s i gn e d  a n d  c o n s tr u c te d
to  a l l o w fo r  e x p an s i o n ,  c o n tr ac ti o n ,  vi b r ati o n ,  s e ttl e m e n t,  an d
fre  e x p o s u r e .

8 . 1 . 3 . 1 . 2  J o i n ts .

Δ 8 . 1 . 3 . 1 . 2 . 1    J o i n ts  i n  p i p i n g  an d  tu b i n g s h a l l  b e  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 AS M E  B 3 1 ,  Pressure Piping .

Δ 8 . 1 . 3 . 1 . 2 . 2    B r a z i n g m ate r i a l s ,  wh e r e  u s e d ,  s h a l l  h a ve  a  m e l ti n g
p o i n t ab o ve  1 0 0 0 ° F  ( 5 3 8 ° C ) .

Δ 8 . 1 . 3 . 1 . 3  Val ve s  an d Ac c e s s o r y E q ui p m e n t.    Va l ve s  an d  a c c e s ‐
s o r y e q u i p m e n t s h al l  b e  ac c e p tab l e  fo r  th e  i n te n d e d  u s e  at th e
te m p e r a tu r e s  o f th e  a p p l i c ati o n  an d  s h a l l  b e  d e s i g n e d  an d

c o n s tr u c te d  to  wi th s tan d  th e  m ax i m u m  p r e s s u r e  at th e  m i n i ‐
m u m  te m p e r a tu r e  to  wh i c h  th e y wi l l  b e  s u b j e c te d .
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S h ad 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 ate r i a l . 2 0 2 3  E d i t i o n

Δ 8 . 1 . 3 . 1 . 4  S h u to ff Val ve s  o n  C o n tai n e rs .    S h u to ff val ve s  s h al l  b e
p r o vi d e d  o n  a l l  c o n tai n e r  c o n n e c ti o n s ,  e x c e p t fo r  p r e s s u r e

r e l i e f d e vi c e s .

Δ 8 . 1 . 3 . 1 . 4 . 1    S h u to ff val ve s  fo r  c o n ta i n e r s  wi th  m u l ti p l e  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 e r m i tte d  i n  ac c o r d a n c e  wi th  8 . 1 . 4 . 7 .

Δ 8 . 1 . 3 . 1 . 4 . 2    S h u to ff val ve s  s h al l  b e  ac c e s s i b l e  an d  l o c a te d  a s
c l o s e  as  p r a c ti c a l  to  th e  c o n tai n e r.

8 . 1 . 3 . 1 . 5  S h u to ff Val ve s  o n  P i p i n g.

Δ 8 . 1 . 3 . 1 . 5 . 1    S h u to ff val ve s  s h a l l  b e  i n s tal l e d  i n  p i p i n g  c o n ta i n ‐
i n g L H 2  wh e r e  n e e d e d  to  l i m i t th e  vo l u m e  o f l i q u i d  d i s c h ar g e d

i n  th e  e ve n t o f p i p i n g  o r  e q u i p m e n t fai l u r e .

Δ 8 . 1 . 3 . 1 . 5 . 2 *    P r e s s u r e  r e l i e f val ve s  s h a l l  b e  i n s tal l e d  wh e r e
l i q u i d  o r c o l d  ga s  c a n  b e  tr a p p e d  b e twe e n  s h u to ff va l ve s  i n  th e
p i p i n g  s ys te m .  (See 8. 1 . 4. )

8 . 1 . 3 . 1 . 6  P h ys i c al  P ro te c ti o n  an d  S up p o r t.

Δ 8 . 1 . 3 . 1 . 6 . 1    Ab o ve g r o u n d  p i p i n g  s ys te m s  s h al l  b e  s u p p o r te d
an d  p r o te c te d  fr o m  p h ys i c al  d am ag e .

Δ 8 . 1 . 3 . 1 . 6 . 2    P i p i n g p as s i n g  th r o u g h  wal l s  s h a l l  b e  p r o te c te d
fr o m  m e c h a n i c al  d am ag e .

8 . 1 . 3 . 1 . 7  C o r ro s i o n  P ro te c ti o n .

Δ 8 . 1 . 3 . 1 . 7 . 1    Ab o ve g r o u n d  p i p i n g  th at i s  s u b j e c t to  c o r r o s i o n
s h a l l  b e  p r o te c te d  a ga i n s t c o r r o s i o n .

Δ 8 . 1 . 3 . 1 . 7 . 2    B e l o wgr o u n d  p i p i n g s h al l  b e  p r o te c te d  a ga i n s t
c o r r o s i o n .

Δ 8 . 1 . 3 . 1 . 8  C ath o d i c  P ro te c ti o n .    Wh e r e  r e q u i r e d ,  c a th o d i c
p r o te c ti o n  s h al l  b e  i n  a c c o r d an c e  wi th  8 . 1 . 3 . 1 . 8 .

Δ 8 . 1 . 3 . 1 . 8 . 1  O p e rati o n .

8 . 1 . 3 . 1 . 8 . 2  I n s p e c ti o n .

Δ ( A)    C o n ta i n e r  s ys te m s  e q u i p p e d  wi th  c ath o d i c  p r o te c ti o n  s h al l
b e  i n s p e c te d  fo r  th e  i n te n d e d  o p e r a ti o n  b y a c ath o d i c  p r o te c ‐

ti o n  te s te r.

Δ ( B )    T h e  e x a m i n ati o n s  s h al l  b e  d o c u m e n te d .

Δ ( C )    A re c o r d  o f th e  e x am i n a ti o n  h i s to r y s h al l  b e  m ai n ta i n e d
b y th e  o wn e r  a n d  s h al l  b e  a va i l a b l e  to  th e  au th o r i ty h a vi n g

j u r i s d i c ti o n  u p o n  r e q u e s t.

Δ ( D )    T h e  c ath o d i c  p r o te c ti o n  te s te r  s h a l l  b e  certifed  as  b e i n g
qualifed  b y th e  N ati o n al  As s o c i a ti o n  o f C o r r o s i o n  E n g i n e e r s ,
I n te r n ati o n a l  ( N AC E ) .

8 . 1 . 3 . 1 . 8 . 3  I m p re s s e d  C ur re n t S ys te m s .

Δ ( A)    S ys te m s  e q u i p p e d  wi th  i m p r e s s e d  c u r r e n t c ath o d i c  p r o te c ‐
ti o n  s ys te m s  s h al l  b e  i n s p e c te d  i n  a c 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  d e s i gn  an d  8 . 1 . 3 . 1 . 8 . 2 .

Δ ( B )    T h e  d e s i g n  l i m i ts  s h al l  b e  a va i l ab l e  to  th e  AH J  u p o n
r e q u e s t.

Δ ( C )    T h e  s ys te m  o wn e r  s h al l  m ai n ta i n  th e  fo l l o wi n g  r e c o r d s  to
d e m o n s tr ate  th at th e  c ath o d i c  p r o te c ti o n  i s  i n  c o n fo r m a n c e

wi th  th e  r e q u i r e m e n ts  o f th e  d e s i gn :

( 1 ) T h e  r e s u l ts  o f i n s p e c ti o n s  o f th e  s ys te m
( 2 ) T h e  r e s u l ts  o f te s ti n g th at h a s  b e e n  c o m p l e te d

8 . 1 . 3 . 1 . 8 . 4  C o r ro s i o n  E x p e r t.

Δ ( A)    Re p ai r s ,  m ai n te n a n c e ,  o r  r e p l ac e m e n t o f a c ath o d i c
p r o te c ti o n  s ys te m  s h al l  b e  u n d e r  th e  s u p e r vi s i o n  o f a c o r r o s i o n
e x p e r t certifed  b y N AC E .

Δ ( B )    T h e  c o r r o s i o n  e x p e r t s h a l l  b e  certifed  b y N AC E  a s  a
s e n i o r  c o r r o s i o n  te c h n o l o gi s t,  a  c ath o d i c  p r o te c ti o n  s p e c i a l i s t,

o r  a c o r r o s i o n  s p e c i al i s t o r  s h al l  b e  a r e gi s te r e d  e n g i n e e r  wi th
r e gi s tr ati o n  i n  a  feld  th at i n c l u d e s  e d u c ati o n  an d  e x p e r i e n c e
i n  c o r r o s i o n  c o n tr o l .

8 . 1 . 3 . 1 . 9  Te s ti n g.

Δ 8 . 1 . 3 . 1 . 9 . 1    P i p i n g s ys te m s  s h a l l  b e  te s te d  an d  p r o ve d  fr e e  o f
l e aks  afte r  i n s tal l a ti o n  a s  r e q u i r e d  b y th e  c o d e s  an d  s ta n d ar d s

to  wh i c h  th e y ar e  d e s i gn e d  a n d  c o n s tr u c te d .

Δ 8 . 1 . 3 . 1 . 9 . 2    Te s t p r e s s u r e s  s h al l  n o t b e  l e s s  th an  1 5 0  p e r c e n t o f
th e  m a x i m u m  al l o wa b l e  wo r ki n g  p r e s s u r e  wh e n  h yd r a u l i c  te s t‐

i n g  i s  c o n d u c te d  o r  1 1 0  p e r c e n t wh e n  te s ti n g  i s  c o n d u c te d
p n e u m a ti c a l l y.

8 . 1 . 4  P re s s u re - Re l i e f D e vi c e s .

8 . 1 . 4 . 1  G e n e ral .

Δ 8 . 1 . 4 . 1 . 1    P r e s s u r e  r e l i e f d e vi c e s  s h al l  b e  p r o vi d e d  to  p r o te c t
c o n tai n e r s  a n d  p i p i n g  s ys te m s  c o n ta i n i n g  L H 2  fr o m  d a m ag e
d u e  to  o ve r p r e s s u r e .

Δ 8 . 1 . 4 . 1 . 2    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  d e s i g n e d  i n  a c c o r d ‐
a n c e  wi th  C G A S - 1 . 1 ,  Pressure Relief Device Standards — Part 1  —

Cylinders for Compressed Gases,  a n d  C G A S -1 . 2 ,  Pressure Relief Device
Standards — Part 2 — Cargo and Portable Tanks for Compressed
Gases,  fo r  p o r ta b l e  tan ks ;  a n d  C GA S -1 . 3 ,  Pressure Relief Device

Standards — Part 3 — Stationary Storage Containers for Compressed
Gases,  fo r  s tati o n ar y tan ks .

Δ 8 . 1 . 4 . 2  C o n tai n e rs  O p e n  to  th e  Atm o s p he re .    P o r tab l e
c o n tai n e r s  th at ar e  o p e n  to  th e  a tm o s p h e r e  an d  ar e  d e s i gn e d
to  c o n tai n  L H 2  at a tm o s p h e r i c  p r e s s u r e  s h a l l  n o t b e  r e q u i r e d  to

b e  e q u i p p e d  wi th  p r e s s u r e  r e l i e f d e vi c e s .

8 . 1 . 4 . 2 . 1    C o n tai n e r s  s h a l l  b e  e q u i p p e d  wi th  a p p r o ve d  c o n tr o l s
to  p r e ve n t th e  c o n d e n s a ti o n  o f a i r  wi th i n  th e  c o n tai n e r.

8 . 1 . 4 . 2 . 2    C o n tai n e r s  l o c a te d  i n d o o r s  s h a l l  b e  wi th i n  a z o n e  o f
l o c a l  e x h au s t u s i n g  a m e c h a n i c al  e x h a u s t s ys te m .

8 . 1 . 4 . 2 . 2 . 1    T h e  e x h au s t s ys te m  s h a l l  o p e r ate  c o n ti n u o u s l y
wh e n  L H 2  i s  p r e s e n t a n d  s h al l  b e  d e s i g n e d  i n  ac c o r d an c e  wi th

th e  m e c h an i c a l  c o d e  fo r  th e  r e m o va l  o f fammable  vap o r s .

8 . 1 . 4 . 2 . 2 . 2    T h e  d u c t s ys te m  u s e d  to  e x h au s t th e  h yd r o ge n
r e l e as e d  fr o m  o p e n  c o n tai n e r s  s h al l  b e  c o n s i d e r e d  to  b e  a
h az ar d o u s  e x h au s t s ys te m .

Δ 8 . 1 . 4 . 3  E q ui p m e n t O th e r T h an  C o n tai n e rs .    H e at e x c h an g e r s ,
va p o r i z e r s ,  i n s u l ati o n  c as i n gs  s u r r o u n d i n g  c o n tai n e r s ,  ve s s e l s ,

a n d  c o ax i al  p i p i n g  s ys te m s  i n  wh i c h  L H 2  c o u l d  b e  tr a p p e d  d u e
to  l e akag e  fr o m  th e  p r i m ar y c o n tai n e r  s h al l  b e  p r o vi d e d  wi th  a
p r e s s u r e  r e l i e f d e vi c e .

8 . 1 . 4 . 4  S i z i n g.

Δ 8 . 1 . 4 . 4 . 1    P r e s s u r e  r e l i e f d e vi c e s  s h al l  b e  s i z e d  i n  a c c o r d a n c e
wi th  th e  specifcations  to  wh i c h  th e  c o n tai n e r  was  fa b r i c ate d .
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2 0 2 3  E d i t i o n S h a d e d  te x t =  Re vi s i o n s .  Δ  =  Te x t d e l e ti o n s  a n d  fgure/table  r e vi s i o n s .  •  =  S e c ti o n  d e l e ti o n s .  N  =  N e w m a te r i a l .

Δ 8 . 1 . 4 . 4 . 2    T h e  p r e s s u r e  r e l i e f d e vi c e  s h a l l  h ave  th e  c a p a c i ty to
p r e ve n t th e  m a x i m u m  d e s i gn  p r e s s u r e  o f th e  c o n ta i n e r  o r

s ys te m  fr o m  b e i n g  e x c e e d e d .

Δ 8 . 1 . 4 . 5  Ac c e s s i b i l i ty.    P r e s s u r e  r e l i e f d e vi c e s  s h al l  b e  l o c a te d
s u c h  th at th e y ar e  ac c e s s i b l e  fo r  i n s p e c ti o n  an d  r e p ai r.

Δ 8 . 1 . 4 . 5 . 1 *    AS M E  p r e s s u r e  r e l i e f val ve s  s h a l l  b e  m a d e  to  b e
tam p e r  r e s i s ta n t i n  o r d e r  to  p r e ve n t a d j u s ti n g  o f th e  s e t p r e s ‐

s u r e  b y o th e r  th an  au th o r i z e d  p e r s o n n e l .

Δ 8 . 1 . 4 . 5 . 2    N o n -AS M E  p r e s s u r e  r e l i e f va l ve s  s h a l l  n o t b e  feld
ad j u s te d .

8 . 1 . 4 . 6  Ar ran ge m e n t.

Δ 8 . 1 . 4 . 6 . 1  P re s s u re  Re l i e f D e vi c e s .    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  ar r a n ge d  to  d i s c h ar g e  u n o b s tr u c te d  to  th e  o p e n  ai r  i n  s u c h
a m a n n e r  a s  to  p r e ve n t i m p i n g e m e n t o f e s c ap i n g  g as  o n

p e r s o n n e l ,  c o n ta i n e r s ,  e q u i p m e n t,  a n d  ad j a c e n t s tr u c tu r e s  o r
i ts  e n tr an c e  i n to  e n c l o s e d  s p ac e s .

8 . 1 . 4 . 6 . 2  P o r tab l e  C o n tai n e rs  wi th  Vo l u m e  L e s s  T h an  2 . 0  s c f3

( 0 . 0 5 7  N m 3 ) .

Δ 8 . 1 . 4 . 6 . 2 . 1    T h e  ar r a n ge m e n t o f th e  d i s c h a r ge  fr o m  p r e s s u r e
r e l i e f d e vi c e s  fr o m  DOT-specifed  c o n ta i n e r s  wi th  a n  i n te r n al

wate r  vo l u m e  o f 2 . 0  s c f ( 0 . 0 5 7  N m 3 )  o r  l e s s  s h al l  b e  i n c o r p o r a‐
te d  i n  th e  d e s i gn  o f th e  c o n tai n e r.

Δ 8 . 1 . 4 . 6 . 2 . 2    Ad d i ti o n al  s afe gu ar d s  r e g ar d i n g  p l ac e m e n t o r
ar r an g e m e n t s h al l  n o t b e  r e q u i r e d .

8 . 1 . 4 . 7  S h u to ffs  B e twe e n  P re s s u re  Re l i e f D e vi c e s  an d  C o n tai n ‐
e rs .

Δ 8 . 1 . 4 . 7 . 1  G e n e ral .    S h u to ff val ve s  i n s ta l l e d  b e twe e n  p r e s s u r e
r e l i e f d e vi c e s  an d  c o n ta i n e r s  s h al l  b e  i n  ac c o r d an c e  wi th

8 . 1 . 4 . 7 .

Δ 8 . 1 . 4 . 7 . 2  L o c ati o n .    S h u to ff val ve s  s h a l l  n o t b e  i n s tal l e d
b e twe e n  p r e s s u r e  r e l i e f d e vi c e s  a n d  c o n ta i n e r s  u n l e s s  th e  va l ve s

o r  th e i r  u s e  m e e t th e  r e q u i r e m e n ts  o f 8 . 1 . 4 . 7 . 2 . 1  o r  8 . 1 . 4 . 7 . 2 . 2 .

Δ 8 . 1 . 4 . 7 . 2 . 1  S e c u ri ty.    S h u to ff va l ve s  s h a l l  b e  l o c ke d  i n  th e  o p e n
p o s i ti o n ,  an d  th e i r  u s e  s h a l l  b e  l i m i te d  to  s e r vi c e -r e l a te d  wo r k
p e r fo r m e d  b y th e  s u p p l i e r  u n d e r th e  r e q u i r e m e n ts  o f th e

AS M E  Boiler and Pressure Vessel Code.

Δ 8 . 1 . 4 . 7 . 2 . 2  M u l ti p l e  P re s s u re - Re l i e f D e vi c e s .    S h u to ff va l ve s
c o n tr o l l i n g m u l ti p l e  p r e s s u r e  r e l i e f d e vi c e s  o n  a c o n tai n e r  s h a l l

b e  i n s tal l e d  s o  th a t e i th e r  th e  typ e  o f val ve  i n s tal l e d  o r  th e
ar r an g e m e n t p r o vi d e s  th e  fu l l  r e q u i r e d  fow th r o u g h  th e  r e l i e f

d e vi c e s  a t al l  ti m e s .

Δ 8 . 1 . 4 . 8  Te m p e ratu re  L i m i ts .    P r e s s u r e  r e l i e f d e vi c e s  s h al l  n o t
b e  s u b j e c te d  to  L H 2  fuid  te m p e r a tu r e s  e x c e p t wh e n  o p e r ati n g .

8 . 1 . 5  P re s s u re  Re l i e f Ve n t P i p i n g.

Δ 8 . 1 . 5 . 1  G e n e ral .    P re s s u r e  r e l i e f ve n t p i p i n g  s ys te m s  s h al l  b e
c o n s tr u c te d  a n d  ar ran g e d  to  d i r e c t th e  fow o f g as  to  a s a fe

l o c ati o n  an d  i n  a c c o r d an c e  wi th  8 . 1 . 5 .

Δ 8 . 1 . 5 . 2  S i z i n g.    P r e s s u r e  r e l i e f d e vi c e  ve n t p i p i n g  s h al l  h ave  a
c r o s s -s e c ti o n a l  ar e a n o t l e s s  th a n  th at o f th e  p r e s s u r e  r e l i e f
d e vi c e  ve n t o p e n i n g a n d  s h al l  b e  ar r a n ge d  s o  a s  n o t to  r e s tr i c t

th e  fow o f e s c ap i n g ga s .

Δ 8 . 1 . 5 . 3  Ar ran ge m e n t.    P r e s s u r e  r e l i e f d e vi c e  ve n t p i p i n g an d
d r ai n s  i n  ve n t l i n e s  s h a l l  b e  ar r an g e d  s o  th at e s c a p i n g  ga s

d i s c h ar g e s  u n o b s tr u c te d  to  th e  o p e n  a i r  an d  d o e s  n o t i m p i n g e
o n  p e r s o n n e l ,  c o n tai n e r s ,  e q u i p m e n t,  an d  a d j ac e n t s tr u c tu r e s

o r  e n te r  e n c l o s e d  s p ac e s .

Δ 8 . 1 . 5 . 4  I n s tal l ati o n .    P r e s s u r e  r e l i e f d e vi c e  ve n t l i n e s  s h a l l  b e
i n s ta l l e d  i n  a m an n e r  th at e x c l u d e s  o r  r e m o ve s  m o i s tu r e  an d

c o n d e n s a ti o n  to  p r e ve n t m a l fu n c ti o n  o f th e  p r e s s u r e  r e l i e f
d e vi c e  d u e  to  fr e e z i n g  o r  i c e  ac c u m u l ati o n .

Δ 8 . 1 . 5 . 5  Overflling.    C o n tr o l s  s h al l  b e  p r o vi d e d  to  p r e ve n t
overflling  o f s ta ti o n a r y c o n tai n e r s .

8 . 1 . 6  M ark i n g.

Δ 8 . 1 . 6 . 1  G e n e ral .    L H 2  c o n ta i n e r s  an d  s ys te m s  s h a l l  b e  m ar ke d
i n  ac c o r d an c e  wi th  n a ti o n al l y r e c o gn i z e d  s tan d ar d s  an d  i n
ac c o r d an c e  wi th  8 . 1 . 6 .

8 . 1 . 6 . 1 . 1  P o r tab l e  C o n tai n e rs .

Δ 8 . 1 . 6 . 1 . 1 . 1    P o r tab l e  L H 2  c o n ta i n e r s  s h a l l  b e  m ar ke d  i n  ac c o r d ‐
an c e  wi th  C GA C -7 ,  Guide to Classifcation and Labeling of

Compressed Gas.

Δ 8 . 1 . 6 . 1 . 1 . 2 *    Al l  D O T-4 L / T C -4 L M  l i q u i d  c yl i n d e r s  s h al l  h ave
p r o d u c t identifcation  vi s i b l e  fr o m  al l  d i r e c ti o n s  wi th  m i n i m u m
2  i n .  ( 5 1  m m )  h i g h  l e tte r s .

Δ 8 . 1 . 6 . 1 . 2  S tati o n ar y Tan ks .    S tati o n a r y tan ks  s h al l  b e  m a r ke d
i n  ac c o r d an c e  wi th  N F PA 7 0 4 .

Δ 8 . 1 . 6 . 1 . 3  Identifcation  S i gn s .    Vi s i b l e  h az ar d  identifcation
s i gn s  s h a l 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 7 0 4  at e n tr an ‐

c e s  to  b u i l d i n g s  o r  ar e a s  i n  wh i c h  L H 2  i s  s to r e d ,  h a n d l e d ,  o r
u s e d .

Δ 8 . 1 . 6 . 2  Identifcation  o f C o n te n ts .    S ta ti o n ar y c o n ta i n e r s  s h a l l
b e  p l ac ar d e d  wi th  th e  i d e n ti ty o f th e i r  c o n te n ts  to  i n d i c a te  th e
n am e  o f th e  m ate r i a l  c o n ta i n e d .

Δ 8 . 1 . 6 . 3  C o n tai n e r Specifcation.    S tati o n ar y c o n tai n e r s  s h a l l  b e
m a r ke d  wi th  th e  m an u fa c tu r i n g  specifcation  a n d  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  o n  a  p e r m an e n t n a m e p l a te .

Δ 8 . 1 . 6 . 3 . 1    T h e  n a m e p l a te  s h al l  b e  i n s ta l l e d  o n  th e  c o n tai n e r  i n
a n  ac c e s s i b l e  l o c ati o n .

Δ 8 . 1 . 6 . 3 . 2    T h e  n am e p l ate  s h al l  b e  m a r ke d  i n  ac c o r d a n c e  wi th
n a ti o n al l y r e c o gn i z e d  s tan d ar d s .

8 . 1 . 6 . 4  Identifcation  o f C o n tai n e r C o n ne c ti o n s .

Δ 8 . 1 . 6 . 4 . 1    C o n tai n e r  i n l e t an d  o u tl e t c o n n e c ti o n s ,  l i q u i d -l e ve l
l i m i t c o n tr o l s ,  va l ve s ,  an d  p r e s s u r e  ga u g e s  s h al l  b e  identifed

u s i n g  o n e  o f th e  m e th o d s  p r e s c r i b e d  b y 8 . 1 . 6 . 4 . 1 . 1  th r o u g h
8 . 1 . 6 . 4 . 1 . 2 .

Δ 8 . 1 . 6 . 4 . 1 . 1    T h e y s h a l l  b e  m a r ke d  wi th  a  p e r m an e n t tag  o r
l ab e l  i d e n ti fyi n g th e i r  fu n c ti o n .

Δ 8 . 1 . 6 . 4 . 1 . 2    T h e y s h a l l  b e  identifed  b y a  s c h e m a ti c  d r awi n g
th a t i n d i c ate s  th e i r  fu n c ti o n  an d  d e s i g n ate s  wh e th e r  th e y a r e

c o n n e c te d  to  th e  vap o r  o r  l i q u i d  s p ac e  o f th e  c o n ta i n e r.

Δ ( A)    Wh e n  a s c h e m a ti c  d r awi n g  i s  p r o vi d e d ,  i t s h a l l  b e  a ttac h e d
to  th e  c o n ta i n e r  an d  m a i n tai n e d  i n  a l e gi b l e  c o n d i ti o n .

Δ 8 . 1 . 6 . 5  Identifcation  o f P i p i n g S ys te m s .    P i p i n g  s ys te m s  s h a l l
b e  identifed  i n  ac c o r d an c e  wi th  AS M E  A1 3 . 1 ,  Scheme for the
Identifcation of Piping Systems.
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S h ad 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 ate r i a l . 2 0 2 3  E d i t i o n

Δ 8 . 1 . 6 . 6  Identifcation  o f E m e rge n c y S h u to ff Val ve s .    E m e r ‐
ge n c y s h u to ff val ve s  o n  s tati o n ar y c o n tai n e r s  s h al l  b e  identifed,

vi s i b l e ,  a n d  i n d i c ate d  b y m e a n s  o f a  s i gn .

8 . 1 . 7  S e c u ri ty.

Δ 8 . 1 . 7 . 1  G e n e ral .    L H 2  c o n ta i n e r s  a n d  s ys te m s  s h al l  b e  s e c u r e d
a ga i n s t ac c i d e n ta l  d i s l o d g e m e n t a n d  a ga i n s t ac c e s s  b y u n a u ‐

th o r i z e d  p e r s o n n e l  i n  ac c o r d an c e  wi th  8 . 1 . 7 .

8 . 1 . 7 . 2  Are a S e c u ri ty.

Δ 8 . 1 . 7 . 2 . 1 *    U s e r  s to r ag e  s i te s  s h a l l  b e  fe n c e d  o r  o th e r wi s e
s e c u r e d  an d  p o s te d  to  p r e ve n t e n tr y b y u n au th o r i z e d  p e r s o n ‐
n e l .

Δ 8 . 1 . 7 . 2 . 2    Ad m i n i s tr a ti ve  c o n tr o l s  s h al l  b e  al l o we d  to  b e  u s e d  to
c o n tr o l  a c c e s s  to  i n d i vi d u a l  s to r ag e ,  u s e ,  a n d  h a n d l i n g  ar e a s

l o c a te d  i n  s e c u r e  fa c i l i ti e s  n o t a c c e s s i b l e  b y th e  g e n e r al  p u b l i c .

Δ 8 . 1 . 7 . 3  S e c u ri n g o f C o n tai n e rs .    S tati o n ar y c o n tai n e r s  s h al l  b e
s e c u r e d  to  fo u n d a ti o n s  i n  a c c o r d a n c e  wi th  th e  ad o p te d  b u i l d ‐

i n g  c o d e .

Δ 8 . 1 . 7 . 3 . 1    P o r tab l e  c o n ta i n e r s  s u b j e c t to  s h i fti n g o r  u p s e t s h a l l
b e  s e c u r e d .

Δ 8 . 1 . 7 . 3 . 2    N e s ti n g s h al l  b e  p e r m i tte d  as  a  m e an s  o f s e c u r i n g
p o r ta b l e  c o n tai n e r s .

Δ 8 . 1 . 7 . 4  S e c u ri n g o f Vap o ri z e rs .    Vap o r i z e r s ,  h e at e x c h an g e r s ,
an d  s i m i l ar  e q u i p m e n t s h al l  b e  s e c u r e d  to  fo u n d a ti o n s ,  an d
th e i r  c o n n e c ti n g  p i p i n g s h a l l  b e  d e s i g n e d  an d  c o n s tr u c te d  to

p r o vi d e  fo r  th e  e ffe c ts  o f e x p an s i o n  a n d  c o n tr ac ti o n  d u e  to
te m p e r a tu r e  c h a n ge s .

Δ 8 . 1 . 7 . 5  P h ys i c al  P ro te c ti o n .    C o n ta i n e r s ,  p i p i n g ,  va l ve s ,  p r e s ‐
s u r e  r e l i e f d e vi c e s ,  r e gu l ati n g  e q u i p m e n t,  a n d  o th e r  a p p u r te ‐
n an c e s  s h al l  b e  p r o te c te d  a ga i n s t p h ys i c al  d a m a ge  an d

tam p e r i n g .

Δ 8 . 1 . 8  S u r fac e s  B e n e ath  C o n tai n e rs .    T h e  s u r fac e  o f th e  ar e a
o n  wh i c h  s tati o n ar y c o n ta i n e r s  ar e  p l ac e d ,  i n c l u d i n g th e

s u r fac e  o f th e  ar e a l o c ate d  b e l o w th e  p o i n t a t wh i c h  c o n n e c ‐
ti o n s  a r e  m a d e  fo r  th e  p u r p o s e  o f flling  s u c h  c o n tai n e r s ,  s h a l l

b e  c o m p ati b l e  wi th  th e  L H 2  i n  th e  c o n tai n e r.

8 . 1 . 9  E l e c tri c al  Wi ri n g an d  E q u i p m e n t.

Δ 8 . 1 . 9 . 1  G e n e ral .    E l e c tr i c al  wi r i n g  an d  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  NFPA 70 an d  N F PA 7 9 ,  as  a p p l i c ab l e ,  an d

8 . 1 . 9 .

Δ 8 . 1 . 9 . 2  L o c ati o n .    C o n tai n e r s  an d  s ys te m s  s h al l  n o t b e  l o c a te d
wh e r e  th e y c o u l d  b e c o m e  p a r t o f a n  e l e c tr i c al  c i r c u i t.

Δ 8 . 1 . 9 . 3  E l e c tri c al  G ro u n d  an d  B o n d i n g.    C o n tai n e r s  an d
s ys te m s  s h a l l  n o t b e  u s e d  fo r e l e c tr i c al  g r o u n d i n g .

Δ 8 . 1 . 9 . 3 . 1    Wh e n  e l e c tr i c al  g r o u n d i n g an d  b o n d i n g  a r e
r e q u i r e d ,  th e  s ys te m  s h al l  b e  i n  a c c o r d an c e  wi th  NFPA 70.

Δ 8 . 1 . 9 . 3 . 2    T h e  g r o u n d i n g s ys te m  s h a l l  b e  p r o te c te d  a ga i n s t
c o r r o s i o n ,  i n c l u d i n g  c o r ro s i o n  c au s e d  b y s tr ay e l e c tr i c al
c u r r e n ts .

Δ 8 . 1 . 1 0  S e r vi c e  an d  Re p ai r.    S e r vi c e ,  r e p a i r,  modifcation,  o r
r e m o val  o f va l ve s ,  p r e s s u r e  r e l i e f d e vi c e s ,  o r  o th e r  c o n tai n e r

ap p u r te n an c e s  s h a l l  b e  i n  ac c o r d an c e  wi th  n a ti o n al l y r e c o g‐
n i z e d  c o d e s  a n d  s ta n d ar d s .

Δ 8 . 1 . 1 0 . 1  C o n tai n e rs .    C o n tai n e r s  th at h ave  b e e n  r e m o ve d  fr o m
s e r vi c e  s h a l l  b e  h an d l e d  i n  a n  ap p r o ve d  m a n n e r.

Δ 8 . 1 . 1 0 . 1 . 1  Te s ti n g.    C o n ta i n e r s  o u t o f s e r vi c e  i n  e x c e s s  o f 1
ye a r  s h a l l  b e  i n s p e c te d  an d  te s te d  as  r e q u i r e d  i n  8 . 1 . 1 0 . 1 . 2 .

Δ 8 . 1 . 1 0 . 1 . 2  P re s s ure  Re l i e f D e vi c e  Te s ti n g.    T h e  p r e s s u r e  r e l i e f
d e vi c e s  s h al l  b e  te s te d  fo r  o p e r a b i l i ty a n d  to  d e te r m i n e  i f th e y

a r e  s e t at th e  r e l i e f p r e s s u r e  r e q u i r e d  b y th e  ta n k d e s i gn .

Δ 8 . 1 . 1 0 . 1 . 3    C o n tai n e r s  th at h ave  p r e vi o u s l y b e e n  u s e d  fo r  L H 2

a n d  h ave  b e e n  r e m o ve d  fr o m  s e r vi c e  s h a l l  b e  p u r g e d  wi th  an
i n e r t g as  to  r e m o ve  r e s i d u al  L H 2  an d  s to r e d  wi th  al l  va l ve s

c l o s e d  an d  th e  va l ve  o u tl e ts  p l u g ge d .

Δ 8 . 1 . 1 0 . 2  S ys te m s .    S e r vi c e  an d  r e p ai r  o f c o n ta i n e r s  o r  s ys te m s
s h a l l  b e  p e r fo r m e d  b y tr ai n e d  p e rs o n n e l  i n  ac c o r d a n c e  wi th
n ati o n al l y r e c o g n i z e d  c o d e s  a n d  s tan d a r d s  an d  wi th  th e  p e r m i s ‐

s i o n  o f th e  c o n tai n e r  o wn e r.

Δ 8 . 1 . 1 1  U n au th o ri z e d  U s e .    C o n tai n e r s  s h al l  n o t b e  u s e d  fo r
a n y p u r p o s e  o th e r  th an  to  s e r ve  as  a ve s s e l  fo r  c o n tai n i n g th e

p r o d u c t fo r  wh i c h  i t i s  d e s i gn a te d .

8 . 1 . 1 2  L e aks ,  D am age ,  an d  C o r ro s i o n .

Δ 8 . 1 . 1 2 . 1    L e a ki n g,  d a m ag e d ,  o r  c o r r o d e d  c o n tai n e r s  s h a l l  b e
r e m o ve d  fr o m  s e r vi c e .

Δ 8 . 1 . 1 2 . 2    L e a ki n g,  d am ag e d ,  o r  c o r r o d e d  s ys te m s  s h al l  b e
r e p l a c e d ,  r e p ai r e d ,  o r  r e m o ve d  fr o m  s e r vi c e .

Δ 8 . 1 . 1 3  L i gh ti n g.    Wh e r e  r e q u i r e d  b y th e  a u th o r i ty h a vi n g j u r i s ‐
d i c ti o n ,  l i gh ti n g ,  i n c l u d i n g  e m e r ge n c y l i g h ti n g ,  s h a l l  b e  p r o vi ‐
d e d  fo r  fre  ap p l i an c e s  a n d  o p e r a ti n g fa c i l i ti e s  s u c h  a s

wal kwa ys ,  c o n tr o l  va l ve s ,  an d  gate s  a n c i l l ar y to  s tati o n ar y
c o n tai n e r s .

8 . 1 . 1 4  E m e rge n c y S h u to ff Val ve s .

8 . 1 . 1 4 . 1    Ac c e s s i b l e  m an u al  o r  au to m ati c  e m e r ge n c y s h u to ff
va l ve s  s h al l  b e  p r o vi d e d  to  s h u t o ff th e  L H 2  s u p p l y i n  c a s e  o f
e m e r g e n c y.

8 . 1 . 1 4 . 1 . 1    E m e r g e n c y s h u to ff va l ve s  o n  a b u l k s o u r c e  o r
p i p i n g  s ys te m s  s e r vi n g th e  b u l k s u p p l y s h al l  b e  identifed  b y
m e a n s  o f a s i g n .

8 . 1 . 1 4 . 1 . 2    E m e r g e n c y s h u to ff val ve s  s h al l  b e  l o c a te d  a t th e
p o i n t o f u s e ,  a t th e  s o u r c e  o f s u p p l y,  a n d  at th e  p o i n t wh e r e  th e

s ys te m  p i p i n g  e n te r s  th e  b u i l d i n g .

Δ 8 . 1 . 1 5  D i s p e n s i n g Are as .    D i s p e n s i n g o f L H 2  a s s o c i a te d  wi th
p h ys i c a l  o r  h e al th  h a z a r d s  s h al l  b e  c o n d u c te d  i n  ap p r o ve d  l o c a‐

ti o n s .

Δ 8 . 1 . 1 5 . 1  I n d o o r D i s p e n s i n g Are as .    D i s p e n s i n g  i n d o o r s  s h a l l
b e  c o n d u c te d  i n  ar e a s  c o n s tr u c te d  i n  ac c o rd a n c e  wi th  th e
ad o p te d  b u i l d i n g  c o d e .

8 . 1 . 1 5 . 2  Ve n ti l ati o n .    I n d o o r  a r e as  i n  wh i c h  L H 2  i s  d i s p e n s e d
s h a l l  b e  ve n ti l a 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

S e c ti o n  6 . 1 8 .

Δ 8 . 1 . 1 5 . 3  P i p i n g S ys te m s .    P i p i n g  s ys te m s  u ti l i z e d  fo r  flling  o r
d i s p e n s i n g o f L H 2  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  8 . 1 . 3 . 1 . 1 .
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8 . 1 . 1 6  O p e rati o n .

8 . 1 . 1 6 . 1  S e c u ri n g E q ui p m e n t.    M o b i l e  L H 2  s u p p l y u n i ts  u s e d
as  p ar t o f a h yd r o ge n  s ys te m  s h al l  b e  r e s tr ai n e d  to  r e s i s t m o ve ‐
m e n t.

Δ 8 . 1 . 1 6 . 2  B o n d i n g an d  G ro u n d i n g.    T h e  m o b i l e  L H 2  s u p p l y
u n i ts  s h a l l  b e  e l e c tr i c al l y b o n d e d  an d  g r o u n d e d .

8 . 2  N o n - B u l k  L H 2 .

8 . 2 . 1  N o n - B u l k  L H 2  — G e n e ral .

8 . 2 . 1 . 1    T h e  s to r ag e ,  u s e ,  an d  h an d l i n g o f L H 2  i n  L H 2  s to r a ge
s ys te m s  s h al l  b e  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 C h a p te r s

1  th r o u gh  6 ,  a n d  C h a p te r  8  as  ap p l i c ab l e .

8 . 2 . 1 . 2    C o n tai n e r s  an d  s ys te m s  h avi n g  a  to tal  L H 2  c o n te n t o f
m o r e  th a n  3 9 . 7  ga l  ( 1 5 0  L )  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  8 . 3 .

8 . 2 . 2  N o n - B u l k  L H 2  S to rage .

8 . 2 . 2 . 1  G e n e ral .  ( Re s e r ve d )

8 . 2 . 2 . 2  I n d o o r S to rage .

8 . 2 . 2 . 2 . 1  I n s tal l ati o n .    C o n ta i n e r s  s to r e d  i n d o o r s  s h al l  b e
i n s ta l l e d  i n  ac c o r d an c e  wi th  S e c ti o n s  8 . 1  an d  8 . 2 .

Δ 8 . 2 . 2 . 2 . 2  S to rage  L o c ati o n s  L H 2 .    L H 2  i n  s tati o n ar y o r  p o r tab l e
c o n tai n e r s  s to r e d  i n d o o r s  s h a l l  b e  s to r e d  i n  b u i l d i n gs ,  r o o m s ,
o r  ar e as  c o n s tr u c te d  i n  ac c o r d an c e  wi th  th e  ad o p te d  b u i l d i n g

c o d e .

Δ 8 . 2 . 2 . 2 . 3  Ve n ti l ati o n .    Ve n ti l a 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  6 . 1 8 .

Δ 8 . 2 . 2 . 2 . 4  I n s tal l ati o n  o f L H 2  I n s i d e  B u i l d i n gs  O th e r T h an
D e tac h e d  B u i l d i n gs  an d  G as  Ro o m s .    P o r tab l e  L H 2  c o n tai n e r s
o f 3 9 . 7  g al  ( 1 5 0  L )  o r  l e s s  c a p a c i ty wh e r e  h o u s e d  i n s i d e  b u i l d ‐
i n gs ,  n o t l o c a te d  i n  a  g as  r o o m ,  an d  e x p o s e d  to  o th e r  o c c u p an ‐

c i e s  s h a l l  c o m p l y wi th  th e  fo l l o wi n g m i n i m u m  r e q u i re m e n ts :

( 1 ) C o n ta i n e r s  s h al l  b e  l o c ate d  2 0  ft ( 6 . 1  m )  fr o m  a l l  c l as s e s
o f fammable  o r  c o m b u s ti b l e  l i q u i d s  an d  c o m b u s ti b l e

m a te r i al s  s u c h  as  e x c e l s i o r  o r  p a p e r.
( 2 ) C o n ta i n e r s  s h al l  b e  l o c ate d  2 5  ft ( 7 . 6  m )  fr o m  o r d i n ar y

e l e c tr i c a l  e q u i p m e n t a n d  o th e r  s o u r c e s  o f i gn i ti o n ,
i n c l u d i n g  p r o c e s s  o r  an a l yti c a l  e q u i p m e n t.

( 3 ) C o n ta i n e r s  s h a l l  b e  l o c ate d  5 0  ft ( 1 5  m )  fr o m  i n take s  fo r
ve n ti l ati o n ,  a i r-c o n d i ti o n i n g e q u i p m e n t,  o r  c o m p r e s s o r s .

( 4 ) C o n ta i n e r s  s h al l  b e  l o c ate d  5 0  ft ( 1 5  m )  fr o m  s to r ag e  o r
u s e  o f o th e r  fammable  g as e s  o r  s to r ag e  o r  u s e  o f i n c o m ‐
p ati b l e  g as e s .

( 5 ) C o n ta i n e r s  s h a l l  b e  p r o te c te d  a ga i n s t p h ys i c a l  d a m a ge  i n
a c c o r d an c e  wi th  th e  r e q u i r e m e n ts  o f 8 . 1 . 7 . 5 .

( 6 ) C o n ta i n e r s  s h a l l  b e  s e c u r e d  i n  a c 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 8 . 1 . 7 . 3 .

( 7 ) We l d i n g  o r  c u tti n g o p e r ati o n s  a n d  s m o ki n g s h a l l  b e
p r o h i b i te d  wh i l e  h yd r o g e n  i s  i n  th e  r o o m ,  a n d  s i gn s  s h a l l

b e  p r o vi d e d  as  r e q u i r e d  b y 4 . 1 3 . 3 .
( 8 ) Ve n ti l a ti o n  s h al l  b e  p r o vi d e d  i n  ac c o r d a n c e  wi th  th e

r e q u i r e m e n ts  o f S e c ti o n  6 . 1 8 .
( 9 ) P r e s s u r e  r e l i e f d e vi c e s  o n  s tati o n a r y o r  p o r ta b l e  c o n ta i n ‐

e r s  s h al l  b e  ve n te d  d i r e c tl y o u td o o r s  o r  to  an  e x h a u s t
h o o d .  ( See 8. 1 . 4. 6. )

8 . 2 . 2 . 3  O u td o o r S to rage .

Δ 8 . 2 . 2 . 3 . 1  G e n e ral .    L H 2  i n  s ta ti o n ar y o r  p o r ta b l e  c o n tai n e r s
s to r e d  o u td o o r s  s h al l  b e  i n  ac c o r d an c e  wi th  8 . 2 . 2 . 3 .

Δ 8 . 2 . 2 . 3 . 2  D i s tan c e  to  E xp o s u re s .    L H 2  c o n ta i n e r s  an d  s ys te m s
i n  s to r a ge  o r  u s e  s h a l l  b e  s e p ar a te d  fr o m  m ate r i a l s  an d  c o n d i ‐
ti o n s  th at p r e s e n t e x p o s u r e  h az ar d s  to  o r  fr o m  e ac h  o th e r  i n

ac c o r d an c e  wi th  8 . 2 . 2 . 3 . 2 .

Δ 8 . 2 . 2 . 3 . 3  S u r fac e s  B e n e ath  C o n tai n e rs .    T h e  s u r fa c e  o f th e
ar e a o n  wh i c h  s ta ti o n ar y c o n ta i n e r s  are  p l ac e d ,  i n c l u d i n g th e

s u r fac e  o f th e  a r e a l o c ate d  b e l o w th e  p o i n t a t wh i c h  c o n n e c ‐
ti o n s  a r e  m a d e  fo r  th e  p u r p o s e  o f flling  s u c h  c o n tai n e r s ,  s h a l l

b e  c o m p ati b l e  wi th  th e  L H 2 i n  th e  c o n tai n e r.

Δ 8 . 2 . 2 . 3 . 4  S e p arati o n  D i s tan c e .    N o n - b u l k p o r tab l e  c o n tai n e r s
o f liquefed  h yd r o g e n  s h a l l  b e  s e p ar ate d  fr o m  e x p o s u r e

h a z a r d s  i n  ac c o r d a n c e  wi th  Tab l e  8 . 2 . 2 . 3 . 4 .

Δ 8 . 2 . 2 . 3 . 4 . 1  Fi re  B ar ri e rs .    A 2 -h o u r  fre  b ar r i e r  wal l  s h al l  b e
p e r m i tte d  i n  l i e u  o f th e  d i s ta n c e s  specifed  b y Tab l e  8 . 2 . 2 . 3 . 4
wh e n  i n  a c c o r d an c e  wi th  th e  p r o vi s i o n s  o f 8 . 2 . 2 . 3 . 4 . 1 ( A)

th r o u g h  8 . 2 . 2 . 3 . 4 . 1 ( E ) .

Δ ( A)    T h e  fre  b ar r i e r  wal l  s h al l  b e  wi th o u t o p e n i n gs  o r  p e n e tr a‐
ti o n s .

Δ ( B )    P e n e tr ati o n s  o f th e  fre  b a r r i e r  wal l  b y c o n d u i t o r  p i p i n g
s h a l l  b e  p e r m i tte d  p r o vi d e d  th at th e  p e n e tr a ti o n  i s  p r o te c te d
wi th  a frestop  s ys te m  i n  ac c o r d an c e  wi th  th e  b u i l d i n g  c o d e .

Δ ( C )    T h e  fre  b ar r i e r  wa l l  s h a l l  b e  e i th e r  an  i n d e p e n d e n t s tr u c ‐
tu r e  o r  th e  e x te r i o r  wal l  o f th e  b u i l d i n g  ad j a c e n t to  th e  s to r ag e

s ys te m .

Δ ( D )    T h e  fre  b ar r i e r  wal l  s h a l l  b e  l o c ate d  n o t l e s s  th an  5  ft
( 1 . 5  m )  fr o m  a n y e x p o s u r e .

Δ ( E )    T h e  fre  b a r r i e r  wa l l  s h a l l  n o t h ave  m o r e  th a n  two  s i d e s  at
a p p r o x i m a te l y 9 0  d e gr e e  ( 1 . 5 7  r ad )  d i r e c ti o n s  o r  n o t m o r e

th a n  th r e e  s i d e s  wi th  c o n n e c ti n g  an g l e s  o f ap p r o x i m a te l y 1 3 5
d e g r e e s  ( 2 . 3 6  r ad ) .

Δ 8 . 2 . 2 . 3 . 4 . 2  Ai r I n take s .    S to r ag e  an d  u s e  o f L H 2  s h a l l  n o t b e
l o c ate d  wi th i n  5 0  ft ( 1 5 . 2  m )  o f ai r  i n take s  o r  th e  m i n i m u m
d i s tan c e  fr o m  a b u l k s to r ag e  s ys te m  p e r  Ta b l e  8 . 3 . 2 . 3 . 1 . 6 ( a ) ,

wh i c h e ve r  i s  l e s s .

Δ 8 . 2 . 2 . 3 . 4 . 3  B u i l d i n g O p e n i n gs .    S to r a ge  an d  u s e  o f L H 2

o u ts i d e  o f b u i l d i n g s  s h a l l  b e  s e p a r ate d  fr o m  b u i l d i n g  o p e n i n g s
b y 2 5  ft ( 7 . 6  m )  o r  th e  m i n i m u m  d i s ta n c e  fr o m  a h yd r o g e n
b u l k s to r ag e  s ys te m  p e r  Tab l e  8 . 3 . 2 . 3 . 1 . 6 ( a) ,  wh i c h e ve r  i s  l e s s .

N 8 . 2 . 2 . 3 . 4 . 3 . 1    F i r e  b ar r i e r s  s h al l  b e  p e r m i tte d  to  b e  u s e d  as  a
m e a n s  to  s e p ar a te  s to r ag e  a r e as  fr o m  o p e n i n gs  o r  a m e a n s  o f

e g r e s s  u s e d  to  ac c e s s  th e  p u b l i c  way.

8 . 2 . 2 . 3 . 5  Ac c e s s .

Δ 8 . 2 . 2 . 3 . 5 . 1    S ta ti o n ar y c o n tai n e r s  s h al l  b e  l o c a te d  to  p r o vi d e
a c c e s s  b y m o b i l e  s u p p l y e q u i p m e n t an d  au th o r i z e d  p e r s o n n e l .

Δ 8 . 2 . 2 . 3 . 5 . 2    Wh e r e  e x i t ac c e s s  i s  p r o vi d e d  to  s e r ve  ar e a s  i n
wh i c h  e q u i p m e n t i s  i n s tal l e d ,  th e  m i n i m u m  wi d th  s h al l  b e  n o t

l e s s  th an  2 8  i n .  ( 7 1 0  m m ) .

8 . 2 . 2 . 3 . 6  P h ys i c al  P ro te c ti o n .

Δ 8 . 2 . 2 . 3 . 6 . 1    L H 2  c o n tai n e r s ,  c yl i n d e r s ,  tan ks ,  an d  s ys te m s  th a t
c o u l d  b e  e x p o s e d  to  p h ys i c al  d am ag e  s h al l  b e  p r o te c te d .
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Δ 8 . 2 . 2 . 3 . 6 . 2    Gu ar d  p o s ts  o r  o th e r  m e an s  s h al l  b e  p r o vi d e d  to
p r o te c t L H 2  c o n ta i n e r s ,  c yl i n d e r s ,  tan ks ,  an d  s ys te m s  i n d o o r s

a n d  o u td o o rs  fr o m  ve h i c u l ar  d am ag e .  (See Section 4. 1 4. )

Δ 8 . 2 . 2 . 3 . 7  D i ke d  Are as  C o n tai n i n g O th e r H az ard o u s  M ate ri al s .
C o n ta i n e r s  o f L H 2  s h a l l  n o t b e  l o c ate d  wi th i n  d i ke d  a r e as  wi th
o th e r  h az ar d o u s  m a te r i al s .

Δ 8 . 2 . 2 . 3 . 8 *  Are as  S u b j e c t to  Fl o o d i n g.    S tati o n a r y c o n tai n e r s
l o c ate d  i n  food  h az ar d  a r e as  s h al l  b e  an c h o r e d  to  p r e ve n t
fotation  d u r i n g c o n d i ti o n s  o f th e  d e s i g n  food  a s  d e s i gn a te d  b y
th e  ad o p te d  b u i l d i n g c o d e .

Δ 8 . 2 . 2 . 3 . 8 . 1  E l e vate d  Tan ks .    S tr u c tu r e s  s u p p o r ti n g  e l e va te d
ta n ks  an d  ta n ks  th a t a r e  s u p p o r te d  a t a  l e ve l  ab o ve  th a t d e s i g‐

n a te d  i n  th e  d e s i gn  food  s h al l  b e  an c h o r e d  to  r e s i s t l ate r al
s h i fti n g  d u e  to  food  an d  o th e r  h yd r o s tati c  e ffe c ts .

Δ 8 . 2 . 2 . 3 . 8 . 2  U n d e rgro u n d  Tan ks .    U n d e r gr o u n d  ta n ks  i n  food
h az ar d  a r e as  s h a l l  b e  an c h o r e d  to  p r e ve n t fotation,  c o l l a p s e  o r
l ate r al  m o ve m e n t r e s u l ti n g fr o m  h yd r o s tati c  l o a d s ,  i n c l u d i n g

th e  e ffe c ts  o f b u o yan c y,  d u r i n g  c o n d i ti o n s  o f th e  d e s i gn  food.

8 . 2 . 2 . 3 . 9  D rai n age .

Δ 8 . 2 . 2 . 3 . 9 . 1    T h e  ar e a  s u r r o u n d i n g s tati o n ar y a n d  p o r tab l e
c o n tai n e r s  s h al l  b e  p r o vi d e d  wi th  a m e an s  to  p r e ve n t a c c i d e n tal

d i s c h ar g e  o f L H 2  fr o m  e n d a n ge r i n g p e r s o n n e l ,  c o n tai n e r s ,
e q u i p m e n t,  a n d  ad j a c e n t s tr u c tu r e s  an d  fr o m  e n te r i n g
e n c l o s e d  s p ac e s  i n  ac c o r d an c e  wi th  th e  a d o p te d  fre  p r e ve n ti o n
c o d e .

Δ 8 . 2 . 2 . 3 . 9 . 2    T h e  s tati o n a r y c o n ta i n e r  s h al l  n o t b e  p l a c e d  wh e r e
s p i l l e d  o r  d i s c h ar g e d  L H 2  wi l l  b e  r e tai n e d  a r o u n d  th e

c o n tai n e r.  (See 8. 2. 2. 3. 7. )

Δ 8 . 2 . 2 . 3 . 9 . 3    T h e  p r o vi s i o n s  o f 8 . 2 . 2 . 3 . 9 . 2  s h a l l  b e  p e r m i tte d  to
b e  al te r e d  o r  wai ve d  wh e r e  th e  au th o r i ty h avi 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  c o n tai n e r  d o e s  n o t c o n s ti tu te  a h az ar d
afte r  c o n s i d e r a ti o n  o f s p e c i al  fe atu r e s  s u c h  as  th e  fo l l o wi n g:

( 1 ) C r u s h e d  r o c k u ti l i z e d  a s  a  h e at s i n k
( 2 ) To p o g r ap h i c al  c o n d i ti o n s
( 3 ) N a tu r e  o f o c c u p an c y
( 4 ) P r o x i m i ty to  s tr u c tu r e s  o n  th e  s a m e  o r  ad j a c e n t p r o p e r ty
( 5 ) C ap ac i ty a n d  c o n s tr u c ti o n  o f c o n tai n e r s  an d  c h a r ac te r  o f

L H 2  to  b e  s to r e d

8 . 2 . 2 . 3 . 9 . 4  G rad e .

Δ ( A)    T h e  gr a d e  fo r  a d i s tan c e  o f n o t l e s s  th an  5 0  ft ( 1 5 . 2  m )
fr o m  wh e r e  L H 2  s to r a ge  o r  d e l i ve r y s ys te m s  ar e  i n s tal l e d  s h a l l

b e  h i gh e r  th an  th e  gr a d e  o n  wh i c h  fammable  o r  c o m b u s ti b l e
l i q u i d s  ar e  s to r e d  o r  u s e d .

Δ ( B ) *  D rai n age  C o n tro l .

( 1 ) Wh e r e  th e  gr a d e  d i ffe r e n ti al  b e twe e n  th e  s to r a ge  o r  d e l i v‐
e r y s ys te m  an d  th e  fammable  o r  c o m b u s ti b l e  l i q u i d s  s to r ‐

a ge  o r  u s e  ar e a  i s  n o t i n  a c c o r d an c e  wi th  8 . 2 . 2 . 3 . 9 . 4 ( A) ,
d i ve r s i o n  c u r b s  o r  o th e r  m e a n s  o f d r a i n a ge  c o n tr o l  s h a l l

b e  u s e d  to  d i ve r t th e  fow o f fammable  o r  c o m b u s ti b l e
l i q u i d s  away fr o m  th e  L H 2  s ys te m .

( 2 ) T h e  m e an s  o f d r a i n a ge  c o n tr o l  s h a l l  p r e ve n t th e  fow o f
fammable  o r  c o m b u s ti b l e  l i q u i d  to  a  d i s tan c e  n o t l e s s

th an  5 0  ft ( 1 5 . 2  m )  fr o m  al l  p ar ts  o f th e  d e l i ve r y s ys te m .

8 . 2 . 3  N o n - B u l k  L H 2  U s e .

8 . 2 . 3 . 1  G e n e ral .

Δ 8 . 2 . 3 . 1 . 1    U s e  an d  h an d l i n g o f c o n tai n e r s  an d  s ys te m s  s h al l  b e
i n  ac c o r d an c e  wi th  8 . 2 . 3 . 1 . 1  th r o u gh  8 . 2 . 3 . 1 . 1 0 . 2 .

Δ 8 . 2 . 3 . 1 . 1 . 1  O p e rati n g I n s tr u c ti o n s .    O p e r ati n g  i n s tr u c ti o n s
s h a l l  b e  p r o vi d e d  fo r i n s tal l a ti o n s  th at r e q u i r e  th e  o p e r ati o n  o f

e q u i p m e n t.

Δ 8 . 2 . 3 . 1 . 1 . 2  Atte n d e d D e l i ve r y.    A qualifed  p e r s o n  s h al l  b e  i n
a tte n d a n c e  a t al l  ti m e s  L H 2  i s  tr an s fe r r e d  fr o m  m o b i l e  s u p p l y
u n i ts  to  a s to r ag e  s ys te m .

8 . 2 . 3 . 1 . 1 . 3  I n s p e c ti o n .

Δ ( A)    L H 2  s to r ag e  s ys te m s  s h al l  b e  i n s p e c te d  a n d  m ai n ta i n e d  b y
a  qualifed  r e p r e s e n tati ve  o f th e  e q u i p m e n t o wn e r .

( 1 ) T h e  i n te r va l  b e twe e n  i n s p e c ti o n s  s h a l l  b e  b as e d  o n
n a ti o n al l y r e c o gn i z e d  go o d  p r a c ti c e s  o r  s tan d ar d s .

( 2 ) A r e c o r d  o f th e  i n s p e c ti o n  s h a l l  b e  p r e p a r e d  a n d  p r o vi ‐
d e d  to  th e  u s e r  o r  th e  a u th o r i ty h avi n g  j u r i s d i c ti o n  u p o n
r e q u e s t.

8 . 2 . 3 . 1 . 1 . 4  D e s i gn .

Δ ( A)  N ati o n al l y Re c o gn i z e d  G o o d  P rac ti c e s .    Wh e r e  n a ti o n al l y
r e c o g n i z e d  g o o d  p r ac ti c e s  o r  c o d e s  an d  s tan d ar d s  h ave  b e e n

Δ Tab l e  8 . 2 . 2 . 3 . 4  D i s tan c e  to  E x p o s u re s  fo r N o n - B u l k  Liquefed  H yd ro ge n  L H 2

M axi m u m
Am o un t p e r

S to rage  Are a ( gal )

M i n i m u m
D i s tan c e  B e twe e n

S to rage  Are as  ( ft)

M i n i m um  D i s tan c e
to  L o t L i n e s  o f

P ro p e r ty T h at C an
B e  B u i l t U p o n  ( ft)

M i n i m u m  D i s tan c e
to  P ub l i c  S tre e ts ,

P u b l i c  Al l e ys ,  o r
P ub l i c  Ways  ( ft)

M i n i m um  D i s tan c e  to  B u i l di n gs  o n  th e  S am e  P ro p e r ty

L e s s  th an
2 - H o u r

C o n s tr uc ti o n
2 - H o u r

C o n s tr u c ti o n
4 - H o ur

C o n s tr u c ti o n

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

1 8 7 –4 4 8 . 7 1 0 1 5 1 5 2 0 5 0
4 4 8 . 8 –7 4 7 . 8 1 0 2 0 2 0 2 0 5 0

> 7 4 7 . 8 2 0 2 5 2 5 2 0 5 0

F o r  S I  u n i ts :  1  ft =  3 0 5  m m .
N o te s :
( 1 )  F o r  r e q u i r e m e n ts  o n  m i n i m u m  d i s ta n c e  to  a i r  i n ta ke s ,  s e e  8 . 2 . 2 . 3 . 4 . 2 .
( 2 )  F o r  r e q u i r e m e n ts  o n  m i n i m u m  d i s ta n c e  to  b u i l d i n g  o p e n i n g s  i n c l u d i n g  e x i ts ,  s e e  8 . 2 . 2 . 3 . 4 . 3 .
( 3 )  Wh e n  8 . 2 . 2 . 3 . 4 . 1  i s  u s e d  a s  a  m e a n s  o f d i s ta n c e  r e d u c ti o n ,  th e  confguration  o f th e  fre  b a r r i e r s  s h o u l d  b e  d e s i g n e d  to  a l l o w n a tu r al  ve n ti l a ti o n  to
p r e ve n t th e  a c c u m u l a ti o n  o f h az ar d o u s  g a s  c o n c e n tr a ti o n s .
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2 0 2 3  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 .

e s tab l i s h e d  fo r  th e  p r o c e s s  e m p l o ye d ,  s u c h  p r ac ti c e s  a n d  c o d e s
an d  s tan d a r d s  s h al l  b e  fo l l o we d .

Δ ( B )  P i p i n g S ys te m s .    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 ,  fab r i c ate d ,  an d  te s 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 AS M E  B 3 1 . 3 ,  Process Piping,  o r
o th e r  ap p r o ve d  s tan d a r d s  an d  s h al l  b e  i n  a c c o r d a n c e  wi th
8 . 2 . 3 . 1 . 2 .

8 . 2 . 3 . 1 . 2  P i p i n g an d  Ap p u r te n an c e s .

Δ 8 . 2 . 3 . 1 . 2 . 1    P i p i n g s ys te m s  s h al l  b e  d e s i g n e d  fo r  th e  u s e  i n te n ‐
d e d  th r o u g h  th e  fu l l  r an g e  o f p r e s s u r e  an d  te m p e r atu r e  to
wh i c h  th e y wi l l  b e  s u b j e c te d .

Δ 8 . 2 . 3 . 1 . 2 . 2    P i p i n g s ys te m s  s h a l l  b e  d e s i gn e d  a n d  c o n s tr u c te d
to  a l l o w fo r  e x p an s i o n ,  c o n tr ac ti o n ,  vi b r ati o n ,  s e ttl e m e n t,  an d
fre  e x p o s u r e .

Δ 8 . 2 . 3 . 1 . 3  J o i n ts .    J o i n ts  i n  p i p i n g  a n d  tu b i n g  s h a l l  b e  i n  a c c o r d ‐
an c e  wi th  th e  r e q u i r e m e n ts  o f AS M E  B 3 1 . 3 ,  Process Piping,  o r
o th e r  ap p r o ve d  s tan d ar d s .

Δ 8 . 2 . 3 . 1 . 4  Val ve s  an d  Ac c e s s o r y E q ui p m e n t.    Va l ve s  an d  a c c e s ‐
s o r y e q u i p m e n t s h a l l  b e  ac c e p tab l e  fo r  th e  i n te n d e d  u s e  at th e
te m p e r a tu r e s  o f th e  a p p l i c ati o n  an d  s h a l l  b e  d e s i g n e d  an d
c o n s tr u c te d  to  wi th s tan d  th e  m ax i m u m  p r e s s u r e  at th e  m i n i ‐
m u m  te m p e r a tu r e  to  wh i c h  th e y wi l l  b e  s u b j e c te d .

Δ 8 . 2 . 3 . 1 . 5  S h u to ff Val ve s  o n  C o n tai n e rs .    S h u to ff va l ve s  s h al l  b e
p r o vi d e d  o n  a l l  c o n tai n e r  c o n n e c ti o n s ,  e x c e p t fo r  p r e s s u r e
r e l i e f d e vi c e s .

Δ 8 . 2 . 3 . 1 . 5 . 1    S h u to ff va l ve s  fo r  c o n tai n e r s  wi th  m u l ti p l e  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 e r m i tte d  i n  a c c o r d a n c e  wi th  8 . 1 . 4 . 7 .

Δ 8 . 2 . 3 . 1 . 5 . 2    S h u to ff val ve s  s h al l  b e  ac c e s s i b l e  an d  l o c a te d  a s
c l o s e  a s  p r ac ti c al  to  th e  c o n tai n e r.

8 . 2 . 3 . 1 . 6  S h u to ff Val ve s  o n  P i p i n g.

Δ 8 . 2 . 3 . 1 . 6 . 1    S h u to ff val ve s  s h a l l  b e  i n s tal l e d  i n  p i p i n g  c o n tai n ‐
i n g  L H 2  wh e r e  n e e d e d  to  l i m i t th e  vo l u m e  o f l i q u i d  d i s c h ar g e d

i n  th e  e ve n t o f p i p i n g  o r  e q u i p m e n t fai l u r e .

Δ 8 . 2 . 3 . 1 . 6 . 2    P r e s s u r e  r e l i e f va l ve s  s h a l l  b e  i n s tal l e d  wh e r e  l i q u i d
o r  c o l d  ga s  c an  b e  tr ap p e d  b e twe e n  s h u to ff val ve s  i n  th e  p i p i n g

s ys te m .  ( See 8. 1 . 4. )

8 . 2 . 3 . 1 . 7  P h ys i c al  P ro te c ti o n  an d  S up p o r t.

Δ 8 . 2 . 3 . 1 . 7 . 1    Ab o ve g r o u n d  p i p i n g  s ys te m s  s h al l  b e  s u p p o r te d
a n d  p r o te c te d  fr o m  p h ys i c a l  d a m ag e .

Δ 8 . 2 . 3 . 1 . 7 . 2    P i p i n g p as s i n g  th r o u g h  wal l s  s h a l l  b e  p r o te c te d
fr o m  m e c h an i c al  d am ag e .

8 . 2 . 3 . 1 . 8  C o r ro s i o n  P ro te c ti o n .

Δ 8 . 2 . 3 . 1 . 8 . 1    Ab o ve g r o u n d  p i p i n g  th at i s  s u b j e c t to  c o r r o s i o n
s h a l l  b e  p r o te c te d  a ga i n s t c o r r o s i o n .

Δ 8 . 2 . 3 . 1 . 8 . 2    B e l o wgr o u n d  p i p i n g s h al l  b e  p r o te c te d  a ga i n s t
c o r r o s i o n .

Δ 8 . 2 . 3 . 1 . 9  C ath o d i c  P ro te c ti o n .    Wh e r e  r e q u i r e d ,  c a th o d i c
p r o te c ti o n  s h a l l  b e  i n  a c c o r d a n c e  wi th  8 . 2 . 3 . 1 . 9 .

Δ 8 . 2 . 3 . 1 . 9 . 1  O p e rati o n .    Wh e r e  i n s ta l l e d ,  c ath o d i c  p r o te c ti o n
s ys te m s  s h a l l  b e  o p e r a te d  a n d  m ai n ta i n e d  to  c o n ti n u o u s l y
p r o vi d e  c o r r o s i o n  p r o te c ti o n .

8 . 2 . 3 . 1 . 9 . 2  I n s p e c ti o n .

Δ ( A)    C o n ta i n e r  s ys te m s  e q u i p p e d  wi th  c a th o d i c  p r o te c ti o n  s h al l
b e  i n s p e c te d  fo r  th e  i n te n d e d  o p e r a ti o n  b y a c ath o d i c  p r o te c ‐

ti o n  te s te r.

Δ ( B )    T h e  e x a m i n ati o n s  s h a l l  b e  d o c u m e n te d .

Δ ( C )    A r e c o r d  o f th e  e x am i n a ti o n  h i s to r y s h al l  b e  m ai n ta i n e d
b y th e  o wn e r  an d  s h al l  b e  a va i l a b l e  to  th e  au th o r i ty h avi n g

j u r i s d i c ti o n  u p o n  r e q u e s t.

Δ ( D )    T h e  c ath o d i c  p r o te c ti o n  te s te r  s h al l  b e  certifed  as  b e i n g
qualifed  b y th e  N ati o n al  As s o c i a ti o n  o f C o r r o s i o n  E n gi n e e r s ,
I n te r n ati o n al  ( N AC E ) .

8 . 2 . 3 . 1 . 9 . 3  I m p re s s e d  C ur re n t S ys te m s .

Δ ( A)    S ys te m s  e q u i p p e d  wi th  i m p r e s s e d  c u r r e n t c ath o d i c  p r o te c ‐
ti o n  s ys te m s  s h al l  b e  i n s p e c 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  d e s i gn  a n d  8 . 2 . 3 . 1 . 9 . 2 .

Δ ( B )    T h e  d e s i g n  l i m i ts  s h al l  b e  a va i l a b l e  to  th e  AH J  u p o n
r e q u e s t.

Δ ( C )    T h e  s ys te m  o wn e r  s h al l  m ai n ta i n  th e  fo l l o wi n g  r e c o r d s  to
d e m o n s tr ate  th a t th e  c ath o d i c  p r o te c ti o n  i s  i n  c o n fo r m a n c e

wi th  th e  r e q u i r e m e n ts  o f th e  d e s i gn :

( 1 ) T h e  r e s u l ts  o f i n s p e c ti o n s  o f th e  s ys te m
( 2 ) T h e  r e s u l ts  o f te s ti n g  th a t h a s  b e e n  c o m p l e te d

8 . 2 . 3 . 1 . 9 . 4  C o r ro s i o n  E x p e r t.

Δ ( A)    Re p ai r s ,  m ai n te n a n c e ,  o r  r e p l ac e m e n t o f a c a th o d i c
p r o te c ti o n  s ys te m  s h al l  b e  u n d e r  th e  s u p e r vi s i o n  o f a c o r r o s i o n
e x p e r t certifed  b y N AC E .

Δ ( B )    T h e  c o r r o s i o n  e x p e r t s h a l l  b e  certifed  b y N AC E  as  a
s e n i o r  c o r r o s i o n  te c h n o l o gi s t,  a c a th o d i c  p r o te c ti o n  s p e c i al i s t,

o r  a  c o r r o s i o n  s p e c i al i s t o r  s h al l  b e  a r e gi s te r e d  e n gi n e e r  wi th
r e g i s tr ati o n  i n  a  feld  th at i n c l u d e s  e d u c a ti o n  an d  e x p e r i e n c e
i n  c o r r o s i o n  c o n tr o l .

8 . 2 . 3 . 1 . 1 0  Te s ti n g.

Δ 8 . 2 . 3 . 1 . 1 0 . 1    P i p i n g  s ys te m s  s h al l  b e  te s te d  an d  p r o ve d  fr e e  o f
l e aks  afte r  i n s tal l ati o n  a s  r e q u i r e d  b y th e  c o d e s  an d  s tan d ar d s

to  wh i c h  th e y ar e  d e s i gn e d  an d  c o n s tr u c te d .

Δ 8 . 2 . 3 . 1 . 1 0 . 2    Te s t p r e s s u r e s  s h a l l  n o t b e  l e s s  th an  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 wa b l e  wo r ki n g  p r e s s u r e  wh e n  h yd r a u l i c

te s ti n g i s  c o n d u c te d  o r  1 1 0  p e r c e n t wh e n  te s ti n g  i s  c o n d u c te d
p n e u m ati c a l l y.

8 . 2 . 3 . 2  I n d o o r U s e .

8 . 2 . 3 . 2 . 1  Fi l l i n g an d  D i s p e n s i n g.

Δ 8 . 2 . 3 . 2 . 1 . 1  G e n e ral .    A qualifed  p e r s o n  s h al l  b e  i n  a tte n d a n c e
a t al l  ti m e s  L H 2  i s  tr a n s fe r r e d  fr o m  m o b i l e  s u p p l y u n i ts  to  a

s to r ag e  s ys te m .

Δ 8 . 2 . 3 . 2 . 1 . 2  I n d o o r D i s p e n s i n g Are as .    D i s p e n s i n g i n d o o r s  s h a l l
b e  c o n d u c te d  i n  ar e a s  c o n s tr u c te d  i n  ac c o r d a n c e  wi th  th e
a d o p te d  b u i l d i n g c o d e .

8 . 2 . 3 . 2 . 1 . 3  Ve n ti l ati o n .    I n d o o r  a r e as  i n  wh i c h  L H 2  i s
d i s p e n s e d  s h al l  b e  ve n ti l a 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  o f S e c ti o n  6 . 1 8 .
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S h ad 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 ate r i a l . 2 0 2 3  E d i t i o n

8 . 2 . 3 . 3  O u td o o r U s e .  ( Re s e r ve d )

8 . 2 . 4  N o n - B u l k  L H 2  H an d l i n g.

Δ 8 . 2 . 4 . 1  N o n - B u l k  L H 2    H a n d l i n g  o f L H 2  c o n ta i n e r s  s h al l  b e  i n
a c c o r d an c e  wi th  8 . 2 . 4 .

8 . 2 . 4 . 2  C ar ts  an d  Tr uc k s .

Δ 8 . 2 . 4 . 2 . 1    L H 2  c o n ta i n e r s  s h a l l  b e  m o ve d  u s i n g  an  ap p r o ve d
m e th o d .

Δ 8 . 2 . 4 . 2 . 2    Wh e r e  L H 2  c o n tai n e r s  ar e  m o ve d  b y h a n d  c a r t,  h an d
tr u c k,  o r  o th e r  m o b i l e  d e vi c e ,  th at d e vi c e  s h al l  b e  d e s i gn e d  fo r
th e  s e c u r e  m o ve m e n t o f th e  c o n tai n e r.

Δ 8 . 2 . 4 . 3  D e s i gn .    C a r ts  a n d  tr u c ks  u s e d  to  tr an s p o r t L H 2

c o n tai n e r s  s h a l l  b e  d e s i g n e d  to  p r o vi d e  a s tab l e  b as e  fo r  th e
c o m m o d i ti e s  to  b e  tr a n s p o r te d  a n d  s h al l  h ave  a  m e a n s  o f

r e s tr ai n i n g  c o n tai n e r s  to  p r e ve n t ac c i d e n tal  d i s l o d ge m e n t.

8 . 2 . 4 . 4  C l o s e d  C o n tai n e rs .

Δ 8 . 2 . 4 . 4 . 1    P r e s s u r i z e d  c o n ta i n e r s  s h al l  b e  c l o s e d  wh i l e  b e i n g
tr an s p o r te d .

Δ 8 . 2 . 4 . 4 . 2    C o n tai n e r s  d e s i g n e d  fo r  u s e  at atm o s p h e r i c  c o n d i ‐
ti o n s  s h a l l  b e  tr an s p o r te d  wi th  ap p r o p r i a te  loose-ftting  c o ve r s
i n  p l a c e  to  p r e ve n t s p i l l a ge .

8 . 3  B u l k  L H 2  S ys te m s .

8 . 3 . 1  B u l k  L H 2  S ys te m s  — G e n e ral .    T h e  s to r a ge ,  u s e ,  an d
h an d l i n g  o f L H 2  i n  L H 2  s to r a ge  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  th e  p r o vi s i o n s  o f C h a p te r s  1  th r o u gh  6  a n d  C h ap te r  8 ,  a s
ap p l i c a b l e .

8 . 3 . 1 . 1    S e c ti o n  8 . 3  s h al l  n o t ap p l y to  i n d i vi d u a l  s ys te m s  u s i n g
c o n tai n e r s  h avi n g  a  to ta l  h yd r o g e n  c o n te n t o f l e s s  th a n  3 9 . 7  g al
( 1 5 0  L ) .

8 . 3 . 1 . 2  D e s i gn  o f L H 2  S ys te m s .

8 . 3 . 1 . 2 . 1  Fi re  P ro te c ti o n  o f S tr u c tural  S u p p o r ts .

Δ 8 . 3 . 1 . 2 . 1 . 1 *    S te e l  s u p p o r ts  i n  e x c e s s  o f 1 8  i n .  ( 4 5 7  m m )  i n
h e i g h t s h al l  h a ve  a m i n i m u m  2 - h o u r  fre  r e s i s tan c e  r ati n g  i n

a c c o r d an c e  wi th  AS T M  E 1 5 2 9 ,  Determining the Effects of Large
Hydrocarbon Pool Fires on Structural Members and Assemblies.

Δ 8 . 3 . 1 . 2 . 2  P re s s u re  Re l i e f D e vi c e s .    S tati o n ar y an d  p o r tab l e
c o n tai n e r s  a n d  ta n ks  s h al l  b e  p r o vi d e d  wi th  p r e s s u r e  r e l i e f d e vi ‐
c e s  i n  a c 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 8 . 1 . 4  an d

8 . 3 . 1 . 2 . 2 . 1  th r o u gh  8 . 3 . 1 . 2 . 2 . 3 .

Δ 8 . 3 . 1 . 2 . 2 . 1    P r e s s u r e  r e l i e f val ve s  o r  ve n t p i p i n g s h a l l  b e
d e s i g n e d  o r  l o c ate d  s o  th at m o i s tu r e  c a n n o t c o l l e c t an d  fr e e z e

i n  a  m a n n e r  th at wo u l d  i n te r fe r e  wi th  th e  o p e r a ti o n  o f th e
d e vi c e .

Δ 8 . 3 . 1 . 2 . 2 . 2    P r e s s u r e  re l i e f d e vi c e s  s e r vi n g  s tati o n a r y c o n tai n e r s
s h a l l  b e  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 8 . 1 . 4 . 6 . 1  an d

a r r an g e d  to  d i s c h ar g e  u n o b s tr u c te d  to  th e  o u td o o r s .

Δ 8 . 3 . 1 . 2 . 2 . 3    H yd r o ge n  ve n ti n g  s ys te m s  d i s c h ar g i n g  to  th e
a tm o s p h e r e  s h a l l  b e  i n  ac c o r d a n c e  wi th  C G A G-5 . 5 ,  Hydrogen

Vent Systems.

Δ 8 . 3 . 1 . 2 . 2 . 4    S ta ti o n a r y c o n tai n e r s  s h al l  b e  p r o vi d e d  wi th  a s i g n ,
p l a c e d  i n  p r o x i m i ty to  th e  p r i m a r y tan k p r e s s u r e  r e l i e f va l ve
ve n t s ta c k,  th at war n s  aga i n s t s p r ayi n g  wa te r  o n  o r  i n to  th e  ve n t

o p e n i n g .

8 . 3 . 1 . 2 . 3 *  P i p i n g,  Tu b i n g,  an d  Fi tti n gs .

Δ 8 . 3 . 1 . 2 . 3 . 1    P i p i n g a n d  tu b i n g  s h a l l  b e  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 AS M E  B 3 1 ,  Pressure Piping.

Δ 8 . 3 . 1 . 2 . 3 . 2 *    P i p i n g  o r  tu b i n g  u s e d  at o p e r a ti n g te m p e r a tu r e s
b e l o w − 2 0 ° F  ( − 2 9 ° C )  s h a l l  b e  fab r i c ate d  fr o m  m ate r i a l s  m e e t‐

i n g  th e  i m p a c t te s t r e q u i r e m e n ts  o f AS M E  B 3 1 ,  Pressure Piping .

Δ 8 . 3 . 1 . 2 . 3 . 3    P i p i n g an d  tu b i n g m ate r i al s  th at h ave  a  m i n i m u m
d e s i g n  m e tal  te m p e r atu r e  ( M D M T )  o f − 4 2 5 ° F  ( 2 5 4 ° C )  o r
l o we r,  as  defned  an d  specifed  i n  AS M E  B 3 1 ,  Pressure Piping,

s h a l l  b e  p e r m i tte d  to  b e  u s e d  wi th o u t i m p a c t te s ti n g .

Δ 8 . 3 . 1 . 2 . 3 . 4    P i p i n g an d  tu b i n g m ate r i a l s  th a t h ave  an  M D M T
g r e ate r  th a n  − 4 2 5 ° F  ( − 2 5 4 ° C )  s h al l  b e  p e r m i tte d  to  b e  u s e d

afte r  i m p a c t te s ti n g  h as  b e e n  p e r fo r m e d  a n d  th e  m ate r i a l s  h ave
p as s e d .

Δ 8 . 3 . 1 . 2 . 3 . 5    J o i n ts  i n  p i p i n g  an d  tu b i n g  s h a l l  b e  i n  a c 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 AS M E  B 3 1 ,  Pressure Piping.

Δ 8 . 3 . 1 . 2 . 3 . 6    B r a z i n g m a te r i al s ,  wh e r e  u s e d ,  s h a l l  h a ve  a  m e l ti n g
p o i n t ab o ve  1 0 0 0 ° F  ( 5 3 8 ° C ) .

Δ 8 . 3 . 1 . 2 . 3 . 7    Al u m i n u m  p i p i n g  s ys te m s  an d  c o m p o n e n ts  e x te r ‐
n al  to  th e  s to r ag e  ve s s e l  s h al l  n o t b e  u s e d  wi th  L H 2 ,  e x c e p t fo r
a m b i e n t a i r  va p o r i z e r s .

Δ 8 . 3 . 1 . 2 . 3 . 8 *    M e a n s  s h al l  b e  p r o vi d e d  to  m i n i m i z e  e x p o s u r e  o f
p e r s o n s  to  p i p i n g o p e r a ti n g at l o w te m p e r atu r e s  a n d  to  p r e ve n t

ai r  c o n d e n s ate  fr o m  c o n tac ti n g  p i p i n g ,  s tr u c tu r al  m e m b e r s ,
an d  s u r fa c e s  n o t d e s i g n e d  fo r  L H 2  te m p e r atu r e s .

Δ ( A)    I n s u l ati o n  o n  p i p i n g s ys te m s  u s e d  to  c o n ve y L H 2  s h al l  b e
o f n o n c o m b u s ti b l e  m a te r i al  an d  s h a l l  b e  d e s i g n e d  to  h ave  a

va p o r ti gh t s e al  i n  th e  o u te r  c o ve r i n g to  p r e ve n t th e  c o n d e n s a‐
ti o n  o f ai r  a n d  s u b s e q u e n t o x yge n  e n r i c h m e n t wi th i n  th e  i n s u ‐
l ati o n .

Δ ( B )    T h e  i n s u l ati o n  m a te r i al  a n d  o u ts i d e  s h i e l d  s h al l  b e
d e s i g n e d  to  p r e ve n t d e te r i o r ati o n  o f th e  i n s u l ati o n  d u e  to

n o r m a l  o p e r ati n g  c o n d i ti o n s .

Δ 8 . 3 . 1 . 2 . 3 . 9    U n i n s u l a te d  p i p i n g  an d  e q u i p m e n t th at o p e r ate s
at L H 2  te m p e r a tu r e s  s h al l  n o t b e  i n s tal l e d  ab o ve  a s p h al t o r

o th e r  c o m b u s ti b l e  m ate r i al s  o r  s u r fac e s  i n  o r d e r  to  p r e ve n t th e
c o n tac t o f l i q u i d  ai r  wi th  s u c h  m a te r i al s .

Δ 8 . 3 . 1 . 2 . 3 . 1 0    D r i p  p an s  s h a l l  b e  a l l o we d  to  b e  i n s tal l e d  u n d e r
u n i n s u l ate d  p i p i n g a n d  e q u i p m e n t to  r e tai n  an d  vap o r i z e

c o n d e n s e d  l i q u i d  a i r.

8 . 3 . 1 . 2 . 3 . 1 1    C l e a n i n g  a n d  p u r g i n g  o f p i p i n g  s ys te m 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  6 . 2 2 .

8 . 3 . 1 . 2 . 4  E q ui p m e n t As s e m b l y.

Δ 8 . 3 . 1 . 2 . 4 . 1    I n s ta l l a ti o n  o f b u l k L H 2  s ys te m s  s h a l l  b e  s u p e r vi s e d
b y p e r s o n n e l  kn o wl e d ge a b l e  ab o u t th e  a p p l i c a b l e  c o d e s  an d

th e  c o n s tr u c ti o n  an d  u s e  o f th e  s ys te m  to  b e  i n s tal l e d .

Δ 8 . 3 . 1 . 2 . 4 . 2    S to r ag e  c o n ta i n e r s ,  p i p i n g,  val ve s ,  r e g u l a ti n g
e q u i p m e n t,  a n d  o th e r  a c c e s s o r i e s  s h al l  b e  ac c e s s i b l e  a n d  s h a l l
b e  p r o te c te d  ag ai n s t p h ys i c al  d am age  an d  tam p e r i n g.

Δ ( A)    E m e r g e n c y s h u to ff val ve s  s h a l l  b e  l o c a te d  i n  l i q u i d  an d
va p o r  u s e  l i n e s  as  c l o s e  to  th e  c o n tai n e r  a s  p r ac ti c al  to  te r m i ‐

n a te  a l l  fow to  u s e  l i n e s  d u r i n g  an  e m e r ge n c y.
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2 0 2 3  E d i t i o n S h a d e d  te x t =  Re vi s i o n s .  Δ  =  Te x t d e l e ti o n s  a n d  fgure/table  r e vi s i o n s .  •  =  S e c ti o n  d e l e ti o n s .  N  =  N e w m a te r i a l .

Δ ( B )    C o n tai n e r s  e x c e e d i n g 2 0 0 0  g al  ( 7 5 7 0  L )  c ap ac i ty s h a l l  b e
p r o vi d e d  wi th  a n  au to m ati c  e m e r g e n c y s h u to ff va l ve .

( 1 ) T h e  r e m o te l y o p e r ate d  e m e r g e n c y i s o l a ti o n  va l ve  s h a l l  b e
o p e r ate d  b y a  r e m o te l y l o c ate d ,  m an u al l y a c ti va te d  s h u t‐
d o wn  c o n tr o l .

( 2 ) T h e  s h u to ff va l ve  s h a l l  b e  c o n n e c te d  to  th e  p r i m ar y
c o n tai n e r  b y m e a n s  o f we l d e d  c o n n e c ti o n s  wi th o u t th e
u s e  o f fanges  o r  o th e r  ap p u r te n an c e s ,  e x c e p t th a t a

m a n u a l  s h u to ff va l ve  e q u i p p e d  wi th  we l d e d  c o n n e c ti o n s
i s  al l o we d  to  b e  i n s tal l e d  i m m e d i ate l y u p s tr e am  o f th e

a u to m a ti c  s h u to ff va l ve  to  al l o w fo r  m a i n te n an c e  o f th e
a u to m a ti c  val ve .

( 3 ) C o n n e c ti o n s  d o wn s tr e a m  o f th e  s h u to ff va l ve  s h al l  b e  i n
ac c o r d an c e  wi th  AS M E  B 3 1 ,  Pressure Piping.

Δ 8 . 3 . 1 . 2 . 4 . 3    C ab i n e ts  o r  e n c l o s u r e s  c o n ta i n i n g  h yd r o g e n
c o n tr o l  e q u i p m e n t s h a l l  b e  ve n ti l a te d  to  p r e ve n t a n y ac c u m u l a‐

ti o n  o f h yd r o g e n  g as .

8 . 3 . 1 . 2 . 5  L H 2  Vap o ri z e rs .

Δ 8 . 3 . 1 . 2 . 5 . 1 *    H e a t s u p p l i e d  to  a L H 2  vap o r i z e r  s h al l  b e  b y i n d i ‐
r e c t m e a n s  u ti l i z i n g a tr an s fe r  m e d i u m .

Δ 8 . 3 . 1 . 2 . 5 . 2 *    A l o w-te m p e r atu r e  s h u to ff s wi tc h  o r  va l ve  s h al l  b e
p r o vi d e d  i n  th e  va p o r i z e r  d i s c h ar g e  p i p i n g  to  p r e ve n t fow o f
L H 2  d o wn s tr e am  o f th e  vap o r i z e r  i n  th e  e ve n t th at l i q u i d  i s
d i s c h ar g e d  fr o m  th e  vap o r i z e r.

Δ 8 . 3 . 1 . 2 . 6  E l e c tri c al  S ys te m s .    E l e c tr i c al  wi r i n g  an d  e q u i p m e n t
s h a l l  b e  i n  ac c o r d a n c e  wi th  Ar ti c l e  5 0 0  o f NFPA 70.

Δ 8 . 3 . 1 . 2 . 6 . 1    Specifc  l o c a ti o n s  fo r  th e  C l a s s  1 ,  D i vi s i o n  1 ,  Gr o u p
B  ( h yd r o ge n )  an d  C l a s s  1 ,  D i vi s i o n  1 ,  G r o u p  B  ( h yd r o ge n )

ar e as  s h al l  b e  classifed  i n  a c c o r d an c e  wi th  Ta b l e  8 . 3 . 1 . 2 . 6 . 1 .

Δ 8 . 3 . 1 . 2 . 6 . 2    Wh e r e  e q u i p m e n t ap p r o ve d  fo r  C l a s s  I ,  Gr o u p  B
atm o s p h e r e s  i s  n o t c o m m e r c i a l l y a va i l a b l e ,  th e  e q u i p m e n t u s e d
s h a l l  m e e t at l e as t o n e  o f th e  fo l l o wi n g :

( 1 ) P u r g e d  o r  ve n ti l ate d  i n  a c c o r d a n c e  wi th  N F PA 4 9 6
( 2 ) I n tr i n s i c a l l y s afe

Δ 8 . 3 . 1 . 2 . 6 . 3    E l e c tr i c al  e q u i p m e n t i n s ta l l e d  o n  m o b i l e  s u p p l y
tr u c ks  o r  ta n k c ar s  fr o m  wh i c h  th e  s to r a ge  c o n ta i n e r  i s  flled
s h a l l  n o t b e  s u b j e c t to  8 . 3 . 1 . 2 . 6 . 2 .

Δ 8 . 3 . 1 . 2 . 7  B o n d i n g an d  G ro un d i n g.    T h e  L H 2  s ys te m  s h al l  b e
e l e c tr i c a l l y b o n d e d  a n d  gr o u n d e d .

8 . 3 . 1 . 2 . 8  S tati o n ar y P u m p s  an d  C o m p re s s o rs .

8 . 3 . 1 . 2 . 8 . 1  Val ve  I s o l ati o n .

Δ ( A)    Val ve s  s h al l  b e  i n s tal l e d  s u c h  th a t e a c h  p u m p  o r  c o m p r e s ‐
s o r  c an  b e  i s o l ate d  fo r  m ai n te n a n c e .

Δ ( B )    Wh e r e  p u m p s  o r  c o m p r e s s o r s  a r e  i n s ta l l e d  fo r  o p e r a ti o n
i n  p a r al l e l ,  e a c h  d i s c h a r ge  l i n e  s h al l  b e  e q u i p p e d  wi th  a c h e c k

va l ve  to  p r e ve n t th e  backfow o f l i q u i d  fr o m  o n e  s ys te m  to  th e
o th e r.

8 . 3 . 1 . 2 . 8 . 2  Fo u n d ati o n  D e s i gn  an d  C o n s tr u c ti o n .

Δ ( A)    F o u n d a ti o n s  u s e d  fo r  s u p p o r ti n g p u m p s  an d  e q u i p m e n t
s h a l l  b e  d e s i gn e d  a n d  c o n s tr u c te d  to  p r e ve n t fr o s t h e a vi n g.

Δ ( B )    T h e  s tr u c tu r al  as p e c ts  o f s u c h  fo u n d a ti o n s  s h a l l  b e
d e s i g n e d  a n d  c o n s tr u c te 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

th e  ad o p te d  b u i l d i n g  c o d e .

Δ 8 . 3 . 1 . 2 . 8 . 3  E m e rge n c y S h u td o wn  S ys te m  O p e rati o n .    Wh e n  a n
e m e r g e n c y s h u td o wn  ( E S D )  i s  r e q u i r e d ,  a c ti vati o n  o f th e  E S D

s ys te m  s h a l l  s h u t d o wn  o p e r ati o n  o f a l l  p u m p s  a n d  c o m p r e s ‐
s o r s .

8 . 3 . 1 . 2 . 8 . 4  P u m p  an d  C o m p re s s o r Ve n ti n g.

Δ ( A)    E a c h  p u m p  o r  c o m p r e s s o r  s h al l  b e  p r o vi d e d  wi th  a  ve n t o r
r e l i e f d e vi c e  th at wi l l  p r e ve n t o ve r p r e s s u r i z i n g  o f th e  p u m p

u n d e r  n o r m al  o r  u p s e t c o n d i ti o n s .

Δ ( B )    P r e s s u r e  r e l i e f d e vi c e s  u s e d  to  s e r ve  p u m p s  o r  c o m p r e s ‐
s i o n  e q u i p m e n t s h a l l  b e  c o n n e c te d  to  a ve n t p i p e  s ys te m  i n

ac c o r d an c e  wi th  8 . 3 . 1 . 2 . 2 . 3 .

Δ 8 . 3 . 1 . 2 . 8 . 5 *  P re s s u re  M o n i to ri n g.    T h e  p r e s s u r e  o n  th e  p u m p
o r  c o m p r e s s o r  d i s c h ar g e  s h al l  b e  m o n i to r e d  b y a  c o n tr o l
s ys te m .

Δ ( A)    D i s c h ar g e  p r e s s u r e s  i n  e x c e s s  o f th e  e q u i p m e n t d e s i g n
p r e s s u r e s  s h a l l  c a u s e  th e  p u m p  o r  c o m p r e s s o r  to  s h u t d o wn .

Δ 8 . 3 . 1 . 2 . 8 . 6  P ro te c ti o n  o f Tran s fe r P i p i n g,  P u m p s ,  an d
C o m p re s s o rs .    Tr an s fe r  p i p i n g ,  p u m p s ,  a n d  c o m p r e s s o r s  s h a l l
b e  p r o te c te d  fr o m  ve h i c u l ar  d am ag e .

Δ 8 . 3 . 1 . 2 . 9  E m e rge n c y S h utd o wn  S ys te m .

8 . 3 . 1 . 2 . 9 . 1    E m e r ge n c y i s o l ati o n  s h al l  c o m p l y wi th  7 . 1 . 2 5 . 1 ,
8 . 3 . 1 . 2 . 4 . 2 ,  an d  8 . 3 . 1 . 2 . 9 .

Δ 8 . 3 . 1 . 2 . 9 . 2    An  e m e r g e n c y s h u td o wn  ( E S D )  s ys te m  s h a l l  b e
p r o vi d e d  at th e  b u l k s o u r c e  to  s to p  th e  fow o f l i q u i d  an d  ga s

i n to  th e  u s e  l i n e  wh e n  a c tu a te d .

Δ Tab l e  8 . 3 . 1 . 2 . 6 . 1  E l e c tri c al  Are a Classifcation

L o c ati o n D i vi s i o n E x te n t o f Classifed  Are a

T h e  b u l k liquefed  h yd r o g e n  s ys te m  fll  
c o n n e c ti o n ,  p r e s s u r e  r e l i e f ve n t o u tl e ts ,  o r  
o th e r  p o i n ts  o n  th e  s ys te m  wh e r e  
h yd r o g e n  i s  ve n te d  to  th e  a tm o s p h e r e  
u n d e r  th e  d e s i g n e d  o p e r a ti n g  c o n d i ti o n s

1 Wi th i n  3  ft ( 1  m )  m e as u r e d  s p h e r i c a l l y 
fr o m  s ys te m  fll  c o n n e c ti o n ,  s ys te m  
p r e s s u r e  r e l i e f ve n t o u tl e ts ,  o th e r  
p o i n ts  o f r e l e a s e  wh e n  th e  s ys te m  i s  
o p e r ati n g  a s  d e s i g n e d

2 B e twe e n  3  ft ( 1  m )  a n d  2 5  ft ( 7 . 6  m )  
m e a s u r e d  s p h e r i c a l l y fr o m  th e  s ys te m  
fll  c o n n e c ti o n ,  a n y ve n t o u tl e t,  a n d  
wi th i n  2 5  ft ( 7 . 6  m )  o f a n y p o r ti o n  o f 
th e  b u l k s u p p l y s ys te m  th at c o n tai n s  
liquefed  h yd r o g e n
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S h ad 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 ate r i a l . 2 0 2 3  E d i t i o n

Δ 8 . 3 . 1 . 2 . 9 . 3    T h e  E S D  s ys te m  s h a l l  b e  o p e r a te d  b y a r e m o te l y
l o c a te d ,  m a n u al l y a c ti va te d  s h u td o wn  c o n tr o l  l o c a te d  n o t l e s s

th an  1 5  ft ( 4 . 5  m )  fr o m  th e  s o u r c e  o f s u p p l y.

Δ 8 . 3 . 1 . 2 . 9 . 4    Re ac ti vati o n  o f th e  E S D  s ys te m  afte r  E S D  s h a l l
r e q u i r e  th a t th e  E S D  s ys te m  b e  m an u a l l y r e s e t.

Δ 8 . 3 . 1 . 2 . 9 . 5    T h e  E S D  s ys te m  s h al l  b e  identifed  b y m e a n s  o f a
s i gn .

Δ 8 . 3 . 1 . 3  P o i n t- o f- Fi l l  C o n n e c ti o n s .    Point-of-fll  c o n n e c ti o n s
s e r vi n g s ta ti o n a r y c o n tai n e r s  flled  b y m o b i l e  tr an s p o r t e q u i p ‐

m e n t s h a l l  n o t b e  p o s i ti o n e d  c l o s e r  to  e x p o s u r e s  th an  th e  m i n i ‐
m u m  d i s tan c e s  i n  Ta b l e  8 . 3 . 2 . 3 . 1 . 6 ( a ) .

8 . 3 . 2  B u l k  L H 2  S ys te m s  S to rage .

8 . 3 . 2 . 1  G e n e ral .

Δ 8 . 3 . 2 . 1 . 1    S ta ti o n ar y s to r ag e  c o n tai n e r s  s h al l  b e  l o c ate d  s o  th at
th e y ar e  ac c e s s i b l e  fr o m  m o b i l e  s u p p l y e q u i p m e n t.

Δ 8 . 3 . 2 . 1 . 2 *    D i ki n g  s h al l  n o t b e  u s e d  to  c o n ta i n  a L H 2  s p i l l .

Δ 8 . 3 . 2 . 1 . 3    L H 2  d i ki n g o r  b e r m s  s h a l l  b e  p e r m i tte d  to  d i r e c t th e
s p i l l  awa y fr o m  e x p o s u r e s .

Δ 8 . 3 . 2 . 1 . 4    S to rag e  s i te s  s h al l  b e  p l a c ar d e d  as  fo l l o ws :
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Δ 8 . 3 . 2 . 1 . 5  Ab o ve gro u n d  Tan ks .    Ab o ve gr o u n d  tan ks  fo r  th e
s to r ag e  o f L H 2  s h al l  b e  i n  a c c o r d an c e  wi th  8 . 3 . 2 . 1 . 5 .

Δ 8 . 3 . 2 . 1 . 5 . 1  C o n s tr u c ti o n  o f th e  I n n e r Ve s s e l .    T h e  i n n e r  ve s s e l
o f s to r a ge  tan ks  i n  L H 2  s e r vi c e  s h a l l  b e  d e s i g n e d  a n d  c o n s tr u c ‐

te d  i n  ac c o r d a n c e  wi th  th e  AS M E  Boiler and Pressure Vessel Code
an d  s h al l  b e  va c u u m  j ac ke te d  i n  a c c o r d an c e  wi th  8 . 3 . 2 . 1 . 5 . 2 .

8 . 3 . 2 . 1 . 5 . 2  C o n s tr u c ti o n  o f th e  Vac u u m  J ac k e t ( O u te r Ve s s e l ) .

Δ ( A)    T h e  vac u u m  j ac ke t u s e d  as  an  o u te r  ve s s e l  fo r  s to r ag e
ta n ks  i n  L H 2  s e r vi c e  s h a l l  b e  d e s i g n e d  to  wi th s tan d  th e  m ax i ‐

m u m  i n te r n al  an d  e x te r n a l  p r e s s u r e  to  wh i c h  i t wi l l  b e  s u b j e c ‐
te d  u n d e r  o p e r ati n g  c o n d i ti o n s ,  i n c l u d i n g e m e r ge n c y p r e s s u r e
r e l i e f o f th e  an n u l ar  s p a c e  b e twe e n  th e  i n n e r  ve s s e l  an d  th e

o u te r  ve s s e l .

Δ ( B )    T h e  j a c ke t s h a l l  b e  d e s i g n e d  to  wi th s ta n d  a m i n i m u m
c o l l ap s i n g p r e s s u r e  d i ffe r e n ti a l  o f 3 0  p s i  ( 2 0 7  kP a ) .

Δ ( C )  Vac u u m  Le ve l  M o n i to ri n g.

( 1 ) A c o n n e c ti o n  s h a l l  b e  p r o vi d e d  o n  th e  e x te r i o r  o f th e
va c u u m  j ac ke t to  al l o w m e as u r e m e n t o f th e  p r e s s u r e
wi th i n  th e  a n n u l ar  s p ac e  b e twe e n  th e  i n n e r  ve s s e l  a n d  th e
o u te r  ve s s e l .

( 2 ) T h e  c o n n e c ti o n  s h al l  b e  ftted  wi th  a  b e l l o ws - s e a l e d  o r
d i a p h r agm -typ e  va l ve  e q u i p p e d  wi th  a  va c u u m  g au g e  tu b e

th at i s  s h i e l d e d  to  p r o te c t a ga i n s t d am ag e  fr o m  i m p a c t.

8 . 3 . 2 . 1 . 5 . 3  N o n s tan d ard  C o n tai n e rs .

Δ ( A)    C o n ta i n e r s ,  e q u i p m e n t,  a n d  d e vi c e s  th a t ar e  n o t i n
c o m p l i an c e  wi th  r e c o g n i z e d  s tan d ar d s  fo r  d e s i g n  a n d  c o n s tr u c ‐

ti o n  s h a l l  b e  p e r m i tte d  i f 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  u p o n  p r e s e n tati o n  o f e vi d e n c e  th a t th e y a r e
d e s i g n e d  an d  c o n s tr u c te d  fo r  s a fe  o p e r a ti o n .

Δ ( B )    T h e  fo l l o wi n g d ata s h a l 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  wi th  r e fe r e n c e  to  th e  d e vi ati o n  fr o m  th e

s tan d ar d  wi th  th e  ap p l i c ati o n  fo r  ap p r o va l :

( 1 ) Typ e  an d  u s e  o f c o n tai n e r,  e q u i p m e n t,  o r  d e vi c e
( 2 ) M ate r i a l  to  b e  s to r e d ,  u s e d ,  o r  tr a n s p o r te d
( 3 ) D e s c r i p ti o n  s h o wi n g d i m e n s i o n s  an d  m ate r i al s  u s e d  i n

c o n s tr u c ti o n
( 4 ) D e s i gn  p r e s s u r e ,  m ax i m u m  o p e r a ti n g p r e s s u r e ,  an d  te s t

p r e s s u r e
( 5 ) Typ e ,  s i z e ,  an d  s e tti n g o f p r e s s u r e  r e l i e f d e vi c e s

Δ 8 . 3 . 2 . 1 . 5 . 4  Fo un d ati o n s  an d  S u p p o r ts .    S tati o n ar y ta n ks  s h a l l
b e  p r o vi d e d  wi th  c o n c r e te  o r m as o n r y fo u n d ati o n s  o r  s tr u c ‐

tu r a l  s te e l  s u p p o r ts  o n  frm  c o n c r e te  o r  m a s o n r y fo u n d ati o n s ,
an d  th e  r e q u i r e m e n ts  o f 8 . 3 . 2 . 1 . 5 . 4 ( A)  th r o u gh  8 . 3 . 2 . 1 . 5 . 4 ( E )
al s o  s h a l l  a p p l y.

Δ ( A)  E x c e s s i ve  L o ad s .    S ta ti o n ar y tan ks  s h al l  b e  s u p p o r te d  to
p r e ve n t th e  c o n c e n tr a ti o n  o f e x c e s s i ve  l o ad s  o n  th e  s u p p o r ti n g

p o r ti o n  o f th e  s h e l l .

Δ ( B )  E x p an s i o n  an d  C o n trac ti o n .    F o u n d ati o n s  fo r  h o r i z o n tal
c o n tai n e r s  s h al l  b e  c o n s tr u c te d  to  ac c o m m o d a te  e x p an s i o n

an d  c o n tr a c ti o n  o f th e  c o n tai n e r.

Δ ( C ) *  S u p p o r t o f An c i l l i ar y E q u i p m e n t.

( 1 ) F o u n d a ti o n s  s h a l l  b e  p r o vi d e d  to  s u p p o r t th e  we i gh t o f
vap o r i z e r s  o r  h e at e x c h an g e r s .

( 2 ) F o u n d a ti o n s  s h al l  b e  d e s i gn e d  to  wi th s tan d  s o i l  an d  fr o s t
c o n d i ti o n s  as  we l l  a s  th e  a n ti c i p a te d  s e i s m i c ,  s n o w,  wi n d ,

an d  h yd r o s ta ti c  l o ad i n g u n d e r  o p e r ati n g  c o n d i ti o n s .

Δ ( D )  Te m p e ratu re  E ffe c ts .    Wh e r e  d r ai n a ge  s ys te m s ,  te r r a i n ,  o r
s u r fac e s  b e n e a th  s ta ti o n ar y tan ks  a r e  a r r an g e d  i n  a  m a n n e r

th at c an  s u b j e c t s tati o n a r y tan k fo u n d ati o n s  o r  s u p p o r ts  to
te m p e r a tu r e s  b e l o w –1 3 0 ° F  ( –9 0 ° C ) ,  th e  fo u n d a ti o n s  o r
s u p p o r ts  s h al l  b e  c o n s tr u c te d  o f m ate r i al s  th at ar e  c a p a b l e  o f

wi th s tan d i n g  th e  l o w- te m p e r a tu r e  e ffe c ts  o f L H 2  s p i l l ag e .

Δ ( E )  C o r ro s i o n  P ro te c ti o n .    P o r ti o n s  o f s ta ti o n ar y tan ks  i n
c o n tac t wi th  fo u n d ati o n s  o r  s ad d l e s  s h a l l  b e  p a i n te d  to  p r o te c t

a ga i n s t c o r r o s i o n .

8 . 3 . 2 . 1 . 6  U n d e rgro u n d  Tan k s .    U n d e r g r o u n d  ta n ks  s h a l l  n o t
b e  l o c ate d  u n d e r  b u i l d i n gs .  (See 8. 3. 2. 3. 1 . 7. )

8 . 3 . 2 . 2  I n d o o r S to rage .

8 . 3 . 2 . 2 . 1  I n s tal l ati o n .    S tati o n ar y c o n tai n e r s  s to r e d  i n d o o r 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  S e c ti o n s  8 . 1  an d  8 . 3 .

Δ 8 . 3 . 2 . 2 . 1 . 1  S tati o n ar y C o n tai n e rs .    S tati o n ar y c o n ta i n e r s  s h a l l
b e  i n  a c c o r d a n c e  wi th  8 . 1 . 2 .

Δ 8 . 3 . 2 . 2 . 1 . 2  L H 2  Fl u i d s .    L H 2  i n  s ta ti o n a r y o r  p o r tab l e  c o n tai n ‐
e r s  s to r e d  i n d o o r s  s h al l  b e  s to r e d  i n  b u i l d i n gs ,  r o o m s ,  o r  ar e a s
c o n s tr u c te d  i n  ac c o r d an c e  wi th  th e  a d o p te d  b u i l d i n g c o d e .

Δ 8 . 3 . 2 . 2 . 1 . 3  Ve n ti l ati o n .    Ve n ti l a ti o n  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  6 . 1 8 .

Δ 8 . 3 . 2 . 2 . 1 . 4  Specifc  L o c ati o ns .    T h e  l o c ati o n  o f b u l k L H 2  s to r ‐
a ge  s ys te m s ,  as  d e te r m i n e d  b y th e  m a x i m u m  to ta l  q u an ti ty o f

L H 2 ,  s h a l l  b e  i n  a c c o r d a n c e  wi th  Tab l e  8 . 3 . 2 . 2 . 1 . 4 .
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8 . 3 . 2 . 2 . 2  D e tac h e d  B u i l d i n gs .

8 . 3 . 2 . 2 . 2 . 1  E x p l o s i o n  C o n tro l .

Δ ( A)    D e ta c h e d  b u i l d i n g s  c o n ta i n i n g m o r e  th an  3 0 0  g al
( 1 1 3 6  L )  o f L H 2  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  o r
l i m i te d - c o m b u s ti b l e  m ate r i a l s  i n  a c c o r d an c e  wi th  th e  r e q u i r e ‐

m e n ts  o f th e  a d o p te d  b u i l d i n g c o d e .

Δ ( B )    E x p l o s i o n  c o n tr o l  s h al l  b e  p r o vi d e d  i n  a c c o r d an c e  wi th
th e  r e q u i r e m e n ts  o f S e c ti o n  6 . 1 0 .

Δ 8 . 3 . 2 . 2 . 2 . 2  Ve n ti l ati o n .    Ve n ti l a ti o n  s h a l l  b e  p r o vi d 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 S e c ti o n  6 . 1 8  an d

8 . 3 . 2 . 2 . 2 . 2 ( A)  th r o u gh  8 . 3 . 2 . 2 . 2 . 2 ( D ) .

Δ ( A)    I n l e t o p e n i n g s  s h al l  b e  l o c ate d  wi th i n  1 8  i n .  ( 0 . 4 6  m )  o f
th e  foor  i n  e x te r i o r  wa l l s  o n l y.

Δ ( B )    O u tl e t o p e n i n g s  s h al l  b e  l o c ate d  a t th e  h i g h  p o i n t o f th e
r o o m  i n  e x te r i o r  wa l l s  o r  th e  r o o f.

Δ ( C )    B o th  th e  i n l e t a n d  o u tl e t ve n t o p e n i n g s  s h al l  h ave  a  m i n i ‐
m u m  to tal  a r e a o f 1  ft2 / 1 0 0 0  s c f ( 1  m 2 / 3 0 0  N m 3 )  o f r o o m
vo l u m e .

Δ ( D )    D i s c h ar g e  fr o m  o u tl e t o p e n i n g s  s h al l  b e  d i r e c te d  o r
c o n d u c te d  to  a l o c a ti o n  th at al l o ws  fo r  d i s s i p a ti o n  o f th e

e x h a u s t a i r  i n  th e  am b i e n t s u r r o u n d i n g s  a way fr o m  ai r  i n take s
a n d  o c c u p i e d  s p ac e s .

Δ 8 . 3 . 2 . 2 . 2 . 3 *  I gn i ti o n  S o u rc e s .    T h e r e  s h a l l  b e  n o  s o u r c e s  o f
i gn i ti o n  wi th i n  th e  r o o m  o r  ar e a  wh e r e  th e  h yd r o g e n  s ys te m  i s
i n s ta l l e d .

8 . 3 . 2 . 2 . 2 . 4  H e ati n g.

Δ ( A)    H e ati n g ,  i f p r o vi d e d ,  s h al l  b e  b y i n d i r e c t m e an s  s u c h  a s
s te am  o r  h o t wate r.

Δ ( B )    E l e c tr i c al  h e ati n g  i n  ac c o r d an c e  wi th  8 . 1 . 9  s h a l l  b e
a l l o we d .

8 . 3 . 2 . 2 . 3  G as  Ro o m s .

Δ 8 . 3 . 2 . 2 . 3 . 1    H e ati n g ,  i f p r o vi d e d ,  s h a l l  b e  b y s te a m ,  h o t wate r,
o r  o th e r  i n d i r e c t m e a n s .

Δ 8 . 3 . 2 . 2 . 3 . 2    E x p l o s i o n  c o n tr o l  s h a l l  b e  p r o vi d e d  i n  ac c o r d a n c e
wi th  th e  r e q u i r e m e n ts  o f S e c ti o n  6 . 1 0 .

Δ 8 . 3 . 2 . 2 . 3 . 3    E l e c tr i c al  h e ati n g  i n  ac c o r d an c e  wi th  8 . 1 . 9  s h al l  b e
a l l o we d .

Δ 8 . 3 . 2 . 3  O u td o o r S to rage .    L H 2  i n  s tati o n ar y o r  p o r tab l e
c o n tai n e r s  s to r e d  o u td o o r s  s h al l  b e  i n  ac c o r d an c e  wi th  8 . 3 . 2 . 3 .

8 . 3 . 2 . 3 . 1  Ab o ve gro u n d  Tan k s .

8 . 3 . 2 . 3 . 1 . 1  Ac c e s s .

Δ ( A)    S tati o n ar y c o n tai n e r s  s h al l  b e  l o c ate d  to  p r o vi d e  a c c e s s  b y
m o b i l e  s u p p l y e q u i p m e n t an d  a u th o r i z e d  p e r s o n n e l .

Δ ( B )    Wh e r e  e x i t ac c e s s  i s  p r o vi d e d  to  s e r ve  ar e as  i n  wh i c h
e q u i p m e n t i s  i n s ta l l e d ,  th e  m i n i m u m  wi d th  s h al l  b e  n o t l e s s
th a n  2 8  i n .  ( 7 1 0  m m ) .

8 . 3 . 2 . 3 . 1 . 2  P h ys i c al  P ro te c ti o n .

Δ ( A)    L H 2  c o n tai n e r s ,  c yl i n d e r s ,  tan ks ,  an d  s ys te m s  th a t c o u l d  b e
e x p o s e d  to  p h ys i c al  d am ag e  s h a l l  b e  p r o te c te d .

Δ ( B )    Gu ar d  p o s ts  o r  o th e r  m e an s  s h al l  b e  p r o vi d e d  to  p r o te c t
L H 2  c o n tai n e r s ,  c yl i n d e r s ,  ta n ks ,  a n d  s ys te m s  i n d o o r s  an d

o u td o o r s  fr o m  ve h i c u l a r  d am a ge .  (See Section 4. 1 4. )

Δ 8 . 3 . 2 . 3 . 1 . 3 *  Are as  S ub j e c t to  Fl o o d i n g.    S tati o n a r y c o n tai n e r s
l o c ate d  i n  food  h az ar d  ar e a s  s h al l  b e  a n c h o r e d  to  p r e ve n t
fotation  d u r i n g c o n d i ti o n s  o f th e  d e s i g n  food  a s  d e s i gn a te d  b y
th e  ad o p te d  b u i l d i n g c o d e .

Δ ( A)  E l e vate d  Tan ks .    S tr u c tu r e s  s u p p o r ti n g e l e vate d  tan ks  an d
ta n ks  th at ar e  s u p p o r te d  a t a  l e ve l  a b o ve  th at d e s i g n ate d  i n  th e

d e s i gn  food  s h al l  b e  an c h o r e d  to  r e s i s t l a te r a l  s h i fti n g d u e  to
food  an d  o th e r  h yd r o s tati c  e ffe c ts .

8 . 3 . 2 . 3 . 1 . 4  D rai n age .

Δ ( A)    T h e  ar e a s u r r o u n d i n g  s ta ti o n ar y an d  p o r tab l e  c o n tai n e r s
s h a l l  b e  p r o vi d e d  wi th  a m e a n s  to  p r e ve n t a c c i d e n tal  d i s c h a r ge

o f fuids  fr o m  e n d a n ge r i n g p e r s o n n e l ,  c o n tai n e r s ,  e q u i p m e n t,
a n d  a d j ac e n t s tr u c tu r e s  an d  fr o m  e n te r i n g  e n c l o s e d  s p ac e s  i n
a c c o r d an c e  wi th  th e  ad o p te d  fre  p r e ve n ti o n  c o d e .

Δ ( B )    T h e  s ta ti o n ar y c o n ta i n e r  s h a l l  n o t b e  p l ac e d  wh e r e  s p i l l e d
o r  d i s c h a r ge d  L H 2  wi l l  b e  r e ta i n e d  a r o u n d  th e  c o n tai n e r.

Δ ( C )    T h e  p r o vi s i o n s  o f 8 . 3 . 2 . 3 . 1 . 4 ( B )  s h a l l  b e  p e r m i tte d  to  b e
al te r e d  o r  wai ve d  wh e r e  th e  au th o r i ty h avi 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  c o n tai n e r  d o e s  n o t c o n s ti tu te  a  h a z a r d  afte r
c o n s i d e r ati o n  o f s p e c i a l  fe atu r e s  s u c h  a s  th e  fo l l o wi n g :

( 1 ) C r u s h e d  r o c k u ti l i z e d  a s  a  h e at s i n k
( 2 ) To p o g r ap h i c al  c o n d i ti o n s
( 3 ) N a tu r e  o f o c c u p an c y
( 4 ) P r o x i m i ty to  s tr u c tu r e s  o n  th e  s a m e  o r  ad j a c e n t p r o p e r ty

Δ Tab l e  8 . 3 . 2 . 2 . 1 . 4  L o c ati o n  o f L H 2  S ys te m s

 Q uan ti ty o f H ydro ge n

L o c ati o n M AQ
> M AQ  to  3 0 0  gal

( > 1 7 0 . 3 2  to  1 1 3 5 . 5  L )
> 3 0 0  to  6 0 0  gal

( > 1 1 3 5 . 5  to  2 2 7 1  L )
> 6 0 0  gal

( > 2 2 7 1  L )

O u td o o r s A A A A
I n  a  d e tac h e d  b u i l d i n g A A A NA
I n  a  g a s  r o o m A A NA NA
I n s i d e  a  b u i l d i n g  ( n o t i n  a  

g a s  r o o m  o r  d e ta c h e d  
b u i l d i n g )  a n d  e x p o s e d  to  
o th e r  o c c u p a n c i e s

A N A NA NA

M AQ:  M a x i m u m  a l l o wa b l e  q u a n ti ty.  A:  Al l o we d .  N A:  N o t a l l o we d .
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( 5 ) C ap ac i ty a n d  c o n s tr u c ti o n  o f c o n tai n e r s  an d  c h a r ac te r  o f
fuids  to  b e  s to r e d

Δ ( D )  G rad e .    T h e  gr a d e  fo r  a d i s tan c e  o f n o t l e s s  th a n  5 0  ft
( 1 5 . 2  m )  fro m  wh e r e  c r yo ge n i c  fuid  s to r ag e  o r  d e l i ve r y s ys te m s
ar e  i n s tal l e d  s h al l  b e  h i g h e r  th an  th e  g r ad e  o n  wh i c h  famma‐
ble  o r  c o m b u s ti b l e  l i q u i d s  ar e  s to r e d  o r  u s e d .

( 1 ) D r ai n a ge  C o n tr o l .

( a) Wh e r e  th e  gr a d e  d i ffe r e n ti al  b e twe e n  th e  s to r ag e  o r
d e l i ve r y s ys te m  an d  th e  fammable  o r  c o m b u s ti b l e
l i q u i d s  s to r ag e  o r  u s e  a r e a i s  n o t i n  a c c o r d a n c e  wi th

8 . 3 . 2 . 3 . 1 . 4 ( D ) ,  d i ve r s i o n  c u r b s  o r  o th e r  m e a n s  o f
d r ai n ag e  c o n tr o l  s h al l  b e  u s e d  to  d i ve r t th e  fow o f
fammable  o r  c o m b u s ti b l e  l i q u i d s  awa y fr o m  th e

L H 2 .
( b ) T h e  m e an s  o f d r ai n ag e  c o n tr o l  s h al l  p r e ve n t th e

fow o f fammable  o r  c o m b u s ti b l e  l i q u i d  to  a
d i s tan c e  n o t l e s s  th a n  5 0  ft ( 1 5 . 2  m )  fr o m  a l l  p ar ts
o f th e  d e l i ve r y s ys te m .

8 . 3 . 2 . 3 . 1 . 5  D e s i gn  C o n s i d e rati o n s  at Specifc  L o c ati o n s .

Δ ( A)  O u td o o r L o c ati o n s .    Ro ad ways  an d  yar d  s u r fac e s  l o c a te d
b e l o w L H 2  p i p i n g  a s  we l l  as  ar e as  l o c ate d  u n d e r  th e  fll  c o n n e c ‐

ti o n s  a n d  d e l i ve r y ve h i c l e s ’  u n i n s u l ate d  h yd r o ge n  p i p i n g  fr o m
wh i c h  l i q u i d  a i r  i s  ab l e  to  d r i p  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 al s .

( 1 ) T h e  ar e a o f n o n c o m b u s ti b l e  s u r fac i n g p r o vi d e d  u n d e r
l i q u i d  m o b i l e  s u p p l y e q u i p m e n ts  s h al l  h a ve  a wi d th  n o t

l e s s  th an  1 2  ft ( 3 . 7  m )  a n d  a  l e n gth  n o t l e s s  th an  1 2  ft
( 3 . 7  m )  i n  th e  d i r e c ti o n  o f th e  ve h i c l e  ax i s .

( 2 ) As p h a l t an d  b i tu m as ti c  p a vi n g s h a l l  b e  a s s u m e d  to  b e
c o m b u s ti b l e .

( 3 ) E x p an s i o n  j o i n ts  an d  fllers  u s e d  i n  th e  c o n s tr u c ti o n  o f
c o n c re te  s l ab s  s h a l l  b e  o f n o n c o m b u s ti b l e  m ate r i a l s .

( B )    We a th e r  p r o te c ti o n  s h al l  b e  c o n s tr u c 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 d o p te d  b u i l d i n g c o d e .

Δ ( C ) *  E n c l o s e d  C o u r ts .    S ta ti o n ar y c o n ta i n e r s  s h a l l  n o t b e
i n s ta l l e d  wi th i n  e n c l o s e d  c o u r ts .

Δ ( D ) *  O p e n  C o u r ts    S ta ti o n ar y c o n tai n e r s  s h al l  b e  s i te d  s o  th a t
th e y a r e  o p e n  to  th e  s u r r o u n d i n g e n vi r o n m e n t e x c e p t th at

e n c r o ac h m e n t b y b u i l d i n g  wal l s  o f u n l i m i te d  h e i g h t s h al l  b e
p e r m i tte d  wh e n  i n  ac c o r d an c e  wi th  th e  d i s ta n c e s  specifed  b y

Ta b l e  8 . 3 . 2 . 3 . 1 . 6 ( a)  o r  th e  material-specifc  ta b l e s  i n  C h a p te r s
9 ,  1 1 ,  1 3 ,  an d  1 6  o f N F PA 5 5 .

( 1 ) * Wh e re  e x te r i o r  b u i l d i n g wa l l s  e n c r o a c h  o n  th e  s ys te m  to
fo r m  a  c o u r t,  th e  s ys te m  s h al l  b e  l o c a te d  a t a d i s tan c e  n o t
l e s s  th a n  th e  h e i g h t o f th e  wa l l  fr o m  a t l e as t two  c o u r t

wal l s .
( 2 ) T h e  r e q u i r e d  d i s ta n c e  b e twe e n  th e  e x te r i o r  wa l l s  o f th e

b u i l d i n g  fo r m i n g th e  c o u r t a n d  th e  c o n ta i n e r  s h a l l  b e
d e te rm i n e d  i n d e p e n d e n tl y wi th o u t r e ga r d  to  fre  b ar r i e r

wal l s  u s e d  to  al l o w e n c r o ac h m e n t b y fre  e x p o s u r e
h az ard s .

Δ ( E )  Fe n c e d  Are as .

( 1 ) * U s e r  s to r ag e  s i te s  s h al l  b e  fe n c e d  o r  o th e r wi s e  s e c u r e d
an d  p o s te d  to  p r e ve n t e n tr y b y u n au th o r i z e d  p e r s o n n e l .

( a) Ad m i n i s tr ati ve  c o n tr o l s  s h a l l  b e  al l o we d  to  b e  u s e d
to  c o n tr o l  ac c e s s  to  i n d i vi d u al  s to r a ge ,  u s e ,  an d
h a n d l i n g  ar e as  l o c a te d  i n  s e c u r e  fac i l i ti e s  n o t a c c e s ‐
s i b l e  b y th e  g e n e r al  p u b l i c .

( b ) At l e as t two  m e a n s  o f e gr e s s  s h a l l  b e  p r o vi d e d  fr o m
an y fe n c e d  ar e a .

8 . 3 . 2 . 3 . 1 . 6 *  S i ti n g L o c ati o n s .    T h e  m i n i m u m  d i s tan c e  fr o m
b u l k liquefed  h yd r o ge n  ( L H 2 )  s ys te m s  to  specifed  e x p o s u r e s

s h a l l  b e  i n  a c c o r d a n c e  wi th  Tab l e  8 . 3 . 2 . 3 . 1 . 6 ( a )  b as e d  o n  typ i ‐
c a l  m ax i m u m  p i p e  s i z e ,  o r  i n  ac c o r d an c e  wi th  Tab l e

8 . 3 . 2 . 3 . 1 . 6 ( b )  b as e d  o n  specifc  p r e s s u r e  an d  p i p e  d i a m e te r.

N ( A)    T h e  ve n t s tac k s h al l  n o t b e  c o n s i d e r e d  p ar t o f th e  b u l k
l i q u i d  h yd r o ge n  s ys te m  fo r  d e te r m i n i n g s e p ar a ti o n  d i s ta n c e s  i n

ac c o r d an c e  wi th  Ta b l e  8 . 3 . 2 . 3 . 1 . 6 ( a)  an d  Ta b l e  8 . 3 . 2 . 3 . 1 . 6 ( b ) .

N ( B )    S e p ar a ti o n  d i s tan c e s  d e te r m i n e d  b as e d  o n  th e  u s e  o f
Ta b l e  8 . 3 . 2 . 3 . 1 . 6 ( a )  o r  Tab l e  8 . 3 . 2 . 3 . 1 . 6 ( b )  s h al l  b e  a s  fo l l o ws :

( 1 ) T h e  d i s ta n c e  s h al l  b e  m e as u r e d  fr o m  th e  p a r t o f th e  b u l k
liquefed  h yd r o g e n  s ys te m  c l o s e s t to  th e  e x p o s u r e .

( 2 ) T h e  i n te r n a l  d i a m e te r  o f th e  p i p i n g  s ys te m  s i z e  u s e d  i n
th e  a p p l i c ati o n  o f Tab l e  8 . 3 . 2 . 3 . 1 . 6 ( a)  a n d  Tab l e

8 . 3 . 2 . 3 . 1 . 6 ( b )  s h al l  b e  d e te r m i n e d  b as e d  o n  th at p o r ti o n
o f th e  s ys te m  wi th  th e  g r e ate s t i n te r n al  d i a m e te r.

( 3 ) * T h e  p r e s s u r e  u s e d  i n  th e  ap p l i c ati o n  o f Tab l e
8 . 3 . 2 . 3 . 1 . 6 ( a )  an d  Ta b l e  8 . 3 . 2 . 3 . 1 . 6 ( b )  s h a l l  b e  d e te r ‐
m i n e d  b as e d  o n  th e  m ax i m u m  o p e r a ti n g p r e s s u r e  ( M O P )
o f th e  tan k.

( 4 ) T h e  d i s ta n c e s  to  e x p o s u r e s  s h al l  b e  a l l o we d  to  b e  r e d u c e d
b y two -th i r d s  fo r  vac u u m -i n s u l ate d  p o r ti o n s  o f th e  s ys te m
wi th  n o  m e c h an i c a l  c o n n e c ti o n s ,  j o i n ts ,  o r  l e a k s o u r c e s .

( 5 ) I n l e ts  to  s e we r  o p e n i n g s  s h a l l  b e  l o c ate d  n o t l e s s  th an
1 0  ft ( 3  m )  fr o m  th e  L H 2  s ys te m  an d  c o n n e c ti o n s  u s e d
d u r i n g d e l i ve r y.

N ( C )    T h e  s e p a r ati o n  d i s ta n c e s  specifed  i n  Ta b l e  8 . 3 . 2 . 3 . 1 . 6 ( a)
an d  Tab l e  8 . 3 . 2 . 3 . 1 . 6 ( b )  s h al l  b e  al l o we d  to  b e  r e d u c e d  b y

p as s i ve  an d  a c ti ve  m e an s  as  fo l l o ws :

( 1 ) P as s i ve  m e a n s  s h a l l  c o m p l y wi th  al l  o f th e  fo l l o wi n g :

( a) F i r e  b ar r i e r  wa l l s  l o c a te d  an d  c o n s tr u c te d  p e r
8 . 3 . 2 . 3 . 1 . 6 ( C ) ( 1 ) ( b ) ( vi i )  s h al l  a l l o w th e  r e d u c ti o n
o f d i s ta n c e s  to  ai r  i n take s  b y o n e -h a l f b u t n o t l e s s
th a n  1 5  ft ( 4 . 6  m )

( b ) T h e  d i s tan c e s  to  Gr o u p s  1  a n d  2  e x p o s u r e s  s h o wn
i n  Tab l e  8 . 3 . 2 . 3 . 1 . 6 ( a)  an d  Tab l e  8 . 3 . 2 . 3 . 1 . 6 ( b )  s h a l l
b e  a l l o we d  to  b e  r e d u c e d  b y o n e -h a l f,  a n d  Gr o u p  3

e x p o s u r e s  s h a l l  b e  al l o we d  to  b e  r e d u c e d  to  0  ft
( 0  m )  fr o m  th e  wa l l  wh e r e  fre  b ar r i e r  wa l l s  a r e  l o c a ‐

te d  b e twe e n  th e  s ys te m  an d  th e  e x p o s u r e  an d
c o n s tr u c te d  i n  ac c o r d an c e  wi th  al l  o f th e  fo l l o wi n g

r e q u i r e m e n ts :

i . T h e  fre  b ar r i e r  wa l l  s h al l  b e  wi th o u t o p e n ‐
i n g s  o r  non-fre  r ate d  wi n d o ws  o r  d o o r s .

i i . P e n e tr ati o n s  o f th e  fre  b a r r i e r  wal l  b y
c o n d u i t o r  p i p i n g  s h a l l  b e  p e r m i tte d  p r o vi ‐
d e d  th a t th e  p e n e tr a ti o n  i s  p r o te c te d  wi th  a
frestop  s ys te m  i n  ac c o r d a n c e  wi th  th e  a d o p ‐
te d  b u i l d i n g  c o d e .

i i i . F i r e  b ar r i e r  wal l s  s h a l l  h ave  a m i n i m u m  fre
r e s i s tan c e  r ati n g  o f n o t l e s s  th an  2  h o u r s .

i v. T h e  fre  b ar r i e r  wa l l  s h a l l  i n te r r u p t th e  l i n e
o f s i gh t b e twe e n  th e  u n i n s u l a te d  p o r ti o n s  o f

th e  s ys te m  a n d  th e  e x p o s u r e .
v. T h e  confguration  o f th e  fre  b a r r i e r  wa l l

s h a l l  al l o w n atu r al  ve n ti l a ti o n  to  p r e ve n t th e
ac c u m u l ati o n  o f h az ar d o u s  ga s  c o n c e n tr a‐
ti o n s .
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vi . * T h e  fre  b ar r i e r  wal l  s h al l  n o t h a ve  m o r e  th a n
two  s i d e s  at a  9 0 - d e g r e e  ( 1 . 5 7  r ad )  d i r e c ti o n
o r  n o t m o r e  th a n  th r e e  s i d e s  wi th  c o n n e c ti n g
an g l e s  o f n o t l e s s  th an  1 3 5  d e gr e e s  ( 2 . 3 6

r a d ) ,  e x c e p t a s  p r o vi d e d  i n  F i g u r e
A. 8 . 3 . 2 . 3 . 1 . 5 ( D ) ( 1 ) .

vi i . * P i p i n g  a n d  c o n tr o l  s ys te m s  s e r vi n g  s tati o n ar y
tan k s ys te m s  wi th  fre  b ar r i e r  wa l l s  o n  th r e e
s i d e s  s h a l l  b e  l o c ate d  a t th e  o p e n  s i d e  o f th e

e n c l o s u r e  c r e ate d  b y th e  b ar r i e r  wa l l s  to
p r o vi d e  ac c e s s  fo r  flling  a n d  ve n ti l ati o n .

vi i i . F i r e  b ar r i e r  wal l s  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  a c c o r d an c e  wi th  th e  r e q u i r e ‐
m e n ts  o f th e  ad o p te d  b u i l d i n g c o d e  wi th o u t
e x c e e d i n g th e  specifed  al l o wab l e  s tr e s s e s  fo r

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

d e s i g n e d  to  r e s i s t th e  o ve r tu r n i n g  e ffe c ts  o r
fai l u r e  c au s e d  b y l ate r al  fo r c e s  d u e  to  defa‐
gration  o ve r p r e s s u r e ,  wi n d ,  food,  an d  s e i s ‐

m i c  e ve n ts .
i x . Wh e r e  c l e a r an c e  i s  r e q u i r e d  b e twe e n  th e

b u l k l i q u i d  h yd r o ge n  s ys te m  a n d  th e  b ar r i e r
wal l  fo r  th e  p e r fo r m an c e  o f s e r vi c e  o r
m a i n te n an c e -r e l ate d  ac ti vi ti e s ,  a m i n i m u m
h o r i z o n tal  c l e a r an c e  o f 5  ft ( 1 . 5  m )  s h al l  b e

p r o vi d e d  b e twe e n  th e  s tr u c tu r e  an d  th e
s ys te m .

x . T h e  fre  b ar r i e r  wal l  s h al l  b e  e i th e r  an  i n d e ‐
p e n d e n t s tr u c tu r e  o r  th e  e x te r i o r  wa l l  o f th e
b u i l d i n g  ad j a c e n t to  th e  s to r a ge  o r  u s e  ar e a

wh e n  th e  e x te r i o r  b u i l d i n g  wal l  m e e ts  th e
r e q u i r e m e n ts  fo r  fre  b ar r i e r  wal l s .

N Tab l e  8 . 3 . 2 . 3 . 1 . 6 ( a)  M i n i m um  D i s tan c e  fro m  O utd o o r B ul k Liquefed  H yd ro ge n  ( L H 2 )  S ys te m s  to  E x p o s ure s ,  U p  to  7 5 , 0 0 0  gal

( 2 8 0 , 0 0 0  L )  — Typ i c al  I n n e r D i am e te r (d)  1 . 5  i n .  ( 3 8 . 1  m m )

M ax i m u m  O p e rati n g P re s s u re  ( M O P )  ( gau ge ) < 6 0  p s i  ( < 4 1 4  k P a)
6 0  to  1 2 0  p s i  ( 4 1 4  k P a to

8 2 7  k P a) > 1 2 0  p s i  ( > 8 2 7  k P a)

E x p o s u re s  G ro up  1 ft m ft m ft m

1 .  L o t l i n e s

4 4 1 3 . 3 4 8 1 4 . 5 4 9 1 4 . 9
2 .  Ai r  i n take s  ( e . g . ,  H VAC ,  c o m p r e s s o r s )
3 .  O p e r ab l e  o p e n i n gs  i n  b u i l d i n gs  an d  s tr u c tu r e s
4 .  I g n i ti o n  s o u r c e s  s u c h  a s  o p e n  fames  an d  

we l d i n g

E x p o s u re s  G ro up  2 ft m ft m ft m

5 .  E x p o s e d  p e r s o n s  o th e r  th a n  th o s e  s e r vi c i n g  
th e  s ys te m

3 1 9 . 4 3 6 1 1 . 1 3 8 1 1 . 6

6 .  P ar ke d  c ar s
7 .  B u i l d i n g s  o f c o m b u s ti b l e  c o n s tr u c ti o n

8 .  H a z a r d o u s  m ate r i a l s  s to r ag e  s ys te m s  ab o ve  
gr o u n d  o r  fll/vent o p e n i n g s  fo r  b e l o wgr o u n d  
s to r ag e  s ys te m s

9 .  O r d i n a r y c o m b u s ti b l e s ,  i n c l u d i n g  fa s t-b u r n i n g  
s o l i d s  s u c h  as  o r d i n a r y l u m b e r,  e x c e l s i o r,  
p ap e r,  o r  c o m b u s ti b l e  wa s te  an d  ve g e ta ti o n  
o th e r  th a n  th a t fo u n d  i n  m ai n ta i n e d  
l an d s c a p e d  a r e as

E x p o s u re s  G ro up  3 ft m ft m ft m

1 0 .  B u i l d i n gs  o f n o n c o m b u s ti b l e  non-fre-rated  
c o n s tr u c ti o n

2 6 8 . 0 3 1 9 . 5 3 3 1 0 . 0

1 1 .  F l am m ab l e  g as  s to r a ge  s ys te m s  a b o ve  o r  
b e l o w gr o u n d

1 2 .  H e avy ti m b e r,  c o al ,  o r  o th e r  s l o w- b u r n i n g  
c o m b u s ti b l e  s o l i d s

1 3 .  U n o p e n ab l e  o p e n i n g s  i n  b u i l d i n g s  a n d  
s tr u c tu r e s

1 4 .  E n c r o ac h m e n t b y o ve rh e ad  u ti l i ti e s  
( h o r i z o n tal  d i s tan c e  fr o m  th e  ve r ti c al  p l an e  
b e l o w th e  n e ar e s t o ve rh e ad  e l e c tr i c al  wi r e  o f 
b u i l d i n g  s e r vi c e )

1 5 .  P i p i n g  c o n tai n i n g o th e r  h a z a r d o u s  m ate r i a l s
1 6 .  F l am m ab l e  g as  m e te r i n g an d  r e gu l a ti n g 

s tati o n s  s u c h  as  n atu r al  ga s  o r  p r o p a n e
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( 2 ) * Ac ti ve  m e a n s  s h a l l  c o m p l y wi th  al l  o f th e  fo l l o wi n g :

( a) Ac ti ve  c o n tr o l  s ys te m s  o r  d e s i g n  fu n c ti o n s  b e yo n d
b a s e  c o d e  r e q u i r e m e n ts  th a t m i ti ga te  th e  r i s k o f
s ys te m  l e aks  a n d  fai l u r e s  s h al l  b e  p e r m i tte d  to  b e

u s e d  as  a  m e a n s  to  r e d u c e  s e p ar ati o n  d i s ta n c e s
wh e r e  ap p r o ve d  b y th e  AH J  u n d e r  th e  a u th o r i ty a s

gr a n te d  b y S e c ti o n  1 . 5 .
( b ) * B u l k liquifed  h yd r o ge n  s ys te m s  l o c ate d  at p u b l i c

r e fu e l i n g  s tati o n s  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  e m e r g e n c y s h u td o wn  s ys te m  ( E S S ) .

Δ ( D )    U n l o a d i n g  c o n n e c ti o n s  o n  d e l i ve r y e q u i p m e n t s h al l  n o t
b e  p o s i ti o n e d  c l o s e r  to  a n y o f th e  e x p o s u r e s  c i te d  i n  Tab l e
8 . 3 . 2 . 3 . 1 . 6 ( a )  an d  Ta b l e  8 . 3 . 2 . 3 . 1 . 6 ( b )  th a n  th e  d i s tan c e s  gi ve n
fo r  th e  s to r a ge  s ys te m .

•
N ( E )    F o r  p u b l i c  r e fu e l i n g  s tati o n s ,  th e  fo l l o wi n g ac ti ve  m i ti g a‐

ti o n  m e th o d s  s h a l l  b e  i n s tal l e d  a n d  e m p l o ye d  as  s tan d ar d  p r ac ‐
ti c e  a t th e  b u l k l i q u i d  h yd r o ge n  s to r a ge  s i te :

( 1 ) T h e  i n s ta l l e d  b u l k l i q u i d  h yd r o g e n  s ys te m  s h al l  i n c l u d e
e q u i p m e n t to  a l l o w fo r  c o n n e c ti o n  o f b o th  l i q u i d  tr an s fe r

d e l i ve r y h o s e  a n d  a s e p ar a te  tr ai l e r  h e ad  s p a c e  ve n t h o s e
to  c o n n e c t to  th e  b u l k s to r a ge  s ys te m  ve n t s tac k.

( 2 ) Al l  l i q u i d  h yd r o g e n  d e l i ve r y tr a i l e r s  s h a l l  u ti l i z e  a ve n t
h o s e  c o n n e c ti o n  m e th o d  to  ve n t th e  tr a i l e r  h e ad  s p a c e  to
th e  b u l k s to r a ge  ve n t s tac k s ys te m  at th e  e n d  o f th e  b u l k

l i q u i d  h yd r o ge n  trans-fll  p r o c e s s .
( 3 ) T h e  l i q u i d  h yd r o g e n  d e l i ve r y p r o c e d u r e s  s h a l l  i n c o r p o ‐

r a te  th e  p h ys i c a l  c h an g e s  r e q u i r e d  i n  8 . 3 . 2 . 3 . 1 . 6 ( E ) ( 1 )
an d  8 . 3 . 2 . 3 . 1 . 6 ( E ) ( 2 )  to  e l i m i n ate  end-of-trans-fll  ve n ti n g

a t th e  tr a i l e r  ve n t s tac k.
( 4 ) Al l  l i q u i d  h yd r o ge n  d e l i ve r y tr ai l e r s  trans-flling  at th e  s i te

s h a l l  b e  e q u i p p e d  wi th  an  e m e r g e n c y s h u td o wn  d e vi c e
( E S D )  s ys te m  an d  fas t-ac ti n g  l i q u i d  h yd r o g e n  s h u t- o ff

val ve  th at c an  i s o l a te  th e  tr ai l e r  i n  th e  e ve n t o f a n  e m e r ‐
g e n c y d u r i n g  th e  trans-fll  p r o c e s s .

( 5 ) T h e  tr a i l e r  E S D  s ys te m  an d  b u l k h yd r o ge n  s ys te m  E S S
s h a l l  b e  i n te r c o n n e c te d  to  s h u t d o wn  th e  ta n k fll  p r o c e s s
i f e i th e r  s ys te m  i s  ac ti va te d .

( 6 ) A s i g n  i n d i c a ti n g th at th e  tr a i l e r  h e ad  s p ac e  m u s t b e
c o n n e c te d  to  th e  b u l k l i q u i d  h yd r o ge n  s ys te m  ve n t s tac k

b e fo r e  tr an s fe r r i n g h yd r o ge n  to  th e  s ys te m  s h al l  b e  i n s ta l ‐
l e d  at th e  b u l k l i q u i d  h yd r o ge n  c o n n e c ti o n .

•
Δ 8 . 3 . 2 . 3 . 1 . 7  U n d e rgro u n d  Tan k s .    U n d e r g r o u n d  tan ks  fo r  th e

s to r ag e  o f L H 2  s h al l  b e  i n  a c c o r d an c e  wi th  th i s  s u b s e c ti o n .

Δ ( A)  C o n s tr u c ti o n .    S to r a ge  tan ks  fo r  l i q u i d  h yd r o g e n  s h al l  b e
d e s i g n e d  an d  c o n s tr u c te d  i n  a c c o r d a n c e  wi th  th e  AS M E  Boiler

and Pressure Vessel Code a n d  s h al l  b e  va c u u m -j ac ke te d  i n  ac c o r d ‐
an c e  wi th  8 . 3 . 2 . 3 . 1 . 7 ( A) ( 1 ) .

( 1 ) Vac u u m  J ac ke t C o n s tr u c ti o n .

( a) T h e  vac u u m  j ac ke t s h al l  b e  d e s i g n e d  an d  c o n s tr u c ‐
te d  i n  a c c o r d an c e  wi th  th e  AS M E  Boiler and Pressure
Vessel Code a n d  s h al l  b e  d e s i g n e d  to  wi th s ta n d  th e

a n ti c i p a te d  l o ad i n g ,  i n c l u d i n g  l o a d i n g  fr o m  ve h i c u ‐
l ar  traffc,  wh e r e  ap p l i c ab l e .

( b ) P o rti o n s  o f th e  va c u u m  j a c ke t i n s ta l l e d  b e l o w g r ad e
s h al l  b e  d e s i g n e d  to  wi th s tan d  a n ti c i p a te d  s o i l ,
h yd r o s tati c ,  an d  s e i s m i c  l o a d i n g .

( c ) T h e  vac u u m  j ac ke t s h al l  b e  c o n s tr u c te d  o f s tai n l e s s
s te e l  o r  o th e r  ap p r o ve d  c o r r o s i o n -r e s i s tan t m a te r i al .

( d ) C o rr o s i o n  P r o te c ti o n .  T h e  vac u u m  j a c ke t s h al l  b e
p r o te c te d  b y an  e n g i n e e r e d  c ath o d i c  p r o te c ti o n

s ys te m .  A c a th o d i c  p r o te c ti o n  s ys te m  m ai n te n a n c e
s c h e d u l e  s h a l l  b e  p r o vi d e d  a n d  r e c o n c i l e d  b y th e
o wn e r / o p e r a to r.  E x p o s e d  c o m p o n e n ts  s h a l l  b e

i n s p e c te d  at l e as t twi c e  a  ye ar.

Δ ( B )  L o c ati o n .    Ta n ks  s h al l  b e  l o c ate d  i n  a c c o r d a n c e  wi th
8 . 3 . 2 . 3 . 1 . 7 ( B ) ( 1 )  th r o u g h  8 . 3 . 2 . 3 . 1 . 7 ( B ) ( 4 ) .

( 1 ) U n d e r g r o u n d  s to r ag e  tan ks  s h al l  n o t b e  l o c ate d  b e n e ath
b u i l d i n g s .

( 2 ) Ta n ks  a n d  as s o c i ate d  e q u i p m e n t s h a l l  b e  l o c a te d  wi th
r e s p e c t to  fo u n d a ti o n s  a n d  s u p p o r ts  o f o th e r  s tr u c tu r e s

s u c h  th at th e  l o ad s  c ar r i e d  b y s u c h  s tr u c tu r e s  c a n n o t b e
tr an s m i tte d  to  th e  tan k.

N Tab l e  8 . 3 . 2 . 3 . 1 . 6 ( b )  M i n i m u m  D i s tan c e  fro m  O u td o o r B u l k  Liquefed  H yd ro ge n  ( L H 2 )  S ys te m s  to  E x p o s u re s  b y I n n e r D i am e te r (d)

M axi m u m
O p e rati n g

P re s s u re
( M O P )

( gau ge )
< 6 0  p s i

( < 4 1 4  k P a) 6 0  p s i  to  1 2 0  p s i  ( 4 1 4  k P a to  8 2 7  kP a) > 1 2 0  p s i  ( > 8 2 7  kP a)

I n n e r 
D i am e te r 

(d)

G ro up  1 G ro u p  2 G ro u p  3 G ro up  1 G ro u p  2 G ro up  3 G ro u p  1 G ro u p  2 G ro up  3

0 . 3 4 d +  0 . 2 4 0 . 2 0 d +  1 . 8 4 0 . 1 5 d +  2 . 0 8 0 . 3 7 d +  0 . 5 3 0 . 2 4 d +  1 . 9 6 0 . 1 9 d +  2 . 1 9 0 . 3 8 d +  0 . 5 7 0 . 2 5 d +  1 . 9 3 0 . 2 0 d +  2 . 1 6

i n . m m ft m ft m ft m ft m ft m ft m ft m ft m ft m

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

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

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

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

( 1 )  L i n e a r  i n te r p o l a ti o n  o f i n te r n a l  p i p e  d i a m e te r s  a n d  d i s ta n c e s  b e twe e n  ta b l e  e n tr i e s  i s  a l l o we d .
( 2 )  F o r  a l i s t o f e x p o s u r e s  i n  e a c h  e x p o s u r e  g r o u p ,  s e e  c o l u m n  1  o f Ta b l e  8 . 3 . 2 . 3 . 1 . 6 ( a ) .
( 3 )  Wh e n  c a l c u l a ti n g  th e  m i n i m u m  s e p a r ati o n  d i s ta n c e  u s i n g  th e  fo r m u l a s  i n d i c a te d ,  b a s e d  o n  th e  e x p o s u r e  g r o u p  a n d  p r e s s u r e  i n d i c a te d ,  th e  i n n e r
d i a m e te r  ( d)  i s  e n te r e d  i n  m i l l i m e te r s  ( m m ) .  T h e  c al c u l a te d  d i s ta n c e  i s  r e tu r n e d  i n  u n i ts  o f m e a s u r e  i n  m e te r s  ( m ) .  To  c o n ve r t d i s tan c e  to  u n i ts  o f
m e a s u r e  i n  fe e t,  m u l ti p l y th e  val u e  i n  m e te r s  b y 3 . 2 8 0 8  an d  r o u n d  to  th e  n e a r e s t wh o l e  fo o t.
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2 0 2 3  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 ) T h e  d i s ta n c e  fr o m  a n y p a r t o f th e  ta n k to  th e  n e ar e s t wa l l
o f a b as e m e n t,  p i t,  c e l l a r,  o r  l o t l i n e  s h al l  n o t b e  l e s s  th an
1 0  ft ( 3 . 1  m ) .

( 4 ) A m i n i m u m  d i s tan c e  o f 1  ft ( 0 . 3  m ) ,  s h e l l  to  s h e l l ,  s h a l l
b e  m ai n ta i n e d  b e twe e n  ad j a c e n t u n d e r gr o u n d  ta n ks .

Δ ( C )  D e p th ,  C o ve r,  an d  Fi l l .

( 1 ) T h e  tan k s h al l  b e  b u r i e d  s u c h  th at th e  to p  o f th e  vac u u m
j a c ke t i s  c o ve r e d  wi th  a m i n i m u m  o f 1  ft ( 0 . 3  m )  o f e ar th
an d  wi th  c o n c r e te  a m i n i m u m  o f 4  i n .  ( 1 0 1  m m )  th i c k

p l a c e d  o ve r  th e  e a r th e n  c o ve r.
( 2 ) T h e  c o n c r e te  s h a l l  e x te n d  a m i n i m u m  o f 1  ft ( 0 . 3  m )

h o r i z o n tal l y b e yo n d  th e  fo o tp r i n t o f th e  tan k i n  al l  d i r e c ‐
ti o n s .

( 3 ) U n d e r g r o u n d  ta n ks  s h al l  b e  s e t o n  fo u n d ati o n s  c o n s tr u c ‐
te d  i n  ac c o r d an c e  wi th  th e  a d o p te d  b u i l d i n g  c o d e  an d

s u r r o u n d e d  wi th  n o t l e s s  th an  6  i n .  ( 1 5 2  m m )  o f n o n c o r ‐
r o s i ve  i n e r t m a te r i al .

( 4 ) T h e  ve r ti c a l  e x te n s i o n  o f th e  va c u u m  j a c ke t r e q u i r e d  fo r
s e r vi c e  c o n n e c ti o n s  s h a l l  b e  al l o we d  to  e x te n d  ab o ve
gr a d e .

Δ ( D )  An c h o rage  an d  S e c u ri ty.    Ta n ks  a n d  s ys te m s  s h a l l  b e
s e c u r e d  ag ai n s t ac c i d e n ta l  d i s l o d g m e n t d u e  to  s e i s m i c  e ve n ts
o r  fooding.

( 1 ) * Ar e a s  S u b j e c t to  F l o o d i n g.  S ta ti o n a r y c o n tai n e r s  l o c ate d
i n  food  h az ar d  a r e as  s h a l l  b e  an c h o r e d  to  p r e ve n t fota‐
tion  d u r i n g  c o n d i ti o n s  o f th e  d e s i g n  food  as  d e s i gn a te d
b y th e  a d o p te d  b u i l d i n g c o d e .

( a) U n d e r g r o u n d  Ta n ks .  U n d e r gr o u n d  tan ks  i n  food
h az ar d  ar e a s  s h al l  b e  an c h o r e d  to  p r e ve n t fotation,

c o l l ap s e ,  o r  l ate r al  m o ve m e n t r e s u l ti n g fr o m  h yd r o ‐
s tati c  l o ad s ,  i n c l u d i n g  th e  e ffe c ts  o f b u o ya n c y,

d u r i n g c o n d i ti o n s  o f th e  d e s i g n  food.

Δ ( E )  Ve n ti n g o f U n d e rgro u n d  Tan k s .    Ve n t p i p e s  fo r  u n d e r ‐
gr o u n d  s to r ag e  ta n ks  s h al l  b e  i n  a c c o r d an c e  wi th  8 . 3 . 1 . 2 . 2 . 3 .

Δ ( F)  U n d e rgro u n d  L H 2  P i p i n g.

( 1 ) U n d e r g r o u n d  L H 2  p i p i n g  s h a l l  b e  va c u u m  j ac ke te d .
( 2 ) U n j ac ke te d  p i p i n g s h a l l  n o t b e  b u r i e d  an d  s h a l l  e x i t th e

ta n k an n u l a r  s p ac e  ab o ve  g r ad e .

Δ ( G )  Overfll  P ro te c ti o n  an d  P re ve n ti o n  S ys te m s .    An  ap p r o ve d
m e a n s  o r  m e th o d  s h al l  b e  p r o vi d e d  to  p r e ve n t th e  overflling

o f s to r ag e  ta n ks .

Δ ( H )  Vac uu m  L e ve l  M o n i to ri n g.    An  ap p r o ve d  m o n i to r i n g
m e th o d  s h al l  b e  p r o vi d e d  to  i n d i c ate  vac u u m  d e gr a d a ti o n
wi th i n  th e  vac u u m  j a c ke t( s ) .

Δ ( I )  P h ys i c al  P ro te c ti o n .    P i p i n g  a n d  c o n tr o l  e q u i p m e n t a n c i l ‐
l ar y to  th e  u n d e r g r o u n d  tan k l o c ate d  ab o ve  gr o u n d  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  i n  a c c o r d a n c e  wi th  8 . 1 . 7 . 5 .

Δ ( J )  Tan ks  N o t i n  S e r vi c e .

( 1 ) * Ta n ks  n o t i n  s e r vi c e  s h a l l  b e  m a i n tai n e d  i n  a c c o r d a n c e
wi th  8 . 3 . 2 . 3 . 1 . 7 ( J ) ( 2 ) .

( 2 ) C o r r o s i o n  p r o te c ti o n  s h a l l  b e  m ai n ta i n e d  i n  o p e r ati o n .

8 . 3 . 3  B u l k  L H 2  S ys te m s  U s e .

8 . 3 . 3 . 1  G e n e ral .

Δ 8 . 3 . 3 . 1 . 1  G e n e ral .    U s e  o f c o n tai n e r s  a n d  s ys te m s  s h al l  b e  i n
a c c o r d an c e  wi th  8 . 3 . 3 .

8 . 3 . 3 . 1 . 2  N ati o n al l y Re c o gn i z e d  G o o d  P rac ti c e s .    Wh e r e
n a ti o n al l y r e c o gn i z e d  g o o d  p r ac ti c e s  o r  c o d e s  a n d  s tan d ar d s

h ave  b e e n  e s ta b l i s h e d  fo r  th e  p r o c e s s  e m p l o ye d ,  s u c h  p r ac ti c e s
an d  c o d e s  an d  s tan d ar d s  s h al l  b e  fo l l o we d .

Δ 8 . 3 . 3 . 1 . 3  O p e rati n g I n s tr u c ti o n s .    O p e r ati n g  i n s tr u c ti o n s  s h a l l
b e  p r o vi d e d  fo r  i n s ta l l a ti o n s  th at r e q u i r e  th e  o p e r ati o n  o f

e q u i p m e n t.

Δ 8 . 3 . 3 . 1 . 4  Atte n d e d  D e l i ve r y.    A qualifed  p e r s o n  s h al l  b e  i n
a tte n d a n c e  a t al l  ti m e s  L H 2  i s  tr an s fe r r e d  fr o m  m o b i l e  s u p p l y

u n i ts  to  a s to r ag e  s ys te m .

8 . 3 . 3 . 1 . 4 . 1  C l e an i n g an d  P urgi n g o f G as  P i p i n g S ys te m s .
C l e a n i n g  an d  p u r g i n g  o f p i p i n g  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  S e c ti o n  6 . 2 2 .

8 . 3 . 3 . 1 . 5  I n s p e c ti o n .

Δ 8 . 3 . 3 . 1 . 5 . 1    L H 2  s to r a ge  s ys te m s  s h a l l  b e  i n s p e c te d  a n d  m ai n ‐
tai n e d  b y a  qualifed  r e p r e s e n tati ve  o f th e  e q u i p m e n t o wn e r .

Δ ( A)    T h e  i n te r val  b e twe e n  i n s p e c ti o n s  s h al l  b e  b as e d  o n  n a ti o n ‐
a l l y r e c o gn i z e d  go o d  p r a c ti c e s  o r  s tan d ar d s .

Δ 8 . 3 . 3 . 1 . 5 . 2    A r e c o r d  o f th e  i n s p e c ti o n  s h a l l  b e  p r e p ar e d  an d
p r o vi d e d  to  th e  u s e r  o r  th e  au th o r i ty h avi n g  j u r i s d i c ti o n  u p o n
r e q u e s t.

8 . 3 . 3 . 2  I n d o o r U s e .

8 . 3 . 3 . 2 . 1  Fi l l i n g an d  D i s p e n s i n g.

Δ 8 . 3 . 3 . 2 . 1 . 1  G e n e ral .    F i l l i n g  a n d  d i s p e n s i n g o f L H 2  s h a l l  b e  i n
a c c o r d an c e  wi th  8 . 3 . 3 . 1 . 4 .

Δ 8 . 3 . 3 . 2 . 1 . 2  I n d o o r D i s p e n s i n g Are as .    D i s p e n s i n g i n d o o r s  s h a l l
b e  c o n d u c te d  i n  ar e a s  c o n s tr u c te d  i n  ac c o r d a n c e  wi th  th e

ad o p te d  b u i l d i n g  c o d e .

8 . 3 . 3 . 2 . 1 . 3  Ve n ti l ati o n .    I n d o o r  a r e as  i n  wh i c h  L H 2  i s
d i s p e n s e d  s h a l l  b e  ve n ti l a 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 S e c ti o n  6 . 1 8 .

8 . 3 . 3 . 3  O u td o o r U s e .  ( Re s e r ve d )

8 . 3 . 4  B u l k  L H 2  S ys te m s  H an d l i n g.

Δ 8 . 3 . 4 . 1  B u l k  L H 2  S ys te m s .    H a n d l i n g  o f L H 2  c o n tai n e r s  s h a l l
b e  i n  a c c o r d a n c e  wi th  8 . 3 . 4 .

8 . 3 . 4 . 2  C ar ts  an d  Tr uc k s .

Δ 8 . 3 . 4 . 2 . 1    L H 2  c o n ta i n e r s  s h a l l  b e  m o ve d  u s i n g  an  ap p r o ve d
m e th o d .

Δ 8 . 3 . 4 . 2 . 2    Wh e r e  L H 2  c o n tai n e r s  ar e  m o ve d  b y h a n d  c a r t,  h an d
tr u c k,  o r  o th e r  m o b i l e  d e vi c e ,  th at d e vi c e  s h al l  b e  d e s i gn e d  fo r
th e  s e c u r e  m o ve m e n t o f th e  c o n tai n e r.

Δ 8 . 3 . 4 . 3  D e s i gn .    C a r ts  a n d  tr u c ks  u s e d  to  tr an s p o r t L H 2

c o n tai n e r s  s h a l l  b e  d e s i g n e d  to  p r o vi d e  a s tab l e  b as e  fo r  th e
c o m m o d i ti e s  to  b e  tr a n s p o r te d  a n d  s h al l  h ave  a  m e a n s  o f

r e s tr ai n i n g  c o n tai n e r s  to  p r e ve n t ac c i d e n tal  d i s l o d ge m e n t.

8 . 3 . 4 . 4  C l o s e d  C o n tai n e rs .

Δ 8 . 3 . 4 . 4 . 1    P r e s s u r i z e d  c o n ta i n e r s  s h al l  b e  c l o s e d  wh i l e  b e i n g
tr an s p o r te d .

Δ 8 . 3 . 4 . 4 . 2    C o n tai n e r s  d e s i g n e d  fo r  u s e  at atm o s p h e r i c  c o n d i ‐
ti o n s  s h a l l  b e  tr an s p o r te d  wi th  ap p r o p r i a te  loose-ftting  c o ve r s
i n  p l a c e  to  p r e ve n t s p i l l a ge .
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S h ad 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 ate r i a l . 2 0 2 3  E d i t i o n

8 . 3 . 4 . 5  C argo  Tran s p o r t U n l o ad i n g.

8 . 3 . 4 . 5 . 1    P e r s o n n e l  c o n d u c ti n g  tr an s fe r  o p e r ati o n s  fr o m  th e
b u l k tr a n s p o r t ve h i c l e  s h al l  b e  tr ai n e d .

Δ 8 . 3 . 4 . 5 . 2    U n l o ad i n g c o n n e c ti o n s  o n  d e l i ve r y e q u i p m e n t s h a l l
n o t b e  p o s i ti o n e d  c l o s e r  to  an y o f th e  e x p o s u r e s  c i te d  i n  Tab l e
8 . 3 . 2 . 3 . 1 . 6 ( a )  th a n  th e  d i s ta n c e s  g i ve n  fo r  th e  s to r a ge  s ys te m .

8 . 3 . 4 . 5 . 3    P r i o r  to  c o n n e c ti o n ,  a  c a r go  tr an s p o r t ve h i c l e ’ s
wh e e l s  s h al l  b e  r e n d e r e d  i m m o b i l e .

Δ 8 . 3 . 4 . 5 . 4    D u r i n g  tr a n s fe r  o f h yd r o g e n  fr o m  c ar g o  ve h i c l e s ,  th e
h an d  o r  e m e r g e n c y b r a ke  o f th e  ve h i c l e  s h al l  b e  s e t,  an d  c h o c k
b l o c ks  s h a l l  b e  u s e d  to  p r e ve n t r o l l i n g o f th e  ve h i c l e .

Δ 8 . 3 . 4 . 5 . 5    C ar g o  ve h i c l e s  e q u i p p e d  wi th  ai r-b r ake  i n te r l o c k i n
fr o n t o f th e  u n l o ad i n g  c o n n e c ti o n  to  p r o te c t ag ai n s t d r i ve -
awa ys  s h al l  b e  e n g ag e d  s u c h  th a t th e  i n te r l o c k i s  ac ti vate d .

Δ 8 . 3 . 4 . 5 . 6    M o b i l e  h yd r o g e n  s u p p l y u n i ts  s h al l  b e  e l e c tr i c al l y
b o n d e d  to  th e  s to r ag e  s ys te m  b e fo r e  h yd r o ge n  i s  d i s c h a r ge d
fr o m  th e  s u p p l y u n i t.

8 . 3 . 4 . 5 . 7    T h e  c a r go  tr a n s p o r t ve h i c l e ’ s  e n g i n e  s h a l l  b e  s h u t o ff
wh i l e  th e  tr an s fe r  h o s e  o r  p i p i n g  i s  b e i n g c o n n e c te d  o r  d i s c o n ‐
n e c te d .  I f r e q u i r e d  fo r  L H 2  tr ai l e r  p u m p i n g tr a n s fe r,  th e

e n gi n e  p u m p  d r i ve  m o to r  s h a l l  b e  p e r m i tte d  to  b e  s ta r te d  an d
u s e d  d u r i n g  th e  l i q u i d  tr a n s fe r o p e r ati o n s .

8 . 3 . 4 . 5 . 8    Wh e n  tr an s fe r s  ar e  m ad e  i n to  fu e l i n g  fac i l i ty c o n tai n ‐
e r s ,  th e  L H 2  s h a l l  b e  tr an s fe r r e d  a t a  p r e s s u r e  th at s h al l  n o t

o ve r p r e s s u r i z e  th e  r e c e i vi n g tan k.

8 . 3 . 4 . 5 . 9    T h e  tr an s fe r  p i p i n g  s h al l  b e  e q u i p p e d  wi th  a c h e c k
val ve  to  p r e ve n t backfow fr o m  th e  c o n ta i n e r  b e i n g  flled  to  th e

tr a n s p o r t ve h i c l e .

8 . 3 . 4 . 5 . 1 0 *    Wh e n  th e  tan k to  b e  flled  i s  d i r e c tl y b u r i e d  o r
i n s ta l l e d  i n  an  i n a c c e s s i b l e ,  s e al e d ,  a n d  c o r r o s i o n -r e s i s tan t ar e a

th at d o e s  n o t c r e a te  a  confned  s p ac e  as  defned  b y ap p l i c ab l e
o c c u p ati o n al  s afe ty an d  h e a l th  r e g u l a ti o n s ,  th e  fo l l o wi n g  s h a l l
ap p l y:

( 1 ) C o n tr o l s  s h al l  b e  p r o vi d e d  an d  vi s i b l e  to  th e  o p e r ato r  to
p r e ve n t overflling  o f th e  ta n k

( 2 ) T h e  c o n tr o l s  s h al l  b e  p r o vi d e d  i n  th e  u n l o ad i n g ar e a  an d
a s  a m i n i m u m  s h a l l  i n c l u d e  a l i q u i d  l e ve l  i n d i c a to r,  p r e s ‐
s u r e  i n d i c a to r,  an d  a  fll  te r m i n ati o n  d e vi c e

Δ 8 . 3 . 4 . 5 . 1 1    T h e  tr an s fe r  s ys te m s  s h al l  b e  c a p ab l e  o f d e p r e s s u r i z ‐
i n g  to  fa c i l i ta te  d i s c o n n e c ti o n .  B l e e d  c o n n e c ti o n s  s h al l  b e

c o n n e c te d  to  a h yd r o g e n  ve n ti n g  s ys te m  i n  ac c o r d an c e  wi th
8 . 3 . 1 . 2 . 2 . 3 .

Δ 8 . 3 . 4 . 5 . 1 2    P r o h i b i ti o n s  o n  s m o ki n g  o r  th e  u s e  o f o p e n  fame
s h a l l  b e  i n  a c c o r d a n c e  wi th  8 . 3 . 2 . 1 . 4 .

8 . 3 . 4 . 5 . 1 3    S o u r c e s  o f i g n i ti o n  s h al l  n o t b e  p e r m i tte d  i n  th e
u n l o a d i n g  are a  wh i l e  tr an s fe r  i s  i n  p r o gr e s s .

Δ 8 . 3 . 4 . 5 . 1 4    An  e m e r ge n c y s h u to ff va l ve  s h a l l  b e  p r o vi d e d  i n
ac c o r d an c e  wi th  8 . 1 . 1 4 . 1 .

N 8 . 3 . 4 . 5 . 1 5    T h e  l i q u i d  h yd r o g e n  tr ai l e r  an d  d e l i ve r y c o n n e c ‐
ti o n  s h al l  b e  e i th e r  o f th e  fo l l o wi n g:

( 1 ) At l e a s t 1 0  ft ( 3 . 1  m )  fr o m  a c an o p y
( 2 ) I n  a c c o r d a n c e  wi th  1 0 . 3 . 1 5 ( 1 ) ,  1 0 . 3 . 1 5 ( 3 ) ,  an d  1 1 . 3 . 1 . 1 7

Δ 8 . 3 . 4 . 6  Fi l l i ng C o n tro l s .    A p r e s s u r e  g au ge  an d  fu l l  tr yc o c k
va l ve  s h al l  b e  p r o vi d e d  an d  s h a l l  b e  vi s i b l e  fr o m  th e  d e l i ve r y

p o i n t to  al l o w th e  d e l i ve r y o p e r ato r  to  m o n i to r  th e  i n te r n al
p r e s s u r e  an d  l i q u i d  l e ve l  o f s tati o n ar y c o n tai n e r s  d u r i n g  flling.

Δ 8 . 3 . 4 . 6 . 1    Wh e n  th e  c o n ta i n e r s  b e i n g flled  ar e  r e m o te  fr o m
th e  d e l i ve r y p o i n t an d  p r e s s u r e  g au ge s  o r  fu l l  tr yc o c k val ve s  a r e
n o t vi s i b l e ,  r e d u n d an t ga u g e s  an d  va l ve s  s h al l  b e  i n s ta l l e d  at

th e  flling  c o n n e c ti o n .

8 . 3 . 5  M ai n te n an c e .

Δ 8 . 3 . 5 . 1    M ai n te n an c e  s h al l  b e  p e r fo r m e d  a n n u a l l y b y a  q u a l i ‐
fed  r e p r e s e n ta ti ve  o f th e  e q u i p m e n t o wn e r.

Δ 8 . 3 . 5 . 2    T h e  m a i n te n an c e  s h al l  i n c l u d e  i n s p e c ti o n  fo r  p h ys i c al
d am ag e ,  l e a kti g h tn e s s ,  g r o u n d  s ys te m  i n te gr i ty,  ve n t s ys te m

o p e r ati o n ,  e q u i p m e n t identifcation,  war n i n g s i g n s ,  o p e r ato r
i n fo r m a ti o n  a n d  tr ai n i n g  r e c o r d s ,  s c h e d u l e d  m a i n te n an c e  an d

r e te s t r e c o r d s ,  al ar m  o p e r a ti o n ,  a n d  o th e r  s a fe ty- r e l ate d
fe a tu r e s .

Δ 8 . 3 . 5 . 3    S c h e d u l e d  m a i n te n an c e  a n d  r e te s t ac ti vi ti e s  s h al l  b e
fo r m al l y d o c u m e n te d ,  an d  r e c o r d s  s h al l  b e  m a i n tai n e d  a m i n i ‐
m u m  o f 3  ye ar s .

C h ap te r 9    E x p l o s i o n  P ro te c ti o n  ( Re s e r ve d )

C h ap te r 1 0    G H 2  Ve h i c l e  Fue l i n g Fac i l i ti e s

1 0 . 1  S c o p e .    T h i s  c h ap te r  s h a l l  a p p l y to  th e  d e s i gn ,  c o n s tr u c ‐
ti o n ,  an d  i n s ta l l ati o n  o f GH 2  s ys te m s  to  b e  u ti l i z e d  fo r  ve h i c l e

fu e l i n g .

1 0 . 1 . 1  Ap p l i c ati o n .    T h e  r e q u i r e m e n ts  o f th i s  c h ap te r  s h a l l
a p p l y to  fu e l i n g o p e r a ti o n s ,  i r r e s p e c ti ve  o f th e  s ys te m  c ap ac i ty

o f e i th e r  th e  fu e l i n g s o u r c e  o r th e  ve h i c l e  b e i n g  fu e l e d .

1 0 . 1 . 1 . 1    H yd r o g e n  d i s p e n s i n g s ys te m s  fo r  ve h i c u l ar  fu e l i n g
s h a l l  c o m p l y wi th  C h a p te r  1 0 .   

1 0 . 1 . 1 . 2    T h e  s to r ag e ,  u s e ,  an d  h an d l i n g  o f GH 2  i n  an y q u an ‐
ti ty s h a l l  a l s o  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 s  1  a n d  4
a n d  th e  a p p l i c a b l e  r e q u i r e m e n ts  o f C h ap te r s  5  th ro u g h  7 .

1 0 . 1 . 1 . 3    H yd r o g e n  ge n e r a 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
a c c o r d an c e  wi th  C h ap te r  1 3 .

1 0 . 1 . 1 . 4    Wh e r e  th e r e  i s  a  confict b e twe e n  a  fu n d am e n tal
r e q u i r e m e n t an d  a use-specifc  r e q u i r e m e n t,  th e  use-specifc
r e q u i r e m e n t s h al l  ap p l y.

N 1 0 . 1 . 1 . 5 *    T h i s  c h ap te r  s h a l l  n o t a p p l y to  fac i l i ti e s  th at fll
c o n tai n e r s  o r  tr ai l e r s  fo r  th e  p u r p o s e s  o f tr an s p o r ti n g  h yd r o ‐

ge n  wh e n  i n  ac c o r d a n c e  wi th  an d  r e gu l ate d  b y 4 9  C F R 1 0 0 –
1 9 9 .

1 0 . 2  G e n e ral .

1 0 . 2 . 1 *  S ys te m  Ap p ro val s .

1 0 . 2 . 1 . 1 *    D i s p e n s i n g  fa c i l i ti e s  s h a l l  b e  certifed  as  m e e ti n g  th e
r e q u i r e m e n ts  o f th i s  c o d e  b y qualifed  e n g i n e e r ( s )  wi th  e x p e r ‐
ti s e  a n d  c o m p e te n c e  i n  th e  d e s i g n ,  fa b r i c ati o n ,  an d  c o n s tr u c ‐

ti o n  o f h yd r o ge n  c o n tai n e r s ,  p i p i n g  s ys te m s ,  s i te  fre
p r o te c ti o n ,  g as e o u s  d e te c ti o n ,  e m e r ge n c y s h u td o wn  p r o vi s i o n s ,
i s o l ati o n ,  d r a i n ag e ,  s i te  s p ac i n g ,  fre  p r o te c ti o n  e q u i p m e n t,

o p e r ati n g  p r o c e d u r e s ,  wo r ke r  p r o te c ti o n ,  a n d  o th e r  c o m p o ‐
n e n ts  o f th e  fac i l i ty.
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2 0 2 3  E d i t i o n S h a d e d  te x t =  Re vi s i o n s .  Δ  =  Te x t d e l e ti o n s  a n d  fgure/table  r e vi s i o n s .  •  =  S e c ti o n  d e l e ti o n s .  N  =  N e w m a te r i a l .

1 0 . 2 . 1 . 2 *    A h a z a r d  a n al ys i s  s h al l  b e  c o n d u c te d  o n  e ve r y h yd r o ‐
ge n  fu e l i n g s ys te m  i n s tal l a ti o n  b y a qualifed  e n gi n e e r ( s )  wi th
p r o ve n  e x p e r ti s e  i n  h yd r o g e n  fu e l i n g  s ys te m s ,  i n s tal l ati o n s ,  an d
h a z a r d  an a l ys i s  te c h n i q u e s .

1 0 . 2 . 2 *  S ys te m  C o m p o n e n t Qualifcations.    T h e  fo l l o wi n g
s ys te m s  an d  s ys te m  c o m p o n e n ts  s h a l l  b e  l i s te d  o r  ap p r o ve d :

( 1 ) H o s e  a n d  h o s e  c o n n e c ti o n s
( 2 ) Ve h i c l e  fu e l i n g  c o n n e c ti o n s  ( e . g . ,  n o z z l e )
( 3 ) E l e c tr i c al  e q u i p m e n t u s e d  wi th  GH 2  s ys te m s
( 4 ) G as  d e te c ti o n  e q u i p m e n t a n d  al ar m s
( 5 ) H yd r o ge n  d i s p e n s e r s
( 6 ) P r e s s u r e  s wi tc h e s
( 7 ) F l o w m e te r s
( 8 ) B r e akawa y d e vi c e s
( 9 ) C o m p r e s s o r

1 0 . 2 . 3    Ve h i c l e s  s h a l l  n o t b e  c o n s i d e r e d  a  s o u r c e  o f i gn i ti o n
wi th  r e s p e c t to  th e  r e q u i r e m e n ts  o f th i s  c h ap te r.

•
1 0 . 2 . 4    Wh e r e  a n  o ve r p r e s s u r e  i n c i d e n t th a t r e s u l ts  i n  o p e r a‐
ti o n  o f th e  o ve r p r e s s u r e  p r o te c ti o n  s ys te m  o c c u r s ,  th e
d i s p e n s e r  p r e s s u r e  c o n tr o l  s ys te m  s h a l l  b e  e x a m i n e d  an d  c e r ti ‐
fed  b y a qualifed  te c h n i c i an  p r i o r  to  b e i n g r e tu r n e d  to  s e r v‐
i c e .

1 0 . 3  D e s i gn .

1 0 . 3 . 1  D e s i gn  an d  C o n s tr u c ti o n  o f C yl i n d e rs ,  C o n tai n e rs ,  an d
Tan k s .

1 0 . 3 . 1 . 1    C o m p o n e n ts  s h a l l  b e  d e s i g n e d ,  i n s ta l l e d ,  o r  p r o te c ‐
te d  s o  th e i r  o p e r ati o n  i s  n o t affe c te d  b y fr e e z i n g r a i n ,  s l e e t,
s n o w,  i c e ,  m u d ,  i n s e c ts ,  o r  d e b r i s .

1 0 . 3 . 1 . 2    C yl i n d e r s ,  c o n tai n e r s ,  an d  ta n ks  s h al l  b e  fab r i c a te 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  C h a p te r s  6  an d  7
o f th i s  d o c u m e n t.

1 0 . 3 . 2  P re s s u re  Re l i e f D e vi c e s .

1 0 . 3 . 2 . 1    P r e s s u r e  r e l i e f d e vi c e s  d e s i g n e d  a n d  i n s tal l e d  i n
ac c o r d an c e  wi th  1 0 . 6 . 3 . 1  s h al l  b e  e x am i n e d  a n d  te s te d  i n
ac c o r d an c e  wi th  th e  ap p l i c a b l e  r e q u i r e m e n ts  o f th e  AS M E
Boiler and Pressure Vessel Code.

1 0 . 3 . 2 . 2    An  o ve r p r e s s u r e  p r o te c ti o n  d e vi c e ,  o th e r  th an  a
ru p tu r e  d i s c ,  s h a l l  b e  i n s tal l e d  i n  th e  fu e l i n g  tr an s fe r  s ys te m  to
p r e ve n t o ve r p r e s s u r e  i n  th e  ve h i c l e .

1 0 . 3 . 2 . 3    T h e  s e t p r e s s u r e  o f th e  o ve r p r e s s u r e  p r o te c ti o n
d e vi c e  fo r  th e  d i s p e n s i n g  s ys te m  s h al l  n o t e x c e e d  1 3 8  p e r c e n t
o f th e  s e r vi c e  p r e s s u r e  o f th e  fu e l i n g n o z z l e  i t s u p p l i e s .

Δ 1 0 . 3 . 2 . 4 *    T h e  c ap ac i ty o f p r e s s u r e  r e l i e f d e vi c e s  i n s tal l e d  o n
h yd r o g e n  d i s p e n s e r s  s h a l l  e x c e e d  th e  fu l l  fow c ap ac i ty o f th e
s u p p l y.

1 0 . 3 . 2 . 5    A r e l i e f d e vi c e  i s  n o t r e q u i r e d  o n  a h yd r o g e n
d i s p e n s e r  i f th e r e  ar e  e q u i val e n t m e a n s  o f p r o te c ti n g  fo r  o ve r ‐
p r e s s u r e  u p s tr e am  o f th e  d i s p e n s e r.

1 0 . 3 . 2 . 6    P r e s s u r e  r e l i e f va l ve s  fo r  GH 2  s e r vi c e  s h al l  n o t b e
ftted  wi th  l i fti n g  d e vi c e s .

1 0 . 3 . 2 . 6 . 1    T h e  a d j u s tm e n t,  i f e x te r n al ,  s h al l  b e  p r o vi d e d  wi th
a m e an s  fo r  s e al i n g th e  ad j u s tm e n t to  r e s i s t ta m p e r i n g .

1 0 . 3 . 2 . 6 . 2    I f at an y ti m e  i t i s  n e c e s s ar y to  b r e a k s u c h  a  s e a l ,  th e
va l ve  s h a l l  b e  r e m o ve d  fr o m  s e r vi c e  u n ti l  i t h as  b e e n  r e s e t an d
s e a l e d .

1 0 . 3 . 2 . 6 . 3    Ad j u s tm e n ts  s h al l  b e  m a d e  o n l y b y th e  m an u fa c ‐
tu r e r  o r  o th e r  c o m p a n i e s  h avi n g  c o m p e te n t p e r s o n n e l  an d

fac i l i ti e s  fo r  th e  r e p ai r,  a d j u s tm e n t,  an d  te s ti n g o f s u c h  val ve s .

1 0 . 3 . 2 . 6 . 4    T h e  o r g an i z a ti o n  m a ki n g s u c h  ad j u s tm e n t s h a l l
a ttac h  a p e r m a n e n t tag  wi th  th e  s e tti n g ,  c a p a c i ty,  a n d  d a te .

1 0 . 3 . 3  P re s s ure  G au ge s .

1 0 . 3 . 3 . 1    A p r e s s u r e  ga u g e ,  i f p r o vi d e d ,  s h al l  b e  c ap ab l e  o f
r e a d i n g a t l e as t 1 . 2  ti m e s  th e  s ys te m ’ s  m ax i m u m  al l o wab l e

wo r ki n g p r e s s u r e  ( M AWP ) .

1 0 . 3 . 3 . 2    Gau ge s  o r  o th e r  s u i tab l e  r e a d o u t d e vi c e s  s h al l  b e
i n s ta l l e d  to  i n d i c ate  d i s p e n s e r  d i s c h ar g e  p r e s s u r e .

1 0 . 3 . 3 . 3    P r e s s u r e  ga u g e s  s h al l  b e  c o n s tr u c te d  s u c h  th a t th e
ga u g e  wi l l  p r o te c t p e r s o n n e l  u n d e r  o ve r p r e s s u r e  c o n d i ti o n s
( e . g. ,  b l o w-o u t b a c k o r  s e c o n d a r y c o n tai n m e n t an d  r e l e as e ) .

1 0 . 3 . 4  P re s s u re  Re gul ato rs .

1 0 . 3 . 4 . 1    A p r e s s u r e  r e gu l ato r  i n l e t an d  e a c h  c h a m b e r  s h al l  b e
d e s i g n e d  i n  a c c o r d a n c e  wi th  AS M E  B 3 1 ,  Code for Pressure Piping.

1 0 . 3 . 4 . 2    L o w- p r e s s u r e  c h am b e r s  s h al l  p r o vi d e  fo r  o ve r p r e s s u r e
r e l i e f o r  s h al l  b e  ab l e  to  wi th s tan d  th e  s e r vi c e  p r e s s u r e  o f th e

u p s tr e am  p r e s s u r e  c h am b e r.

1 0 . 3 . 5  Fu e l  L i n e s  an d  P i p i n g S ys te m s .

1 0 . 3 . 5 . 1    P i p e ,  tu b i n g ,  a n d  fttings  s h a l l  b e  s u i ta b l e  fo r  h yd r o ‐
g e n  s e r vi c e  an d  fo r  m ax i m u m  p r e s s u r e s  a n d  m i n i m u m  an d

m a x i m u m  te m p e r atu r e s .  P i p i n g c o m p o n e n ts  i n  c o n ta c t wi th
h yd r o g e n  s h al l  b e  c o m p a ti b l e  wi th  h yd r o ge n  s e r vi c e  c o n d i ‐

ti o n s .

1 0 . 3 . 5 . 1 . 1    C a s t,  d u c ti l e ,  m al l e a b l e ,  o r  h i g h -s i l i c o n  i r o n  p i p e ,
val ve s ,  an d  fttings  s h al l  n o t b e  u s e d .

•
1 0 . 3 . 5 . 2 *    H yd r o ge n  ga s  p i p e ,  tu b i n g,  an d  fttings  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  AS M E  B 3 1 ,
Code for Pressure Piping.

1 0 . 3 . 5 . 3    P i p i n g  c o m p o n e n ts  s u c h  a s  s tr a i n e r s ,  s n u b b e r s ,  an d
e x p an s i o n  j o i n ts  s h a l l  b e  p e r m an e n tl y m a r ke d  b y th e  m an u fa c ‐
tu r e r  to  i n d i c a te  th e  s e r vi c e  r ati n g s .

1 0 . 3 . 5 . 3 . 1    S e a l  we l d s  s h al l  n o t b e  c o n s i d e r e d  as  c o n tr i b u ti n g
an y s tr e n gth  to  th e  j o i n ts .

1 0 . 3 . 5 . 3 . 2 *    A th r e a d e d  j o i n t to  b e  s e al  we l d e d  s h al l  b e  m ad e
u p  wi th o u t th r e a d  c o m p o u n d .

1 0 . 3 . 6  H o s e  an d  H o s e  C o n n e c ti o n s .

1 0 . 3 . 6 . 1    H o s e  s h a l l  b e  c o n s tr u c te d  o f o r  l i n e d  wi th  m ate r i al s
th at ar e  r e s i s tan t to  c o r r o s i o n  an d  e x p o s u r e  to  h yd r o g e n .

1 0 . 3 . 6 . 2    H o s e ,  m e ta l l i c  h o s e ,  fexible  m e ta l  h o s e ,  tu b i n g ,  an d
th e i r  c o n n e c ti o n s  s h a l l  b e  d e s i g n e d  o r  s e l e c te d  fo r  th e  m o s t
s e ve r e  p r e s s u r e s  a n d  te m p e r atu r e s  e x p e c te d  u n d e r  n o r m al
o p e r ati n g  c o n d i ti o n s  wi th  a b u r s t p r e s s u r e  o f at l e as t th r e e
ti m e s  th e  M AWP.

Δ 1 0 . 3 . 6 . 3    P r i o r  to  u s e ,  h o s e  a s s e m b l i e s  s h a l l  b e  te s te d  b y th e
o r i gi n al  e q u i p m e n t m a n u fac tu r e r  ( O E M )  o r  th e i r  d e s i g n ate d
r e p r e s e n ta ti ve  a t a p r e s s u r e  a t l e a s t twi c e  th e  as s e m b l y r a te d
p r e s s u r e .

1 0 . 3 . 6 . 4    H o s e  an d  m e ta l l i c  h o s e  s h al l  b e  d i s ti n c tl y m ar ke d  b y
th e  m a n u fac tu r e r,  e i th e r  b y th e  m an u fac tu r e r ’ s  p e r m an e n tl y
attac h e d  ta g o r  b y d i s ti n c t m ar ki n g s  i n d i c a ti n g th e  m an u fac tu r ‐
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S h ad 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 ate r i a l . 2 0 2 3  E d i t i o n

e r ’ s  n a m e  o r  tr ad e m a r k,  ap p l i c ab l e  s e r vi c e  identifer,  an d
d e s i g n  p r e s s u r e .

1 0 . 3 . 6 . 5    T h e  u s e  o f h o s e  i n  a  h yd r o g e n  d i s p e n s i n g s ys te m  s h a l l
b e  l i m i te d  to  ve h i c l e  fu e l i n g  h o s e .

1 0 . 3 . 6 . 5 . 1    E a c h  s e c ti o n  s h al l  b e  i n s tal l e d  s o  th at i t i s  p r o te c te d
ag ai n s t m e c h a n i c al  d am ag e  an d  a c c e s s i b l e  fo r  i n s p e c ti o n .

1 0 . 3 . 6 . 6    A b r e a ka way d e vi c e  th a t c au s e s  h yd r o ge n  g as  fow to
s to p  s h al l  b e  i n s tal l e d  b e twe e n  th e  c o n n e c ti o n  o f th e  h o s e  to
th e  d i s p e n s e r  an d  th e  flling  n o z z l e .  Wh e r e  a s e p ar ate  ve n t
h o s e  i s  u s e d ,  th e  ve n t h o s e  c o n n e c ti o n  al s o  s h al l  b e  e q u i p p e d
wi th  a b r e akawa y d e vi c e .

1 0 . 3 . 6 . 6 . 1    S u c h  d e vi c e s  s h al l  b e  ar r a n ge d  to  s e p ar a te  u s i n g a
fo r c e  n o t g r e ate r  th an  1 5 0  l b  ( 6 6 7  N )  wh e n  ap p l i e d  i n  an y
d i r e c ti o n  th a t th e  ve h i c l e  wo u l d  m o ve .

1 0 . 3 . 6 . 6 . 2    Al l  o th e r  c o n n e c ti o n s  s h al l  n o t p r e ve n t th e  o p e r a‐
ti o n  o f th e  ga s  fow b r e a ka way d e vi c e s .  

1 0 . 3 . 7  Val ve s .

1 0 . 3 . 7 . 1     Al l  s ys te m  c o m p o n e n ts  s h al l  b e  l i s te d  o r  ap p r o ve d
fo r  th e  h yd r o g e n  s e r vi c e  p r e s s u r e s ,  i n te r n al  an d  e x te r n al
te m p e r a tu r e s ,  an d  o p e r ati n g  e n vi r o n m e n t o f th e  h yd r o g e n
d i s p e n s i n g s ys te m .

1 0 . 3 . 7 . 1 . 1    S h u to ff val ve s  s h a l l  h ave  a r ate d  s e r vi c e  p r e s s u r e  n o t
l e s s  th a n  th e  r ate d  s e r vi c e  p r e s s u r e  o f th e  e n ti r e  s ys te m  an d
s h a l l  b e  d e s i g n e d  wi th  a  m i n i m u m  s afe ty fa c to r  o f 3 .

1 0 . 3 . 7 . 2    Val ve s  o f a d e s i g n  th a t a l l o w th e  va l ve  s te m  to  b e
re m o ve d  wi th o u t r e m o val  o f th e  c o m p l e te  va l ve  b o n n e t o r  wi th ‐
o u t d i s as s e m b l y o f th e  va l ve  b o d y s h al l  n o t b e  u s e d .

1 0 . 3 . 8    Tr a n s fe r  s ys te m s  s h al l  b e  c a p a b l e  o f d e p r e s s u r i z i n g  to
fa c i l i ta te  d i s c o n n e c ti o n .

1 0 . 3 . 9    P n e u m a ti c  ga s  s u p p l y s ys te m s  fo r  c o n tr o l  d e vi c e s  s h a l l
b e  d e s i g n e d  to  p r e ve n t i n te r n al  a n d  e x te r n al  fr e e z i n g .  F u e l  ga s
c o n tr o l s  s h a l l  b e  i n s tal l e d  to  p r e ve n t e x te r n al  fr e e z i n g .

1 0 . 3 . 1 0  Ve h i c l e  Fu e l i n g C o n n e c ti o n .

Δ 1 0 . 3 . 1 0 . 1    F u e l i n g n o z z l e s  fo r  d i s p e n s i n g  i n to  h yd r o g e n  m o to r
ve h i c l e s  s h a l l  b e  l i s te d  i n  ac c o r d an c e  wi th  S AE  J 2 6 0 0 ,
Compressed Hydrogen Surface Refueling Connection Devices,  o r  I S O
1 7 2 6 8 ,  Gaseous Hydrogen Land Vehicle Refuelling Connection Devi‐
ces,  o r  ap p r o ve d .

1 0 . 3 . 1 0 . 2 *    T h e  u s e  o f ad ap te r s  to  tr a n s i ti o n  fr o m  th e  n o z z l e  to
th e  ve h i c l e  s h al l  b e  p r o h i b i te d .

1 0 . 3 . 1 0 . 3    T h e  fu e l i n g  c o n n e c ti o n  s h al l  p r e ve n t th e  e s c ap e  o f
ga s  wh e r e  th e  c o n n e c to r  i s  n o t p r o p e r l y e n g ag e d  o r  b e c o m e s
s e p ar ate d .

1 0 . 3 . 1 0 . 4    H yd r o ge n  th at i s  ve n te d  wh e n  th e  d i s p e n s e r  n o z z l e
i s  d i s c o n n e c te d  fr o m  th e  ve h i c l e  s h al l  b e  d i r e c te d  to  a s a fe
p o i n t o f d i s c h a r ge .

N 1 0 . 3 . 1 0 . 5 *    T h e  fu e l i n g  n o z z l e  s h a l l  b e  r a te d  to  th e  s a m e  o r
l o we r  p r e s s u r e  c l as s  as  th e  fu e l  s u p p l y c o n tai n e r s  i t i s  i n te n d e d
to  fu e l .

1 0 . 3 . 1 1  S tray o r I m p re s s e d  C u r re n ts  an d  B o n d i n g.

1 0 . 3 . 1 1 . 1 *    Wh e r e  s tr ay o r  i m p r e s s e d  c u r r e n ts  a r e  u s e d  o r  c a n
b e  p r e s e n t o n  d i s p e n s i n g  s ys te m s ,  s u c h  as  c ath o d i c  p r o te c ti o n ,
p r o te c ti ve  m e a s u r e s  to  p r e ve n t i g n i ti o n  s h al l  b e  take n .

1 0 . 3 . 1 1 . 2    Ad d i ti o n a l  s tati c  p r o te c ti o n  s h al l  n o t b e  r e q u i r e d
wh e r e  GH 2  i s  tr a n s fe r r e d  b y c o n d u c ti ve  h o s e ,  fexible  m e tal l i c

tu b i n g,  o r  p i p e  c o n n e c ti o n s  wh e r e  b o th  h al ve s  o f th e  m e ta l l i c
c o u p l i n g a re  i n  c o n ti n u o u s  e l e c tr i c a l  c o n ta c t.

1 0 . 3 . 1 2  D e te c ti o n .    D i s p e n s i n g  e q u i p m e n t s h a l l  b e  p r o vi d e d
wi th  h yd r o ge n  g as  d e te c ti o n ,  l e a k d e te c ti o n ,  an d  fame  d e te c ‐

ti o n  at th e  fu e l i n g  a r e a.

1 0 . 3 . 1 2 . 1    Ac ti vati o n  o f th e  d e te c ti o n  s ys te m s  s h al l  au to m ati ‐
c a l l y s to p  d i s p e n s i n g an d  ac ti vate  th e  au to m ati c  e m e r g e n c y

s h u to ff va l ve .  Re ac ti va ti o n  o f th e  d i s p e n s e r  s h al l  r e q u i r e  a
m a n u a l  r e s ta r t fo l l o wi n g th e  r e q u i r e m e n ts  o f th i s  c h ap te r.  

1 0 . 3 . 1 2 . 2    D i s p e n s e r  e n c l o s u r e  s h al l  b e  d e s i gn e d  to  p r e ve n t
th e  ac c u m u l ati o n  o f fammable  g as  wi th i n  th e  e n c l o s u r e .

1 0 . 3 . 1 3  E m e rge n c y S h u td o wn  E q u i p m e n t.

1 0 . 3 . 1 3 . 1  M an u al l y O p e rate d  C o n tai n e r Val ve .

1 0 . 3 . 1 3 . 1 . 1    E ac h  gr o u p  o f s to r ag e  ve s s e l s  u p  to  a  m a x i m u m
c o m b i n e d  c a p a c i ty o f 1 0 , 0 0 0  s c f ( 2 8 3  m 3 )  s h a l l  b e  p r o vi d e d

wi th  a  m a n u a l l y o p e r ate d  s h u to ff va l ve .

1 0 . 3 . 1 3 . 1 . 2    A m an u al l y o p e r a te d  s h u to ff val ve  s h al l  b e
i n s ta l l e d  i n  a  m an i fo l d  as  c l o s e  to  a  c o n tai n e r  o r  gr o u p  o f

c o n tai n e r s  a s  p r ac ti c al .

1 0 . 3 . 1 3 . 1 . 3    T h e  val ve  i n  1 0 . 3 . 1 3 . 1 . 2  s h al l  b e  l o c a te d  d o wn ‐
s tr e am  o f th e  backfow c h e c k va l ve  specifed  i n  1 0 . 3 . 1 3 . 2 .

1 0 . 3 . 1 3 . 2    T h e  c o m p r e s s o r  d i s c h ar g e  l i n e  s u p p l yi n g th e  s to r ‐
ag e  c o n tai n e r  s h a l l  b e  e q u i p p e d  wi th  a backfow c h e c k va l ve
n e ar  th e  c o n ta i n e r  to  p r e ve n t d i s c h ar g e  o f h yd r o g e n  fr o m  th e

c o n tai n e r  i n  c a s e  o f th e  r u p tu r e  o f th e  l i n e ,  h o s e ,  o r  fttings.

Δ 1 0 . 3 . 1 3 . 3    Wh e r e  excess-fow val ve s  ar e  u s e d ,  th e  c l o s i n g fow
s h a l l  b e  gr e a te r  th an  th e  m ax i m u m  s ys te m  d e s i g n  fow r ate  an d

l e s s  th an  th e  fow r a ti n g o f th e  p i p i n g  s ys te m  th at r e s u l ts  fr o m  a
c o m p l e te  l i n e  fa i l u r e  b e twe e n  th e  excess-fow val ve  a n d  th e
e q u i p m e n t d o wn s tr e am  o f th e  excess-fow va l ve .

1 0 . 3 . 1 3 . 4    G as  p i p i n g  fr o m  an  o u td o o r  c o m p r e s s o r  o r  s to r ag e
s ys te m  i n to  a  b u i l d i n g s h al l  b e  p r o vi d e d  wi th  an  a u to m a ti c

e m e r g e n c y s h u to ff va l ve  l o c a te d  o u ts i d e  th e  b u i l d i n g .

1 0 . 3 . 1 3 . 4 . 1    Wh e n  s u p p l yi n g  an  i n d o o r  d i s p e n s e r,  a  r e d u n d an t
a u to m a ti c  e m e r g e n c y s h u to ff s h a l l  b e  i n s tal l e d  wh e r e  th e

h yd r o g e n  p i p i n g  e n te r s  th e  b u i l d i n g .

( A)    T h e  val ve  as  s ta te d  i n  1 0 . 3 . 1 3 . 4 . 1  s h al l  b e  l o c a te d  o u ts i d e .  

( B )    T h e  va l ve  a s  s tate d  i n  1 0 . 3 . 1 3 . 4 . 1  s h a l l  s h u t wh e n  th e
d i s p e n s i n g a r e a ga s  d e te c ti o n  s ys te m  a c tu a te s .  

1 0 . 3 . 1 3 . 5    An  e m e r ge n c y m an u a l  s h u td o wn  d e vi c e  s h a l l  b e
p r o vi d e d  at th e  d i s p e n s i n g a r e a a n d  al s o  at a l o c a ti o n  r e m o te
fr o m  th e  d i s p e n s i n g  ar e a.

1 0 . 3 . 1 3 . 5 . 1    T h i s  d e vi c e ,  wh e n  ac ti vate d ,  s h al l  s h u t o ff th e
p o we r  s u p p l y an d  i s o l ate  th e  g as  s u p p l y fr o m  th e  h yd r o g e n

s o u r c e  to  th e  d i s p e n s e r.

1 0 . 3 . 1 3 . 5 . 2    Wh e n  GH 2  i s  b e i n g  p r o d u c e d  fr o m  th e  c o n ve r s i o n
o f L H 2 ,  th e  e m e r ge n c y s h u td o wn  s ys te m  al s o  s h al l  s h u t o ff th e

l i q u i d  s u p p l y a n d  p o we r  to  th e  L H 2  tr an s fe r  e q u i p m e n t n e c e s ‐
s a r y fo r  th e  c o n ve r s i o n  p r o c e s s .

N 1 0 . 3 . 1 3 . 5 . 3    S i g n ag e  fo r  e m e r ge n c y s h u td o wn  d e vi c e s  s h a l l
m e e t th e  r e q u i r e m e n ts  i n  1 0 . 4 . 8 .
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2 0 2 3  E d i t i o n S h a d e d  te x t =  Re vi s i o n s .  Δ  =  Te x t d e l e ti o n s  a n d  fgure/table  r e vi s i o n s .  •  =  S e c ti o n  d e l e ti o n s .  N  =  N e w m a te r i a l .

1 0 . 3 . 1 3 . 6    C o n tr o l  c i r c u i ts  s h al l  b e  ar r an g e d  s o  th a t,  wh e n  an
e m e r g e n c y s h u td o wn  d e vi c e  i s  ac ti va te d  o r  e l e c tr i c  p o we r  i s  c u t
o ff,  s ys te m s  th a t s h u t d o wn  s h al l  r e m ai n  d o wn  u n ti l  m an u al l y
ac ti va te d  o r  r e s e t a fte r  a s afe  c o n d i ti o n  i s  r e s to r e d .

1 0 . 3 . 1 3 . 7    T h e  e m e r g e n c y s h u td o wn  s ys te m  s h al l  i n c l u d e  a n
au to m a ti c  e m e r g e n c y s h u to ff val ve  at th e  h yd r o ge n  s to r ag e  an d
s u p p l y s ys te m .

1 0 . 3 . 1 3 . 7 . 1    T h e  a u to m a ti c  e m e r g e n c y s h u td o wn  val ve ( s )  s h a l l
c l o s e  wh e n  a n  e m e r g e n c y s h u td o wn  i s  ac ti vate d .

1 0 . 3 . 1 3 . 7 . 2    T h e  a u to m a ti c  e m e r g e n c y s h u td o wn  val ve ( s )  s h a l l
b e  fai l  c l o s e d .

1 0 . 3 . 1 4  S to rage .

1 0 . 3 . 1 4 . 1  G e n e ral .    T h e  i n d o o r  an d  o u td o o r  s to r ag e  o f GH 2  i n
b u l k an d  n o n -b u l k g as  i n s tal l ati o n s  s h al l  b e  i n  ac c o r d an c e  wi th

th e  ap p l i c ab l e  r e q u i r e m e n ts  o f C h a p te r s  6  an d  7 .

1 0 . 3 . 1 4 . 2  I n d o o r S to rage .    GH 2  s to r e d  i n  ve h i c l e -m o u n te d  fu e l
s u p p l y c o n ta i n e r s  s h al l  n o t b e  c o n s i d e r e d  as  p a r t o f th e  M AQ.

1 0 . 3 . 1 4 . 3  Vau l ts  fo r Ab o ve gro u n d  C o n tai n e rs .  ( Re s e r ve d )

1 0 . 3 . 1 4 . 4  U n d e rgro u n d  S to rage  S ys te m s .  ( Re s e r ve d )

N 1 0 . 3 . 1 4 . 5  C argo  Tran s p o r t U n l o ad i n g.

N 1 0 . 3 . 1 4 . 5 . 1    C ar g o  tr a n s p o r t u n l o ad i n g  s h a l l  c o m p l y wi th
7 . 3 . 4 . 2  an d  8 . 3 . 4 . 5 .

N 1 0 . 3 . 1 4 . 5 . 2    T h e  d e l i ve r y ve h i c l e  s h a l l  b e  l o c a te d  s o  th at a l l
p ar ts  o f th e  ve h i c l e  ar e  o n  th e  p r e m i s e s  wh e n  d e l i ve r y i s  m ad e .
[ 3 0 A: 9 . 2 . 2 . 4 ]

N 1 0 . 3 . 1 4 . 5 . 3    T h e  h yd r o g e n  s i te  s h a l l  b e  d e s i g n e d  wi th  a  traffc
p atte r n  fo r  th e  c ar g o  tr an s p o r t ve h i c l e .

Δ 1 0 . 3 . 1 5  C an o p i e s  U s e d  to  S u p p o r t G as e o us  H yd ro ge n
S ys te m s .    C a n o p i e s  th at ar e  u s e d  to  s h e l te r  d i s p e n s i n g  o p e r a‐
ti o n s  wh e r e  fammable  c o m p r e s s e d  ga s e s  a r e  l o c a te d  o n  th e

r o o f o f th e  c an o p y s h al l  b e  i n  a c c o r d an c e  wi th  th e  fo l l o wi n g:

( 1 ) T h e  c an o p y s h al l  m e e t o r  e x c e e d  Typ e  I  c o n s tr u c ti o n
r e q u i r e m e n ts  o f th e  ad o p te d  b u i l d i n g  c o d e .

( 2 ) O p e r ati o n s  l o c ate d  u n d e r c an o p i e s  s h al l  b e  l i m i te d  to
r e fu e l i n g  o n l y.

( 3 ) T h e  c a n o p y s h al l  b e  c o n s tr u c te d  i n  a  m an n e r  th at
p r e ve n ts  th e  ac c u m u l ati o n  o f h yd r o g e n  g as .

1 0 . 4  I n s tal l ati o n .

1 0 . 4 . 1  G e n e ral .    H yd r o g e n  d i s p e n s i n g s ys te m s  s h al l  b e  p r o te c ‐
te d  to  m i n i m i z e  d am a ge  fr o m  ve h i c l e s  an d  van d al s .

1 0 . 4 . 1 . 1    Ve h i c l e  fu e l i n g a r e as  s h al l  b e  c o n s tr u c te d  wi th  a
l e n gth  an d  wi d th  to  ac c o m m o d ate  th e  typ e s  o f ve h i c l e s  to  b e

fu e l e d .

1 0 . 4 . 2  I n s tal l ati o n  o f P re s s u re  Re gu l ato rs  o n  D i s p e n s i n g
S ys te m s .

1 0 . 4 . 2 . 1    T h e  r e gu l a to r  p r o te c ti o n  i n  1 0 . 3 . 1 . 1  s h a l l  b e  p e r m i t‐
te d  to  b e  i n te g r al  wi th  th e  r e gu l ato r.

1 0 . 4 . 3  I n s tal l ati o n  o f P i p i n g an d H o s e s  o n  D i s p e n s i n g S ys te m s .

1 0 . 4 . 3 . 1    P i p i n g  an d  h o s e  s h al l  b e  r u n  a s  d i r e c tl y a s  p r ac ti c al
a n d  wi th  p r o vi s i o n s  to  p r o te c t th e  p i p i n g  fr o m  th e  e ffe c ts  o f
e x p a n s i o n ,  c o n tr ac ti o n ,  j ar r i n g,  vi b r ati o n ,  an d  s e ttl i n g .

1 0 . 4 . 3 . 2    E x te r i o r  p i p i n g  s h al l  b e  p r o te c te d  a ga i n s t m e c h an i c al
d am ag e .

1 0 . 4 . 3 . 3    A p i p e  th r e a d  j o i n ti n g  m ate r i a l  i m p e r vi o u s  to  th e
a c ti o n  o f th e  h yd r o ge n  u s e d  i n  th e  s ys te m  s h al l  b e  ap p l i e d  to

al l  m a l e  p i p e  th r e ad s  p r i o r  to  as s e m b l y.

1 0 . 4 . 3 . 4    M e c h an i c a l  j o i n ts  s h al l  b e  l o c ate d  i n  an  a c c e s s i b l e
l o c ati o n .

1 0 . 4 . 3 . 5    T h r e a d e d  p i p i n g  a n d  fttings  s h a l l  b e  c l e a r  a n d  fr e e
fr o m  c u tti n g  o r  th r e ad i n g b u r r s  a n d  s c al e s ,  an d  th e  e n d s  o f a l l

p i p i n g  s h a l l  b e  r e am e d .

1 0 . 4 . 3 . 6 *    M e c h an i c a l  c o n n e c ti o n s  i n  h yd r o g e n  p i p i n g  s h a l l
n o t b e  b u r i e d .

1 0 . 4 . 3 . 7    A b e n d  i n  p i p i n g  o r  tu b i n g  s h a l l  h ave  th e  p r e s s u r e
r a ti n g r e d u c e d  ac c o r d i n g to  AS M E  B 3 1 ,  Code for Pressure Piping.

1 0 . 4 . 4 *    H yd r o ge n  s h al l  b e  ve n te d  i n  a c c o r d a n c e  wi th
S e c ti o n  6 . 1 7 .

1 0 . 4 . 5  S ys te m  Te s ti n g.

1 0 . 4 . 5 . 1 *    H yd r o ge n  d i s p e n s i n g  s ys te m s  s h al l  b e  l e ak te s te d
a fte r  fnal  i n s ta l l a ti o n  to  p r o ve  th e m  fr e e  fr o m  l e aks  a t a  p r e s ‐
s u r e  e q u a l  to  at l e a s t th e  n o r m a l  s e r vi c e  p r e s s u r e  o f th a t

p o r ti o n  o f th e  s ys te m .

1 0 . 4 . 5 . 2    T h i s  l e a k te s t s h al l  b e  i n  a d d i ti o n  to  th e  AS M E  B 3 1 ,
Code for Pressure Piping,  te s ti n g  r e q u i r e d  b y 1 0 . 3 . 5 . 2 .

1 0 . 4 . 5 . 3    L e a ka ge  s h a l l  n o t o c c u r  wh e n  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 AS M E  B 3 1 ,  Code for Pressure Piping,

e i th e r  p n e u m a ti c al l y o r  h yd r o s tati c al l y.  T h e  te s t p r e s s u r e  s h a l l
b e  n o t l e s s  th a n  1 1 0  p e r c e n t o f th e  r a te d  s e r vi c e  p r e s s u r e  wh e n

te s te d  p n e u m a ti c al l y,  u s i n g  an  i n e r t g as  as  th e  m e d i u m ,  n o r  l e s s
th an  1 5 0  p e r c e n t o f th e  r a te d  s e r vi c e  p r e s s u r e  wh e n  te s te d
h yd r o s tati c al l y.

1 0 . 4 . 5 . 4    T h e  a s s e m b l y s h a l l  b e  l e a k te s te d  u s i n g  h yd r o g e n .

1 0 . 4 . 5 . 5 *    Wh e r e  h yd r o ge n  i s  to  b e  u s e d  as  th e  l e a k te s t m e d i a ,
th e  s ys te m  s h al l  frst b e  p u r g e d  wi th  an  i n e r t g as  to  e n s u r e  th a t

al l  o x yge n  i s  r e m o ve d .

1 0 . 4 . 6  I n s tal l ati o n  o f E l e c tri c al  E q u i p m e n t.

1 0 . 4 . 6 . 1    F i x e d  e l e c tr i c al  e q u i p m e n t an d  wi r i n g wi th i n  ar e a s
specifed  i n  Tab l e  1 0 . 4 . 6 . 1  s h a l l  b e  as  fo l l o ws :

( 1 ) C o m p l i an t wi th  Ta b l e  1 0 . 4 . 6 . 1
( 2 ) I n s tal l e d  i n  a c c o r d an c e  wi th  NFPA 70

1 0 . 4 . 6 . 1 . 1    T h e  e l e c tr i c al  a r e a classifcation  s h al l  n o t a p p l y to
ve h i c l e s .

1 0 . 4 . 6 . 2    Wi th  th e  ap p r o val  o f th e  AH J ,  th e  classifed  ar e a s
specifed  i n  Ta b l e  1 0 . 4 . 6 . 1  fo r  d i s p e n s e r  i n te r i o r  e l e c tr i c al

e n c l o s u r e s  s h a l l  b e  p e r m i tte d  to  b e  r e d u c e d  o r  e l i m i n ate d  b y
p o s i ti ve - p r e s s u r e  ve n ti l a ti o n  fr o m  a s o u r c e  o f c l e an  ai r  o r  i n e r t

ga s  i n  c o n j u n c ti o n  wi th  e ffe c ti ve  s afe gu ar d s  ag ai n s t ve n ti l a ti o n
s ys te m  fa i l u r e  b y p u r gi n g m e th o d s  r e c o g n i z e d  i n  N F PA 4 9 6 .

1 0 . 4 . 6 . 2 . 1    Modifcations  s h al l  b e  ap p r o ve d  b y a  qualifed  e n g i ‐
n e e r  wi th  e x p e r ti s e  i n  fre  s afe ty an d  g as e o u s  fu e l s .

1 0 . 4 . 6 . 3    Classifed  a r e as  s h a l l  n o t e x te n d  b e yo n d  a n  u n p i e r c e d
wal l ,  r o o f,  o r  ga s ti gh t p ar ti ti o n .

1 0 . 4 . 6 . 4    S p ac e  ar o u n d  we l d e d  p i p e  an d  e q u i p m e n t wi th o u t
fanges,  val ve s ,  o r  fttings  s h al l  b e  a n o n h az ar d o u s  l o c a ti o n .
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S h ad 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 ate r i a l . 2 0 2 3  E d i t i o n

1 0 . 4 . 6 . 4 . 1    L i s te d  d i s p e n s e r s  s h al l  b e  al l o we d  to  b e  i n s tal l e d
wi th i n  classifed  ar e a s  i n  a c c o r d a n c e  wi th  th e  te r m s  o f th e  l i s t‐
i n g .

Δ 1 0 . 4 . 7 *  Fi re  P ro te c ti o n .    A m i n i m u m  1 0  l b  ( 4 . 5 4  kg )  AB C  d r y
c h e m i c a l  p o r tab l e  fre  e x ti n g u i s h e r  h a vi n g a n  ag e n t d i s c h ar g e
ra te  o f at l e a s t 1  l b / s e c  ( 0 . 4 5  kg / s e c )  s h al l  b e  p r o vi d e d  at th e
d i s p e n s i n g a r e a i n  ap p r o ve d  l o c ati o n s  n o t m o r e  th a n  5 0  ft
( 1 5 . 2  m )  away fr o m  th e  d i s p e n s i n g  a r e a.

1 0 . 4 . 8  S i gn age .

1 0 . 4 . 8 . 1  War n i n g S i gn s .    Wa r n i n g  s i g n s  s h al l  b e  c o n s p i c u o u s l y
p o s te d  i n  th e  d i s p e n s i n g ar e a  an d  s h a l l  i n c o r p o r ate  th e  fo l l o w‐
i n g,  o r  e q u i val e n t wo r d i n g a p p r o ve d  b y th e  AH J :

WARN I N G

I t i s  u n l awfu l  an d  p o te n ti al l y h az ar d o u s  to  d i s p e n s e  h yd r o ‐
g e n  i n to  u n ap p r o ve d  c o n tai n e r s .

WARN I N G  H YD RO GE N  — N O  S M O KI N G  —
C O M P RE S S E D  F L AM M AB L E  GAS  H YD RO GE N  H AS  N O

O D O R.

I f a  fre  o r  l e a k s tar ts ,  d o  n o t r e m o ve  n o z z l e —b a c k away
i m m e d i ate l y

1 0 . 4 . 8 . 2    T h e  s i g n ag e  s h a l l  c o m p l y wi th  AN S I  Z 5 3 5  2 ,  Environ‐
mental and Facility Safety Signs;  AN S I  Z 5 3 5 . 3 ,  Criteria for Safety
Symbols;  an d  AN S I  Z 5 3 5 . 4 ,  Product Safety Signs and Labels.

1 0 . 4 . 8 . 3    F o r  p u b l i c  d i s p e n s i n g,  th e  fo l l o wi n g  a d d i ti o n al
s i gn a ge  s h al l  b e  r e q u i r e d :

Tu r n  o ff ve h i c l e

D i s c h ar g e  yo u r  s tati c  e l e c tr i c i ty b e fo r e  fu e l i n g b y to u c h i n g  a
m e ta l  s u r fac e  away fr o m  th e  n o z z l e

D o  n o t r e - e n te r  yo u r  ve h i c l e  wh i l e  h yd r o g e n  i s  d i s p e n s i n g

D o  n o t al l o w i n d i vi d u al s  u n d e r  l i c e n s e d  a ge  to  u s e  th e
d i s p e n s e r

1 0 . 4 . 8 . 4  O th e r S i gn s .

1 0 . 4 . 8 . 4 . 1  Fue l i n g N o z z l e .    T h e  p r e s s u r e  c l as s  o f e ac h  fu e l i n g
n o z z l e  s h al l  b e  c l e a r l y l ab e l e d  o n  o r  n e x t to  th e  fu e l i n g  n o z z l e .

1 0 . 4 . 8 . 4 . 2 *  O p e rati n g I n s tr u c ti o n s .    T h e  o p e r a ti n g i n s tr u c ‐
ti o n s  s h al l  b e  c l e ar l y d i s p l a ye d  o n  th e  d i s p e n s e r.  T h e  o p e r ati n g
i n s tr u c ti o n s  s h al l  b e  u n d e r s tan d a b l e  b y an  u n tr a i n e d  u s e r.

1 0 . 4 . 8 . 4 . 3    E m e r g e n c y s h u td o wn  d e vi c e s  s h al l  b e  d i s ti n c tl y
m a r ke d  fo r  e as y r e c o g n i ti o n  wi th  a p e r m an e n tl y affxed  s i gn .

1 0 . 5  D i s p e n s i n g.

1 0 . 5 . 1 *  G e n e ral .

1 0 . 5 . 1 . 1  Ve h i c l e  Fue l i n g D i s p e n s e r S ys te m  O p e rati o n .

1 0 . 5 . 1 . 1 . 1 *  Fu e l i n g H o s e  I n te gri ty Te s ts .    C o n tr o l l e r s  o n
h yd r o g e n  d i s p e n s i n g s ys te m s  s h al l  b e  d e s i gn e d  to  ve r i fy th e

i n te g r i ty o f th e  fu e l  h o s e ,  b r e a ka way,  n o z z l e ,  a n d  r e c e p tac l e  b y
p r e s s u r i z i n g  th e s e  c o m p o n e n ts  to  at l e as t th e  ve h i c l e  b ac k p r e s ‐
s u r e  an d  m o n i to r i n g  p r e s s u r e  d e c ay o ve r  a p e r i o d  o f at l e as t
fve  s e c o n d s  p r i o r  to  th e  s tar t o f fu e l i n g .

1 0 . 5 . 1 . 1 . 2    H yd r o g e n  d i s p e n s i n g  i n te gr i ty c h e c ks  o n c e  th e  fu e l ‐
i n g e ve n t h a s  s tar te d  s h al l  b e  a s  fo l l o ws :

( 1 ) 3 5 0  b ar  fu e l i n g  e ve n ts  s h a l l  h ave  a s e c o n d  i n te gr i ty c h e c k
r e p e ate d  a t 8 0  to  9 0  p e r c e n t o f th e  d i s p e n s e r  n o z z l e  s e r v‐
i c e  p r e s s u r e  b y s to p p i n g fow an d  c h e c ki n g th e  p r e s s u r e
d e c ay o ve r  a p e r i o d  o f fve  s e c o n d s .

( 2 ) 7 0 0  b a r  fu e l i n g e ve n ts  wi th  a s ta r ti n g p r e s s u r e  o f l e s s  th a n
2 0 0  b ar  s h al l  h ave  a s e c o n d  i n te g r i ty te s t a t 4 0  to
5 0  p e r c e n t a n d  th i r d  i n te g r i ty te s t a t 8 0  to  9 0  p e r c e n t o f

th e  d i s p e n s e r  n o z z l e  s e r vi c e  p r e s s u r e  b y s to p p i n g fow
an d  c h e c ki n g th e  p r e s s u r e  d e c a y o ve r  a p e r i o d  o f at l e as t
fve  s e c o n d s .

( 3 ) 7 0 0  b a r  fu e l i n g e ve n ts  wi th  a  s ta r ti n g p r e s s u r e  o f gr e a te r
th an  2 0 0  b ar  s h al l  h a ve  a s e c o n d  i n te g r i ty te s t at 8 0  to

9 0  p e r c e n t o f th e  d i s p e n s e r  n o z z l e  s e r vi c e  p r e s s u r e  b y
s to p p i n g  fow an d  c h e c ki n g  th e  p r e s s u r e  d e c a y o ve r  a
p e r i o d  o f at l e as t fve  s e c o n d s .

1 0 . 5 . 1 . 1 . 3    T h e  tr an s fe r  o f GH 2  i n to  a fu e l  s u p p l y c o n tai n e r
s h a l l  b e  p e r fo r m e d  i n  a c c o r d a n c e  wi th  i n s tr u c ti o n s  p o s te d  at
th e  d i s p e n s i n g  s tati o n .

1 0 . 5 . 1 . 1 . 4    S o u r c e s  o f i g n i ti o n  s h al l  b e  i n  ac c o r d a n c e  wi th
S e c ti o n  4 . 1 2 .

1 0 . 5 . 1 . 1 . 5    A m e an s  s h al l  b e  p r o vi d e d  to  b r i n g  th e  s ys te m  to  a
s a fe  c o n d i ti o n  i n  th e  e ve n t o f fai l u r e  o f th e  h yd r o g e n  d i s p e n s ‐

i n g s ys te m  l o gi c  c o n tr o l l e r.

1 0 . 5 . 1 . 1 . 5 . 1    T h e  m e a n s  o f p r o te c ti o n  s h al l  s to p  th e  d i s p e n s i n g
o f h yd r o ge n  i f th e  d i s p e n s e r  p r e s s u r e  o r  d i s p e n s e r  fu e l  te m p e r ‐

atu r e  d e vi a te s  fr o m  th e  o p e r a ti n g p ar am e te r s .

1 0 . 5 . 1 . 1 . 6    T h e  d i s p e n s e r  s h al l  n o t e x c e e d  th e  r a te d  te m p e r a‐
tu r e  o f th e  c o n tai n e r  o ve r  th e  r an g e  o f d i s p e n s e r  o p e r ati n g
c o n d i ti o n s .

1 0 . 5 . 1 . 2  Overflling P ro te c ti o n .

1 0 . 5 . 1 . 2 . 1    A h yd r o g e n  c o n tai n e r  s h a l l  n o t b e  c h ar g e d  i n
e x c e s s  o f th e  s e r vi c e  p r e s s u r e  th at i s  s ta m p e d  o n  th e  c o n tai n e r

Δ Tab l e  1 0 . 4 . 6 . 1  E l e c tri c al  I n s tal l ati o n s

L o c ati o n
D i vi s i o n

o r Z o n e E xte n t o f Classifed  Are a

O u td o o r  d i s p e n s e r  e n c l o s u r e  — e x te r i o r  
a n d  i n te r i o r

2 U p  to  5  ft ( 1 . 5  m )  fr o m  d i s p e n s e r

I n d o o r  d i s p e n s e r  e n c l o s u r e  — e x te r i o r  a n d  
i n te r i o r

2 1 5  ft ( 4 . 6  m )  fr o m  th e  p o i n t o f tr a n s fe r  
i n  ac c o r d a n c e  wi th  1 0 . 5 . 3 . 4 . 3 . 4

O u td o o r  d i s c h ar g e  fr o m  r e l i e f va l ve s  o r  ve n ts 1 5  ft ( 1 . 5  m )  fr o m  s o u r c e
O u td o o r  d i s c h ar g e  fr o m  r e l i e f va l ve s  o r  ve n ts 2 1 5  ft ( 4 . 6  m )  fr o m  s o u r c e
D i s c h a r g e  fr o m  r e l i e f val ve s  wi th i n  1 5  

d e g r e e s  o f th e  l i n e  o f d i s c h ar g e
1 1 5  ft ( 4 . 6  m )  fr o m  s o u r c e
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2 0 2 3  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 .

an d  d i s p l a ye d  o n  a l a b e l  n e ar  th e  flling  c o n n e c ti o n  wh e n
c o m p e n s a te d  fo r  d i ffe r e n c e s  i n  te m p e r atu r e  fr o m  5 9 ° F  ( 1 5 ° C ) .

1 0 . 5 . 1 . 2 . 2    A h yd r o g e n  c o n tai n e r  s h al l  n o t b e  s u b j e c te d  to
p r e s s u r e  i n  e x c e s s  o f 1 2 5  p e r c e n t o f i ts  m a r ke d  s e r vi c e  p r e s ‐
s u r e .

N 1 0 . 5 . 1 . 3  Fu e l i n g P ro to c o l s  fo r H yd ro ge n  M o to r Ve h i c l e s .    Al l
p u b l i c  d i s p e n s e r s  i n te n d e d  to  fu e l  h yd r o g e n  m o to r  ve h i c l e s
s h a l l  u s e  a s tan d ar d  l i gh t-d u ty fu e l i n g p r o to c o l  a s  th e i r  d e fau l t
p r o to c o l .

Δ 1 0 . 5 . 1 . 3 . 1    GH 2  d i s p e n s i n g  s ys te m s  s h al l  s to p  fu e l  fow au to ‐
m a ti c a l l y wh e n  a fu e l  s u p p l y c o n tai n e r  r e ac h e s  th e

te m p e r a tu r e -c o rr e c te d  fll  p r e s s u r e .

Δ 1 0 . 5 . 1 . 3 . 2    T h e  d i s p e n s e r  ga s  te m p e r atu r e  s h a l l  n o t b e  l e s s
th a n  − 4 0 ° F  ( − 4 0 ° C ) .

1 0 . 5 . 1 . 3 . 3    A d i s p e n s e r  s h a l l  o n l y d i s p e n s e  h yd r o ge n  wh e n  th e
am b i e n t te m p e r atu r e  i s  b e twe e n  − 4 0 ° F  ( − 4 0 ° C )  an d  1 2 2 ° F

( 5 0 ° C )  u n l e s s  d e s i gn e d  fo r  e x tr e m e  te m p e r atu r e s  an d  p e r
1 0 . 5 . 1 . 1 . 6 .

1 0 . 5 . 1 . 4 *  Fu e l i ng P ro to c o l s  fo r L i gh t- D u ty H yd ro ge n  M o to r
Ve h i c l e s .    Al l  p u b l i c  d i s p e n s e r s  an d  al l  d i s p e n s e r s  i n te n d e d  to
fu e l  l i g h t- d u ty h yd r o g e n  m o to r  ve h i c l e s  s h al l  u s e  a s tan d ar d

a u to m o ti ve  fu e l i n g  p r o to c o l  a s  th e i r  d e fau l t p r o to c o l .

1 0 . 5 . 1 . 4 . 1 *    T h e  d i s p e n s e r  u s i n g  a s ta n d ar d  au to m o ti ve  p r o to ‐
c o l  s h a l l  b e  l i s te d ,  ap p r o ve d ,  o r  te s te d  to  C S A/ AN S I  H GV 4 . 3 ,
Test Methods for Hydrogen Fueling Parameter Evaluation.

1 0 . 5 . 1 . 4 . 2 *    Al l  p u b l i c  d i s p e n s e r s  an d  al l  d i s p e n s e r s  i n te n d e d
to  fu e l  l i gh t-d u ty h yd r o g e n  m o to r  ve h i c l e s  th a t c an  b e  a c c e s s e d

b y a h yd r o g e n  ve h i c l e  u s i n g  a  n o n s tan d a r d  fu e l i n g p r o to c o l
s h a l l  m e e t th e  r e q u i r e m e n ts  i n  1 0 . 5 . 1 . 4 . 2 . 1  th r o u gh
1 0 . 5 . 1 . 4 . 2 . 2 .

1 0 . 5 . 1 . 4 . 2 . 1 *    Al l  p u b l i c  d i s p e n s e r s  an d  al l  d i s p e n s e r s  i n te n d e d
to  fu e l  l i gh t-d u ty h yd r o g e n  m o to r  ve h i c l e s  th a t c an  b e  a c c e s s e d

b y a  h yd r o g e n  ve h i c l e  u s i n g a n o n s tan d ar d  a u to m o ti ve  fu e l i n g
p r o to c o l  s h a l l  h ave  m e an s  to  p r e ve n t th e  fu e l i n g  o f ve h i c l e s  n o t
d e s i g n e d  to  u s e  th e  d i s p e n s e r.

1 0 . 5 . 1 . 4 . 2 . 2 *    Tr ai n e d  atte n d an ts  o f d i s p e n s e r s  s h a l l  b e  p e r m i t‐
te d  to  a u th o r i z e  th e  u s e  o f a n o n s ta n d a r d  fu e l i n g p r o to c o l .

1 0 . 5 . 1 . 4 . 2 . 3    D i s p e n s e r s  th at h ave  th e  c a p ab i l i ty to  u s e  b o th
s tan d ar d  a n d  n o n s ta n d ar d  fu e l i n g  p r o to c o l  s h a l l  p r e ve n t th e

au th o r i z ati o n  o f n o n s tan d ar d  p r o to c o l  b y p u b l i c  u s e r s  o f th e
d i s p e n s e r.

N 1 0 . 5 . 1 . 4 . 3    I f m e as u r e d ,  th e  d i s p e n s e r  g as  te m p e r a tu r e  s h al l  b e
m e a s u r e d  as  c l o s e  to  th e  h o s e  b r e a ka way as  p o s s i b l e .

1 0 . 5 . 1 . 4 . 4 *    T h e  fowrate  o f a h yd r o ge n  d i s p e n s e r  fo r  l i g h t-
d u ty ve h i c l e s  s h al l  n o t e x c e e d  0 . 1 3 2 3  l b  ( 6 0  g )  o f h yd r o g e n  p e r
s e c o n d .  

1 0 . 5 . 1 . 4 . 4 . 1    T h e  l i m i t o f 0 . 1 3 2 3  l b  ( 6 0  g )  p e r  s e c o n d  d o e s  n o t
i n c l u d e  tr a n s i e n t e x c u r s i o n s  d u e  to  val ve  a c tu a ti o n .

N 1 0 . 5 . 1 . 5  Fu e l i n g P ro to c o l s  fo r M e d i u m -  an d  H e avy- D u ty
H yd ro ge n  M o to r Ve h i c l e s .

N 1 0 . 5 . 1 . 5 . 1    T h e  d i s p e n s e r  s h al l  u s e  a s ta n d ar d  fu e l i n g  p r o to c o l .

N 1 0 . 5 . 1 . 5 . 1 . 1 *    T h e  s ta n d ar d  fu e l i n g  p r o to c o l  s h al l  b e  ap p r o ve d .

N 1 0 . 5 . 1 . 5 . 2    F o r  al l  p u b l i c  d i s p e n s e r s  an d  d i s p e n s e r s  i n te n d e d  to
fu e l  b o th  l i g h t-  an d  m e d i u m -/ h e a vy-d u ty h yd r o g e n  m o to r  ve h i ‐

c l e s ,  th e  n o n -l i g h t-d u ty ve h i c l e  p r o to c o l  s h a l l  b e  tr e a te d  as  a
n o n s tan d a r d  fu e l i n g  p r o to c o l  a n d  m e e t th e  r e q u i r e m e n ts  o f

1 0 . 5 . 1 . 4 . 2 . 1  th r o u g h  1 0 . 5 . 1 . 4 . 2 . 3 .

N 1 0 . 5 . 1 . 5 . 2 . 1    Al l  p u b l i c  d i s p e n s e r s  a n d  d i s p e n s e r s  i n te n d e d  to
fu e l  l i gh t-d u ty h yd r o ge n  m o to r  ve h i c l e s  th at c an  fu e l  a  h yd r o ‐

g e n  ve h i c l e  u s i n g  a n o n s ta n d ar d  au to m o ti ve  fu e l i n g p r o to c o l
s h a l l  h ave  m e a n s  to  p r e ve n t th e  fu e l i n g o f ve h i c l e s  n o t

d e s i g n e d  to  u s e  th e  d i s p e n s e r.

1 0 . 5 . 1 . 6  Ve h i c l e - to - D i s p e n s e r C o m m un i c ati o n s  S ys te m .

1 0 . 5 . 1 . 6 . 1 *    Al l  p u b l i c  d i s p e n s e r s  th at u s e  a  ve h i c l e -to -
d i s p e n s e r  c o m m u n i c ati o n  s ys te m  fo r  i ts  d e fa u l t fu e l i n g p r o to ‐

c o l  s h al l  u s e  a s tan d a r d  au to m o ti ve  c o m m u n i c ati o n  s ys te m .

1 0 . 5 . 1 . 6 . 2    D i s p e n s e r s  u s i n g a c o m m u n i c ati o n s  p r o to c o l  to
c o n tr o l  th e  fu e l i n g s h al l  ab o r t th e  fll  o r  r e ve r t to  a n o n c o m m u ‐
n i c ati o n  fu e l i n g  s tr ate gy i n  th e  e ve n t o f a  c o m m u n i c ati o n s  fai l ‐
u r e  o r  i f th e  d i s p e n s e r  d e te r m i n e s  th e  ve h i c l e  i s  u s i n g  an

u n r e c o gn i z e d  a u to m o ti ve  c o m m u n i c a ti o n  s ys te m .

1 0 . 5 . 1 . 7  P re s s u re  C o m p ati b i l i ty.

1 0 . 5 . 1 . 7 . 1    T h e  p r i m ar y m e an s  o f p r o te c ti o n  o f e n s u r i n g th e
p r e s s u r e  c o m p a ti b i l i ty o f th e  c o n ta i n e r  wi th  th e  d i s p e n s e r  s h a l l

b e  fu e l i n g n o z z l e  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 1 0 . 3 . 1 0 .

1 0 . 5 . 1 . 7 . 2 *    F o r  H 7 0  d i s p e n s i n g,  th e r e  s h al l  b e  a s e c o n d  m e a n s
o f p r e ve n ti n g d i s p e n s i n g th at i s  n o t c o m p ati b l e  wi th  th e  p r e s ‐
s u r e  r a ti n g o f th e  c o n tai n e r.

1 0 . 5 . 1 . 8  P u b l i c  D i s p e n s i n g I n to  C o n tai n e rs .

1 0 . 5 . 1 . 8 . 1    P u b l i c  d i s p e n s e r s  s h a l l  o n l y d i s p e n s e  GH 2  i n to
c o n tai n e r s  th a t a r e  c o m p ati b l e  wi th  th e  fu e l i n g  p r o to c o l

r e q u i r e m e n ts  i n  1 0 . 5 . 1 . 4 .

1 0 . 5 . 1 . 8 . 2 *    P u b l i c  d i s p e n s e r s  s h al l  o n l y d i s p e n s e  GH 2  i n to  fu e l
s u p p l y c o n tai n e r s  o n  h yd r o ge n  m o to r  ve h i c l e s  th at c o m p l y wi th

a t l e as t o n e  o f th e  fo l l o wi n g  s tan d ar d s :

( 1 ) S AE  J 2 5 7 9 ,  Standard for Fuel Systems in Fuel Cell and Other
Hydrogen Vehicles

( 2 ) U N  Gl o b al  Te c h n i c al  Re gu l ati o n  N o .  1 3 ,  Global technical
regulation on hydrogen and fuel cell vehicles

1 0 . 5 . 1 . 8 . 3    P u b l i c  d i s p e n s i n g  i n to  c o n tai n e r s  o th e r  th a n  fu e l
s u p p l y c o n ta i n e r s  s h a l l  b e  p r o h i b i te d  u n l e s s  a p p r o ve d  b y th e
s tati o n  o p e r a to r  an d  AH J .

1 0 . 5 . 1 . 8 . 4    T h i s  s e c ti o n  s h a l l  n o t ap p l y to  d i s p e n s i n g  i n to
c o n tai n e r s  fo r  fu e l  s ta ti o n  te s ti n g  p u r p o s e s  wh e n  ap p r o ve d  b y

th e  o p e r ato r.

1 0 . 5 . 2  D i s p e n s i n g to  T h e  P u b l i c .

1 0 . 5 . 2 . 1  G e n e ral .

1 0 . 5 . 2 . 1 . 1    GH 2  c o m p r e s s i o n ,  h yd r o g e n  ge n e r a ti o n  e q u i p ‐
m e n t,  s to r a ge ,  an d  d i s p e n s i n g  s h al l  b e  l o c ate d  an d  c o n d u c te d

o u td o o r s  o r  i n d o o r s  i n  c o m p l i a n c e  wi th  1 0 . 5 . 2 .

1 0 . 5 . 2 . 1 . 1 . 1    C o m p r e s s i o n ,  ga s  p r o c e s s i n g ,  d i s p e n s i n g e q u i p ‐
m e n t,  a n d  s to r age  c o n tai n e r s  c o n n e c te d  fo r  p u b l i c  u s e  s h a l l  b e
al l o we d  to  b e  l o c a te d  i n s i d e  o f b u i l d i n gs  r e s e r ve d  e x c l u s i ve l y

fo r  th e s e  p u r p o s e s  o r  i n  r o o m s  wi th i n  o r  attac h e d  to  b u i l d i n g s
u s e d  fo r  o th e r  p u r p o s e s  i n  ac c o r d a n c e  wi th  C h ap te r s  6  an d  7 .

1 0 . 5 . 2 . 1 . 1 . 2    D i s p e n s i n g e q u i p m e n t s h al l  b e  i n s ta l l e d  o n  fo u n ‐
d ati o n s  wi th  an c h o r i n g  s ys te m s  d e s i gn e d  to  m e e t th e  r e q u i r e ‐
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S h ad 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 ate r i a l . 2 0 2 3  E d i t i o n

m e n ts  o f th e  ad o p te d  b u i l d i n g c o d e  fo r  th e  ap p r o p r i ate  s e i s m i c
an d  wi n d  c o n d i ti o n s .  [ 5 2 : 9 . 3 . 3 ]

1 0 . 5 . 2 . 2  O u td o o r P u b l i c  Fue l i n g.

1 0 . 5 . 2 . 2 . 1  G e n e ral .

1 0 . 5 . 2 . 2 . 1 . 1    A fac i l i ty i n  wh i c h  G H 2  c o m p r e s s i o n ,  g as  p r o c e s s ‐
i n g,  h yd r o g e n  g e n e r ati o n  e q u i p m e n t,  s to r ag e ,  an d  d i s p e n s i n g

e q u i p m e n t a r e  s h e l te r e d  b y an  e n c l o s u r e  th a t i s  c o n s tr u c te d  a s
we ath e r  p r o te c ti o n  i n  a c c o r d a n c e  wi th  S e c ti o n  6 . 7  wi th  a r o o f
d e s i g n e d  fo r  ve n ti l ati o n  an d  d i s p e r s a l  o f e s c a p e d  g as  s h al l  b e

c o n s i d e r e d  to  b e  l o c ate d  o u td o o r s .

1 0 . 5 . 2 . 2 . 1 . 2 *    E q u i p m e n t l o c a te d  ab o ve  gr a d e  s h a l l  b e  i n s ta l ‐
l e d  o n  e n gi n e e r e d  s u p p o r t s tr u c tu r e s .

1 0 . 5 . 2 . 2 . 1 . 3 *    T h e  ve h i c l e  fu e l i n g p ad  s h al l  b e  o f c o n c r e te  o r  a
m a te r i al  h avi n g  a r e s i s ti vi ty n o t e x c e e d i n g  1  m e g ao h m  as  d e te r ‐

m i n e d  b y a n  ap p r o ve d  m e th o d  u n l e s s  th e  ve h i c l e  i s  gr o u n d e d
b y o th e r  m e an s ,  s u c h  a s  a  g r o u n d i n g  c a b l e .

1 0 . 5 . 2 . 2 . 1 . 4    T h e  o u td o o r  i n s tal l ati o n  o f h yd r o g e n  d i s p e n s e r s
s h a l l  m e e t th e  s e p ar a ti o n  d i s tan c e s  s h o wn  i n  Tab l e  1 0 . 5 . 2 . 2 . 1 . 4 .

1 0 . 5 . 2 . 2 . 1 . 5    D i s p e n s i n g e q u i p m e n t an d  p o i n ts  o f tr a n s fe r  s h a l l
b e  al l o we d  to  b e  l o c ate d  at a  l e s s e r  d i s ta n c e  fr o m  b u i l d i n gs  o r

wal l s  c o n s tr u c te d  o f c o n c r e te  o r  m as o n r y m ate r i a l s  o r  o f o th e r
m a te r i al  h a vi n g a fre  r e s i s tan c e  r a ti n g o f at l e as t 2  h o u r s ,  b u t at
l e as t 1 0  ft ( 3 . 0  m )  fr o m  a n y b u i l d i n g o p e n i n gs .

N 1 0 . 5 . 2 . 2 . 1 . 6    M o to r  ve h i c l e  traffc  p atte r n s  a t m o to r  fu e l
d i s p e n s i n g fa c i l i ti e s  s h a l l  b e  d e s i g n e d  to  i n h i b i t m o ve m e n t o f
ve h i c l e s  th at ar e  n o t b e i n g fu e l e d  fr o m  p as s i n g  th r o u g h  th e

d i s p e n s i n g a r e a.  [ 3 0 A: 6 . 3 . 7 ]

1 0 . 5 . 2 . 2 . 2  O u td o o r P u b l i c  Ful l - S e r vi c e  Fu e l i n g.  ( Re s e r ve d )

1 0 . 5 . 2 . 2 . 3  O u td o o r P u b l i c  Atte n de d  S e l f- S e r vi c e  Fu e l i n g.
( Re s e r ve d )

1 0 . 5 . 2 . 2 . 4  O u td o o r P u b l i c  U n atte n d e d  S e l f- S e r vi c e  Fue l i n g.
( Re s e r ve d )

1 0 . 5 . 3  D i s p e n s i n g to  N o n p u b l i c  U s e rs .

1 0 . 5 . 3 . 1  G e n e ral .  ( Re s e r ve d )

N 1 0 . 5 . 3 . 2  G as  D i s p e n s i n g E q u i p m e n t fo r H yd ro ge n - P o we re d
I n d u s tri al  Tr uc k s  ( H P I Ts ) .

N 1 0 . 5 . 3 . 2 . 1  D i s p e n s i n g E q u i p m e n t L i s ti n g.    Gas  d i s p e n s i n g
e q u i p m e n t fo r  H P I Ts  s h al l  b e  l i s te d  to  C S A H P I T  2  o r

a p p r o ve d .

N 1 0 . 5 . 3 . 2 . 2 *  D i s p e n s i n g E q u i p m e n t fo r S l o w- Fi l l  o f H P I Ts .
Slow-fll  ga s  d i s p e n s i n g  e q u i p m e n t fo r  H P I Ts  s h al l  u s e  th e  fu e l ‐

i n g  p r o to c o l  o f S AE  J 2 6 0 1 - 3 ,  Fueling Protocol for Gaseous Hydrogen
Powered Industrial Trucks,  o r  th e  “ D e s i g n  b y r u l e  fo r  H P I T
d i s p e n s e r s ”  o p ti o n  o f C S A H P I T  2  to  l i m i t th e  fu e l i n g  r a te .

N 1 0 . 5 . 3 . 2 . 3 *  D i s p e n s i n g E q ui p m e n t fo r Fas t- Fi l l  o f H P I Ts .    Ga s
d i s p e n s i n g e q u i p m e n t fo r  H P I Ts  s h al l  u s e  th e  fu e l i n g p r o to c o l

o f S AE  J 2 6 0 1 -3 ,  Fueling Protocol for Gaseous Hydrogen Powered
Industrial Trucks.

1 0 . 5 . 3 . 3  O u td o o r N o n p u b l i c  Fu e l i n g.

1 0 . 5 . 3 . 3 . 1  G e n e ral .    O u td o o r,  n o n p u b l i c  fu e l i n g i n s ta l l ati o n s
s h a l l  m e e t th e  r e q u i r e m e n ts  o f 1 0 . 5 . 2 . 2 . 1 .

1 0 . 5 . 3 . 3 . 2  O u td o o r N o n p u b l i c  G as  D i s p e n s i n g E q u i p m e n t fo r
H yd ro ge n - P o we re d  I n d u s tri al  Tr u c ks  ( H P I Ts ) .    Gas  d i s p e n s i n g
e q u i p m e n t s h al l  b e  l i s te d  o r  a p p r o ve d  fo r  o u td o o r  u s e  i n  ad d i ‐

ti o n  to  th e  r e q u i r e m e n ts  o f 1 0 . 5 . 3 . 2 . 1  an d  e i th e r  1 0 . 5 . 3 . 2 . 2  o r
1 0 . 5 . 3 . 2 . 3 .

•
1 0 . 5 . 3 . 4 *  I n d o o r N o n p u b l i c  Fue l i n g.

1 0 . 5 . 3 . 4 . 1  G e n e ral .

1 0 . 5 . 3 . 4 . 1 . 1    I n d o o r  d i s p e n s i n g  to  n o n p u b l i c  u s e r s  s h al l  m e e t
th e  p r o vi s i o n s  o f 1 0 . 5 . 3 . 4 .

Δ 1 0 . 5 . 3 . 4 . 1 . 2     F u e l  d i s p e n s i n g  i n d o o r s  s h a l l  b e  i n  a c c o r d a n c e
wi th  1 0 . 5 . 3 . 4 .

Δ 1 0 . 5 . 3 . 4 . 1 . 3     Wh e n  u s e d ,  defagration  ve n ti n g  s h al l  b e  p r o vi ‐
d e d  i n  e x te r i o r  wal l s  an d  r o o fs  o n l y.

Tab l e  1 0 . 5 . 2 . 2 . 1 . 4  S e p arati o n  D i s tan c e s  fo r O u td o o r G as e o u s  H yd ro ge n  D i s p e n s i n g S ys te m s

  Re q u i re d  S e p arati o n

S ys te m  C o m p o n e n t E x p o s u re ft m

D i s p e n s i n g  e q u i p m e n t N e a r e s t i m p o r ta n t b u i l d i n g  o r  l i n e  o f a d j o i n i n g  
p r o p e r ty th a t c a n  b e  b u i l t u p o n  o r  fr o m  a n y 
s o u r c e  o f i g n i ti o n

1 0 3 . 0

D i s p e n s i n g  e q u i p m e n t N e a r e s t p u b l i c  s tr e e t o r  p u b l i c  s i d e wa l k 1 0 3 . 0
D i s p e n s i n g  e q u i p m e n t N e a r e s t r a i l  o f a n y r a i l r o a d  m a i n  tr ac k 1 0 3 . 0
P o i n t o f tr an s fe r An y i m p o r ta n t b u i l d i n g  o th e r  th an  b u i l d i n g s  o f 

Typ e  I  o r  Typ e  I I  c o n s tr u c ti o n  wi th  e x te r i o r  wa l l s  
h a vi n g  a  fre  r e s i s tan c e  r ati n g  o f n o t l e s s  th a n  n o t 
l e s s  th an  2  h o u r s

1 0 3 . 0

P o i n t o f tr an s fe r B u i l d i n g s  o f Typ e  I  o r  I I  c o n s tr u c ti o n  wi th  e x te r i o r  
wa l l s  h a vi n g  a  fre  r e s i s tan c e  r ati n g  o f n o t l e s s  
th a n  2  h o u r s  o r  wa l l s  c o n s tr u c te d  o f c o n c r e te  o r  
m a s o n r y,  o r  o f o th e r  m a te r i al  h a vi n g  a  fre  
r e s i s ta n c e  r a ti n g  o f n o t l e s s  th a n  2  h o u r s

N o  l i m i t N o  l i m i t

P o i n t o f tr an s fe r S to r ag e  c o n tai n e r s 3 1 . 0
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2 0 2 3  E d i t i o n S h a d e d  te x t =  Re vi s i o n s .  Δ  =  Te x t d e l e ti o n s  a n d  fgure/table  r e vi s i o n s .  •  =  S e c ti o n  d e l e ti o n s .  N  =  N e w m a te r i a l .

Δ 1 0 . 5 . 3 . 4 . 1 . 4    Defagration  ve n ts  s h al l  b e  p e r m i tte d  to  c o n s i s t o f
an y o f th e  fo l l o wi n g:

( 1 ) Wal l s  o f l i g h t m a te r i al
( 2 ) L i g h tl y fa s te n e d  h a tc h  c o ve r s
( 3 ) L i gh tl y fa s te n e d ,  o u twar d -o p e n i n g d o o r s  i n  e x te r i o r  wa l l s
( 4 ) L i gh tl y fa s te n e d  wa l l s  o r  r o o fs
( 5 ) O th e r  m e th o d s  i n  ac c o r d a n c e  wi th  N F PA 6 9

1 0 . 5 . 3 . 4 . 1 . 5    Wh e r e  a p p l i c ab l e ,  s n o w l o a d s  s h al l  b e  i n c l u d e d  i n
th e  c al c u l a ti o n s  o f th e  b u i l d i n g  defagration  ve n ti n g  s ys te m .

Δ 1 0 . 5 . 3 . 4 . 1 . 6     Ro o m s  fo r  d i s p e n s i n g wi th i n  o r  a ttac h e d  to
o th e r  b u i l d i n gs  s h al l  c o m p l y wi th  a l l  o f th e  fo l l o wi n g :

( 1 ) 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  o r  l i m i te d -c o m b u s ti b l e
m a te r i al s

( 2 ) H a ve  i n te r i o r  wa l l s  o r  p ar ti ti o n s  as  fo l l o ws :

( a) C o n ti n u o u s  fro m  foor  to  c e i l i n g
( b ) An c h o r e d
( c ) H ave  a fre  r e s i s tan c e  r ati n g o f a t l e as t 2  h o u r s

( 3 ) H a ve  at l e a s t o n e  wal l  th a t i s  an  e x te r i o r  wal l
( 4 ) B e  p r o vi d e d  wi th  e x p l o s i o n  ve n ti n g  i n  ac c o r d an c e  wi th

1 0 . 5 . 3 . 4 . 1 . 3  an d  1 0 . 5 . 3 . 4 . 1 . 4
( 5 ) H a ve  a c c e s s  to  th e  r o o m  fr o m  o u ts i d e  th e  p r i m ar y s tr u c ‐

tu r e .
( 6 ) B e  p e r m i tte d  to  h ave  a c c e s s  fr o m  wi th i n  th e  p r i m ar y

s tr u c tu r e  wh e r e  a c c e s s  to  th e  r o o m  fr o m  o u ts i d e  th e
p r i m ar y s tr u c tu r e  i s  n o t p o s s i b l e  p r o vi d e d  th a t th e  ac c e s s

i s  th r o u g h  a  va p o r- s e a l i n g,  s e l f- c l o s i n g fre  d o o r  h avi n g
th e  ap p r o p r i ate  r ati n g  fo r  th e  l o c ati o n  wh e r e  i n s tal l e d .

Δ 1 0 . 5 . 3 . 4 . 1 . 7     I n d o o r  l o c ati o n s  s h al l  b e  p r o vi d e d  wi th  e x h a u s t
ve n ti l ati o n  i n  a c 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

S e c ti o n  6 . 1 8 .

NΔ 1 0 . 5 . 3 . 4 . 1 . 8    I n d u s tr i al  a n d  s to r ag e  o c c u p an c i e s  wh e r e  s to r ag e ,
g as  p r o c e s s i n g ,  an d  c o m p r e s s i o n  e q u i p m e n t a r e  l o c ate d

o u td o o r s  s h al l  b e  p e r m i tte d  wi th o u t th e  ve n ti l ati o n  o f
1 0 . 5 . 3 . 4 . 1 . 7  wh e n  al l  o f th e  fo l l o wi n g c o n d i ti o n s  ar e  m e t:

( 1 ) T h e  m i n i m u m  vo l u m e  o f th e  r o o m  i n  wh i c h  a d i s p e n s e r
i s  i n s tal l e d  i s  n o t l e s s  th an  1 8 0 , 0 0 0  ft3  ( 5 0 0 0  m 3 ) ,  an d  th e

m a x i m u m  q u an ti ty o f fu e l  to  b e  d i s p e n s e d  p e r  fu e l i n g
e ve n t i s  l i m i te d  to  9 . 2  l b  ( 4 . 2  kg) .

( 2 ) T h e  d i s p e n s e r  i s  e q u i p p e d  wi th  an  au to m ati c  s h u to ff
c o n tr o l  th a t c o n fo r m s  to  al l  th e  fo l l o wi n g:

( a) T h e  au to m ati c  s h u to ff c o n tr o l  s h u ts  d o wn  th e
s o u r c e  o f fu e l  wh e n  th e  m ax i m u m  fu e l  q u an ti ty p e r

d i s p e n s i n g e ve n t i s  r e ac h e d  o r  wh e n  th e  ve h i c l e  h a s
b e e n  fu e l e d  to  c ap ac i ty,  wh i c h e ve r  i s  l e s s .

( b ) T h e  s h u to ff c o n tr o l  i s  te s te d  at i n s tal l ati o n  an d
an n u a l l y th e r e afte r.

( c ) F ai l u r e  o f th e  c o n tr o l l e r  s h u ts  d o wn  th e  d i s p e n s i n g
s ys te m .

( 3 ) Wh e r e  m u l ti p l e  d i s p e n s e r s  a r e  i n s tal l e d  i n  a  ro o m ,  th e
m i n i m u m  r o o m  vo l u m e  i s  i n c r e m e n tal l y i n c re as e d  fo r
e ac h  ad d i ti o n al  d i s p e n s e r.

( 4 ) T h e  h e i gh t o f th e  c e i l i n g  o f th e  r o o m  wh e r e  d i s p e n s i n g
o c c u r s  i s  n o t l e s s  th a n  2 5  ft ( 8  m ) .

( 5 ) T h e  m a x i m u m  r e fu e l i n g  r a te  i s  l i m i te d  to  n o t m o r e  th an
2 . 2  l b / m i n  ( 1  kg / m i n ) ,  a n d  th e  fow l i m i ti n g d e vi c e  i s

i n s ta l l e d  o u td o o r s .
( 6 ) Al l  p o te n ti a l  l e ak p o i n ts  b e twe e n  th e  d i s p e n s e r  c a b i n e t

an d  th e  r e fu e l i n g  n o z z l e  a r e  m o n i to r e d  b y th e  d i s p e n s e r
i n  a c c o r d a n c e  wi th  1 0 . 5 . 1 . 1 . 1  an d  1 0 . 5 . 1 . 1 . 2  an d  ac ti va‐

ti o n  o f th e  m o n i to r i n g  s ys te m  s h u ts  d o wn  th e  d i s p e n s i n g
s ys te m .

( 7 ) F u e l i n g  h o s e s  ar e  as  fo l l o ws :

( a) L i m i te d  to  a m ax i m u m  l e n g th  o f 2 5  ft ( 7 . 6  m )
( b ) P r o te c te d  fro m  m e c h an i c al  d am a ge
( c ) P r o te c te d  fro m  ab r a s i o n
( d ) P r o te c te d  fro m  b e i n g  d r i ve n  o ve r  b y a  ve h i c l e

( 8 ) Tr a n s fe r  s ys te m s  a r e  c a p ab l e  o f d e p r e s s u r i z i n g  th e  n o z z l e
th r o u g h  th e  d i s p e n s e r  ve n t l i n e  to  fac i l i tate  d i s c o n n e c ‐
ti o n .

1 0 . 5 . 3 . 4 . 1 . 9    An  e x h a u s t ve n ti l a ti o n  s ys te m  fo r  a r o o m  wi th i n
o r  attac h e d  to  an o th e r  b u i l d i n g s h al l  b e  s e p ar a te  fr o m  an y
o th e r  ve n ti l ati o n  s ys te m  fo r  th e  o th e r  b u i l d i n g.

1 0 . 5 . 3 . 4 . 1 . 1 0    Wh e r e  i n s tal l e d ,  a ga s  d e te c ti o n  s ys te m  s h a l l
m e e t al l  o f th e  fo l l o wi n g :

( 1 ) B e  e q u i p p e d  to  s o u n d  a l a tc h e d  al ar m  a n d  vi s u al l y i n d i ‐
c a te  wh e n  a m ax i m u m  o f o n e -q u ar te r  o f th e  l o we r  fam‐
mable  l i m i t i s  r e a c h e d

( 2 ) B e  certifed  b y a qualifed  e n gi n e e r  wi th  e x p e r ti s e  i n  fre
s a fe ty an d  c o m b u s ti b l e  g as  d e te c ti o n  s u i ta b l e  fo r  h yd r o ‐
ge n

( 3 ) F u n c ti o n  d u r i n g s ys te m  m a i n te n an c e  o p e r ati o n s
•
Δ 1 0 . 5 . 3 . 4 . 1 . 1 1    Re ac ti vati o n  o f th e  fu e l i n g  s ys te m  s h al l  b e  b y

m a n u al  r e s tar t b y tr ai n e d  p e r s o n n e l  o n l y.

1 0 . 5 . 3 . 4 . 1 . 1 2    B u i l d i n g s  a n d  r o o m s  u s e d  fo r  c o m p r e s s i o n  o th e r
th an  th a t i n te gr a l  to  th e  b u l k s to r ag e  s ys te m ,  g as  p r o c e s s i n g ,

an d  d i s p e n s i n g  s h al l  b e  classifed  i n  a c c o r d a n c e  wi th  1 0 . 4 . 6 . 1 .

1 0 . 5 . 3 . 4 . 1 . 1 3    S o u r c e s  o f i gn i ti o n ,  o th e r  th a n  e l e c tr i c al  i n s tal l a‐
ti o n s  as  p e r m i tte d  b y 1 0 . 4 . 6 . 1 ,  s h al l  n o t b e  p e r m i tte d .

Δ 1 0 . 5 . 3 . 4 . 1 . 1 4  C o n s tr u c ti o n  o f I n d o o r Are as .    I n d o o r-ar e a
c o n s tr u c ti o n  s h al l  c o m p l y wi th  al l  o f th e  fo l l o wi n g:

( 1 ) I n d o o r  ar e as  s h a l l  h ave  wal l s  c e i l i n gs ,  a n d  foors  wi th i n
1 5  ft ( 4 . 6  m )  o f th e  d i s p e n s e r  c o n s tr u c te d  a s  fre  b ar r i e r s
wi th  a fre  r e s i s ta n c e  r a ti n g n o t l e s s  th an  two  h o u r s .

( 2 ) O p e n i n g  p r o te c ti ve s  s h a l l  b e  p r o vi d e d  fo r  wal l  o p e n i n g s
i n  a c c o r d an c e  wi th  th e  r e q u i r e m e n ts  o f th e  a d o p te d
b u i l d i n g  c o d e .

( 3 ) T h r o u g h -p e n e tr a ti o n s  an d  m e m b r an e  p e n e tr ati o n s  o f
fre-resistance-rated  c o n s tr u c ti o n  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  th e  r e q u i r e m e n ts  o f th e  a d o p te d  b u i l d ‐

i n g c o d e .
( 4 ) A r o o f-c e i l i n g  as s e m b l y wi th o u t th e  fre  r e s i s ti ve  p r o te c ‐

ti o n  r e q u i r e d  b y 1 0 . 5 . 3 . 4 . 1 . 1 4 ( 1 )  s h al l  b e  p e r m i tte d ,
p r o vi d e d  th at e ve r y p ar t o f th e  r o o f-c e i l i n g  a s s e m b l y i s

2 0  ft ( 6 . 1  m )  o r  m o r e  a b o ve  an y foor  i m m e d i a te l y b e l o w.
( 5 ) F l o o r s  wi th o u t th e  fre  r e s i s ti ve  p r o te c ti o n  o f

1 0 . 5 . 3 . 4 . 1 . 1 4 ( 1 )  s h a l l  b e  p e r m i tte d  i n  d i s p e n s i n g  ar e a s
p r o vi d e d  th at th e  l e ve l s  b e l o w a r e  n o t o c c u p i e d .

1 0 . 5 . 3 . 4 . 2  I n d o o r N o n p u b l i c  S l o w- Fi l l  Fu e l i n g o f H yd ro ge n -
P o we re d  I n d u s tri al  Tr u c k s  ( H P I Ts ) .

N 1 0 . 5 . 3 . 4 . 2 . 1  I n d o o r N o n p u b l i c  G as  D i s p e n s i n g E q u i p m e n t fo r
H yd ro ge n - P o we re d  I n d u s tri al  Tr u c k s  ( H P I Ts ) .    Gas  d i s p e n s i n g
e q u i p m e n t s h al l  b e  l i s te d  o r  ap p r o ve d  fo r  i n d o o r  u s e  i n  ad d i ‐
ti o n  to  th e  r e q u i r e m e n ts  o f 1 0 . 5 . 3 . 2 . 1 .

N 1 0 . 5 . 3 . 4 . 2 . 2  I n d o o r N o n p u b l i c  S l o w- Fi l l  Fu e l i n g o f H yd ro ge n -
P o we re d  I n d u s tri al  Tr u c k s  ( H P I Ts ) .    Slow-fll  fu e l i n g i n d o o r s
s h a l l  b e  p e r m i tte d  i n  a c c o r d a n c e  wi th  1 0 . 5 . 3 . 2 . 2 ,  1 0 . 5 . 3 . 4 . 1 ,

an d  1 0 . 5 . 3 . 4 . 2 .
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S h ad 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 ate r i a l . 2 0 2 3  E d i t i o n

1 0 . 5 . 3 . 4 . 3 *  I n d o o r N o n p u b l i c  Fas t- Fi l l  Fue l i n g o f H yd ro ge n -
P o we re d  I n d u s tri al  Tr u c k s  ( H P I Ts ) .

N 1 0 . 5 . 3 . 4 . 3 . 1    Gas  d i s p e n s i n g  e q u i p m e n t s h a l l  b e  l i s te d  o r
ap p r o ve d  fo r  i n d o o r  u s e  i n  ad d i ti o n  to  th e  r e q u i r e m e n ts  o f
1 0 . 5 . 3 . 2 . 1 .

N 1 0 . 5 . 3 . 4 . 3 . 2    Fast-fll  fu e l i n g  i n d o o r s  s h al l  b e  p e r m i tte d  i n
ac c o r d an c e  wi th  1 0 . 5 . 3 . 2 . 3 ,  1 0 . 5 . 3 . 4 . 1 ,  a n d  1 0 . 5 . 3 . 4 . 3 .

1 0 . 5 . 3 . 4 . 3 . 3    Fast-fll  fu e l i n g i n d o o r s  s h a l l  b e  p e r m i tte d  wh e r e
s to r ag e ,  g as  p r o c e s s i n g,  an d  c o m p r e s s i o n  e q u i p m e n t i s  l o c ate d
o u td o o r s  i n  c o m p l i an c e  wi th  1 0 . 5 . 2 . 2 . 1 .

•
1 0 . 5 . 3 . 4 . 3 . 4    T h e  e l e c tr i c al  a r e a classifcation  fo r  th e  d i s p e n s e r
s h a l l  c o m p l y wi th  al l  o f th e  fo l l o wi n g :

( 1 ) B e  C l a s s  I ,  D i vi s i o n  2 ,  Gr o u p  B  o r  C l a s s  I ,  Z o n e  2 ,  Gr o u p
I I C  wi th i n  1 5  ft ( 4 . 6  m )  o f th e  p o i n t o f tr an s fe r  d u r i n g
flling

( 2 ) E x te n d  o u twa r d  fr o m  th e  p o i n t o f d i s p e n s i n g i n  th e
s h a p e  o f a c yl i n d e r  wi th  a  r a d i u s  o f 1 5  ft ( 4 . 6  m )  th at

e x te n d s  fr o m  th e  foor  to  th e  c e i l i n g
( 3 ) N o t a p p l y to  ve h i c l e s

•
1 0 . 5 . 3 . 4 . 3 . 5  Fi re  Al ar m  S ys te m .    T h e  d i s p e n s i n g  a r e a s h al l  b e
e q u i p p e d  wi th  au to m ati c  fre  d e te c ti o n  th at m e e ts  al l  o f th e

fo l l o wi n g :

( 1 ) D e s i g n e d  p e r  NFPA 72 to  c o ve r  th e  d i s p e n s i n g  ar e a
( 2 ) Ac tu a ti o n  o f an  a l ar m  s i g n al  o n  th e  fre  a l a r m  s ys te m

s h u ts  d o wn  th e  g as  fow fr o m  th e  d i s p e n s e r  a n d  s to p s  th e
fow o f g as  i n to  th e  p i p i n g s ys te m  l o c ate d  i n  th e  r o o m

wh e r e  d i s p e n s i n g o c c u r s .
( 3 ) Ac tu a ti o n  o f an  al ar m  s i gn a l  o n  th e  fre  a l ar m  s ys te m

i n i ti a te s  au d i b l e  notifcation  i n  th e  d i s p e n s i n g  a r e a.
( 4 ) M an u al  fre  a l ar m  b o x e s  ar e  l o c ate d  a s  fo l l o ws :

( a) N o t l e s s  th an  2 0  ft ( 6 . 1  m )  a n d  n o t m o r e  th a n  1 0 0  ft
( 3 0 . 5  m )  fr o m  th e  d i s p e n s i n g s ta ti o n

( b ) At th e  n e ar e s t b u i l d i n g  e x i t fr o m  th e  d i s p e n s i n g
a r e a

( 5 ) T h e  r e q u i r e m e n ts  o f 1 0 . 5 . 3 . 4 . 3 . 5  d o  n o t r e q u i r e  a  fu l l  fre
al a r m  s ys te m  fo r  th e  r e m a i n d e r  o f th e  b u i l d i n g  wh e r e
n o n e  i s  r e q u i r e d  b y th e  fre  c o d e .

•
1 0 . 5 . 3 . 4 . 3 . 6  E m e rge n c y S h u td o wn  D e vi c e  ( E S D ) .    E S D s  s h a l l
c o m p l y wi th  al l  o f th e  fo l l o wi n g :

( 1 ) B e  l o c a te d  i n  th e  d i s p e n s i n g ar e a  n o t l e s s  th a n  2 0  ft
( 6 . 1  m )  an d  n o t m o r e  th a n  1 0 0  ft ( 3 0 . 5  m )  i n  th e  p a th  o f
e g r e s s  fr o m  th e  d i s p e n s i n g  a r e a

( 2 ) B e  i n s ta l l e d  o n  th e  d i s p e n s e r
( 3 ) S h u t d o wn  th e  d i s p e n s e r,  s to p  th e  fow o f g as  i n to  th e

r o o m ,  an d  s tar t o r  c o n ti n u e  to  r u n  th e  ve n ti l ati o n  s ys te m
•
Δ 1 0 . 5 . 3 . 4 . 3 . 7  D i s p e n s i n g E q u i p m e n t fo r I n d o o r Fas t- Fi l l  o f

H P I Ts .    I n  ad d i ti o n  to  th e  r e q u i r e m e n ts  o f 1 0 . 5 . 3 . 2 . 1 ,
1 0 . 5 . 3 . 2 . 3 ,  an d  1 0 . 5 . 3 . 4 . 3 ,  th e  fo l l o wi n g  ap p l i e s  to  d i s p e n s i n g

e q u i p m e n t fo r  i n d o o r  fast-fll  o f H P I T S :

( 1 ) Protocol. G as  d i s p e n s i n g  e q u i p m e n t fo r  i n d o o r  fast-fll  o f
H P I Ts  s h al l  u s e  th e  fu e l i n g  p r o to c o l  o f S AE  J 2 6 0 1 -3 ,  Fuel‐

ing Protocol for Gaseous Hydrogen Powered Industrial Trucks.
( 2 ) Automatic Shutoff Valve.  H yd r o g e n  ga s  p i p i n g  u s e d  to

tr a n s p o r t GH 2  b e twe e n  th e  b u l k h yd r o g e n  c o m p r e s s e d
g as  s to r ag e  s ys te m  an d  a  d i s p e n s e r  a t a fast-fll  s ta ti o n
s h a l l  h ave  a val ve  th a t c l o s e s  wh e n  e i th e r  o f th e  fo l l o wi n g

o c c u r s :

( a) T h e  p o we r  s u p p l y to  th e  d i s p e n s e r  i s  s h u t o ff.

( b ) An y e m e r g e n c y s h u td o wn  d e vi c e  at th e  r e fu e l i n g
s tati o n  i s  ac ti vate d .

( 3 ) Manual Shutoff Valve.  A q u ar te r- tu r n  m a n u al  s h u to ff val ve
s h a l l  b e  p r o vi d e d  at a fast-fll  s ta ti o n  u p s tr e am  o f th e
b r e a ka way d e vi c e ,  wh e r e  i t i s  r e a d i l y a c c e s s i b l e  to  th e

p e r s o n  d i s p e n s i n g  h yd r o ge n ,  u n l e s s  o n e  o f th e  fo l l o wi n g
o c c u r s :

( a) T h e  s e l f- c l o s i n g va l ve  r e fe r r e d  to  i n  1 0 . 5 . 3 . 4 . 3 . 7 ( 2 )
i s  l o c a te d  i m m e d i a te l y u p s tr e a m  o f th e  d i s p e n s e r.

( b ) T h e  d i s p e n s e r  i s  e q u i p p e d  wi th  a  s e l f-c l o s i n g  va l ve
th a t c l o s e s  e ac h  ti m e  th e  c o n tr o l  a r m  i s  tu r n e d  to

th e  O F F  p o s i ti o n  o r  wh e n  th e  E S D  i s  ac ti vate d .
( 4 ) Shutdown.  Ac tu a ti o n  o r  fai l u r e  o f th e  fo l l o wi n g s ys te m s

s h a l l  au to m ati c al l y s h u t d o wn  th e  g as  fow fr o m  th e
d i s p e n s e r,  s to p  th e  fow o f g as  to  th e  r o o m ,  a n d  s ta r t o r
c o n ti n u e  to  r u n  th e  m e c h an i c a l  ve n ti l ati o n  s ys te m  wh e r e

m e c h an i c al  ve n ti l a ti o n  s ys te m s  a r e  r e q u i r e d :

( a) G as  d e te c ti o n  s ys te m
( b ) F i r e  al ar m  s ys te m
( c ) F i r e  d e te c ti o n  s ys te m
( d ) E S D
( e ) S e n s o r s  o r  c o n tr o l s  u s e d  to  p r e ve n t o ve r te m p e r a‐

tu r e  o r  o ve r p r e s s u r i z ati o n  o f th e  o n -b o ar d  fu e l
c o n tai n e r

( f) Re q u i r e d  ve n ti l a ti o n  s ys te m s
( g) D i s p e n s e r  l e a k m o n i to r i n g  s ys te m

( 5 ) Reactivation.  Re a c ti va ti o n  o f th e  d i s p e n s e r  a n d  g as  fow
i n to  th e  r o o m  afte r  s ys te m  s h u td o wn  r e q u i r e d  b y
1 0 . 5 . 3 . 4 . 3 . 7 ( 2 )  o r  1 0 . 5 . 3 . 4 . 3 . 7 ( 4 )  s h al l  b e  b o th  o f th e

fo l l o wi n g :

( a) B y m an u al  r e s tar t an d  s h al l  b e
( b ) C o n d u c te d  b y tr ai n e d  p e r s o n n e l

( 6 ) * Gas Detection System.  T h e  d i s p e n s e r  e n c l o s u r e  o r  h o u s i n g
s h a l l  b e  e q u i p p e d  wi th  a g as  d e te c ti o n  s ys te m  th a t s h a l l
c o m p l y wi th  al l  o f th e  fo l l o wi n g :

( a) Ac tu ate  wh e n  a m a x i m u m  o f 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 )  i s  d e te c te d

( b ) S h u t d o wn  th e  d i s p e n s e r,  s to p  th e  fow o f ga s  i n to
th e  r o o m ,  a n d  s tar t o r  c o n ti n u e  to  r u n  th e  ve n ti l a‐

ti o n  s ys te m  wh e n  m e c h an i c a l  ve n ti l a ti o n  s ys te m s
ar e  r e q u i r e d

( c ) S o u n d  a  l o c al  al ar m  an d  p r o vi d e  vi s u al  i n d i c a ti o n
wh e r e  a m a x i m u m  o f 2 5  p e r c e n t o f th e  l o we r  fam‐
mable  l i m i t ( L F L )  i s  d e te c te d

( d ) Re m a i n  fu n c ti o n a l  d u r i n g  m ai n te n a n c e  o p e r a ti o n s
o n  th e  ve n ti l ati o n  s ys te m .

( 7 ) Electrical.  E l e c tr i c a l  e q u i p m e n t o n  d i s p e n s e r s  s h al l  b e  i n
ac c o r d an c e  wi th  1 0 . 4 . 6 . 1 .

( 8 ) Temperature Limits.  D i s p e n s i n g  s ys te m s  s h a l l  b e  p r o vi d e d
wi th  a m e an s  to  p r e ve n t th e  o n -b o a r d  fu e l  s ys te m  fr o m
e x c e e d i n g p r e s c r i b e d  te m p e r atu r e  l i m i ts  d u r i n g  fu e l i n g

o p e r ati o n s .
( 9 ) Pressure Limits.  D i s p e n s i n g  s ys te m s  s h a l l  b e  p r o vi d e d  wi th

a m e an s  to  p r e ve n t th e  o n -b o ar d  fu e l  s ys te m  fr o m
e x c e e d i n g p r e s c r i b e d  p r e s s u r e  l i m i ts  d u r i n g  fu e l i n g
o p e r ati o n s .

( 1 0 ) Ignition Source Control.  T h e  o wn e r / o p e r ato r  s h a l l  n o t
a l l o w h o t wo r k/ o p e n  fames  wi th i n  1 5  ft ( 4 . 6  m )  o f th e

r e fu e l i n g  l o c a ti o n  u n l e s s  th e  d i s p e n s e r  i s  s h u t d o wn ,
d e p r e s s u r i z e d ,  a n d  p u r ge d  wi th  an  i n e r t ga s .

( 1 1 ) Defueling.  I f G H 2  i s  to  b e  r e m o ve d  fr o m  th e  ve h i c l e  s to r ‐
a ge  s ys te m ,  GH 2  s h a l l  b e  d i s c h ar g e d  i n to  a c l o s e d  tr an s ‐
fe r  s ys te m  o r  ve n te d  o u td o o r s  th r o u g h  a  ve n t p i p e
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2 0 2 3  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 .

s ys te m  i n s ta l l e d  a n d  c o n s tr u c te d  i n  ac c o r d an c e  wi th
C GA G-5 . 5 ,  Hydrogen Vent Systems

•
1 0 . 5 . 4  I n d o o r N o n p u b l i c  Re s i d e n ti al  Fu e l i n g.  ( Re s e r ve d )

1 0 . 6  M ai n te n an c e .

1 0 . 6 . 1  S ys te m  M ai n te n an c e .

1 0 . 6 . 1 . 1    H yd r o g e n  d i s p e n s i n g s ys te m s  s h al l  b e  m a i n tai n e d  i n
ac c o r d an c e  wi th  th e  m an u fa c tu r e r s '  i n s tr u c ti o n s .

1 0 . 6 . 1 . 2    T h e  o wn e r  s h al l  m ai n ta i n  a  m ai n te n a n c e  r e c o r d  i n
ac c o r d an c e  wi th  th e  m an u fa c tu r e r s ’  i n s tr u c ti o n s  an d  4 . 3 . 3 .

1 0 . 6 . 1 . 3    T h i s  l e ak te s t s h al l  b e  c o n d u c te d  fo l l o wi n g  an y m a i n ‐
te n a n c e  th at i n vo l ve s  b r e aki n g  a c o n n e c ti o n  o r,  a t a m i n i m u m ,
an n u a l l y.

1 0 . 6 . 1 . 3 . 1    Te s ti n g  s h a l l  b e  c o n d u c te d  i n  a c c o r d an c e  wi th  th e
m a n u fac tu r e r ’ s  i n s tr u c ti o n s .

1 0 . 6 . 1 . 4    T h e  d e te c ti o n  s ys te m s  s h al l  b e  m ai n ta i n e d  a n d  c a l i ‐
b r a te d  i n  ac c o r d an c e  wi th  S e c ti o n s  6 . 1 2  an d  6 . 2 2 .

1 0 . 6 . 1 . 4 . 1    T h e  s ta ti o n  o wn e r  o r  o p e r ato r  s h al l  m a i n tai n  a
re c o r d  o f d e te c to r  m ai n te n a n c e  a n d  c al i b r ati o n  i n  go o d  c o n d i ‐
ti o n  an d  ac c e s s i b l e  to  th e  i n s p e c to r.

1 0 . 6 . 2  H o s e  As s e m b l y M ai n te n an c e .

1 0 . 6 . 2 . 1    H o s e s ,  n o z z l e s ,  an d  b r e akawa ys  s h al l  b e  e x a m i n e d
m o n th l y o r  ac c o r d i n g  to  th e  m a n u fac tu r e r s ’  r e c o m m e n d ati o n s ,
wh i c h e ve r  p e r i o d  i s  s h o r te r,  an d  s h a l l  b e  m a i n tai n e d  i n  a c c o r d ‐
an c e  wi th  th e  m an u fac tu r e r s ’  i n s tr u c ti o n s .

Δ 1 0 . 6 . 2 . 2    H o s e s  s h a l l  b e  te s te d  fo r  l e aks  a c c o r d i n g  to  th e  m a n u ‐
fa c tu r e r ’ s  r e q u i r e m e n ts .

N 1 0 . 6 . 2 . 2 . 1    L e a ka ge ,  s u r fa c e  c r ac ks ,  o r  s tr u c tu r al  d am a ge  s h a l l
b e  r e a s o n  fo r  r e j e c ti o n  a n d  r e p l ac e m e n t.

1 0 . 6 . 2 . 3    Te s ti n g  s h al l  b e  c ar r i e d  o u t u s i n g  an  i n e r t o r  n o n -
r e ac ti ve  ga s  a s  th e  te s t m e d i u m  o r  wh e r e  th i s  i s  n o t p r ac ti c al ,
wi th  h yd r o g e n  u s i n g  s u i tab l e  p r e c a u ti o n s .

1 0 . 6 . 2 . 4    T h e  o wn e r  s h al l  m a i n tai n  a r e c o r d  o f th e  r e s u l ts  ( e . g . ,
d ate ,  o p e r a to r,  p r e s s u r e ,  l e akag e  val u e s ,  an d  vi s u a l  i n s p e c ti o n
re s u l ts ) i n  ac c o r d an c e  wi th  4 . 3 . 3 .

1 0 . 6 . 3  M ai n te n an c e ,  Modifcation,  an d  C al i b rati o n  D o c u m e n ‐
tati o n .

1 0 . 6 . 3 . 1 *    P r e s s u r e  r e l i e f va l ve s  p r o te c ti n g  AS M E  p r e s s u r e
ve s s e l s  s h al l  b e  r e p a i r e d ,  ad j u s te d ,  a n d  te s te d  i n  a c c o r d a n c e
wi th  a p p l i c a b l e  r e gu l ati o n s .

1 0 . 6 . 3 . 2    P r e s s u r e  r e l i e f va l ve s  s h al l  b e  te s te d  a t l e a s t e ve r y fve
ye ar s .

1 0 . 6 . 3 . 3    P r e s s u r e  r e l i e f d e vi c e s  d e s i gn e d  a n d  i n s tal l e d  i n
ac c o r d an c e  wi th  7 . 1 . 5 . 5 . 2  s h al l  b e  e x a m i n e d  an d  te s 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 th e  a p p l i c a b l e  d e s i gn
s tan d ar d .

( A)    P r e s s u r e  r e l i e f va l ve s  o r  r e c l o s i n g p r e s s u r e  r e l i e f d e vi c e s
d e s i g n e d  i n  ac c o r d a n c e  wi th  C GA S - 1 . 3 ,  Pressure Relief Device
Standards—Part 3—Stationary Storage Containers for Compressed
Gases,  s h al l  b e  e x a m i n e d  a n d  te s te d  a t l e as t e ve r y 5  ye ar s  o r  a s
o th e r wi s e  p r o vi d e d  b y th e  s ta n d a r d .

1 0 . 6 . 3 . 4    T h e  h yd r o g e n  d i s p e n s i n g  s ys te m  o p e r a to r  ( e . g . ,
s tati o n  o wn e r,  c o n tr ac to r,  s tati o n  o p e r a to r,  a n d  s o  o n )  s h a l l

d e ve l o p  a  m an a ge m e n t o f c h an g e  ( M O C )  s ys te m  to  e n s u r e
s ys te m  modifcations  ar e  d o c u m e n te d  an d  an y n e c e s s a r y r e vi ‐

s i o n s  to  s ys te m  d o c u m e n ts  ar e  identifed  a n d  m ar ke d  c o m p l e ‐
te d .  S ys te m  d o c u m e n ts  c an  i n c l u d e  h az ar d  a n al ys i s ,  s i te  p l a n s ,
e m e r g e n c y p r o c e d u r e s ,  frst r e s p o n d e r  p r e -p l an s ,  an d  s o  o n .

1 0 . 6 . 3 . 5    E a c h  h yd r o ge n  d i s p e n s i n g  s ys te m  s h a l l  i n d i c a te  th e
l as t m ai n te n a n c e  d ate  a n d  d ate  o f th e  n e x t s c h e d u l e d  m ai n te ‐

n an c e .

1 0 . 6 . 3 . 6    I f te s ti n g  i s  r e q u i r e d ,  e ac h  h yd r o g e n  d i s p e n s i n g
s ys te m  s h al l  i n d i c a te  th e  l as t te s t d ate  an d  th e  d ate  o f th e  n e x t

s c h e d u l e d  te s t.

1 0 . 6 . 3 . 7    I f c al i b r ati o n  i s  r e q u i r e d ,  e a c h  h yd r o g e n  d i s p e n s i n g
s ys te m  s h al l  i n d i c ate  e x p i r ati o n  d a te  o f th e  c u r r e n t c al i b r ati o n .

( A)    T h e  c a l i b r a ti o n  i n d i c ato r  s h al l  b e  r e a d i l y vi s i b l e  to  th e
h yd r o g e n  d i s p e n s i n g s ys te m  u s e r  an d  s h al l  n o t o b s c u r e  o th e r
d i s p l ay fu n c ti o n s  o f th e  d i s p e n s e r.

1 0 . 6 . 4 *    M ai n te n an c e  p e r s o n n e l  s h al l  b e  tr a i n e d  i n  l e a k d e te c ‐
ti o n  p r o c e d u r e s .

1 0 . 6 . 5    P e r s o n n e l  p e r fo r m i n g  m ai n te n a n c e  o n  h yd r o ge n
i n s ta l l a ti o n s  s h al l  b e  tr a i n e d  a n d  we a r  p e r s o n al  p r o te c ti ve

e q u i p m e n t as  p r e s c r i b e d  i n  th e  s afe ty d ata s h e e ts  ( S D S ) .

1 0 . 7  C o m p ac t H yd ro ge n  Fu e l i n g S ys te m  ( c H FS ) .

Δ 1 0 . 7 . 1     S e c ti o n  1 0 . 7  s h al l  ap p l y o n l y to  th e  d e s i g n ,  c o n s tr u c ‐
ti o n ,  i n s tal l ati o n ,  an d  o p e r ati o n  o f c H F S s .

N 1 0 . 7 . 1 . 1    T h e  s to r a ge ,  u s e ,  an d  h a n d l i n g  o f GH 2  s h a l l  a l s o
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  an d  4  an d  C h ap te r s
5  th r o u gh  7 .

N 1 0 . 7 . 1 . 2    H yd r o g e n  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
r e q u i r e m e n ts  i n  S e c ti o n s  1 0 . 1  th r o u g h  1 0 . 4 ,  an d  S e c ti o n  1 0 . 6 .

•
Δ 1 0 . 7 . 2  G e n e ral .

N 1 0 . 7 . 2 . 1    c H F S  s h al l  b e  l i s te d  o r  a p p r o ve d .

N 1 0 . 7 . 2 . 2    T h e  i n s tal l a ti o n  o f c H F S s  s h al l  b e  i n  a c c o r d a n c e  wi th
th i s  c o d e  an d  th e  m an u fa c tu r e r ’ s  i n s tr u c ti o n s .

•
N 1 0 . 7 . 3  D e s i gn .

N 1 0 . 7 . 3 . 1    H yd r o g e n  g e n e r ati o n ,  c o m p r e s s i o n ,  an d  d i s p e n s i n g
e q u i p m e n t s h al l  b e  i n te g r ate d  i n to  a s i n g l e  e n c l o s u r e .

N 1 0 . 7 . 3 . 2    E n c l o s u r e s  s h a l l  b e  d e s i g n e d  to  al l o w fo r  ac c e s s ,
i n s p e c ti o n ,  s e r vi c e ,  r e p ai r,  an d  r e p l a c e m e n t o f h a r d wa r e  wi th i n

th e  e n c l o s u r e  wi th o u t th e  n e e d  fo r  a p e r s o n  to  e n te r  th e  e n c l o ‐
s u r e  wi th  th e i r  fu l l  b o d y.

N 1 0 . 7 . 3 . 3 *    E n c l o s u r e s  s h al l  n o t b e  tr e ate d  as  g as  c ab i n e ts  o r  ga s
r o o m s .

N 1 0 . 7 . 3 . 4    Al l  c H F S s  s h al l  b e  p r o vi d e d  wi th  a n  E S S  p e r  th e
r e q u i r e m e n ts  i n  7 . 1 . 2 3 . 1 3 .

N 1 0 . 7 . 3 . 5    H yd r o g e n  d e te c ti o n  s h a l l  b e  p r o vi d e d  i n  ac c o r d a n c e
wi th  S e c ti o n  6 . 1 3 ,  Ta b l e  7 . 1 . 2 3 . 9 . 1 ,  an d  1 0 . 3 . 1 2 .

N 1 0 . 7 . 3 . 6    D e te c ti o n  o f h yd r o ge n  a b o ve  2 5  p e r c e n t o f th e  L F L
s h a l l  r e s u l t i n  a c ti va ti o n  o f th e  E S S .

N 1 0 . 7 . 4  H yd ro ge n  G e n e rati o n  E q u i p m e n t.

N 1 0 . 7 . 4 . 1    H yd r o g e n  g e n e r ati o n  e q u i p m e n t s h al l  c o m p l y wi th
C h ap te r  1 3 .
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S h ad 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 ate r i a l . 2 0 2 3  E d i t i o n

N 1 0 . 7 . 4 . 2    A c H F S  s h al l  h a ve  a  h yd r o ge n  g e n e r ati o n  r a te  e q u al
to  o r  l e s s  th an  5 0 0  s c f/ h r  ( 1 4  N m 3 / h r ) .

N 1 0 . 7 . 4 . 3    A c H F S  c o n n e c te d  to  a h yd r o g e n  p i p e l i n e  o r  o th e r
e q u i val e n t s o u r c e s  s h a l l  n o t p r o c e s s  h yd r o g e n  at a r ate  g r e ate r

th an  5 0 0  s c f/ h r  ( 1 4  N m 3 / h r ) .

N 1 0 . 7 . 5  G as e o u s  H yd ro ge n  S to rage .

N 1 0 . 7 . 5 . 1    Gas e o u s  h yd r o g e n  s to r ag e  s ys te m s  i n te r n a l  to  th e
c H F S  e n c l o s u r e  s h al l  h a ve  a c a p ac i ty e q u a l  to  o r  l e s s  th an  n o n -

b u l k s to r ag e  l i m i ts .

N 1 0 . 7 . 5 . 2    Gas e o u s  h yd r o g e n  s to r ag e  s ys te m s  wi th  a  c ap ac i ty
e q u al  to  o r  l e s s  th an  n o n ‐b u l k s h al l  b e  i n s ta l l e d  p e r  C h a p te r  6
a n d  S e c ti o n s  7 . 1  an d  7 . 2 .

N 1 0 . 7 . 5 . 3    Gas e o u s  h yd r o ge n  s to r a ge  s ys te m s  s h al l  b e  e q u i p p e d
wi th  an  au to m ati c  e m e r g e n c y s h u to ff val ve ( s )  to  i s o l ate  a l l

h yd r o g e n  s to r ag e  i n  r e s p o n s e  to  ac ti vati o n  o f th e  E S S .

N 1 0 . 7 . 6  E l e c tri c al  E q u i p m e n t.    E l e c tr i c a l  s ys te m s  s h al l  b e
d e s i g n e d  i n  a c c o r d a n c e  wi th  th e  r e q u i r e m e n ts  i n  S e c ti o n  6 . 8

a n d  th e  ap p l i c ab l e  s e c ti o n s  o f S e c ti o n s  7 . 1 ,  7 . 2 ,  1 0 . 3 ,  1 0 . 4 ,  an d
1 0 . 5 .

N 1 0 . 7 . 6 . 1 *    T h e  i n te r i o r  o f th e  c H F S  s h a l l  b e  classifed  i n
a c c o r d an c e  wi th  Ar ti c l e  5 0 0  an d  Ar ti c l e  5 0 5  o f NFPA 70 o r  I E C

6 0 0 7 9 ‐1 0 ‐1 ,  Classifcation Of Areas—Explosive Gas Atmospheres.

N 1 0 . 7 . 6 . 2    E l e c tr i c a l  e q u i p m e n t a n d  wi r i n g  wi th i n  th e  classifed
ar e a s h al l  b e  s u i tab l e  fo r th e  a r e a classifcation  an d  p r o te c te d

i n  ac c o r d an c e  wi th  Ar ti c l e  5 0 0  an d  Ar ti c l e  5 0 1 ,  o r  Ar ti c l e  5 0 5
o f NPFA 70.

N 1 0 . 7 . 6 . 3    E l e c tr i c a l  e q u i p m e n t an d  wi r i n g s h a l l  b e  classifed  i n
a c c o r d an c e  wi th  7 . 3 . 2 . 3 . 1 . 7 . 1 ,  1 0 . 4 . 6 . 1 ,  a n d  1 0 . 7 . 7 . 1 .

N 1 0 . 7 . 7  I n s tal l ati o n .

N 1 0 . 7 . 7 . 1 *    c H F S s  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  S e c ti o n s
7 . 1  a n d  7 . 2  an d  C h ap te r  1 0 .

N 1 0 . 7 . 7 . 2    Ve h i c l e  i m p a c t p r o te c ti o n  a r o u n d  th e  c H F S  s h al l  b e
p r o vi d e d  i n  a c c o r d an c e  wi th  S e c ti o n  4 . 1 4 .

N 1 0 . 7 . 7 . 3    A m i n i m u m  1 0  l b  ( 4 . 5 4  kg)  AB C  d r y c h e m i c al  p o r ta‐
b l e  fre  e x ti n g u i s h e r  h avi n g  an  ag e n t d i s c h a r ge  r ate  o f at l e as t

1  l b / s e c  ( 0 . 4 5  kg / s e c )  s h a l l  b e  p r o vi d e d  at th e  d i s p e n s i n g  ar e a
i n  ap p r o ve d  l o c a ti o n s  n o t m o r e  th an  5 0  ft ( 1 5 . 2  m )  away fr o m
th e  d i s p e n s i n g  a r e a.

N 1 0 . 7 . 7 . 3 . 1    F i r e  e x ti n gu i s h e r s  s h a l l  b e  i n s p e c te d  an d  m a i n ‐
tai n e d  ac c o r d i n g to  N F PA 1 0 .

N 1 0 . 7 . 7 . 4    c H F S s  s h a l l  b e  i n s tal l e d  o n  fo u n d ati o n s  wi th  a n c h o r ‐
i n g s ys te m s  d e s i g n e d  to  m e e t th e  r e q u i r e m e n ts  o f a d o p te d

b u i l d i n g  c o d e s  fo r  th e  ap p l i c ab l e  s e i s m i c  an d  wi n d  c o n d i ti o n s .

N 1 0 . 7 . 7 . 5    Re d u c ti o n s  i n  s e p ar a ti o n  d i s ta n c e s  s h a l l  b e  p e r m i tte d
b a s e d  o n  th e  u s e  o f fre  b a r r i e r  wal l s  wh e r e  p e r m i tte d  i n
ac c o r d an c e  wi th  C h a p te rs  6 ,  7 ,  an d  1 0 .

Δ 1 0 . 8  O u td o o r N o n p ub l i c  H o m e  Fu e l i n g Ap p l i an c e s  ( H FA) .

Δ 1 0 . 8 . 1  Ap p l i c ati o n .    S e c ti o n  1 0 . 8  a p p l i e s  to  th e  d e s i g n ,
c o n s tr u c ti o n ,  i n s ta l l a ti o n ,  a n d  o p e r a ti o n  o f h o m e  fu e l i n g a p p l i ‐

a n c e s .

N 1 0 . 8 . 1 . 1    H FAs  s h al l  b e  d e s i g n e d  i n  ac c o r d an c e  wi th  S e c ti o n s
1 0 . 1  th r o u gh  1 0 . 3 .

Δ 1 0 . 8 . 1 . 2    H FAs  ab l e  to  fu e l  l i gh t-d u ty h yd r o ge n  m o to r  ve h i c l e s
s h a l l  m e e t th e  r e q u i r e m e n ts  o f 1 0 . 5 . 1  a n d  1 0 . 5 . 2 .

Δ 1 0 . 8 . 2  G e n e ral .

N 1 0 . 8 . 2 . 1    H o m e  fu e l i n g  a p p l i a n c e s  ( H FAs )  s h al l  b e  l i s te d  o r
ap p r o ve d .

N 1 0 . 8 . 2 . 2    T h e  i n s ta l l a ti o n  o f H FAs  s h a l l  b e  i n  a c c o r d a n c e  wi th
th i s  c o d e  an d  th e  m an u fac tu r e r ' s  i n s tr u c ti o n s .

N 1 0 . 8 . 2 . 3    H FAs  s h al l  n o t u s e  l i q u i d  h yd r o g e n .

N 1 0 . 8 . 2 . 4    Al l  e q u i p m e n t s h al l  b e  d e s i g n e d  fo r  th e  p r e s s u r e ,
te m p e r a tu r e ,  a n d  s e r vi c e  o f th e  s ys te m .

•
N 1 0 . 8 . 3  D e s i gn  an d  C o n s tr u c ti o n .    T h e  a p p l i a n c e  s h a l 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  1 0 . 3 .

N 1 0 . 8 . 3 . 1    E q u i p m e n t s h a l l  b e  i n te gr a te d  i n  a s i n g l e  e n c l o s u r e .

N 1 0 . 8 . 3 . 2    E n c l o s u re s  o r  h o u s i n gs  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  o r  l i m i te d  c o m b u s ti b l e  m a te r i al  p e r  S e c ti o n  4 . 1 5 .

N 1 0 . 8 . 3 . 3    E n c l o s u r e  o r  h o u s i n g  s h a l l  b e  p r o te c te d  to  m i n i m i z e
p h ys i c a l  d a m ag e  a n d  van d a l i s m .

N 1 0 . 8 . 3 . 4    T h e  e n c l o s u r e  o r  p ac kag e  s h al l  n o t b e  c ate go r i z e d  a s
a  ga s  c ab i n e t o r  H E E .

N 1 0 . 8 . 3 . 5    M u l ti p l e  H FAs  s h al l  n o t b e  m an i fo l d e d  to g e th e r  o n
th e  d i s c h a r ge  s i d e  u n l e s s  al l o we d  b y th e  e q u i p m e n t m an u fac ‐

tu r e r  a n d  l i s te d  o r  ap p r o ve d  fo r  th at p u r p o s e .

N 1 0 . 8 . 3 . 6  P i p i n g an d  H o s e .

N 1 0 . 8 . 3 . 6 . 1    T h e  u s e  o f a fu e l i n g  h o s e  i n  a n  i n s ta l l a ti o n  s h al l  b e
r e s tr i c te d  to  b o th  o f th e  fo l l o wi n g :

( 1 ) T h e  fu e l i n g  h o s e  i s  l i m i te d  to  a m a x i m u m  l e n gth  o f 2 5  ft
( 7 . 6  m ) .

( 2 ) T h e  fu e l i n g h o s e  i s  p r o te c te d  fr o m  m e c h an i c a l  d a m a ge .

N 1 0 . 8 . 3 . 6 . 2    Wh e r e  th e  p i p i n g  s ys te m  o r  n o z z l e  as s e m b l y
i n c l u d e s  m e a n s  to  ve n t h yd r o g e n ,  th e  ve n te d  h yd r o ge n  s h al l  b e

d i r e c te d  to  a s afe  p o i n t o f d i s c h a r ge .

N 1 0 . 8 . 3 . 7  Ve n t S ys te m s .    P r e s s u r e  r e l i e f ve n ts  s h al l  b e  d e s i gn e d
p e r  S e c ti o n  6 . 1 7  an d  7 . 1 . 1 6 .

N 1 0 . 8 . 3 . 8    H FAs  s h al l  b e  e q u i p p e d  wi th  an  e m e r ge n c y m e an s  to
i s o l ate  al l  e n e r gy s o u r c e s .

N 1 0 . 8 . 3 . 8 . 1    T h e  e m e r g e n c y m e an s  to  i s o l a te  al l  e n e r g y s o u r c e s
s h a l l  b e  l o c ate d  a m i n i m u m  o f 5  ft ( 1 . 5 2  m )  fr o m  th e  H FA.

N 1 0 . 8 . 3 . 9 *  B u ffe r C ap ac i ty.    B u ffe r  c ap ac i ty to  p e r fo r m  fu e l i n g
fu n c ti o n s  s h a l l  n o t e x c e e d  2 5 0  s c f ( 7 . 1  N m 3 ) .

N 1 0 . 8 . 3 . 1 0    H FAs  s h al l  b e  p r o vi d e d  wi th  p r e s s u r e  r e l i e f d e vi c e s
th a t p r o te c t th e  ve h i c l e  fr o m  o ve r p r e s s u r i z ati o n  i n  a c c o r d a n c e

wi th  1 0 . 3 . 2 .

N 1 0 . 8 . 3 . 1 0 . 1    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  d i s c h a r ge  o r  b e  ve n te d
to  a s afe  l o c a ti o n  a p p r o ve d  b y th e  AH J .

N 1 0 . 8 . 4  H yd ro ge n  S up p l y.    H FAs  s h a l l  u s e  o n -s i te  h yd r o g e n
g e n e r ati o n  o r  p i p e l i n e  h yd r o g e n  as  th e  h yd r o ge n  s u p p l y.

N 1 0 . 8 . 4 . 1    H yd r o g e n  g e n e r ati o n  e q u i p m e n t u s e d  b y H FAs  s h a l l
c o m p l y wi th  C h a p te r  1 3 .
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2 0 2 3  E d i t i o n S h a d e d  te x t =  Re vi s i o n s .  Δ  =  Te x t d e l e ti o n s  a n d  fgure/table  r e vi s i o n s .  •  =  S e c ti o n  d e l e ti o n s .  N  =  N e w m a te r i a l .

N 1 0 . 8 . 5  Ap p l i an c e  Ac c e s s .

N 1 0 . 8 . 5 . 1    H FAs  s h al l  b e  l o c a te d  to  al l o w ac c e s s  fo r  i n s p e c ti o n ,
s e r vi c e ,  r e p ai r,  an d  r e p l a c e m e n t wi th o u t r e m o vi n g  p e r m an e n t
c o n s tr u c ti o n ,  o th e r  a p p l i a n c e s ,  o r  an y o th e r  p i p i n g  o r  d u c ts

n o t c o n n e c te d  to  th e  ap p l i an c e  b e i n g  i n s p e c te d ,  s e r vi c e d ,
re p ai r e d ,  o r  r e p l ac e d .

N 1 0 . 8 . 5 . 2    A l e ve l  wo r ki n g  s p ac e  n o t l e s s  th an  3 0  i n  ( . 7 6 m )  d e e p
an d  3 0  i n  ( . 7 6 m )  wi d e  s h al l  b e  p r o vi d e d  fo r  e ac h  s e r vi c e  ac c e s s

p an e l  o f th e  ap p l i an c e .

N 1 0 . 8 . 6  I n s tal l ati o n .    I n s ta l l a ti o n  o f H FAs  s h a l l  c o n fo r m  to  th e
c o n d i ti o n s  o f th e i r  l i s ti n g  an d  l ab e l i n g ,  th e  m an u fa c tu r e r

i n s tr u c ti o n s ,  S e c ti o n  1 0 . 4 ,  an d  l o c al  r e s i d e n ti al  b u i l d i n g  c o d e .

N 1 0 . 8 . 6 . 1    I n  th e  ab s e n c e  o f l o c al  r e s i d e n ti al  b u i l d i n g c o d e ,
e q u i p m e n t s h al l  b e  i n s tal l e d  p e r  N F PA 1  o r  th e  International
Residential Code.

N 1 0 . 8 . 6 . 2    H FAs  s h al l  b e  i n s tal l e d  wi th  c l e ar a n c e s  fr o m  u n p r o ‐
te c te d  c o m b u s ti b l e  m ate r i al s  i n  a c c o r d a n c e  wi th  7 . 1 . 9 . 1 . 1  an d

a s  r e q u i r e d  b y a d o p te d  r e s i d e n ti al  b u i l d i n g  c o d e s .

N 1 0 . 8 . 6 . 2 . 1    I n  th e  ab s e n c e  o f hydrogen-specifc  r e s i d e n ti al
b u i l d i n g  c o d e s ,  th e  e q u i p m e n t s h a l l  b e  i n s ta l l e d  wi th  c l e a r an ‐

c e s  p e r  th e  International Residential Code.

N 1 0 . 8 . 6 . 3    H FAs  s h al l  b e  l o c a te d  o r  i n s ta l l e d  to  p r e ve n t h a z a r d ‐
o u s  o p e r ati o n  c o n d i ti o n s  i n  th e  e ve n t o f fooding.

N 1 0 . 8 . 6 . 4    H yd r o g e n  s to r ag e ,  c o m p r e s s i o n ,  an d  d i s p e n s i n g
e q u i p m e n t s h al l  b e  i n s tal l e d  o u td o o r s .

N 1 0 . 8 . 6 . 4 . 1    H yd r o g e n  g e n e r ati o n  e q u i p m e n t s h a l l  b e  i n s tal l e d
i n  ac c o r d an c e  wi th  C h a p te r  1 3 .

N 1 0 . 8 . 6 . 5    S p ac i n g  b e twe e n  H FAs  s h a l l  b e  e q u a l  to  o r  gr e a te r
th a n  3  ft ( 1  m )  u n l e s s  a l l o we d  b y th e  m a n u fac tu r e r  i n s ta l l a ti o n
i n s tr u c ti o n s  an d  ap p r o ve d .

1 0 . 9  O u td o o r N o n p ub l i c  M o b i l e  Fl e e t Fue l i n g.

1 0 . 9 . 1    M o b i l e  fu e l i n g ve h i c l e s ,  m o b i l e  fu e l i n g tr ai l e r s ,  c ar g o
tr a n s p o r t ve h i c l e s ,  an d  o th e r  m e an s  o f p r o vi d i n g  ve h i c l e  fu e l ‐

i n g o r  o n -s i te  s to r ag e  s h al l  b e  s u b j e c t to  th e  s a m e  r e q u i r e m e n ts
a s  a p e r m a n e n t r e fu e l i n g  o r  s to r ag e  i n s ta l l ati o n ,  wi th  th e

e x c e p ti o n  o f ve s s e l  r e q u i r e m e n ts .

N 1 0 . 9 . 1 . 1    A m o b i l e  fu e l i n g ve h i c l e  o r  tr ai l e r  th a t m e e ts  th e
r e q u i r e m e n ts  o f 7 . 1 . 2 3  s h al l  b e  a l l o we d  to  b e  c o n s i d e r e d  a n
H E E .

1 0 . 9 . 2    T h e  d i s p e n s i n g  o f GH 2  i n  th e  o p e n  fr o m  a  m o b i l e  fu e l ‐
i n g  ve h i c l e  o r  tr ai l e r  to  a h yd r o g e n  ve h i c l e  l o c ate d  a t a s e p a r ate
feet fu e l i n g  a r e a i n  c o n n e c ti o n  wi th  c o m m e r c i a l ,  i n d u s tr i al ,

go ve r n m e n tal ,  o r  m an u fa c tu r i n g e s ta b l i s h m e n ts  an d  i n te n d e d
fo r  fu e l i n g  ve h i c l e s  u s e d  i n  c o n n e c ti o n  wi th  th e i r  b u s i n e s s e s

s h a l l  b e  a l l o we d  wh e r e  a l l  o f th e  r e q u i r e m e n ts  o f 1 0 . 9 . 2 ( A)
th r o u g h  1 0 . 9 . 2 ( L )  h ave  b e e n  m e t.

( A)    T h e  AH J  s h a l l  b e  notifed  b e fo r e  c o m m e n c i n g  o p e r ati o n s ,
an d  p e r m i tti n g  s o u gh t i f r e q u i re d ,  u n d e r  S e c ti o n  1 0 . 9 .

( B )    T h e  m o b i l e  fu e l i n g  ve h i c l e  o r  tr ai l e r  s h al l  c o m p l y wi th  U S
D O T  r e q u i r e m e n ts  fo r  th e  tr a n s p o r ta ti o n  o f GH 2 .

( C )    M o b i l e  fu e l i n g ve h i c l e s  o r  tr a i l e r s  ab l e  to  fu e l  h yd r o g e n
ve h i c l e s  s h al l  m e e t th e  ap p l i c ab l e  r e q u i r e m e n ts  o f 1 0 . 5 . 1

th r o u g h  1 0 . 5 . 2 .

Δ ( D )    D e l i ve r i e s  o r  d i s p e n s i n g  a t n i gh t s h a l l  b e  m ad e  o n l y i n  a n
ar e a c o n s i d e r e d  to  b e  l i g h te d .

( E )    S m o ki n g  m a te r i al s ,  i n c l u d i n g m atc h e s ,  l i g h te r s ,  an d  o th e r
s o u r c e s  o f i gn i ti o n ,  i n c l u d i n g  to r c h e s ,  s h a l l  n o t b e  u s e d  wi th i n

2 0  ft ( 6 . 1  m )  o f th e  d i s p e n s i n g  o f GH 2  i n  th e  o p e n  fr o m  a
m o b i l e  fu e l i n g  ve h i c l e  o r  tr ai l e r  to  a h yd r o g e n  ve h i c l e .

Δ ( F)    P o r tab l e  fre  e x ti n g u i s h e r s  s h al l  b e  s e l e c te d ,  i n s ta l l e d ,
i n s p e c te 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 0  an d
N F PA 3 0 A.

( G )    M o b i l e  fu e l i n g  ve h i c l e  o r  tr ai l e r  b ra ke s  s h al l  b e  s e t an d
c h o c k b l o c ks  s h al l  b e  i n  p l ac e .

( H )    P e r s o n s  p e r fo r m i n g d i s p e n s i n g  o p e ra ti o n s  s h al l  b e  q u al i ‐
fed  to  d e l i ve r  a n d  d i s p e n s e  GH 2  fu e l s .

( I )    O p e r ato r s  o f m o b i l e  fu e l i n g ve h i c l e s  o r  tr ai l e r s  u s e d  fo r
m o b i l e  fu e l i n g  o p e r ati o n s  s h al l  h ave  a c c e s s  o n  s i te  o r  b e  i n

p o s s e s s i o n  o f a n  e m e r ge n c y c o m m u n i c ati o n s  d e vi c e  to  n o ti fy
th e  au th o r i ti e s  i n  th e  e ve n t o f an  e m e r ge n c y.

( J )    T h e  m o b i l e  fu e l i n g  ve h i c l e s  o r  tr ai l e r s  s h al l  b e  p o s i ti o n e d
wi th  r e s p e c t to  ve h i c l e s  b e i n g fu e l e d  to  p r e ve n t traffc  fr o m

d r i vi n g  o ve r  th e  d e l i ve r y h o s e  a n d  b e twe e n  th e  m o b i l e  fu e l i n g
ve h i c l e  o r  tr ai l e r  ve h i c l e  an d  h yd r o g e n  ve h i c l e  b e i n g fu e l e d .

( K)    T h e  d i s p e n s i n g  h o s e  s h a l l  b e  p r o p e r l y p l a c e d  o n  a n
a p p r o ve d  r e e l  o r  i n  a n  ap p r o ve d  c o m p ar tm e n t b e fo r e  m o vi n g
th e  m o b i l e  fu e l i n g ve h i c l e  o r  tr a i l e r .

( L )    T h e  tr an s fe r  ar e a s h al l  m e e t th e  r e q u i r e m e n ts  o f 1 0 . 4 . 1 . 1 .

N 1 0 . 1 0  O n - D e m an d  M o b i l e  Fue l i n g.

N 1 0 . 1 0 . 1 *  G e n e ral .    T h e  r e q u i r e m e n ts  i n  1 0 . 1 0 . 2  s h al l  ap p l y to
th e  o n -d e m an d  m o b i l e  fu e l i n g  o f ga s e o u s  h yd r o g e n  i n to  h yd r o ‐

ge n  m o to r  ve h i c l e s .

N 1 0 . 1 0 . 1 . 1    T h e  r e q u i r e m e n ts  i n  S e c ti o n  1 0 . 1 0  s h a l l  n o t ap p l y to
th e  fo l l o wi n g:

( 1 ) O u td o o r  n o n p u b l i c  m o b i l e  feet fu e l i n g  a t c o m m e r c i al ,
i n d u s tr i al ,  go ve r n m e n ta l ,  o r  m an u fa c tu r i n g e s tab l i s h ‐

m e n ts  i n  ac c o r d an c e  wi th  S e c ti o n  1 0 . 9
( 2 ) F u e l i n g fr o m  p o r ta b l e  c o n tai n e r s  i n  c as e s  o f an  e m e r ‐

g e n c y

N 1 0 . 1 0 . 1 . 2    O n -d e m a n d  m o b i l e  fu e l i n g  s h a l l  b e  a l l o we d  o n l y i f
a l l  o f th e  r e q u i r e m e n ts  o f 1 0 . 1 0 . 2  th r o u g h  1 0 . 1 0 . 6  h ave  b e e n
m e t.

N 1 0 . 1 0 . 2  Ap p ro val s  an d  M o b i l e  Fue l i n g L o c ati o n s .

N 1 0 . 1 0 . 2 . 1    O n -d e m a n d  m o b i l e  fu e l i n g  o p e r a ti o n s  s h a l l  n o t b e
c o n d u c te d  u n l e s s  ap p r o ve d  b y th e  AH J  an d  th e  o wn e r  o r

au th o r i z e d  p e r s o n  o f th e  p r o p e r ty o n  wh i c h  th e  fu e l i n g  wi l l
o c c u r.

N 1 0 . 1 0 . 2 . 1 . 1    O n -d e m a n d  m o b i l e  fu e l i n g o p e r a ti o n s  s h al l  o c c u r
o n l y a t ap p r o ve d  l o c ati o n s  o r  g e o gr a p h i c  ar e a s .

N 1 0 . 1 0 . 2 . 2    T h e  d i s ta n c e  b e twe e n  th e  e x p o s u r e  an d  th e  p o i n t o f
fu e l i n g  s h al l  m e e t th e  r e q u i r e m e n ts  i n  7 . 2 . 2 . 3 . 2 .

N 1 0 . 1 0 . 2 . 3    O n -d e m a n d  m o b i l e  fu e l i n g  an d  p ar ki n g  o f m o b i l e
fu e l i n g  ve h i c l e s  an d  tr ai l e r s  s h a l l  b e  p r o h i b i te d  i n  b u i l d i n g s ,  i n

c o ve r e d  p ar ki n g  s tr u c tu r e s ,  o n  p u b l i c  s tr e e ts ,  an d  o n  p u b l i c
ways .
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S h ad 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  re 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 3  E d i t i o n

N 1 0 . 1 0 . 2 . 3 . 1    O n -d e m a n d  m o b i l e  fu e l i n g  o n  th e  u n c o ve r e d  to p
l e ve l  o f p a r ki n g s tr u c tu r e s  a r e  al l o we d  wh e r e  th e  to p  l e ve l  c an
b e  a c c e s s e d  d i r e c tl y fr o m  th e  g r o u n d  l e ve l  wi th o u t e n te r i n g  th e

s tr u c tu r e .

N 1 0 . 1 0 . 3 *  S afe ty an d  E m e rge n c y Re s p o n s e  P l an .  [ 3 0 A: 1 4 . 2 . 3 ]

N 1 0 . 1 0 . 3 . 1    A s a fe ty an d  e m e r g e n c y r e s p o n s e  p l an  s h a l l  b e
s u b m i tte d  fo r  l o c a ti o n s  wh e r e  o n -d e m a n d  m o b i l e  fu e l i n g  i s
au th o r i z e d .

N 1 0 . 1 0 . 3 . 2    T h e  s afe ty a n d  e m e r ge n c y r e s p o n s e  p l a n  s h al l  b e
avai l ab l e  o n  e ac h  m o b i l e  fu e l i n g ve h i c l e .

N 1 0 . 1 0 . 3 . 3    Wh e r e  r e q u i r e d  b y th e  AH J ,  a  s i te  p l a n  s h a l l  b e  a va i l ‐
ab l e  fo r  e ac h  ap p r o ve d  l o c ati o n  th a t s h al l  s h o w a l l  e x i s ti n g

e x p o s u r e s  i n  7 . 3 . 2 . 3 . 1 . 1 .   

N 1 0 . 1 0 . 4  Trai n i n g.

N 1 0 . 1 0 . 4 . 1 *    M o b i l e  fu e l i n g ve h i c l e  o p e r ato r s  s h al l  p o s s e s s
e vi d e n c e  o f tr ai n i n g  o n  p r o p e r  fu e l i n g p r o c e d u r e s  a n d  th e

s a fe ty a n d  e m e r ge n c y r e s p o n s e  p l an .  [ 3 0 A: 1 4 . 2 . 4 . 1 ]

N 1 0 . 1 0 . 4 . 2    T h e  ve h i c l e  o p e r a to r  tr ai n i n g s h a l l  b e  ap p r o ve d  b y
th e  AH J .

N 1 0 . 1 0 . 5  M o b i l e  Fu e l i n g Ve h i c l e s  an d  E q u i p m e n t.

N 1 0 . 1 0 . 5 . 1 *    M o b i l e  fu e l i n g  ve h i c l e s  s h al l  c o m p l y wi th  a l l  a p p l i ‐
c a b l e  l o c al ,  s ta te ,  an d  fe d e r a l  r e q u i r e m e n ts  an d  s h al l  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  6 ,  7 ,  a n d  1 0 .

N 1 0 . 1 0 . 5 . 2    O n l y s to r ag e ,  c o m p r e s s i o n ,  an d  d i s p e n s i n g o f
ga s e o u s  h yd r o g e n  fr o m  th e  m o b i l e  fu e l i n g ve h i c l e  o r  tr a i l e r

s h a l l  b e  al l o we d .

N 1 0 . 1 0 . 5 . 3    A m o b i l e  fu e l i n g  ve h i c l e  o r  tr ai l e r  th at m e e ts  th e
r e q u i r e m e n ts  o f 7 . 1 . 2 2  s h al l  b e  p e r m i tte d  to  b e  c o n s i d e r e d  an

H E E .

N 1 0 . 1 0 . 5 . 4    H yd r o ge n  m o to r  ve h i c l e s  s h a l l  b e  fu e l e d  o n l y fr o m
c o n tai n e r s  m o u n te d  o n  a m o b i l e  fu e l i n g ve h i c l e  o r  tr a i l e r.   

N 1 0 . 1 0 . 5 . 5    A m o b i l e  fu e l i n g  ve h i c l e  s h a l l  n o t b e  c o m b i n e d  wi th
a m o b i l e  fu e l i n g tr ai l e r.   

N 1 0 . 1 0 . 5 . 6    D i s p e n s i n g  h o s e  an d  h o s e  c o n n e c ti o n s  s h al l  m e e t
th e  r e q u i r e m e n ts  o f 1 0 . 3 . 6 .

N 1 0 . 1 0 . 5 . 6 . 1    T h e  h o s e  s h al l  n o t e x c e e d  1 5  m  ( 5 0  ft)  i n  l e n g th .

N 1 0 . 1 0 . 5 . 7    T h e  ve h i c l e  fu e l i n g  c o n n e c ti o n  fo r  l i g h t d u ty h yd r o ‐
ge n  m o to r  ve h i c l e s  s h a l l  m e e t th e  r e q u i r e m e n ts  o f 1 0 . 3 . 1 0 .

N 1 0 . 1 0 . 5 . 8    A m o b i l e  fu e l i n g  ve h i c l e  o r  tr ai l e r  s h a l l  h ave  e m e r ‐
ge n c y s h u td o wn  e q u i p m e n t th a t m e e ts  th e  r e q u i r e m e n ts  o f
1 0 . 3 . 1 3 .

N 1 0 . 1 0 . 5 . 9    M o b i l e  fu e l i n g  ve h i c l e s  o r  tr ai l e r s  s h al l  b e  p r o vi d e d
wi th  a t l e as t o n e  p o r ta b l e  fre  e x ti n g u i s h e r  s e l e c te d ,  i n s ta l l e d ,

i n s p e c te d ,  a n d  m ai n ta i n e d  a s  r e q u i r e d  b y N F PA 1 0 .

N 1 0 . 1 0 . 5 . 9 . 1    T h e  e x ti n g u i s h e r  s h a l l  b e  a m i n i m u m  1 0  l b
( 4 . 5 4  kg)  AB C  d r y c h e m i c al  a ge n t–typ e  an d  b e  r a te d  wi th  an

ag e n t d i s c h a r ge  r a te  o f 1  l b / s e c  ( 0 . 4 5 kg / s e c )  o r  g r e ate r.

N 1 0 . 1 0 . 5 . 1 0    S i gn a ge  th a t m e e ts  th e  r e q u i r e m e n t o f 1 0 . 4 . 8  s h a l l
b e  p r o m i n e n tl y d i s p l a ye d  o n  th e  m o b i l e  fu e l i n g  ve h i c l e .

N 1 0 . 1 0 . 5 . 1 1    T h e  m o b i l e  fu e l i n g  ve h i c l e s  o r  tr ai l e r s  s h al l  b e
ftted  wi th  3 6 0 - d e g r e e  retrorefective  tap e  o r  m a r ki n gs  i n

c o m p l i a n c e  wi th  4 9  C F R 5 7 1 . 1 0 8 ,  “ L a m p s ,  Refective  D e vi c e s ,
a n d  As s o c i a te d  E q u i p m e n t. ”

N 1 0 . 1 0 . 6  O p e rati o n s .

N 1 0 . 1 0 . 6 . 1 *    D e l i ve r i e s  a t n i g h t s h al l  b e  m a d e  o n l y i n  ar e a s
d e e m e d  ad e q u ate l y l i g h te d  b y th e  AH J .

N 1 0 . 1 0 . 6 . 2 *    T h e  m o b i l e  fu e l i n g ve h i c l e ’ s  h az ar d  wa r n i n g  s i g n al
a n d  fashers  s h a l l  b e  ac ti vate d  d u r i n g  d i s p e n s i n g o p e r a ti o n s .

N 1 0 . 1 0 . 6 . 3    S afe ty c o n e s  o r  b a r r i e r s  s h al l  b e  e m p l o ye d  to  d e s i g‐
n a te  a  s a fe ty p e r i m e te r  a n d  p r o te c t th e  ve h i c l e  fu e l i n g  a r e a.

N 1 0 . 1 0 . 6 . 4    T h e  d i s p e n s i n g  o f h yd r o g e n  s h a l 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  1 0 . 5 .

N 1 0 . 1 0 . 6 . 5 *    A m e a n s  fo r  b o n d i n g  th e  m o b i l e  fu e l i n g  ve h i c l e  o r
tr ai l e r  to  th e  h yd r o g e n  m o to r  ve h i c l e  s h a l l  b e  p r o vi d e d .

N 1 0 . 1 0 . 6 . 5 . 1    S u c h  b o n d i n g  m e an s  s h a l l  b e  e m p l o ye d  d u r i n g
fu e l i n g  o p e r ati o n s .

N 1 0 . 1 0 . 6 . 6    T h e  h yd r o g e n  m o to r  ve h i c l e  s h al l  b e  tu r n e d  o ff
d u r i n g fu e l i n g.

N 1 0 . 1 0 . 6 . 7 *    S o u r c e s  o f i g n i ti o n  s h al l  b e  c o n tr o l l e d  i n  a c c o r d ‐
a n c e  wi th  S e c ti o n  4 . 1 2 .

N 1 0 . 1 0 . 6 . 8    M o b i l e  fu e l i n g ve h i c l e s  s h al l  b e  c o n s ta n tl y a tte n d e d
d u r i n g fu e l i n g o p e r a ti o n s .

N 1 0 . 1 0 . 6 . 9    M o b i l e  fu e l i n g  ve h i c l e s  s h a l l  n o t o b s tr u c t e m e r ge n c y
ve h i c l e  a c c e s s  r o ad s .

N 1 0 . 1 0 . 6 . 1 0    M o b i l e  fu e l i n g  ve h i c l e s  s h a l l  b e  p o s i ti o n e d  i n  a
m a n n e r  s o  as  to  p r e c l u d e  traffc  fr o m  d r i vi n g  o ve r  th e  d i s p e n s ‐

i n g  h o s e .

N 1 0 . 1 0 . 6 . 1 0 . 1    T h e  h o s e  s h a l l  b e  s to r e d  i n  an  ap p r o ve d  m an n e r
p r i o r  to  m o vi n g th e  m o b i l e  fu e l i n g  ve h i c l e  o r  m o b i l e  fu e l i n g
tr a i l e r.

N 1 0 . 1 0 . 6 . 1 1  I n s p e c ti o n  P ro gram .

N 1 0 . 1 0 . 6 . 1 1 . 1    T h e  m o b i l e  fu e l i n g o p e r a to r  s h al l  h a ve  i n  p l a c e
an  ap p r o ve d  ve h i c l e  i n s p e c ti o n  p r o g r am  to  e n s u r e  th e  m o b i l e

fu e l i n g  ve h i c l e  a n d  tr ai l e r  an d  e q u i p m e n t i s  ke p t i n  go o d
r e p ai r.

N 1 0 . 1 0 . 6 . 1 1 . 2    M o b i l e  fu e l i n g ve h i c l e s  an d  tr a i l e r s  s h a l l  b e
i n s p e c te d  p r i o r  to  e a c h  s h i ft wi th  r e c o r d s  avai l ab l e  to  th e  AH J
u p o n  r e q u e s t.

C h ap te r 1 1    L H 2  Fue l i n g Fac i l i ti e s

1 1 . 1  S c o p e .    T h i s  c h ap te r  ap p l i e s  to  th e  d e s i gn ,  s i ti n g ,
c o n s tr u c ti o n ,  i n s tal l ati o n ,  a n d  o p e r ati o n  o f c o n tai n e r s ,  p r e s ‐

s u r e  ve s s e l s ,  p u m p s ,  vap o r i z a ti o n  e q u i p m e n t,  a n d  a s s o c i a te d
e q u i p m e n t u s e d  fo r  th e  s to r a ge  o r  d i s p e n s i n g  o f L H 2  as  an
e n g i n e  fu e l  fo r  ve h i c l e s  o f al l  typ e s .

1 1 . 1 . 1  Ap p l i c ati o n .    T h i s  c h ap te r  s h a l l  ap p l y to  th e  s to r ag e ,
u s e ,  an d  h a n d l i n g  o f L H 2  i n  c o n n e c ti o n  wi th  s e l f-p r o p e l l e d
ve h i c l e s  p o we r e d  b y h yd r o ge n .

1 1 . 1 . 1 . 1    T h e  s to r ag e ,  u s e ,  an d  h an d l i n g  o f L H 2  i n  c o n n e c ti o n
wi th  s e l f-p r o p e l l e d  ve h i c l e s  p o we r e d  b y h yd r o ge n  s h a l l  al s o
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 a p te r s  1  an d  4  an d  th e

ap p l i c a b l e  r e q u i r e m e n ts  o f C h ap te r s  5  th r o u g h  8 .
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2 0 2 3  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 . 1 . 1 . 2    C h ap te r s  4  a n d  6  th r o u g h  8  c o n tai n  fu n d am e n tal
r e q u i r e m e n ts  th at s h a l l  a p p l y to  al l  h yd r o g e n  s ys te m s .

1 1 . 1 . 1 . 2 . 1    T h e  use-specifc  r e q u i r e m e n ts  o f th i s  c h ap te r  fo r
th e  s to r a ge ,  u s e ,  an d  h a n d l i n g o f L H 2  s h a l l  a p p l y.

1 1 . 1 . 1 . 2 . 2    Wh e r e  th e r e  i s  a confict b e twe e n  a fu n d am e n tal
r e q u i r e m e n t an d  a use-specifc  r e q u i r e m e n t,  th e  use-specifc
r e q u i r e m e n t s h al l  ap p l y.

1 1 . 1 . 1 . 3    T h e  r e q u i r e m e n ts  o f C h ap te r  1 1  s h al l  b e  ap p l i c ab l e
to  L H 2  s ys te m s  o n l y.  Wh e r e  L H 2  i s  c o n ve r te d  to  GH 2 ,  th o s e
p o r ti o n s  o f th e  s ys te m  u ti l i z e d  fo r  GH 2  s h al l  b e  i n  ac c o r d a n c e

wi th  C h ap te r  1 0 .

1 1 . 2  G e n e ral .

1 1 . 2 . 1  Ri s k  As s e s s m e n t.

1 1 . 2 . 1 . 1    Al l  h yd r o g e n  r e fu e l i n g  s ta ti o n  s i te s  s h al l  h ave  a
c o m p l e te d  r i s k a s s e s s m e n t p r i o r  to  d i s p e n s i n g fu e l .

1 1 . 2 . 1 . 2    T h e  r i s k a s s e s s m e n t s h al l  b e  u p d a te d  wh e n  c h an g e s
to  th e  p r o c e s s  affe c t o p e r a ti n g l i m i ts  o r  d e s i g n  specifcations
th a t we r e  i n c l u d e d  as  th e  b as i s  fo r  th e  o ri gi n al  r i s k as s e s s m e n t.

1 1 . 2 . 2  S e c u ri ty.    L H 2  d i s p e n s e r s  s h al l  b e  d e s i gn e d  to  b e
tam p e r  r e s i s tan t.

1 1 . 2 . 3  O p e rati n g I n s tr uc ti o n s .    O p e r a ti n g i n s tr u c ti o n s  i d e n ti ‐
fyi n g  th e  l o c ati o n  an d  o p e r a ti o n  o f e m e r g e n c y c o n tr o l s  s h al l  b e

p o s te d  c o n s p i c u o u s l y i n  th e  fac i l i ty a r e a.

1 1 . 2 . 4  L i gh ti n g.    L H 2  d i s p e n s i n g  ar e a s  tr an s fe r r i n g  L H 2  d u r i n g
th e  n i g h t s h al l  h a ve  p e r m a n e n t l i g h ti n g  a t p o i n ts  o f tr an s fe r
an d  o p e r a ti o n .

1 1 . 2 . 4 . 1    T h e  l i gh ti n g  s h al l  b e  d e s i g n e d  to  p r o vi d e  i l l u m i n a‐
ti o n  o f th e  d i s p e n s i n g  a p p a r atu s  an d  d i s p e n s i n g  a r e a,  s u c h  th at

a l l  c o n tr o l s  i n c l u d i n g  e m e r g e n c y s h u td o wn  d e vi c e s  ar e  vi s i b l e
to  th e  o p e r a to r.

1 1 . 2 . 5  P e rs o n n e l  P ro te c ti o n .    L H 2  r e fu e l i n g s i te s  u ti l i z i n g  o r
d i s p e n s i n g L H 2  s h a l l  p r o vi d e  p e r s o n n e l  p r o te c ti o n  b ar r i e r s
s u c h  a s  wal l s ,  c a b i n e ts ,  vac u u m - j a c ke te d  p i p e ,  an d  s i m i l a r  b ar r i ‐
e r s  to  p r o te c t th e  fu e l i n g  o p e r a to r  an d  th e  ve h i c l e  b e i n g fu e l e d

fr o m  c o n tac t wi th  a r e l e a s e  o f L H 2 .  Al l  fac i l i ty p i p i n g o th e r
th a n  th e  r e fu e l i n g  l i n e  to  th e  ve h i c l e  s h a l l  b e  b e h i n d  th e
b a r r i e r,  to  defect an y L H 2  th at i s  r e l e as e d  d u e  to  an  e q u i p m e n t

m a l fu n c ti o n .

Δ 1 1 . 2 . 6  S o urc e s  o f I gn i ti o n .    S m o ki n g m ate r i a l s ,  i n c l u d i n g
m a tc h e s  a n d  l i g h te r s ,  s h a l l  n o t b e  u s e d  wi th i n  2 5  ft ( 7 . 6  m )  o f
a r e as  u s e d  fo r  fu e l i n g,  s e r vi c i n g  fu e l  s ys te m s  o f i n te r n al

c o m b u s ti o n  e n gi n e s ,  o r  r e c e i vi n g o r  d i s p e n s i n g  o f L H 2 .

N 1 1 . 2 . 6 . 1    T h e  m o to r s  o f al l  e q u i p m e n t b e i n g  fu e l e d  s h al l  b e
s h u t o ff d u r i n g  th e  fu e l i n g o p e r a ti o n  e x c e p t fo r  e m e r ge n c y

g e n e r ato r s ,  p u m p s ,  c o m m u n i c ati o n  d e vi c e s ,  a n d  s o  fo r th ,
wh e r e  c o n ti n u i n g o p e r a ti o n  i s  e s s e n ti al .

1 1 . 2 . 7  Fi re  E x ti n gu i s h e rs .    P o r tab l e  fre  e x ti n g u i s h e r s  s h al l  b e
s e l e c te d ,  i n s tal l e d ,  i n s p e c te d ,  an d  m a i n tai n e d  i n  ac c o r d a n c e

wi th  N F PA 1 0  a n d  1 1 . 2 . 7 . 1  th r o u g h  1 1 . 2 . 7 . 3  o f th i s  c o d e  an d
9 . 2 . 5 . 2 . 5  o f N F PA 3 0 A.  [ 3 0 A: 9 . 2 . 5 . 2 . 1 ]

N 1 1 . 2 . 7 . 1    Al l  p o r ta b l e  fre  e x ti n g u i s h e r s  i n s tal l e d  to  a c h i e ve
c o m p l i an c e  wi th  th i s  c o d e  s h al l  b e  a m i n i m u m  o f 4 . 5 4  kg
( 1 0  l b )  AB C  d r y c h e m i c al  h a vi n g an  ag e n t d i s c h ar g e  r a te  o f

0 . 4 5  kg/ s e c  ( 1  l b / s e c )  o r  g r e ate r.  [ 3 0 A: 9 . 2 . 5 . 2 . 2 ]

N 1 1 . 2 . 7 . 2    T h e  m ax i m u m  tr ave l  d i s tan c e  fr o m  a  m i n i m u m
9 . 1  kg  ( 2 0  l b )  AB C  d r y c h e m i c al  e x ti n g u i s h e r  h avi n g  an  ag e n t

d i s c h ar g e  r a te  o f 0 . 4 5  kg/ s e c  ( 1  l b / s e c )  o r  gr e a te r  s h al l  b e
p e r m i tte d  to  b e  3 0 . 5  m  ( 1 0 0  ft) .  [ 3 0 A: 9 . 2 . 5 . 2 . 3 ]

N 1 1 . 2 . 7 . 3  N e w Fi re  E x ti n gu i s h e rs .    N e wl y i n s tal l e d  fre  e x ti n ‐
gu i s h e r s ,  i n c l u d i n g r e p l a c e m e n ts  o r  e x c h an g e s ,  s h al l  m e e t th e
r e q u i r e m e n ts  o f 9 . 2 . 5 . 2  o f N F PA 3 0 A.  [ 3 0 A: 9 . 2 . 5 . 2 . 4 ]

1 1 . 2 . 8  P i p i n g,  Tu b i n g,  an d  Fi tti n gs .

1 1 . 2 . 8 . 1    P i p e ,  tu b i n g ,  a n d  fttings  s h al l  b e  d e s i g n e d  fo r  h yd r o ‐
ge n  s e r vi c e  an d  fo r  m ax i m u m  p r e s s u r e s  a n d  m i n i m u m  an d

m a x i m u m  te m p e r a tu r e s .

1 1 . 2 . 8 . 1 . 1    P i p e ,  tu b i n g,  fttings,  ga s ke ts ,  an d  p ac ki n g  m a te r i al
s h a l l  b e  c o m p ati b l e  wi th  th e  fu e l  u n d e r  s e r vi c e  c o n d i ti o n s .

1 1 . 2 . 8 . 1 . 2    P i p e ,  val ve s ,  a n d  fttings  fa b r i c ate d  fr o m  c as t,
d u c ti l e ,  m a l l e a b l e ,  an d  h i g h -s i l i c o n  i r o n  o r  c a r b o n  s te e l  s h a l l

n o t b e  u s e d .

1 1 . 2 . 8 . 2    P i p e ,  tu b i n g ,  fttings,  an d  o th e r  c o m p o n e n ts  s h a l l  b e
d e s i g n e d  wi th  a m i n i m u m  s a fe ty fac to r  o f 3 .

1 1 . 2 . 8 . 3    H yd r o g e n  g as  p i p i n g s h al l  b e  fab r i c a te d  a n d  te s te d  i n
ac c o r d an c e  wi th  AS M E  B 3 1 ,  Code for Pressure Piping.

1 1 . 2 . 8 . 4    P i p i n g  c o m p o n e n ts  s u c h  as  s tr ai n e r s ,  s n u b b e r s ,  an d
e x p an s i o n  j o i n ts  s h a l l  b e  p e r m an e n tl y m a r ke d  b y th e  m an u fa c ‐
tu r e r  to  i n d i c ate  th e  s e r vi c e  r ati n g s .

1 1 . 2 . 8 . 5  I n s tal l ati o n  o f P i p i n g an d  H o s e s  o n  D i s p e n s i n g
S ys te m s .

1 1 . 2 . 8 . 5 . 1    P i p i n g  an d  h o s e  s h a l l  b e  p r o te c te d  fr o m  th e  e ffe c ts
o f e x p an s i o n ,  c o n tr ac ti o n ,  j a r r i n g ,  vi b r ati o n ,  an d  s e ttl i n g .

1 1 . 2 . 8 . 5 . 2    M a n i fo l d s  c o n n e c ti n g fu e l  c o n ta i n e r s  s h al l  b e  fab r i ‐
c a te d  to  m i n i m i z e  vi b r a ti o n  an d  s h a l l  b e  i n s ta l l e d  i n  a p r o te c ‐

te d  l o c a ti o n  o r  s h i e l d e d  to  p r e ve n t d am ag e  fr o m  u n s e c u r e d
o b j e c ts .

1 1 . 2 . 8 . 5 . 3    J o i n ts  o r  c o n n e c ti o n s  s h al l  b e  l o c ate d  i n  a n  a c c e s s i ‐
b l e  l o c ati o n .

1 1 . 2 . 8 . 5 . 4    T h e  n u m b e r  o f j o i n ts  s h al l  b e  m i n i m i z e d  an d
p l a c e d  i n  a l o c a ti o n  c o n s i d e r i n g h a z a r d s  to  p e r s o n n e l  s afe ty.

1 1 . 2 . 8 . 5 . 5    H yd r o g e n  s h al l  b e  ve n te d  i n  ac c o r d an c e  wi th
S e c ti o n  6 . 1 7 .

1 1 . 2 . 8 . 6    S tati c  p r o te c ti o n  s h al l  b e  r e q u i r e d  wh e r e  L H 2  c ar g o
tr a n s p o r t ve h i c l e s  ar e  u n l o ad e d ,  e x c e p t wh e r e  c a r go  tr an s p o r t
ve h i c l e s  o r  m ar i n e  e q u i p m e n t ar e  l o a d e d  o r  u n l o ad e d  b y

c o n d u c ti ve  h o s e ,  fexible  m e ta l l i c  tu b i n g,  o r  p i p e  c o n n e c ti o n s
th r o u g h  o r  fr o m  ti g h t ( to p  o r  b o tto m )  o u tl e ts  wh e r e  b o th
h al ve s  o f m e ta l l i c  c o u p l i n gs  ar e  e l e c tr i c al l y b o n d e d .

1 1 . 2 . 9  P i p i n g S ys te m s  an d  C o m p o n e n ts .    P i p i n g  s h al l  b e  i n
ac c o r d an c e  wi th  8 . 1 . 4 .

1 1 . 2 . 1 0  P re s s u re  Re l i e f D e vi c e s  — Vap o ri z e rs .    T h e  d i s c h ar g e
fr o m  p r e s s u r e  r e l i e f d e vi c e s  s e r vi n g  th e  vap o r i z e r  s ys te m  s h a l l

b e  c o n n e c te d  to  a  ve n t p i p e  s ys te m .

1 1 . 2 . 1 1  I n s tr u m e n tati o n .

1 1 . 2 . 1 1 . 1 *  E m e rge n c y S h u td o wn  D e vi c e  ( E S D ) .    Al l  E S D s  s h a l l
b e  o f a  typ e  r e q u i r i n g th at th e y b e  m an u al l y r e s e t.

1 1 . 2 . 1 1 . 2 *  P re s s u re  I n s tr u m e n tati o n .    P r e s s u r e  m o n i to r i n g
s ys te m s  o r  i n d i c ati n g  d e vi c e s  s h al l  b e  c ap ab l e  o f r e a d i n g  at l e as t
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S h ad 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  re 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 3  E d i t i o n

1 . 2  ti m e s  th e  s ys te m  m ax i m u m  al l o wab l e  wo r ki n g  p r e s s u r e
( M AWP ) .

1 1 . 2 . 1 2  E l e c tri c al  E q u i p m e n t.

1 1 . 2 . 1 2 . 1    E l e c tr i c al  e q u i p m e n t an d  wi r i n g s h al l  b e  as  specifed
b y,  an d  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 ,  NFPA 70 a n d  s h al l
m e e t th e  r e q u i r e m e n ts  o f C l a s s  I ,  G r o u p  B ,  D i vi s i o n  o r  C l a s s  I ,
Gr o u p  I I C ,  Z o n e  a s  specifed  i n  Tab l e  1 1 . 2 . 1 2 . 1 .

1 1 . 2 . 1 2 . 2    E ac h  i n te r fac e  b e twe e n  a  fammable  fuid  s ys te m
an d  a n  e l e c tr i c al  c o n d u i t o r  wi r i n g  s ys te m ,  i n c l u d i n g  p r o c e s s
i n s tr u m e n tati o n  c o n n e c ti o n s ,  i n te gr a l  val ve  o p e r ato r s ,  fo u n d a‐
ti o n  h e ati n g  c o i l s ,  c a n n e d  p u m p s ,  a n d  b l o we r s ,  s h al l  b e  s e a l e d
o r  i s o l ate d  to  p r e ve n t th e  p a s s a ge  o f fammable  fuids  o r  ga s e s
to  an o th e r  p o r ti o n  o f th e  e l e c tr i c al  i n s tal l a ti o n .

1 1 . 2 . 1 2 . 3    E ac h  s e al ,  b ar r i e r,  o r  o th e r  m e an s  u s e d  to  c o m p l y
wi th  1 1 . 2 . 1 2 . 4  s h a l l  b e  d e s i gn e d  to  p r e ve n t th e  p a s s a ge  o f fam‐
mable  fuids  o r  g as e s  th r o u g h  th e  c o n d u i t,  s tr a n d e d  c o n d u c ‐
to r s ,  a n d  c ab l e s .

1 1 . 2 . 1 2 . 4    A p r i m ar y s e al  s h al l  b e  p r o vi d e d  b e twe e n  th e  fam‐
mable  fuid  s ys te m  an d  th e  e l e c tr i c a l  c o n d u i t wi r i n g s ys te m .  I f
th e  fai l u r e  o f th e  p r i m a r y s e a l  wo u l d  a l l o w th e  p a s s a ge  o f fam‐
mable  fuids  to  an o th e r  p o r ti o n  o f th e  c o n d u i t o r  wi r i n g
s ys te m ,  a n  ad d i ti o n a l  ap p r o ve d  s e al ,  b ar r i e r,  o r  o th e r  m e a n s
s h a l l  b e  p r o vi d e d  to  p r e ve n t th e  p a s s a ge  o f th e  fammable  fuid
b e yo n d  th e  ad d i ti o n al  d e vi c e  o r  m e a n s  i n  th e  e ve n t th a t th e
p r i m a r y s e a l  fai l s .

1 1 . 2 . 1 2 . 5    E ac h  p r i m a r y s e al  s h a l l  b e  d e s i g n e d  to  wi th s ta n d  th e
m a x i m u m  a l l o wab l e  s e r vi c e  c o n d i ti o n s  to  wh i c h  i t i s  e x p e c te d
to  b e  e x p o s e d .

1 1 . 2 . 1 2 . 6    E ac h  ad d i ti o n al  s e al  o r  b a r r i e r  a n d  i n te r c o n n e c ti n g
e n c l o s u r e  s h al l  m e e t th e  p r e s s u r e  a n d  te m p e r atu r e  r e q u i r e ‐
m e n ts  o f th e  c o n d i ti o n  to  wh i c h  i t c o u l d  b e  e x p o s e d  i n  th e
e ve n t o f fai l u r e  o f th e  p r i m ar y s e al ,  u n l e s s  o th e r  ap p r o ve d
m e a n s  a r e  p r o vi d e d  to  a c c o m p l i s h  th i s  p u r p o s e .

1 1 . 2 . 1 2 . 7    U n l e s s  specifcally d e s i g n e d  an d  ap p r o ve d  fo r  th e
p u r p o s e ,  th e  s e al s  specifed  i n  1 1 . 2 . 1 2 . 4  th r o u gh  1 1 . 2 . 1 2 . 8  ar e

n o t i n te n d e d  to  r e p l a c e  th e  c o n d u i t s e al s  r e q u i r e d  b y
5 0 1 . 1 5 ( A)  th r o u g h  5 0 1 . 1 5 ( D )  o f NFPA 70.

1 1 . 2 . 1 2 . 8    Wh e r e  p r i m ar y s e a l s  ar e  i n s ta l l e d ,  d r a i n s ,  ve n ts ,  o r
o th e r  d e vi c e s  s h a l l  b e  p r o vi d e d  fo r  m o n i to r i n g  p u r p o s e s  to

d e te c t fammable  fuids  an d  l e akag e .

1 1 . 2 . 1 3  L H 2  to  G H 2  S ys te m s .    I n  ad d i ti o n  to  th e  e m e r ge n c y
s h u td o wn  s ys te m s  d e s c r i b e d  i n  S e c ti o n  1 1 . 3 ,  th e  e m e r g e n c y
s h u td o wn  s ys te m  a l s o  s h al l  s h u t o ff th e  l i q u i d  s u p p l y an d  p o we r

to  th e  L H 2  tr a n s fe r  e q u i p m e n t n e c e s s ar y fo r  p r o d u c i n g  GH 2

fr o m  L H 2 .

1 1 . 2 . 1 4  M ai n te n an c e .

1 1 . 2 . 1 4 . 1    M ai n te n a n c e  s h al l  b e  p e r fo r m e d  b a s e d  o n  th e  O E M
c o m p o n e n t m a n u fac tu r e r ’ s  r e c o m m e n d ati o n s  an d  n o t l e s s
th an  e ve r y 6  m o n th s .  M ai n te n an c e  r e c o r d s  s h al l  b e  m ad e  avai l ‐

ab l e  u p o n  d e m an d .

1 1 . 2 . 1 4 . 1 . 1    T h e  r e fu e l i n g s i te  s h al l  h ave  a wr i tte n  m ai n te ‐
n an c e  p r o gr a m  o r  p r o c e s s  s afe ty an a l ys i s  p r o gr a m  i n  p l ac e .  A

wr i tte n  r e c o r d  o f th e  r e q u i r e d  m ai n te n a n c e  s h a l l  b e  m a i n ‐
tai n e d  b y th e  o p e r ato r.

1 1 . 2 . 1 4 . 1 . 2    Re c o r d s  o f r e q u i r e d  m ai n te n a n c e  s h al l  b e  p r o vi ‐
d e 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  ( AH J )  u p o n  r e q u e s t.

1 1 . 2 . 1 4 . 1 . 3    F u e l i n g fac i l i ti e s  s h a l l  b e  fr e e  wi th i n  2 5  ft ( 7 . 6  m )
fr o m  r u b b i s h ,  d e b r i s ,  we e d s ,  an d  o th e r  m ate r i al  th a t p r e s e n t a
fre  h a z a r d .

1 1 . 2 . 1 4 . 1 . 4    Gr a s s  a r e as  o n  th e  L H 2  fu e l i n g  fac i l i ty gr o u n d s
s h a l l  b e  m ai n tai n e d  i n  a  m a n n e r  th at d o e s  n o t p r e s e n t a  fre
h a z a r d .

1 1 . 2 . 1 4 . 2    A p r e ve n ti ve  m a i n te n an c e  p r o gr a m  s h al l  b e  i n  p l a c e
a n d  s h al l  i n c l u d e  a  s c h e d u l e  o f wr i tte n  p r o c e d u r e s  fo r  te s t an d

i n s p e c ti o n  o f fa c i l i ty s ys te m s  an d  e q u i p m e n t.

1 1 . 2 . 1 4 . 3    E ac h  c o m p o n e n t i n  s e r vi c e ,  i n c l u d i n g i ts  s u p p o r t
s ys te m ,  s h al l  b e  m ai n ta i n e d  i n  a  c o n d i ti o n  th at i s  c o m p ati b l e

wi th  i ts  o p e r a ti o n  o r  s a fe ty p u r p o s e  b y r e p a i r,  r e p l ac e m e n t,  o r
o th e r  m e a n s .

Δ Tab l e  1 1 . 2 . 1 2 . 1  L H 2  Fu e l i n g Fac i l i ty E l e c tri c al  Are a Classifcation

P ar t L o c ati o n

C l as s  I ,  G ro up  B ,
D i vi s i o n  o r C l as s  I ,

G ro u p  I I C ,  Z o n e a E x te n t o f Classifed  Are ab

A P i ts ,  tr e n c h e s ,  o r  s u m p s  l o c a te d  i n  o r  
a d j ac e n t to  D i vi s i o n  1  o r  2  a r e as

1 E n ti r e  p i t,  tr e n c h ,  o r  s u m p

B D i s c h a r ge  fr o m  r e l i e f val ve s ,  d r a i n s 1 Wi th i n  5  ft ( 1 . 5  m )  fr o m  p o i n t o f d i s c h a r ge
2 B e yo n d  5  ft ( 1 . 5  m )  b u t wi th i n  2 5  ft ( 7 . 6  m )  i n  

a l l  d i r e c ti o n s  fr o m  p o i n t o f d i s c h ar g e

C Ve h i c l e / c a r go  tr an s fe r  a r e a
O u td o o r s  i n  o p e n  ai r  a t o r  ab o ve  g r ad e 1 Wi th i n  3  ft ( 1  m )  o f c o n n e c ti o n
P o i n ts  wh e r e  c o n n e c ti o n s  to  th e  h yd r o g e n  

s ys te m  ar e  r e gu l a r l y m a d e  an d  
d i s c o n n e c te d c

2 B e twe e n  3  ft ( 1  m )  an d  2 5  ft ( 7 . 6  m )  o f 
c o n n e c ti o n

N o te s :
aS e e  Ar ti c l e  1 0 0  o f NFPA 70 fo r  defnitions  o f c l a s s e s ,  g r o u p s ,  d i vi s i o n s ,  C l a s s  I  z o n e s ,  a n d  a s s o c i a te d  g as  g r o u p s .
b T h e  classifed  ar e a  n o t to  e x te n d  b e yo n d  a n  u n p i e r c e d  wa l l ,  r o o f,  o r  s o l i d  va p o r ti g h t p a r ti ti o n .

c I n d o o r  fu e l i n g  wi th  L H 2  i s  n o t a l l o we d .  (See 1 1 . 3. 2. )
d Ve n ti l a ti o n  i s  c o n s i d e r e d  a d e q u a te  wh e n  p r o vi d 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 th i s  c o d e .



H YD RO GE N  T E C H N O L O G I E S  C O D E2 - 8 0

2 0 2 3  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 . 1 4 . 4    I f a s a fe ty d e vi c e  i s  ta ke n  o u t o f s e r vi c e  fo r  m ai n te ‐
n an c e ,  th e  c o m p o n e n t b e i n g  s e r ve d  b y th e  d e vi c e  s h a l l  b e
ta ke n  o u t o f s e r vi c e  u n l e s s  th e  s a m e  s a fe ty fu n c ti o n  i s  p r o vi d e d
b y an  al te r n a ti ve  m e an s .

1 1 . 2 . 1 4 . 5    I f th e  i n ad ve r te n t o p e r ati o n  o f a  c o m p o n e n t take n
o u t o f s e r vi c e  c o u l d  c a u s e  a  h az ar d o u s  c o n d i ti o n ,  th e  s ys te m
s h a l l  b e  s h u t d o wn  u n ti l  th e  c o m p o n e n t i s  r e p l ac e d .

1 1 . 2 . 1 4 . 5 . 1    Al l  m ai n te n a n c e  an d  s e r vi c i n g s h al l  b e  d o n e  i n
ac c o r d an c e  wi th  2 9  C F R 1 9 1 0  fo r  e n e r g y c o n tr o l .

1 1 . 2 . 1 4 . 6    S afe ty,  ga s  d e te c ti o n ,  an d  fre  p r o te c ti o n  e q u i p m e n t
s h a l l  b e  te s te d  o r  i n s p e c te d  at i n te r val s  n o t to  e x c e e d  6  m o n th s .

1 1 . 2 . 1 4 . 7    M ai n te n an c e  a c ti vi ti e s  o n  fre  c o n tr o l  e q u i p m e n t
s h a l l  b e  s c h e d u l e d  s o  th a t a  m i n i m u m  o f e q u i p m e n t i s  take n
o u t o f s e r vi c e  at a n y o n e  ti m e  an d  fre  p r e ve n ti o n  s afe ty i s  n o t
c o m p r o m i s e d .

1 1 . 2 . 1 4 . 8  H o s e  As s e m b l i e s .

1 1 . 2 . 1 4 . 8 . 1    H o s e s ,  n o z z l e s ,  a n d  b r e akawa ys  s h al l  b e  e x am i n e d
ac c o r d i n g  to  th e  m an u fa c tu r e r s ’  r e c o m m e n d ati o n s  o r  a t l e as t
m o n th l y an d  s h a l l  b e  m ai n ta i n e d  i n  ac c o r d an c e  wi th  th e  m an u ‐
fa c tu r e r s ’  i n s tr u c ti o n s .

1 1 . 2 . 1 4 . 8 . 2    H o s e  s h a l l  b e  te s te d  fo r  l e a ks  p e r  m a n u fac tu r e r ’ s
r e q u i r e m e n ts ,  an d  an y u n s afe  l e akag e  o r  s u r fac e  c r ac ks  s h al l  b e
re a s o n  fo r  r e j e c ti o n  an d  r e p l ac e m e n t.

1 1 . 2 . 1 4 . 8 . 3    Te s ti n g  s h al l  b e  c ar r i e d  o u t u s i n g an  i n e r t g as  a s
th e  te s t m e d i u m .

( A)    Wh e r e  th i s  i s  n o t p o s s i b l e ,  th e  h o s e  as s e m b l y s h a l l  b e
c o m p l e te l y i s o l ate d  fr o m  th e  s ys te m  a n d  te s te d  wi th  th e  fam‐
mable  g as  n o r m a l l y wi th i n  th e  s ys te m ,  o r  wi th  a i r  a n d  th e n
p u r g e d  wi th  a n  i n e r t g as .

( B )    I n  th e  c as e  o f h yd r o g e n ,  te s ti n g  s h al l  b e  c ar r i e d  o u t wi th
h e l i u m  o r  a h e l i u m  i n e r t g as  b l e n d  ( i . e . ,  1 0  p e r c e n t b y vo l u m e
[ h e l i u m ]  o r  g r e ate r )  as  th e  te s t g as  o r,  i f th i s  i s  n o t p o s s i b l e ,
wi th  h yd r o g e n  u s i n g  p r e c au ti o n s .

1 1 . 2 . 1 4 . 8 . 4    Wh e n  n o t i n  u s e ,  h o s e  s h a l l  b e  s e c u r e d  to  p r o te c t
i t fr o m  d am ag e .

1 1 . 2 . 1 4 . 8 . 5    L i s te d  o r  ap p r o ve d  h o s e  a s s e m b l i e s  s h al l  b e  u s e d
to  d i s p e n s e  fu e l .  H o s e  l e n g th  a t au to m o ti ve  m o to r  fu e l  d i s p e n s ‐
i n g  fac i l i ti e s  s h al l  n o t e x c e e d  1 8  ft ( 5 . 5  m ) .  [ 3 0 A: 1 2 . 2 . 4 ]

1 1 . 3  D i s p e n s i n g.

1 1 . 3 . 1  G e n e ral .

1 1 . 3 . 1 . 1  S ys te m  C o m p o n e n t Qualifcations.    T h e  fo l l o wi n g
s ys te m s  an d  s ys te m  c o m p o n e n ts  s h a l l  b e  l i s te d  o r  ap p r o ve d :

( 1 ) H o s e  an d  h o s e  c o n n e c ti o n s
( 2 ) Ve h i c l e  fu e l i n g  c o n n e c ti o n s  ( n o z z l e )
( 3 ) E l e c tr i c a l  e q u i p m e n t u s e d  wi th  L H 2  s ys te m s

( 4 ) Gas  d e te c ti o n  e q u i p m e n t a n d  al ar m s
( 5 ) H yd r o g e n  d i s p e n s e r s
( 6 ) P r e s s u r e  s wi tc h e s
( 7 ) F l o w m e te r s

1 1 . 3 . 1 . 2  Fai l - S afe  D e s i gn .    L H 2  fu e l i n g fa c i l i ti e s  s h al l  b e
d e s i g n e d  s o  th at,  i n  th e  e ve n t o f a p o we r  o r  e q u i p m e n t fai l u r e ,

th e  s ys te m  s h a l l  g o  i n to  a fai l -s afe  c o n d i ti o n .

1 1 . 3 . 1 . 3  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 ks .

1 1 . 3 . 1 . 3 . 1    C o n tai n e r s ,  c yl i n d e r s ,  a n d  tan ks  s h a l l  b e  fab r i c a te d
o f m a te r i al s  c o m p ati b l e  wi th  h yd r o g e n  s e r vi c e .

1 1 . 3 . 1 . 3 . 2    C o n tai n e r s ,  c yl i n d e r s ,  an d  tan ks  s h a l l  b e  d e s i gn e d
fo r  L H 2  s e r vi c e  an d  s h a l l  b e  p e r m a n e n tl y m ar ke d  L H 2  b y th e

m a n u fac tu r e r.

1 1 . 3 . 1 . 3 . 3 *    C o n tai n e r s ,  c yl i n d e r s ,  an d  ta n ks  m a n u fac tu r e d
p r i o r  to  th e  e ffe c ti ve  d a te  o f th i s  c o d e  s h a l l  b e  al l o we d  to  b e

u s e d  i n  L H 2  s e r vi c e  i f d e s i g n ate d  fo r  L H 2  s e r vi c e  b y th e
c o n tai n e r  m an u fa c tu r e r  o r  i f ap p r o ve d  b y th e  AH J .

1 1 . 3 . 1 . 3 . 4  AS M E  C o n tai n e rs ,  C yl i n d e rs ,  an d  Tan k s .

1 1 . 3 . 1 . 3 . 4 . 1    We l d i n g  o r  b r a z i n g fo r  th e  r e p ai r o r  a l te r ati o n  o f
a n  AS M E  p r e s s u r e  ve s s e l  s h al l  c o m p l y wi th  th e  d o c u m e n ts
u n d e r  wh i c h  th e  p r e s s u r e  ve s s e l  wa s  fab r i c a te d .

( A)    O th e r  we l d i n g o r  b r az i n g  s h al l  b e  p e rm i tte d  o n l y o n
s a d d l e  p l ate s ,  l u g s ,  o r  b r a c ke ts  atta c h e d  to  th e  p r e s s u r e  ve s s e l

b y th e  p r e s s u r e  ve s s e l  m an u fac tu r e r.

( B )    T h e  e x c h an g e  o r  i n te r c h an g e  o f p r e s s u r e  ve s s e l  ap p u r te ‐
n an c e s  i n te n d e d  fo r  th e  s am e  p u r p o s e  s h a l l  n o t b e  c o n s i d e r e d

a  r e p ai r  o r  a l te r ati o n .

1 1 . 3 . 1 . 4  D i s p e n s i n g D e vi c e  P ro te c ti o n .    T h e  d i s p e n s i n g  d e vi c e
s h a l l  b e  p r o te c te d  fr o m  ve h i c l e  c o l l i s i o n  d a m a ge .

1 1 . 3 . 1 . 5  P re s s ure  Re l i e f D e vi c e s .

1 1 . 3 . 1 . 5 . 1    P r e s s u r e  r e l i e f val ve s  fo r  L H 2  s e r vi c e  s h al l  n o t b e
ftted  wi th  l i fti n g  d e vi c e s .

1 1 . 3 . 1 . 5 . 1 . 1    T h e  a d j u s tm e n t,  i f e x te r n al ,  s h al l  b e  p r o vi d e d
wi th  a  m e a n s  fo r  s e a l i n g th e  a d j u s tm e n t to  p r e ve n t ta m p e r i n g .

1 1 . 3 . 1 . 5 . 1 . 2    I f at a n y ti m e  i t i s  n e c e s s a r y to  b r e a k s u c h  a  s e al ,
th e  val ve  s h al l  b e  r e m o ve d  fr o m  s e r vi c e  u n ti l  i t h a s  b e e n  r e s e t
a n d  s e al e d .

1 1 . 3 . 1 . 5 . 1 . 3    Ad j u s tm e n ts  s h al l  b e  m ad e  o n l y b y th e  m an u fac ‐
tu r e r  o r  o th e r  c o m p an i e s  h avi n g  c o m p e te n t p e r s o n n e l  an d

fa c i l i ti e s  fo r  th e  r e p a i r,  a d j u s tm e n t,  an d  te s ti n g o f s u c h  val ve s .

1 1 . 3 . 1 . 5 . 1 . 4    T h e  o r ga n i z ati o n  m aki n g  s u c h  a d j u s tm e n t s h a l l
atta c h  a  p e r m an e n t tag  wi th  th e  s e tti n g,  c ap a c i ty,  a n d  d a te .

1 1 . 3 . 1 . 5 . 1 . 5    P r e s s u r e  r e l i e f val ve s  p r o te c ti n g  AS M E  p r e s s u r e
ve s s e l s  s h al l  b e  r e p a i r e d ,  ad j u s te d ,  a n d  te s te d  i n  a c c o r d a n c e

wi th  th e  AS M E  Boiler and Pressure Vessel Code.

1 1 . 3 . 1 . 5 . 2  I n s tal l ati o n  o f P re s s ure  Re l i e f D e vi c e s  o n  D i s p e n s ‐
i n g S ys te m s .

1 1 . 3 . 1 . 5 . 2 . 1    P r e s s u r e  r e l i e f d e vi c e s  s h al l  b e  i n  a c c o r d an c e  wi th
7 . 1 . 5 . 5 .

1 1 . 3 . 1 . 5 . 2 . 2    P r e s s u r e  r e l i e f d e vi c e s  s h al l  b e  s o  a r r an g e d  th a t
th e y d i s c h ar g e  i n  ac c o r d an c e  wi th  S e c ti o n  6 . 1 7  a n d  7 . 1 . 5 . 5 . 5 .

1 1 . 3 . 1 . 5 . 2 . 3    An  o ve r p r e s s u r e  p r o te c ti o n  d e vi c e ,  o th e r  th an  a
r u p tu r e  d i s c ,  s h a l l  b e  i n s tal l e d  i n  th e  fu e l i n g  tr an s fe r  s ys te m  to

p r e ve n t o ve r p r e s s u r e  i n  th e  ve h i c l e .

1 1 . 3 . 1 . 5 . 2 . 4    T h e  s e t p r e s s u r e  o f th e  o ve r p r e s s u r e  p r o te c ti o n
d e vi c e  fo r  th e  d i s p e n s i n g  s ys te m  s h al l  n o t e x c e e d  1 4 0  p e r c e n t

o f th e  s e r vi c e  p r e s s u r e  o f th e  fu e l i n g n o z z l e  i t s u p p l i e s .
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S h ad 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  re 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 3  E d i t i o n

Δ 1 1 . 3 . 1 . 5 . 3    P r e s s u r e  r e l i e f va l ve s  s h al l  b e  i n s tal l e d  wh e r e  l i q u i d
o r  c o l d  ga s  c an  b e  tr ap p e d  b e twe e n  s h u to ff val ve s  i n  th e  p i p i n g

s ys te m .

1 1 . 3 . 1 . 5 . 4 *    T h e  d i s c h a r ge  fr o m  p r e s s u r e  r e l i e f d e vi c e s  s e r vi n g
th e  fu e l i n g  s ys te m  s h a l l  b e  c o n n e c te d  to  a  ve n t s ys te m  i n

ac c o r d an c e  wi th  S e c ti o n  6 . 1 7 .

1 1 . 3 . 1 . 6  H o s e  an d  H o s e  C o n n e c ti o n s .

1 1 . 3 . 1 . 6 . 1    H o s e  s h a l l  b e  c o n s tr u c te d  o f o r  l i n e d  wi th  m a te r i al s
th a t ar e  r e s i s tan t to  c o r r o s i o n  an d  e x p o s u r e  to  L H 2 .

1 1 . 3 . 1 . 6 . 2    H o s e ,  m e tal l i c  h o s e ,  fexible  m e tal  h o s e ,  tu b i n g ,
a n d  th e i r  c o n n e c ti o n s  s h al l  b e  d e s i g n e d  o r  s e l e c te d  fo r  th e

m o s t s e ve r e  p r e s s u r e s  a n d  te m p e r atu r e s  e x p e c te d  u n d e r
n o r m a l  o p e r a ti n g c o n d i ti o n s  wi th  a b u r s t p r e s s u re  o f a t l e as t

th r e e  ti m e s  th e  M AWP.

1 1 . 3 . 1 . 6 . 3    P r i o r  to  u s e ,  h o s e  a s s e m b l i e s  s h a l l  b e  te s te d  b y th e
c o m p o n e n t O E M  o r  i ts  d e s i gn a te d  r e p r e s e n tati ve  at a  p r e s s u r e

at l e as t twi c e  th e  m a x i m u m  al l o wab l e  p r e s s u r e .

1 1 . 3 . 1 . 6 . 4    H o s e  a n d  m e ta l l i c  h o s e  s h a l l  b e  d i s ti n c tl y m ar ke d
b y th e  m an u fa c tu r e r,  e i th e r  b y th e  m an u fac tu r e r ' s  p e r m an e n tl y
atta c h e d  ta g o r  b y d i s ti n c t m ar ki n g s  i n d i c ati n g  th e  m an u fa c tu r ‐

e r ' s  n a m e  o r  tr a d e m ar k,  a p p l i c a b l e  s e r vi c e  identifer,  d e s i gn
p r e s s u r e ,  an d  fow d i r e c ti o n .

1 1 . 3 . 1 . 6 . 5    T h e  u s e  o f h o s e  i n  an  i n s tal l a ti o n  s h a l l  b e  l i m i te d  to
th e  fo l l o wi n g:

( 1 ) Ve h i c l e  fu e l i n g  h o s e
( 2 ) I n l e t c o n n e c ti o n  to  c o m p r e s s i o n  o r  p u m p i n g e q u i p m e n t
( 3 ) S e c ti o n  o f h o s e  n o t e x c e e d i n g 3 6  i n .  ( 9 1 0  m m )  i n  l e n g th

i n  a p i p e l i n e  to  p r o vi d e  fexibility wh e r e  n e c e s s a r y

1 1 . 3 . 1 . 6 . 5 . 1    E a c h  s e c ti o n  s h a l l  b e  s o  i n s tal l e d  th at i t i s  p r o te c ‐
te d  a ga i n s t m e c h an i c a l  d a m ag e  a n d  i s  vi s i b l e  fo r  i n s p e c ti o n .

1 1 . 3 . 1 . 6 . 5 . 2    T h e  i n d i vi d u a l  c o m p o n e n t an d  m an u fac tu r e r ’ s
identifcation  s h al l  b e  r e tai n e d  i n  e ac h  s e c ti o n  an d  th r o u g h o u t

th e  s ys te m .

1 1 . 3 . 1 . 6 . 5 . 3    T h e  h o s e  s h al l  b e  ap p r o ve d  o r  l i s te d  fo r  h yd r o ge n
s e r vi c e .

1 1 . 3 . 1 . 7  Val ve s .

1 1 . 3 . 1 . 7 . 1    Val ve s ,  val ve  p a c ki n g ,  a n d  ga s ke ts  s h al l  b e  d e s i g n e d
o r  s e l e c te d  fo r  th e  fu e l  o ve r  th e  fu l l  r a n ge  o f p re s s u r e s  an d

te m p e r a tu r e s  to  wh i c h  th e y c an  b e  s u b j e c te d  u n d e r an y o p e r a t‐
i n g c o n d i ti o n s .

1 1 . 3 . 1 . 7 . 1 . 1    S h u to ff-val ve s  s h al l  h ave  a  r a te d  s e r vi c e  p r e s s u r e
n o t l e s s  th an  th e  r ate d  s e r vi c e  p r e s s u r e  o f th e  e n ti r e  s ys te m  an d

s h a l l  b e  d e s i gn e d  wi th  a  m i n i m u m  s afe ty fa c to r  o f 3 .

1 1 . 3 . 1 . 7 . 1 . 2    L e a ka ge  s h al l  n o t o c c u r  wh e n  te s te d  to  at l e as t
o n e - an d - a-h a l f o f th e  r ate d  s e r vi c e  p r e s s u r e ,  u s i n g  a n  i n e r t ga s

a s  th e  te s t m e d i u m .

1 1 . 3 . 1 . 7 . 2    Val ve s  o f a d e s i gn  th at al l o w th e  va l ve  s te m  to  b e
r e m o ve d  wi th o u t r e m o val  o f th e  c o m p l e te  va l ve  b o n n e t o r  wi th ‐
o u t d i s as s e m b l y o f th e  va l ve  b o d y s h al l  n o t b e  u s e d .

1 1 . 3 . 1 . 7 . 3    T h e  m an u fa c tu r e r  s h al l  s tam p  o r  o th e r wi s e  p e r m a‐
n e n tl y m ar k th e  va l ve  b o d y to  i n d i c a te  th e  s e r vi c e  r ati n gs .

1 1 . 3 . 1 . 7 . 3 . 1    C o n ta i n e r  va l ve s  i n c o r p o r a ti n g i n te gr al  p r e s s u r e
r e l i e f d e vi c e s  c o m p l yi n g  wi th  S e c ti o n  8 . 1 . 4  s h a l l  n o t r e q u i r e

ad d i ti o n al  m a r ki n g.

1 1 . 3 . 1 . 8  E m e rge n c y S h u td o wn  S ys te m .    An  e m e r g e n c y s h u t‐
d o wn  s ys te m  ( E S D )  s h al l  b e  p r o vi d e d  th at i n c l u d e s  a s h u t- o ff

val ve ,  wh i c h  s h al l  b e  p r o vi d e d  wi th i n  1 0  ft ( 3 . 1  m )  o f th e
d i s p e n s e r,  fo r  s to p p i n g l i q u i d  s u p p l y an d  s h u tti n g  d o wn  tr an s ‐

fe r  e q u i p m e n t.  An  a c tu a to r  fo r  th e  val ve ,  d i s ti n c tl y m a r ke d  fo r
e a s y r e c o g n i ti o n  wi th  a p e r m a n e n tl y affxed,  l e g i b l e  s i gn ,  s h a l l
b e  p r o vi d e d  wi th  a  s h u td o wn  c o n tr o l  p o i n t l o c a te d  n e ar  th e

d i s p e n s e r  a n d  an o th e r  s h u td o wn  c o n tr o l  p o i n t l o c a te d  a t a
s a fe ,  r e m o te  l o c ati o n .

1 1 . 3 . 1 . 9  M ax i m u m  D e l i ve r y P re s s u re .    T h e  m a x i m u m  d e l i ve r y
p r e s s u r e  at th e  ve h i c l e  ta n k i n l e t s h al l  n o t e x c e e d  th e  m ax i ‐
m u m  a l l o wa b l e  p r e s s u r e  o f th e  ve h i c l e  fu e l  ta n ks .

1 1 . 3 . 1 . 1 0  S ys te m  Te s ti n g.

1 1 . 3 . 1 . 1 0 . 1    P i p i n g,  tu b i n g  an d  h o s e ,  an d  h o s e  a s s e m b l i e s  s h a l l
b e  l e a k te s te d  afte r  as s e m b l y to  p r o ve  th e m  fr e e  fr o m  l e aks  a t a

p r e s s u r e  e q u al  to  at l e as t th e  n o r m al  s e r vi c e  p r e s s u r e  o f th at
p o r ti o n  o f th e  s ys te m .

1 1 . 3 . 1 . 1 0 . 2    T h i s  l e ak te s t s h a l l  b e  i n  a d d i ti o n  to  th e  AS M E
B 3 1 ,  Code for Pressure Piping,  te s ti n g  r e q u i r e d  b y 1 1 . 2 . 8 . 3 .

1 1 . 3 . 1 . 1 0 . 3    T h e  as s e m b l y s h a l l  b e  l e a k te s te d  u s i n g  h yd r o g e n
o r  h e l i u m .

1 1 . 3 . 1 . 1 0 . 4    Wh e r e  h yd r o ge n  i s  to  b e  u s e d  a s  th e  l e a k te s t
m e d i a,  th e  s ys te m  s h al l  frst b e  p u r ge d  wi th  a n  i n e r t g as  to
e n s u r e  th at al l  o x yge n  i s  r e m o ve d .

1 1 . 3 . 1 . 1 0 . 5    P r e s s u r e  r e l i e f val ve s  s h a l l  b e  te s te d  a t l e as t e ve r y 3
ye ar s .

1 1 . 3 . 1 . 1 0 . 6    At fu e l i n g  s tati o n s ,  ga s  u s e d  fo r  c al i b r ati o n  an d
te s ti n g s h a l l  b e  ve n te d  to  a  ve n t p i p e  i n  ac c o r d an c e  wi th

S e c ti o n  6 . 1 7 .

1 1 . 3 . 1 . 1 1  S h u to ff Val ve  an d  B re ak away D e vi c e .    H o s e  an d
ar m s  s h a l l  b e  e q u i p p e d  wi th  a  s h u t- o ff val ve  a t th e  fu e l  e n d  an d
a b r e akaway d e vi c e  to  m i n i m i z e  r e l e as e  o f l i q u i d  an d  va p o r  i n

th e  e ve n t th a t a ve h i c l e  p u l l s  a way wh i l e  th e  h o s e  r e m ai n s
c o n n e c te d .  S u c h  a d e vi c e  s h al l  b e  i n s ta l l e d  a n d  m ai n ta i n e d  i n
ac c o r d an c e  wi th  th e  m an u fa c tu r e r ' s  i n s tr u c ti o n s .

1 1 . 3 . 1 . 1 2  E m e rge n c y S h u to ff Val ve .    Wh e r e  a  h o s e  o r  ar m  o f
n o m i n al  3  i n .  ( 7 6  m m )  d i a m e te r  o r  l ar g e r  i s  u s e d  fo r  l i q u i d

tr an s fe r  o r  wh e r e  o n e  o f n o m i n al  4  i n .  ( 1 0 0  m m )  d i am e te r  o r
l ar g e r  i s  u s e d  fo r  vap o r  tr an s fe r,  an  e m e r ge n c y s h u to ff va l ve
s h a l l  b e  i n s ta l l e d  i n  th e  p i p i n g  o f th e  tr a n s fe r  s ys te m  wi th i n

1 0  ft ( 3 . 0  m )  fr o m  th e  n e ar e s t e n d  o f th e  h o s e  o r  ar m .

1 1 . 3 . 1 . 1 2 . 1    Wh e r e  th e  fow i s  a way fr o m  th e  h o s e ,  a  c h e c k
val ve  s h al l  b e  p e r m i tte d  to  b e  u s e d  as  th e  s h u t-o ff val ve .

1 1 . 3 . 1 . 1 2 . 2    Wh e r e  e i th e r  a l i q u i d  o r  vap o r  l i n e  h as  two  o r
m o r e  l e g s ,  an  e m e r ge n c y s h u t- o ff va l ve  s h a l l  b e  i n s tal l e d  e i th e r

i n  e ac h  l e g  o r  i n  th e  fe e d  l i n e  b e fo r e  th e  l e g s .

1 1 . 3 . 1 . 1 3  B l e e d  o r Ve n t C o n n e c ti o n s .    B l e e d  o r  ve n t c o n n e c ‐
ti o n s  s h al l  b e  p r o vi d e d  s o  th a t l o a d i n g  ar m s  an d  h o s e  c an  b e
d r ai n e d  a n d  d e p r e s s u r i z e d  p r i o r  to  d i s c o n n e c ti o n ,  i f n e c e s s a r y,

a n d  l e a d  to  a  s a fe  p o i n t o f d i s c h ar g e .

1 1 . 3 . 1 . 1 4  Fu e l i n g C o n n e c ti o n s .    A fu e l i n g  c o n n e c to r  an d
m a ti n g ve h i c l e  r e c e p tac l e  s h al l  b e  u s e d  fo r  r e l i a b l e ,  s afe ,  an d

s e c u r e  tr a n s fe r  o f L H 2  o r  ga s  va p o r  to  o r  fr o m  th e  ve h i c l e  wi th
m i n i m al  l e akag e .

1 1 . 3 . 1 . 1 4 . 1    T h e  fu e l i n g  c o n n e c to r  e i th e r  s h a l l  b e  e q u i p p e d
wi th  a n  i n te r l o c k d e vi c e  th a t p r e ve n ts  r e l e a s e  wh i l e  th e  l i n e  i s
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2 0 2 3  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 .

o p e n  o r  s h al l  h ave  s e l f-c l o s i n g e n d s  th a t au to m ati c a l l y c l o s e
u p o n  d i s c o n n e c ti o n .

1 1 . 3 . 1 . 1 5  Tran s fe r o f L H 2 .    T h e  tr an s fe r  o f L H 2  i n to  ve h i c u l ar
o n b o ar d  fu e l  s u p p l y c o n ta i n e r s  s h al l  b e  p e r fo r m e d  i n  ac c o r d ‐

an c e  wi th  th e  m an u fac tu r e r ’ s  i n s tr u c ti o n s ,  wh i c h  s h a l l  b e
p o s te d  a t th e  d i s p e n s i n g d e vi c e .

1 1 . 3 . 1 . 1 6  S i gn s .

1 1 . 3 . 1 . 1 6 . 1    A war n i n g  s i g n  wi th  th e  fo l l o wi n g  wo r d s  s h a l l  b e
p o s te d  at d i s p e n s i n g  s tati o n s  an d  c o m p r e s s o r o r  p u m p i n g
a r e as :

S T O P  M O T O R,  N O  S M O KI N G ,  N O  C E L L  P H O N E S ,  F L AM ‐
M AB L E  GAS

1 1 . 3 . 1 . 1 6 . 1 . 1    T h e  fo l l o wi n g  wo r d i n g s h al l  b e  a d d e d  to  th e
war n i n g  s i g n :

H YD RO GE N  D O E S  N O T  H AVE  A D I S T I N C T I VE  O D O R AN D
I S  E X T RE M E L Y C O L D

1 1 . 3 . 1 . 1 6 . 1 . 2    T h e  l o c ati o n  o f s i g n s  s h a l l  b e  d e te r m i n e d  b y
l o c a l  c o n d i ti o n s .

1 1 . 3 . 1 . 1 6 . 1 . 3    T h e  l e tte r i n g o n  th e  s i g n  s h a l l  b e  l ar g e  e n o u gh
to  b e  vi s i b l e  a n d  l e g i b l e  fr o m  e a c h  p o i n t o f tr a n s fe r.

1 1 . 3 . 1 . 1 7  D i s p e n s e r I n s tal l ati o n s  B e n e ath  C ano p i e s .    Wh e r e
L H 2  d i s p e n s e r s  ar e  i n s tal l e d  b e n e a th  a  c a n o p y o r  e n c l o s u r e ,
e i th e r  th e  c an o p y o r  e n c l o s u r e  s h al l  b e  d e s i gn e d  to  p r e ve n t

ac c u m u l ati o n  o r  e n tr ap m e n t o f i g n i ti b l e  vap o r s  o r  al l  e l e c tr i c al
e q u i p m e n t i n s ta l l e d  b e n e a th  th e  c an o p y o r  e n c l o s u r e  s h al l  b e

s u i tab l e  fo r  C l as s  I ,  D i vi s i o n  2  h az ar d o u s  (classifed)  l o c ati o n s .

1 1 . 3 . 1 . 1 8  D i s p e n s e r C o n n e c ti o n s .    A m e a n s  s h a l l  b e  p r o vi d e d
th at c o n n e c ts  to  th e  d i s p e n s e r  s u p p l y p i p i n g  an d  th at p r e ve n ts
fow i n  th e  e ve n t th a t th e  d i s p e n s e r  i s  d i s p l a c e d  fr o m  i ts  m o u n t‐
i n g .  [ 3 0 A: 1 2 . 2 . 2 ]

1 1 . 3 . 1 . 1 9  D i s p e n s i n g D e vi c e s .    D i s p e n s i n g  d e vi c e s  fo r  L H 2

s h a l l  b e  l i s te d  o r  ap p r o ve d .

Δ 1 1 . 3 . 2  D i s p e n s i n g to  th e  P u b l i c .    I n d o o r  L H 2  fu e l i n g s h al l  b e
p r o h i b i te d .

1 1 . 3 . 2 . 1  O u td o o rs .    A fac i l i ty i n  wh i c h  L H 2  p u m p i n g ,  ga s
p r o c e s s i n g ,  h yd r o g e n  g e n e r ati o n  e q u i p m e n t,  s to r ag e ,  an d

d i s p e n s i n g e q u i p m e n t a r e  s h e l te r e d  b y a n  e n c l o s u r e  th at i s
c o n s tr u c te d  as  we ath e r  p r o te c ti o n  i n  ac c o r d an c e  wi th
S e c ti o n  6 . 7  wi th  a  r o o f d e s i g n e d  fo r  ve n ti l a ti o n  a n d  d i s p e r s al  o f
e s c ap e d  g as  s h a l l  b e  c o n s i d e r e d  to  b e  l o c a te d  o u td o o r s .

1 1 . 3 . 3  O u td o o r P ub l i c  Fu e l i n g.

1 1 . 3 . 3 . 1  G e n e ral .

1 1 . 3 . 3 . 1 . 1    D i s p e n s i n g d e vi c e s ,  i n c l u d i n g  p o i n ts  o f tr an s fe r
fr o m  d i s p e n s e r s  i n s tal l e d  at o u td o o r  m o to r  fu e l  d i s p e n s i n g
s tati o n s ,  s h a l l  b e  l o c ate d  as  fo l l o ws :

( 1 ) N o t l e s s  th an  2 5  ft ( 7 . 6  m )  fr o m  th e  n e a r e s t i m p o r ta n t
b u i l d i n g  n o t as s o c i ate d  wi th  th e  L H 2  fa c i l i ty

( 2 ) N o t l e s s  th a n  2 5  ft ( 7 . 6  m )  fr o m  th e  l i n e  o f ad j o i n i n g
p r o p e r ty th at c a n  b e  b u i l t u p o n

( 3 ) N o t l e s s  th an  2 5  ft ( 7 . 6  m )  fr o m  fxed  s o u r c e s  o f i gn i ti o n
( 4 ) S u c h  th a t al l  p ar ts  o f th e  ve h i c l e  b e i n g s e r ve d  wi l l  b e  o n

th e  p r e m i s e s  o f th e  s e r vi c e  s tati o n

( 5 ) S u c h  th a t th e  n o z z l e ,  wh e n  th e  h o s e  i s  fu l l y e x te n d e d ,  wi l l
n o t r e ac h  wi th i n  1 0  ft ( 3  m )  o f b u i l d i n g o p e n i n g s ,  a s

a d o p te d  i n  1 0 . 5 . 3 . 4 . 1 . 5

1 1 . 3 . 3 . 1 . 1 . 1    P o i n ts  o f tr a n s fe r  s h al l  i n c l u d e  th e  m ax i m u m
l e n gth  o f th e  r e fu e l i n g  h o s e  s e r vi n g  th e  d i s p e n s e r.

1 1 . 3 . 3 . 1 . 2    D i s p e n s i n g d e vi c e s  s h a l l  b e  m o u n te d  o n  a  c o n c r e te
i s l an d  o r  s h al l  o th e r wi s e  b e  p r o te c te d  a ga i n s t c o l l i s i o n  d a m a ge

b y m e an s  a c c e p ta b l e  to  th e  AH J .  D i s p e n s i n g d e vi c e s  s h a l l  b e
s e c u r e l y b o l te d  i n  p l a c e .  [ -]  D i s p e n s i n g  d e vi c e s  s h a l l  a l s o  b e
l o c a te d  i n  a  p o s i ti o n  wh e r e  th e y c an n o t b e  s tr u c k b y a  ve h i c l e

th a t i s  o u t o f c o n tr o l  d e s c e n d i n g  a r am p  o r  o th e r  s l o p e .
D i s p e n s i n g  d e vi c e s  s h al l  b e  i n s ta l l e d  i n  a c c o r d an c e  wi th  th e

m a n u fac tu r e r ’ s  i n s tr u c ti o n s .  [ 3 0 A: 6 . 3 . 4 ]

1 1 . 3 . 3 . 1 . 3    M o to r  ve h i c l e  traffc  p atte r n s  at m o to r  fu e l  d i s p e n s ‐
i n g fac i l i ti e s  s h a l l  b e  d e s i gn e d  to  i n h i b i t m o ve m e n t o f ve h i c l e s

th a t ar e  n o t b e i n g  fu e l e d  fr o m  p as s i n g  th r o u g h  th e  d i s p e n s i n g
ar e a.  [ 3 0 A: 6 . 3 . 7 ]

1 1 . 3 . 3 . 1 . 4    D i s p e n s i n g e q u i p m e n t s h al l  b e  p r o vi d e d  wi th  ga s
d e te c to r s ,  l e ak d e te c ti o n ,  an d  fame  d e te c to r s  s u c h  th at fre

a n d  g as  c a n  b e  d e te c te d  at an y p o i n t o n  th e  e q u i p m e n t.

1 1 . 3 . 3 . 1 . 4 . 1    T h e s e  d e te c to r s  s h al l  b e  m a i n tai n e d  an d  c al i b r a‐
te d  i n  ac c o r d an c e  wi th  th e  m an u fa c tu r e r ’ s  i n s tr u c ti o n s  o n  a t

l e as t an  an n u al  b as i s  o r  e ar l i e r  i f r e q u i r e d  b y th e  m an u fa c tu r e r.

1 1 . 3 . 3 . 1 . 4 . 2    T h e  s tati o n  o wn e r  o r  o p e r ato r  s h al l  m ai n ta i n  a
r e c o r d  o f d e te c to r  m ai n te n a n c e  a n d  c al i b r ati o n  i n  go o d  c o n d i ‐
ti o n  a n d  ac c e s s i b l e  to  th e  i n s p e c to r.

1 1 . 3 . 3 . 1 . 4 . 3    A s ti c ke r  a t l e a s t 6  i n . 2  ( 3 9  c m 2 )  s h al l  b e  affxed
o n  th e  d i s p e n s e r  i n d i c ati n g  th e  d a te  o f th e  n e x t s c h e d u l e d
m a i n te n an c e  an d  c a l i b r a ti o n .

1 1 . 3 . 3 . 1 . 5    A ve h i c l e  fu e l i n g  p ad  s h al l  b e  p r o vi d e d  i n  th e  ar e a
wh e r e  ve h i c l e s  a r e  to  b e  r e fu e l e d .

1 1 . 3 . 3 . 1 . 5 . 1    T h e  p ad  s h a l l  b e  c o n s tr u c te d  wi th  a l e n gth  an d
wi d th  to  ac c o m m o d a te  th e  typ e s  o f ve h i c l e s  to  b e  fu e l e d  a n d  to

p r o vi d e  a s u r fa c e  u n d e r  th e  fu e l i n g  h o s e .

1 1 . 3 . 3 . 1 . 5 . 2    T h e  ve h i c l e  fu e l i n g  p a d  s h a l l  b e  o f c o n c r e te
c o n s tr u c ti o n .

( A)    C o m b u s ti b l e  m a te r i al s ,  i n c l u d i n g a s p h al t,  s h al l  n o t b e
u s e d  fo r  th e  c o n s tr u c ti o n  o f o r  s u r fa c i n g o f th e  fu e l i n g p ad .

(See 8. 3. 2. 3. 1 . 5. )

1 1 . 3 . 3 . 2  O u td o o r P u b l i c  Ful l - S e r vi c e  Atte n d e d Fu e l i n g.

1 1 . 3 . 3 . 2 . 1  O p e rati n g Re q ui re m e n ts  fo r Ful l - S e r vi c e  M o to r
Fu e l  D i s p e n s i n g Fac i l i ti e s .    E a c h  m o to r  fu e l  d i s p e n s i n g fac i l i ty
s h a l l  h ave  a n  a tte n d a n t o r  s u p e r vi s o r  o n  d u ty wh e n e ve r  th e

fac i l i ty i s  o p e n  fo r  b u s i n e s s .  T h e  atte n d an t o r  s u p e r vi s o r  s h a l l
d i s p e n s e  l i q u i d s  i n to  fu e l  ta n ks  o r  i n to  c o n ta i n e r s ,  e x c e p t a s
c o ve r e d  i n  1 1 . 3 . 3 . 3  a n d  1 1 . 3 . 3 . 4 .  [ 3 0 A: 9 . 3 ]

1 1 . 3 . 3 . 3  O u td o o r P u b l i c  Atte n d e d - S e l f S e r vi c e  Fu e l i n g.

1 1 . 3 . 3 . 3 . 1    T h e r e  s h al l  b e  a t l e a s t o n e  atte n d an t o n  d u ty wh i l e
th e  s e l f-s e r vi c e  fac i l i ty i s  o p e n  fo r  b u s i n e s s .  T h e  atte n d an t’ s

p r i m ar y fu n c ti o n  s h a l l  b e  to  s u p e r vi s e ,  o b s e r ve ,  a n d  c o n tr o l  th e
d i s p e n s i n g o f m o to r  fu e l s .  [ 3 0 A: 9 . 4 . 2 ]

Δ 1 1 . 3 . 3 . 3 . 2    T h e  r e s p o n s i b i l i ty o f th e  a tte n d a n t s h al l  b e  a s
fo l l o ws :

( 1 ) C o n tr o l  s o u r c e s  o f i g n i ti o n
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S h ad 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  re 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 3  E d i t i o n

( 2 ) I m m e d i ate l y ac ti vate  e m e r g e n c y c o n tr o l s  an d  n o ti fy th e
fre  d e p ar tm e n t o f a n y fre  o r  o th e r  e m e r ge n c y

1 1 . 3 . 3 . 3 . 3    T h e  atte n d an t o r  s u p e r vi s o r  o n  d u ty s h al l  b e
m e n tal l y a n d  p h ys i c a l l y c ap a b l e  o f p e r fo r m i n g th e  fu n c ti o n s
an d  a s s u m i n g  th e  r e s p o n s i b i l i ty p r e s c r i b e d  i n  1 1 . 3 . 3 . 3 .  [ 3 0 A:
9 . 4 . 3 . 1 ]

1 1 . 3 . 3 . 3 . 4    O p e r ati n g  i n s tr u c ti o n s  s h a l l  b e  c o n s p i c u o u s l y
p o s te d  i n  th e  d i s p e n s i n g  ar e a.  [ 3 0 A: 9 . 4 . 4 ]

1 1 . 3 . 3 . 4  O u td o o r P u b l i c  U n atte n d e d  S e l f- S e r vi c e  Fue l i n g.

1 1 . 3 . 3 . 4 . 1    U n a tte n d e d  s e l f-s e r vi c e  fac i l i ti e s  s h al l  b e  p e r m i tte d ,
wh e r e  ap p r o ve d  b y th e  AH J .  [ 3 0 A: 9 . 5 . 1 ]

1 1 . 3 . 3 . 4 . 2    At u n atte n d e d  s e l f- s e r ve  m o to r  fu e l  d i s p e n s i n g
fa c i l i ti e s ,  c o i n –an d  c u r r e n c y–typ e  d e vi c e s  s h al l  b e  p e r m i tte d
o n l y wi th  th e  a p p r o val  o f th e  AH J .  [ 3 0 A: 6 . 3 . 8 ]

1 1 . 3 . 3 . 4 . 3    O p e r ati n g  i n s tr u c ti o n s  s h a l l  b e  c o n s p i c u o u s l y
p o s te d  i n  th e  d i s p e n s i n g ar e a.  T h e  i n s tr u c ti o n s  s h a l l  i n c l u d e
l o c ati o n  o f e m e r g e n c y c o n tr o l s  a n d  a r e q u i r e m e n t th a t th e
u s e r  s tay o u ts i d e  o f h i s / h e r  ve h i c l e  an d  i n  vi e w o f th e  fu e l i n g
n o z z l e  d u r i n g d i s p e n s i n g .  [ 3 0 A: 9 . 5 . 2 ]

1 1 . 3 . 3 . 4 . 4    I n  ad d i ti o n  to  th e  wa r n i n g  s i g n s  specifed  i n
1 1 . 3 . 1 . 1 6 . 1 ,  e m e r ge n c y i n s tr u c ti o n s  s h a l l  b e  c o n s p i c u o u s l y
p o s te d  i n  th e  d i s p e n s e r  a r e a.  T h e  i n s tr u c ti o n s  s h a l l  i n c o r p o r ate
th e  fo l l o wi n g o r  e q u i val e n t wo r d i n g:

E m e rge n c y I n s tr uc ti o n s

I n  c as e  o f fre  o r  s p i l l

( 1 )  U s e  e m e r ge n c y s to p  b u tto n .

( 2 )  Re p o r t ac c i d e n t b y c al l i n g  ( specify local fre number) .
Re p o r t l o c ati o n .

[ 3 0 A: 9 . 5 . 3 ]

1 1 . 3 . 3 . 4 . 5    A te l e p h o n e  o r  o th e r  ap p r o ve d ,  c l e ar l y identifed
m e a n s  to  n o ti fy th e  fre  d e p a r tm e n t s h a l l  b e  p r o vi d e d  o n  th e
s i te  i n  a  l o c a ti o n  a p p r o ve d  b y th e  AH J .  [ 3 0 A: 9 . 5 . 5 ]

1 1 . 3 . 3 . 4 . 6 *    Ad d i ti o n a l  fre  p r o te c ti o n  s h al l  b e  p r o vi d e d  wh e r e
re q u i r e d  b y th e  AH J .  [ 3 0 A: 9 . 5 . 6 ]

Δ 1 1 . 3 . 3 . 4 . 7 *    F u e l  d i s p e n s i n g  s ys te m s  s h al l  b e  p r o vi d e d  wi th  o n e
o r  m o r e  c l e ar l y identifed  e m e r g e n c y s h u to ff d e vi c e s  o r  e l e c tr i ‐
c a l  d i s c o n n e c ts .  S u c h  d e vi c e s  o r  d i s c o n n e c ts  s h a l l  b e  i n s tal l e d
i n  ap p r o ve d  l o c ati o n s  b u t n o t l e s s  th a n  2 0  ft ( 6  m )  o r  m o r e
th an  1 0 0  ft ( 3 0  m )  fr o m  th e  fu e l  d i s p e n s i n g  d e vi c e s  th at th e y
s e r ve .  E m e r g e n c y s h u to ff d e vi c e s  o r  e l e c tr i c a l  d i s c o n n e c ts  s h a l l
d i s c o n n e c t p o we r  to  a l l  d i s p e n s i n g  d e vi c e s ;  to  al l  r e m o te
p u m p s  s e r vi n g  th e  d i s p e n s i n g d e vi c e s ;  to  al l  a s s o c i a te d  p o we r,
c o n tr o l ,  a n d  s i g n al  c i r c u i ts ;  an d  to  al l  o th e r  e l e c tr i c al  e q u i p ‐
m e n t i n  th e  h a z a r d o u s  (classifed)  l o c a ti o n s  s u r r o u n d i n g  th e
fu e l  d i s p e n s i n g d e vi c e s .  Wh e n  m o r e  th an  o n e  e m e r ge n c y s h u t‐
o ff d e vi c e  o r  e l e c tr i c a l  d i s c o n n e c t i s  p r o vi d e d ,  a l l  d e vi c e s  s h a l l
b e  i n te r c o n n e c te d .  Re s e tti n g  fr o m  an  e m e r ge n c y s h u to ff c o n d i ‐
ti o n  s h al l  r e q u i r e  m a n u a l  i n te r ve n ti o n  an d  th e  m a n n e r  o f
re s e tti n g s h a l l  b e  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 .
T h e  e m e r g e n c y s h u to ff d e vi c e  s h al l  d i s c o n n e c t s i m u l ta n e o u s l y
fr o m  th e  s o u r c e  o f s u p p l y,  al l  c o n d u c to r s  o f th e  c i r c u i ts ,  i n c l u d ‐
i n g th e  gr o u n d e d  c o n d u c to r,  i f a n y.  E q u i p m e n t g r o u n d i n g
c o n d u c to r s  s h al l  r e m a i n  c o n n e c te d .  [ 7 0 : 5 1 4 . 1 1 ( A) ]

Exception: Intrinsically safe electrical equipment need not meet this
requirement.  [70:51 4. 1 1 (A)]

1 1 . 3 . 4  O u td o o r N o n p ub l i c  Fu e l i n g.

1 1 . 3 . 4 . 1  G e n e ral .  ( Re s e r ve d )

1 1 . 3 . 4 . 2  O u td o o r N o n p ub l i c  Fu l l - S e r vi c e  Fu e l i n g.  ( Re s e r ve d )

1 1 . 3 . 4 . 3  O u td o o r N o n p u b l i c  Atte n d e d  S e l f- S e r vi c e  Fu e l i n g.
( Re s e r ve d )

1 1 . 3 . 4 . 4  O u td o o r N o n p u b l i c  U n atte n d e d  S e l f- S e r vi c e  Fue l i n g.
( Re s e r ve d )

1 1 . 3 . 4 . 5  O u td o o r N o n p ub l i c  Re s i d e n ti al  Fue l i n g.  ( Re s e r ve d )

1 1 . 3 . 4 . 6  Re fu e l i n g fro m  Tran s p o r t Ve h i c l e s .    M o b i l e  r e fu e l i n g
ve h i c l e s ,  te m p o r a r y tr ai l e r s  ( wi th  o r  wi th o u t tr a c to r s ) ,  an d
o th e r  m e an s  o f p r o vi d i n g  ve h i c l e  r e fu e l i n g  o r  o n s i te  s to r ag e

s h a l l  b e  s u b j e c t to  th e  s am e  r e q u i r e m e n ts  as  a  p e r m a n e n t r e fu ‐
e l i n g  o r  s to r ag e  i n s ta l l a ti o n .

1 1 . 3 . 4 . 6 . 1    T h e  d i s p e n s i n g  o f L H 2  i n  th e  o p e n  fr o m  a tr a n s p o r t
ve h i c l e  to  a  m o to r  ve h i c l e  l o c ate d  a t a s e p ar a te  feet fu e l i n g

ar e a i n  c o n n e c ti o n  wi th  c o m m e r c i al ,  i n d u s tr i a l ,  go ve r n m e n tal ,
o r  m an u fa c tu r i n g e s tab l i s h m e n ts  an d  i n te n d e d  fo r  fu e l i n g ve h i ‐
c l e s  u s e d  i n  c o n n e c ti o n  wi th  th e i r  b u s i n e s s e s  s h a l l  b e  al l o we d  i f
a l l  o f th e  r e q u i r e m e n ts  o f 1 1 . 3 . 4 . 6 . 1  th r o u g h  1 1 . 3 . 4 . 6 . 9  h a ve
b e e n  m e t.

1 1 . 3 . 4 . 6 . 2    T h e  AH J  s h a l l  b e  notifed  b e fo r e  c o m m e n c i n g
o p e r ati o n s ,  an d  p e r m i tti n g s o u gh t i f r e q u i r e d ,  u n d e r

1 1 . 3 . 4 . 6 . 1 .

1 1 . 3 . 4 . 6 . 3    T h e  tr a n s p o r t ve h i c l e  s h a l l  c o m p l y wi th  U . S .  D O T
r e q u i r e m e n ts  fo r  th e  tr a n s p o r ta ti o n  o f L H 2 .

1 1 . 3 . 4 . 6 . 4    S m o ki n g m ate r i a l s ,  i n c l u d i n g  m a tc h e s ,  l i g h te r s ,  an d
o th e r  s o u r c e s  o f i gn i ti o n ,  i n c l u d i n g to r c h e s ,  s h a l l  n o t b e  u s e d

wi th i n  2 5  ft ( 7 . 6  m )  o f th e  d i s p e n s i n g  o f L H 2  i n  th e  o p e n  fr o m
a  tr a n s p o r t ve h i c l e  to  a  m o to r  ve h i c l e .

1 1 . 3 . 4 . 6 . 5    E a c h  a r e a wh e r e  d i s p e n s i n g  o f L H 2  i n  th e  o p e n
fr o m  a  tr an s p o r t ve h i c l e  to  a m o to r  ve h i c l e  s h al l  b e  p r o vi d e d

wi th  o n e  o r  m o r e  l i s te d  fre  e x ti n gu i s h e r s  th a t h a ve  a  m i n i m u m
c a p ab i l i ty o f 4 0 -B : C .

1 1 . 3 . 4 . 6 . 5 . 1    T h e  fre  e x ti n g u i s h e r s  s h a l l  b e  wi th i n  th e  d i s p e n s ‐
i n g o p e r a ti o n .

1 1 . 3 . 4 . 6 . 5 . 2    F i r e  e x ti n gu i s h e r s  s h a l l  b e  i n s p e c te d  a n d  m ai n ‐
tai n e d  u n d e r  N F PA 1 0 .

1 1 . 3 . 4 . 6 . 6    Tr a n s p o r t ve h i c l e  b r a ke s  s h al l  b e  s e t,  an d  c h o c k
b l o c ks  s h a l l  b e  i n  p l ac e .

1 1 . 3 . 4 . 6 . 7    P e r s o n s  p e r fo r m i n g d i s p e n s i n g  o p e r ati o n s  s h al l  b e
qualifed  to  d e l i ve r  a n d  d i s p e n s e  L H 2  fu e l s .  O p e r ato r s  o f tr an s ‐
p o r t ve h i c l e s  u s e d  fo r  m o b i l e  fu e l i n g  o p e r ati o n s  s h a l l  h a ve

ac c e s s  o n  s i te  o r  b e  i n  p o s s e s s i o n  o f a n  e m e r ge n c y c o m m u n i c a‐
ti o n s  d e vi c e  to  n o ti fy th e  a u th o r i ti e s  i n  th e  e ve n t o f an  e m e r ‐
g e n c y.

1 1 . 3 . 4 . 6 . 8    T h e  tr an s p o r t ve h i c l e s  s h a l l  b e  p o s i ti o n e d  wi th
r e s p e c t to  ve h i c l e s  b e i n g  fu e l e d  to  p re ve n t traffc  fr o m  d r i vi n g

o ve r  th e  d e l i ve r y h o s e  a n d  b e twe e n  th e  tr a n s p o r t ve h i c l e  an d
th e  m o to r  ve h i c l e  b e i n g  fu e l e d .  T h e  d i s p e n s i n g h o s e  s h al l  b e
p r o p e r l y p l a c e d  o n  an  ap p r o ve d  re e l  o r  i n  a n  a p p r o ve d

c o m p a r tm e n t b e fo r e  th e  tr an s p o r t ve h i c l e  i s  m o ve d .

1 1 . 3 . 4 . 6 . 9    T h e  tr a n s fe r  ar e a s h al l  m e e t th e  r e q u i r e m e n ts  o f
1 0 . 4 . 1 . 1 .
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2 0 2 3  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 . 3 . 4 . 7  Re fu e l i n g fro m  Ve h i c l e - M o un te d  Tan k at C o m m e rc i al
an d  I n d u s tri al  Fac i l i ti e s .    D i s p e n s i n g  fr o m  ve h i c l e - m o u n te d
ta n ks  l o c ate d  at c o m m e r c i al  a n d  i n d u s tr i al  fac i l i ti e s  u s e d  i n
c o n n e c ti o n  wi th  th e i r  b u s i n e s s  s h al l  b e  a l l o we d  wh e r e  th e
fo l l o wi n g  c o n d i ti o n s  a r e  m e t:

( 1 ) An  i n s p e c ti o n  o f th e  p r e m i s e s  an d  o p e r a ti o n s  s h a l l  b e
m a d e  an d  a p p r o ve d  b y th e  AH J .

( 2 ) Al l  d i s p e n s i n g  o f L H 2 ,  i n c l u d i n g m o b i l e  r e fu e l i n g ,  i n to
ve h i c l e  o n b o a r d  fu e l  s ys te m s  s h a l l  b e  c o m p l i an t wi th  th e

r e q u i r e m e n ts  o f a p e rm a n e n t L H 2  r e fu e l i n g  i n s tal l a ti o n
a t th e  p o i n t o f d i s p e n s i n g  fu e l

( 3 ) T h e  ve h i c l e - m o u n te d  c o n tai n e r  s h al l  c o m p l y wi th  th e
r e q u i r e m e n ts  o f th e  D O T.

( 4 ) T h e  d i s p e n s i n g h o s e  s h a l l  n o t e x c e e d  5 0  ft ( 1 5  m )  i n
l e n g th .

( 5 ) N i gh tti m e  d e l i ve r i e s  s h a l l  b e  m ad e  o n l y i n  l i gh te d  a r e as .
( 6 ) M o b i l e  r e fu e l i n g u n i ts  s h a l l  m e e t th e  s i te  r e q u i r e m e n ts  o f

a  p e r m a n e n t r e fu e l i n g  s tati o n  a t th e  p o i n t o f d i s p e n s i n g
a n d  i f l e ft o n  s i te .

1 1 . 4  S to rage .

1 1 . 4 . 1  G e n e ral .    T h e  s to r a ge  o f L H 2  i n  b u l k an d  n o n - b u l k L H 2

i n s ta l l a ti o n s  s h al l  b e  i n  ac c o r d an c e  wi th  th e  a p p l i c a b l e  r e q u i r e ‐
m e n ts  o f C h ap te r s  6  a n d  8 .

Δ 1 1 . 4 . 2  I n d o o r S to rage .    I n d o o r  s to r a ge  o f L H 2  to  b e  u s e d  fo r
ve h i c l e  fu e l i n g  p u r p o s e s  s h al l  b e  p r o h i b i te d .

1 1 . 4 . 3  O u td o o r S to rage .

1 1 . 4 . 3 . 1  U l l age  S p ac e .    Al l  c r yo g e n i c  c o n tai n e r s ,  ve s s e l s ,  an d
tan ks  s h al l  p r o vi d e  a n d  m a i n tai n  u l l ag e  s p ac e  to  p r e ve n t o ve r ‐
flling  o f th e  ve s s e l .

1 1 . 4 . 3 . 2  S tati o n ar y S to rage  Tan ks .

1 1 . 4 . 3 . 2 . 1    P o i n ts  o f tr a n s fe r  s h a l l  b e  l o c a te d  n o t l e s s  th an  2 5  ft
( 7 . 6  m )  fr o m  th e  n e ar e s t i m p o r tan t b u i l d i n g n o t a s s o c i a te d

wi th  th e  L H 2  fa c i l i ty,  fr o m  th e  l i n e  o f a d j o i n i n g  p r o p e r ty th a t
c a n  b e  b u i l t u p o n ,  o r  fr o m  fxed  s o u r c e s  o f i g n i ti o n .

1 1 . 4 . 3 . 2 . 2    P o i n ts  o f tr a n s fe r  s h al l  i n c l u d e  th e  m ax i m u m
l e n gth  o f th e  o ff-l o ad i n g L H 2  b u l k s u p p l y ta n ke r,  a n d  o ff-
l o ad i n g h o s e s .  (See also 8. 3. 4. 5. )

1 1 . 4 . 4  U n d e rgro u n d  S to rage .    ( Re s e r ve d )

N 1 1 . 4 . 5  C argo  Tran s p o r t U n l o ad i n g.

N 1 1 . 4 . 5 . 1    C a r go  tr a n s p o r t u n l o ad i n g  s h a l l  c o m p l y wi th  7 . 3 . 4 . 2
a n d  8 . 3 . 4 . 5 .

N 1 1 . 4 . 5 . 2    T h e  d e l i ve r y ve h i c l e  s h al l  b e  l o c ate d  s o  th a t a l l  p ar ts
o f th e  ve h i c l e  a r e  o n  th e  p r e m i s e s  wh e n  d e l i ve r y i s  m ad e .  [ 3 0 A:
9 . 2 . 2 . 4 ]

N 1 1 . 4 . 5 . 3    T h e  h yd r o g e n  s i te  s h al l  b e  d e s i g n e d  wi th  a traffc
p atte r n  fo r  th e  c ar g o  tr an s p o r t ve h i c l e .

C h ap te r 1 2    H yd ro ge n  Fue l  C e l l  P o we r S ys te m s

1 2 . 1  S c o p e .    T h i s  c h ap te r  s h a l l  a p p l y to  th e  d e s i gn ,  c o n s tr u c ‐
ti o n ,  an d  i n s ta l l a ti o n  o f fu e l  c e l l  p o we r  s ys te m s .

1 2 . 1 . 1  Ap p l i c ati o n .    T h e  r e q u i re m e n ts  o f th i s  c h ap te r  s h a l l
a p p l y to  s tati o n ar y,  p o r ta b l e ,  h yd r o g e n  ve h i c l e ,  an d  m i c r o –fu e l

c e l l  p o we r  g e n e r ati o n  s ys te m s .

1 2 . 1 . 1 . 1    T h e  s to r ag e ,  u s e ,  an d  h an d l i n g  o f h yd r o g e n  i n  a n y
q u an ti ty s h al l  a l s o  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 a p te r s  1

a n d  4  an d  th e  ap p l i c a b l e  r e q u i r e m e n ts  o f C h ap te r s  5  th r o u gh
8 .

1 2 . 1 . 1 . 2    C h ap te r s  4  a n d  6  th r o u g h  8  c o n tai n  fu n d am e n tal
r e q u i r e m e n ts  th at s h a l l  a p p l y to  a l l  h yd r o g e n  s ys te m s .

1 2 . 1 . 1 . 2 . 1    T h e  use-specifc  r e q u i r e m e n ts  o f th i s  c h ap te r  fo r
h yd r o g e n  fu e l  c e l l  p o we r  s ys te m s  s h a l l  a p p l y.

1 2 . 1 . 1 . 2 . 2    Wh e r e  th e r e  i s  a confict b e twe e n  a fu n d am e n tal
r e q u i r e m e n t an d  a use-specifc  r e q u i r e m e n t,  th e  use-specifc

r e q u i r e m e n t s h a l l  a p p l y.

1 2 . 2 *  G e n e ral .

1 2 . 2 . 1 *  L i s te d  an d  Ap p ro ve d  E q u i p m e n t.

1 2 . 2 . 1 . 1    L i s te d  an d  ap p r o ve d  h yd r o g e n  fu e l  c e l l  e q u i p m e n t
s h a l l  b e  i n s tal l e d  i n  ac c o r d an c e  wi th  th e  l i s ti n g r e q u i r e m e n ts

a n d  m an u fa c tu r e r s ’  i n s tr u c ti o n s .

1 2 . 2 . 1 . 2    L i s te d  an d  a p p r o ve d  h yd r o g e n  fu e l  c e l l  e q u i p m e n t
s h a l l  n o t b e  r e q u i r e d  to  m e e t th e  r e q u i r e m e n ts  o f C h ap te r  7 .

N 1 2 . 2 . 1 . 3    F u e l  p r o c e s s i n g  e q u i p m e n t i n te g r al  to  l i s te d  fu e l  c e l l
p o we r  s ys te m  ap p l i an c e s  i n s tal l e d  i n  ac c o r d an c e  wi th  N F PA 8 5 3
s h a l l  n o t b e  r e q u i r e d  to  m e e t th e  r e q u i r e m e n ts  o f C h ap te r  1 3 .

1 2 . 3  Specifc  Re q u i re m e n ts .

1 2 . 3 . 1  S tati o n ar y Fu e l  C e l l s .

Δ 1 2 . 3 . 1 . 1  G e n e ral .

Δ 1 2 . 3 . 1 . 1 . 1  P re p ac k age d ,  S e l f- C o n tai n e d ,  Fu e l  C e l l  P o we r
S ys te m s .

Δ 1 2 . 3 . 1 . 1 . 1 . 1    P r e p a c ka ge d ,  s e l f-c o n ta i n e d  fu e l  c e l l  p o we r
s ys te m s  s h a l l  b e  d e s i g n e d ,  te s te d ,  an d  l i s te d  i n  a c c o r d an c e  wi th

AN S I / C S A F C 1 ,  Fuel cell technologies — Part 3-1 00: Stationary fuel
cell power systems — Safety.  [ 8 5 3 : 4 . 2 ]

•
Δ 1 2 . 3 . 1 . 1 . 2  P re - E n gi n e e re d  an d  M atc h e d  M o d u l ar Fue l  C e l l

P o we r S ys te m s .    P r e -e n g i n e e r e d  fu e l  c e l l  p o we r  s ys te m s  an d
m a tc h e d  m o d u l ar  c o m p o n e n ts  ( wh i c h  ar e  as s e m b l e d  o n  s i te )
s h a l l  b e  d e s i gn e d ,  te s te d ,  an d  l i s te d  i n  ac c o r d a n c e  wi th

AN S I / C S A F C 1 ,  Fuel cell technologies — Part 3-1 00: Stationary fuel
cell power systems — Safety.  [ 8 5 3 : 4 . 3 ]

Δ 1 2 . 3 . 1 . 1 . 2 . 1    P r o p r i e ta r y e q u i p m e n t o r  m ate r i a l s  fo r  wh i c h  n o
ge n e r a l l y r e c o g n i z e d  c o d e s  o r  s tan d ar d s  e x i s t s h al l  b e  e va l u a te d
b a s e d  o n  d ata fr o m  o p e r ati o n a l  e x p e r i e n c e  i n  th e  s am e  o r
c o m p a r ab l e  s e r vi c e  o r  te s t r e c o r d s  c o ve r i n g th e  p e r fo r m a n c e  o f
th e  e q u i p m e n t o r  m ate r i al s .

•
Δ 1 2 . 3 . 1 . 1 . 3  E n gi n e e re d  an d  Fi e l d - C o n s tr u c te d  Fu e l  C e l l  P o we r

S ys te m s .

1 2 . 3 . 1 . 1 . 3 . 1    D o c u m e n ta ti o n  fo r  e n g i n e e r e d  a n d  feld-
constructed  fu e l  c e l l  p o we r  s ys te m s  s h a l l  b e  p r o vi d e d .

[ 8 5 3 : 4 . 4 . 1 ]

1 2 . 3 . 1 . 1 . 3 . 2    D o c u m e n ta ti o n  s h al l  i n c l u d e  a  fre  r i s k e va l u a ti o n
p r e p a r e d  b y a r e g i s te r e d  e n gi n e e r  o r  th i r d  p a r ty ac c e p tab l e  to

th e  AH J .  [ 8 5 3 : 4 . 4 . 2 ]

1 2 . 3 . 1 . 2  S i ti n g an d  I n s tal l ati o n .    S tati o n a r y fu e l  c e l l  p o we r
s ys te m ( s )  a n d  a s s o c i a te d  e q u i p m e n t,  c o m p o n e n ts ,  an d  c o n tr o l s
s h a l l  b e  s i te d  an d  i n s ta l l e d  i n  ac c o r d a n c e  wi th  N F PA 8 5 3 .
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S h ad 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 ate r i a l . 2 0 2 3  E d i t i o n

1 2 . 3 . 2  P o r tab l e  Fu e l  C e l l s .

Δ 1 2 . 3 . 2 . 1 *  G e n e ral .    P r e p a c ka ge d ,  s e l f-c o n tai n e d ,  p o r ta b l e  fu e l
c e l l  p o we r  s ys te m s  s h al l  b e  d e s i g n e d ,  te s te d ,  an d  l i s te d  i n
ac c o r d an c e  wi th  AN S I / C S A Am e r i c a F C  3 ,  Portable Fuel Cell
Power Systems.

1 2 . 3 . 2 . 2  I n d o o r P o r tab l e  Fu e l  C e l l s .  ( Re s e r ve d )

1 2 . 3 . 2 . 3  O u td o o r P o r tab l e  Fu e l  C e l l s .  ( Re s e r ve d )

1 2 . 3 . 3  M i c ro –Fu e l  C e l l  P o we r S ys te m s .

1 2 . 3 . 3 . 1  L i s te d  o r Ap p ro ve d  S ys te m s .    P r e p a c ka ge d ,  s e l f-
c o n tai n e d  m i c r o –fu e l  c e l l  p o we r  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  ap p l i c ati o n .

1 2 . 3 . 3 . 2  I n d o o r M i c ro  Fu e l  C e l l s .  ( Re s e r ve d )

1 2 . 3 . 3 . 3  O u td o o r M i c ro  Fu e l  C e l l s .  ( Re s e r ve d )

1 2 . 3 . 4 *  H yd ro ge n  Ve h i c l e  Fu e l  C e l l –P o we re d  S ys te m s .

1 2 . 3 . 4 . 1    T h e  te m p o r ar y u s e  o f a  d we l l i n g  u n i t o wn e r ’ s  o r  an
o c c u p an t' s  fu e l  c e l l –p o we r e d  s ys te m  i n te gr a te d  i n to  a  h yd r o g e n
ve h i c l e  to  p r o vi d e  p o we r  to  o n e - a n d  two -fam i l y d we l l i n g s  an d
to wn h o u s e  u n i ts  wh i l e  p ar ke d  o u ts i d e  o r  i n  a n  atta c h e d  o r
d e ta c h e d  g ar a ge  s h al l  c o m p l y wi th  th e  ve h i c l e  m a n u fac tu r e r ' s
i n s tr u c ti o n s  an d  NFPA 70.

N 1 2 . 3 . 4 . 2    T h e  te m p o r ar y u s e  o f th e  d we l l i n g u n i t o wn e r ’ s  o r
o c c u p an t’ s  fu e l  c e l l –p o we r e d  s ys te m  i n te gr a te d  i n to  a  h yd r o ‐
ge n  ve h i c l e  to  p o we r  th e  d we l l i n g  wh i l e  p ar ke d  i n  an  a ttac h e d
o r  d e tac h e d  g ar a ge  o r  o u ts i d e  s h al l  n o t e x c e e d  3 0  d ays .

•
1 2 . 4  S to rage .

1 2 . 4 . 1  Re q ui re m e n ts  fo r H yd ro ge n  S to rage  S ys te m s  S e r vi n g
P o r tab l e  Fu e l  C e l l  P o we r S ys te m s .

1 2 . 4 . 1 . 1  G e n e ral .

1 2 . 4 . 1 . 1 . 1  Fu e l  C e l l  C ar tri d ge s .

1 2 . 4 . 1 . 1 . 1 . 1    F u e l  c e l l  c ar tr i d ge 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  ap p l i c ati o n .

1 2 . 4 . 1 . 1 . 1 . 2    F u e l  c e l l  c a r tr i d g e  reflling  e q u i p m e n t s h al l  b e
l i s te d  o r  a p p r o ve d  fo r  th e  ap p l i c ati o n ,  a n d  refll  s h a l l  b e  i n
ac c o r d an c e  wi th  th e  m an u fa c tu r e r ’ s  p u b l i s h e d  i n s tr u c ti o n s  an d
th e  l i s ti n g.

1 2 . 4 . 1 . 2  I n d o o r S to rage .  ( Re s e r ve d )

1 2 . 4 . 1 . 3  O u td o o r S to rage .  ( Re s e r ve d )

1 2 . 4 . 2  Re q ui re m e n ts  fo r H yd ro ge n  S to rage  S ys te m s  S e r vi n g
M i c ro –Fu e l  C e l l  P o we r S ys te m s .

1 2 . 4 . 2 . 1  G e n e ral .

1 2 . 4 . 2 . 1 . 1  Fu e l  C e l l  C ar tri d ge s .

1 2 . 4 . 2 . 1 . 1 . 1    F u e l  c e l l  c ar tr i d ge 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  ap p l i c ati o n .

1 2 . 4 . 2 . 1 . 1 . 2    F u e l  c e l l  c a r tr i d g e  reflling  e q u i p m e n t s h al l  b e
l i s te d  o r  a p p r o ve d  fo r  th e  ap p l i c ati o n ,  a n d  refll  s h a l l  b e  i n
ac c o r d an c e  wi th  th e  m an u fa c tu r e r ’ s  p u b l i s h e d  i n s tr u c ti o n s  an d
th e  l i s ti n g.

1 2 . 4 . 2 . 2  I n d o o r S to rage .  ( Re s e r ve d )

1 2 . 4 . 2 . 3  O u td o o r S to rage .  ( Re s e r ve d )
•

C h ap te r 1 3    H yd ro ge n  G e n e rati o n  S ys te m s

1 3 . 1  S c o p e .    T h i s  c h a p te r  s h a l l  ap p l y to  e q u i p m e n t u s e d  to
g e n e r ate  h yd r o ge n .

1 3 . 1 . 1  Ap p l i c ati o n .

1 3 . 1 . 1 . 1    T h i s  c h ap te r  s h al l  a p p l y to  p e r m an e n tl y i n s tal l e d
h yd r o g e n  g e n e r ati o n  s ys te m s  wi th  r a te d  c ap ac i ty to  ge n e r a te

gr e a te r  th an  1 . 3  o z / h r  ( 3 6  g/ h r )  b u t l e s s  th an  2 2 0  l b / h r
( 1 0 0  kg / h r ) .

1 3 . 1 . 1 . 1 . 1    S ys te m s  th a t ge n e r a te  h yd r o g e n  i n  e x c e s s  o f th e
q u an ti ty i n d i c ate d  i n  1 3 . 1 . 1 . 1  s h al l  b e  c o n s tr u c te d ,  i n s ta l l e d ,

a n d  o p e r ate d  i n  ac c o r d an c e  wi th  n a ti o n a l l y r e c o g n i z e d  s ta n d ‐
ar d s .

1 3 . 1 . 1 . 2    T h e  s to r a ge ,  u s e ,  an d  h a n d l i n g o f GH 2  o r  L H 2  s h a l l
a l s o  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 s  1  a n d  4  an d  th e
a p p l i c a b l e  r e q u i r e m e n ts  o f C h ap te r s  5  th r o u g h  8 .

1 3 . 1 . 1 . 3    C h ap te r s  4  a n d  6  th r o u g h  8  c o n tai n  fu n d am e n tal
r e q u i r e m e n ts  th at s h a l l  a p p l y to  a l l  h yd r o g e n  s ys te m s .

1 3 . 1 . 1 . 3 . 1    T h e  use-specifc  r e q u i r e m e n ts  o f th i s  c h ap te r  fo r
h yd r o g e n  ge n e r a ti o n  s ys te m s  s h a l l  a p p l y.

1 3 . 1 . 1 . 3 . 2    Wh e r e  th e r e  i s  a confict b e twe e n  a fu n d am e n tal
r e q u i r e m e n t an d  a use-specifc  r e q u i r e m e n t,  th e  use-specifc

r e q u i r e m e n t s h a l l  a p p l y.

1 3 . 2  G e n e ral .

1 3 . 2 . 1 *  L i s te d  o r Ap p ro ve d  E q u i p m e n t.    L i s te d  o r  a p p ro ve d
h yd r o g e n -g e n e r ati n g  e q u i p m e n t 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  l i s ti n g  o r  ap p r o val  r e q u i r e m e n ts  an d  m an u fac tu r ‐
e r s ’  i n s tr u c ti o n s .

N 1 3 . 2 . 1 . 1    L i s te d  o r  ap p r o ve d  h yd r o ge n  g e n e r ato r s  s h al l  n o t b e
r e q u i r e d  to  m e e t th e  r e q u i r e m e n ts  o f C h ap te r  7  e x c e p t a s

n o te d  i n  th i s  c h ap te r.
•
Δ 1 3 . 2 . 2  S i ti n g.    H yd r o g e n  g e n e r ati o n  s ys te m ( 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  m a n u fac tu r e r ’ s  i n s tr u c ti o n s .

N 1 3 . 2 . 2 . 1    Al l  s a fe ty-r e l a te d  c o n tr o l s  fo r  th e  i n s tal l ati o n  o f th e
h yd r o g e n  ge n e r a to r  s h al l  c o m p l y wi th  N F PA 7 9 .

1 3 . 2 . 3  I n d o o r I n s tal l ati o n s .

Δ 1 3 . 2 . 3 . 1    I n  ad d i ti o n  to  th e  r e q u i r e m e n ts  o f 1 3 . 2 . 2 ,  i n d o o r
h yd r o g e n  g e n e r ati o n  s ys te m ( s )  s h al l  b e  i n s tal l e d  i n  ac c o r d a n c e
wi th  1 3 . 2 . 3 . 1 . 1  th r o u gh  1 3 . 2 . 3 . 1 . 3 .

N 1 3 . 2 . 3 . 1 . 1    I n d o o r,  n o n -b u l k,  h yd r o g e n  ge n e r a ti o n  s ys te m s
e q u i p m e n t wi th  i n te r n al  h yd r o ge n  vo l u m e s  e x c e e d i n g  th e

m a x i m u m  al l o wab l e  q u an ti ty ( M AQ)  defned  i n  6 . 4 . 1 . 1  s h al l  b e
s e p ar ate d  fr o m  e x p o s u r e s  i n  ac c o r d an c e  wi th  th e  l e s s e r  o f
7 . 3 . 2 . 2  o r  7 . 3 . 2 . 3 .  (See 3. 3. 1 69,  Non-Bulk Hydrogen Compressed

Gas. )

N 1 3 . 2 . 3 . 1 . 2    I n d o o r  h yd r o g e n  g e n e r ati o n  s ys te m  e q u i p m e n t
wi th  i n te r n a l  h yd r o g e n  vo l u m e s  e x c e e d i n g th e  l i m i ts  fo r  n o n -

b u l k s h al l  b e  i n s tal l e d  i n  ac c o r d a n c e  wi th  7 . 3 . 2 . 2 .  (See 3. 3. 1 69,
Non-Bulk Hydrogen Compressed Gas. )

N 1 3 . 2 . 3 . 1 . 3    A h yd r o g e n  g e n e r ati o n  s ys te m  an d  as s o c i ate d
h yd r o g e n  s to r ag e  wi th  i n te r n al  vo l u m e s  l e s s  th an  o r  e q u a l  to

th e  M AQ defned  i n  6 . 4 . 1 . 1  s h al l  b e  p e r m i tte d  wi th o u t fre-
rated  s e p ar a ti o n .
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2 0 2 3  E d i t i o n S h a d e d  te x t =  Re vi s i o n s .  Δ  =  Te x t d e l e ti o n s  a n d  fgure/table  r e vi s i o n s .  •  =  S e c ti o n  d e l e ti o n s .  N  =  N e w m a te r i a l .

Δ 1 3 . 2 . 4  O u td o o r I n s tal l ati o n s .

Δ 1 3 . 2 . 4 . 1    I n  ad d i ti o n  to  th e  r e q u i r e m e n ts  o f 1 3 . 2 . 2 ,  o u td o o r
h yd r o g e n  g e n e r ati o n  s ys te m ( s )  s h al l  b e  i n s tal l e d  i n  a c c o r d a n c e

wi th  1 3 . 2 . 4 . 1 . 1  th r o u gh  1 3 . 2 . 4 . 1 . 4 :

N 1 3 . 2 . 4 . 1 . 1    T h e  s ys te m  s h a l l  b e  an c h o r e d ,  l o c a te d ,  an d  p r o te c ‐
te d  s o  th at th e  s ys te m  a n d  e q u i p m e n t wi l l  n o t b e  affe c te d  b y

r ai n ,  s n o w,  i c e ,  wi n d ,  an d  l i g h tn i n g.

N 1 3 . 2 . 4 . 1 . 2    O u td o o r,  n o n -b u l k h yd r o ge n  ge n e r a ti o n  s ys te m
e q u i p m e n t wi th  i n te r n a l  h yd r o ge n  vo l u m e s  e x c e e d i n g  th e
M AQ defned  i n  6 . 4 . 1 . 1  s h al l  b e  s e p ar a te d  fr o m  e x p o s u r e s  i n

a c c o r d an c e  wi th  th e  l e s s e r  o f 7 . 2 . 2 . 3 . 2  o r  7 . 3 . 2 . 3 .  (See 3. 3. 1 69,
Non-Bulk Hydrogen Compressed Gas. )

N 1 3 . 2 . 4 . 1 . 3    O u td o o r  h yd r o ge n  ge n e r a ti o n  s ys te m  e q u i p m e n t
wi th  i n te r n a l  h yd r o g e n  vo l u m e s  e x c e e d i n g th e  l i m i ts  fo r  n o n -
b u l k s ys te m s  s h al l  b e  s e p ar ate d  fr o m  e x p o s u r e s  i n  a c c o r d a n c e

wi th  7 . 3 . 2 . 3 .  (See 3. 3. 1 69,  Non-Bulk Hydrogen Compressed Gas. )

N 1 3 . 2 . 4 . 1 . 4    A h yd r o ge n  g e n e r ati o n  s ys te m  a n d  a s s o c i a te d
h yd r o g e n  s to r ag e  wi th  i n te r n al  vo l u m e s  l e s s  th an  o r  e q u a l  to

th e  M AQ defned  i n  6 . 4 . 1 . 1  s h al l  b e  p e r m i tte d  wi th o u t fre-
rated  s e p ar a ti o n .

1 3 . 2 . 4 . 2    F o r  o u td o o r  o r  r o o fto p  i n s tal l ati o n s ,  a  h yd r o g e n
ge n e r a ti o n  s ys te m  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 gn e d

a n d  c o n s tr u c te d  fo r  o u td o o r  i n s tal l ati o n .

1 3 . 2 . 4 . 3    T h e  ar e a  classifcation  a r o u n d  h yd r o ge n  ge n e r a ti o n
s ys te m  o u tl e ts  th at e x h a u s t fammable  g as  i n  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 l o we r  fammable  l i m i t ( L F L )  s h al l  b e
i n  ac c o r d an c e  wi th  Ar ti c l e  5 0 0 . 5  o r  Ar ti c l e  5 0 5 . 5  o f NFPA 70.

1 3 . 2 . 5  Ro o fto p  I n s tal l ati o n s .    F o r  u n i ts  i n s ta l l e d  o n  r o o fto p s ,
th e  roofng  m a te r i al  u n d e r  a n d  wi th i n  1 2  i n .  ( 3 0 5  m m )  h o r i ‐

z o n ta l l y o f a  h yd r o g e n  g e n e r ati o n  s ys te m  o r  c o m p o n e n t
th e r e o f s h a l l  c o m p l y wi th  o n e  o f th e  fo l l o wi n g:

( 1 ) B e  n o n c o m b u s ti b l e
( 2 ) H a ve  a C l a s s  A fre  r ati n g  i n  ac c o r d an c e  wi th  th e  ad o p te d

b u i l d i n g  c o d e

1 3 . 3  E l e c tro l yz e rs .

1 3 . 3 . 1 *  G e n e ral .    Wate r  e l e c tr o l yz e r s  s h al l  b e  l i s te d  to  I S O
2 2 7 3 4 ,  Hydrogen generators using water electrolysis process—Indus‐

trial,  commercial,  and residential applications, o r  ap p r o ve d .

N 1 3 . 3 . 1 . 1 *    S m al l  e l e c tr o l yz e r s  s h al l  b e  p e r m i tte d  to  b e  l i s te d  to
U L  6 1 0 1 0 -1 ,  Safety Requirements for Electrical Equipment for Meas‐

urement,  Control,  and Laboratory Use – Part 1 : General Requirements,
o r  ap p r o ve d  fo r  l a b o r a to r y a n d  s i m i l ar  u s e s .

•
Δ 1 3 . 3 . 2  S i ti n g.    S i ti n g o f e l e c tr o l yz e r s  s h al l  b e  i n  a c 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 S e c ti o n  1 3 . 2  a n d  1 3 . 3 . 2 . 1  th r o u gh
1 3 . 3 . 2 . 5 .

N 1 3 . 3 . 2 . 1    T h e  s ys te m  s h a l l  b e  p l ac e d  o n  a frm  fo u n d ati o n  th a t
i s  c ap ab l e  o f s u p p o r ti n g th e  e q u i p m e n t o r  c o m p o n e n ts  i n
ac c o r d an c e  wi th  AS C E -7 ,  Minimum Design Loads For Buildings

and Other Structures.

N 1 3 . 3 . 2 . 2    T h e  s ys te m  s h al l  b e  an c h o r e d ,  l o c ate d ,  a n d  p r o te c te d
s o  th at th e  s ys te m  an d  e q u i p m e n t wi l l  n o t b e  a ffe c te d  b y fr e e z ‐

i n g  te m p e r a tu r e s  a n d  s e i s m i c  e ve n ts .

N 1 3 . 3 . 2 . 3  Ac c e s s .

N 1 3 . 3 . 2 . 3 . 1    T h e  s ys te m  s h al l  b e  p r o te c te d  a ga i n s t ac c e s s  b y
u n au th o r i z e d  p e r s o n s  c o m m e n s u r ate  wi th  th e  l o c ati o n  an d

i n s ta l l a ti o n  e n vi r o n m e n t.

N 1 3 . 3 . 2 . 3 . 2    F i r e  d e p ar tm e n t a c c e s s  s h a l l  b e  p r o vi d e d .

N 1 3 . 3 . 2 . 4    T h e  s ys te m  s h a l l  b e  l o c ate d  o u ts i d e  p o te n ti al l y
h a z a r d o u s  ( i . e . ,  classifed)  ar e as  defned  b y Ar ti c l e  5 0 0 . 5  o r

Ar ti c l e  5 0 5 . 5  o f NFPA 70 u n l e s s  l i s te d  a n d  a p p r o ve d  fo r  s u c h
ar e as .

N 1 3 . 3 . 2 . 5    Ve n t te r m i n ati o n s  fr o m  h yd r o ge n  g e n e r ati o 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  S e c ti o n  6 . 1 7 .

•
1 3 . 3 . 3 *  I n d o o r I n s tal l ati o n s  o f E l e c tro l yz e rs .    E l e c tr o l yz e r s
l i s te d  o r  a p p r o ve d  fo r  r e s i d e n ti al  o c c u p an c i e s  c o m p l i a n t wi th
th e  GH 2  c o n te n t l i m i t o f 6 . 4 . 1 . 5 . 1 . 1  s h al l  b e  p e r m i tte d  i n  r e s i ‐
d e n c e s .

1 3 . 3 . 3 . 1    A h yd r o ge n  g e n e r ati o n  s ys te m  i n s ta l l e d  i n d o o r s  s h a l l
b e  l o c a te d  i n  a ve n ti l ate d  a r e a 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 S e c ti o n  6 . 1 8 .
•

1 3 . 4  C atal yti c - Re fo r m i n g- B as e d  H yd ro ge n  G e n e rati o n
S ys te m s .

1 3 . 4 . 1 *  G e n e ral .    Re fo r m i n g -b as e d  h yd r o g e n  g e n e r ato r s  s h a l l
b e  l i s te d  o r  a p p r o ve d  to  I S O  1 6 1 1 0 - 1 ,  Hydrogen Generators Using
Fuel Processing Technologies – Part 1 : Safety.

1 3 . 4 . 2 *  S i ti n g an d  I n s tal l ati o n .    S i ti n g an d  i n s tal l ati o n  o f c ata‐
l yti c -r e fo r m e r-typ e  h yd r o g e n  ge n e r a ti o n  s ys te m s  s h al l  b e  i n
ac c o r d an c e  wi th  C h a p te r s  5  th r o u g h  8  o f N F PA 8 5 3 .

N 1 3 . 4 . 2 . 1    S m al l  r e fo r m e r s  wi th  i n te r n a l  h yd r o g e n  vo l u m e s  n o t
e x c e e d i n g th e  m a x i m u m  al l o wab l e  q u a n ti ty ( M AQ)  defned  i n
6 . 4 . 1 . 1  s h al l  b e  p e r m i tte d  to  b e  s i te d  an d  i n s ta l l e d  i n  a c c o r d ‐
an c e  wi th  C h ap te r  9  o f N F PA 8 5 3 .

Δ 1 3 . 4 . 2 . 2    C a ta l yti c  r e fo r m i n g  s ys te m s  u s i n g a  fammable  l i q u i d
as  a fu e l  wi th  o u td o o r  b u l k fu e l  s to r ag e  l o c a te d  at a n  e l e va ti o n
ab o ve  th e  c atal yti c  r e fo r m i n g  s ys te m  s h al l  b e  e q u i p p e d  wi th  a n
au to m ati c  i s o l ati o n  val ve  at th e  tan k.

Δ 1 3 . 4 . 2 . 3    C a ta l yti c  r e fo r m i n g  s ys te m s  th at s to r e  h yd r o ge n  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  th e  m a n u fac tu r e r ' s  i n s tr u c ti o n s
an d  7 . 2 . 2 . 2  fo r  n o n -b u l k s to r ag e  o r  7 . 3 . 2 . 2  fo r  b u l k s to r a ge .

•
Δ 1 3 . 4 . 2 . 4     Re fo r m e r  b u r n e r  e x h au s ts  s h a l l  b e  l o c a te d  an d

i n s ta l l e d  i n  ac c o r d a n c e  wi th  C h ap te r  1 2  o f N F PA 5 4 .
••

1 3 . 5  Gasifers.

1 3 . 5 . 1  G e n e ral .  ( Re s e r ve d )
•
N 1 3 . 5 . 2  S i ti n g.    Gasifers  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 S e c ti o n  1 3 . 2  an d  1 3 . 5 . 2 . 1  th r o u gh  1 3 . 5 . 2 . 5 .

N 1 3 . 5 . 2 . 1    T h e  s ys te m  s h al l  b e  p l ac e d  o n  a frm  fo u n d ati o n  th at
i s  c ap a b l e  o f s u p p o r ti n g th e  e q u i p m e n t o r  c o m p o n e n ts  i n

ac c o r d an c e  wi th  AS C E -7 ,  Minimum Design Loads for Buildings
and Other Structures.

N 1 3 . 5 . 2 . 2    T h e  s ys te m  s h al l  b e  an c h o r e d ,  l o c ate d ,  a n d  p r o te c te d
s o  th at th e  s ys te m  a n d  e q u i p m e n t wi l l  n o t b e  a ffe c te d  b y fr e e z ‐

i n g te m p e r atu r e s  an d  s e i s m i c  e ve n ts .
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S h ad 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 ate r i a l . 2 0 2 3  E d i t i o n

N 1 3 . 5 . 2 . 3 *  Ac c e s s .

N 1 3 . 5 . 2 . 3 . 1    T h e  s ys te m  s h al l  b e  p r o te c te d  a ga i n s t ac c e s s  b y
u n au th o r i z e d  p e r s o n s  c o m m e n s u r ate  wi th  th e  l o c ati o n  an d

i n s ta l l a ti o n  e n vi r o n m e n t.

N 1 3 . 5 . 2 . 3 . 2    F i r e  d e p ar tm e n t a c c e s s  s h a l l  b e  p r o vi d e d .

N 1 3 . 5 . 2 . 4    Ve n t te r m i n a ti o n s  fr o m  gasifers  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  6 . 1 7 .

N 1 3 . 5 . 2 . 4 . 1    Ve n ti n g  to  a fare  s ta c k s h al l  b e  p e r m i tte d  i n
a c c o r d an c e  wi th  1 3 . 5 . 3 . 9 . 4 . 3 .

N 1 3 . 5 . 2 . 5    Al l  s afe ty-r e l ate d  c o n tr o l s  s h al l  c o m p l y wi th  N F PA 7 9 .

1 3 . 5 . 3 *  I n s tal l ati o n  o f Gasifer E q ui p m e n t.

1 3 . 5 . 3 . 1 *  C o n d i ti o n i n g E q u i p m e n t.    Gasifcation  s ys te m s
c o n tai n  c o n d i ti o n i n g  e q u i p m e n t to  c o o l  an d  s c r u b  th e  ga s

p r i o r  to  d e l i ve r y as  a fu e l ;  th e  c o n d i ti o n i n g e q u i p m e n t s h a l l
c o m p l y wi th  1 3 . 5 . 3 . 1 . 1  an d  1 3 . 5 . 3 . 1 . 2 .

1 3 . 5 . 3 . 1 . 1    M a te r i al s  fo r  c o n d i ti o n i n g e q u i p m e n t s h a l l  b e  s e l e c ‐
te d  b as e d  o n  b o th  th e  te m p e r atu r e  an d  th e  c h e m i c a l  c o m p o s i ‐

ti o n  o f th e  ga s .

1 3 . 5 . 3 . 1 . 2    T h e  o u tp u t fr o m  th e  fnal  e l e m e n t o f c o n d i ti o n i n g
e q u i p m e n t s h al l  b e  h a n d l e d  as  h yd r o g e n  ga s  u n l e s s  r e s i d u al

to x i c  c o n te n t r e m a i n s  th at wo u l d  e x c e e d  ap p l i c a b l e  O S H A
e x p o s u r e  l i m i ts  i n  th e  e ve n t o f a  l e ak .  (See 1 3. 5. 3. 1 . 3. )

N 1 3 . 5 . 3 . 1 . 3    Wh e r e  th e  o u tp u t s tate d  i n  1 3 . 5 . 3 . 1 . 2  c o n tai n s
r e s i d u al  to x i c  c o n te n t th at e x c e e d s  ap p l i c ab l e  O S H A e x p o s u r e

l i m i ts  i n  th e  e ve n t o f a  l e ak,  th e  r e q u i r e m e n ts  1 3 . 5 . 3  s h a l l
ap p l y.

1 3 . 5 . 3 . 2  Are a Classifcation.    T h e  a r e a classifcation  a r o u n d
th e  gasifcation  e q u i p m e n t s h al l  b e  i n  ac c o r d a n c e  wi th  Ar ti c l e
5 0 0 . 5  o r  Ar ti c l e  5 0 5 . 5  o f NFPA 70.

Δ 1 3 . 5 . 3 . 3  P u b l i c  Ac c e s s .    Gasifer  s ys te m s  s h a l l  b e  i s o l a te d  fr o m
p u b l i c  ac c e s s  ar e as  b a s e d  o n  a r i s k a s s e s s m e n t o f p o te n ti al

e x p o s u r e  to  a l l  o f th e  fo l l o wi n g:

( 1 ) Atm o s p h e r e s  c o n tai n i n g fammable  g as  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  i n  th e  e ve n t o f a l e a k

( 2 ) T h e r m al  r ad i ati o n  fr o m  fare  s tac ks
( 3 ) To x i c  c o n s ti tu e n ts  i n  th e  fu e l  s h o u l d  a  l e ak e ve n t o c c u r

•
N 1 3 . 5 . 3 . 4  Gasifer H az ard  Are a.    T h e  gasifer  h az ar d  ar e a  s h a l l

b e  d e te r m i n e d  i n  ac c o r d a n c e  wi th  1 3 . 5 . 3 . 2 .  (See 3. 3. 1 1 4,  Gasifer
Hazard Area. )

N 1 3 . 5 . 3 . 4 . 1    T h e  gasifer  h az ar d  a r e a s h al l  n o t b e  l e s s  th an  th e
d i s tan c e  specifed  i n  7 . 1 . 9 .

Δ 1 3 . 5 . 3 . 5  Ai r I n tak e s .    Ai r  i n ta ke s  to  th e  gasifer  s ys te m s  s h al l  b e
l o c a te d  s o  th e  e q u i p m e n t i s  n o t a ffe c te d  b y o th e r  e x h au s ts ,

ga s e s ,  o r  c o n tam i n a n ts .

1 3 . 5 . 3 . 6  Gasifer H az ard  Are a S e c u ri ty.    S e c u r i ty b ar r i e r s ,
fe n c e s ,  l an d s c a p i n g ,  o r  o th e r  o b s tac l e s  s h al l  b e  p r o vi d e d  to
defne  th e  gasifer  h az ar d  ar e a  an d  p r e ve n t ac c e s s  b y u n a u th o r ‐

i z e d  p e r s o n s .

1 3 . 5 . 3 . 7 *  War n i n g S i gn al s .    War n i n g  s i gn a l s  s h al l  b e  p r o vi d e d
a t a l l  gasifer  h a z a r d  ar e a  a c c e s s  p o i n ts .

1 3 . 5 . 3 . 7 . 1    T h e s e  s i g n al s  s h a l l  b e  ti e d  to  th e  d e te c ti o n  s ys te m s
o u tl i n e d  i n  1 3 . 5 . 3 . 1 0  to  war n  o f h az ar d o u s  c o n d i ti o n s .

•

1 3 . 5 . 3 . 8  C o n tro l l e r L o c ati o n  fo r Gasifers.    T h e  c o n tr o l l e r  fo r
th e  gasifer  p r o c e s s  c o n tr o l  s ys te m  s h a l l  b e  l o c ate d  i n  a n  ar e a
n o t ac c e s s i b l e  to  th e  g e n e r al  p u b l i c  a n d  i s o l ate d  fr o m  th e  ga s i f‐
i e r  h az ar d  a r e a.

1 3 . 5 . 3 . 9  P ro c e s s  S ys te m s  fo r Gasifers.    P r o c e s s  s ys te m s  fo r
gasifers  s h a l l  c o m p l y wi th  1 3 . 5 . 3 . 9 . 1  th r o u g h  1 3 . 5 . 3 . 9 . 4 .

1 3 . 5 . 3 . 9 . 1    P i p i n g ,  va l ve s ,  a n d  fttings  fr o m  th e  gasifer  c h a m ‐
b e r  to  th e  e n d  u s e  o r  s to r a ge  s ys te m  s h al l  c o n fo r m  to  AS M E
B 3 1 ,  Code for Pressure Piping.

1 3 . 5 . 3 . 9 . 2    Backfow p r e ve n ti o n  s h al l  b e  p r o vi d e d  to  p r e c l u d e
i n d u c i n g e x te r n a l  atm o s p h e r e s  i n to  th e  gasifer  s ys te m s .

Δ 1 3 . 5 . 3 . 9 . 3 *    M an u al  s h u to ff va l ve s  s h a l l  c o n fo r m  to  1 3 . 5 . 3 . 9 . 3 . 1
an d  1 3 . 5 . 3 . 9 . 3 . 2 .

N 1 3 . 5 . 3 . 9 . 3 . 1    A m a n u a l  fow s h u to ff val ve  s h a l l  b e  p r o vi d e d  a t a
p o i n t o u ts i d e  th e  gasifer  h az ar d  a r e a/ b u i l d i n g  an d  p r i o r  to
th e  e n d  u s e r / s to r ag e  ar e a .

N 1 3 . 5 . 3 . 9 . 3 . 2    T h e  m an u al  fow s h u to ff val ve  s h al l  b e  m o n i to r e d
b y th e  gasifer  p r o c e s s  c o n tr o l  s ys te m .

N 1 3 . 5 . 3 . 9 . 3 . 3    T h e  m a n u a l  fow s h u to ff val ve  s h a l l  tr i gg e r  an
e m e r g e n c y s h u td o wn  o f th e  gasifer  p r o c e s s  wh e n  m o ve d  fr o m
th e  fu l l  o p e n  p o s i ti o n

Δ 1 3 . 5 . 3 . 9 . 4    E m e r g e n c y s to p s  s h al l  c o n fo r m  to  1 3 . 5 . 3 . 9 . 4 . 1
th r o u g h  1 3 . 5 . 3 . 9 . 4 . 4 .

N 1 3 . 5 . 3 . 9 . 4 . 1    E m e r g e n c y s to p  c a p ab i l i ty s h a l l  b e  avai l ab l e  b o th
at th e  p r o c e s s  c o n tr o l  s ys te m  c o n tr o l l e r  l o c a ti o n  a n d  at ac c e s s
p o i n ts  to  th e  gasifer  h az ar d  a r e a an d  b u i l d i n g .

N 1 3 . 5 . 3 . 9 . 4 . 2    Ac ti vati o n  o f th e  e m e r ge n c y s to p  s ys te m  s h a l l  d o
al l  th e  fo l l o wi n g :

( 1 ) * I s o l a te  th e  gasifer  fr o m  a l l  d o wn s tr e a m  u s e r s  a n d  s to r a ge
fac i l i ti e s

( 2 ) I m m e d i ate l y h a l t th e  fow o f fe e d s to c k
( 3 ) D e p r e s s u r i z e  th e  gasifer  c h am b e r  an d  as s o c i ate d  ga s

c o n d i ti o n i n g  e q u i p m e n t.

N 1 3 . 5 . 3 . 9 . 4 . 3    Ve n te d  ga s  fr o m  al l  gasifer  p r o c e s s  e l e m e n ts  th at
c a n  c o n ta i n  to x i c  c o n s ti tu e n ts  i n  e x c e s s  o f th a t al l o we d  u n d e r
1 3 . 5 . 3 . 1 0 . 2  s h al l  b e  r o u te d  to  a  fare  s tac k s i te d  i n  a  l o c a ti o n
wh e r e  th e  r a d i a n t fux  d o e s  n o t p o s e  a r i s k to  p e r s o n n e l  o r  a
r i s k o f i g n i ti o n  o f c o m b u s ti b l e  m a te r i al s ,  i n  a c c o r d an c e  wi th
S e c ti o n  6 . 1 7  an d  7 . 1 . 1 6 .

N 1 3 . 5 . 3 . 9 . 4 . 4    T h e  e m e r g e n c y s to p  c ap a b i l i ty s h a l l  b e  p r o vi d e d
b y an  i n d e p e n d e n t c o n tr o l l e r  fr o m  th e  m ai n  p r o c e s s  c o n tr o l ‐
l e r.

1 3 . 5 . 3 . 1 0  H az ard  D e te c ti o n  an d  Fi re  P ro te c ti o n  fo r Gasifers.

Δ 1 3 . 5 . 3 . 1 0 . 1  Fl am m ab l e  G as  D e te c ti o n .    F l a m m a b l e  ga s  d e te c ‐
ti o n  s h al l  b e  p r o vi d e d  i n  th e  vi c i n i ty o f m aj o r  gasifer  c o m p o ‐
n e n ts .

N 1 3 . 5 . 3 . 1 0 . 1 . 1    F o r  i n d o o r  i n s tal l a ti o n s ,  d e te c ti o n  s h al l  a l s o  b e
p r o vi d e d  i n  a r e as  wh e r e  h yd r o g e n  c o u l d  c o l l e c t i n  th e  e ve n t o f
a l e ak.

N 1 3 . 5 . 3 . 1 0 . 1 . 2    To  m i n i m i z e  th e  p o te n ti al  o f defagration  at a n
i n d o o r  i n s ta l l ati o n ,  th e  p r o c e s s  s h al l  b e  s h u t d o wn  i f th e  ga s
l e ve l  e x c e e d s  2 5  p e r c e n t o f th e  L F L .

Δ 1 3 . 5 . 3 . 1 0 . 2  To x i c  G as  D e te c ti o n .    To x i c  g as  d e te c ti o n  s h al l  b e
p r o vi d e d  i n  th e  gasifer  h a z a r d  a r e a o r  b u i l d i n g  fo r  a l l  ga s
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c o n s ti tu e n ts  th at,  wh e n  r e l e as e d ,  c o u l d  r e a c h  th e  O S H A
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 ) ,  O S H A c e i l i n g  l i m i t,  o r  s h o r t-
te r m  e x p o s u r e  l i m i t ( S T E L ) .

N 1 3 . 5 . 3 . 1 0 . 2 . 1 *    T h i s  d e te c ti o n  c a p a b i l i ty s h al l  i n c l u d e  d e te c ‐
ti o n  o f c a r b o n  m o n o x i d e  as  a m i n i m u m .

Δ 1 3 . 5 . 3 . 1 0 . 3 *  T h e r m al  D e te c to rs .    T h e r m a l  d e te c to r s  s h al l  s h a l l
b e  p r o vi d e d  th r o u gh o u t th e  gasifer  ar e a  to  d e te c t fres  an d
ac ti va te  th e  fre  s u p p r e s s i o n  s ys te m  an d  i n i ti ate  a  gasifer  s h u t‐
d o wn .

N 1 3 . 5 . 3 . 1 0 . 3 . 1    T h e  d e te c ti o n  s ys te m  s h al l  c o m p l y wi th  NFPA 72.

N 1 3 . 5 . 3 . 1 0 . 3 . 2    U l tr avi o l e t/ i n fr a r e d  ( U V/ I R)  fame  d e te c ti o n
s h a l l  b e  p r o vi d e d  i n  th e  vi c i n i ty o f th e  gasifer  ve s s e l  a n d  a l l
d o wn s tr e a m  e q u i p m e n t i n  wh i c h  th e  g as  te m p e r atu r e  e x c e e d s
8 0  p e r c e n t o f th e  l o we s t au to i g n i ti o n  te m p e r atu r e  o f a
c o n tai n e d  c o n s ti tu e n t th at e x c e e d s  3  p e r c e n t o f th e  g as  m i x  b y
vo l u m e .

Δ 1 3 . 5 . 3 . 1 0 . 4  D e te c ti o n  D e vi c e s  an d  Vi s u al  War n i n g S ys te m .

N 1 3 . 5 . 3 . 1 0 . 4 . 1    D e te c ti o n  d e vi c e s  s h al l  b e  ti e d  to  vi s u al  war n i n g
d e vi c e s .

N 1 3 . 5 . 3 . 1 0 . 4 . 2    Ac ti va ti o n  o f e m e r g e n c y s to p  fo r  d e te c te d
h az ar d s  o th e r  th a n  fre  s h al l  b e  as  r e c o m m e n d e d  b y th e  m an u ‐
fa c tu r e r  o r  as  r e q u i r e d  b y l o c al  r e g u l ato r y r e q u i r e m e n ts .

1 3 . 5 . 3 . 1 0 . 5 *  Fi re  S u p p re s s i o n  S ys te m .    F i r e  s u p p r e s s i o n
s ys te m s  fo r  gasifers  s h al l  b e  s e l e c te d  to  a vo i d  i m p o s i n g  e x c e s ‐
s i ve  th e r m a l  d i s tr e s s  o n  th e  h i g h -te m p e r atu r e  c o m p o n e n ts ,
wh i c h  c o u l d  c au s e  d i s tr e s s  to  th e  e q u i p m e n t a n d  c o n tr i b u te  to
a l a r ge r  o r  e x te n d e d  fre  s i tu a ti o n .

1 3 . 5 . 4  I n d o o r I n s tal l ati o n s  o f Gasifers.

N 1 3 . 5 . 4 . 1    I n  a d d i ti o n  to  th e  r e q u i r e m e n ts  o f 1 3 . 2 . 3 ,  i n d o o r-
l o c ate d  gasifer  s ys te m  e q u i p m e n t s h a l l  b e  i n s tal l e d  i n  a c c o r d ‐
an c e  wi th  1 3 . 5 . 4 . 1 . 1  th r o u gh  1 3 . 5 . 4 . 1 . 3 .

N 1 3 . 5 . 4 . 1 . 1    S e p ar a ti o n  d i s ta n c e s  o f gasifer  s ys te m  e q u i p m e n t
wi th  i n te r n a l  vo l u m e s  e x c e e d i n g  th e  m a x i m u m  a l l o wa b l e  q u an ‐
ti ty ( M AQ)  defned  i n  6 . 4 . 1 . 1  fr o m  e x p o s u r e s  s h al l  b e  i n
ac c o r d an c e  wi th  th e  l e s s e r  o f 7 . 3 . 2 . 2 . 2 . 2  o r  7 . 3 . 2 . 3 .

N 1 3 . 5 . 4 . 1 . 2    S e p ar a ti o n  d i s ta n c e s  o f gasifer  s ys te m  e q u i p m e n t
wi th  i n te r n a l  vo l u m e s  l e s s  th an  o r  e q u al  to  th e  M AQ defned  i n
6 . 4 . 1 . 1  fr o m  e x p o s u r e s  s h al l  b e  i n  ac c o r d a n c e  wi th  th e  l e s s e r  o f
7 . 2 . 2 . 2  o r  7 . 3 . 2 . 3 .

N 1 3 . 5 . 4 . 1 . 3    Gasifcation  s ys te m  e q u i p m e n t an d  as s o c i ate d
h yd r o g e n  s to r ag e  s h al l  b e  p e r m i tte d  wi th o u t fre-rated  s e p a r a‐
ti o n  p r o vi d e d  th at th e  i n te r n a l  vo l u m e s  ar e  l e s s  th a n  o r  e q u al
to  th e  M AQ defned  i n  6 . 4 . 1 . 1 .

1 3 . 5 . 4 . 2 *    B u i l d i n gs  fo r  gasifer  e q u i p m e n t s h a l l  b e  ve n ti l a te d
an d  i n c l u d e  p r e s s u r e  r e l i e f p an e l s  to  p r e ve n t o ve r p r e s s u r e
fr o m  defagrations.

1 3 . 5 . 4 . 3    S e c u r i ty b ar r i e r s ,  fe n c e s ,  l an d s c ap i n g ,  o r  o th e r  o b s ta‐
c l e s  s h al l  b e  p r o vi d e d  i n  th e  vi c i n i ty o f th e  r e l i e f p an e l s  to
p r e ve n t ac c e s s  to  th e  p o te n ti al l y h a z a r d o u s  o u tl e t ar e as .

1 3 . 5 . 4 . 4    F o r  gasifers  i n  s e p ar a te  b u i l d i n gs ,  th e  b u i l d i n g  s h a l l
b e  i s o l a te d  fr o m  o th e r  s tr u c tu r e s  s u c h  th at H VAC  a i r  i n take s ,
wi n d o ws ,  d o o r s ,  a n d  o th e r  o p e n i n g s  i n to  b u i l d i n gs  c an n o t b e
e x p o s e d  to  th e  fo l l o wi n g :

( 1 ) H az ar d o u s  atm o s p h e r e s
( 2 ) To x i c  g as e s  i n  e x c e s s  o f ap p l i c ab l e  O S H A e x p o s u r e  l i m i ts

1 3 . 5 . 4 . 5    Gasifers  th a t o c c u p y a  p o r ti o n  o f a b u i l d i n g s h al l  b e
s e p ar ate d  fr o m  o th e r  o c c u p an c i e s  i n  ac c o r d a n c e  wi th  7 . 1 . 9 .

1 3 . 5 . 5  O u td o o r I n s tal l ati o n s  o f Gasifers.    T h e  ar e a  c o n ta i n ‐
i n g th e  gasifer  an d  as s o c i ate d  c o n d i ti o n i n g  e q u i p m e n t s h a l l  b e
l o c a te d  s u c h  th a t H VAC  a i r  i n take s ,  wi n d o ws ,  d o o r s ,  a n d  o th e r

o p e n i n g s  i n to  b u i l d i n gs  c an n o t b e  e x p o s e d  to  th e  fo l l o wi n g :

( 1 ) H a z a r d o u s  atm o s p h e r e s
( 2 ) To x i c  ga s e s  i n  e x c e s s  o f a p p l i c ab l e  O S H A e x p o s u r e  l i m i ts

1 3 . 5 . 6  Ro o fto p  I n s tal l ati o n  o f Gasifers.    H yd r o ge n  gasifers
s h a l l  n o t b e  i n s ta l l e d  o n  r o o fto p s  o r  i n  p e n th o u s e  ar e a s  o f

o c c u p i e d  s tr u c tu r e s .

1 3 . 5 . 6 . 1    T h e  i n s tal l a ti o n  o f l i s te d  o r  a p p r o ve d  gasifers  s h a l l
b e  p e r m i tte d  p r o vi d e d  th e  l i s ti n g  o r  ap p r o va l  i s  specifc  to  r o o f‐
to p  i n s tal l ati o n s .

1 3 . 6  S to rage .

1 3 . 6 . 1  Re q u i re m e n ts  fo r H yd ro ge n  S to rage  S ys te m s  S e r vi n g
E l e c tro l yz e r I n s tal l ati o n s .    T h e  r e q u i r e m e n ts  o f th i s  s e c ti o n
a d d r e s s i n g h yd r o g e n  s to r ag e  s ys te m s  s e r vi n g e l e c tr o l yz e r  i n s ta l ‐

l ati o n s  ar e  s u p p l e m e n tal  to  th o s e  specifed  b y S e c ti o n s  1 3 . 2  an d
1 3 . 3 .

1 3 . 6 . 1 . 1    I n  r e s i d e n ti a l  a p p l i c a ti o n s ,  th e  e l e c tr o l yz e r  i n s tal l a‐
ti o n  s h a l l  b e  i n  ac c o r d an c e  wi th  th e  e q u i p m e n t l i s ti n g  an d  th e

m a n u fac tu r e r ' s  i n s tr u c ti o n s .
•

C h ap te r 1 4    C o m b u s ti o n  Ap p l i c ati o n s

1 4 . 1  S c o p e .    T h i s  c h a p te r  s h a l l  ap p l y to  e q u i p m e n t th at u s e s
h yd r o g e n  as  a  fu e l  s o u r c e  fo r  c o m b u s ti o n  fu e l  to  p r o vi d e  h e at

u s e d  fo r  th e  p r o c e s s i n g  o f m ate r i a l s  an d  r e l ate d  e q u i p m e n t.

1 4 . 1 . 1 *  Ap p l i c ab i l i ty   T h e  r e q u i r e m e n ts  o f th i s  c h a p te r  s h a l l
a p p l y to  th e  u s e  o f GH 2  a s  p a r t o f a  m an u fa c tu r i n g  p r o c e s s

u s i n g  th e r m al  s p r ayi n g  o r  a s  a  fu e l  i n  h e ati n g  ap p l i c a ti o n s .   

1 4 . 1 . 1 . 1    T h i s  c h ap te r  a l s o  s h al l  ap p l y to  n e w i n s ta l l a ti o n s  an d
to  al te r a ti o n s  o r  e x te n s i o n s  to  e x i s ti n g  e q u i p m e n t.

1 4 . 1 . 1 . 2    T h e  s to r ag e ,  u s e ,  an d  h an d l i n g o f GH 2  i n  an y q u an ‐
ti ty s h a l l  a l s o  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 s  1  a n d  4
an d  th e  ap p l i c a b l e  r e q u i r e m e n ts  o f C h ap te r s  5  th ro u g h  8 .

1 4 . 1 . 1 . 3    T h e  r e q u i r e m e n ts  o f C h a p te r s  4  an d  6  th r o u gh  8
s h a l l  b e  ap p l i c ab l e  to  a l l  h yd r o g e n  s ys te m s .

1 4 . 1 . 1 . 4    Use-specifc  r e q u i r e m e n ts  fo r  h yd r o g e n  o r  h yd r o ge n
m i x tu r e s  u s e d  as  a fu e l  fo r  th e r m a l  s p r ay e q u i p m e n t an d  fo r
h e ati n g  a p p l i c a ti o n s  s h al l  ap p l y.

1 4 . 1 . 1 . 5    Wh e r e  th e r e  i s  a  confict b e twe e n  a  fu n d am e n tal
r e q u i r e m e n t an d  a use-specifc  r e q u i r e m e n t,  th e  use-specifc

r e q u i r e m e n t s h al l  b e  ap p l i c a b l e .

1 4 . 2  G e n e ral .  ( Re s e r ve d )

1 4 . 3  U s e .

1 4 . 3 . 1  T h e r m al  S p rayi n g E q u i p m e n t.

1 4 . 3 . 1 . 1  G e n e ral .    T h e r m al  s p r a yi n g 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 1 4 . 3 . 1 .
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1 4 . 3 . 1 . 2 *  I n d o o r I n s tal l ati o n s  o f T h e r m al  S p rayi n g E q u i p ‐
m e n t.

1 4 . 3 . 1 . 2 . 1 *    T h e r m al  s p r a y e q u i p m e n t s h al l  b e  i n s ta l l e d ,
i n s p e c te 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  th e  m an u fa c tu r ‐
e r ’ s  i n s tr u c ti o n s  to  m i n i m i z e  th e  p o te n ti al  fo r  l e aks  o f th e  ga s
d e l i ve r y s ys te m .

1 4 . 3 . 1 . 2 . 2 *    T h e  a r e a i n  wh i c h  th e  th e r m a l  s p r ay e q u i p m e n t i s
i n s ta l l e d  s h al l  b e  classifed  i n  ac c o r d an c e  wi th  Ar ti c l e  5 0 0  o r
Ar ti c l e  5 0 5  o f NFPA 70.

1 4 . 3 . 1 . 2 . 2 . 1    E l e c tr i c a l  e q u i p m e n t 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  th e  e l e c tr i c al  classifcation  o f th e
ar e a i n  wh i c h  i t i s  i n s tal l e d .

1 4 . 3 . 1 . 2 . 3  Ve n ti l ati o n .

1 4 . 3 . 1 . 2 . 3 . 1    T h e  a r e a c o n ta i n i n g  th e  th e r m al  s p r a y e q u i p m e n t
s h a l l  b e  ve n ti l ate d  to  p r e ve n t fammable  ga s  b u i l d u p  fr o m
p o te n ti a l  s ys te m  l e aks .

1 4 . 3 . 1 . 2 . 3 . 2    M e c h an i c a l  e x h au s t ve n ti l a ti o n  s ys te m s  r e q u i r e d
b y S e c ti o n  6 . 1 8  o r  fo r  o p e r a ti o n  o f th e  e q u i p m e n t s h a l l  b e
i n te r l o c ke d  wi th  th e  th e r m al  s p r ayi n g  e q u i p m e n t to  p r e ve n t
th e  fow o f g as e s  wi th o u t th e  ve n ti l ati o n  s ys te m  o p e r ati n g .

1 4 . 3 . 1 . 2 . 4 *    T h e  c e i l i n g  o f r o o m s  i n  wh i c h  th e r m al  s p r ay
e q u i p m e n t i s  i n s ta l l e d  s h a l l  b e  c o n s tr u c te d  i n  a m an n e r  to
p r e ve n t th e  a c c u m u l a ti o n  o f h yd r o g e n  ga s .

1 4 . 3 . 1 . 2 . 5    Ve n ti n g  s ys te m s  d i s c h a r gi n g h yd r o g e n  to  th e  atm o s ‐
p h e r e  s h a l l  b e  p i p e d  to  a  d e s i g n ate d  p o i n t o u ts i d e  th e  b u i l d i n g
i n  ac c o r d an c e  wi th  S e c ti o n  6 . 1 7 .

1 4 . 3 . 1 . 2 . 6  G as  D e te c ti o n  S ys te m .

1 4 . 3 . 1 . 2 . 6 . 1 *    A h yd r o g e n  g as  d e te c ti o n  s ys te m  s h a l l  b e
i n s ta l l e d  i n  th e  r o o m  o r  ar e a  wh e r e  th e r m al  s p r a y e q u i p m e n t
u ti l i z i n g h yd r o ge n  g as  i s  i n s tal l e d .

1 4 . 3 . 1 . 2 . 6 . 2    Ac ti vati o n  o f th e  g as  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  fo l l o wi n g:

( 1 ) T h e  th e r m a l  s p r a y s ys te m  s h a l l  b e  p r e ve n te d  fr o m  s tar ti n g
i f h yd r o g e n  i s  d e te c te d  at a c o n c e n tr a ti o n  e x c e e d i n g

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 ) T h e  th e r m al  s p r a y s ys te m  s h a l l  b e  s h u t d o wn  u p o n  d e te c ‐

ti o n  o f h yd r o g e n  d u r i n g  o p e r ati o n  a t a c o n c e n tr a ti o n
e x c e e d i n g 2 5  p e r c e n t o f th e  L F L .

1 4 . 3 . 1 . 2 . 7  E m e rge n c y S h u to ff.

1 4 . 3 . 1 . 2 . 7 . 1    Au to m ati c  e m e r g e n c y s h u to ff va l ve s  s h a l l  b e
p r o vi d e d  o n  th e  p i p i n g  u s e d  to  s u p p l y h yd r o ge n  ga s  to  th e
th e r m al  s p r ayi n g  e q u i p m e n t.

1 4 . 3 . 1 . 2 . 7 . 2    Ac ti vati o n  o f th e  va l ve s  s h al l  s h u t o ff th e  fow o f
h yd r o g e n  i n  th e  e ve n t o f th e  fo l l o wi n g:

( 1 ) L o s s  o f ve n ti l ati o n  s ys te m s  r e q u i r e d  b y 1 4 . 3 . 1 . 2 . 3 . 2
( 2 ) D e te c ti o n  o f h yd r o g e n  at a c o n c e n tr a ti o n  e x c e e d i n g

2 5  p e r c e n t o f th e  L F L
( 3 ) Ac ti vati o n  o f e m e r g e n c y s to p  fu n c ti o n s  p r o vi d e d  wi th  th e

m a n u fac tu r e r ’ s  e q u i p m e n t

1 4 . 3 . 1 . 3  O u td o o r I n s tal l ati o n s  o f T h e r m al  S p ray E q u i p m e n t.
( Re s e r ve d )

C h ap te r 1 5    S p e c i al  Atm o s p h e re  Ap p l i c ati o n s

1 5 . 1  S c o p e .    T h i s  c h ap te r  s h a l l  ap p l y to  e q u i p m e n t th a t u s e s
h yd r o g e n  a s  an  atm o s p h e r e  fo r  u s e  i n  th e  fo l l o wi n g  a p p l i c a‐

ti o n s :

( 1 ) F u r n ac e s  r e gu l a te d  b y N F PA 8 6  u s i n g h yd r o ge n  i n  s p e c i al
atm o s p h e r e  a p p l i c ati o n s

( 2 ) H yd r o g e n  u s e d  a s  a h e a t e x c h an g e  m e d i u m  fo r
h yd r o g e n -c o o l e d  e l e c tr i c a l  ge n e r a to r s

1 5 . 1 . 1    T h e  s to r ag e ,  u s e ,  an d  h an d l i n g  o f GH 2  i n  a n y q u an ti ty
s h a l l  a l s o  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 a p te r s  1  a n d  4
an d  th e  r e q u i r e m e n ts  o f C h ap te r s  6  th r o u g h  8 ,  as  ap p l i c a b l e .

1 5 . 1 . 2    I n  a d d i ti o n  to  th e  r e q u i r e m e n ts  o f th i s  c o d e ,  fu r n ac e s
u s i n g  h yd r o ge n  i n  th e  fo r m  o f a  s p e c i a l  a tm o s p h e r e  s h al l  b e  i n

a c c o r d an c e  wi th  N F PA 8 6 .

1 5 . 1 . 3    Wh e r e  th e r e  i s  a confict b e twe e n  a fu n d am e n tal
r e q u i r e m e n t an d  a use-specifc  r e q u i r e m e n t,  th e  use-specifc

r e q u i r e m e n t s h a l l  a p p l y.

1 5 . 2  G e n e ral .  ( Re s e r ve d )

1 5 . 3  U s e .

1 5 . 3 . 1  Fur n ac e s .

1 5 . 3 . 1 . 1  G e n e ral .

1 5 . 3 . 1 . 1 . 1 *    S u b s e c ti o n  1 5 . 3 . 1  s h al l  ap p l y to  th e  p r o d u c ti o n
an d  u s e  o f s p e c i al  a tm o s p h e r e s  e i th e r  b y b l e n d i n g  ( o r  m i x i n g)
p u r e  h yd r o g e n  g as  wi th  o th e r  ga s e s ,  s u c h  as  n i tro ge n  o r  th e  u s e

o f p u r e  h yd r o g e n  as  th e  s o l e  c o n s ti tu e n t o f th e  s p e c i al  atm o s ‐
p h e r e s  i n  fu r n ac e s .

1 5 . 3 . 1 . 1 . 1 . 1    S u b s e c ti o n  1 5 . 3 . 1  s h al l  a p p l y to  s p e c i al  atm o s ‐
p h e r e s  c o n ta i n i n g  h yd r o g e n  u s e d  i n  C l a s s  C  o r C l a s s  D  fu r n a‐
c e s .

1 5 . 3 . 1 . 1 . 1 . 2    Al l  fu r n ac e  i n s ta l l a ti o n s  s h al l  a l s o  c o m p l y wi th  th e
r e q u i r e m e n ts  o f N F PA 8 6 .

1 5 . 3 . 1 . 1 . 2    B e fo r e  n e w e q u i p m e n t i s  i n s ta l l e d  o r e x i s ti n g  e q u i p ‐
m e n t i s  r e m o d e l e d ,  c o m p l e te  p l a n s ,  s e q u e n c e  o f o p e r ati o n s ,

a n d  specifcations  s h al l  b e  s u b m i tte d  fo r  ap p r o va l  to  th e
au th o r i ty h a vi n g j u r i s d i c ti o n .  [ 8 6 : 4 . 1 . 1 ]

1 5 . 3 . 1 . 1 . 2 . 1 *    P l an s  s h a l l  b e  d r a wn  th at s h o w al l  e s s e n ti al
d e tai l s  wi th  r e g ar d  to  l o c a ti o n ,  c o n s tr u c ti o n ,  ve n ti l ati o n ,
p i p i n g ,  an d  e l e c tr i c al  s afe ty e q u i p m e n t.  A l i s t o f a l l  c o m b u s ‐

ti o n ,  c o n tr o l ,  an d  s afe ty e q u i p m e n t gi vi n g m an u fac tu r e r  an d
typ e  n u m b e r  s h al l  b e  i n c l u d e d .  [ 8 6 : 4 . 1 . 1 . 1 ]

1 5 . 3 . 1 . 1 . 2 . 2 *    Wi r i n g  d i ag r am s  a n d  s e q u e n c e  o f o p e r ati o n s  fo r
al l  s a fe ty c o n tr o l s  s h a l l  b e  p r o vi d e d .  [ 8 6 : 4 . 1 . 1 . 2 ]

N 1 5 . 3 . 1 . 1 . 2 . 3    P l a n s  s h a l l  i n c l u d e  th e  fu r n ac e  c l as s  ( e . g . ,  C l as s  A,
B ,  C ,  o r  D . )  [ 8 6 : 4 . 1 . 1 . 3 ]

Δ 1 5 . 3 . 1 . 1 . 2 . 4    An y d e vi ati o n  fr o m  th i s  c o d e  s h a l l  r e q u i r e  a p p r o ‐
va l  fr o m  th e  a u th o r i ty h avi n g  j u r i s d i c ti o n .  [ 8 6 : 4 . 1 . 2 ]

1 5 . 3 . 1 . 1 . 3  Ve n ti n g.

1 5 . 3 . 1 . 1 . 3 . 1 *    U n wan te d ,  n o r m a l  o p e r ati n g ,  an d  e m e r g e n c y
r e l e as e s  o f fuids  ( g as e s  o r  l i q u i d s )  fr o m  s p e c i al  [ h yd r o ge n ]
atm o s p h e r e  g e n e r ato r s ,  s to r ag e  ta n ks ,  ga s  c yl i n d e r s ,  a n d  fow

c o n tr o l  u n i ts  s h al l  b e  d i s p o s e d  o f to  a n  ap p r o ve d  l o c a ti o n .
[ 8 6 : 1 3 . 5 . 1 . 3 ]
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1 5 . 3 . 1 . 1 . 3 . 2    Ve n ti n g  o f u n wan te d  fammable  [ h yd r o ge n ]
atm o s p h e r e  g as  s h al l  b e  d o n e  b y c o n tr o l l e d  ve n ti n g  to  a n
ap p r o ve d  l o c ati o n  o u ts i d e  th e  b u i l d i n g o r  b y c o m p l e te l y b u r n ‐
i n g th e  atm o s p h e r e  ga s  an d  ve n ti n g th e  p r o d u c ts  o f c o m b u s ‐
ti o n  to  a n  ap p r o ve d  l o c a ti o n .  [ 8 6 : 1 3 . 5 . 1 . 4 ]

1 5 . 3 . 1 . 1 . 3 . 3    Nonfammable  an d  n o n to x i c  g as e s  s h al l  b e
ve n te d  to  an  ap p r o ve d  l o c ati o n  o u ts i d e  th e  b u i l d i n g a t a  r ate
th a t d o e s  n o t p o s e  a h az ar d  o f as p h yx i ati o n .  [ 8 6 : 1 3 . 5 . 1 . 5 ]

1 5 . 3 . 1 . 1 . 4  Fl o w C o n tro l  o f S p e c i al  [ H yd ro ge n ]  Atm o s p h e re s .
[ 8 6 : 1 3 . 5 . 7 ]

1 5 . 3 . 1 . 1 . 4 . 1 *    P r o c e s s e s  a n d  e q u i p m e n t fo r  c o n tr o l l i n g  fows  o f
s p e c i al  [ h yd r o ge n ]  a tm o s p h e r e s  s h al l  b e  d e s i g n e d ,  i n s tal l e d ,
an d  o p e r ate d  to  m ai n ta i n  a p o s i ti ve  p r e s s u r e  wi th i n  c o n n e c te d
fu r n ac e s .  [ 8 6 : 1 3 . 5 . 7 . 1 ]

1 5 . 3 . 1 . 1 . 4 . 2    Wh e n  fu r n ac e  c h a m b e r  d o o r  o p e r a ti o n  o r  wo r k‐
l o ad  q u e n c h i n g c au s e s  atm o s p h e r e  c o n tr ac ti o n s ,  th e  fow r ate s
u s e d  s h al l  r e s to r e  p o s i ti ve  i n te r n a l  p r e s s u r e  b e fo r e  ai r  infltra‐
tion  wo u l d  c au s e  a tr a n s i ti o n  i n to  th e  fammability r an g e .
[ 8 6 : 1 3 . 5 . 7 . 2 ]

1 5 . 3 . 1 . 1 . 4 . 3 *    Wh e r e  th e  atm o s p h e r e  i s  fammable,  i ts  fow r ate
s h a l l  b e  suffcient to  p r o vi d e  s tab l e  b u r n -o ff fames  a t ve n t
p o r ts .  [ 8 6 : 1 3 . 5 . 7 . 3 ]

1 5 . 3 . 1 . 1 . 4 . 4    M e a n s  s h al l  b e  p r o vi d e d  fo r  m e te r i n g  an d
c o n tr o l l i n g th e  fow r ate s  o f a l l  fuids  c o m p r i s i n g th e  s p e c i al
[ h yd r o ge n ]  a tm o s p h e r e  fo r  a fu r n a c e .  [ 8 6 : 1 3 . 5 . 7 . 4 ]

( A)    D e vi c e s  wi th  vi s i b l e  i n d i c ati o n  o f fow s h a l l  b e  u s e d  to
m e te r  th e  fows  o f c ar r i e r  ga s e s ,  c ar r i e r  g as  c o m p o n e n t fuids,
i n e r t p u r g e  ga s e s ,  e n r i c h m e n t g as e s ,  o r  ai r.  [ 8 6 : 1 3 . 5 . 7 . 4 . 1 ]

( B )    T h e  i n s tal l ati o n  o f fow c o n tr o l  e q u i p m e n t s h a l l  m e e t th e
fo l l o wi n g  c r i te r i a:  [ 8 6 : 1 3 . 5 . 7 . 4 . 3 ]

( 1 ) I t s h a l l  b e  i n s tal l e d  at th e  fu r n ac e ,  at th e  ge n e r a to r,  o r  i n
a s e p ar a te  fow c o n tr o l  u n i t.  [ 8 6 : 1 3 . 5 . 7 . 4 . 3 ( 1 ) ]

( 2 ) I t s h al l  b e  a c c e s s i b l e  a n d  l o c ate d  i n  a n  i l l u m i n a te d  a r e a s o
th a t i ts  o p e r ati o n  c an  b e  m o n i to r e d .  [ 8 6 : 1 3 . 5 . 7 . 4 . 3 ( 2 ) ]

1 5 . 3 . 1 . 1 . 5 *  S p e c i al  P ro c e s s i n g H yd ro ge n  Atm o s p h e re  G as
M i x i n g S ys te m s .    Wh e r e  [ h yd r o ge n  atm o s p h e r e s  a r e  p r e p ar e d
u s i n g ]  g as  m i x i n g  s ys te m s  th at i n c o r p o r a te  a s u r g e  tan k m i x i n g
s c h e m e  th a t c yc l e s  b e twe e n  u p p e r  a n d  l o we r  s e t p r e s s u r e  l i m i ts ,
th e  fo l l o wi n g s h al l  ap p l y:

( 1 ) * P i p e s  fe e d i n g [ h yd r o g e n ]  atm o s p h e r e  m i x i n g s ys te m s
s h a l l  c o n tai n  m an u al  i s o l ati o n  va l ve s .

( 2 ) T h e  effuents  fr o m  th e  r e l i e f d e vi c e s  u s e d  to  p r o te c t a
[ h yd r o g e n ]  a tm o s p h e r e  m i x i n g  s ys te m  s h a l l  b e  p i p e d  to
a n  ap p r o ve d  l o c a ti o n .

( 3 ) * P i p i n g  an d  c o m p o n e n ts  s h al l  b e  i n  ac c o r d a n c e  wi th
AS M E  B 3 1 . 3 ,  Process Piping.

( 4 ) T h e  u s e  o f l i q u i d s  s h al l  n o t b e  p e r m i tte d  i n  [ h yd r o ge n ]
atm o s p h e r e  m i x i n g  s ys te m s .

( 5 ) M e an s  s h al l  b e  p r o vi d e d  fo r  m e te r i n g a n d  c o n tr o l l i n g
th e  fow r a te s  o f a l l  g as e s .

( 6 ) F l o w c o n tr o l  o f th e  b l e n d e d  a tm o s p h e r e  g as  s h a l l  b e  i n
c o m p l i an c e  wi th  e a c h  fu r n a c e ' s  ap p l i c ab l e  s p e c i al
[ h yd r o g e n ]  atm o s p h e r e  fow r e q u i r e m e n ts  a n d  p r o te c ‐

ti ve  e q u i p m e n t.
( 7 ) Atm o s p h e r e  g as  m i x e r s  th a t c r e ate  nonfammable  o r

i n d e te r m i n a te  g as  m i x tu r e s  s h al l  b e  p r o vi d e d  wi th  th e
fo l l o wi n g :

( a) G as  a n al yz e r s  o r  o th e r  e q u i p m e n t fo r  c o n ti n u o u s l y
m o n i to r i n g  a n d  d i s p l a yi n g th e  fammable  ga s

c o m p o s i ti o n
( b ) Au to m ati c  c o n tr o l s  to  s h u t o ff th e  fammable  ga s

fow wh e n  th e  [ h yd r o g e n ]  c o n c e n tr ati o n  r i s e s
ab o ve  th e  o p e r ati n g  l i m i t

( 8 ) I f th e  c r e ati o n  o f a  g as  m i x tu r e  wi th  a [ h yd r o ge n ]
c o n te n t th at i s  h i g h e r  th an  i n te n d e d  r e s u l ts  i n  th e  r i s k o f

e x p l o s i o n s  wh e r e  n o n e  e x i s te d ,  c o n tr o l s  s h al l  b e  p r o vi ‐
d e d  to  s h u t o ff th e  [ h yd r o g e n ]  fow au to m ati c al l y wh e n

th e  [ -]  c o n c e n tr a ti o n  r i s e s  a b o ve  th e  o p e r a ti n g l i m i t.
( 9 ) Wh e n  th e  [ h yd r o g e n ]  c o n c e n tr ati o n  i n  a  m i x e d  ga s

e x c e e d s  th e  e s tab l i s h e d  h i g h  l i m i t,  an  al ar m  s h al l  b e
a c tu ate d  to  al e r t p e r s o n n e l  i n  th e  ar e a .

( 1 0 ) Re s tar t o f [ h yd r o ge n ]  fow afte r  a  h i gh  c o n c e n tr a ti o n
l i m i t i n te r r u p ti o n  s h a l l  r e q u i r e  m an u al  i n te r ve n ti o n  a t
th e  s i te  o f th e  g as  m i x e r.

( 1 1 ) S afe ty s h u to ff va l ve s  u s e d  to  a d m i t c o m b u s ti b l e  g as e s  to
th e  ga s  m i x e r  s h a l l  b e  n o r m al l y c l o s e d  an d  c a p ab l e  o f
c l o s i n g a ga i n s t m ax i m u m  s u p p l y p r e s s u r e .

( 1 2 ) Atm o s p h e r e  g as  m i x e r s  i n s ta l l e d  o u td o o r s  s h a l l  b e  s e l e c ‐
te d  fo r  o u td o o r  s e r vi c e  o r  p l ac e d  i n  a  s h e l te r  th a t
p r o vi d e s  we ath e r  p r o te c ti o n .

( 1 3 ) Wh e r e  a  ga s  m i x e r  i s  s i te d  i n  a s h e l te r,  th e  te m p e r atu r e
wi th i n  s h al l  b e  m ai n ta i n e d  i n  a c c o r d a n c e  wi th  th e  m an u ‐
fa c tu r e r ' s  r e c o m m e n d a ti o n s .

[ 8 6 : 1 3 . 5 . 6 ]

1 5 . 3 . 1 . 1 . 6  S yn th e ti c  Atm o s p h e re  Fl o w C o n tro l .    S yn th e ti c
atm o s p h e r e  fow c o n tr o l  u n i ts  s h a l l  h ave  th e  a d d i ti o n al  c a p a b i l ‐

i ti e s  specifed  i n  1 5 . 3 . 1 . 1 . 6 . 1  th r o u g h  1 5 . 3 . 1 . 1 . 6 . 9 .  [ 8 6 : 1 3 . 5 . 8 ]

1 5 . 3 . 1 . 1 . 6 . 1    An  a tm o s p h e r e  fow c o n tr o l  u n i t e q u i p p e d  wi th
a n  i n e r t p u r g e  m o d e  s h al l  h ave  a m a n u a l l y o p e r ate d  s wi tc h  o n

th e  fac e  o f th e  u n i t th at ac tu ate s  th e  p u r ge .  [ 8 6 : 1 3 . 5 . 8 . 1 ]

Δ 1 5 . 3 . 1 . 1 . 6 . 2    A s afe ty i n te r l o c k s h al l  b e  p r o vi d e d  fo r  p r e ve n ti n g
th e  i n i ti al  i n tr o d u c ti o n  o f [ an y]  fammable  fuids  i n to  a

fu r n a c e  b e fo r e  th e  fu r n a c e  te m p e r atu r e  h a s  r i s e n  to  1 4 0 0 ° F
( 7 6 0 ° C ) .  [ 8 6 : 1 3 . 5 . 8 . 2 ]

N ( A)    O p e n  c i r c u i t fai l u r e  o f th e  te m p e r atu r e -s e n s i n g  c o m p o ‐
n e n ts  s h a l l  c au s e  th e  s am e  r e s p o n s e  as  an  o p e r a ti n g te m p e r a‐

tu r e  l e s s  th an  1 4 0 0 ° F  ( 7 6 0 ° C ) .  [ 8 6 : 8 . 1 6 . 2 ]

N ( B ) *    T h e  1 4 0 0 ° F  ( 7 6 0 ° C )  b yp a s s  i n te r l o c k s h al l  b e  e q u i p p e d
wi th  te m p e r a tu r e  i n d i c ati o n .  [ 8 6 : 8 . 1 6 . 3 ]

N ( C ) *    T h e  te m p e r atu r e -s e n s i n g  c o m p o n e n ts  o f th e  1 4 0 0 ° F
( 7 6 0 ° C )  b yp as s  i n te r l o c k s h a l l  b e  r ate d  fo r  th e  te m p e r a tu r e

a n d  th e  a tm o s p h e r e  to  wh i c h  th e y a r e  e x p o s e d .  [ 8 6 : 8 . 1 6 . 4 ]

N ( D )    T h e  te m p e r a tu r e -s e n s i n g  e l e m e n t o f th e  1 4 0 0 ° F  ( 7 6 0 ° C )
b yp a s s  i n te r l o c k s h al l  b e  l o c a te d  s o  th a t u n s u p e r vi s e d  b u r n e r s
a r e  n o t al l o we d  to  o p e r ate  at te m p e r atu r e s  b e l o w 1 4 0 0 ° F

( 7 6 0 ° C ) .  [ 8 6 : 8 . 1 6 . 5 ]

N ( E ) *    T h e  te m p e r atu r e -s e n s i n g  e l e m e n t o f th e  [ 1 4 0 0 ° F
( 7 6 0 ° C )  b yp a s s ]  i n te r l o c k s h al l  b e  l o c ate d  wh e r e  r e c o m m e n ‐

d e d  b y th e  [ fu r n ac e ]  m an u fa c tu r e r  o r  d e s i g n e r.  [ 8 6 : 8 . 1 5 . 8 ]

N ( F) *    T h e  1 4 0 0 ° F  ( 7 6 0 ° C )  b yp a s s  i n te r l o c k s e t p o i n t s h al l  n o t
b e  s e t b e l o w 1 4 0 0 ° F  ( 7 6 0 ° C )  a n d  s h a l l  i n d i c a te  i ts  s e t p o i n t i n
u n i ts  o f te m p e r a tu r e  ( d e gr e e s  F ah r e n h e i t o r  d e g r e e s  C e l s i u s )

th a t ar e  c o n s i s te n t wi th  th e  p r i m ar y te m p e r atu r e - i n d i c ati n g
c o n tr o l l e r.  [ 8 6 : 8 . 1 6 . 6 ]
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N ( G )    Vi s u al  i n d i c a ti o n  s h a l l  b e  p r o vi d e d  to  i n d i c ate  wh e n  th e
1 4 0 0 ° F  ( 7 6 0 ° C )  b yp as s  i n te r l o c k i s  i n  th e  b yp as s  m o d e .
[ 8 6 : 8 . 1 6 . 7 ]

N ( H ) *    T h e  o p e r a ti n g te m p e r atu r e  c o n tr o l l e r  a n d  i ts
te m p e r a tu r e -s e n s i n g e l e m e n t s h al l  n o t b e  u s e d  as  th e  1 4 0 0 ° F

( 7 6 0 ° C )  b yp as s  i n te r l o c k.  [ 8 6 : 8 . 1 6 . 8 ]

1 5 . 3 . 1 . 1 . 6 . 3    Re s u m p ti o n  o f [ h yd r o ge n  atm o s p h e r e ]  fow
fo l l o wi n g  a  p o we r  fa i l u r e  s h a l l  r e q u i r e  m a n u a l  i n te r ve n ti o n
( r e s e t)  b y a n  o p e r ato r  a fte r  p o we r  i s  r e s to r e d .  [ 8 6 : 1 3 . 5 . 8 . 5 ]

1 5 . 3 . 1 . 1 . 6 . 4    Wh e r e  th e  fammable  fuid  fow i s  i n te r r u p te d ,
o n e  o f th e  fo l l o wi n g  s h al l  ap p l y:

( 1 ) T h e  fow c o n tr o l  u n i t s h al l  au to m ati c a l l y ad m i t a fow o f
i n e r t ga s  th a t r e s to r e s  p o s i ti ve  p r e s s u r e  an d  s h a l l  i n i ti ate
an  a u d i b l e  an d  vi s u a l  a l a r m ,  u n l e s s  o th e r wi s e  p e r m i tte d

b y 1 5 . 3 . 1 . 1 . 6 . 4 ( 2 ) .
( 2 ) M an u al  i n e r t ga s  p u r g e  s h a l l  b e  p r o vi d e d  fo r  fu r n a c e s

wh e r e  o p e r ato r s  ar e  p r e s e n t a n d  ab l e  to  e ffe c t ti m e l y
s h u td o wn  p r o c e d u r e s  s u b j e c t to  th e  au th o r i ty h avi n g
j u r i s d i c ti o n .

[ 8 6 : 1 3 . 5 . 8 . 6 ]

1 5 . 3 . 1 . 1 . 6 . 5    M e an s  s h al l  b e  p r o vi d e d  to  te s t fo r  l e a kfr e e  o p e r a‐
ti o n  o f s afe ty s h u to ff val ve s  fo r  fammable  o r  to x i c  fuids.
[ 8 6 : 1 3 . 5 . 8 . 7 ]

Δ 1 5 . 3 . 1 . 1 . 6 . 6 *    S afe ty r e l i e f va l ve s  to  p r e ve n t o ve r p r e s s u r i z i n g o f
gl as s  tu b e  fowmeters  a n d  al l  o th e r  s ys te m  c o m p o n e n ts  s h al l  b e

i n  ac c o r d an c e  wi th  AS M E  B 3 1 . 3 ,  Process Piping.  [ 8 6 : 1 3 . 5 . 8 . 8 ]

1 5 . 3 . 1 . 1 . 6 . 7    T h e  effuents  fr o m  r e l i e f va l ve s  u s e d  to  p r o te c t
c o n tr o l  u n i t c o m p o n e n ts  c o n ta i n i n g  fammable  o r  to x i c  fuids

s h a l l  b e  p i p e d  to  an  ap p r o ve d  d i s p o s a l  l o c ati o n .  [ 8 6 : 1 3 . 5 . 8 . 9 ]

1 5 . 3 . 1 . 1 . 6 . 8    Al te r n a ti ve  va l ve s  m e e ti n g th e  fo l l o wi n g  c r i te r i a
s h a l l  b e  p r o vi d e d  fo r  m an u al l y s h u tti n g o ff th e  fow o f famma‐
ble  fuids  i n to  a fu r n ac e :  [ 8 6 : 1 3 . 5 . 8 . 1 0 ]

( 1 ) T h e y s h a l l  b e  s e p a r ate  fr o m  th e  a tm o s p h e r e  c o n tr o l  u n i t.
[ 8 6 : 1 3 . 5 . 8 . 1 0 ( 1 ) ]

( 2 ) T h e y s h al l  b e  a c c e s s i b l e  to  o p e r ato r s .  [ 8 6 : 1 3 . 5 . 8 . 1 0 ( 2 ) ]
( 3 ) T h e y s h al l  b e  l o c ate d  r e m o te l y fr o m  th e  fu r n a c e  an d

c o n tr o l  u n i t.  [ 8 6 : 1 3 . 5 . 8 . 1 0 ( 3 ) ]
( 4 ) T h e y s h al l  b e  l i s te d  o r  a p p r o ve d  fo r  th e  s e r vi c e .

1 5 . 3 . 1 . 1 . 6 . 9 *    P i p e s  fe e d i n g atm o s p h e r e  fow c o n tr o l  u n i ts
s h a l l  c o n tai n  i s o l ati o n  va l ve s .  [ 8 6 : 1 3 . 5 . 8 . 1 1 ]

1 5 . 3 . 1 . 1 . 6 . 1 0    L o w m e l ti n g p o i n t s o l d e r  s h al l  n o t b e  u s e d  wi th
p i p i n g  s u p p l yi n g h yd r o ge n  to  fu r n ac e s  o r  to  s p e c i al  [ h yd r o ‐
ge n ]  a tm o s p h e r e  b l e n d i n g s ys te m s  o f fow c o n tr o l  m an i fo l d s .

1 5 . 3 . 1 . 1 . 7  P i p i n g S ys te m s  fo r H yd ro ge n  Atm o s p h e re s .

1 5 . 3 . 1 . 1 . 7 . 1    P i p i n g  s h a l l  b e  s i z e d  fo r  th e  fu l l  fow o f [ h yd r o ‐
ge n ]  atm o s p h e r e s  to  al l  c o n n e c te d  fu r n a c e s  at m a x i m u m

d e m an d  r a te s .  [ 8 6 : 1 3 . 5 . 9 . 1 ]

1 5 . 3 . 1 . 1 . 7 . 2 *    P r e s s u r e  ve s s e l s  an d  r e c e i ve r s  s h al l  b e  c o n s tr u c ‐
te d  o f m ate r i al s  c o m p ati b l e  wi th  th e  l o we s t p o s s i b l e  te m p e r a‐

tu r e  o f [ h yd r o ge n ]  p r o c e s s i n g  atm o s p h e r e s ,  o r  c o n tr o l s  s h a l l
b e  p r o vi d e d  to  s to p  th e  fow o f g as  wh e n  th e  m i n i m u m  te m p e r ‐

a tu r e  i s  r e ac h e d .  [ 8 6 : 1 3 . 5 . 9 . 2 ]

( A)    A l o w te m p e r atu r e  s h u to ff d e vi c e  u s e d  a s  p r e s c r i b e d  i n
1 5 . 3 . 1 . 1 . 7 . 2  s h al l  n o t b e  i n s ta l l e d  s o  th at c l o s u r e  o f th e  d e vi c e

c a n  i n te r r u p t th e  m a i n  fow o f i n e r t s a fe ty p u r ge  g as  to  c o n n e c ‐

te d  fu r n ac e s  c o n tai n i n g  i n d e te r m i n a te  s p e c i al  p r o c e s s i n g
a tm o s p h e r e s .  [ 8 6 : 1 3 . 5 . 9 . 2 . 1 ]

( B )    I f c l o s u r e  o f a l o w te m p e r atu r e  s h u to ff d e vi c e  c r e ate s  an y
o th e r  h az ar d ,  a n  a l a r m  s h al l  b e  p r o vi d e d  to  al e r t fu r n ac e  o p e r ‐

ato r s  o r  o th e r  a ffe c te d  p e r s o n s  o f th i s  c o n d i ti o n .
[ 8 6 : 1 3 . 5 . 9 . 2 . 2 ]

( C )    T h e  u s e r  s h al l  c o n s u l t wi th  th e  i n d u s tr i a l  g as  s u p p l i e r  to
s e l e c t th e  l o w te m p e r a tu r e  s h u to ff d e vi c e ,  i ts  p l ac e m e n t,  a n d  a

s h u to ff s e t p o i n t te m p e r atu r e .  [ 8 6 : 1 3 . 5 . 9 . 2 . 3 ]

1 5 . 3 . 1 . 1 . 8  I n s p e c ti o n ,  Te s ti n g,  an d  M ai n te n an c e .

1 5 . 3 . 1 . 1 . 8 . 1    Al l  s afe ty i n te r l o c ks  s h al l  b e  te s te d  fo r  fu n c ti o n  at
l e as t a n n u a l l y.  [ 8 6 : 7 . 4 . 4 ]

1 5 . 3 . 1 . 1 . 8 . 2 *    T h e  s afe ty i n te r l o c k s e t p o i n t o f te m p e r a tu r e ,
p r e s s u r e ,  o r  fow s a fe ty d e vi c e s  s h al l  b e  b o th  o f th e  fo l l o wi n g:

( 1 ) Verifed
( 2 ) D o c u m e n te d  a t l e a s t an n u al l y

[ 8 6 : 7 . 4 . 5 ]

N 1 5 . 3 . 1 . 1 . 8 . 3    S a fe ty d e vi c e s  th a t c a n  b e  confgured  o r  p r o gr a m ‐
m e d  s h a l l  c o m p l y wi th  b o th  o f th e  fo l l o wi n g :

( 1 ) H a ve  d o c u m e n te d  confgurations
( 2 ) B e  verifed  at l e as t a n n u a l l y
[ 8 6 : 7 . 4 . 6 ]

1 5 . 3 . 1 . 1 . 8 . 4    S a fe ty d e vi c e  te s ti n g  s h al l  b e  d o c u m e n te d  at l e as t
an n u a l l y.  [ 8 6 : 7 . 4 . 7 ]

1 5 . 3 . 1 . 1 . 8 . 5    Wh e n e ve r  an y s afe ty i n te r l o c k i s  r e p l ac e d ,  i t s h a l l
b e  te s te d  fo r  fu n c ti o n .  [ 8 6 : 7 . 4 . 1 8 ]

1 5 . 3 . 1 . 1 . 8 . 6    Wh e n e ve r  an y te m p e r atu r e ,  p r e s s u r e ,  o r  fow
d e vi c e  u s e d  as  a  s a fe ty i n te r l o c k i s  r e p l ac e d ,  th e  s e t p o i n t

s e tti n g s h al l  b e  verifed.  [ 8 6 : 7 . 4 . 1 9 ]

1 5 . 3 . 1 . 1 . 9  Fi re  P ro te c ti o n .

1 5 . 3 . 1 . 1 . 9 . 1 *  G e n e ral .    A s tu d y s h a l l  b e  c o n d u c te d  to  d e te r ‐
m i n e  th e  n e e d  fo r  fxed  o r  p o r tab l e  fre  p r o te c ti o n  s ys te m s  fo r

o ve n s ,  fu r n a c e s ,  o r  r e l ate d  e q u i p m e n t.  [ 8 6 : 9 . 1 ]

( A)    T h e  d e te r m i n a ti o n  o f th e  n e e d  fo r  fre  p r o te c ti o n  s ys te m s
s h a l l  b e  b a s e d  o n  a r e vi e w o f th e  fre  h a z a r d s  as s o c i ate d  wi th
th e  e q u i p m e n t.  [ 8 6 : 9 . 1 . 1 ]

( B )    Wh e r e  d e te r m i n e d  to  b e  n e c e s s ar y,  fxed  o r  p o r tab l e  fre
p r o te c ti o n  s ys te m s  s h al l  b e  p r o vi d e d .  [ 8 6 : 9 . 1 . 3 ]

1 5 . 3 . 1 . 1 . 1 0 *  S p e c i al  Atm o s p h e re s  an d  Fur n ac e s .

1 5 . 3 . 1 . 1 . 1 0 . 1  I n d e te r m i n ate  Atm o s p h e re s .    I n d e te r m i n ate
atm o s p h e r e s  s h al l  b e  tr e a te d  as  fammable  atm o s p h e r e s  wi th

th e  fo l l o wi n g  c o n s i d e r ati o n s :

( 1 ) Wh e r e  o n e  s p e c i al  atm o s p h e r e  i s  r e p l ac e d  wi th  an o th e r
s p e c i al  a tm o s p h e r e  ( e . g . ,  fammable  [ h yd r o ge n ]  r e p l ac e d

wi th  nonfammable)  th at c an  c au s e  th e  atm o s p h e r e  to
b e c o m e  i n d e te r m i n a te  a t s o m e  s tag e ,  b u r n -i n  o r  b u r n -o u t

p r o c e d u r e s  s h al l  n o t b e  u s e d .
( 2 ) I n  th e  c as e  o f an y i n d e te r m i n ate  atm o s p h e r e ,  i n e r t ga s

p u r g e  p r o c e d u r e s  a l o n e  s h a l l  b e  u s e d  fo r  i n tr o d u c ti o n
an d  r e m o va l  o f s p e c i al  p r o c e s s i n g  atm o s p h e r e s .

[ 8 6 : 1 3 . 5 . 1 0 . 1 ]

1 5 . 3 . 1 . 1 . 1 0 . 2  Auto m ati c  C yc l i n g.    Au to m ati c  c yc l i n g  o f a
fu r n ac e  ( e . g . ,  q u e n c h i n g ,  l o a d  tr a n s fe r  fr o m  a  h e a te d  z o n e  to  a
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c o l d  ve s ti b u l e )  s h al l  n o t b e  p e r m i tte d  wh e r e  th e  s p e c i a l  atm o s ‐
p h e r e  h a s  b e c o m e  i n d e te r m i n ate  d u r i n g  th e  r e p l ac e m e n t o f a
fammable  [ h yd r o g e n ]  atm o s p h e r e  wi th  a nonfammable  o r  an
i n e r t atm o s p h e r e  ( o r  vi c e  ve r s a)  u n ti l  th e  s p e c i al  atm o s p h e r e
i n  a l l  fu r n ac e  c h a m b e r s  h a s  b e e n  verifed  as  e i th e r  fammable,
nonfammable,  o r  i n e r t.  [ 8 6 : 1 3 . 5 . 1 0 . 2 ]

1 5 . 3 . 1 . 1 . 1 0 . 3 *  Fur n ac e  Typ e .    T h e  typ e  o f fu r n ac e  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  Tab l e  1 5 . 3 . 1 . 1 . 1 0 . 3 .
[ 8 6 : 1 3 . 5 . 1 0 . 3 ]

1 5 . 3 . 1 . 1 . 1 1  D e s i gn  Re q u i re m e n ts  fo r th e  I n tro d u c ti o n ,  U s e ,
an d  Re m o val  o f Fl am m ab l e  an d  I n d e te r m i n ate  S p e c i al  Atm o s ‐
p h e re s  fro m  Fu r n ac e s .  [ 8 6 : 1 3 . 5 . 1 1 ]

1 5 . 3 . 1 . 1 . 1 1 . 1  G e n e ral .

( A)    F l a m m a b l e  an d  i n d e te r m i n ate  atm o s p h e r e  ga s e s  s h a l l  b e
i n tr o d u c e d ,  u s e d ,  an d  r e m o ve d  fr o m  fu r n a c e s  wi th o u t c r e a ti n g
an  u n c o n tr o l l e d  fre,  defagration,  o r  e x p l o s i o n .
[ 8 6 : 1 3 . 5 . 1 1 . 1 . 1 ]

( B ) *    S p e c i al  atm o s p h e r e  fu r n a c e s  th at u s e  fammable  [ h yd r o ‐
ge n ]  o r  i n d e te r m i n a te  s p e c i al  a tm o s p h e r e s  s h a l l  b e  d e s i gn e d
an d  m ai n ta i n e d  to  m i n i m i z e  th e  u n i n te n d e d  infltration  o f ai r
i n to  th e  fu r n ac e .  [ 8 6 : 1 3 . 5 . 1 1 . 1 . 2 ]

( C ) *    O p e r ati n g  i n s tr u c ti o n s  fo r  i n tr o d u c i n g ,  u s i n g,  an d
r e m o vi n g  fammable  s p e c i al  [ h yd r o ge n ]  atm o s p h e r e  g as e s
s h a l l  c o m p l y wi th  C h ap te r  1 3  an d  S e c ti o n  7 . 3  o f N F PA 8 6 .
[ 8 6 : 1 3 . 5 . 1 1 . 1 . 3 ]

( D ) *    Wh e r e  p r e s e n t,  th e  l i q u i d  l e ve l  i n  m an o m e te r s  o r
b u b b l e r  b o ttl e s  o n  ve n t l i n e s  s h al l  b e  c h e c ke d  an d  m ai n ta i n e d

at th e  r e q u i r e d  o p e r ati n g  r an g e  a s  n e c e s s ar y.  [ 8 6 : 1 3 . 5 . 1 1 . 1 . 4 ]

( E ) *    D i s c h ar g e  fr o m  effuent ve n ts  o f fu r n ac e s  u s i n g  s p e c i al
[ h yd r o ge n ]  atm o s p h e r e s  s h al l  b e  p i p e d  o r  c ap tu r e d  b y h o o d s
an d  d i s c h ar g e d  to  an  a p p r o ve d  l o c ati o n .  [ 8 6 : 1 3 . 5 . 1 1 . 1 . 5 ]

( F) *    P r o c e s s  c o n tr o l  a i r  o r  b u r n o u t a i r  s h al l  b e  s u p p l i e d  fr o m
an  ai r  b l o we r.  [ 8 6 : 1 3 . 5 . 1 1 . 1 . 6 ]

( G ) *    Wh e r e  a fu r n a c e  u s e s  a n  atm o s p h e r e  o i l  s e al ,  m e a n s
s h a l l  b e  p r o vi d e d  s o  th a t fu r n a c e  p r e s s u r e  i s  m ai n ta i n e d  b e l o w

th e  s ta ti c  h e a d  p r e s s u r e  o f th e  s e a l  o i l .  [ 8 6 : 1 3 . 5 . 1 1 . 1 . 7 ]

Δ 1 5 . 3 . 1 . 1 . 1 1 . 2  B u r n - O ff P i l o ts  an d  O th e r I gn i ti o n  S o u rc e s .
T h i s  s e c ti o n  ap p l i e s  to  b u r n -o ff p i l o ts  an d  o th e r  i g n i ti o n  s o u r ‐
c e s  p r o vi d e d  fo r  th e  p u r p o s e  o f i gn i ti n g fammable  s p e c i al

[ h yd r o g e n ]  atm o s p h e r e  ga s e s  at effuent s tac ks ,  o p e n  e n d s ,  o r
d o o r s  wh e n  a fammable  a tm o s p h e r e  i s  p r e s e n t i n  th e  fu r n ac e .
[ 8 6 : 1 3 . 5 . 1 1 . 2 ]

( A)    A b u r n -o ff p i l o t,  g l o w p l u g ,  fame  s c r e e n ,  o r  o th e r  s o u r c e
o f i gn i ti o n  s h al l  b e  p r o vi d e d  an d  l o c a te d  at th e  g as –a i r  i n te r ‐

fac e  an d  s i z e d  to  r e l i a b l y i gn i te  th e  fammable  s p e c i al  [ h yd r o ‐
ge n ]  atm o s p h e r e  g as  th at i s  r e l e as e d  at effuents,  o p e n  e n d s  o r
d o o r s .  [ 8 6 : 1 3 . 5 . 1 1 . 2 . 1 ]

Tab l e  1 5 . 3 . 1 . 1 . 1 0 . 3  Typ e s  o f C l as s  C  Fu r n ac e s

Fu r n ac e  Typ e Fe ature O p e rati n g Te m p e ratu re E x am p l e

Typ e  I T h e  c h a m b e r ( s )  < 1 4 0 0 ° F  a r e  
s e p a r ate d  b y d o o r s  fr o m  th o s e  
o p e r a ti n g at > 1 4 0 0 ° F

O n e  o r  m o r e  z o n e s  al ways  > 1 4 0 0 ° F P u s h e r  tr a y ( c o l d  c h a m b e r s  at e ac h  
e n d ,  i n n e r  an d  o u te r  d o o r s  wi th  
a n d  wi th o u t i n te gr a l  q u e n c h )

Typ e  I I C an  b e  < 1 4 0 0 ° F  afte r  i n tr o d u c ti o n  
o f a c o l d  l o a d

B atc h  i n te g r al  q u e n c h  ( 1  o r  m o r e  
c o l d  c h a m b e r s ,  i n te gr a l  q u e n c h )

Typ e  I I I B o th  i n l e t an d  o u tl e t e n d s  o f 
fu r n ac e  ar e  o p e n  a n d  n o  
e x te r n a l  d o o r s  o r  c o ve r s

At l e a s t o n e  z o n e  > 1 4 0 0 ° F  an d  
h ave  n o  i n n e r  d o o r s  s e p ar a ti n g 
z o n e s  >  an d  < 1 4 0 0 ° F

B e l t ( b o th  e n d s  o p e n )

Typ e  I V O n l y o n e  e n d  o f th e  fu r n ac e  i s  
o p e n  an d  th e r e  ar e  n o  e x te r n al  
d o o r s  o r  c o ve r s

B e l t ( wi th  i n te gr a l  q u e n c h ,  e n tr y 
e n d  o p e n )

Typ e  V O u te r  d o o r s  o r  c o ve r s  a r e  
p r o vi d e d

B o x  ( e x te r i o r  d o o r )

Typ e  VI > 1 4 0 0 ° F  b e fo r e  i n tr o d u c ti o n  an d  
r e m o val  o f s p e c i al  [ h yd r o ge n ]  
atm o s p h e r e  g as

Typ e  VI I N e ve r  > 1 4 0 0 ° F

Typ e  VI I I A h e ati n g  c o ve r  fu r n a c e  wi th  a n  
i n n e r  c o ve r

A h e a ti n g c o ve r  an d  i n n e r  c o ve r  
ar e  s e p ar a te d  fr o m  a b as e  th a t 
s u p p o r ts  th e  wo r k b e i n g 
p r o c e s s e d

B e l l  ( wi th  o r  wi th o u t r e to r t)

Typ e  I X A h e ati n g  c o ve r  fu r n a c e  wi th o u t 
an  i n n e r  c o ve r  o r  wi th  a 
n o n s e al e d  i n n e r  c o ve r

C ar  ti p - u p

F o r  S I  u n i ts ,  1 4 0 0 ° F  =  7 6 0 ° C .
[ 8 6 : Ta b l e  1 3 . 5 . 1 0 . 3 ]
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( B ) *    B u r n -o ff p i l o ts  th at ar e  e x p o s e d  to  i n e r t p u r ge  g as  o r
s p e c i al  [ h yd r o g e n ]  a tm o s p h e r e  g as  u n d e r  e i th e r  n o r m al  o r
e m e r g e n c y c o n d i ti o n s  s h al l  b e  o f a typ e  th at wi l l  r e m ai n  i n  s e r v‐
i c e  to  i g n i te  fammable  effuent g as e s .  [ 8 6 : 1 3 . 5 . 1 1 . 2 . 2 ]

( C ) *    B u r n -o ff p i l o ts  i g n i ti n g  effuent fr o m  ve n t p i p e s  s h al l  n o t
re q u i r e  fame  s u p e r vi s i o n .  [ 8 6 : 1 3 . 5 . 1 1 . 2 . 3 ]

( D )    Wh e r e  b u r n -o ff p i l o ts  ar e  th e  p r i m ar y i g n i ti o n  s o u r c e  fo r
effuent fr o m  o p e n  fu r n a c e  e n d s ,  at l e a s t o n e  b u r n -o ff p i l o t
s h a l l  h a ve  fame  s u p e r vi s i o n  at e a c h  o p e n  e n d .  [ 8 6 : 1 3 . 5 . 1 1 . 2 . 4 ]

( E ) *    Wh e r e  o n e  o r  m o r e  b u r n -o ff p i l o ts  a r e  th e  p r i m a r y i g n i ‐
ti o n  s o u r c e  at a d o o r,  a t l e as t o n e  b u r n -o ff p i l o t s h al l  h ave
fame  s u p e r vi s i o n  i n te r l o c ke d  to  p r e ve n t au to m ati c  d o o r  o p e n ‐
i n g i n  th e  e ve n t o f fame  fa i l u r e .  [ 8 6 : 1 3 . 5 . 1 1 . 2 . 5 ]

( F)    B u r n -o ff p i l o ts  th a t h ave  fame  s u p e r vi s i o n  s h a l l  ac c o m ‐
p l i s h  th e  fo l l o wi n g :

( 1 ) P r o vi d e  an  a u d i b l e  an d  vi s u al  a l ar m  to  al e r t th e  o p e r ato r
to  th e  fai l u r e

( 2 ) N o t s h u t o ff th e  b u r n -o ff p i l o t ga s  i n  th e  e ve n t o f fame
fa i l u r e

[ 8 6 : 1 3 . 5 . 1 1 . 2 . 6 ]

( G ) *    B u r n -o ff p i l o t ga s  s h a l l  n o t s h u t o ff i n  th e  e ve n t o f p o we r
fa i l u r e .  [ 8 6 : 1 3 . 5 . 1 1 . 2 . 7 ]

( H ) *    B u r n -o ff p i l o ts  s h a l l  b e  l o c ate d  an d  s i z e d  to  r e l i a b l y
i g n i te  th e  effuent s tr e a m .  [ 8 6 : 1 3 . 5 . 1 1 . 2 . 8 ]

( I )    E a c h  b u r n - o ff p i l o t s h a l l  b e  e q u i p p e d  wi th  a n  i n d i vi d u al
m a n u a l  s h u to ff val ve .  [ 8 6 : 1 3 . 5 . 1 1 . 2 . 9 ]

( J ) *    B u r n -o ff p i l o ts  ga s  s u p p l y s o u r c e  s h a l l  b e  l o c ate d  d o wn ‐
s tr e am  o f th e  e q u i p m e n t m a i n  m a n u al  i s o l ati o n  val ve  an d
u p s tr e am  o f a n y o th e r  s h u to ff d e vi c e s  th a t c an  c l o s e  au to m ati ‐
c a l l y,  i n c l u d i n g  s a fe ty s h u to ff val ve s .  [ 8 6 : 1 3 . 5 . 1 1 . 2 . 1 0 ]

Δ 1 5 . 3 . 1 . 1 . 1 1 . 3 *  Fl am e  C u r tai n s .    Wh e r e  a fame  c u r ta i n  i s  u s e d ,
th e  fo l l o wi n g  fe a tu r e s  s h a l l  b e  p r o vi d e d  an d  i n  s e r vi c e :

( 1 ) O n e  o r  m o r e  fame  c u r ta i n  p i l o ts  s h a l l  b e  p o s i ti o n e d  to
r e l i a b l y i gn i te  th e  fame  c u r tai n .

( 2 ) * At l e as t o n e  fame  c u r tai n  p i l o t at a fame  c u r ta i n  s h a l l
h ave  fame  s u p e r vi s i o n  i n te r l o c ke d  to  p r e ve n t th e  o p e n ‐
i n g  o f a c l o s e d  d o o r  s e r ve d  a n d  i n te r l o c ke d  to  p r e ve n t
i n i ti a l  o p e r a ti o n  o f th e  fame  c u r ta i n  at th e  d o o r  s e r ve d .

( 3 ) At l e as t o n e  s a fe ty s h u to ff val ve  u p s tr e am  o f a l l  fame
c u r ta i n s  o n  a  fu r n ac e  s h a l l  b e  i n te r l o c ke d  to  c l o s e  u p o n
th e  fo l l o wi n g  c o n d i ti o n s :

( a) L o w fu e l  g as  p r e s s u r e  o n  th e  fame  c u r tai n  fu e l  ga s
s u p p l y

( b ) H i g h  fu e l  g as  p r e s s u r e  o n  th e  fame  c u r tai n  fu e l  ga s
s u p p l y wh e r e  a  h i g h  ga s  p r e s s u r e  i s s u e  wo u l d  c r e ate
a s afe ty c o n c e r n

( 4 ) F o r  fame  c u r ta i n s  e q u i p p e d  wi th  fame  s u p e r vi s i o n  i n d e ‐
p e n d e n t o f th e  fame  c u r tai n  p i l o t fame  s u p e r vi s i o n ,  i t

s h a l l  b e  p e r m i s s i b l e  to  b yp as s  th e  s a fe ty s h u to ff val ve
i n te r l o c ks  i n  1 5 . 3 . 1 . 1 . 1 1 . 3 ( 3 ) ( a)  an d  1 5 . 3 . 1 . 1 . 1 1 . 3 ( 3 ) ( b )

o n c e  th e  d o o r  s e r ve d  i s  o p e n  p r o vi d e d  th a t fame  c u r tai n
fame  i s  s e n s e d  b y th e  fame  c u r ta i n  fame  s u p e r vi s i o n

s ys te m .
( 5 ) An  a u to m a ti c  c o n tr o l  va l ve  s h a l l  b e  p r o vi d e d  ah e a d  o f

e a c h  fame  c u r tai n  ar r a n ge d  to  o p e n  wh e n  th e  d o o r
s e r ve d  i s  n o t c l o s e d .

( 6 ) Wh e n  th e  s afe ty s h u to ff val ve  i n  i te m  1 5 . 3 . 1 . 1 . 1 1 . 3 ( 3 )  i s
c l o s e d ,  an y d o o r s  s e r ve d  b y th a t s afe ty s h u to ff val ve  s h a l l
b e  i n te r l o c ke d  s o  th e y c a n n o t o p e n .

( 7 ) * A m an u al  m e an s  o f o ve r r i d i n g th e  d o o r  i n te r l o c k i n
1 5 . 3 . 1 . 1 . 1 1 . 3 ( 6 )  s h al l  b e  p r o vi d e d .

[ 8 6 : 1 3 . 5 . 1 1 . 3 ]

1 5 . 3 . 1 . 1 . 1 1 . 4  Fl am m ab l e  S p e c i al  Atm o s p h e re  I n tro d u c ti o n .
F l a m m a b l e  s p e c i al  [ h yd r o ge n ]  atm o s p h e r e s  s h al l  b e  i n tr o ‐
d u c e d  i n to  a fu r n a c e  u s i n g o n e  o f th e  fo l l o wi n g  m e th o d s :

( 1 ) P u r g e -i n
( 2 ) Wi th  th e  e x c e p ti o n  o f Typ e  VI I I  fu r n ac e s ,  b u r n -i n

[ 8 6 : 1 3 . 5 . 1 1 . 4 ]

1 5 . 3 . 1 . 1 . 1 1 . 5  Fl am m ab l e  S p e c i al  Atm o s p h e re  Re m o val .    F l a m ‐
m a b l e  s p e c i a l  [ h yd r o g e n ]  atm o s p h e r e s  s h al l  b e  r e m o ve d  fr o m

a  fu r n ac e  u s i n g  o n e  o f th e  fo l l o wi n g  m e th o d s :

( 1 ) P u r g e -o u t
( 2 ) Wi th  th e  e x c e p ti o n  o f Typ e  VI I I  fu r n ac e s ,  b u r n -o u t

[ 8 6 : 1 3 . 5 . 1 1 . 5 ]

1 5 . 3 . 1 . 1 . 1 1 . 6  P u rge - i n  Re q u i re m e n ts .

( A)    Wr i tte n  p u r g e -i n  i n s tr u c ti o n s  s h al l  b e  p r o vi d e d  fo r  e a c h
fu r n a c e .  [ 8 6 : 1 3 . 5 . 1 1 . 6 . 1 ]

( 1 ) * P u r g e  e ffe c ti ve n e s s  s h a l l  n o t b e  c o m p r o m i s e d  d u r i n g th e
p u r g e  p r o c e s s .  [ 8 6 : 1 3 . 5 . 1 1 . 6 . 1 . 1 ]

( 2 ) F u r n ac e  d o o r s  an d  c o ve r s  s h al l  b e  p o s i ti o n e d  i n  ac c o r d ‐
an c e  wi th  th e  o p e r ati n g  i n s tr u c ti o n s  b e fo r e  p u r g e -i n
b e g i n s .  T h e  i n n e r  an d  o u te r  c o ve r s  o f Typ e  VI I I  an d  Typ e

I X  fu r n ac e s  s h a l l  n o t b e  p l ac e d  i n  p o s i ti o n  o n to  th e
fu r n a c e  b a s e  u n l e s s  th e  wo r kl o ad  a n d  b as e  ar e  at l e as t

5 0 ° F  ( 2 8 ° C )  b e l o w th e  au to -i gn i ti o n  te m p e r atu r e  o f an y
fammable  g as  m i x tu r e  th at c an  b e  p r e s e n t i n  th e  c o ve r.
[ 8 6 : 1 3 . 5 . 1 1 . 6 . 1 . 2 ]

( B )    P u r ge - i n  s h al l  r e d u c e  th e  o x yg e n  c o n te n t o f th e  fu r n ac e  to
l e s s  th an  1  p e r c e n t b y d i s p l ac e m e n t wi th  an  i n e r t g as  o r  b e fo r e
i n tr o d u c ti o n  o f th e  fammable  s p e c i al  [ h yd r o g e n ]  atm o s p h e r e

g as .  [ 8 6 : 1 3 . 5 . 1 1 . 6 . 2 ]

( C )  P o s i ti ve  Fu r n ac e  P re s s u re .

( 1 ) A p o s i ti ve  fu r n ac e  p r e s s u r e  s h a l l  b e  m ai n tai n e d  d u r i n g
th e  p u r g e -i n  p r o c e s s  a n d  c o n ti n u e  th r o u g h  th e  tr a n s i ti o n
fr o m  th e  i n e r t g as  p u r g e  to  th e  i n tr o d u c ti o n  o f s p e c i al

[ h yd r o g e n ]  atm o s p h e r e  ga s .  [ 8 6 : 1 3 . 5 . 1 1 . 6 . 3 . 1 ]
( 2 ) P o s i ti ve  p r e s s u r e  fo r  Typ e  VI I I  o r  Typ e  I X  h e ati n g -c o ve r

( r e to r t)  typ e  fu r n a c e s  s h a l l  b e  i n d i c a te d  b y a b u b b l e r,
ve n t m a n o m e te r,  o r  s i m i l ar  d e vi c e .  [ 8 6 : 1 3 . 5 . 1 1 . 6 . 3 . 2 ]

( D ) *    D u r i n g  th e  i n e r t ga s  p u r g e ,  fammable  s p e c i al  [ h yd r o ‐
g e n ]  atm o s p h e r e  s afe ty s h u to ff val ve s  s h al l  r e m a i n  c l o s e d .
[ 8 6 : 1 3 . 5 . 1 1 . 6 . 4 ]

Δ ( E )    P u r gi n g o f th e  fu r n a c e  s h a l l  c o n ti n u e  u n ti l  th e  p u r ge  h a s
b e e n  verifed  a s  c o m p l e te  u s i n g  o n e  o f th e  fo l l o wi n g m e th o d s :

( 1 ) Time-fow p u r ge  m e th o d  i n  ac c o r d an c e  wi th  1 3 . 5 . 1 2  o f
N F PA 8 6 .

( 2 ) Two  c o n s e c u ti ve  an a l ys e s  o f al l  c h a m b e r s  i n d i c a ti n g th a t
th e  o x yg e n  c o n te n t i s  l e s s  th a n  1  p e r c e n t

[ 8 6 : 1 3 . 5 . 1 1 . 6 . 5 ]
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( F)    F u r n ac e s  s h a l l  n o t b e  r e q u i r e d  to  b e  at a n y specifc
te m p e r a tu r e  wh e n  th e  i n e r t ga s  i s  d i s p l a c e d  b y th e  fammable
s p e c i al  [ h yd r o ge n ]  a tm o s p h e r e  ga s e s .  [ 8 6 : 1 3 . 5 . 1 1 . 6 . 6 ]

( G ) *    Ac ti ve  s o u r c e s  o f i g n i ti o n  s h al l  b e  p r o vi d e d  a t i n te r fac e s
b e twe e n  ai r  an d  fammable  o r  i n d e te r m i n a te  s p e c i al  [ h yd r o ‐
ge n ]  atm o s p h e r e  ga s e s  at fu r n ac e  o p e n i n g s  an d  d o o r s .  Effuent
ve n ts  te r m i n ati n g  i n s i d e  a  b u i l d i n g  s h al l  a l s o  b e  p r o vi d e d  wi th
an  ac ti ve  s o u r c e  o f i gn i ti o n .  [ 8 6 : 1 3 . 5 . 1 1 . 6 . 7 ]

( H ) *    Al l  fu r n ac e  a n d  ve s ti b u l e  vo l u m e s  th at wi l l  c o n tai n  a
fammable  s p e c i al  [ h yd r o ge n ]  a tm o s p h e r e  ga s  s h a l l  b e  p u r ge d
wi th  i n e r t ga s  p r i o r  to  th e  s p e c i al  [ h yd r o g e n ]  a tm o s p h e r e  ga s
b e i n g a d m i tte d .  [ 8 6 : 1 3 . 5 . 1 1 . 6 . 8 ]

( I )    D u r i n g th e  i n e r t g as  p u r g e ,  al l  fame  c u r ta i n  fu e l  g as  va l ve s
s h a l l  b e  c l o s e d .  [ 8 6 : 1 3 . 5 . 1 1 . 6 . 9 ]

( J )    D u r i n g th e  i n e r t g as  p u r ge ,  a l l  c i r c u l a ti n g an d  r e c i r c u l a t‐
i n g  fan s  s h al l  b e  o p e r ati n g  a s  r e q u i r e d  b y th e  o p e r ati n g  i n s tr u c ‐
ti o n s .  [ 8 6 : 1 3 . 5 . 1 1 . 6 . 1 0 ]

( K)    F l a m m a b l e  s p e c i a l  [ h yd r o ge n ]  a tm o s p h e r e  g as e s  s h a l l  n o t
b e  i n tr o d u c e d  u n l e s s  th e  fo l l o wi n g  c o n d i ti o n s  e x i s t:

( 1 ) B u r n -o ff p i l o ts  at o p e n  e n d s ,  d o o r s ,  a n d  effuent l i n e s  a r e
i g n i te d .

( 2 ) Al l  m a n u a l  val ve s  to  fame  c u r tai n s  ( wh e r e  p r o vi d e d )  a r e
o p e n .

( 3 ) Al l  au to m ati c  va l ve s  to  fame  c u r tai n  ar e  i n  s e r vi c e .
( 4 ) * Al l  r e q u i r e d  q u e n c h  fuid  l e ve l s  ar e  a t th e  c o r r e c t l e ve l .
( 5 ) P u r g i n g  o f th e  fu r n ac e  h as  b e e n  c o m p l e te d  as  defned  b y

1 5 . 3 . 1 . 1 . 1 1 . 6 ( E )
( 6 ) O p e r a ti o n  o f fame  c u r tai n s  ( wh e r e  p r o vi d e d )  i s  verifed.

[ 8 6 : 1 3 . 5 . 1 1 . 6 . 1 1 ]

( L ) *    Afte r  th e  i n tr o d u c ti o n  o f th e  fammable  s p e c i al  [ h yd r o ‐
ge n ]  atm o s p h e r e ,  th e  p u r ge -i n  atm o s p h e r e  i n tr o d u c ti o n  p r o c ‐
e s s  i s  c o n s i d e r e d  c o m p l e te  wh e n  fame  ap p e ar s  at fu r n a c e
d o o r s ,  o p e n  e n d s ,  o r  effuent l i n e s  i n  ac c o r d an c e  wi th  th e
specifc  d e s i gn  fe atu r e s  an d  o p e r ati n g  i n s tr u c ti o n s  fo r  th e
fu r n ac e .  [ 8 6 : 1 3 . 5 . 1 1 . 6 . 1 2 ]

1 5 . 3 . 1 . 1 . 1 1 . 7  B u r n - i n  Re q u i re m e n ts .

( A)    F o r  Typ e  VI I I  fu r n ac e s ,  b u r n -i n  p r o c e d u r e s  s h al l  n o t b e
u s e d .  [ 8 6 : 1 3 . 5 . 1 1 . 7 . 2 . 1 ]

( B )    Wr i tte n  b u r n -i n  i n s tr u c ti o n s  s h al l  b e  p r o vi d e d  fo r  e a c h
fu r n ac e .  [ 8 6 : 1 3 . 5 . 1 1 . 7 . 2 ]

( 1 ) * B u r n -i n  e ffe c ti ve n e s s  s h al l  n o t b e  c o m p r o m i s e d  b y taki n g
a n y ac ti o n  th a t d e vi a te s  fr o m  th e  wr i tte n  o p e r a ti n g
i n s tr u c ti o n s  fo r  b u r n -i n .  [ 8 6 : 1 3 . 5 . 1 1 . 7 . 2 . 1 ]

( 2 ) T h e  p o s i ti o n  o f i n n e r  a n d  o u te r  fu r n a c e  d o o r s  an d  th e
p l a c e m e n t o f m an u a l  to r c h e s  s h al l  b e  as  d i r e c te d  i n  th e
o p e r ati n g  i n s tr u c ti o n s  d u r i n g  e ac h  s tag e  o f th e  b u r n -i n

p r o c e d u r e .  [ 8 6 : 1 3 . 5 . 1 1 . 7 . 2 . 2 ]

( C ) *    B u r n - i n  s h al l  r e d u c e  th e  o x yg e n  c o n te n t o f th e  fu r n a c e
b y c o n s u m i n g th e  o x yge n  i n  th e  ai r  th r o u g h  c o m b u s ti o n  wi th  a
fammable  atm o s p h e r e  g as  th a t wi l l  r e l i a b l y i gn i te  at th e  g as –ai r
i n te r fac e s .  [ 8 6 : 1 3 . 5 . 1 1 . 7 . 3 ]

( D ) *    To  b e g i n  th e  b u r n -i n  p r o c e s s ,  th e  fammable  s p e c i al
[ h yd r o ge n ]  atm o s p h e r e  ga s  s h al l  b e  i n tr o d u c e d  at a l o c ati o n  i n
th e  fu r n ac e  th a t i s  a t o r  ab o ve  1 4 0 0 ° F  ( 7 6 0 ° C ) .  [ 8 6 : 1 3 . 5 . 1 1 . 7 . 4 ]

( E ) *    Wh e r e  a  s ta b l e  fame  fr o n t p r o p ag ati n g  th r o u gh  a c h a m ‐
b e r  u n d e r  1 4 0 0 ° F  ( 7 6 0 ° C )  c an n o t b e  m a i n tai n e d ,  th e  b u r n -i n
p r o c e s s  s h al l  n o t b e  u s e d .  [ 8 6 : 1 3 . 5 . 1 1 . 7 . 5 ]

( F) *    F o r  z o n e s  u n d e r  1 4 0 0 ° F  ( 7 6 0 ° C ) ,  s tab l e  fames  o f b u r n ‐
i n g ga s  s h al l  b e  m a i n tai n e d  i n  th e  z o n e s  a s  th e  s p e c i a l  [ h yd r o ‐

ge n ]  a tm o s p h e r e  ga s  i s  b u r n e d -i n .  [ 8 6 : 1 3 . 5 . 1 1 . 7 . 6 ]

( G ) *    F o r  a Typ e  I I  fu r n ac e  ( b a tc h  i n te gr a l  q u e n c h  fu r n ac e )
wi th  h e ati n g  c h am b e r  fan ,  th e  fa n  s h al l  n o t b e  o p e r ati n g

d u r i n g b u r n - i n  wh i l e  th e  i n n e r  h e ati n g  c h a m b e r  d o o r  i s  o p e n .
[ 8 6 : 1 3 . 5 . 1 1 . 7 . 7 ]

( H ) *    F o r  Typ e s  I  th r o u gh  VI I  fu r n a c e s ,  r e c i r c u l a ti n g fa n s  i n
c o o l i n g z o n e s  s h a l l  b e  tu r n e d  o ff d u r i n g  b u r n -i n .

[ 8 6 : 1 3 . 5 . 1 1 . 7 . 8 ]

( I )  S p e c i al  Re q u i re m e n ts  fo r Typ e  I X Fu r n ac e s .
[ 8 6 : 1 3 . 5 . 1 1 . 7 . 9 ]

( 1 ) C i r c u l ati n g  b a s e  fan s ,  wh e r e  p r o vi d e d ,  s h al l  b e  tu r n e d  o n .
[ 8 6 : 1 3 . 5 . 1 1 . 7 . 9 . 1 ]

( 2 ) * T h e  c o ve r  s h a l l  b e  s e a l e d  to  th e  fu r n ac e  b as e  b e fo r e  fam‐
mable  o r  i n d e te r m i n ate  s p e c i al  [ h yd r o ge n ]  atm o s p h e r e s

a r e  i n tr o d u c e d .  [ 8 6 : 1 3 . 5 . 1 1 . 7 . 9 . 2 ]

( J )    F o r  Typ e  VI I I  fu r n ac e s ,  b u r n -o u t p r o c e d u r e s  s h al l  n o t b e
u s e d .  [ 8 6 : 1 3 . 5 . 1 1 . 9 . 1 ]

( K) *    Afte r  th e  i n tr o d u c ti o n  o f th e  fammable  s p e c i al  [ h yd r o ‐
g e n ]  atm o s p h e r e ,  th e  b u r n -i n  a tm o s p h e r e  i n tr o d u c ti o n  p r o c e s s
s h a l l  b e  c o n s i d e r e d  c o m p l e te  wh e n  fame  ap p e ar s  at th e

fu r n ac e  d o o r s ,  o p e n  e n d s ,  o r  effuent l i n e s ,  wh e r e  p r e s e n t,  i n
a c c o r d an c e  wi th  th e  specifc  d e s i gn  fe a tu r e s  an d  o p e r a ti n g
i n s tr u c ti o n s  fo r  th e  fu r n a c e .  [ 8 6 : 1 3 . 5 . 1 1 . 7 . 1 1 ]

1 5 . 3 . 1 . 1 . 1 1 . 8  P u rge - o u t Re q u i re m e n ts .

( A)    Wr i tte n  p u r g e -o u t i n s tr u c ti o n s  s h al l  b e  p r o vi d e d  fo r  e a c h
fu r n a c e .  [ 8 6 : 1 3 . 5 . 1 1 . 8 . 1 ]

( 1 ) * P u r g e  e ffe c ti ve n e s s  s h a l l  n o t b e  c o m p r o m i s e d  d u r i n g th e
p u r g e  p r o c e s s .  [ 8 6 : 1 3 . 5 . 1 1 . 8 . 1 . 1 ]

( 2 ) F u r n ac e  d o o r s  an d  c o ve r s  s h al l  b e  p o s i ti o n e d  i n  ac c o r d ‐
an c e  wi th  th e  m a n u fac tu r e r ’ s  i n s tr u c ti o n s  b e fo r e  p u r ge -
o u t b e g i n s .  [ 8 6 : 1 3 . 5 . 1 1 . 8 . 1 . 2 ]

( B )  P o s i ti ve  Fu r n ac e  P re s s u re .

( 1 ) A p o s i ti ve  fu r n ac e  p r e s s u r e  s h a l l  b e  m a i n tai n e d  a t a l l
ti m e s  d u r i n g p u r ge -o u t,  i n c l u d i n g  th e  tr a n s i ti o n  fr o m  th e
s p e c i al  [ h yd r o ge n ]  a tm o s p h e r e  g as  o p e r a ti o n  to  th e  i n e r t
g as  p u r ge .  [ 8 6 : 1 3 . 5 . 1 1 . 8 . 2 . 1 ]

( 2 ) F o r  Typ e s  VI I I  an d  I X  fu r n a c e s ,  an  i n d i c a ti o n  o f p o s i ti ve
fu r n ac e  p r e s s u r e  s h al l  b e  p r o vi d e d  b y a n  i n d i c ati n g
m a n o m e te r  o r  s i m i l a r  d e vi c e .  [ 8 6 : 1 3 . 5 . 1 1 . 8 . 2 . 2 ]

( C ) *    O n c e  th e  i n e r t p u r g e  g as  fow h as  b e e n  e s tab l i s h e d  fo r
p u r g e -o u t,  th e  fow o f al l  fammable  s p e c i al  [ h yd r o ge n ]  atm o s ‐
p h e r e  ga s e s  s h al l  b e  s to p p e d .  [ 8 6 : 1 3 . 5 . 1 1 . 8 . 3 ]

( D ) *    P u r g i n g  s h al l  i n c l u d e  al l  o f th e  fu r n a c e  vo l u m e  th at
c o n tai n s  a fammable  o r  i n d e te r m i n a te  s p e c i al  [ h yd r o ge n ]

a tm o s p h e r e  g as .  [ 8 6 : 1 3 . 5 . 1 1 . 8 . 4 ]

Δ ( E ) *    P u r g e -o u t s h al l  b e  c o n s i d e r e d  c o m p l e te  wh e n  a l l  c h a m ‐
b e r s  th at wo u l d  c r e ate  a h az ar d  ar e  b e l o w 5 0  p e r c e n t o f L F L

an d  s h al l  b e  d e te r m i n e d  b y o n e  o f th e  fo l l o wi n g  two  m e th o d s :

( 1 ) Time-fow p u r ge  m e th o d  i n  ac c o r d an c e  wi th  1 3 . 5 . 1 2  o f
N F PA 8 6  as  i t ap p l i e s  to  th e  p u r ge - o u t p r o c e s s
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( 2 ) Two  c o n s e c u ti ve  an a l ys e s  o f al l  c h a m b e r s  i n d i c ati n g  th at
th e  fammable  l e ve l  wi th i n  th e  fu r n a c e  i s  b e l o w
5 0  p e r c e n t o f L F L

[ 8 6 : 1 3 . 5 . 1 1 . 8 . 5 ]

( F)    Wh e n  p u r g e -o u t i s  c o m p l e te ,  th e  fo l l o wi n g s h a l l  b e
p e r m i tte d  to  b e  tu r n e d  o ff:

( 1 ) B u r n -o ff p i l o ts
( 2 ) C i r c u l ati o n  an d  r e c i r c u l a ti o n  fan s  r e q u i r e d  fo r  p u r ge -o u t
( 3 ) I n e r t p u r g e  ga s  s u p p l y to  th e  fu r n ac e
( 4 ) F l am e  c u r tai n s

[ 8 6 : 1 3 . 5 . 1 1 . 8 . 6 ]

1 5 . 3 . 1 . 1 . 1 1 . 9  B u r n - O u t Re q u i re m e n ts .

( A)    F o r  Typ e  VI I I  fu r n ac e s ,  b u r n -o u t p r o c e d u r e s  s h al l  n o t b e
u s e d .  [ 8 6 : 1 3 . 5 . 1 1 . 9 . 1 ]

( B )    Wr i tte n  b u r n -o u t i n s tr u c ti o n s  s h a l l  b e  p r o vi d e d  fo r  e a c h
fu r n a c e .  [ 8 6 : 1 3 . 5 . 1 1 . 9 . 2 ]

( 1 ) * B u r n -o u t e ffe c ti ve n e s s  s h al l  n o t b e  c o m p r o m i s e d  b y
ta ki n g a n y ac ti o n  th at d e vi ate s  fr o m  th e  wr i tte n  o p e r ati n g
i n s tr u c ti o n s  fo r  b u r n - o u t.  [ 8 6 : 1 3 . 5 . 1 1 . 9 . 2 . 1 ]

( 2 ) * I n n e r  an d  o u te r  fu r n a c e  d o o r s ,  wh e r e  p r o vi d e d ,  s h al l  b e
p l a c e d  i n  th e  a p p r o p r i ate  p o s i ti o n  a s  d i r e c te d  i n  th e
o p e r ati n g  i n s tr u c ti o n s  d u r i n g  e a c h  s ta ge  o f th e  b u r n - o u t

p r o c e d u r e .  [ 8 6 : 1 3 . 5 . 1 1 . 9 . 2 . 2 ]

( C ) *    T h r o u g h  th e  c o n tr o l l e d  ad m i s s i o n  o f ai r  to  a  fu r n ac e ,
b u r n -o u t s h al l  r e d u c e  th e  fammable  c o n te n t wi th i n  al l  h e ati n g
c h a m b e r s  an d  ve s ti b u l e s  th r o u g h  c o m b u s ti o n  wi th  th e  o x yge n
i n  th e  a i r.  [ 8 6 : 1 3 . 5 . 1 1 . 9 . 3 ]

( D ) *    To  i n i ti a te  th e  b u r n -o u t p r o c e s s ,  o n e  o f th e  fo l l o wi n g
c o n d i ti o n s  s h a l l  b e  m e t:

( 1 ) Ai r  i s  i n tr o d u c e d  i n to  th e  fu r n a c e  a t a  p o i n t th at i s  at o r
a b o ve  1 4 0 0 ° F  ( 7 6 0 ° C ) .

( 2 ) Wh e r e  ai r  i s  i n tr o d u c e d  i n to  a fu r n ac e  at a  p o i n t b e l o w
1 4 0 0 ° F  ( 7 6 0 ° C ) ,  th e  fo l l o wi n g  s h a l l  a p p l y:

( a) * T h e  fu r n ac e  i s  u n d e r  p o s i ti ve  p r e s s u r e .
( b ) A s o u r c e  o f i gn i ti o n  i s  p r o vi d e d  a t th e  i n te r fa c e

b e twe e n  th e  fammable  a tm o s p h e r e  an d  th e  p o i n t
o f ai r  i n tr o d u c ti o n .

[ 8 6 : 1 3 . 5 . 1 1 . 9 . 4 ]

( E )    B u r n - o u t s h al l  i n c l u d e  tu r n i n g o ff a l l  s p e c i a l  [ h yd r o ge n ]
atm o s p h e r e  ga s e s  an d  a d m i tti n g  ai r  i n  a  s e q u e n c e  o u tl i n e d  i n
th e  wr i tte n  b u r n -o u t i n s tr u c ti o n s .  [ 8 6 : 1 3 . 5 . 1 1 . 9 . 5 ]

( F)    B u r n o u t a i r  s h al l  b e  a d m i tte d  b y an y o f th e  fo l l o wi n g
ar r an g e m e n ts :

( 1 ) T h r o u gh  fu r n ac e  d o o r s
( 2 ) T h r o u gh  i n d e p e n d e n t p i p i n g an d  fu r n ac e  ga s  i n l e ts
( 3 ) T h r o u gh  s e c ti o n s  o f p i p i n g  a n d  fu r n a c e  i n l e ts  th at a r e

c o m m o n  to  b o th  fammable  s p e c i al  [ h yd r o ge n ]  atm o s ‐
p h e r e  an d  b u r n o u t ai r  wh e n  th e  s ys te m s  ar e  d e s i g n e d  to

p r e ve n t th e  fow o f ai r  an d  fammable  s p e c i al  [ h yd r o ge n ]
a tm o s p h e r e  at th e  s am e  ti m e

[ 8 6 : 1 3 . 5 . 1 1 . 9 . 6 ]

( G ) *    D u r i n g  b u r n -o u t,  r e c i r c u l ati n g  fa n s  s h al l  b e  tu r n e d  o ff i n
fu r n a c e  z o n e s  u n d e r  1 4 0 0 ° F  ( 7 6 0 ° C )  a n d  i n  z o n e s  at o r  ab o ve
1 4 0 0 ° F  ( 7 6 0 ° C )  th at c an  c au s e  tu r b u l e n c e  i n  z o n e s  u n d e r
1 4 0 0 ° F  ( 7 6 0 ° C ) .  [ 8 6 : 1 3 . 5 . 1 1 . 9 . 7 ]

( H )    B u r n - o u t s h a l l  b e  c o n s i d e r e d  c o m p l e te  wh e n  o n e  o f th e
fo l l o wi n g  c o n d i ti o n s  i s  satisfed:

( 1 ) F o r  fu r n a c e s  th at d o  n o t c o n tai n  s o o t,  al l  vi s i b l e  fame  i n
th e  fu r n ac e  an d  at al l  effuents  ar e  o b s e r ve d  to  b e  e x ti n ‐

g u i s h e d .
( 2 ) F o r  fu r n a c e s  th a t c o n ta i n  s o o t th at c an n o t r e -fo r m  a fam‐

mable  a tm o s p h e r e  ga s ,  al l  vi s i b l e  fames  i n  th e  fu r n a c e
an d  a t al l  effuents  ar e  o b s e r ve d  to  b e  e x ti n g u i s h e d .

( 3 ) F o r  fu r n a c e s  th a t c o n ta i n  s o o t th at r e - fo r m  fammable
atm o s p h e r e  g as ,  al l  vi s i b l e  fames  i n  th e  fu r n a c e  an d  at
effuents  ar e  o b s e r ve d  to  b e  e x ti n g u i s h e d  a fte r  b u r n - o u t
p r o c e d u r e s  ar e  p e r fo r m e d  th a t i n c l u d e  th e  i n tr o d u c ti o n

o f a d d i ti o n al  ai r  to  e ffe c t th e  b u r n - o u t o f th e  r e -fo r m e d
fammable  atm o s p h e r e  g as .

[ 8 6 : 1 3 . 5 . 1 1 . 9 . 8 ]

( I )    Wh e n  b u r n -o u t i s  c o m p l e te ,  th e  fo l l o wi n g  s h a l l  b e  p e r m i t‐
te d  to  b e  tu r n e d  o ff:

( 1 ) B u r n -o ff p i l o ts
( 2 ) C i r c u l ati o n  an d  r e c i r c u l a ti o n  fan s  r e q u i r e d  fo r  b u r n -o u t
( 3 ) F l a m e  c u r tai n s

[ 8 6 : 1 3 . 5 . 1 1 . 9 . 9 ]

1 5 . 3 . 1 . 1 . 1 1 . 1 0 *  S p e c i al  Atm o s p h e re  E q ui p m e n t P i p i n g S ys te m .
[ 8 6 : 1 3 . 5 . 1 1 . 1 0 ]

( A)  G e n e ral .    T h e  s p e c i al  [ h yd r o ge n ]  atm o s p h e r e  e q u i p m e n t
p i p i n g  s ys te m  s h a l l  b e  th a t p i p i n g  s tar ti n g  a t th e  e q u i p m e n t
m a n u al  i s o l a ti o n  val ve  th at i n c l u d e s  th e  c o m p o n e n ts  fo r  th e

d e l i ve r y o f s p e c i a l  [ h yd r o g e n ]  a tm o s p h e r e  fuids  to  a fu r n ac e .
[ 8 6 : 1 3 . 5 . 1 1 . 1 0 . 1 ]

Δ ( B )  M an ual  S h u to ff Val ve s  an d  E q u i p m e n t I s o l ati o n .

( 1 ) * An  e q u i p m e n t i s o l ati o n  m an u al  s h u to ff val ve  s h al l  b e
p r o vi d e d  fo r  e a c h  s p e c i al  [ h yd r o g e n ]  a tm o s p h e r e  fuid,
s h a l l  b e  l o c ate d  u p s tr e am  o f al l  d e vi c e s  o n  th e  s p e c i al

[ h yd r o g e n ]  a tm o s p h e r e  e q u i p m e n t p i p i n g ,  an d  s h a l l  b e
l o c kab l e .  [ 8 6 : 1 3 . 5 . 1 1 . 1 0 . 2 . 1 ]

( a) Wh e r e  fu e l  g as  i s  u s e d  as  a  s p e c i al  [ h yd r o ge n ]
a tm o s p h e r e  g as ,  a  s e p ar ate  m an u a l  s h u to ff val ve

s h a l l  b e  p r o vi d e d  fo r  th e  s p e c i a l  [ h yd r o g e n ]  atm o s ‐
p h e r e  fe e d .  T h i s  val ve  s h a l l  n o t b e  r e q u i r e d  to  b e

l o c kab l e  wh e r e  th e  fu e l  ga s  m ai n  i s o l a ti o n  m an u al
s h u to ff val ve  i s  l o c ka b l e .  [ 8 6 : 1 3 . 5 . 1 1 . 1 0 . 2 . 1 ( A) ]

( b ) E q u i p m e n t i s o l ati o n  m a n u al  s h u to ff va l ve s  fo r  e a c h
s p e c i al  [ h yd r o ge n ]  a tm o s p h e r e  fuid  s h al l  b e  ac c e s ‐
s i b l e  fr o m  th e  n o r m al  o p e r ato r  wo r ki n g  l e ve l  wi th ‐
o u t th e  u s e  o f l a d d e r s  o r  p o r ta b l e  e q u i p m e n t.

[ 8 6 : 1 3 . 5 . 1 1 . 1 0 . 2 . 1 ( B ) ]
( 2 ) T h e  p o s i ti o n  o f an y m an u al  s h u to ff val ve  th at c an  i n te r ‐

r u p t th e  s u p p l y o f i n e r t g as  to  a n  au to m ati c  i n e r t p u r g e
ga s  l i n e  s h al l  b e  e l e c tr i c a l l y s u p e r vi s e d  a n d  c a u s e  a vi s u al
an d  a u d i b l e  a l ar m  to  al e r t th e  o p e r ato r  wh e n e ve r  th i s

val ve  i s  n o t i n  th e  o p e n  p o s i ti o n  a n d  th e  au to m ati c  i n e r t
p u r g e  i s  r e q u i r e d  to  b e  i n  s e r vi c e .  [ 8 6 : 1 3 . 5 . 1 1 . 1 0 . 2 . 2 ]

( 3 ) A b yp a s s  m a n u a l  s h u to ff val ve  s h a l l  b e  p r o vi d e d  to  b yp a s s
e ac h  n o r m al l y o p e n  e m e r g e n c y i n e r t g as  p u r g e  val ve ,  an d
b e  a r r an g e d  as  fo l l o ws :

( a) B e  ac c e s s i b l e  to  th e  o p e r ato r  fo r  u s e  i n  a c c o r d a n c e
wi th  wr i tte n  o p e r a ti n g i n s tr u c ti o n s
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2 0 2 3  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 .

( b ) H a ve  a p o r t a r e a e q u al  to  o r  l a r ge r  th a n  th e
b yp a s s e d  n o r m al l y o p e n  e m e r ge n c y i n e r t ga s  p u r g e
va l ve

[ 8 6 : 1 3 . 5 . 1 1 . 1 0 . 2 . 3 ]
( 4 ) E a c h  m an u al  s h u to ff val ve  s h al l  h ave  a  tag  th a t identifes

th e  val ve  a n d  th e  s p e c i al  [ h yd r o ge n ]  atm o s p h e r e  i t
c o n tr o l s .  [ 8 6 : 1 3 . 5 . 1 1 . 1 0 . 2 . 4 ]

( 5 ) T h e  o p e r ati n g  i n s tr u c ti o n s  r e q u i r e d  b y S e c ti o n  7 . 3 . 3  o f
N F PA 8 6  s h al l  r e fe r e n c e  th e  va l ve  ta g identifcations
re q u i r e d  b y 1 5 . 3 . 1 . 1 . 1 1 . 1 0 ( B ) ( 4 ) .  [ 8 6 : 1 3 . 5 . 1 1 . 1 0 . 2 . 5 ]

( 6 ) E ac h  m an u al  s h u to ff val ve  s h al l  b e  i n  ac c o r d an c e  wi th  th e
fo l l o wi n g :  [ 8 6 : 1 3 . 5 . 1 1 . 1 0 . 2 . 6 ]

( a) T h e y s h a l l  b e  p r o vi d e d  fo r  e ac h  p i e c e  o f e q u i p ‐
m e n t.  [ 8 6 : 6 . 2 . 4 . 1 ( 1 ) ]

( b ) T h e y s h al l  h a ve  p e r m a n e n tl y affxed  vi s u al  i n d i c a‐
ti o n  o f th e  va l ve  p o s i ti o n .  [ 8 6 : 6 . 2 . 4 . 1 ( 2 ) ]

( c ) T h e y s h al l  b e  q u a r te r-tu r n  val ve s  wi th  s to p s .
[ 8 6 : 6 . 2 . 4 . 1 ( 3 ) ]

( d ) Wr e n c h e s  o r  h a n d l e s  s h a l l  r e m ai n  affxed  to  va l ve s
an d  s h al l  b e  o r i e n te d  wi th  r e s p e c t to  th e  va l ve  p o r t
to  i n d i c ate  th e  fo l l o wi n g:

i . An  o p e n  va l ve  wh e n  th e  h an d l e  i s  p ar al l e l  to
th e  p i p e

i i . A c l o s e d  val ve  wh e n  th e  h an d l e  i s  p e r p e n d i c u ‐
l ar  to  th e  p i p e

[ 8 6 : 6 . 2 . 4 . 1 ( 4 ) ]
( e ) * T h e y s h a l l  b e  r e a d i l y ac c e s s i b l e .
( f) Val ve s  wi th  r e m o vab l e  wr e n c h e s  s h al l  n o t al l o w th e

wr e n c h  h a n d l e  to  b e  i n s ta l l e d  p e r p e n d i c u l ar  to  th e
fu e l  ga s  l i n e  wh e n  th e  val ve  i s  o p e n .  [ 8 6 : 6 . 2 . 4 . 1 ( 6 ) ]

( g) T h e y s h a l l  b e  ab l e  to  b e  o p e r ate d  fr o m  fu l l  o p e n  to
fu l l  c l o s e  a n d  r e tu r n  wi th o u t th e  u s e  o f to o l s .
[ 8 6 : 6 . 2 . 4 . 1 ( 7 ) ]

( 7 ) M an u al  val ve s  th a t ar e  n o t u s e d  fo r  s h u to ff s h al l  n o t b e
r e q u i r e d  to  c o m p l y wi th  1 5 . 3 . 1 . 1 . 1 1 . 1 0 ( B )  o th e r  th a n
1 5 . 3 . 1 . 1 . 1 1 . 1 0 ( B ) ( 4 ) .  [ 8 6 : 1 3 . 5 . 1 1 . 1 0 . 2 . 7 ]

( C )  Re gu l ato rs .

( 1 ) Re g u l ato r s  s h al l  b e  p r o vi d e d  o n  e ac h  s p e c i al  [ h yd r o ge n ]
atm o s p h e r e  g as  l i n e  wh e r e  th e  ga s  s u p p l y p r e s s u r e
e x c e e d s  th e  o p e r ati n g  o r  d e s i gn  p a r am e te r s  o f e q u i p ‐
m e n t p i p i n g  a n d  c o m p o n e n ts  i n  th e  e q u i p m e n t p i p i n g .
[ 8 6 : 1 3 . 5 . 1 1 . 1 0 . 3 . 1 ]

( 2 ) * Re g u l ato r  atm o s p h e r i c  ve n ts  s h al l  b e  ve n te d  to  a n
ap p r o ve d  l o c a ti o n .  [ 8 6 : 1 3 . 5 . 1 1 . 1 0 . 3 . 2 ]

( 3 ) Re g u l ato r  ve n ts  s h a l l  n o t b e  m a n i fo l d e d  wi th  th e  fo l l o w‐
i n g:

( a) Ve n ts  fr o m  o th e r  fu r n a c e s
( b ) Ve n ts  d o wn s tr e am  o f th e  s a fe ty s h u to ff va l ve s
( c ) Re l i e f val ve  ve n ts
[ 8 6 : 1 3 . 5 . 1 1 . 1 0 . 3 . 3 ]

( 4 ) * Wh e r e  a r e g u l a to r  ve n t i s  m an i fo l d e d  wi th  o th e r  ve n ts ,
th e  a r e a o f th e  ve n t m a n i fo l d  s h al l  e q u a l  o r  e x c e e d  th e
s u m  o f th e  i n d i vi d u a l  ve n t l i n e  ar e as  o f e ac h  ve n t l i n e
s e r ve d  fr o m  i ts  p o i n t o f c o n n e c ti o n .  [ 8 6 : 1 3 . 5 . 1 1 . 1 0 . 3 . 4 ]

( 5 ) T h e  r e gu l ato r  ve n t te r m i n a ti o n  s h al l  b e  d e s i gn e d  to
p r e ve n t th e  e n tr y o f wate r  a n d  i n s e c ts  wi th o u t r e s tr i c ti n g
th e  fow c a p ac i ty o f th e  ve n t.  [ 8 6 : 1 3 . 5 . 1 1 . 1 0 . 3 . 5 ]

Δ ( D )  Re l i e f Val ve s .

( 1 ) * Re l i e f va l ve s  s h al l  b e  p r o vi d e d  d o wn s tr e am  o f a n y r e gu l a‐
to r  wh e r e  a r e g u l ato r  fai l u r e  c o u l d  e x p o s e  d o wn s tr e a m

p i p i n g ,  c o m p o n e n ts ,  o r  fu r n ac e  to  p r e s s u r e s  e x c e e d i n g
th e i r  m ax i m u m  d e s i gn  p r e s s u r e .  [ 8 6 : 1 3 . 5 . 1 1 . 1 0 . 4 . 1 ]

( 2 ) * Re l i e f va l ve ( s )  o r  o th e r  m e an s  o f c o n tr o l l i n g  p r e s s u r e
s h a l l  b e  p r o vi d e d  fo r  e a c h  l i q u i d  s p e c i al  atm o s p h e r e

p i p i n g  s ys te m  wh e r e  th e r e  i s  a p o te n ti al  to  o ve r p r e s s u r i z e
th e  l i q u i d  s p e c i al  atm o s p h e r e  p i p i n g.  T h i s  specifcally

i n c l u d e s  e ac h  s e c ti o n  o f liquid-flled  s p e c i al  atm o s p h e r e
p i p i n g  th at c an  b e  i s o l ate d  b y val ve s .  [ 8 6 : 1 3 . 5 . 1 1 . 1 0 . 4 . 2 ]

( 3 ) * Re l i e f val ve s  s h a l l  b e  p i p e d  to  an  ap p r o ve d  l o c a ti o n .
[ 8 6 : 1 3 . 5 . 1 1 . 1 0 . 4 . 3 ]

( 4 ) Re l i e f va l ve  p i p i n g  s h a l l  n o t b e  m an i fo l d e d  wi th  e i th e r  o f
th e  fo l l o wi n g:

( a) Ve n ts  fr o m  o th e r  fu r n a c e s
( b ) Ve n ts  fr o m  r e g u l ato r s
[ 8 6 : 1 3 . 5 . 1 1 . 1 0 . 4 . 4 ]

( 5 ) Re l i e f val ve  p i p i n g s h al l  n o t b e  m a n i fo l d e d  wi th  o th e r
r e l i e f val ve  p i p i n g wh e r e  e i th e r  o f th e  fo l l o wi n g  c o u l d

o c c u r :

( a) M i x i n g  o f l i q u i d s  a n d  ga s e s
( b ) M i x i n g  o f fuids  ( l i q u i d s  o r  g as e s )  th at c o u l d  r e s u l t

i n  c o r r o s i o n  to  r e l i e f val ve s  o r  r e l i e f va l ve  p i p i n g
[ 8 6 : 1 3 . 5 . 1 1 . 1 0 . 4 . 5 ]

( E )  Fi l te rs .

( 1 ) A flter  s h al l  b e  p r o vi d e d  u p s tr e am  o f e ac h  l i q u i d  fow
s e n s o r.  [ 8 6 : 1 3 . 5 . 1 1 . 1 0 . 5 . 1 ]

( 2 ) A flter  s h al l  h a ve  a  p ar ti c l e  s i z e  r a ti n g th at wi l l  n o t a l l o w
p ar ti c l e s  o f a s i z e  th a t c an  fo u l  l i q u i d  fow s e n s o r s  o r

l i q u i d  fowmeters  to  p a s s  th e  flter.  [ 8 6 : 1 3 . 5 . 1 1 . 1 0 . 5 . 2 ]

( F)  Fl o wm e te rs .    O n e  fowmeter  s h a l l  b e  p r o vi d e d  o n  e a c h
s p e c i al  [ h yd r o ge n ]  atm o s p h e r e  e q u i p m e n t s u p p l y l i n e .

[ 8 6 : 1 3 . 5 . 1 1 . 1 0 . 6 ]

( G )  P re s s u re  G auge s .    P r e s s u r e  g au g e s  s h al l  b e  p r o vi d e d  a t
p o i n ts  i n  th e  s p e c i al  [ h yd r o ge n ]  a tm o s p h e r e  e q u i p m e n t p i p i n g
wh e r e  th e  o p e r a to r  m u s t b e  p r o vi d e d  vi s u a l  p r e s s u r e  i n fo r m a‐

ti o n  to  ve r i fy th e  fu r n ac e  i s  b e i n g  m ai n ta i n e d  wi th i n  s afe  o p e r ‐
ati n g  l i m i ts .  T h e s e  p o i n ts  s h a l l  b e  d e te r m i n e d  as  p ar t o f th e
fu r n ac e  d e s i g n .  [ 8 6 : 1 3 . 5 . 1 1 . 1 0 . 7 ]

( H ) *  Atm o s p h e re  I n l e ts .    Atm o s p h e r e  i n l e ts  s h a l l  n o t b e  l o c a‐
te d  i n  s u c h  a  way th a t atm o s p h e r e  fow wi l l  d i r e c tl y i m p i n g e  o n

te m p e r a tu r e  c o n tr o l  o r  o ve r  te m p e r atu r e  c o n tr o l  th e r m o c o u ‐
p l e s .  [ 8 6 : 1 3 . 5 . 1 1 . 1 0 . 8 ]

1 5 . 3 . 1 . 1 . 1 2  S p e c i al  Atm o s p h e re  S afe ty E q ui p m e n t.    P a r a‐
gr a p h s  1 5 . 3 . 1 . 1 . 1 2 . 1  th r o u g h  1 5 . 3 . 1 . 1 . 1 2 . 1 7  s h al l  ap p l y to  th e
s a fe ty e q u i p m e n t a n d  i ts  a p p l i c a ti o n  to  th e  fu r n a c e  s p e c i al

[ h yd r o g e n ]  atm o s p h e r e  s ys te m .  [ 8 6 : 1 3 . 5 . 1 1 . 1 1 ]

1 5 . 3 . 1 . 1 . 1 2 . 1    Al l  s afe ty d e vi c e s ,  wi th  th e  e x c e p ti o n  o f fow
s e n s o r s ,  s h al l  b e  o n e  o f th e  fo l l o wi n g :

( 1 ) L i s te d  fo r  th e  s e r vi c e  i n te n d e d
( 2 ) Ap p r o ve d  wh e r e  l i s te d  d e vi c e s  ar e  n o t a va i l a b l e
( 3 ) P r o gr a m m a b l e  c o n tr o l l e r s  a p p l i e d  i n  a c c o r d an c e  wi th

S e c ti o n  8 . 3  o f N F PA 8 6

[ 8 6 : 1 3 . 5 . 1 1 . 1 1 . 1 ]

1 5 . 3 . 1 . 1 . 1 2 . 2    E l e c tr i c  r e l a ys  an d  s a fe ty s h u to ff va l ve s  s h a l l  n o t
b e  u s e d  a s  s u b s ti tu te s  fo r  e l e c tr i c al  d i s c o n n e c ts  a n d  m an u al
s h u to ff val ve s .  [ 8 6 : 1 3 . 5 . 1 1 . 1 1 . 2 ]

1 5 . 3 . 1 . 1 . 1 2 . 3    Re g u l a r l y s c h e d u l e d  i n s p e c ti o n ,  te s ti n g ,  an d
m a i n te n an c e  o f al l  s a fe ty d e vi c e s  s h al l  b e  p e r fo r m e d .  [See
15.3.1.1.8.] [ 8 6 : 1 3 . 5 . 1 1 . 1 1 . 3 ]
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S h ad 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 ate r i a l . 2 0 2 3  E d i t i o n

1 5 . 3 . 1 . 1 . 1 2 . 4    S afe ty d e vi c e s  s h a l l  b e  i n s ta l l e d ,  u s e d ,  a n d  m a i n ‐
ta i n e d  i n  ac c o r d an c e  wi th  th i s  c o d e  an d  m a n u fac tu r e r s ’
i n s tr u c ti o n s .  [ 8 6 : 1 3 . 5 . 1 1 . 1 1 . 4 ]

1 5 . 3 . 1 . 1 . 1 2 . 5    Wh e r e  a  d e vi c e  i s  u s e d  wi th  a fammable  s p e c i al
[ h yd r o ge n ]  a tm o s p h e r e  g as  an d  th e  d e vi c e  m a n u fac tu r e r ’ s
i n s tr u c ti o n s  r e q u i r e  c o n d u i t s e a l s  o r  a  c a b l e  typ e  th at wi l l  n o t
p e r m i t tr an s fe r  o f ga s ,  th e  r e q u i r e d  s e al s  o r  c a b l e  typ e  s h al l  b e
i n s ta l l e d .  [ 8 6 : 1 3 . 5 . 1 1 . 1 1 . 5 ]

1 5 . 3 . 1 . 1 . 1 2 . 6    S afe ty d e vi c e s  s h al l  b e  l o c a te d  o r  g u a r d e d  to
p r o te c t th e m  fr o m  p h ys i c al  d am ag e .  [ 8 6 : 1 3 . 5 . 1 1 . 1 1 . 6 ]

1 5 . 3 . 1 . 1 . 1 2 . 7    S afe ty d e vi c e s  s h a l l  n o t b e  b yp a s s e d  e l e c tr i c al l y
o r  m e c h an i c a l l y.  [ 8 6 : 1 3 . 5 . 1 1 . 1 1 . 7 ]

( A)    T h e  r e q u i r e m e n t i n  1 5 . 3 . 1 . 1 . 1 2 . 7  s h a l l  n o t p r o h i b i t s a fe ty
d e vi c e  te s ti n g an d  m ai n te n a n c e  i n  ac c o r d a n c e  wi th  C h a p te r  7 .
Wh e r e  a  s ys te m  i n c l u d e s  a b u i l t-i n  te s t m e c h a n i s m  th a t b yp as s e s
an y s afe ty d e vi c e ,  i t s h al l  b e  i n te r l o c ke d  to  p r e ve n t o p e r a ti o n  o f
th e  s ys te m  wh i l e  th e  d e vi c e  i s  i n  te s t m o d e ,  u n l e s s  l i s te d  fo r  th at
p u r p o s e .  [ 8 6 : 1 3 . 5 . 1 1 . 1 1 . 7 . 1 ]

( B )    T h e  r e q u i r e m e n t i n  1 5 . 3 . 1 . 1 . 1 2 . 7  s h a l l  n o t p r o h i b i t a ti m e
d e l a y ap p l i e d  to  th e  ac ti o n  o f p r e s s u r e  p r o vi n g  o r  fow p r o vi n g ,
wh e r e  th e  fo l l o wi n g c o n d i ti o n s  e x i s t:

( 1 ) T h e r e  i s  a n  o p e r ati o n a l  n e e d  d e m o n s tr a te d  fo r  th e  ti m e
d e l a y.

( 2 ) T h e  u s e  o f a  ti m e  d e l ay i s  ap p r o ve d .
( 3 ) T h e  ti m e  d e l a y fe a tu r e  i s  n o t a d j u s tab l e  b e yo n d

5  s e c o n d s .
( 4 ) A s i n g l e  ti m e  d e l a y d o e s  n o t s e r ve  m o r e  th a n  o n e

p r e s s u r e -p r o vi n g  o r  fow-proving  s a fe ty d e vi c e .
( 5 ) T h e  ti m e  fr o m  a n  a b n o r m al  p r e s s u r e  o r  fow c o n d i ti o n

u n ti l  th e  h o l d i n g m e d i u m  i s  r e m o ve d  fr o m  th e  s a fe ty
s h u to ff val ve s  d o e s  n o t e x c e e d  5  s e c o n d s .

[ 8 6 : 1 3 . 5 . 1 1 . 1 1 . 7 . 2 ]

1 5 . 3 . 1 . 1 . 1 2 . 8 *    A m a n u al  e m e r g e n c y m e an s  s h al l  b e  p r o vi d e d
fo r  th e  r e m o val  o f th e  fu r n ac e  s p e c i a l  [ h yd r o g e n ]  atm o s p h e r e
u s i n g  th e  m e th o d ,  e i th e r  p u r g e -o u t o r  b u r n -o u t,  th a t i s  th e
b a s i s  o f th e  fu r n ac e  d e s i gn .  [ 8 6 : 1 3 . 5 . 1 1 . 1 1 . 8 ]

1 5 . 3 . 1 . 1 . 1 2 . 9    T h e  ac ti vati o n  o f a n y c ar r i e r  g as  o r  fu r n a c e  p r e s ‐
s u r e  s afe ty i n te r l o c k r e q u i r e d  i n  1 5 . 3 . 1 . 1 . 1 2  s h al l  i n i ti a te  th e
ap p r o p r i a te  ac ti o n  to  b r i n g  th e  fu r n ac e  to  a s a fe  s tate .  T h e
ac ti o n  s h a l l  b e  m a n u a l  o r  a u to m a ti c  i n  ac c o r d a n c e  wi th  th e
fu r n a c e  d e s i g n  a n d  o p e r a ti n g i n s tr u c ti o n s .  [ 8 6 : 1 3 . 5 . 1 1 . 1 1 . 9 ]

1 5 . 3 . 1 . 1 . 1 2 . 1 0  Re m o val  o f Fl am m ab l e  S p e c i al  Atm o s p h e re s .
[ 8 6 : 1 3 . 5 . 1 1 . 1 1 . 1 0 ]

( A) *    Re m o val  o f fammable  s p e c i a l  [ h yd r o ge n ]  atm o s p h e r e s
b y b u r n - o u t,  p u r g e -o u t,  o r  e m e r ge n c y p u r ge -o u t s h a l l  b e  i n i ti ‐
ate d  u n d e r  th e  fo l l o wi n g  c o n d i ti o n s :

( 1 ) N o r m al  fu r n a c e  a tm o s p h e r e  b u r n -o u t i n i ti ate d
( 2 ) N o r m al  fu r n a c e  a tm o s p h e r e  p u r ge - o u t i n i ti ate d
( 3 ) L o w fow o f c a r r i e r  g as ( e s )  th a t wi l l  n o t m ai n tai n  a p o s i ‐

ti ve  p r e s s u r e  i n  c h am b e r s  b e l o w 1 4 0 0 ° F  ( 7 6 0 ° C )  a n d  p o s i ‐
ti ve  p r e s s u r e  n o t r e s to r e d  b y th e  au to m ati c  tr a n s fe r  to

a n o th e r  s o u r c e  o f ga s
( 4 ) A fu r n a c e  te m p e r atu r e  b e l o w wh i c h  a n y l i q u i d  c ar r i e r  ga s

u s e d  wi l l  n o t r e l i ab l y d i s s o c i a te
( 5 ) Au to m ati c  e m e r ge n c y i n e r t g as  p u r ge  i n i ti ate d
( 6 ) M an u al  o p e r a to r  e m e r ge n c y i n e r t g as  p u r ge  i n i ti ate d

[ 8 6 : 1 3 . 5 . 1 1 . 1 1 . 1 0 . 1 ]

( B )    Wh e n  r e m o val  o f fammable  s p e c i al  [ h yd r o g e n ]  atm o s ‐
p h e r e s  i s  i n i ti ate d  i n  r e s p o n s e  to  th e  c o n d i ti o n s  l i s te d  i n

1 5 . 3 . 1 . 1 . 1 2 . 1 0 ( A) ( 3 )  th r o u g h  1 5 . 3 . 1 . 1 . 1 2 . 1 0 ( A) ( 6 ) ,  o n e  o f th e
fo l l o wi n g  s h a l l  o c c u r  b as e d  u p o n  c h a m b e r  te m p e r atu r e :

( 1 ) F o r  c h am b e r s  b e l o w 1 4 0 0 ° F  ( 7 6 0 ° C ) ,  o n e  o f th e  fo l l o wi n g
ac ti o n s  s h al l  o c c u r,  an d  th e  s e l e c te d  ac ti o n  s h al l  b e  i m p l e ‐

m e n te d  as  p a r t o f th e  fu r n ac e  d e s i g n :

( a) Au to m ati c al l y b u r n e d -o u t wh e r e  b u r n -o u t i s  an
ac c e p tab l e  o p ti o n

( b ) P u r g e d - o u t b y n o r m al  m e an s  wh e r e  b u r n -o u t i s  n o t
an  ac c e p tab l e  o p ti o n

( c ) Au to m ati c a l l y p u r g e d -o u t b y e m e r ge n c y i n e r t ga s
p u r g e

( d ) M an u al  b u r n -o u t o r  p u r ge -o u t b y m an u al  e m e r ‐
g e n c y i n e r t g as  p u r g e  wh e r e  fu r n a c e  d e s i g n  a l l o ws

th e  ti m e  n e e d e d  fo r  m a n u al  ac ti o n
( 2 ) F o r  c h am b e r s  at o r  ab o ve  1 4 0 0 ° F  ( 7 6 0 ° C ) ,  th e  c h am b e r

s h a l l  b e  m a n u al l y o r  au to m ati c al l y b u r n e d - o u t o r  p u r g e d -
o u t.

[ 8 6 : 1 3 . 5 . 1 1 . 1 1 . 1 0 . 2 ]

1 5 . 3 . 1 . 1 . 1 2 . 1 1  Fl am m ab l e  S p e c i al  Atm o s p h e re  S afe ty S h u to ff
Val ve s  — G e n e ral .  [ 8 6 : 1 3 . 5 . 1 1 . 1 1 . 1 1 ]

( A)    O n e  s afe ty s h u to ff val ve  s h a l l  b e  p r o vi d e d  i n  th e  s u p p l y
l i n e  o f e a c h  fammable  s p e c i a l  [ h yd r o g e n ]  atm o s p h e r e  g as  o r

l i q u i d .  [ 8 6 : 1 3 . 5 . 1 1 . 1 1 . 1 1 . 1 ]

( B ) *    E x o th e r m i c  ge n e r a te d  s p e c i al  [ h yd r o g e n ]  atm o s p h e r e
ga s  s u p p l i e s  u s e d  fo r  b o th  p u r gi n g a n d  p r o c e s s  s h al l  n o t

r e q u i r e  s afe ty s h u to ff val ve s .  [ 8 6 : 1 3 . 5 . 1 1 . 1 1 . 1 1 . 2 ]

( C )    S afe ty s h u to ff va l ve  c o m p o n e n ts  s h al l  b e  o f m ate r i al s  s e l e c ‐
te d  fo r  c o m p ati b i l i ty wi th  th e  ga s  o r  l i q u i d  h an d l e d  a n d  fo r
a m b i e n t c o n d i ti o n s .  [ 8 6 : 1 3 . 5 . 1 1 . 1 1 . 1 1 . 3 ]

( D )    M e an s  fo r  te s ti n g  al l  ga s  s afe ty s h u to ff val ve s  fo r  val ve  s e a t
l e akag e  s h a l l  b e  i n s tal l e d .  [ 8 6 : 1 3 . 5 . 1 1 . 1 1 . 1 1 . 4 ]

( E ) *    A te s t o f s e at l e akag e  o f g as  s a fe ty s h u to ff va l ve s  s h a l l  b e
c o m p l e te d  a t l e as t a n n u al l y.  [ 8 6 : 1 3 . 5 . 1 1 . 1 1 . 1 1 . 5 ]

1 5 . 3 . 1 . 1 . 1 2 . 1 2  Fl am m ab l e  S p e c i al  Atm o s p h e re  S afe ty S h u to ff
Val ve s .  [ 8 6 : 1 3 . 5 . 1 1 . 1 1 . 1 2 ]

( A)    F o r  fu r n ac e s  u s i n g  b u r n -i n  p r o c e d u r e s  fo r  i n tr o d u c i n g
fammable  s p e c i a l  [ h yd r o g e n ]  atm o s p h e r e  c a r r i e r  g as e s ,  i t s h a l l

b e  p e r m i s s i b l e  to  a d m i t fammable  s p e c i al  [ h yd r o g e n ]  atm o s ‐
p h e r e  c a r r i e r  g as  wh e n  th e  fo l l o wi n g c o n d i ti o n s  e x i s t:

( 1 ) T h e  fu r n ac e  te m p e r atu r e  e x c e e d s  1 4 0 0 ° F  ( 7 6 0 ° C )  a t th e
p o i n t wh e r e  th e  fammable  s p e c i al  [ h yd r o g e n ]  atm o s ‐

p h e r e  c ar r i e r  g as  i s  i n tr o d u c e d .
( 2 ) I f th e  fu r n a c e  i s  d e s i gn e d  to  o p e r a te  wi th  an  a u to m a ti c

i n e r t g as  p u r ge ,  th e  p r e s e n c e  o f th e  r e q u i r e d  i n e r t ga s
p r e s s u r e  s h a l l  b e  verifed  m an u al l y o r  au to m ati c a l l y.

( 3 ) O p e r a to r  ac ti o n  o p e n s  th e  val ve .

[ 8 6 : 1 3 . 5 . 1 1 . 1 1 . 1 2 . 1 ]

Δ ( B )    F o r  fu r n ac e s  u s i n g  p u r g e -i n  p r o c e d u r e s  fo r  i n tr o d u c i n g
fammable  s p e c i al  [ h yd r o ge n ]  atm o s p h e r e  c a r r i e r  g as e s ,  i t s h a l l

b e  p e r m i s s i b l e  to  ad m i t fammable  s p e c i al  [ h yd r o g e n ]  atm o s ‐
p h e r e  c a r r i e r  g as  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  e x i s t:

( 1 ) T h e  i n e r t ga s  p u r g e  i s  c o m p l e te .
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( 2 ) I f th e  fu r n a c e  i s  d e s i g n e d  to  o p e r ate  wi th  an  e m e r ge n c y
i n e r t g as  p u r ge ,  th e  p r e s e n c e  o f th e  r e q u i r e d  i n e r t ga s
p r e s s u r e  s h a l l  b e  verifed  m an u al l y o r  au to m ati c a l l y.

[ 8 6 : 1 3 . 5 . 1 1 . 1 1 . 1 2 . 2 ]

( C )    F o r  fu r n ac e s  u s i n g  b u r n - i n  o r  p u r g e -i n  p r o c e d u r e s  fo r
i n tr o d u c i n g  fammable  s p e c i al  [ h yd r o ge n ]  a tm o s p h e r e  ga s e s
th at ar e  n o t c ar r i e r  g as e s ,  th e  s afe ty s h u to ff val ve s  fo r  th e
n o n c a r r i e r  ga s e s  s h al l  o p e n  o n l y wh e n  th e  c a r r i e r  ga s  fow h a s
b e e n  e s ta b l i s h e d .  [ 8 6 : 1 3 . 5 . 1 1 . 1 1 . 1 2 . 3 ]

( D ) *    S afe ty s h u to ff val ve s  s h al l  au to m ati c al l y c l o s e  u p o n  o c c u r ‐
re n c e  o f th e  fo l l o wi n g  c o n d i ti o n s :

( 1 ) N o r m al  fu r n a c e  a tm o s p h e r e  b u r n -o u t i n i ti ate d
( 2 ) N o r m al  fu r n a c e  a tm o s p h e r e  p u r ge - o u t i n i ti ate d
( 3 ) L o w fow o f c a r r i e r  g as ( e s )  th a t wi l l  n o t m ai n tai n  a p o s i ‐

ti ve  p r e s s u r e  i n  c h am b e r s  b e l o w 1 4 0 0 ° F  ( 7 6 0 ° C )  a n d  p o s i ‐
ti ve  p r e s s u r e  n o t r e s to r e d  b y th e  au to m ati c  tr a n s fe r  to

a n o th e r  s o u r c e  o f ga s
( 4 ) A fu r n a c e  te m p e r atu r e  b e l o w wh i c h  a n y l i q u i d  c ar r i e r  ga s

u s e d  wi l l  n o t r e l i ab l y d i s s o c i a te
( 5 ) Au to m ati c  e m e r ge n c y i n e r t g as  p u r ge  i n i ti ate d
( 6 ) M an u al  o p e r a to r  e m e r ge n c y i n e r t g as  p u r ge  i n i ti ate d
( 7 ) P o we r  fa i l u r e
( 8 ) L i q u i d  c ar r i e r  ga s  e x c e s s  fow
[ 8 6 : 1 3 . 5 . 1 1 . 1 1 . 1 2 . 4 ]

1 5 . 3 . 1 . 1 . 1 2 . 1 3  E m e rge n c y I n e r t G as  P u rge .  [ 8 6 : 1 3 . 5 . 1 1 . 1 1 . 1 3 ]

N 1 5 . 3 . 1 . 1 . 1 2 . 1 3 . 1    A m i n i m u m  s u p p l y o f i n e r t p u r g e  ga s  e q u al
to  fve  ti m e s  th e  to tal  va c u u m  s ys te m  vo l u m e  s h a l l  b e  avai l ab l e
d u r i n g o p e r ati o n  wi th  fammable  a tm o s p h e r e s .
[ 8 6 : 1 4 . 5 . 3 . 1 1 5 . 1 ]

•
1 5 . 3 . 1 . 1 . 1 2 . 1 4  S p e c i al  Atm o s p h e re  Fl o w I n te rl o c ks .
[ 8 6 : 1 3 . 5 . 1 1 . 1 1 . 1 4 ]

( A)    M i n i m u m  c ar r i e r  g as  fow(s)  r e q u i r e d  b y th i s  c o d e  s h a l l
b e  p r o ve d  b y e i th e r :

( 1 ) A fow s wi tc h  fo r  e ac h  s p e c i al  a tm o s p h e r e  th at i s  c o n s i d ‐
e r e d  a c ar r i e r  g as

( 2 ) F u r n a c e  p r e s s u r e  s wi tc h ( s )
[ 8 6 : 1 3 . 5 . 1 1 . 1 1 . 1 4 . 1 ]

( B )    I f m i n i m u m  c ar r i e r  g as  fow i s  n o t p r o ve n ,  th e  fo l l o wi n g
s h a l l  b e  ap p l i e d :

( 1 ) Ac ti o n s  l i s te d  i n  1 5 . 3 . 1 . 1 . 1 2 . 1 0 ( B )  s h al l  b e  i n i ti a te d .
( 2 ) Vi s u a l  an d  a u d i b l e  al a r m s  s h al l  al e r t th e  o p e r a to r  o f l o s s

o f m i n i m u m  c ar r i e r  ga s  fow.

[ 8 6 : 1 3 . 5 . 1 1 . 1 1 . 1 4 . 2 ]

( C )    I n e r t p u r g e  ga s  e q u i p m e n t p i p i n g  s h a l l  b e  e q u i p p e d  wi th :

( 1 ) A p r e s s u r e  s wi tc h  th a t wi l l  au d i b l y an d  vi s u a l l y al e r t th e
o p e r ato r  o f a  l o w p u r ge  p r e s s u r e  c o n d i ti o n .

( 2 ) A fow s wi tc h  th at wi l l  a u d i b l y an d  vi s u al l y al e r t th e  o p e r a‐
to r  o f a l o w p u r g e  fow c o n d i ti o n .

[ 8 6 : 1 3 . 5 . 1 1 . 1 1 . 1 4 . 3 ]

1 5 . 3 . 1 . 1 . 1 2 . 1 5 *    F u r n a c e  ve s ti b u l e s  s h a l l  b e  e q u i p p e d  wi th
m e a n s  fo r  e x p l o s i o n  r e l i e f.  [ 8 6 : 1 3 . 5 . 1 1 . 1 1 . 1 5 ]

1 5 . 3 . 1 . 1 . 1 2 . 1 6 *    T h e  fow o f n o n c a r r i e r  s p e c i al  atm o s p h e r e
gas e s  th at ar e  nonfammable  s h al l  n o t b e  p e r m i tte d  u n ti l  m i n i ‐
m u m  c a r r i e r  ga s  fow h as  b e e n  p r o ve n .  [ 8 6 : 1 3 . 5 . 1 1 . 1 1 . 1 6 ]

1 5 . 3 . 1 . 1 . 1 2 . 1 7  O p e rati n g P re c auti o n s  fo r H e ati n g C o ve r–Typ e
Fu r n ac e s .    T h e  r ate  o f s e p ar a ti n g a  h e ati n g  c o ve r  fr o m  o r
r e j o i n i n g  a h e ati n g  c o ve r  to  th e  i n n e r  c o ve r  s h al l  n o t e x c e e d  a

r a te  th at c a u s e s  r a p i d  e x p an s i o n  o r  c o n tr ac ti o n  o f th e  atm o s ‐
p h e r e  ga s  i n s i d e  th e  i n n e r  c o ve r.  [ 8 6 : 1 3 . 5 . 1 1 . 1 1 . 1 7 ]

Δ 1 5 . 3 . 1 . 1 . 1 3 *  B u r n e r M an age m e n t S ys te m  L o gi c .

Δ ( A)    P u r g e  a n d  i g n i ti o n  tr i al s  s h al l  b e  p e r fo r m e d  u s i n g  e i th e r
d e vi c e s  l i s te d  fo r  s u c h  s e r vi c e  o r  p r o g r am m ab l e  c o n tr o l l e r s
u s e d  i n  a c c o r d a n c e  wi th  S e c ti o n  8 . 3  o f N F PA 8 6 .  [ 8 6 : 8 . 2 . 1 1 ]

Δ ( B )    T h e  ac ti vati o n  o f an y s afe ty i n te r l o c k r e q u i r e d  i n  C h ap ‐
te r  8  o f N F PA 8 6  s h al l  r e s u l t i n  a s afe ty s h u td o wn .  [ 8 6 : 8 . 2 . 1 2 ]

N ( C )    L o s s  o f p o we r  o r  s i gn a l  fr o m  a s afe ty i n te r l o c k s h al l  r e s u l t
i n  a s afe ty s h u td o wn .  [ 8 6 : 8 . 2 . 1 3 ]

Δ ( D )    S a fe ty i n te r l o c ks  s h al l  m e e t o n e  o r  m o r e  o f th e  fo l l o wi n g
c r i te r i a:

( 1 ) B e  h ar d wi r e d  wi th o u t r e l ays  i n  s e r i e s  a n d  a h e ad  o f th e
c o n tr o l l e d  d e vi c e

( 2 ) B e  c o n n e c te d  to  an  i n p u t o f a p r o g r am m ab l e  c o n tr o l l e r
l o gi c  s ys te m  c o m p l yi n g  wi th  S e c ti o n 8 . 3  o f N F PA 8 6

( 3 ) B e  c o n n e c te d  to  a r e l ay th a t r e p r e s e n ts  a s i n gl e  s a fe ty
i n te r l o c k th a t i s  confgured  to  i n i ti ate  s afe ty s h u td o wn

( 4 ) * B e  c o n n e c te d  to  a l i s te d  s a fe ty r e l a y wi th  m o n i to r i n g  th a t
r e p r e s e n ts  o n e  o r  m o r e  s afe ty i n te r l o c ks  a n d  i n i ti ate s

s a fe ty s h u td o wn

[ 8 6 : 8 . 2 . 1 4 ]

( E ) *    Al l  s a fe ty fu n c ti o n  s e n s o r s  an d  fnal  e l e m e n ts  s h a l l  b e
i n d e p e n d e n t o f o p e r a ti n g s e n s o r s  an d  fnal  e l e m e n ts .

[ 8 6 : 8 . 2 . 1 5 ]

( F) *    E l e c tr i c a l  p o we r  fo r  s a fe ty c o n tr o l  c i r c u i ts  s h a l l  b e  d c  o r
s i n gl e -p h a s e  ac ,  2 5 0  vo l t m ax i m u m ,  o n e -s i d e  gr o u n d e d ,  wi th  a l l

b r e a ki n g c o n ta c ts  i n  th e  u n gr o u n d e d ,  fu s e -p r o te c te d ,  o r  c i r c u i t
b r e a ke r –p r o te c te d  l i n e .  [ 8 6 : 8 . 2 . 1 6 ]

1 5 . 3 . 1 . 1 . 1 4  P ro gram m ab l e  L o gi c  C o n tro l l e r S ys te m s .
P r o gr a m m a b l e  l o gi c  c o n tr o l l e r  s ys te m 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  8 . 3  o f N F PA 8 6 .

1 5 . 3 . 1 . 1 . 1 5 *  I n e r t G as  fo r Fu r n ac e  P u rge .    N F PA 8 6  identifes
s e ve r al  specifc  s i tu ati o n s  wh e r e  i n e r t g as  p u r g e  i s  r e q u i r e d  an d
s h a l l  b e  r e fe r e n c e d  to  i d e n ti fy th e  ap p r o p r i ate  r e q u i r e m e n ts .

1 5 . 3 . 1 . 1 . 1 5 . 1    Wh e r e  i n e r t p u r g e  ga s  i s  r e q u i r e d  b y N F PA 8 6  o r
u s e d  as  a s afe ty p u r ge  m e d i a,  th e  fo l l o wi n g s h al l  ap p l y:

( 1 ) I t s h al l  b e  a va i l a b l e  at al l  ti m e s  an d  b e  suffcient fo r  fve
vo l u m e  c h a n ge s  o f al l  c o n n e c te d  a tm o s p h e r e  fu r n ac e s .

( 2 ) I f th e  i n e r t g as  h as  a  fammable  g as  c o m p o n e n t,  i t s h a l l
b e  an al yz e d  o n  a c o n ti n u o u s  b a s i s  to  ve r i fy th at th e

o x yg e n  c o n te n t i s  l e s s  th an  1  p e r c e n t a n d  th e  c o m b i n e d
c o m b u s ti b l e  g as  c o n c e n tr a ti o n  r e m a i n s  l e s s  th an

2 5  p e r c e n t o f th e  L F L .
[ 8 6 : 1 3 . 5 . 5 . 1 . 4 ]

1 5 . 3 . 1 . 1 . 1 6  S to rage  S ys te m s  fo r S p e c i al  Atm o s p h e re s .    Tan ks
c o n tai n i n g  p u r g e  m e d i a  s h al l  b e  p r o vi d e d  wi th  a  l o w-l e ve l  au d i ‐

b l e  a n d  vi s u a l  al ar m  th a t m e e ts  th e  fo l l o wi n g  c r i te r i a:

( 1 ) T h e  al ar m  i s  s i tu ate d  i n  th e  ar e a  n o r m al l y o c c u p i e d  b y
fu r n a c e  o p e r ato r s .

( 2 ) T h e  l o w-l e ve l  al ar m  s e t p o i n t i s  e s tab l i s h e d  to  p r o vi d e
ti m e  fo r  a n  o r d e r l y s h u td o wn  o f th e  a ffe c te d  fu r n a c e ( s ) .
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( 3 ) T h e  m i n i m u m  c o n te n ts  o f a  tan k c o n tai n i n g  a  p u r g e
m e d i u m  at th e  l o w-l e ve l  a l a r m  s e t p o i n t i s  suffcient to
p u r g e  al l  c o n n e c te d  atm o s p h e r e  fu r n ac e s  wi th  a t l e as t
fve  vo l u m e  c h an g e s .

[ 8 6 : 1 3 . 5 . 5 . 2 ]

1 5 . 3 . 1 . 2  S p e c i al  Atm o s p h e re s  i n  C l as s  D  Fu r n ac e s .

N 1 5 . 3 . 1 . 2 . 1    C l as s  D  fu r n ac e s  s h al l  b e  fu r th e r  s u b d i vi d e d  i n to
fo u r  s u b c l a s s e s  as  s h o wn  i n  Ta b l e  1 5 . 3 . 1 . 2 . 1 .  [ 8 6 : Tab l e  1 4 . 1 . 2 ]

N 1 5 . 3 . 1 . 2 . 1 . 1    C l as s  D  fu r n ac e s  th at a r e  c ap ab l e  o f o p e r ati n g  i n
m o r e  th an  o n e  o f th e  m o d e s  i n  Ta b l e  1 5 . 3 . 1 . 2 . 1  s h a l l  b e  e q u i p ‐
p e d  wi th  al l  th e  n e c e s s ar y h a r d wa r e  a n d  i n s tr u m e n ta ti o n
fe a tu r e s  r e q u i r e d  b y th i s  c h ap te r  fo r  e a c h  o p e r ati n g  m o d e  i t
e m p l o ys .  [ 8 6 : 1 4 . 1 . 2 . 1 ]

N 1 5 . 3 . 1 . 2 . 1 . 2    At a m i n i m u m ,  al l  C l a s s  D  fu r n ac e s  s h a l l  m e e t th e
h ar d war e  a n d  i n s tr u m e n ta ti o n  r e q u i r e m e n ts  fo r  M o d e  D -1 .
[ 8 6 : 1 4 . 1 . 2 . 1 . 1 ]

N 1 5 . 3 . 1 . 2 . 1 . 3    M o d e  D -3  s h al l  c o m p r i s e  an  o p e r ati o n  a t a n e g a‐
ti ve  g au g e  p r e s s u r e  wi th  a  fammable  s p e c i a l  atm o s p h e r e .
[ 8 6 : 1 4 . 1 . 2 . 4 ]

N 1 5 . 3 . 1 . 2 . 1 . 4    M o d e  D -4  s h a l l  c o m p r i s e  a n  o p e r ati o n  a t a p o s i ‐
ti ve  g au g e  p r e s s u r e  wi th  a  fammable  s p e c i a l  atm o s p h e r e .
[ 8 6 : 1 4 . 1 . 2 . 5 ]

N 1 5 . 3 . 1 . 2 . 2 *  G as  H az ard s .    Wh e r e  th e  p o te n ti al  fo r  th e  r e l e a s e
o f h az ar d o u s  ga s e s  fr o m  a  va c u u m  fu r n ac e  e x i s ts ,  s u c h  g as e s
s h a l l  b e  d i r e c te d  to  a n  ap p r o ve d  l o c a ti o n .  [ 8 6 : 1 4 . 2 . 2 ]

1 5 . 3 . 1 . 2 . 3  S afe ty C o n tro l s  an d  E q u i p m e n t.    T h e  r e q u i r e m e n ts
o f 1 5 . 3 . 1 . 2  s h a l l  ap p l y to  an y va c u u m  c h am b e r  o r  vac u u m
fu r n ac e  i n  wh i c h  [ h yd r o ge n ]  g as  i s  u s e d  at p r e s s u r e s  e q u a l  to
o r  g r e ate r  th a n  th e  fu e l ’ s  p ar ti a l  p r e s s u r e  a t 5 0  p e r c e n t o f i ts
L F L  wh e n  m i x e d  wi th  ai r  at s tan d ar d  te m p e r atu r e  an d  p r e s s u r e
( i . e . ,  1 . 0  a tm  an d  2 5 ° C ) .  [ 8 6 : 1 4 . 5 . 3 . 1 ]

N 1 5 . 3 . 1 . 2 . 3 . 1    P r o c e s s e s  a n d  e q u i p m e n t u p s tr e am  o f i n te r c o n ‐
n e c te d  fu r n a c e s  th at ar e  u s e d  fo r  c o n tr o l l i n g  fows  o f s p e c i al
atm o s p h e r e s  s h al l  b e  d e s i g n e d ,  i n s tal l e d ,  an d  o p e r ate d  to
m a i n tai n  p o s i ti ve  p r e s s u r e  a t al l  ti m e s .  [ 8 6 : 1 4 . 5 . 3 . 1 . 1 ]

N 1 5 . 3 . 1 . 2 . 3 . 2    Wh e n  fu r n ac e  c h a m b e r  d o o r  o p e r a ti o n  o r  wo r k‐
l o ad  q u e n c h i n g c au s e s  atm o s p h e r e  c o n tr ac ti o n s ,  th e  fow r ate s
u s e d  s h al l  r e s to r e  p o s i ti ve  i n te r n a l  p r e s s u r e  b e fo r e  ai r  infltra‐
tion  wo u l d  c au s e  a tr a n s i ti o n  i n to  th e  fammability r an g e .
[ 8 6 : 1 4 . 5 . 3 . 1 . 2 ]

N 1 5 . 3 . 1 . 2 . 3 . 3    Wh e r e  th e  atm o s p h e r e  i s  fammable,  i ts  fow r ate
s h a l l  b e  suffcient to  p r o vi d e  s tab l e  b u r n -o ff fames  a t ve n t
p o r ts .  [ 8 6 : 1 4 . 5 . 3 . 1 . 3 ]

N Tab l e  1 5 . 3 . 1 . 2 . 1  O p e rati n g M o d e s  o f C l as s  D  Vac u um
Fu r n ac e s  [ 8 6 : Tab l e  4 . 1 . 2 ]

M o d e O p e rati n g P re s s u re S p e c i al  Atm o s p h e re

D - 1 Va c u u m  o r  n e g a ti ve  
g a u g e  p r e s s u r e

N o n e  o r  nonfammable

D - 2 P o s i ti ve  g au g e  p r e s s u r e N o n e  o r  nonfammable

D - 3 Va c u u m  o r  n e g a ti ve  
g a u g e  p r e s s u r e

F l a m m a b l e  [ H yd r o g e n ]

D - 4 P o s i ti ve  g au g e  p r e s s u r e F l a m m a b l e  [ H yd r o g e n ]

N ( A)    I n d e te r m i n an t atm o s p h e r e s  s h a l l  b e  tr e a te d  as  fammable
atm o s p h e r e s .  [ 8 6 : 1 4 . 5 . 3 . 1 . 3 . 1 ]

1 5 . 3 . 1 . 2 . 3 . 4  Fl am m ab l e  G as  S u p p l y.  [ 8 6 : 1 4 . 5 . 3 . 1 . 4 ]

( A)    T h e  fammable  ga s  s u p p l y s h a l l  b e  c o n n e c te d  to  th e
va c u u m  c h am b e r  th r o u g h  a n o r m a l l y c l o s e d  au to m ati c  s a fe ty

s h u to ff val ve .  [ 8 6 : 1 4 . 5 . 3 . 1 . 4 . 1 ]

( B )    Va c u u m  fu r n ac e s  th at r e l y o n  a  p ar ti a l  va c u u m  to  h o l d  th e
d o o r  c l o s e d  s h a l l  h a ve  th e  fammable  g as  s u p p l y c o n n e c te d  to

th e  vac u u m  c h am b e r  th r o u g h  two  n o r m al l y c l o s e d  a u to m a ti c
s a fe ty s h u to ff val ve s .  [ 8 6 : 1 4 . 5 . 3 . 1 . 4 . 2 ]

( C )    A m a n u a l  s h u to ff va l ve  s h al l  b e  p r o vi d e d  i n  al l  fammable
atm o s p h e r e  s u p p l y p i p e ( s ) .  [ 8 6 : 1 4 . 5 . 3 . 1 . 4 . 3 ]

1 5 . 3 . 1 . 2 . 3 . 5    T h e  fammable  g as  s u p p l y s ys te m  s h al l  b e  i n te r ‐
l o c ke d  wi th  th e  vac u u m  s ys te m  to  p r e ve n t th e  i n tr o d u c ti o n  o f

a n y fammable  atm o s p h e r e  u n ti l  th e  fu r n a c e  h as  b e e n  e vac u ‐
ate d  to  a l e ve l  o f 1  ×  1 0 -1  to r r  ( 1 3 . 3  P a )  o r  l e s s .  [ 8 6 : 1 4 . 5 . 3 . 1 . 5 ]

N 1 5 . 3 . 1 . 2 . 3 . 6    H i gh -  an d  l o w-p r e s s u r e  s wi tc h e s  s h a l l  b e  i n s tal l e d
o n  th e  fammable  g as  l i n e .  [ 8 6 : 1 4 . 5 . 3 . 1 . 6 ]

Δ 1 5 . 3 . 1 . 2 . 3 . 7    H i gh -  a n d  l o w- p r e s s u r e  s wi tc h e s  i n s tal l e d  o n  th e
fammable  g as  l i n e  s h al l  b e  i n te r l o c ke d  to  s h u t o ff th e  s u p p l y o f

ga s  wh e n  i ts  p r e s s u r e  d e vi ate s  fr o m  th e  d e s i g n  o p e r ati n g  r an g e .
[ 8 6 : 1 4 . 5 . 3 . 1 . 7 ]

1 5 . 3 . 1 . 2 . 3 . 8 *    I n  th e  c a s e  o f a m u l ti p l e - c h a m b e r-typ e  o r
c o n ti n u o u s -typ e  va c u u m  fu r n ac e ,  th e  fo l l o wi n g c r i te r i a s h a l l

a p p l y:

( 1 ) E ac h  c h am b e r  s h a l l  b e  r e g ar d e d  as  a s e p ar a te  s ys te m .
( 2 ) I n te r l o c ks  s h al l  b e  p r o vi d e d  th a t p r e ve n t th e  val ve s  fr o m

o p e n i n g  b e twe e n  ad j a c e n t i n te r c o n n e c ti n g  c h am b e r s
o n c e  a fammable  a tm o s p h e r e  h a s  b e e n  i n tr o d u c e d  i n to
an y o f th e m .

[ 8 6 : 1 4 . 5 . 3 . 1 . 8 ]

1 5 . 3 . 1 . 2 . 3 . 9    T h e  va c u u m  p u m p i n g s ys te m  s h al l  b e  i n te r l o c ke d
wi th  th e  s u p p l y g as  s ys te m  s o  th a t m e c h a n i c al  p u m p s  c o n ti n u e
to  o p e r a te  wh i l e  fammable  ga s  i s  i n  th e  vac u u m  c h am b e r,  to

p r e ve n t th e  backfow o f ai r  th r o u gh  n o n o p e r ati n g  p u m p s .
[ 8 6 : 1 4 . 5 . 3 . 1 . 9 ]

1 5 . 3 . 1 . 2 . 3 . 1 0    T h e  fo l l o wi n g s h a l l  b e  p i p e d  to  a  s o u r c e  o f i n e r t
ga s :

( 1 ) M e c h an i c a l  p u m p  ga s  b a l l a s t val ve s
( 2 ) Vac u u m  a i r  r e l e a s e  val ve s  o n  r o u gh i n g o r  fo r e l i n e s

[ 8 6 : 1 4 . 5 . 3 . 1 . 1 0 ]

N 1 5 . 3 . 1 . 2 . 3 . 1 0 . 1    A m i n i m u m  s u p p l y o f i n e r t p u r ge  g as  e q u al  to
fve  ti m e s  th e  to tal  vac u u m  s ys te m  vo l u m e  s h al l  b e  avai l ab l e
d u r i n g o p e r a ti o n  wi th  fammable  a tm o s p h e r e s .  [ 8 6 : 1 4 . 5 . 3 . 1 . 1 ]

N 1 5 . 3 . 1 . 2 . 3 . 1 0 . 2    T h e  p u rge  g as  s u p p l y s h a l l  b e  c o n n e c te d  to  th e
va c u u m  c h a m b e r  th r o u gh  a n o r m al l y o p e n  va l ve .

[ 8 6 : 1 4 . 5 . 3 . 1 5 . 2 ]

( A)    A p r e s s u r e  s e n s o r  s h al l  m o n i to r  th e  p u r g e  ga s  l i n e  p r e s ‐
s u r e  an d  s h a l l  s to p  th e  s u p p l y o f fammable  ga s  i f th e  p r e s s u r e

b e c o m e s  to o  l o w to  al l o w p u r g i n g  i n  a c c o r d an c e  wi th
1 5 . 3 . 1 . 2 . 3 . 1 0 . 1 . [ 8 6 : 1 4 . 5 . 3 . 1 . 2 . 1 ]

•
N ( B )    An y m a n u a l  i n e r t p u r g e  g as  s h u to ff val ve s  s h al l  b e  p r o ve d

o p e n  th r o u g h  th e  u s e  o f a p o s i ti o n  m o n i to r i n g s wi tc h  an d
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i n te r l o c ke d  to  p r e ve n t th e  i n tr o d u c ti o n  o f fammable  g as .
[ 8 6 : 1 4 . 5 . 3 . 1 5 . 2 . 2 ]

1 5 . 3 . 1 . 2 . 3 . 1 1    M an u al  a i r  r e l e as e  val ve s  s h al l  n o t b e  p e r m i tte d .
[ 8 6 : 1 4 . 5 . 3 . 1 . 1 1 ]

1 5 . 3 . 1 . 2 . 3 . 1 2    Vac u u m  fu r n ac e s  th at r e l y o n  a  p a r ti al  vac u u m
to  h o l d  th e  d o o r  c l o s e d  s h al l  i n c o r p o r ate  a p r e s s u r e  s wi tc h ,
i n d e p e n d e n t o f th e  c h am b e r  p r e s s u r e  c o n tr o l  d e vi c e ,  to  te r m i ‐
n ate  fammable  ga s  ad d i ti o n  b e fo r e  th e  backfll  p r e s s u r e  r i s e s
to  a p o i n t wh e r e  d o o r  c l am p i n g  i s  l o s t.  [ 8 6 : 1 4 . 5 . 3 . 1 . 1 2 ]

1 5 . 3 . 1 . 2 . 3 . 1 3    Vac u u m  fu r n a c e s  th at ar e  backflled  wi th  fam‐
mable  ga s e s  to  p r e s s u r e s  g r e ate r  th a n  th at r e q u i r e d  to  h o l d  th e
d o o r  c l o s e d  s h al l  i n c o r p o r ate  c l am p s  a n d  s e a l s  to  e n s u r e  th e
d o o r  i s  ti g h tl y a n d  p o s i ti ve l y s e al e d .  [ 8 6 : 1 4 . 5 . 3 . 1 . 1 3 ]

1 5 . 3 . 1 . 2 . 3 . 1 4 *    S i gh t gl as s e s ,  wh e r e  p r o vi d e d ,  s h al l  b e  val ve d
o ff b e fo r e  o p e r ati o n  wi th  fammable  g as e s ,  e x c e p t fo r  s i g h t
gl as s e s  u s e d  s o l e l y fo r  p yr o m e te r s .  [ 8 6 : 1 4 . 5 . 3 . 1 . 1 4 ]

•
1 5 . 3 . 1 . 2 . 4  P ro c e s s i n g o f Fl am m ab l e  G as e s  fo r C l as s  D - 3  Fu r n a‐
c e s .  [ 8 6 : 1 4 . 5 . 3 . 2 ]

Δ 1 5 . 3 . 1 . 2 . 4 . 1    D u r i n g p r o c e s s i n g ,  fammable  g as e s  s h al l  b e
e x h a u s te d  fr o m  va c u u m  fu r n ac e s  b y p u m p i n g  th e m  th r o u g h
th e  va c u u m  p u m p s .  [ 8 6 : 1 4 . 5 . 3 . 2 . 1 ]

1 5 . 3 . 1 . 2 . 4 . 2    I f th e  fammable  g as  i s  e x h au s te d  th r o u gh  a
vac u u m  p u m p ,  th e  s ys te m  s h a l l  b e  d e s i gn e d  to  p r e ve n t ai r
backfow i f th e  p u m p  s to p s .  [ 8 6 : 1 4 . 5 . 3 . 2 . 2 ]

Δ 1 5 . 3 . 1 . 2 . 4 . 3    Ve n ti n g  o f th e  vac u u m  p u m p  s h al l  b e  i n  ac c o r d ‐
an c e  wi th  1 4 . 2 . 8  o f N F PA 8 6 ,  an d  o n e  o f th e  fo l l o wi n g  ac ti o n s
s h a l l  b e  take n  d u r i n g fammable  g as  o p e r ati o n :

( 1 ) T h e  p u m p  d i s c h ar g e  s h al l  b e  d i l u te d  wi th  i n e r t ga s  to
l o we r  th e  c o m b u s ti b l e  l e ve l  o f th e  m i x tu r e  b e l o w th e  L F L .

( 2 ) T h e  p u m p  d i s c h a r ge  s h al l  b e  p as s e d  th r o u g h  a  b u r n e r.

[ 8 6 : 1 4 . 5 . 3 . 2 . 3 ]

N 1 5 . 3 . 1 . 2 . 5  P ro c e s s i n g o f Fl am m ab l e  G as e s  fo r C l as s  D - 4  Fu r n a‐
c e s .  [ 8 6 : 1 4 . 5 . 3 . 3 ]

N 1 5 . 3 . 1 . 2 . 5 . 1    D u r i n g p r o c e s s i n g ,  fammable  g as e s  s h al l  b e
e x h au s te d  fr o m  vac u u m  fu r n ac e s  b y ve n ti n g  i n  c o n ti n u o u s  fow
to  th e  atm o s p h e r e .  [ 8 6 : 1 4 . 5 . 3 . 3 . 1 ]

1 5 . 3 . 1 . 2 . 5 . 2    I f th e  fammable  ga s  i s  ve n te d  to  th e  atm o s p h e r e
d i r e c tl y wi th o u t p as s i n g  th r o u g h  th e  vac u u m  p u m p s ,  th e  ve n t
l i n e  s h al 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  ai r  fr o m
e n te r i n g  th e  fu r n a c e  c h am b e r.  [ 8 6 : 1 4 . 5 . 3 . 3 . 2 ]

1 5 . 3 . 1 . 2 . 5 . 3    I f th e  fammable  ga s  i s  ve n te d  to  th e  atm o s p h e r e
th r o u g h  a b u r n e r,  al l  o f th e  fo l l o wi n g s h al l  ap p l y:

( 1 ) T h e  ve n t l i n e  s h al 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 t‐
i n g  a i r  fr o m  e n te r i n g  th e  fu r n ac e  c h am b e r.

( 2 ) T h e  e x i s te n c e  o f th e  b u r n e r  i g n i ti o n  s o u r c e  s h a l l  b e
m o n i to r e d  i n d e p e n d e n tl y.

( 3 ) I n te r l o c ks  s h al l  b e  p r o vi d e d  to  s h u t o ff th e  fammable  ga s
s u p p l y an d  i n i ti a te  i n e r t ga s  p u r g e  i f th e  fame  i s  n o t
s e n s e d .

[ 8 6 : 1 4 . 5 . 3 . 3 . 3 ]

1 5 . 3 . 1 . 2 . 5 . 4    F o r  M o d e  D -4  o p e r ati o n s ,  th e  fo l l o wi n g  c r i te r i a
s h a l l  b e  m e t:

( 1 ) A p r e s s u r e  s wi tc h  s h a l l  b e  i n te r l o c ke d  to  c l o s e  th e  fam‐
mable  g as  s u p p l y i f th e  c h am b e r  p r e s s u r e  e x c e e d s  th e
m a x i m u m  o p e r ati n g  p r e s s u r e .

( 2 ) T h e  p r e s s u r e  s wi tc h  s h al l  b e  i n d e p e n d e n t o f th e  c h a m b e r
p r e s s u r e  c o n tr o l  d e vi c e .

( 3 ) A p r e s s u r e  s wi tc h  s h a l l  b e  i n te r l o c ke d  to  c l o s e  th e  fam‐
mable  g as  s u p p l y an d  i n i ti a te  p u r g e  i f th e  c h am b e r  p r e s ‐
s u r e  d r o p s  b e l o w th e  m i n i m u m  o p e r ati n g  p r e s s u r e .

[ 8 6 : 1 4 . 5 . 3 . 3 . 4 ]
•

1 5 . 3 . 1 . 2 . 5 . 5    Wh e r e  fammable  ga s  i s  e x h a u s te d  th r o u g h  a ve n t
( n o t th r o u g h  th e  p u m p ) ,  th e  ve n t va l ve  s h al l  n o t o p e n  u n ti l  a

p r e s s u r e  a b o ve  a tm o s p h e r e  i s  a ttai n e d  i n  th e  c h am b e r.
[ 8 6 : 1 4 . 5 . 3 . 3 . 5 ]

1 5 . 3 . 1 . 2 . 6  P u rge - o u t Re q u i re m e n ts .  [ 8 6 : 1 4 . 5 . 3 . 4 ]

N 1 5 . 3 . 1 . 2 . 6 . 1    Wr i tte n  p u r ge - o u t i n s tr u c ti o n s  s h al l  b e  p r o vi d e d
fo r  e ac h  fu r n ac e .  [ 8 6 : 1 4 . 5 . 3 . 4 . 1 ]

N ( A)    P u r g e  e ffe c ti ve n e s s  s h al l  n o t b e  c o m p r o m i s e d  d u r i n g th e
p u r g e  p r o c e s s .  [ 8 6 : 1 4 . 5 . 3 . 4 . 1 . 1 ]

N ( B )    F u r n ac e  d o o r s  an d  c o ve r s  s h al l  b e  p o s i ti o n e d  i n  a c c o r d ‐
an c e  wi th  th e  m an u fa c tu r e r ’ s  i n s tr u c ti o n s  b e fo r e  p u r g e -o u t

b e g i n s .  [ 8 6 : 1 4 . 5 . 3 . 4 . 1 . 2 ]

( C )    Wh e n  p u r ge  i s  i n i ti ate d ,  th e  fammable  g as  va l ve ( s )  s h a l l
b e  c l o s e d .  [ 8 6 : 1 4 . 5 . 3 . 4 . 1 . 3 ]

Δ 1 5 . 3 . 1 . 2 . 6 . 2    P u r gi n g s h a l l  b e  c o m p l e te  wh e n  an y o f th e  fo l l o w‐
i n g c r i te r i a  i s  satisfed:

( 1 ) Two  c o n s e c u ti ve  an a l ys e s  o f th e  ve n t g as  fr o m  th e  fu r n a c e
i n d i c a te  th at l e s s  th a n  5 0  p e r c e n t o f th e  L F L  h as  b e e n

r e ac h e d .
( 2 ) F i ve  fu r n ac e  vo l u m e  c h an g e s  wi th  i n e r t ga s  h ave  o c c u r ‐

r e d .
( 3 ) T h e  fu r n ac e  i s  p u m p e d  d o wn  to  a m i n i m u m  vac u u m  l e ve l

o f 1  ×  1 0 -1  to r r  ( 1 3 . 3  P a)  p r i o r  to  i n e r t g as  backfll.
[ 8 6 : 1 4 . 5 . 3 . 4 . 2 ]

N 1 5 . 3 . 1 . 2 . 7  Re m o val  o f Fl am m ab l e  S p e c i al  Atm o s p h e re s  b y
P u rge - o u t.  [ 8 6 : 1 4 . 5 . 3 . 1 2 ]

N 1 5 . 3 . 1 . 2 . 7 . 1    Wh e r e  u ti l i z e d ,  th e  r e m o val  o f fammable  s p e c i al
a tm o s p h e r e s  b y p u r g e -o u t o r  e m e r g e n c y p u r g e -o u t s h al l  b e

i n i ti a te d  u n d e r  th e  fo l l o wi n g  c o n d i ti o n s :

( 1 ) N o r m al  fu r n ac e  p u r g e -o u t i n i ti ate d
( 2 ) F o r  va c u u m  fu r n a c e s  o p e r ati n g  i n  M o d e  D -4 ,  l o w fow o f

fammable  g as ( e s )  th a t wi l l  n o t m ai n ta i n  a p o s i ti ve  p r e s ‐
s u r e  an d  p o s i ti ve  p r e s s u r e  n o t r e s to r e d  b y th e  a u to m a ti c
tr a n s fe r  to  an o th e r  s o u r c e  o f g as

( 3 ) A fu r n ac e  te m p e r atu r e  b e l o w wh i c h  an y vo l ati l e ,  famma‐
ble  l i q u i d s  i n j e c te d  i n to  th e  fu r n ac e  wi l l  n o t vap o r i z e

( 4 ) Au to m ati c  e m e r ge n c y i n e r t g as  p u r ge  i n i ti ate d
( 5 ) M an u al  o p e r ato r  e m e r g e n c y i n e r t ga s  p u r g e  i n i ti a te d
[ 8 6 : 1 4 . 5 . 3 . 1 2 . 1 ]

N 1 5 . 3 . 1 . 2 . 7 . 2    Wh e n  p u r g e  i s  i n i ti ate d ,  a l l  s p e c i al  atm o s p h e r e
s a fe ty s h u to ff val ve s  s h a l l  a u to m a ti c al l y c l o s e ,  an d  r e m ai n

c l o s e d  fo r  th e  e n ti r e  p u r ge  d u r ati o n .  [ 8 6 : 1 4 . 5 . 3 . 1 2 . 2 ]

N 1 5 . 3 . 1 . 2 . 8  Fl am m ab l e  S p e c i al  Atm o s p h e re  S afe ty S h u to ff
Val ve s  — G e n e ral .  [ 8 6 : 1 4 . 5 . 3 . 1 3 ]

N 1 5 . 3 . 1 . 2 . 8 . 1    T h e  fammable  ga s  s u p p l y s h a l l  b e  c o n n e c te d  to
th e  va c u u m  c h a m b e r  th r o u gh  a n o r m a l l y c l o s e d  a u to m a ti c

s a fe ty s h u to ff val ve .  [ 8 6 : 1 4 . 5 . 3 . 1 3 . 1 ]
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N 1 5 . 3 . 1 . 2 . 8 . 2    Vac u u m  fu r n a c e s  o p e r ati n g  i n  M o d e  D -3  th a t r e l y
o n  a  p ar ti a l  va c u u m  to  h o l d  th e  d o o r  c l o s e d  s h al l  h ave  th e
fammable  ga s  s u p p l y c o n n e c te d  to  th e  vac u u m  c h a m b e r

th r o u g h  two  n o r m a l l y c l o s e d  au to m ati c  s afe ty s h u to ff val ve s .
[ 8 6 : 1 4 . 5 . 3 . 1 3 . 2 ]

N 1 5 . 3 . 1 . 2 . 8 . 3    S a fe ty s h u to ff va l ve  c o m p o n e n ts  s h al l  b e  o f m a te ‐
r i al s  s e l e c te d  fo r  c o m p ati b i l i ty wi th  th e  ga s  o r  l i q u i d  h an d l e d
a n d  fo r  a m b i e n t c o n d i ti o n s .  [ 8 6 : 1 4 . 5 . 3 . 1 3 . 3 ]

N 1 5 . 3 . 1 . 2 . 8 . 4    M e a n s  fo r  te s ti n g al l  g as  s a fe ty s h u to ff val ve s  fo r
val ve  s e at l e a ka ge  s h al l  b e  i n s ta l l e d .  [ 8 6 : 1 4 . 5 . 3 . 1 3 . 4 ]

N 1 5 . 3 . 1 . 2 . 8 . 5    A te s t o f s e at l e akag e  o f g as  s afe ty s h u to ff va l ve s
s h a l l  b e  c o m p l e te d  a t l e as t a n n u a l l y.  [See A. 1 5. 3. 1 . 1 . 1 2. 1 1 (E)].

[ 8 6 : 1 4 . 5 . 3 . 1 3 . 5 ]

N 1 5 . 3 . 1 . 2 . 9  Fl am m ab l e  S p e c i al  Atm o s p h e re  S afe ty S h u to ff
Val ve s .  [ 8 6 : 1 4 . 5 . 3 . 1 4 ]

N 1 5 . 3 . 1 . 2 . 9 . 1    F o r  fu r n a c e s  u s i n g p u r ge -i n  p r o c e d u r e s  to  i n tr o ‐
d u c e  fammable  s p e c i al  atm o s p h e r e  g as e s ,  th e  fu r n ac e  s h a l l  b e

d e s i g n e d  to  o p e r ate  wi th  a n  au to m ati c  i n e r t g as  p u r g e  th a t
au to m ati c al l y verifes  th e  p r e s e n c e  o f th e  r e q u i r e d  i n e r t ga s
p r e s s u r e .  [ 8 6 : 1 4 . 5 . 3 . 1 4 . 1 ]

N 1 5 . 3 . 1 . 2 . 9 . 2    F o r  fu r n a c e s  c o m p l yi n g  wi th  1 5 . 3 . 1 . 2 . 9 . 1 ,  o n e  o f
th e  fo l l o wi n g s h al l  b e  r e q u i r e d :

( 1 ) F l a m m a b l e  s p e c i a l  a tm o s p h e r e  g as e s  s h al l  n o t b e  p e r m i t‐
te d  to  e n te r  th e  fu r n ac e  u n ti l  th e  p u r ge -i n  p r o c e s s  i s
c o m p l e te .

( 2 ) O p e r ato r  ac ti o n  s h a l l  b e  r e q u i r e d  to  o p e n  th e  fammable
s p e c i al  a tm o s p h e r e  s afe ty s h u to ff val ve .

[ 8 6 : 1 4 . 5 . 3 . 1 4 . 2 ]

N 1 5 . 3 . 1 . 2 . 9 . 3    F o r  C l a s s  D - 4  fu r n ac e s  th a t i n tr o d u c e  s p e c i al
a tm o s p h e r e  ga s e s  th at ar e  n o t c ar r i e r  g as e s ,  th e  s afe ty s h u to ff

va l ve s  fo r  th e  n o n c ar r i e r  g as e s  s h al l  o p e n  o n l y wh e n  th e  c ar r i e r
ga s  fow h as  b e e n  e s tab l i s h e d .  [ 8 6 : 1 4 . 5 . 3 . 1 4 . 3 ]

N 1 5 . 3 . 1 . 2 . 9 . 4    F l a m m a b l e  s p e c i al  atm o s p h e r e  s afe ty s h u to ff
va l ve s  s h al l  a u to m a ti c al l y c l o s e  u p o n  o c c u r r e n c e  o f a n y o f th e

fo l l o wi n g  c o n d i ti o n s :

( 1 ) E m e r ge n c y p u r ge  p r e s s u r e  b e c o m e s  to o  l o w to  a l l o w
p u r g i n g  i n  ac c o r d an c e  wi th  1 5 . 3 . 1 . 2 . 1 0 . 1

( 2 ) N o r m al  fu r n a c e  a tm o s p h e r e  p u r ge - o u t i n i ti ate d
( 3 ) L o w fow o f M o d e  D - 4  c a r r i e r  ga s ( e s )  th at wi l l  n o t m a i n ‐

ta i n  a p o s i ti ve  p r e s s u r e  an d  th e  p o s i ti ve  p r e s s u r e  i s  n o t
r e s to r e d  b y th e  au to m ati c  tr a n s fe r  to  a n o th e r  s o u r c e  o f

g as
( 4 ) A fu r n ac e  te m p e r atu r e  b e l o w wh i c h  an y vo l ati l e  famma‐

ble  l i q u i d s  i n j e c te d  i n to  th e  fu r n ac e  wi l l  n o t vap o r i z e
( 5 ) Au to m ati c  e m e r ge n c y i n e r t g as  p u r ge  i n i ti ate d
( 6 ) M an u al  o p e r a to r  e m e r ge n c y i n e r t g as  p u r ge  i n i ti ate d
( 7 ) P o we r  fa i l u r e
( 8 ) L i q u i d  c ar r i e r  ga s  e x c e s s  fow
[ 8 6 : 1 4 . 5 . 3 . 1 4 . 4 ]

N 1 5 . 3 . 1 . 2 . 1 0  E m e rge n c y I n e r t G as  P u rge .  [ 8 6 : 1 4 . 5 . 3 . 1 5 ]

N 1 5 . 3 . 1 . 2 . 1 0 . 1    A m i n i m u m  s u p p l y o f i n e r t p u r g e  g as  e q u al  to
fve  ti m e s  th e  to tal  vac u u m  s ys te m  vo l u m e  s h al l  b e  avai l ab l e

d u r i n g o p e r ati o n  wi th  fammable  a tm o s p h e r e s .
[ 8 6 : 1 4 . 5 . 3 . 1 5 . 1 ]

N 1 5 . 3 . 1 . 2 . 1 0 . 2    T h e  p u r g e  g as  s u p p l y s h a l l  b e  c o n n e c te d  to  th e
va c u u m  c h a m b e r  th r o u gh  a n o r m al l y o p e n  va l ve .

[ 8 6 : 1 4 . 5 . 3 . 1 5 . 2 ]

N ( A)    A p r e s s u r e  s e n s o r  s h al l  m o n i to r  th e  p u r g e  ga s  l i n e  p r e s ‐
s u r e  an d  s h a l l  s to p  th e  s u p p l y o f fammable  ga s  i f th e  p r e s s u r e

b e c o m e s  to o  l o w to  al l o w p u r g i n g  i n  a c c o r d a n c e  wi th
1 5 . 3 . 1 . 2 . 1 0 . 1 . [ 8 6 : 1 4 . 5 . 3 . 1 5 . 2 . 1 ]

N ( B )    An y m a n u a l  i n e r t p u r g e  g as  s h u to ff val ve s  s h al l  b e  p r o ve d
o p e n  th r o u g h  th e  u s e  o f a p o s i ti o n  m o n i to r i n g s wi tc h  an d
i n te r l o c ke d  to  p r e ve n t th e  i n tr o d u c ti o n  o f fammable  g as .

[ 8 6 : 1 4 . 5 . 3 . 1 5 . 2 . 2 ]

N ( C )    T h e  e m e r ge n c y i n e r t g as  p u r ge  s h al l  b e  i n i ti a te d  u p o n  an y
o f th e  fo l l o wi n g c o n d i ti o n s :

( 1 ) F o r  C l as s  D -4  va c u u m  fu r n ac e s ,  l o w fow o f fammable
g as ( e s )  th a t wi l l  n o t m ai n ta i n  a  p o s i ti ve  p r e s s u r e  an d  p o s i ‐

ti ve  p r e s s u r e  n o t r e s to r e d  b y th e  au to m ati c  tr an s fe r  to
an o th e r  s o u r c e  o f g as

( 2 ) A fu r n ac e  te m p e r atu r e  b e l o w wh i c h  an y vo l a ti l e  famma‐
ble  l i q u i d s  i n j e c te d  i n to  th e  fu r n ac e  wi l l  n o t vap o r i z e

( 3 ) M an u al  o p e r a to r  e m e r ge n c y i n e r t g as  p u r ge  i n i ti ate d
( 4 ) P o we r  fa i l u r e
[ 8 6 : 1 4 . 5 . 3 . 1 5 . 3 ]

1 5 . 3 . 1 . 2 . 1 1 *  E m e rge n c y S h utd o wn  P ro c e d u re .    I n  th e  e ve n t o f
a n  e l e c tr i c al  p o we r  fai l u r e  o r  fammable  g as  fai l u r e ,  th e  s ys te m

s h a l l  b e  p u r ge d  i n  ac c o r d an c e  wi th  1 5 . 3 . 1 . 2 . 6 .  [ 8 6 : 1 4 . 5 . 3 . 1 6 ]

1 5 . 3 . 2 *  H yd ro ge n  C o o l e d  G e n e rato rs .

1 5 . 3 . 2 . 1  G e n e ral .

1 5 . 3 . 2 . 1 . 1    S u b s e c ti o n  1 5 . 3 . 2  s h a l l  ap p l y to  e l e c tr i c  p o we r-
ge n e r a ti n g e q u i p m e n t th at e m p l o ys  a h yd r o g e n  a tm o s p h e r e  to

p r o vi d e  c o o l i n g  o f th e  e q u i p m e n t o r  p o we r-ge n e r a ti o n  eff‐
ciency ga i n s  o r  b o th .

1 5 . 3 . 2 . 1 . 1 . 1    T h e  s to r a ge  an d  d e l i ve r y p i p i n g  s ys te m s  an d
e q u i p m e n t fo r  h yd r o g e n -c o o l e d  ge n e r a to r s  s h al l  c o m p l y wi th

th e  ap p l i c a b l e  r e q u i r e m e n ts  o f C h a p te r s  1  a n d  4  an d  C h a p te r s
6  th r o u gh  8  a n d  th e  modifcations  identifed  h e r e i n .

1 5 . 3 . 2 . 1 . 1 . 2    I f th e  h yd r o ge n  s u p p l y i s  a n  a c ti ve  ga s -ge n e r a ti o n
d e vi c e ,  s u c h  as  an  e l e c tr o l yz e r  o r  a  r e fo r m e r,  th e  ap p l i c ab l e
p r o vi s i o n s  o f C h ap te r  1 3  s h al l  ap p l y.

1 5 . 3 . 2 . 1 . 2  M o n i to ri n g o f H yd ro ge n  Atm o s p h e re .

1 5 . 3 . 2 . 1 . 2 . 1    T h e  i n te r n a l  atm o s p h e r e  o f th e  g e n e r ato r  s h al l  b e
m o n i to r e d  to  e n s u r e  m a i n te n an c e  o f h yd r o ge n  p u r i ty a t

8 5  p e r c e n t o r  b e tte r.

1 5 . 3 . 2 . 1 . 2 . 2    War n i n gs  o f l o w p u r i ty s h a l l  b e  p r o vi d e d  to  th e
o p e r ato r ( s ) .

1 5 . 3 . 2 . 1 . 3  I gn i ti o n  S o u rc e s .

1 5 . 3 . 2 . 1 . 3 . 1 *    T h e  ar e a  classifcation  ar o u n d  h yd r o g e n -c o o l e d
ge n e r a to r s  s h al l ,  a t a m i n i m u m ,  b e  i n  ac c o r d an c e  wi th  AN S I /

I E E E  C 2 ,  National Electrical Safety Code.

1 5 . 3 . 2 . 1 . 3 . 2    I n s tal l a ti o n s  i n  wh i c h  th e  g e n e r ato r  i s  c o u p l e d  to
th e  e x h a u s t e n d  o f a g as  tu r b i n e ,  o r  i n  wh i c h  th e  h i g h -p r e s s u r e
s e c ti o n  o f a s te a m  tu r b i n e  r e s u l ts  i n  th e  g e n e r ato r  b e i n g  i n  th e

p r o x i m i ty o f h o t s u r fa c e s  th at m i g h t e x c e e d  1 0 0 0 ° F  ( 5 3 8 ° C ) ,
s h a l l  r e q u i r e  r i s k m i ti g ati o n s  fo r  p o te n ti al l y h a z a r d o u s  ar e a s
a s s o c i a te d  wi th  th e  g e n e r ato r  i n te r s e c ti n g s u c h  h o t s u r fa c e s .

1 5 . 3 . 2 . 1 . 3 . 3    As  a fu n c ti o n  o f n e c e s s a r y d e s i g n ,  g e n e r ato r s
m i gh t c o n ta i n  e l e c tr i c al  i g n i ti o n  s o u r c e s  i n  c l o s e  p r o x i m i ty

( i . e . ,  feld  e x c i ta ti o n  b r u s h e s ,  s h aft g r o u n d i n g b r u s h e s ,  an d
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va r i o u s  h i gh - c u r r e n t e l e c tr i c al  d e vi c e s  n e c e s s a r y fo r  c o n tr o l  o f
th e  g e n e r ato r  o u tp u t) .

1 5 . 3 . 2 . 1 . 3 . 4    T h e  p r e s e n c e  o f p o te n ti a l  i gn i ti o n  s o u r c e s  s h a l l
b e  c o n s i d e r e d  wh e n  p r o vi d i n g r i s k m i ti ga ti o n .

1 5 . 3 . 2 . 1 . 4  S e al  O i l  S ys te m s .

1 5 . 3 . 2 . 1 . 4 . 1    Wh e r e  s e al  o i l  s ys te m s  ar e  u s e d ,  th e  o i l  p r e s s u r e
s h a l l  b e  m o n i to r e d  to  d e te c t s ys te m  fai l u r e .

( A)    Wh e r e  a u to m a ti c  s h u td o wn  c ap a b i l i ty e x i s ts ,  s ys te m  fai l u r e
s h a l l  a u to m a ti c al l y s h u t th e  u n i t d o wn .

( B )    I f th e r e  i s  n o  au to m ati c  s h u td o wn  c ap ab i l i ty,  an  o p e r ato r
al a r m  s h al l  b e  p r o vi d e d  to  e n a b l e  ti m e l y o p e r ato r  ac ti o n  to
s h u t th e  u n i t d o wn .

1 5 . 3 . 2 . 1 . 4 . 2    T h e  s e a l  o i l  s ys te m  s h al l  i n c l u d e  a s e c o n d ar y
s ys te m  c a p a b l e  o f p r o vi d i n g  fu l l  s e al  o i l  p r e s s u r e  fo r  th e  ti m e
r e q u i r e d  to  r e d u c e  th e  s p e e d  to  th e  m an u fac tu r e r ’ s  r e c o m m e n ‐
d e d  RP M  to  p u r ge  th e  g e n e r ato r  o f h yd r o ge n .

1 5 . 3 . 2 . 1 . 4 . 3    Wh e r e  an  au to m ati c  p u r ge  c ap ab i l i ty i s  avai l a b l e ,
l o s s  o f s e a l  o i l  p r e s s u r e  s h a l l  i n i ti a te  th e  a u to m a ti c  p u r g e  o f th e
ge n e r ato r  h yd r o g e n  o n c e  th e  u n i t RP M  h as  b e e n  r e d u c e d  to
th e  m an u fa c tu r e r ’ s  r e c o m m e n d e d  p u r g e  s p e e d .

1 5 . 3 . 2 . 1 . 4 . 4    War n i n gs  o f l o s s  o f s e al  o i l  p r e s s u r e  s h al l  b e  p r o vi ‐
d e d  to  th e  o p e r ato r ( s ) .

1 5 . 3 . 2 . 2  I n d o o r I n s tal l ati o n s .

1 5 . 3 . 2 . 2 . 1 *    B u i l d i n g s  th a t e n c l o s e  h yd r o g e n -c o o l e d  g e n e r ato r
i n s ta l l ati o n s  s h a l l  b e  ve n ti l a te d  to  avo i d  fammable  ga s  b u i l d u p
fr o m  p o te n ti a l  s ys te m  l e aks .

1 5 . 3 . 2 . 2 . 2    T h e  b u i l d i n g c e i l i n g  s h al l  a vo i d  fe atu r e s  th at c o u l d
tr a p  h yd r o g e n  g as ,  s u c h  a s  s o l i d  b e am s  th a t fo r m  a  ti g h t ft wi th
th e  r o o f d e c k.

1 5 . 3 . 2 . 2 . 3    T h e  b u i l d i n g  d e s i g n e r  s h al l  c o n s i d e r  th e  u s e  o f
re d u n d an t fa n s  an d  h yd r o ge n  d e te c ti o n  s ys te m s  i n  th e  d e s i gn
o f th e  ve n ti l ati o n  s ys te m .

1 5 . 3 . 2 . 2 . 4 *    Al l  h yd r o g e n  s ys te m  ve n ts  s h al l  b e  r o u te d  to  an
ap p r o p r i a te  a r e a o u ts i d e  th e  b u i l d i n g  an d  m e e t th e  r e q u i r e ‐
m e n ts  o f C h a p te r s  5  th r o u g h  8 ,  as  ap p l i c ab l e .

1 5 . 3 . 2 . 3  O u td o o r I n s tal l ati o n s .

1 5 . 3 . 2 . 3 . 1    T h e  p o te n ti al l y h a z a r d o u s  ar e a  s u r r o u n d i n g a
h yd r o g e n -c o o l e d  g e n e r ato r  a n d  as s o c i ate d  e q u i p m e n t s h a l l  n o t
i n te r s e c t wi th  h e ati n g ,  ve n ti l a ti n g,  an d  ai r-c o n d i ti o n i n g
( H VAC )  ai r  i n take s  an d  wi n d o ws ,  d o o r s ,  an d  o th e r  o p e n i n g s
i n to  o c c u p i e d  s p a c e s  ( e . g . ,  c o n tr o l  r o o m s  a n d  b r e ak r o o m s ) .

1 5 . 3 . 2 . 3 . 2 *    Al l  h yd r o g e n  s ys te m  ve n ts  s h al l  b e  r o u te d  to  an
ap p r o p r i a te  p o i n t a b o ve  o th e r  e q u i p m e n t an d  b u i l d i n g s  an d
m e e t th e  r e q u i r e m e n ts  o f C h a p te r s  5  th r o u g h  8  a s  a p p l i c ab l e .

1 5 . 4  S to rage .

1 5 . 4 . 1  Re q u i re m e n ts  fo r H yd ro ge n  S to rage  S ys te m s  S e r vi n g
Fu r n ac e  I n s tal l ati o n s .

1 5 . 4 . 1 . 1 *  G e n e ral .    T h e  s to r a ge  o f G H 2  o r  L H 2  s e r vi n g  fu r n a c e
i n s ta l l a ti o n s  s h a l l  b e  i n  a c c o r d a n c e  wi th  C h a p te r s  6  th r o u g h  8 ,
a s  a p p l i c a b l e .

1 5 . 4 . 1 . 2  I n d o o r S to rage .  ( Re s e r ve d )

1 5 . 4 . 1 . 3  O u td o o r S to rage .  ( Re s e r ve d )

1 5 . 4 . 2  Re q u i re m e n ts  fo r H yd ro ge n  S to rage  S ys te m s  S e r vi n g
H yd ro ge n - C o o l e d  G e n e rato rs .

1 5 . 4 . 2 . 1  G e n e ral .    T h e  s to r a ge  o f G H 2  o r  L H 2  s e r vi n g
h yd r o g e n -c o o l e d  g e n e r ato r s  s h al l  b e  i n  ac c o r d an c e  wi th  C h a p ‐
te r s  6  th r o u gh  8 ,  a s  a p p l i c a b l e .

1 5 . 4 . 2 . 2  I n d o o r S to rage .  ( Re s e r ve d )

1 5 . 4 . 2 . 3  O u td o o r S to rage .  ( Re s e r ve d )

C h ap te r 1 6    L ab o rato r y O p e rati o n s

1 6 . 1  S c o p e .    T h e  r e q u i r e m e n ts  o f th i s  c h ap te r  s h a l l  a p p l y to
th e  s to r a ge ,  u s e ,  a n d  h a n d l i n g  o f GH 2  a n d  L H 2  i n  l ab o r ato r i e s ,
l ab o r ato r y b u i l d i n g s ,  l ab o r ato r y u n i ts ,  o r  l ab o r ato r y wo r k ar e a s
a s  defned  b y C h ap te r  3 .

1 6 . 1 . 1  Ap p l i c ati o n .

1 6 . 1 . 1 . 1    T h e  r e q u i r e m e n ts  o f th i s  c h ap te r  s h al l  a p p l y to  th e
s to r ag e ,  u s e ,  h an d l i n g,  o r  d i s p e n s i n g o f GH 2  i n  l ab o r ato r y
b u i l d i n g s ,  l ab o r ato r y u n i ts ,  an d  l ab o r ato r y wo r k ar e a s ,  wh e th e r

l o c ate d  a b o ve  o r  b e l o w gr a d e ,  wh e r e  th e  am o u n t o f GH 2

e x c e e d s  7 5  s c f ( 2 . 2  s tan d ar d  m 3 )  o r  th e  a m o u n t o f L H 2  e x c e e d s
1  ga l  ( 3 . 8  L ) .

1 6 . 1 . 1 . 2    T h e  s to r ag e ,  u s e ,  an d  h an d l i n g o f GH 2  i n  a n y q u an ‐
ti ty s h a l l  a l s o  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 s  1  a n d  4
an d  th e  r e q u i r e m e n ts  o f C h ap te r s  5  th r o u g h  8 ,  as  ap p l i c a b l e .

1 6 . 1 . 1 . 3    C h ap te r s  4  a n d  6  th r o u g h  8  c o n tai n  fu n d am e n tal
r e q u i r e m e n ts  th at s h a l l  a p p l y to  al l  h yd r o g e n  s ys te m s .

1 6 . 1 . 1 . 4    T h e  use-specifc  r e q u i r e m e n ts  o f th i s  c h ap te r  fo r
h yd r o g e n  i n  l a b o r a to r y o p e r a ti o n s  s h al l  ap p l y.

1 6 . 1 . 1 . 5    Wh e r e  th e r e  i s  a  confict b e twe e n  a  fu n d am e n tal
r e q u i r e m e n t an d  a use-specifc  r e q u i r e m e n t,  th e  use-specifc
r e q u i r e m e n t s h a l l  a p p l y.

1 6 . 1 . 2    T h i s  c h a p te r  s h a l l  n o t ap p l y to  th e  fo l l o wi n g:

( 1 ) L a b o r a to r y u n i ts  th at c o n tai n  l e s s  th an  7 5  s c f ( 2 . 2  s tan d ‐
ar d  m 3 )  o f GH 2  o r  1  ga l  ( 3 . 8  L )  o f L H 2

( 2 ) * L a b o r a to r i e s  th at a r e  p i l o t p l an ts
( 3 ) L a b o r a to r i e s  th at a r e  p r i m a r i l y m an u fac tu r i n g p l an ts
( 4 ) I n c i d e n tal  te s ti n g fac i l i ti e s

1 6 . 2  G e n e ral .

1 6 . 2 . 1  M e an s  o f Ac c e s s  to  an  E x i t.

1 6 . 2 . 1 . 1 *    A s e c o n d  m e a n s  o f ac c e s s  to  an  e x i t s h a l l  b e  p r o vi ‐
d e d  fr o m  a l ab o r ato r y wo r k ar e a  i f an y o f th e  fo l l o wi n g  s i tu a‐
ti o n s  e x i s t:  [ 4 5 : 5 . 3 . 1 ]

( 1 ) A l ab o r ato r y wo r k ar e a  c o n tai n s  an  e x p l o s i o n  h az ar d  l o c a‐
te d  s o  th at a n  i n c i d e n t wo u l d  b l o c k e s c ap e  fr o m  o r  ac c e s s
to  th e  l ab o r ato r y wo r k ar e a .  [ 4 5 : 5 . 3 . 1 ( 1 ) ]

( 2 ) A h o o d  i n  a  l ab o r ato r y wo r k ar e a  i s  l o c a te d  ad j a c e n t to
th e  p r i m a r y m e an s  o f e x i t a c c e s s .  [ 4 5 : 5 . 3 . 1 ( 4 ) ]

( 3 ) A c o m p r e s s e d  g as  c yl i n d e r  l ar g e r  th an  l e c tu r e  b o ttl e  s i z e
[ ap p r o x i m a te l y 2  i n .  ×  1 3  i n .  ( 5  c m  ×  3 3  c m ) ]  i s  l o c ate d

s u c h  th a t i t c o u l d  p r e ve n t s afe  e g r e s s  i n  th e  e ve n t o f ac c i ‐
d e n tal  r e l e as e  o f c yl i n d e r  c o n te n ts .  [ 4 5 : 5 . 3 . 1 ( 5 ) ]

( 4 ) A c r yo ge n i c  c o n tai n e r  i s  l o c ate d  s u c h  th a t i t c o u l d
p r e ve n t s afe  e gr e s s  i n  th e  e ve n t o f ac c i d e n tal  r e l e as e  o f
c o n tai n e r  c o n te n ts .  [ 4 5 : 5 . 3 . 1 ( 6 ) ]



L AB O RAT O R Y O P E RAT I O N S 2 - 1 0 3

S h a d e d  te x t =  Re vi s i o n s .  Δ  =  Te x t d e l e ti o n s  an d  fgure/table  re 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 3  E d i t i o n

1 6 . 2 . 1 . 2    E m e r g e n c y l i gh ti n g  s h a l l  b e  p r o vi d e d  fo r  l a b o r a to r y
wo r k ar e a s .  [ 4 5 : 5 . 5 . 3 . 1 ]

1 6 . 2 . 1 . 3    E m e r g e n c y l i g h ti n g s h al l  b e  i n s ta l l e d  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 1 01 .  [ 4 5 : 5 . 3 . 2 ]

1 6 . 2 . 2  E l e c tri c al  I n s tal l ati o n .    Al l  e l e c tr i c a l  i n s ta l l ati o n s ,
i n c l u d i n g  wi r i n g  an d  ap p u r te n a n c e s ,  a p p a r atu s ,  l i gh ti n g ,  s i g n al
s ys te m s ,  a l ar m  s ys te m s ,  r e m o te  c o n tr o l  s ys te m s ,  o r  p ar ts
th e r e o f,  s h al l  c o m p l y wi th  NFPA 70.  [ 4 5 : 5 . 5 ]

1 6 . 2 . 2 . 1 *    L ab o r ato r y wo r k ar e a s ,  l ab o r ato r y u n i ts ,  a n d  c h e m i ‐
c a l  fu m e  h o o d  i n te r i o r s  s h a l l  b e  c o n s i d e r e d  a s  unclassifed  e l e c ‐
tr i c a l l y wi th  r e s p e c t to  Ar ti c l e  5 0 0  [ o r  Ar ti c l e  5 0 5 ]  o f NFPA 70,
u n l e s s  o p e r ati o n s  a r e  d e te r m i n e d  to  c a u s e  a  h a z a r d o u s  atm o s ‐
p h e r e .  [ 4 5 : 5 . 5 . 2 ]

1 6 . 2 . 3  Fi re  P ro te c ti o n .

1 6 . 2 . 3 . 1  Au to m ati c  Fi re  E x ti n gu i s h i n g S ys te m s .

1 6 . 2 . 3 . 1 . 1  Au to m ati c  S p ri n k l e r S ys te m s .

1 6 . 2 . 3 . 1 . 1 . 1    A fre  p r o te c ti o n  s ys te m  s h al l  b e  p r o vi d e d  fo r
l ab o r ato r i e s  i n  ac c o r d a n c e  wi th  C h ap te r  6 .

1 6 . 2 . 3 . 1 . 1 . 2 *    F i r e  s p r i n kl e r s  i n  l a b o r a to r y u n i ts  s h al l  b e  th e
q u i c k-r e s p o n s e  ( QR)  s p r i n kl e r  typ e  i n s ta l l e d  i n  a c c o r d a n c e
wi th  N F PA 1 3 .  [ 4 5 : 6 . 1 . 1 . 2 ]

1 6 . 2 . 3 . 1 . 1 . 3    Au to m a ti c  s p r i n kl e r  s ys te m s  s h al l  b e  r e gu l a r l y
i n s p e c te d ,  te s te d ,  an d  m a i n tai n e d  i n  a c c o r d a n c e  wi th  N F PA 2 5 .
[ 4 5 : 6 . 1 . 1 . 3 ]

1 6 . 2 . 3 . 2  Fi re  Al ar m  S ys te m s .

1 6 . 2 . 3 . 2 . 1    A fre  a l ar m  s ys te m  s h a l l  b e  p r o vi d e d  fo r  l ab o r ato ‐
ri e s  i n  ac c o r d an c e  wi th  C h a p te r  6 .

1 6 . 2 . 3 . 2 . 2    T h e  fre  a l a r m  s ys te m  s h al l  ac ti vate  fre  a l a r m  notif‐
cation  a p p l i a n c e s  a n d  n o ti fy th e  fre  d e p ar tm e n t.  [ 4 5 : 6 . 4 . 3 ]

1 6 . 2 . 3 . 3  S tan d p i p e  an d  H o s e  S ys te m s .

1 6 . 2 . 3 . 3 . 1 *    C l as s  I  we t s tan d p i p e  s ys te m s  s h al l  b e  i n s ta l l e d  i n
l ab o r ato r y b u i l d i n gs  wh e r e  th e  foor  o f th e  h i g h e s t s to r y i s  l o c a‐
te d  m o r e  th an  3 0  ft ( 9 . 1 4  m )  ab o ve  th e  l o we s t l e ve l  o f fre
d e p a r tm e n t ve h i c l e  a c c e s s ,  o r  wh e r e  th e  foor  l e ve l  o f th e
l o we s t s to r y i s  l o c ate d  m o r e  th an  3 0  ft ( 9 . 1 4  m )  b e l o w th e  h i gh ‐
e s t l e ve l  o f fre  d e p ar tm e n t ve h i c l e  a c c e s s  i n  a c c o r d an c e  wi th
N F PA 1 4 .  [ 4 5 : 6 . 2 . 1 ]

1 6 . 2 . 3 . 3 . 2 *    S ta n d p i p e  s ys te m s  s h a l l  b e  r e gu l a r l y i n s p e c te d ,
te s te d ,  a n d  m ai n ta i n e d  i n  a c c o r d an c e  wi th  N F PA 2 5 .  [ 4 5 : 6 . 2  2 ]

1 6 . 2 . 3 . 4  P o r tab l e  Fi re  E x ti n gu i s h e rs .    P o r ta b l e  fre  e x ti n g u i s h ‐
e r s  s h al l  b e  i n s tal l e d ,  l o c a te d ,  a n d  m ai n ta i n e d  i n  ac c o r d a n c e
wi th  N F PA 1 0 .  [ 4 5 : 6 . 3 . 1 ]

1 6 . 2 . 4  E x p l o s i o n  H az ard  P ro te c ti o n .    A l ab o r ato r y wo r k ar e a
s h a l l  b e  c o n s i d e r e d  to  c o n ta i n  a n  e x p l o s i o n  h az ar d  i f a n  e x p l o ‐
s i o n  i n vo l vi n g  h yd r o ge n  c o u l d  r e s u l t i n  signifcant d am ag e  to  a
fac i l i ty o r  s e r i o u s  i n j u r i e s  to  p e r s o n n e l  wi th i n  th at l a b o r a to r y
wo r k ar e a .

1 6 . 2 . 5  Fi re  P re ve n ti o n .

1 6 . 2 . 5 . 1  Fi re  P re ve n ti o n  P ro c e d u re s .

1 6 . 2 . 5 . 1 . 1    F i r e  p r e ve n ti o n  p r o c e d u r e s  s h a l l  b e  e s tab l i s h e d  fo r
al l  n e w an d  e x i s ti n g  l ab o r ato r i e s .  [ 4 5 : 6 . 5 . 1 . 1 ]

1 6 . 2 . 5 . 1 . 2    F i r e  p r e ve n ti o n  p r o c e d u r e s  s h al l  i n c l u d e ,  b u t n o t
b e  l i m i te d  to ,  th e  fo l l o wi n g :

( 1 ) H a n d l i n g a n d  s to r ag e  o f [ GH 2  an d  L H 2 ]
( 2 ) O p e n  fame  an d  s p a r k-p r o d u c i n g e q u i p m e n t wo r k p e r m i t

s ys te m
( 3 ) Ar r a n ge m e n ts  a n d  u s e  o f p o r tab l e  e l e c tr i c  c o r d s
( 4 ) S m o ki n g a r e a c o n tr o l s

[ 4 5 : 6 . 5 . 1 . 2 ]

1 6 . 2 . 5 . 2 *  M ai n te n an c e  P ro c e d u re s .    M ai n te n a n c e  p r o c e d u r e s
s h a l l  b e  e s tab l i s h e d  fo r  al l  n e w an d  e s ta b l i s h e d  l ab o r ato r i e s .

[ 4 5 : 6 . 5 . 2 ]

1 6 . 2 . 5 . 3 *  E m e rge n c y P l an s .

Δ 1 6 . 2 . 5 . 3 . 1    T h e  e m e r ge n c y ac ti o n  p l a n  s h al l  i n c l u d e  th e  fo l l o w‐
i n g p r o c e d u r e s  i n  th e  e ve n t o f a c h e m i c al  e m e r g e n c y,  fre,  o r

e x p l o s i o n :

( 1 ) P r o c e d u r e s  fo r  s o u n d i n g  th e  al ar m
( 2 ) P r o c e d u r e s  fo r  n o ti fyi n g an d  c o o r d i n ati n g  wi th  th e  fre

d e p a r tm e n t,  go ve r n m e n ta l  a ge n c i e s ,  o r  o th e r  e m e r ‐
g e n c y r e s p o n d e r s  o r  c o n tac ts ,  a s  r e q u i re d

( 3 ) P r o c e d u r e s  fo r  e vac u ati n g  a n d  a c c o u n ti n g  fo r  p e r s o n ‐
n e l ,  a s  a p p l i c a b l e

( 4 ) P r o c e d u r e s  fo r  e s ta b l i s h i n g  r e q u i r e m e n ts  fo r  r e s c u e  an d
m e d i c al  d u ti e s  fo r  th o s e  r e q u i r i n g  o r  p e r fo r m i n g th e s e

d u ti e s
( 5 ) P r o c e d u r e s  an d  s c h e d u l e s  fo r  c o n d u c ti n g  d r i l l s
( 6 ) P r o c e d u r e s  fo r  s h u tti n g  d o wn  an d  i s o l a ti n g e q u i p m e n t

u n d e r  e m e r g e n c y c o n d i ti o n s  to  i n c l u d e  th e  a s s i gn m e n t
o f p e r s o n n e l  r e s p o n s i b l e  fo r  m a i n tai n i n g  c r i ti c al  p l a n t
fu n c ti o n s  o r  fo r  s h u td o wn  o f p r o c e s s  o p e r a ti o n s

( 7 ) Ap p o i n tm e n t an d  tr a i n i n g  o f p e r s o n n e l  to  c a r r y o u t
as s i g n e d  d u ti e s ,  i n c l u d i n g  s te p s  to  b e  take n  at th e  ti m e
o f i n i ti al  a s s i gn m e n t,  as  r e s p o n s i b i l i ti e s  o r  r e s p o n s e

a c ti o n s  c h an g e ,  an d  a t th e  ti m e  an ti c i p ate d  d u ti e s
c h a n ge

( 8 ) Al te r n a ti ve  m e as u r e s  fo r  o c c u p an t s afe ty,  wh e n  ap p l i c a‐
b l e

( 9 ) Ai s l e s  d e s i gn a te d  as  n e c e s s ar y fo r  m o ve m e n t o f p e r s o n ‐
n e l  an d  e m e r g e n c y r e s p o n s e

( 1 0 ) M ai n te n a n c e  o f fre  p r o te c ti o n  e q u i p m e n t
( 1 1 ) S a fe  p r o c e d u r e s  fo r  s tar tu p  to  b e  take n  fo l l o wi n g th e

ab ate m e n t o f a n  e m e r g e n c y

[ 4 0 0 : 7 . 2 . 3 . 2 ]

1 6 . 2 . 5 . 3 . 2 *    P r o c e d u r e s  fo r  e x ti n g u i s h i n g c l o th i n g  fres  s h a l l
b e  e s tab l i s h e d  fo r  al l  n e w an d  e x i s ti n g  l ab o r ato r i e s .  [ 4 5 : 6 . 5 . 3 . 2 ]

1 6 . 2 . 5 . 3 . 3    Al l  l ab o r ato r y u s e r s ,  i n c l u d i n g,  b u t n o t l i m i te d  to ,
i n s tr u c to r s  an d  s tu d e n ts ,  s h al l  b e  tr ai n e d  p r i o r  to  l ab o r ato r y

u s e  a n d  at l e a s t an n u al l y th e r e afte r  o n  th e  e m e r g e n c y p l a n .
[ 4 5 : 6 . 5 . 3 . 3 ]

1 6 . 3  U s e .

1 6 . 3 . 1  G e n e ral .

1 6 . 3 . 1 . 1  I n s tr uc ti o n al  L ab o rato ri e s .    E x p e ri m e n ts  an d  te s ts
c o n d u c te d  i n  e d u c a ti o n al  a n d  i n s tr u c ti o n al  l ab o r ato r y u n i ts
s h a l l  b e  u n d e r  th e  d i r e c t s u p e r vi s i o n  o f an  i n s tr u c to r.

1 6 . 3 . 1 . 2  C yl i n d e rs  i n  U s e .

1 6 . 3 . 1 . 2 . 1    C yl i n d e r s ,  wh e n  i n  u s e ,  s h al l  b e  c o n n e c te d  to  ga s
d e l i ve r y s ys te m s  d e s i g n e d  b y a  qualifed  p e r s o n .  [ 4 5 : 1 0 . 1 . 6 . 1 ]
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2 0 2 3  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 6 . 3 . 1 . 2 . 2    C yl i n d e r s  s h a l l  b e  attac h e d  to  a n  i n s tr u m e n t fo r  u s e
b y m e an s  o f a r e g u l a to r.  [ 4 5 : 1 0 . 1 . 6 . 2 ]

1 6 . 3 . 1 . 2 . 3    A c o m p r e s s e d  ga s  c yl i n d e r  s h al l  b e  c o n s i d e r e d  to  b e
“ i n  u s e ”  i f i t i s  i n  c o m p l i a n c e  wi th  o n e  o f th e  fo l l o wi n g :

( 1 ) C o n n e c te d  th r o u gh  a  r e g u l ato r  to  d e l i ve r  g as  to  a l ab o r a‐
to r y o p e r ati o n

( 2 ) C o n n e c te d  to  a m a n i fo l d  b e i n g u s e d  to  d e l i ve r  ga s  to  a
l ab o r ato r y o p e r ati o n

( 3 ) A s i n g l e  c yl i n d e r  s e c u r e d  a l o n gs i d e  th e  c yl i n d e r
d e s c r i b e d  i n  1 6 . 3 . 1 . 2 . 3 ( 1 )  a s  th e  r e s e r ve  c yl i n d e r  fo r  th e
c yl i n d e r  d e s c r i b e d  i n  1 6 . 3 . 1 . 2 . 3 ( 1 ) .

[ 4 5 : 1 0 . 1 . 6 . 3 ]

1 6 . 3 . 1 . 2 . 4    C yl i n d e r s  n o t “ i n  u s e ”  s h a l l  n o t b e  s to r e d  i n  th e
l ab o r ato r y u n i t.  [ 4 5 : 1 0 . 1 . 6 . 4 ]

1 6 . 3 . 2  I n d o o r U s e .

1 6 . 3 . 2 . 1  L ab o rato r y Ve n ti l ati n g S ys te m s  an d  H o o d  Re q u i re ‐
m e n ts .

1 6 . 3 . 2 . 1 . 1 *  G e n e ral .

1 6 . 3 . 2 . 1 . 1 . 1    T h i s  c h a p te r  s h a l l  a p p l y to  l ab o r ato r y e x h a u s t
s ys te m s ,  i n c l u d i n g  c h e m i c al  fu m e  h o o d s ,  l o c al  ve n ti l a te d  e n c l o ‐
s u r e s ,  fu m e  a r m s ,  s p e c i al  l o c a l  e x h a u s t d e vi c e s ,  an d  o th e r
s ys te m s  fo r  e x h au s ti n g  a i r  fr o m  l a b o r a to r y wo r k a r e as  i n  wh i c h
[ GH 2  o r  L H 2 ]  a r e  r e l e as e d .  [ 4 5 : 7 . 1 . 1 ]

1 6 . 3 . 2 . 1 . 1 . 2    T h i s  c h ap te r  s h al l  a p p l y to  l ab o r ato r y ai r  s u p p l y
s ys te m s  a n d  s h a l l  p r o vi d e  r e q u i r e m e n ts  fo r  identifcation,

i n s p e c ti o n ,  an d  m ai n te n a n c e  o f l ab o r ato r y ve n ti l a ti o n  s ys te m s
an d  h o o d s .  [ 4 5 : 7 . 1 . 2 ]

1 6 . 3 . 2 . 1 . 2  B as i c  Re q u i re m e n ts .

1 6 . 3 . 2 . 1 . 2 . 1 *    L ab o r ato r y ve n ti l ati o n  s ys te m s  s h al l  b e  d e s i g n e d
to  e n s u r e  th at fre  h az ar d s  a n d  r i s ks  a r e  m i n i m i z e d .  [ 4 5 : 7 . 2 . 1 ]

1 6 . 3 . 2 . 1 . 2 . 2 *    L ab o r ato r y u n i ts  a n d  l ab o r ato r y h o o d s  i n  wh i c h
[ GH 2  o r  L H 2 ]  ar e  p r e s e n t s h al l  b e  c o n ti n u o u s l y ve n ti l ate d
u n d e r  n o r m al  o p e r ati n g  c o n d i ti o n s .  [ 4 5 : 7 . 2 . 2 ]

1 6 . 3 . 2 . 1 . 2 . 3 *    C h e m i c al  fu m e  h o o d s  s h al l  n o t b e  r e l i e d  u p o n
to  p r o vi d e  e x p l o s i o n  ( b l as t)  p r o te c ti o n  u n l e s s  specifcally
d e s i g n e d  to  d o  s o .  (See also H. 6. 4 and H. 6. 5 for further informa‐

tion on explosion-resistant hoods and shields. ) [ 4 5 : 7 . 2 . 3 ]

1 6 . 3 . 2 . 1 . 2 . 4    E x h au s t a n d  s u p p l y s ys te m s  s h a l l  b e  d e s i g n e d  to
p r e ve n t a p r e s s u r e  d i ffe r e n ti a l  th a t wo u l d  i m p e d e  e g r e s s  o r

i n g r e s s  wh e n  e i th e r  s ys te m  fai l s  o r  d u r i n g a fre  o r  e m e r ge n c y
s c e n a r i o .  T h i s  d e s i gn  i n c l u d e s  r e d u c e d  o p e r a ti o n al  m o d e s  o r

s h u td o wn  o f e i th e r  th e  s u p p l y o r  e x h a u s t ve n ti l a ti o n  s ys te m s .
[ 4 5 : 7 . 2 . 5 ]

1 6 . 3 . 2 . 1 . 2 . 5    T h e  r e l e a s e  o f [ GH 2 ]  i n to  th e  l ab o r ato r y s h al l  b e
c o n tr o l l e d  b y e n c l o s u r e ( s )  o r  c a p tu r e d  to  p r e ve n t an y famma‐
ble  c o n c e n tr ati o n s  o f va p o r s  fr o m  r e ac h i n g a n y s o u r c e  o f i g n i ‐

ti o n .  [ 4 5 : 7 . 2 . 6 ]

1 6 . 3 . 2 . 1 . 3  S u p p l y S ys te m s .

1 6 . 3 . 2 . 1 . 3 . 1    L a b o r a to r y ve n ti l ati o n  s ys te m s  s h al l  b e  d e s i gn e d
to  e n s u r e  th a t [ GH 2 ]  o r i g i n a ti n g fr o m  th e  l a b o r a to r y s h al l  n o t

b e  r e c i r c u l ate d .  [ 4 5 : 7 . 3 . 1 ]

1 6 . 3 . 2 . 1 . 3 . 2 *    T h e  l o c ati o n  a n d  confguration  o f fr e s h  ai r
i n take s  s h al l  b e  c h o s e n  s o  a s  to  avo i d  d r awi n g i n  [ GH 2 ]  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  l a b o r a to r y
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 .  [ 4 5 : 7 . 3 . 2 ]

1 6 . 3 . 2 . 1 . 3 . 3    T h e  ai r  p r e s s u r e  i n  th e  l ab o r ato r y wo r k ar e as  s h a l l
b e  n e g ati ve  wi th  r e s p e c t to  c o r r i d o r s  a n d  n o n -l a b o r a to r y ar e a s

o f th e  l a b o r a to r y u n i t e x c e p t i n  th e  fo l l o wi n g i n s tan c e s :

( 1 ) Wh e r e  o p e r ati o n s  s u c h  as  th o s e  r e q u i r i n g  c l e a n  r o o m s
p r e c l u d e  a  n e ga ti ve  p r e s s u r e  r e l ati ve  to  s u r r o u n d i n g
ar e as ,  al te r n a te  m e a n s  s h a l l  b e  p r o vi d e d  to  p r e ve n t

e s c ap e  o f th e  atm o s p h e r e  i n  th e  l a b o r a to r y wo r k ar e a o r
u n i t to  th e  s u r r o u n d i n g  s p ac e s .

( 2 ) T h e  d e s i r e d  s tati c  p r e s s u r e  l e ve l  wi th  r e s p e c t to  c o r r i d o r s
a n d  n o n -l ab o r ato r y ar e a s  s h a l l  b e  p e r m i tte d  to  u n d e r g o

m o m e n tar y var i ati o n s  as  th e  ve n ti l a ti o n  s ys te m  c o m p o ‐
n e n ts  r e s p o n d  to  d o o r  o p e n i n g s ,  c h a n ge s  i n  c h e m i c al

fu m e  h o o d  s as h  p o s i ti o n s ,  an d  o th e r  ac ti vi ti e s  th at c a n  fo r
a  s h o r t te r m  affe c t th e  s tati c  p r e s s u r e  l e ve l  a n d  i ts  n e g a‐

ti ve  r e l a ti o n s h i p .
( 3 ) L a b o r a to r y wo r k ar e as  l o c a te d  wi th i n  a  d e s i g n ate d  e l e c tr i ‐

c a l l y classifed  h a z a r d o u s  ar e a  wi th  a p o s i ti ve  a i r  p r e s s u r e
s ys te m  a s  d e s c r i b e d  i n  N F PA 4 9 6 ,  C h a p te r  7 ,  P r e s s u r i z e d
C o n tr o l  Ro o m s ,  s h al l  b e  p e r m i tte d  to  b e  p o s i ti ve  wi th
r e s p e c t to  ad j ac e n t c o r r i d o r s .

[ 4 5 : 7 . 3 . 3 ]

1 6 . 3 . 2 . 1 . 3 . 4 *    T h e  l o c a ti o n  o f ai r  s u p p l y d i ffu s i o n  d e vi c e s  s h a l l
b e  c h o s e n  s o  as  to  a vo i d  ai r  c u r r e n ts  th at wo u l d  ad ve r s e l y a ffe c t
th e  p e r fo r m an c e  o f c h e m i c al  fu m e  h o o d s ,  e x h au s t s ys te m s ,  an d
fre  d e te c ti o n  o r  e x ti n g u i s h i n g  s ys te m s .  (See 1 6. 2. 3. 1 ,  1 6. 2. 3. 2,

and 1 6. 3. 2. 1 . 8. 1 . ) [ 4 5 : 7 . 3 . 4 ]

1 6 . 3 . 2 . 1 . 4  E x h au s t Ai r D i s c h arge .

1 6 . 3 . 2 . 1 . 4 . 1 *    Ai r  e x h au s te d  fr o m  c h e m i c a l  fu m e  h o o d s  an d
o th e r  s p e c i al  l o c al  e x h au s t s ys te m s  s h al l  n o t b e  r e c i r c u l a te d .

(See also 1 6. 3. 2. 1 . 3. 1 . ) [ 4 5 : 7 . 4 . 1 ]

1 6 . 3 . 2 . 1 . 4 . 2 *  E n e rgy C o n s e r vati o n  D e vi c e s .

( A)    I f e n e r gy c o n s e r va ti o n  d e vi c e s  ar e  u s e d ,  th e y s h al l  b e
d e s i g n e d  i n  a c c o r d a n c e  wi th  1 6 . 3 . 2 . 1 . 3 . 1  a n d  1 6 . 3 . 2 . 1 . 3 . 3 .
[ 4 5 : 7 . 4 . 2 . 1 ]

( B )    E n e r gy c o n s e r va ti o n  d e vi c e s  s h al l  o n l y b e  u s e d  i n  a l ab o r a‐
to r y ve n ti l ati o n  s ys te m  wh e n  e val u ate d  a n d  ap p r o ve d  b y a q u al i ‐
fed  p e r s o n .  T h e s e  s ys te m s  m u s t m e e t,  o r  e x c e e d ,  th e  c r i te r i a

e s tab l i s h e d  b y S e c ti o n  5 . 4 . 7  an d  S e c ti o n  5 . 4 . 7 . 1  o f AN S I / AI H A
Z 9 . 5 ,  Laboratory Ventilation.  S ys te m s  th at r e c i r c u l ate  wi th i n  th e i r
r e s p e c ti ve  l ab o r ato r y a r e a,  s u c h  a s  fan  c o i l  u n i ts  fo r  s e n s i b l e

h e at l o ad s ,  ar e  e x e m p t fr o m  th e s e  r e q u i r e m e n ts .  [ 4 5 : 7 . 4 . 2 . 2 ]

( C )    E n e r gy c o n s e r vati o n  d e vi c e s  s h a l l  b e  d e s i g n e d  an d
i n s ta l l e d  i n  a  m an n e r  th at s afe l y fa c i l i ta te s  an ti c i p ate d  s e r vi c e

a n d  m ai n te n a n c e  r e q u i r e m e n ts  a n d  d o e s  n o t ad ve r s e l y i m p ac t
th e  p r o p e r  o p e r a ti o n  o f th e  e x h au s t s ys te m .  [ 4 5 : 7 . 4 . 2 . 3 ]

1 6 . 3 . 2 . 1 . 4 . 3    Ai r  e x h au s te d  fr o m  l a b o r a to r y wo r k a r e as  s h a l l
n o t p as s  u n d u c te d  th r o u g h  o th e r  ar e a s .  [ 4 5 : 7 . 4 . 3 ]

1 6 . 3 . 2 . 1 . 4 . 4 *    Ai r  fr o m  l ab o r ato r y u n i ts  an d  l a b o r a to r y wo r k
a r e as  i n  wh i c h  [ GH 2 ]  i s  p r e s e n t s h a l l  b e  c o n ti n u o u s l y

d i s c h ar g e d  th r o u gh  d u c t s ys te m s  m a i n tai n e d  a t 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 .  [ 4 5 : 7 . 4 . 4 ]

1 6 . 3 . 2 . 1 . 4 . 5    P o s i ti ve  p r e s s u r e  p o r ti o n s  o f th e  l ab  h o o d  e x h a u s t
s ys te m s  ( e . g . ,  fa n s ,  c o i l s ,  fexible  c o n n e c ti o n s ,  a n d  d u c two r k)

l o c a te d  wi th i n  th e  l a b o ra to r y b u i l d i n g s h al l  b e  s e al e d  a i r ti g h t
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o r  l o c ate d  i n  a c o n ti n u o u s l y m e c h an i c a l l y ve n ti l a te d  r o o m .
[ 4 5 : 7 . 4 . 5 ]

1 6 . 3 . 2 . 1 . 4 . 6    C h e m i c a l  fu m e  h o o d  fa c e  ve l o c i ti e s  a n d  e x h a u s t
vo l u m e s  s h al l  b e  suffcient to  c o n tai n  [ GH 2 ]  g e n e r ate d  wi th i n
th e  h o o d  an d  e x h a u s t th e m  o u ts i d e  o f th e  l ab o r a to r y b u i l d i n g .

[ 4 5 : 7 . 4 . 6 ]

1 6 . 3 . 2 . 1 . 4 . 7 *    T h e  h o o d  s h al l  p r o vi d e  c o n ta i n m e n t o f th e
p o s s i b l e  h a z a r d s  a n d  p r o te c ti o n  fo r  p e r s o n n e l  at al l  ti m e s  wh e n
[ GH 2  i s ]  p r e s e n t i n  th e  h o o d .  [ 4 5 : 7 . 4 . 7 ]

1 6 . 3 . 2 . 1 . 4 . 8    S p e c i al  l o c al  e x h au s t s ys te m s ,  s u c h  as  s n o r ke l s  o r
“ e l e p h a n t tr u n ks , ”  s h al l  h ave  suffcient c ap tu r e  ve l o c i ti e s  to

e n tr ai n  th e  [ GH 2 ]  b e i n g  r e l e a s e d .  [ 4 5 : 7 . 4 . 8 ]

1 6 . 3 . 2 . 1 . 4 . 9 *    C an o p y h o o d s ,  l a m i n ar  fow c a b i n e ts ,  a n d  d u c t‐
l e s s  e n c l o s u r e s  s h al l  n o t b e  u s e d  i n  l i e u  o f c h e m i c a l  fu m e

h o o d s .  [ 4 5 : 7 . 4 . 9 ]

1 6 . 3 . 2 . 1 . 4 . 1 0    L am i n a r  fow c a b i n e ts  s h a l l  n o t b e  u s e d  i n  l i e u
o f c h e m i c al  fu m e  h o o d s .

1 6 . 3 . 2 . 1 . 4 . 1 1 *    Ai r  e x h au s te d  fr o m  c h e m i c a l  fu m e  h o o d s  an d
s p e c i al  e x h au s t s ys te m s  s h a l l  b e  d i s c h ar g e d  ab o ve  th e  r o o f at a
l o c ati o n ,  h e i g h t,  a n d  ve l o c i ty suffcient to  p r e ve n t r e -e n tr y o f

c h e m i c a l s  an d  to  p r e ve n t e x p o s u r e s  to  p e r s o n n e l .  [ 4 5 : 7 . 4 . 1 1 ]

1 6 . 3 . 2 . 1 . 5  D u c t C o n s tr u c ti o n  fo r H o o d s  an d  L o c al  E x h au s t
S ys te m s .

1 6 . 3 . 2 . 1 . 5 . 1    D u c ts  fr o m  c h e m i c a l  fu m e  h o o d s  an d  fr o m  l o c al
e x h a u s t s ys te m s  s h al l  b e  c o n s tr u c te d  e n ti r e l y o f n o n c o m b u s ti ‐
b l e  m a te r i al s  e x c e p t i n  th e  fo l l o wi n g c as e s :

( 1 ) F l e x i b l e  d u c ts  o f c o m b u s ti b l e  c o n s tr u c ti o n  s h a l l  b e
p e r m i tte d  to  b e  u s e d  fo r  s p e c i al  l o c al  e x h au s t s ys te m s

wi th i n  a l a b o r a to r y wo r k ar e a.  (See 1 6. 3. 2. 1 . 5. 2. )
( 2 ) C o m b u s ti b l e  d u c ts  s h a l l  b e  p e r m i tte d  to  b e  u s e d  i f

e n c l o s e d  i n  a  s h aft o f n o n c o m b u s ti b l e  o r  l i m i te d -
c o m b u s ti b l e  c o n s tr u c ti o n  wh e r e  th e y p a s s  th r o u g h  n o n -
l ab o r ato r y ar e as  o r  th r o u g h  l ab o r ato r y u n i ts  o th e r  th a n
th e  o n e  th e y s e r ve .  (See 1 6. 3. 2. 1 . 5. 2. )

( 3 ) C o m b u s ti b l e  d u c ts  s h al l  b e  p e r m i tte d  to  b e  u s e d  i f a l l
a r e as  th r o u gh  wh i c h  th e y p as s  a r e  p r o te c te d  wi th  an
a p p r o ve d  au to m ati c  fre  e x ti n gu i s h i n g  s ys te m ,  a s

d e s c r i b e d  i n  1 6 . 2 . 3 .  (See 1 6. 3. 2. 1 . 5. 2. )
[ 4 5 : 7 . 5 . 1 ]

1 6 . 3 . 2 . 1 . 5 . 2    C o m b u s ti b l e  d u c ts  o r  d u c t l i n i n gs  s h al l  h ave  a
fame  s p r e ad  i n d e x  o f 2 5  o r  l e s s  wh e n  te s te d  i n  a c 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  AN S I / U L  7 2 3 ,  Standard for Test
for Surface Burning Characteristics of Building Materials.  Te s t s p e c i ‐

m e n s  s h a l l  b e  o f th e  m i n i m u m  th i c kn e s s  u s e d  i n  th e  c o n s tr u c ‐
ti o n  o f th e  d u c t o r  d u c t l i n i n g.  [ 4 5 : 7 . 5 . 2 ]

1 6 . 3 . 2 . 1 . 5 . 3    D u c ts  s h a l l  b e  o f a d e q u a te  s tr e n gth  an d  r i g i d i ty to
m e e t th e  c o n d i ti o n s  o f s e r vi c e  an d  i n s tal l a ti o n  r e q u i r e m e n ts
an d  s h al l  b e  p r o te c te d  ag ai n s t m e c h an i c a l  d a m a ge .  [ 4 5 : 7 . 5 . 5 ]

1 6 . 3 . 2 . 1 . 5 . 4    M a te r i al s  u s e d  fo r  vi b r a ti o n  i s o l ati o n  c o n n e c to r s
s h a l l  c o m p l y wi th  1 6 . 3 . 2 . 1 . 5 . 2 .  [ 4 5 : 7 . 5 . 6 ]

1 6 . 3 . 2 . 1 . 5 . 5    C o n tr o l s  an d  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 a l l  b e  o f a typ e  th at,  i n

e ve n t o f fa i l u r e ,  wi l l  fai l  o p e n  to  e n s u r e  c o n ti n u o u s  d r aft.  (See
1 6. 3. 2. 1 . 9. 3 through 1 6. 3. 2. 1 . 9. 5. ) [ 4 5 : 7 . 5 . 1 0 . 1 . 1 ]

1 6 . 3 . 2 . 1 . 5 . 6    H a n d  h o l e s ,  wh e r e  i n s ta l l e d  fo r  d am p e r,  s p r i n ‐
kl e r,  o r  fu s i b l e  l i n k i n s p e c ti o n  o r  r e s e tti n g  a n d  fo r  r e s i d u e
c l e an -o u t p u r p o s e s ,  s h al l  b e  e q u i p p e d  wi th  tight-ftting  c o ve r s

p r o vi d e d  wi th  s u b s tan ti al  fa s te n e r s .  [ 4 5 : 7 . 5 . 8 ]

1 6 . 3 . 2 . 1 . 5 . 7  M an i fo l d i n g o f C h e m i c al  Fu m e  H o o d  an d  D u c ts .

( A)    E x h au s t d u c ts  fr o m  e a c h  l a b o r a to r y u n i t s h al l  b e  s e p a‐
r a te l y d u c te d  to  a  p o i n t o u ts i d e  th e  b u i l d i n g ,  to  a  m e c h an i c al

r o o m ,  o r  to  a  s h a ft.  [ 4 5 : 7 . 5 . 9 . 1 ]

( B )    C o n n e c ti o n  to  a c o m m o n  c h e m i c al  fu m e  h o o d  e x h a u s t
d u c t s ys te m  s h al l  b e  p e r m i tte d  to  o c c u r  wi th i n  a b u i l d i n g o n l y
i n  an y o f th e  fo l l o wi n g l o c a ti o n s :

( 1 ) A m e c h an i c al  r o o m ,  n o t c o n n e c te d  to  a s h a ft,  s h a l l  b e
p r o te c te d  i n  a c c o r d a n c e  wi th  Tab l e  5 . 1 . 1  o f N F PA 4 5 .

( 2 ) A s h aft o r  a  m e c h an i c al  r o o m  c o n n e c te d  to  a  s h a ft,  s h a l l
b e  p r o te c te d  i n  a c c o r d an c e  wi th  th e  c h ap te r  o n  p r o te c ‐
ti o n  o f ve r ti c al  o p e n i n gs  o f N F PA 1 01

( 3 ) A p o i n t o u ts i d e  th e  b u i l d i n g

[ 4 5 : 7 . 5 . 9 . 2 ]

( C )    E x h au s t d u c ts  fr o m  c h e m i c al  fu m e  h o o d s  an d  o th e r
e x h au s t s ys te m s  wi th i n  th e  s am e  l a b o r a to r y u n i t s h a l l  b e
p e r m i tte d  to  b e  c o m b i n e d  wi th i n  th a t l ab o r ato r y u n i t.  (See

1 6. 3. 2. 1 . 4. 1 . ) [ 4 5 : 7 . 5 . 9 . 3 ]

1 6 . 3 . 2 . 1 . 6  E x h au s te rs  ( Fan s ) ,  C o n tro l s ,  Ve l o c i ti e s ,  an d
D i s c h arge .

1 6 . 3 . 2 . 1 . 6 . 1    F an s  s h a l l  b e  s e l e c te d  to  m e e t r e q u i r e m e n ts  fo r
fre,  e x p l o s i o n ,  an d  c o r r o s i o n .  [ 4 5 : 7 . 7 . 1 ]

1 6 . 3 . 2 . 1 . 6 . 2    F an s  c o n ve yi n g b o th  c o r r o s i ve  an d  fammable  o r
c o m b u s ti b l e  m ate r i a l s  s h al l  b e  p e r m i tte d  to  b e  l i n e d  wi th  o r
c o n s tr u c te d  o f c o r r o s i o n -r e s i s tan t m ate r i al s  h avi n g  a fame

s p r e ad  i n d e x  o f 2 5  o r  l e s s  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  AN S I / U L  7 2 3 ,  Standard for Test for

Surface Burning Characteristics of Building Materials.  [ 4 5 : 7 . 7 . 2 ]

1 6 . 3 . 2 . 1 . 6 . 3    F an s  s h a l l  b e  l o c ate d  an d  ar r a n ge d  s o  a s  to  affo r d
r e ad y a c c e s s  fo r  r e p a i r s ,  c l e a n i n g ,  i n s p e c ti o n ,  an d  m ai n te ‐

n a n c e .  [ 4 5 : 7 . 7 . 3 ]

1 6 . 3 . 2 . 1 . 6 . 4 *    Wh e r e  [ GH 2  i s ]  p a s s e d  th r o u g h  th e  fan s ,  th e
r o tati n g  e l e m e n t s h a l l  b e  o f n o n fe r r o u s  o r  s p ar k-r e s i s ta n t
c o n s tr u c ti o n ;  al te r n ati ve l y,  th e  c a s i n g  s h al l  b e  c o n s tr u c te d  o f o r

l i n e d  wi th  s u c h  m a te r i al .  [ 4 5 : 7 . 7 . 4 ]

( A)    N o n fe r r o u s  o r  s p ar k-r e s i s tan t m a te r i al s  s h al l  h ave  a fame
s p r e ad  i n d e x  o f 2 5  o r  l e s s  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  AN S I / U L  7 2 3 ,  Standard for Test for

Surface Burning Characteristics of Building Materials.  [ 4 5 : 7 . 7 . 4 . 2 ]

1 6 . 3 . 2 . 1 . 6 . 5    M o to r s  an d  th e i r  c o n tr o l s  s h al l  b e  l o c ate d  o u ts i d e
th e  l o c ati o n  wh e r e  [ G H 2  i s ]  ge n e r a te d  o r  c o n ve ye d ,  u n l e s s
specifcally a p p r o ve d  fo r  th at l o c ati o n  an d  u s e .  [ 4 5 : 7 . 7 . 5 ]

1 6 . 3 . 2 . 1 . 6 . 6 *    F an s  s h a l l  b e  m a r ke d  wi th  an  ar r o w o r  o th e r
m e a n s  to  i n d i c a te  d i r e c ti o n  o f r o tati o n  an d  wi th  th e  l o c ati o n  o f
c h e m i c a l  fu m e  h o o d s  an d  e x h a u s t s ys te m s  s e r ve d .  [ 4 5 : 7 . 7 . 6 ]

1 6 . 3 . 2 . 1 . 7  C h e m i c al  Fum e  H o o d  Re q u i re m e n ts .    (See also
1 6. 3. 2. 1 . 2. 2. ) [ 4 5 : 7 . 8 ]
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1 6 . 3 . 2 . 1 . 7 . 1  C h e m i c al  Fu m e  H o o d  I n te ri o rs .

( A) *    M a te r i al s  o f c o n s tr u c ti o n  u s e d  fo r  th e  i n te r i o r s  o f n e w
c h e m i c a l  fu m e  h o o d s  o r  fo r  th e  modifcation  o f th e  i n te r i o r s  o f
e x i s ti n g  c h e m i c a l  fu m e  h o o d s  s h al l  h ave  a  fame  s p r e ad  i n d e x
o f 2 5  o r  l e s s  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 ,  Stand‐
ard Test Method for Surface Burning Characteristics of Building Mate‐
rials,  o r  AN S I / U L  7 2 3 ,  Standard for Test for Surface Burning
Characteristics of Building Materials,  u n l e s s  th e  i n te r i o r  o f th e
h o o d  i s  p r o vi d e d  wi th  au to m ati c  fre  p r o te c ti o n  i n  a c c o r d a n c e
wi th  1 6 . 3 . 2 . 1 . 9 . 2 .  [ 4 5 : 7 . 8 . 1 . 1 ]

( B ) *    Baffes  s h al l  b e  c o n s tr u c te d  s o  th a t th e y ar e  u n a b l e  to  b e
ad j u s te d  to  m a te r i al l y r e s tr i c t th e  vo l u m e  o f ai r  e x h au s te d
th r o u g h  th e  c h e m i c al  fu m e  h o o d .  [ 4 5 : 7 . 8 . 1 . 3 ]

( C ) *    C h e m i c a l  fu m e  h o o d s  s h al l  b e  p r o vi d e d  wi th  a m e an s  o f
p r e ve n ti n g  overfow o f a  s p i l l  o f 0 . 5  g al  ( 2  L )  o f l i q u i d .
[ 4 5 : 7 . 8 . 1 . 4 ]

1 6 . 3 . 2 . 1 . 7 . 2 *  C h e m i c al  Fu m e  H o o d  S as h  G l az i n g.    T h e  s as h ,  i f
p r o vi d e d ,  s h a l l  b e  g l az e d  wi th  m a te r i al  th at wi l l  p r o vi d e  p r o te c ‐
ti o n  to  th e  o p e r ato r  a ga i n s t th e  h a z a r d s  as s o c i ate d  wi th  th e  u s e
o f th e  h o o d .  (See also Annex H. ) [ 4 5 : 7 . 8 . 2 ]

1 6 . 3 . 2 . 1 . 7 . 3 *  C h e m i c al  Fu m e  H o o d  S as h  C l o s u re .

( A)    C h e m i c al  fu m e  h o o d  s as h e s  s h al l  b e  ke p t c l o s e d  wh e n e ve r
p o s s i b l e .  [ 4 5 : 7 . 8 . 3 . 1 ]

( B )    Wh e n  a  fu m e  h o o d  i s  u n atte n d e d ,  i ts  s as h  s h al l  r e m ai n
fu l l y c l o s e d .  [ 4 5 : 7 . 8 . 3 . 2 ]

1 6 . 3 . 2 . 1 . 7 . 4 *  E l e c tri c al  D e vi c e s .

( A)    I n  i n s ta l l ati o n s  wh e r e  s e r vi c e s  a n d  c o n tr o l s  ar e  wi th i n  th e
h o o d ,  ad d i ti o n a l  e l e c tr i c al  d i s c o n n e c ts  s h al l  b e  l o c ate d  wi th i n
5 0  ft ( 1 5  m )  o f th e  h o o d  an d  s h al l  b e  ac c e s s i b l e  an d  c l e a r l y
m a r ke d .  [ 4 5 : 7 . 8 . 4 . 1 ]

( B )    I f e l e c tr i c al  r e c e p ta c l e s  ar e  l o c a te d  e x te r n al  to  th e  h o o d ,
n o  a d d i ti o n al  e l e c tr i c al  d i s c o n n e c t s h al l  b e  r e q u i r e d .
[ 4 5 : 7 . 8 . 4 . 2 ]

1 6 . 3 . 2 . 1 . 7 . 5  O th e r H o o d  S e r vi c e s .

( A)    F o r  n e w i n s ta l l a ti o n s  o r  modifcations  o f e x i s ti n g  i n s tal l a‐
ti o n s ,  c o n tr o l s  fo r  c h e m i c a l  fu m e  h o o d  s e r vi c e s  ( ga s ,  ai r,  wate r,
e tc . )  s h al l  b e  l o c ate d  e x te r n al  to  th e  h o o d  an d  wi th i n  e as y
r e ac h .  [ 4 5 : 7 . 8 . 5 . 1 ]

( B )    I n  e x i s ti n g i n s tal l ati o n s  wh e r e  s e r vi c e  c o n tr o l s  ar e  wi th i n
th e  h o o d ,  a d d i ti o n al  s h u to ffs  s h a l l  b e  l o c ate d  wi th i n  5 0  ft
( 1 5  m )  o f th e  h o o d  an d  s h a l l  b e  a c c e s s i b l e  an d  c l e ar l y m a r ke d .
[ 4 5 : 7 . 8 . 5 . 2 ]

1 6 . 3 . 2 . 1 . 7 . 6  Au x i l i ar y Ai r.    F o r  au x i l i a r y ai r  h o o d s ,  a u x i l i ar y ai r
s h a l l  b e  i n tr o d u c e d  e x te r i o r  to  th e  h o o d  fac e  i n  s u c h  a  m a n n e r
th a t th e  airfow d o e s  n o t c o m p r o m i s e  th e  p r o te c ti o n  p r o vi d e d
b y th e  h o o d  an d  s o  th a t a n  i m b al an c e  o f au x i l i a r y a i r  to
e x h a u s t a i r  wi l l  n o t p r e s s u r i z e  th e  h o o d  i n te r i o r.  [ 4 5 : 7 . 8 . 6 ]

1 6 . 3 . 2 . 1 . 7 . 7  H o o d  P ro p e r Fu n c ti o n  Al ar m .

( A) *    A m e as u r i n g  d e vi c e  fo r  i n d i c ati n g  th at th e  h o o d  airfow
r e m a i n s  wi th i n  s a fe  d e s i gn  l i m i ts  s h a l l  b e  p r o vi d e d  o n  e a c h
c h e m i c a l  fu m e  h o o d .  [ 4 5 : 7 . 8 . 7 . 1 ]

( B ) *    T h e  m e as u r i n g d e vi c e  fo r  h o o d  airfow s h a l l  b e  a p e r m a‐
n e n tl y i n s tal l e d  d e vi c e  an d  s h a l l  p r o vi d e  c o n ti n u o u s  i n d i c a ti o n
to  th e  h o o d  u s e r  o f ad e q u ate  airfow an d  al e r t i n a d e q u a te

h o o d  airfow b y a c o m b i n ati o n  o f a n  au d i b l e  a n d  vi s u a l  al ar m .
Wh e r e  an  au d i b l e  a l a r m  c o u l d  c o m p r o m i s e  th e  s a fe ty o f th e

u s e r  o r  th e  r e s e ar c h ,  a l te r n ati ve  m e an s  o f al ar m  s h a l l  b e
c o n s i d e r e d .  [ 4 5 : 7 . 8 . 7 . 2 ]

1 6 . 3 . 2 . 1 . 8  C h e m i c al  Fu m e  H o o d  L o c ati o n .

1 6 . 3 . 2 . 1 . 8 . 1 *    C h e m i c al  fu m e  h o o d s  s h al l  b e  l o c ate d  i n  ar e a s
o f m i n i m u m  a i r  tu r b u l e n c e .  [ 4 5 : 7 . 9 . 1 ]

1 6 . 3 . 2 . 1 . 8 . 2    C h e m i c al  fu m e  h o o d s  s h al l  n o t b e  l o c ate d  a d j a‐
c e n t to  a s i n gl e  m e an s  o f ac c e s s  to  an  e x i t o r  to  high-traffc
ar e as .  [ 4 5 : 7 . 9 . 2 ]

1 6 . 3 . 2 . 1 . 8 . 3 *    Wo r k s ta ti o n s  n o t d i r e c tl y r e l ate d  to  th e  c h e m i ‐
c a l  fu m e  h o o d  ac ti vi ty s h al l  n o t b e  l o c a te d  d i r e c tl y i n  fr o n t o f

c h e m i c a l  fu m e  h o o d  o p e n i n gs .  [ 4 5 : 7 . 9 . 3 ]

1 6 . 3 . 2 . 1 . 9  C h e m i c al  Fu m e  H o o d  Fi re  P ro te c ti o n .

1 6 . 3 . 2 . 1 . 9 . 1  Au to m ati c  Fi re  P ro te c ti o n .

( A) *    Au to m ati c  fre  p r o te c ti o n  s ys te m s  s h al l  b e  p r o vi d e d  i n
c h e m i c a l  fu m e  h o o d s  a s  p r o vi d e d  i n  1 6 . 3 . 2 . 1 . 9 . 1 ( B ) .

[ 4 5 : 7 . 1 0 . 1 ]

( B )    I f a h az ar d  a s s e s s m e n t s h o ws  th a t an  au to m ati c  e x ti n g u i s h ‐
i n g  s ys te m  i s  r e q u i r e d  fo r  th e  c h e m i c al  fu m e  h o o d ,  th e n  th e
ap p l i c a b l e  a u to m a ti c  fre  p r o te c ti o n  s ys te m  s ta n d a r d  s h a l l  b e

fo l l o we d .  [ 4 5 : 7 . 1 0 . 2 . 1 ]

1 6 . 3 . 2 . 1 . 9 . 2    Au to m a ti c  fre  p r o te c ti o n  s ys te m s ,  wh e r e  p r o vi ‐
d e d ,  s h al l  c o m p l y wi th  th e  fo l l o wi n g  s tan d ar d s ,  as  ap p l i c ab l e :

( 1 ) N F PA 1 1
( 2 ) N F PA 1 2
( 3 ) N F PA 1 2 A
( 4 ) N F PA 1 3
( 5 ) N F PA 1 5
( 6 ) N F PA 1 7
( 7 ) N F PA 1 7 A
( 8 ) N F PA 6 9
( 9 ) N F PA 7 5 0

( 1 0 ) * N F PA 2 0 0 1
[ 4 5 : 7 . 1 0 . 2 . 1 ]

( A)    T h e  fre  e x ti n g u i s h i n g s ys te m  s h a l l  b e  d e s i g n e d  to  e x ti n ‐
g u i s h  fres  wi th i n  th e  c h e m i c a l  fu m e  h o o d  u n d e r  th e  an ti c i p a‐

te d  c o n d i ti o n s  o f u s e .  [ 4 5 : 7 . 1 0 . 2 . 2 ]

1 6 . 3 . 2 . 1 . 9 . 3 *    T h e  d e s i g n  an d  i n s tal l a ti o n  o f l a b o r a to r y
e x h a u s t d u c ts  s h a l l  b e  i n  a c c o r d an c e  wi th  N F PA 9 1 ,  e x c e p t th at
th e  r e q u i r e m e n ts  o f 7 . 5 . 1 0 . 1  th r o u g h  7 . 5 . 1 2  i n  N F PA 4 5  s h a l l

take  p r e c e d e n c e .  [ 4 5 : 7 . 5 . 1 0 ]

( A) *    Au to m ati c  fre  d am p e r s  s h al l  n o t b e  u s e d  i n  l ab o r ato r y
e x h au s t s ys te m s .  [ 4 5 : 7 . 5 . 1 0 . 1 . 2 ]

( B )    A d u c t c o n ve yi n g  l ab o r ato r y e x h a u s t th at p a s s e s  th r o u gh  a
fre  b a r r i e r  s h al l  p r o vi d e  a n  al te r n ati ve  m e an s  o f p r o te c ti o n

e q u al  to  o r  g r e ate r  th a n  th e  r ati n g  th r o u g h  wh i c h  th e  d u c t
p as s e s  b y o n e  o f th e  fo l l o wi n g  o r  i n  a c c o r d a n c e  wi th

1 6 . 3 . 2 . 1 . 9 . 3 ( C ) :  [ 4 5 : 7 . 5 . 1 0 . 2 . 1 ]

( 1 ) Wr a p p e d  o r  e n c as e d  wi th  l i s te d  o r  ap p r o ve d  m a te r i al s
h avi n g  a  fre-resistance  r a ti n g e q u a l  to  th e  fre  b a r r i e r  fo r
3 . 0 5  m  ( 1 0  ft. )  o f th e  d u c t o n  e ac h  s i d e  o f th e  b ar r i e r
i n c l u d i n g  d u c t s u p p o r ts  wi th i n  th i s  s p a n

[ 4 5 : 7 . 5 . 1 0 . 2 . 1 ( 1 ) ]
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( 2 ) C o n s tr u c te d  o f m a te r i al s  an d  s u p p o r ts  h avi n g  a  m i n i m u m
fre  r e s i s tan c e  r a ti n g e q u al  to  th e  fre  b ar r i e r
[ 4 5 : 7 . 5 . 1 0 . 2 . 1 ( 2 ) ]

( 3 ) E n c l o s e d  wi th  a  s h a ft th a t i s  c o n s tr u c te d  o f m a te r i al
h avi n g  a  fre  r e s i s tan c e  r a ti n g e q u a l  to  th e  fre  b ar r i e r  fo r
3 . 0 5  m  ( 1 0  ft. )  o f th e  d u c t o n  e ac h  s i d e  o f th e  fre  b ar r i e r

wi th  n o  i n l e ts  to  th e  d u c t wi th i n  th i s  d i s ta n c e ,  an d  th e
d u c t e n tr y i n to  an d  e x i t fr o m  th e  s h a ft i s  p r o te c te d  i n

ac c o r d an c e  wi th  4 . 2 . 1 3  o f N F PA 9 1 .  [ 4 5 : 7 . 5 . 1 0 . 2 . 1 ( 3 ) ]

( C )    I f n o t p r o te c te d  i n  ac c o r d an c e  wi th  1 6 . 3 . 2 . 1 . 9 . 3 ( B ) ,  wh e n
an  e x h au s t d u c t e n te r s  an  e x h au s t s h a ft,  th e  p e n e tr ati o n  s h a l l
b e  p r o te c te d  b y al l  o f th e  fo l l o wi n g:

( 1 ) B r an c h  d u c ts  c o n n e c t to  e n c l o s e d  e x h a u s t r i s e r s  m e e ti n g
th e  r e q u i r e m e n ts  o f 5 . 3 . 4 . 1  o r  5 . 3 . 4 . 4  o f N F PA 9 0 A.

( 2 ) T h e  airfow m o ve s  u p wa r d .
( 3 ) * S te e l  s u b d u c ts  a t l e a s t 5 6 0  m m  ( 2 2  i n . )  i n  l e n g th  a r e

c a r r i e d  u p  i n s i d e  th e  r i s e r  fr o m  e a c h  i n l e t.
( 4 ) T h e  r i s e r  i s  ap p r o p r i ate l y s i z e d  to  ac c o m m o d a te  th e  fow

r e s tr i c ti o n  c r e ate d  b y th e  s u b d u c t.
[ 4 5 : 7 . 5 . 1 0 . 2 . 2 ]

1 6 . 3 . 2 . 1 . 9 . 4    F i r e  d e te c ti o n  an d  al ar 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  au to m ati c a l l y s h u t d o wn  l a b o r a to r y e x h a u s t fan s .
[ 4 5 : 5 . 1 1 ]

1 6 . 3 . 2 . 1 . 9 . 5    D o o r  o p e r ati o n  fo r  e gr e s s  s h al l  b e  m ai n ta i n e d
wh e n  th e  s u p p l y s ys te m  s h u ts  d o wn  a n d  th e  l ab  e x h au s t s ys te m
o p e r ate s ,  c r e ati n g  a p r e s s u r e  d i ffe r e n ti al .  [ 4 5 : 7 . 5 . 1 2 ]

1 6 . 3 . 2 . 1 . 9 . 6    C h e m i c a l  fu m e  h o o d s  e q u i p p e d  wi th  c o n tr o l
s ys te m s  th a t var y th e  h o o d  e x h au s t airfow as  th e  s a s h  o p e n i n g
va r i e s  an d / o r  i n  c o n j u n c ti o n  wi th  wh e th e r  th e  l ab o r ato r y r o o m
i s  i n  u s e  ( o c c u p i e d  o r  u n o c c u p i e d )  s h al l  b e  e q u i p p e d  wi th  a
u s e r-a c c e s s i b l e  m e a n s  to  atta i n  m ax i m u m  e x h au s t h o o d  airfow
r e ga r d l e s s  o f s a s h  p o s i ti o n  wh e n  n e c e s s a r y o r  d e s i r ab l e  to
e n s u r e  c o n tai n m e n t a n d  r e m o va l  o f a p o te n ti a l  h az ar d  wi th i n
th e  h o o d .  [ 4 5 : 7 . 1 0 . 3 ]

1 6 . 3 . 2 . 1 . 9 . 7 *    C h e m i c al  fu m e  h o o d s  s h a l l  b e  i n s ta l l e d  i n  a
m a n n e r  th at p r e ve n ts  fre  o r  s m o ke  fr o m  a  fre  i n  th e  c h e m i c al
fu m e  h o o d  fr o m  s p r e ad i n g  i n to  th e  vo i d s  a b o ve  th e  c e i l i n g .
[ 4 5 : 7 . 1 0 . 4 ]

1 6 . 3 . 2 . 1 . 1 0  Identifcation  o f C h e m i c al  Fu m e  H o o d  S ys te m s .

1 6 . 3 . 2 . 1 . 1 0 . 1 *    S p e c i a l -u s e  c h e m i c a l  fu m e  h o o d s  a n d  s p e c i al -
u s e  l o c al  e x h au s t s ys te m s  s h a l l  b e  identifed  to  i n d i c ate  th e i r
i n te n d e d  u s e .  [ 4 5 : 7 . 1 3 . 1 ]

1 6 . 3 . 2 . 1 . 1 0 . 2    A s i g n  c o n ta i n i n g  th e  fo l l o wi n g  i n fo r m a ti o n
fr o m  th e  l a s t i n s p e c ti o n  s h a l l  b e  affxed  to  e ac h  h o o d ,  o r  a
p r o p e r l y m a i n tai n e d  l o g  o f al l  h o o d s  p r o vi d i n g th e  fo l l o wi n g
i n fo r m a ti o n  s h al l  b e  m a i n tai n e d :

( 1 ) I n s p e c ti o n  i n te r val
( 2 ) L a s t i n s p e c ti o n  d a te
( 3 ) Ave r ag e  fa c e  ve l o c i ty
( 4 ) L o c ati o n  o f fan  th a t s e r ve s  h o o d
( 5 ) I n s p e c to r ’ s  n a m e
[ 4 5 : 7 . 1 3 . 2 ]

1 6 . 3 . 2 . 1 . 1 1  I n s p e c ti o n ,  Te s ti n g,  an d  M ai n te n an c e .

1 6 . 3 . 2 . 1 . 1 1 . 1 *    Wh e n  i n s tal l e d  o r  modifed  an d  at l e as t an n u ‐
al l y th e r e afte r,  c h e m i c a l  fu m e  h o o d s ,  c h e m i c al  fu m e  h o o d
e x h au s t s ys te m s ,  an d  l a b o r a to r y s p e c i al  e x h a u s t s ys te m s  s h a l l  b e
i n s p e c te d  an d  te s te d  as  ap p l i c a b l e ,  as  fo l l o ws :

( 1 ) Vi s u a l  i n s p e c ti o n  o f th e  p h ys i c al  c o n d i ti o n  o f th e  h o o d
i n te r i o r,  s as h ,  an d  d u c two r k

( 2 ) M e as u r i n g d e vi c e  fo r  h o o d  airfow
( 3 ) L o w airfow a n d  loss-of-airfow al ar m s  a t e ac h  a l a r m  l o c a‐

ti o n
( 4 ) F ac e  ve l o c i ty
( 5 ) Verifcation  o f i n war d  airfow o ve r  th e  e n ti r e  h o o d  fa c e
( 6 ) C h an g e s  i n  wo r k ar e a c o n d i ti o n s  th at m i g h t a ffe c t h o o d

p e r fo r m an c e
[ 4 5 : 7 . 1 4 . 1 ]

1 6 . 3 . 2 . 1 . 1 1 . 2    Defciencies  i n  h o o d  p e r fo r m a n c e  s h a l l  r e s u l t i n
i m m e d i a te  s u s p e n s i o n  o f al l  ac ti vi ti e s  i n  th e  h o o d  u n ti l  th e  def‐
ciencies  c a n  b e  c o r r e c te d .

[ 4 5 : 7 . 1 4 . 2 ]

1 6 . 3 . 2 . 1 . 1 1 . 3    C h e m i c al  fu m e  h o o d  fa c e  ve l o c i ty profle  o r
h o o d  e x h a u s t ai r  q u a n ti ty s h al l  b e  c h e c ke d  afte r  an y ad j u s t‐

m e n t to  th e  ve n ti l a ti o n  s ys te m  b a l a n c e .  [ 4 5 : 7 . 1 4 . 3 ]

1 6 . 3 . 2 . 1 . 1 1 . 4  D e te c to rs  an d  Al ar m s .    Ai r  s ys te m  fow d e te c to r s ,
i f i n s ta l l e d ,  s h a l l  b e  i n s p e c te d  an d  te s te d  an n u al l y.  [ 4 5 : 7 . 1 3 . 4 . 1 ]

1 6 . 3 . 2 . 1 . 1 1 . 5  Fan s  an d  M o to rs .

( A) *    Ai r  s u p p l y a n d  e x h au s t fa n s ,  m o to r s ,  an d  c o m p o n e n ts
s h a l l  b e  i n s p e c te d  a t l e a s t an n u al l y.  [ 4 5 : 7 . 1 4 . 5 . 1 ]

( B )    Wh e r e  airfow d e te c to r s  ar e  n o t p r o vi d e d  o r  airfow-rate
te s ts  a r e  n o t m a d e ,  fan  b e l ts  s h al l  b e  i n s p e c te d  q u ar te r l y;

d o u b l e  s h e ave s  a n d  b e l ts  s h al l  b e  p e r m i tte d  to  b e  i n s p e c te d
s e m i an n u a l l y.  [ 4 5 : 7 . 1 4 . 5 . 2 ]

( C )    F r a ye d  o r  b r o ke n  b e l ts  s h a l l  b e  r e p l a c e d  p r o m p tl y.
[ 4 5 : 7 . 1 4 . 5 . 3 ]

1 6 . 3 . 2 . 2  L ab o rato r y O p e rati o n s  an d  Ap p aratu s .

1 6 . 3 . 2 . 2 . 1  O p e rati o n s .    T h i s  c h a p te r  s h al l  ap p l y to  n e w an d
e x i s ti n g  l a b o r a to r i e s  [ 4 5 : 1 1 . 1 ]

1 6 . 3 . 2 . 2 . 1 . 1 *  H az ard s  o f C h e m i c al s  an d  C h e m i c al  Re ac ti o n s .

( A)    B e fo r e  l ab o r ato r y te s ts  o r  c h e m i c a l  r e a c ti o n s  a r e  b e gu n ,
e va l u a ti o n s  s h a l l  b e  m a d e  fo r  h az ar d s  th a t c a n  b e  e n c o u n te r e d
o r  g e n e r ate d  d u r i n g  th e  c o u r s e  o f th e  wo r k.  [ 4 5 : 1 1 . 2 . 1 . 1 ]

( B )    E va l u ati o n s  s h a l l  i n c l u d e  th e  h az ar d s  a s s o c i a te d  wi th  th e
p r o p e r ti e s  an d  th e  r e ac ti vi ty o f th e  m ate r i a l s  u s e d  an d  an y

i n te r m e d i ate  a n d  e n d  p r o d u c ts  th a t c a n  b e  fo r m e d ,  h az ar d s
as s o c i ate d  wi th  th e  o p e r ati o n  o f th e  e q u i p m e n t at th e  o p e r a t‐
i n g  c o n d i ti o n s ,  an d  h az ar d s  as s o c i ate d  wi th  th e  p r o p o s e d  r e a c ‐

ti o n s  — fo r  e x a m p l e ,  o x i d ati o n  an d  p o l ym e r i z a ti o n .  [See also
1 6. 3. 2. 2. 1 . 1 (D). ] [ 4 5 : 1 1 . 2 . 1 . 2 ]

( C )    Re g u l a r  r e vi e ws  o f l a b o r a to r y o p e r ati o n s  an d  p r o c e d u r e s
s h a l l  b e  c o n d u c te d  wi th  s p e c i al  atte n ti o n  g i ve n  to  an y c h an g e
i n  m ate r i al s ,  o p e r a ti o n s ,  o r  p e r s o n n e l .  [ 4 5 : 1 1 . 2 . 1 . 3 ]

( D ) *    Wh e r e  r e a c ti o n s  ar e  b e i n g  p e r fo r m e d  to  s yn th e s i z e
m a te r i al s ,  th e  h a z a r d  c h a r ac te r i s ti c s  o f wh i c h  h a ve  n o t ye t b e e n

d e te r m i n e d  b y te s t,  p r e c a u ti o n s  s h a l l  b e  e m p l o ye d  to  c o n tr o l
th e  h i g h e s t p o s s i b l e  h az ar d  b as e d  o n  a kn o wn  h a z a r d  o f s i m i l a r
m a te r i al .  [ 4 5 : 1 1 . 2 . 1 . 4 ]

( E ) *    Wh e r e  u s e  o f a n e w m ate r i al  o r  th e  p r e m i x i n g  o f famma‐
ble  an d  o x i d i z i n g  m a te r i al s  m i g h t p r e s e n t a n  e x p l o s i o n  p o te n ‐

ti a l ,  i n i ti a l  e x p e r i m e n ts  o r  te s ts  s h a l l  b e  c o n d u c te d  i n  an
e n c l o s u r e  th at i s  d e s i g n e d  to  p r o te c t p e o p l e  a n d  p r o p e r ty fr o m
p o te n ti a l  e x p l o s i o n  d a m ag e .  (See 1 6. 2. 4. ) [ 4 5 : 1 1 . 2 . 1 . 5 ]
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( F)    U n a tte n d e d  o r  a u to m a ti c  l ab o r ato r y o p e r ati o n s  i n vo l vi n g
h az ar d o u s  c h e m i c al s  s h a l l  b e  p r o vi d e d  wi th  r e gu l ar  s u r ve i l ‐
l an c e  fo r  a b n o r m al  c o n d i ti o n s .  [ 4 5 : 1 1 . 2 . 1 . 6 ]

( 1 ) Al l  h e a ti n g o p e r a ti o n s  wh e th e r  a tte n d e d  o r  u n a tte n d e d
s h a l l  b e  p r o vi d e d  wi th  a n  i n d e p e n d e n t h i gh -te m p e r a tu r e

a l a r m  a n d  an  au to m ati c  s h u td o wn  wi th  m an u a l  r e s e t to
p r e ve n t s ys te m  fa i l u r e  th at c a n  r e s u l t i n  fre  o r  e x p l o s i o n .

[ 4 5 : 1 1 . 3 . 3 . 4 ]
( 2 ) E l e c tr i c a l l y h e a te d  c o n s tan t te m p e r atu r e  b a th s  s h a l l  b e

e q u i p p e d  wi th  o ve r-te m p e r atu r e  s h u to ff s wi tc h e s  i n  ad d i ‐
ti o n  to  n o r m al  te m p e r a tu r e  c o n tr o l s ,  i f o ve rh e ati n g  c o u l d

r e s u l t i n  a fre  o r  a n  e x p l o s i o n .  [ 4 5 : 1 1 . 3 . 4 . 1 ]

1 6 . 3 . 2 . 2 . 1 . 2  O th e r O p e rati o n s .

( A)    O th e r  l ab o r ato r y o p e r a ti o n s ,  s u c h  as  r e a c ti o n s  at te m p e r a‐
tu r e s  an d  p r e s s u r e s  e i th e r  ab o ve  o r  b e l o w a m b i e n t c o n d i ti o n s ,
s h a l l  b e  c o n d u c te d  i n  a  m an n e r  th at m i n i m i z e s  h a z a r d s .
[ 4 5 : 1 1 . 2 . 7 . 1 ]

( B )    S h i e l d i n g  s h al l  b e  u s e d  wh e n e ve r  th e r e  i s  a  r e as o n ab l e
p r o b ab i l i ty o f e x p l o s i o n  o r  vi go r o u s  c h e m i c al  r e ac ti o n  an d
as s o c i a te d  h az ar d s  d u r i n g  c h ar g i n g ,  s a m p l i n g,  ve n ti n g ,  an d
d i s c h ar g e  o f p r o d u c ts .  (See 1 6. 2. 4 and 1 6. 3. 2. 2. 2. 3. )
[ 4 5 : 1 1 . 2 . 7 . 2 ]

( C )    G l as s  a p p a r atu s  c o n ta i n i n g  g as  o r  vap o r s  u n d e r  vac u u m  o r
ab o ve  a m b i e n t p r e s s u r e  s h a l l  b e  s h i e l d e d ,  wr ap p e d  wi th  tap e ,
o r  o th e r wi s e  p r o te c te d  fr o m  s h a tte r i n g  ( s u c h  as  e n g i n e e r i n g
c o n tr o l s  o r  b y a p p ar atu s  d e s i gn )  d u r i n g  u s e .  [ 4 5 : 1 1 . 2 . 7 . 3 ]

( D ) *    Qu a n ti ti e s  o f r e ac tan ts  s h al l  b e  l i m i te d  an d  p r o c e d u r e s
s h a l l  b e  d e ve l o p e d  to  c o n tr o l  o r  i s o l a te  vi go r o u s  o r  e x o th e r m i c
r e ac ti o n s .  [ 4 5 : 1 1 . 2 . 7 . 4 ]

( E )    [ GH 2 ]  e vo l ve d  d u r i n g d r yi n g  o p e r ati o n s  s h al l  b e
c o n d e n s e d ,  tr ap p e d ,  o r  ve n te d  to  a vo i d  i g n i ti o n .  [ 4 5 : 1 1 . 2 . 7 . 5 ]

1 6 . 3 . 2 . 2 . 2  Ap p aratu s .

1 6 . 3 . 2 . 2 . 2 . 1  G e n e ral .

( A)    Ap p ar a tu s  s h a l l  b e  i n s ta l l e d  i n  c o m p l i an c e  wi th  ap p l i c ab l e
r e q u i r e m e n ts  o f N F PA s tan d ar d s ,  i n c l u d i n g NFPA 70.
[ 4 5 : 1 1 . 3 . 1 . 1 ]

( B )    O p e ra ti n g c o n tr o l s  s h al l  b e  ac c e s s i b l e  u n d e r  n o r m al  an d
e m e r g e n c y c o n d i ti o n s .  [ 4 5 : 1 1 . 3 . 1 . 2 ]

1 6 . 3 . 2 . 2 . 2 . 2  H e ati n g E q u i p m e n t an d  H e ati n g O p e rati o n s .

( A)    Al l  h e ati n g  o f fammable  l i q u i d s ,  c o m b u s ti b l e  l i q u i d s ,  o r
fammable  g as e s  s h al l  b e  c o n d u c te d  s o  a s  to  m i n i m i z e  fre

h a z a r d s .  [ 4 5 : 1 1 . 3 . 3 . 1 ]

( B )    P r o vi s i o n s  s h al l  b e  m ad e  to  c o n ta i n  l i q u i d  th a t m i gh t b e
a c c i d e n tal l y r e l e a s e d  fr o m  g l a s s  ap p ar a tu s  c o n tai n i n g  m o r e

th a n  8 . 4 5  o z  ( . 2 5  L )  o f fammable  l i q u i d  o r  c o m b u s ti b l e  l i q u i d
h e ate d  to  i ts  fash  p o i n t.  [ 4 5 : 1 1 . 3 . 3 . 2 ]

( C )    S u p p l e m e n tar y fre-extinguishing  e q u i p m e n t s h al l  b e
p r o vi d e d ,  i f n e c e s s a r y.  [ 4 5 : 1 1 . 3 . 3 . 3 ]

( D )    Al l  h e ati n g  o p e r a ti o n s  wh e th e r  atte n d e d  o r  u n a tte n d e d
s h a l l  b e  p ro vi d e d  wi th  a  h i g h -te m p e r atu r e  al ar m  a n d  an  a u to ‐

m a ti c  s h u td o wn  wi th  m a n u a l  r e s e t to  p r e ve n t s ys te m  fai l u r e
th a t c an  r e s u l t i n  fre  o r  e x p l o s i o n .  [ 4 5 : 1 1 . 3 . 3 . 4 ]

( E )    S tr o n g o x i d i z i n g  m ate r i al s ,  s u c h  as  p e r c h l o r i c  ac i d ,  s h a l l
n o t b e  h e ate d  b y ga s  fames  o r  o i l  b ath s .  [ 4 5 : 1 1 . 3 . 3 . 5 ]

( F)    H e ati n g  e q u i p m e n t wi th  c i r c u l ati o n  fan s  o r  wa te r  c o o l i n g
s h a l l  b e  e q u i p p e d  wi th  an  i n te r l o c k ar r an g e d  to  d i s c o n n e c t
c u r r e n t to  th e  h e ati n g  e l e m e n ts  i f th e  fan  fa i l s  o r  th e  wate r

s u p p l y i s  i n te r r u p te d .  [ 4 5 : 1 1 . 3 . 3 . 6 ]

( G )    B u r n e r s ,  i n d u c ti o n  h e a te r s ,  o ve n s ,  fu r n a c e s ,  a n d  o th e r
h e a t- p r o d u c i n g e q u i p m e n t s h a l l  b e  l o c ate d  a s afe  d i s tan c e  fr o m
a r e as  wh e r e  te m p e r atu r e -s e n s i ti ve  an d  fammable  m a te r i al s  a n d
[ GH 2 ]  ar e  h an d l e d .  [ 4 5 : 1 1 . 3 . 3 . 7 ]

( H )    O ve n  an d  fu r n ac e  i n s ta l l a ti o n s  s h al l  c o m p l y wi th
N F PA 8 6 .  [ 4 5 : 1 1 . 3 . 3 . 8 ]

1 6 . 3 . 2 . 2 . 2 . 3  P re s s ure  E q u i p m e n t.

( A) *    E q u i p m e n t u s e d  a t p r e s s u r e s  a b o ve  1 5  p s i  ( 1 0 3  kP a
g au ge )  s h a l l  b e  d e s i g n e d  an d  c o n s tr u c te d  b y qualifed  i n d i vi d u ‐
a l s  fo r  u s e  at th e  e x p e c te d  te m p e r atu r e ,  p r e s s u r e ,  an d  o th e r

o p e r ati n g  c o n d i ti o n s  a ffe c ti n g s afe ty.  [ 4 5 : 1 1 . 3 . 5 . 1 ]

( B )    P r e s s u r e  e q u i p m e n t s h al l  b e  ftted  wi th  a p r e s s u r e  r e l i e f
d e vi c e ,  s u c h  a s  a r u p tu r e  d i s c  o r  a  r e l i e f va l ve .  T h e  p r e s s u r e

r e l i e f d e vi c e  s h a l l  b e  ve n te d  to  a s afe  l o c a ti o n .  [ 4 5 : 1 1 . 3 . 5 . 2 ]

( C )    E q u i p m e n t o p e r ate d  at p r e s s u r e s  ab o ve  1 5  p s i  ( 1 0 3  kP a
g au ge ) ,  s u c h  a s  a u to c l ave s ,  s te a m  s te r i l i z e r s ,  r e a c to r s ,  a n d  c al o ‐
r i m e te r s ,  s h al l  b e  o p e r a te d  an d  m ai n ta i n e d  ac c o r d i n g  to  m a n u ‐

fa c tu re r s ’  i n s tr u c ti o n s ,  th e  d e s i g n  l i m i ta ti o n s  o f th e  e q u i p m e n t,
a n d  ap p l i c ab l e  c o d e s  an d  r e g u l ati o n s .  [ 4 5 : 1 1 . 3 . 5 . 3 ]

( 1 ) S u c h  e q u i p m e n t s h al l  b e  i n s p e c te d  o n  a r e g u l a r  b a s i s .
[ 4 5 : 1 1 . 3 . 5 . 3 . 1 ]

( 2 ) An y signifcant c h a n ge  i n  th e  c o n d i ti o n  o f th e  e q u i p ‐
m e n t,  s u c h  a s  c o r r o s i o n ,  c r ac ks ,  d i s to r ti o n ,  s c al e  fo r m a‐

ti o n ,  o r  g e n e r al  c h e m i c a l  attac k,  o r  an y we a ke n i n g o f th e
c l o s u r e ,  o r  a n y i n ab i l i ty o f th e  e q u i p m e n t to  m a i n tai n

p r e s s u r e ,  s h al l  b e  d o c u m e n te d  a n d  r e m o ve d  fr o m  s e r vi c e
i m m e d i a te l y an d  s h a l l  n o t b e  r e tu r n e d  to  s e r vi c e  u n ti l

a p p r o ve d  b y a  qualifed  p e r s o n .  [ 4 5 : 1 1 . 3 . 5 . 3 . 2 ]

( D )    An y p r e s s u r e  e q u i p m e n t th at h a s  b e e n  fo u n d  to  b e  d e g r a‐
d e d  s h al l  b e  d e r a te d  o r  d i s c ar d e d ,  wh i c h e ve r  i s  ap p r o p r i ate .

[ 4 5 : 1 1 . 3 . 5 . 4 ]

1 6 . 3 . 2 . 2 . 2 . 4  An al yti c al  I n s tr u m e n ts .

( A)    An a l yti c a l  i n s tr u m e n ts ,  s u c h  as  i n fr ar e d ,  u l tr a vi o l e t,
ato m i c  ab s o r p ti o n ,  x - r ay,  m a s s  s p e c tr o m e te r s ,  c h r o m ato gr a p h s ,

a n d  th e r m al  an a l yz e r s ,  s h al l  b e  i n s tal l e d  i n  ac c o r d a n c e  wi th  th e
m a n u fac tu r e r s ’  i n s tr u c ti o n s  a n d  a p p l i c ab l e  s ta n d ar d s  an d

c o d e s .  [ 4 5 : 1 1 . 3 . 6 . 1 ]

( B ) *    An a l yti c al  i n s tr u m e n ts  s h a l l  b e  o p e r a te d  i n  ac c o r d a n c e
wi th  m a n u fac tu r e r s ’  i n s tr u c ti o n s  o r  ap p r o ve d  r e c o m m e n d e d

o p e r ati n g  p r o c e d u r e s .  [ 4 5 : 1 1 . 3 . 6 . 2 ]

1 6 . 3 . 2 . 3  H az ard  Identifcation.    T h i s  c h a p te r  s h a l l  a p p l y to
n e w an d  e x i s ti n g l ab o r ato r i e s .  [ 4 5 : 1 3 . 1 ]

1 6 . 3 . 2 . 3 . 1 *  E x h au s t S ys te m s .    E x h au s t s ys te m s  u s e d  fo r  th e
r e m o val  o f h a z a r d o u s  m ate r i a l s  s h a l l  b e  identifed  to  war n
p e r s o n n e l  o f th e  p o s s i b l e  h a z a r d s .  [ 4 5 : 1 3 . 3 ]

1 6 . 3 . 2 . 3 . 2  Identifcation  S ys te m s .    Gr ap h i c  s ys te m s  u s e d  to
i d e n ti fy h az ar d s  s h al l  c o m p l y wi th  AN S I  Z 5 3 5 . 1 ,  Safety Colors;

AN S I  Z 5 3 5 . 2 ,  Environmental and Facility Safety Signs;  AN S I
Z 5 3 5 . 3 ,  Criteria for Safety Symbols;  an d  AN S I  Z 5 3 5 . 4 ,  Product Safety

Signs and Labels;  o r  o th e r  a p p r o ve d  g r ap h i c  s ys te m s .  [ 4 5 : 1 3 . 5 ]
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1 6 . 3 . 3  O u td o o r D i s p e n s i n g.  ( Re s e r ve d )

1 6 . 4  S to rage .

1 6 . 4 . 1  G e n e ral .

1 6 . 4 . 1 . 1  G H 2  an d  L H 2  i n  C yl i n d e rs .

1 6 . 4 . 1 . 1 . 1    C yl i n d e r s  s h a l l  b e  h a n d l e d  o n l y b y tr a i n e d  p e r s o n ‐
n e l .  (See Annex I. )

1 6 . 4 . 1 . 1 . 2  C yl i n d e r S afe ty.

1 6 . 4 . 1 . 1 . 2 . 1    C yl i n d e r s  s h a l l  b e  s e c u r e d  i n  a c c o r d an c e  wi th
7 . 1 . 7 . 4 .

1 6 . 4 . 1 . 1 . 2 . 2    C yl i n d e r s  i n  th e  l a b o r a to r y s h a l l  b e  e q u i p p e d  wi th
a  p r e s s u r e  r e g u l ato r  d e s i gn e d  fo r  th e  specifc  ga s  an d  m ar ke d
fo r  i ts  m ax i m u m  c yl i n d e r  p r e s s u r e .  [ 4 5 : 1 0 . 1 . 5 . 2 ]

( A)    T h e  r e gu l ato r  s ys te m  s h al l  b e  e q u i p p e d  wi th  two  ga u g e s ,
e i th e r  o n  th e  r e g u l ato r  o r  r e m o te  fr o m  th e  r e g u l ato r,  i n s tal l e d

s o  as  to  s h o w b o th  th e  c yl i n d e r  p r e s s u r e  an d  th e  o u tl e t p r e s ‐
s u r e .  [ 4 5 : 1 0 . 1 . 5 . 2 . 1 ]

( B )    Wh e r e  th e  s o u r c e  c yl i n d e r  i s  o u ts i d e  o f th e  l ab o r ato r y
wo r k a r e a,  a s tati o n  r e g u l ato r  a n d  i n l e t p r e s s u r e  g au ge  s h a l l  b e
i n s ta l l e d  at th e  p o i n t o f u s e .  [ 4 5 : 1 0 . 1 . 5 . 2 . 2 ]

( C )    C yl i n d e r s  s h al l  h ave  a m a n u a l  s h u to ff val ve .  A q u i c k
c o n n e c t s h al l  n o t b e  u s e d  i n  p l a c e  o f a  s h u to ff va l ve .

[ 4 5 : 1 0 . 1 . 5 . 3 ]

1 6 . 4 . 1 . 2  S to rage  an d  P i p i n g S ys te m s .

1 6 . 4 . 1 . 2 . 1 *    T h e  m e th o d  o f s to r a ge  an d  p i p i n g  s ys te m s  fo r
c o m p r e s s e d  an d  liquefed  g as e s  s h a l l  c o m p l y wi th  C h a p te r s  4 ,

6 ,  7 ,  an d  8 .

1 6 . 4 . 1 . 2 . 2 *    E ac h  p o i n t o f u s e  s h al l  h ave  a n  ac c e s s i b l e  m an u al
s h u to ff val ve .  [ 4 5 : 1 0 . 2 . 3 ]

1 6 . 4 . 1 . 2 . 2 . 1    T h e  m an u al  s h u to ff va l ve  a t th e  p o i n t o f u s e  s h a l l
b e  l o c a te d  away fr o m  th e  p o te n ti al  h a z a r d s  a n d  b e  l o c ate d
wi th i n  6  ft ( 1 . 8  m )  o f th e  p o i n t o f u s e .  [ 4 5 : 1 0 . 2 . 3 . 1 ]

1 6 . 4 . 1 . 2 . 2 . 2    Wh e r e  th e  c yl i n d e r  va l ve  i s  l o c ate d  wi th i n  6  ft
( 1 . 8  m ) ,  a  s e p ar ate  p o i n t-o f- u s e  s h u to ff va l ve  s h al l  n o t b e

r e q u i r e d .  [ 4 5 : 1 0 . 2 . 3 . 2 ]

1 6 . 4 . 1 . 2 . 2 . 3    L i n e  r e g u l a to r s  th at h a ve  th e i r  s o u r c e  a way fr o m
th e  p o i n t o f u s e  s h al l  h a ve  a  m an u al  s h u to ff va l ve  o n  th e  h i gh -

p r e s s u r e  s i d e  o f th e  r e gu l ato r.  [ 4 5 : 1 0 . 2 . 3 . 3 ]

1 6 . 4 . 1 . 2 . 2 . 4    E d u c ati o n a l  an d  i n s tr u c ti o n a l  l a b o r a to r y wo r k
a r e as  th a t h a ve  fammable  ga s  p i p e d  i n  fr o m  an  e x te r n a l  s o u r c e
s h a l l  h ave  a n  e m e r ge n c y g as  s h u to ff d e vi c e  i n  an  a c c e s s i b l e
l o c a ti o n  n e a r  o n e  o f th e  e g r e s s  d o o r s  fr o m  th e  l a b o r a to r y wo r k

ar e a i n  a d d i ti o n  to  va l ve s  r e q u i r e d  e l s e wh e r e .  [ 4 5 : 1 0 . 2 . 3 . 4 ]

1 6 . 4 . 1 . 2 . 3 *    E ve r y p o rti o n  o f a  p i p i n g s ys te m  s h a l l  b e  r a te d  fo r
a p r e s s u r e  e q u a l  to  o r g r e ate r  th a n  th e  m a x i m u m  s ys te m  p r e s ‐

s u r e  th at c an  d e ve l o p  o r  s h a l l  h ave  u n i n te r r u p ti b l e  an d
a d e q u a te l y s i z e d  p r e s s u r e  r e l i e f.  [ 4 5 : 1 0 . 2 . 4 . 1 ]

1 6 . 4 . 1 . 2 . 3 . 1 *    A p r e s s u r e  r e l i e f s ys te m  s h al l  b e  d e s i g n e d  to
p r o vi d e  a  d i s c h a r ge  rate  suffcient to  a vo i d  fu r th e r  p r e s s u r e

i n c r e as e  an d  s h a l l  ve n t to  a  s a fe  l o c a ti o n .  [ 4 5 : 1 0 . 2 . 4 . 2 ]

1 6 . 4 . 1 . 2 . 4 *    P e r m a n e n t p i p i n g  s h a l l  b e  identifed  at th e  s u p p l y
p o i n t an d  a t e a c h  d i s c h ar g e  p o i n t wi th  th e  n am e  o f th e  m a te ‐

r i al  b e i n g tr an s p o r te d .  [ 4 5 : 1 0 . 2 . 5 ]

1 6 . 4 . 1 . 2 . 5 *    P i p i n g  s ys te m s ,  i n c l u d i n g  r e g u l ato r s ,  s h a l l  n o t b e
u s e d  fo r  ga s e s  o th e r  th an  th o s e  fo r  wh i c h  th e y ar e  d e s i g n e d
a n d  identifed  u n l e s s  a  th o r o u g h  r e vi e w o f th e  d e s i gn  specifca‐
tions,  m a te r i al s  o f c o n s tr u c ti o n ,  an d  s e r vi c e  c o m p ati b i l i ty i s
m a d e  b y a qualifed  p e r s o n  an d  an y ap p r o p r i a te  modifcations

h a ve  b e e n  m ad e .  [ 4 5 : 1 0 . 2 . 6 ]

1 6 . 4 . 1 . 3  L H 2 .

1 6 . 4 . 1 . 3 . 1    Al l  s ys te m  c o m p o n e n ts  u s e d  fo r  c r yo ge n i c  fuids
s h a l l  b e  s e l e c te d  an d  d e s i g n e d  fo r  s u c h  s e r vi c e .  [ 4 5 : 1 0 . 4 . 1 ]

1 6 . 4 . 1 . 3 . 1 . 1    D e s i g n  p r e s s u r e  fo r  ve s s e l s  an d  p i p i n g  s h a l l  b e  n o t
l e s s  th an  1 5 0  p e r c e n t o f m a x i m u m  p r e s s u r e  r e l i e f.  [ 4 5 : 1 0 . 4 . 1 . 1 ]

1 6 . 4 . 1 . 3 . 1 . 2 *    S ys te m s  o r  ap p a r atu s  h a n d l i n g a c r yo g e n i c  fuid
th a t c a n  c au s e  fr e e z i n g  o r  l i q u e fac ti o n  o f th e  s u r r o u n d i n g

a tm o s p h e r e  s h a l l  b e  d e s i g n e d  to  p r e ve n t c o n ta c t o f th e
c o n d e n s e d  a i r  wi th  o r ga n i c  m ate r i al s .  [ 4 5 : 1 0 . 4 . 1 . 2 ]

1 6 . 4 . 1 . 3 . 2    P re s s u r e  r e l i e f o f ve s s e l s  a n d  p i p i n g  h an d l i n g c r yo ‐
g e n i c  fuids  s h al l  c o m p l y wi th  th e  ap p l i c ab l e  r e q u i r e m e n ts  o f

1 6 . 4 . 1 . 2 .  [ 4 5 : 1 0 . 4 . 2 ]

1 6 . 4 . 1 . 3 . 3    T h e  s p a c e  i n  wh i c h  c r yo g e n i c  s ys te m s  ar e  l o c ate d
s h a l l  b e  ve n ti l a te d  c o m m e n s u r ate  wi th  th e  p r o p e r ti e s  o f [ L H 2 ] .
[ 4 5 : 1 0 . 4 . 3 ]

1 6 . 4 . 2  I n d o o r S to rage .    C yl i n d e r s  [ -] th at ar e  n o t n e c e s s ar y fo r
c u r r e n t l ab o r ato r y r e q u i r e m e n ts  s h al l  b e  s to r e d  o u ts i d e  th e
l ab o r ato r y u n i t i n  ac c o r d an c e  wi th  C h ap te r s  7  an d  9 .

[ 4 5 : 1 0 . 1 . 2 ]

1 6 . 4 . 3  O u td o o r S to rage .

1 6 . 4 . 3 . 1    [ GH 2 ]  c yl i n d e r s  i n s ta l l e d  o r  s to r e d  o u ts i d e  o f l ab o r a‐
to r y b u i l d i n gs  s h al l  b e  i n s ta l l e d  an d  o p e r ate d  i n  ac c o r d a n c e

wi th  C h ap te r s  1  th r o u g h  7 .  [ 4 5 : 1 0 . 3 . 1 ]

1 6 . 4 . 3 . 2    C o m p r e s s e d  ga s  d e l i ve r y s ys te m s  s h al l  b e  d e s i g n e d  i n
ac c o r d an c e  wi th  C h a p te r s  1  th r o u g h  7 .  [ 4 5 : 1 0 . 3 . 2 ]

C h ap te r 1 7    P ark i n g G arage s

1 7 . 1  S c o p e .

1 7 . 1 . 1    T h i s  c h ap te r  s h a l l  ap p l y to  o p e n  a n d  e n c l o s e d  p a r ki n g
ga r ag e s  u s e d  to  s to r e  s e l f-p r o p e l l e d  ve h i c l e s  p o we r e d  b y GH 2  o r

L H 2 .

1 7 . 1 . 2    T h i s  c h ap te r  a l s o  s h al l  ap p l y to  s to r ag e  o f s e l f-p r o p e l l e d
ve h i c l e s  p o we r e d  b y G H 2  o r  L H 2  wi th i n  th e  r e s i d e n ti al  ga r ag e s
o f o n e -  a n d  two -fa m i l y d we l l i n gs .

1 7 . 2  Ap p l i c ati o n .

1 7 . 2 . 1    T h i s  c h ap te r  s h al l  a p p l y to  b u i l d i n gs  a n d  p ar ki n g  s tr u c ‐
tu r e s  th at s to r e  s e l f-p r o p e l l e d  ve h i c l e s  p o we r e d  b y GH 2  o r  L H 2 .

1 7 . 2 . 2    T h i s  c h a p te r  s h al l  n o t ap p l y to  d i s p e n s i n g o f GH 2  o r
L H 2  o r  to  s to r ag e  o r  u s e  o f GH 2  o r  L H 2  i n  p a r ki n g g ar a ge s .

1 7 . 2 . 3    S to r ag e  o r  u s e  o f G H 2  o r  L H 2  o th e r  th an  wi th i n  th e  fu e l
a n d  p r o p u l s i o n  s ys te m s  o f ve h i c l e s  b e i n g  s to r e d  s h a l l  n o t b e
a l l o we d  u n l e s s  specifcally ap p r o ve d  b y th e  au th o r i ty h a vi n g

j u r i s d i c ti o n  ( AH J ) .

1 7 . 3 *  P ark i n g G arage s .    T h e  s to r a ge  o f s e l f-p r o p e l l e d  ve h i c l e s
p o we r e d  b y GH 2  o r  L H 2  i n  p a r ki n g g ar a ge s  o r  r e s i d e n ti al
ga r ag e s  a s s o c i a te d  wi th  o n e - o r  two -fam i l y d we l l i n g s  s h a l l  b e
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s u b j e c t to  th e  s a m e  r e q u i r e m e n ts  ap p l i c a b l e  to  ve h i c l e s
p o we r e d  b y tr ad i ti o n al  fu e l s .

C h ap te r 1 8    Re p ai r G arage

1 8 . 1  S c o p e .

1 8 . 1 . 1    T h i s  c h ap te r  s h a l l  ap p l y to  b u i l d i n gs  a n d  s tr u c tu r e s
u s e d  fo r  s e r vi c e  an d  r e p a i r  o p e r ati o n s  i n  c o n n e c ti o n  wi th  ve h i ‐
c l e s  i n  wh i c h  GH 2  i s  u s e d .

1 8 . 1 . 2    T h i s  c h a p te r  d o e s  n o t ap p l y to  s e r vi c e  a n d  r e p a i r  o p e r ‐
a ti o n s  i n  c o n n e c ti o n  wi th  s e l f-p r o p e l l e d  ve h i c l e s  th a t s to r e  L H 2

o n b o ar d .

1 8 . 2  Ap p l i c ab i l i ty.

1 8 . 2 . 1    T h i s  c h ap te r  s h a l l  ap p l y to  s e r vi c e  an d  r e p a i r  o p e r a‐
ti o n s  i n  c o n n e c ti o n  wi th  s e l f-p r o p e l l e d  ve h i c l e s  p o we r e d  b y
GH 2 .

1 8 . 2 . 2    T h e  s to r ag e ,  u s e ,  an d  h an d l i n g o f GH 2  i n  an y q u an ti ty
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 s  1  an d  4  an d

th e  ap p l i c ab l e  r e q u i r e m e n ts  o f C h a p te r s  5  th r o u gh  7 .

1 8 . 2 . 3    D i s p e n s i n g o f GH 2  s h al l  c o m p l y wi th  C h ap te r  1 0 .

1 8 . 2 . 4    M a j o r  r e p a i r  fa c i l i ti e s  th at a l s o  r e p ai r  ve h i c l e s  p o we r e d
b y fammable  an d  c o m b u s ti b l e  l i q u i d s ,  C N G ,  L N G,  o r  L P -Ga s

s h a l l  a l s o  m e e t th e  r e q u i r e m e n ts  o f N F PA 3 0 A.

1 8 . 2 . 5  M aj o r Re p ai r G arage s .

1 8 . 2 . 5 . 1  H yd ro ge n  M o to r Ve h i c l e s  Re p ai r G arage s .

1 8 . 2 . 5 . 1 . 1    M aj o r  r e p ai r  gar a ge s  fo r  h yd r o ge n  m o to r  ve h i c l e s
s h a l 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 s  1 8 . 3  an d  1 8 . 4 .

1 8 . 2 . 5 . 1 . 2    Re p ai r s  th at wo u l d  b e  r e q u i r e d  to  b e  p e r fo r m e d  i n
a m a j o r  r e p a i r  g ar ag e  s h a l l  b e  p e r m i tte d  to  b e  p e r fo r m e d  i n  a
m i n o r  r e p a i r  ga r ag e  i f th e  ve h i c l e  i s  d e fu e l e d  i n  a c c o r d a n c e

wi th  1 8 . 3 . 2  to  l e s s  th a n  4 0 0  s c f ( 1 1 . 4  N m 3 )  an d  th e  fu e l  s u p p l y
c o n tai n e r  i s  s e a l e d  a n d  n o t d a m ag e d .

1 8 . 2 . 5 . 1 . 3    M o ve m e n t o f th e  fu e l  s u p p l y c o n ta i n e r  o r  a s u b as ‐
s e m b l y u p o n  wh i c h  th e  fu e l  s u p p l y c o n tai n e r  r e m a i n s  m o u n te d
to  al l o w ac c e s s  to  o th e r  p a r ts  o f th e  ve h i c l e  th at ar e  n o t a

p o r ti o n  o f th e  fu e l  s ys te m  s h al l  b e  p e r m i tte d  to  b e  p e r fo r m e d
i n  a  m i n o r  r e p a i r  g ar a ge  i f i t i s  d e fu e l e d  to  l e s s  th a n  4 0 0  s c f
( 1 1 . 4 N m 3 )  a n d  th e  fu e l  s u p p l y c o n tai n e r  i s  s e a l e d  an d  n o t

d am ag e d .

1 8 . 2 . 5 . 2  H yd ro ge n - P o we re d  I n d u s tri al  Tr u c k s  Re p ai r G arage s .
M aj o r  r e p a i r  ga r ag e s  fo r  h yd r o g e n -p o we r e d  i n d u s tr i al  tr u c ks
s h a l 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 s  1 8 . 3  an d  1 8 . 6 .

1 8 . 2 . 6  M i n o r Re p ai r G arage s .

1 8 . 2 . 6 . 1    M i n o r  r e p a i r  g ar a ge s  fo r  h yd r o g e n  m o to r  ve h i c l e s
s h a l l  o n l y m e e t th e  r e q u i r e m e n ts  o f N F PA 3 0 A an d  n o t th e

r e q u i r e m e n ts  o f S e c ti o n s  1 8 . 3 ,  1 8 . 4 ,  a n d  1 8 . 6 .

1 8 . 2 . 6 . 2    M i n o r  r e p a i r  ga r ag e s  fo r  h yd r o g e n -p o we r e d  i n d u s ‐
tr i a l  tr u c ks  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  1 8 . 6  an d

N F PA 5 0 5 ,  an d  n o t th e  r e q u i r e m e n ts  o f S e c ti o n s  1 8 . 3  an d  1 8 . 4 .

1 8 . 3  G e n e ral .

1 8 . 3 . 1  Re p ai r Are as .    Re p ai r i n g  o f h yd r o g e n  ve h i c l e s  s h a l l  b e
r e s tr i c te d  to  a r e as  specifcally p r o vi d e d  fo r  s u c h  p u r p o s e s .

Δ 1 8 . 3 . 1 . 1  Re p ai r Ro o m s ,  B o o th s ,  an d  Are as .    Re q u i r e m e n ts  fo r
m a j o r  r e p ai r  ga r ag e s  u s e d  fo r  s e r vi c e  an d  r e p ai r  o f h yd r o g e n

ve h i c l e s  s h al l  b e  l i m i te d  to  r o o m s ,  b o o th s ,  o r  ar e a s  c o n s tr u c te d
i n  a c c o r d an c e  wi th  th e  a p p l i c ab l e  r e q u i r e m e n ts  o f 1 8 . 3 . 1 . 1
th r o u g h  1 8 . 3 . 1 . 7 .

1 8 . 3 . 1 . 2  Wal l s  an d  C e i l i n gs .

1 8 . 3 . 1 . 2 . 1    Wal l s ,  d o o r s ,  an d  c e i l i n gs  th at i n te r s e c t o r  e n c l o s e  a
r e p ai r  ar e a 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  o r  l i m i te d -

c o m b u s ti b l e  m a te r i al s  o r  as s e m b l i e s  a n d  s h al l  b e  s e c u r e l y an d
r i g i d l y m o u n te d  o r  fa s te n e d .

1 8 . 3 . 1 . 2 . 2    T h e  i n te r i o r  s u r fac e s  o f th e  r e p ai r  ar e a  s h al l  b e
s m o o th ,  an d  d e s i g n e d  an d  i n s ta l l e d  to  fac i l i tate  ve n ti l a ti o n .

1 8 . 3 . 1 . 3    I f wal l s  o r  c e i l i n g  a s s e m b l i e s  ar e  c o n s tr u c te d  o f s h e e t
m e tal ,  s i n gl e -s ki n  as s e m b l i e s  s h al l  b e  n o  th i n n e r  th an  1 . 2  m m
( 0 . 0 4 7 8  i n . ) ,  an d  e ac h  s h e e t o f d o u b l e -s ki n  a s s e m b l i e s  s h a l l  b e

n o  th i n n e r  th a n  0 . 9  m m  ( 0 . 0 3 5 9  i n . ) .

1 8 . 3 . 1 . 4    S tr u c tu r a l  s e c ti o n s  o f r e p a i r  b o o th s  s h al l  b e  p e r m i t‐
te d  to  b e  s e al e d  wi th  a c au l k o r  s e al an t to  m i n i m i z e  ai r  l e akag e .

1 8 . 3 . 1 . 5    Re p ai r  r o o m s  s h al l  b e  c o n s tr u c te d  o f an d  s e p ar a te d
fr o m  s u r r o u n d i n g  ar e a s  o f th e  b u i l d i n g b y c o n s tr u c ti o n  a s s e m ‐

b l i e s  th a t h a ve  a fre  r e s i s tan c e  r ati n g  o f o n e  h o u r.

1 8 . 3 . 1 . 6    E n c l o s e d  r e p ai r  b o o th s  an d  r e p a i r  r o o m s  s h al l  b e
p r o vi d e d  wi th  m e a n s  o f e g r e s s  th at m e e t th e  a p p l i c a b l e  r e q u i r e ‐
m e n ts  o f C h a p te r  4 0  o f N F PA 101.

1 8 . 3 . 1 . 7  S e p arati o n  fro m  O th e r O p e rati o n s .

1 8 . 3 . 1 . 7 . 1    Re p ai r  b o o th s  s h a l l  b e  s e p ar a te d  fr o m  o th e r  o p e r a‐
ti o n s  b y a  m i n i m u m  d i s tan c e  o f 9 1 5  m m  ( 3  ft)  o r  b y a  p ar ti ti o n ,
wal l ,  o r  foor/ceiling  as s e m b l y h avi n g  a m i n i m u m  fre  r e s i s t‐

a n c e  r a ti n g o f o n e  h o u r.  M u l ti p l e  c o n n e c te d  r e p a i r  b o o th s
s h a l l  n o t b e  c o n s i d e r e d  as  o th e r  o p e r ati o n s .

1 8 . 3 . 1 . 7 . 1 . 1    A c l e a r  s p a c e  o f n o t l e s s  th a n  9 1 5  m m  ( 3  ft)  s h a l l
b e  m ai n ta i n e d  o n  al l  s i d e s  a n d  ab o ve  th e  r e p ai r  b o o th .

1 8 . 3 . 1 . 7 . 1 . 2    T h i s  c l e ar  s p ac e  s h al l  b e  ke p t fr e e  o f a n y s to r a ge
o r  c o m b u s ti b l e  c o n s tr u c ti o n .

1 8 . 3 . 1 . 7 . 2    P ar a gr a p h  1 8 . 3 . 1 . 7  s h al l  n o t p r o h i b i t l o c a ti n g a
r e p ai r  b o o th  c l o s e r  th an  9 1 5  m m  ( 3  ft)  to  o r  d i r e c tl y ag ai n s t a n
i n te r i o r  p ar ti ti o n ,  wa l l ,  o r  foor/ceiling  as s e m b l y th a t h as  a  fre

r e s i s tan c e  r ati n g  o f n o t l e s s  th an  o n e  h o u r,  p r o vi d e d  th e  i n te g‐
r i ty o f th e  r e p ai r  b o o th  c a n  b e  m ai n ta i n e d .

1 8 . 3 . 1 . 7 . 3    P ar a gr a p h  1 8 . 3 . 1 . 7  s h al l  n o t p r o h i b i t l o c a ti n g a
r e p ai r  b o o th  c l o s e r  th an  9 1 5  m m  ( 3  ft)  to  a n  e x te r i o r  wal l  o r  a
r o o f as s e m b l y,  p r o vi d e d  th e  wa l l  o r  r o o f 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  a n d  p r o vi d e d  th e  r e p a i r  b o o th  c a n  b e
m a i n tai n e d .

1 8 . 3 . 2  D e fu e l i n g E q u i p m e n t.    T h e  d i s c h a r ge  o r  d e fu e l i n g  o f
h yd r o g e n  fr o m  fu e l  s u p p l y c o n tai n e r s  s h al l  b e  r e q u i r e d  fo r  fu e l
s to r ag e  s ys te m  modifcation  o r  r e p ai r,  o r  wh e r e  we l d i n g  o r

o p e n  fame  ac ti vi ti e s  o c c u r  wi th i n  4 5 5  m m  ( 1 8  i n . )  o f th e  ve h i ‐
c l e  fu e l  s u p p l y c o n tai n e r.  D e fu e l i n g  s h a l l  b e  i n  a c c o r d a n c e  wi th
1 8 . 3 . 2 . 1  th r o u gh  1 8 . 3 . 2 . 1 0 .

1 8 . 3 . 2 . 1  Ap p l i c ab i l i ty.    T h e  r e q u i r e m e n ts  i n  1 8 . 3 . 2  s h al l  a p p l y
to  th e  d e fu e l i n g  e q u i p m e n t i n  th e  r e p a i r  g ar a ge  an d  ar e  n o t

r e q u i r e m e n ts  fo r  th e  ve h i c l e .
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1 8 . 3 . 2 . 2  D e fu e l i n g E q u i p m e n t Re q u i re d  at Ve h i c l e  M ai n te ‐
n an c e  an d  Re p ai r Fac i l i ti e s .

1 8 . 3 . 2 . 2 . 1    M a j o r  r e p a i r  ga r ag e s  s h al l  h ave  e q u i p m e n t to
d e fu e l  ve h i c l e  fu e l  s u p p l y c o n ta i n e r s .

1 8 . 3 . 2 . 2 . 2    E q u i p m e n t u s e d  fo r  d e fu e l i n g  s h al l  b e  l i s te d ,
ap p r o ve d ,  o r  p r o vi d e d  b y th e  ve h i c l e  m an u fa c tu r e r.

1 8 . 3 . 2 . 3  C o n s tr u c ti o n  D o c u m e n ts .

1 8 . 3 . 2 . 3 . 1    C o n s tr u c ti o n  d o c u m e n ts  s h a l l  b e  p r o vi d e d  i l l u s tr a t‐
i n g  th e  d e fu e l i n g  s ys te m  to  b e  u ti l i z e d .

1 8 . 3 . 2 . 3 . 2    P l an  d e tai l s  s h a l l  b e  o f suffcient d e tai l  an d  c l a r i ty to
al l o w fo r  e va l u ati o n  o f th e  p i p i n g  a n d  c o n tr o l  s ys te m s  to  b e
u ti l i z e d  a n d  i n c l u d e  th e  m e th o d  o f s u p p o r t fo r  c yl i n d e r s ,
c o n tai n e r s ,  o r  ta n ks  to  b e  u s e d  as  p a r t o f a c l o s e d  tr an s fe r
s ys te m ,  th e  m e th o d  o f gr o u n d i n g  a n d  b o n d i n g ,  an d  o th e r
re q u i r e m e n ts  specifed  h e r e i n .

1 8 . 3 . 2 . 4  D o c u m e n te d  P ro c e d u re .    A d o c u m e n te d  p r o c e d u r e
th at e x p l a i n s  th e  l o gi c  s e q u e n c e  fo r  d e fu e l i n g o r  d i s c h a r gi n g
o p e r ati o n s  s h a l l  b e  m ai n ta i n e d  o n -s i te  a n d  s h al l  b e  p r o vi d e d  to
th e  au th o r i ty h avi n g  j u r i s d i c ti o n  ( AH J )  u p o n  r e q u e s t.

1 8 . 3 . 2 . 5  I s o l ate d  U s e .    T h e  d e fu e l i n g  s h a l l  n o t b e  c o n n e c te d
to  an o th e r  ve n ti n g  s ys te m  u s e d  fo r  a n y o th e r  p u r p o s e .

1 8 . 3 . 2 . 6 *  Specifc  E q ui p m e n t Re q u i re d .    T h e  d e fu e l i n g  e q u i p ‐
m e n t th at c o n n e c ts  th e  ve h i c l e  fu e l  s u p p l y c o n tai n e r s  to  th e
d e fu e l i n g s ys te m  s h a l l  b e  specifcally d e s i g n e d  fo r  th e  ve h i c l e  i t
i s  c o n n e c ti n g  to .

1 8 . 3 . 2 . 7  G ro u n d i n g an d  B o n d i n g.

1 8 . 3 . 2 . 7 . 1    C yl i n d e r s ,  c o n ta i n e r s ,  o r  tan ks  a n d  p i p i n g s ys te m s
u s e d  fo r  d e fu e l i n g s h al l  b e  b o n d e d  an d  g r o u n d e d  i n  a c c o r d ‐
an c e  wi th  N F PA 7 7  to  a vo i d  p o te n ti al  i g n i ti o n  s o u r c e s  d u e  to
s tati c  d i s c h a r ge .

1 8 . 3 . 2 . 7 . 2    T h e  d e fu e l i n g s ys te m  s h al l  b e  b o n d e d  wi th  th e  ve h i ‐
c l e  s to r ag e  s ys te m  p r i o r  to  th e  c o m m e n c e m e n t o f d i s c h ar g e  o r
d e fu e l i n g o p e r ati o n s .  O p e r ato r  i n s tr u c ti o n s  to  fac i l i tate  p r o p e r
u s e  s h a l l  b e  p r o vi d e d .

1 8 . 3 . 2 . 8  M e th o d s  o f D i s c h arge .    T h e  d i s c h a r ge  o f h yd r o g e n
fr o m  fu e l  s to r ag e  tan ks  s h al l  b e  ac c o m p l i s h e d  th r o u gh  a c l o s e d
tr an s fe r  s ys te m  i n  ac c o r d an c e  wi th  1 8 . 3 . 2 . 9  o r  an  a p p r o ve d
m e th o d  o f a tm o s p h e r i c  ve n ti n g i n  a c c o r d a n c e  wi th  1 8 . 3 . 2 . 1 0 .

N 1 8 . 3 . 2 . 8 . 1 *    O u td o o r  d e fu e l i n g  o f h yd r o ge n  fr o m  a h yd r o ge n
m o to r  ve h i c l e  s h a l l  b e  ap p r o ve d  a n d  m e e t th e  r e q u i r e m e n ts  i n
S e c ti o n  6 . 1 7  an d  1 8 . 3 . 2 . 1 0 .

1 8 . 3 . 2 . 9  C l o s e d  Tran s fe r S ys te m .

1 8 . 3 . 2 . 9 . 1    A d o c u m e n te d  p r o c e d u r e  th at e x p l ai n s  th e  l o gi c
s e q u e n c e  fo r  d i s c h a r gi n g th e  s to r ag e  ta n k s h al l  b e  p r o vi d e d  to
th e  fre  c o d e  offcial  fo r  r e vi e w an d  a p p r o val .

1 8 . 3 . 2 . 9 . 2    T h e  p r o c e d u r e  s h a l l  i n c l u d e  wh a t a c ti o n s  th e  o p e r ‐
ato r  i s  r e q u i r e d  to  ta ke  i n  th e  e ve n t o f a l o w-p r e s s u r e  o r  h i gh -
p r e s s u r e  h yd r o ge n  r e l e a s e  d u r i n g d i s c h a r gi n g a c ti vi ty.

1 8 . 3 . 2 . 9 . 3    S c h e m ati c  d e s i gn  d o c u m e n ts  s h a l l  b e  p r o vi d e d
i l l u s tr ati n g  th e  ar r an g e m e n t o f p i p i n g,  r e g u l ato r s ,  a n d  e q u i p ‐
m e n t s e tti n g s .

1 8 . 3 . 2 . 9 . 4    T h e  c o n s tr u c ti o n  d o c u m e n ts  s h al l  i l l u s tr ate  th e
p i p i n g  an d  r e g u l ato r  a r r an g e m e n t a n d  s h al l  b e  s h o wn  i n

s p ati al  r e l a ti o n  to  th e  l o c ati o n  o f th e  c o m p r e s s o r,  s to r a ge
ve s s e l s ,  an d  e m e r g e n c y s h u td o wn  d e vi c e s .

1 8 . 3 . 2 . 9 . 5  S tab i l i ty o f C yl i n d e rs ,  C o n tai n e rs ,  an d  Tan ks .

1 8 . 3 . 2 . 9 . 5 . 1    A m e th o d  o f r i g i d l y s u p p o r ti n g c yl i n d e r s ,  c o n ta i n ‐
e r s ,  o r  tan ks  u s e d  d u r i n g  th e  c l o s e d  tr a n s fe r  s ys te m  d i s c h ar g e
o r  d e fu e l i n g  o f h yd r o ge n  s h al l  b e  p r o vi d e d .

1 8 . 3 . 2 . 9 . 5 . 2    T h e  m e th o d  s h a l l  p r o vi d e  n o t l e s s  th a n  two  p o i n ts
o f s u p p o r t an d  s h al l  b e  d e s i g n e d  to  r e s i s t l a te r a l  m o ve m e n t o f

th e  r e c e i vi n g  c yl i n d e r,  c o n tai n e r,  o r  ta n k.

1 8 . 3 . 2 . 9 . 5 . 3    T h e  s ys te m  s h al l  b e  d e s i gn e d  to  r e s i s t m o ve m e n t
o f th e  r e c e i ve r  b as e d  o n  th e  h i g h e s t g as  r e l e a s e  ve l o c i ty

th r o u g h  val ve  orifces  a t th e  r e c e i ve r ’ s  r ate d  s e r vi c e  p r e s s u r e
an d  vo l u m e .

1 8 . 3 . 2 . 9 . 5 . 4 *    S u p p o r ti n g  s tr u c tu r e s  o r  a p p u r te n an c e s  u s e d  to
s u p p o r t r e c e i ve r 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 a te ‐

r i al s  i n  a c c o r d an c e  wi th  th e  ad o p te d  b u i l d i n g c o d e .

1 8 . 3 . 2 . 1 0  Atm o s p h e ri c  Ve n ti n g o f H yd ro ge n  fro m  Fu e l  S to rage
C o n tai n e rs .    Wh e r e  a tm o s p h e r i c  ve n ti n g i s  u s e d  fo r  th e
d i s c h ar g e  o f h yd r o g e n  fr o m  fu e l  s to r a ge  tan ks ,  s u c h  ve n ti n g
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  6 . 1 7  an d  7 . 1 . 1 6 .

1 8 . 3 . 3  H yd ro ge n  D e te c ti o n  S ys te m .    M aj o r  r e p ai r  g ar a ge s  s h a l l
b e  p r o vi d e d  wi th  an  ap p r o ve d  h yd r o g e n  d e te c ti o n  s ys te m  s u c h

th at g as  c an  b e  d e te c te d  wh e r e  ve h i c l e  h yd r o g e n  fu e l  s to r a ge
s ys te m s  ar e  s e r vi c e d  o r  i n d o o r  d e fu e l i n g  o c c u r s .  T h e  d e te c ti o n
s ys te m  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  6 . 1 3 .

1 8 . 3 . 3 . 1  S ys te m  D e s i gn .    T h e  h yd r o ge n  d e te c ti o n  s ys te m  s h a l l
b e  d e s i g n e d  to  ac ti vate  th e  a c ti o n s  i n  1 8 . 3 . 3 . 3  wh e n  th e  l e ve l  o f
h yd r o g e n  e x c e e d s  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 ) .

1 8 . 3 . 3 . 2  L o c ati o n .    T h e  h yd r o g e n  d e te c ti o n  s ys te m  s h a l l
p r o vi d e  c o ve r ag e  o f th e  m o to r  ve h i c l e  s e r vi c e  a r e a.  T h e  h yd r o ‐

ge n  d e te c ti o n  s ys te m  s h al l  h ave  s e n s o r s  i n  th e  fo l l o wi n g  l o c a‐
ti o n s :

( 1 ) At i n l e ts  to  e x h au s t s ys te m s
( 2 ) At h i g h  p o i n ts  i n  s e r vi c e  b a ys
( 3 ) At th e  i n l e ts  to  m e c h an i c al  ve n ti l a ti o n  s ys te m s

1 8 . 3 . 3 . 3  O p e rati o n .    Ac ti vati o n  o f th e  h yd r o g e n  d e te c ti o n
s ys te m  s h al l  r e s u l t i n  al l  o f th e  fo l l o wi n g :

( 1 ) I n i ti ati o n  o f d i s ti n c t a u d i b l e  an d  vi s u al  al ar m  s i gn a l s  i n
th e  r e p a i r  g ar ag e

( 2 ) D e ac ti vati o n  o f al l  h e ati n g  s ys te m s  l o c ate d  i n  th e  r e p ai r
g ar a ge

( 3 ) * Ac ti vati o n  o f th e  m e c h an i c a l  ve n ti l ati o n  s ys te m ,  wh e r e
th e  s ys te m  i s  i n te r l o c ke d  wi th  g as  d e te c ti o n

1 8 . 3 . 3 . 3 . 1    Re m o te  s o u r c e s  o f h e ati n g ,  s u c h  as  fo r c e d  h o t ai r,
h o t wa te r,  o r  s te am  wh e r e  th e  fu r n a c e ,  b o i l e r,  h e at p u m p ,  an d

s o  o n  i s  l o c ate d  i n  a s e p ar a te  a r e a th at d o e s  n o t d r a w ai r  fr o m
th e  r e p ai r  a r e a s h al l  n o t b e  r e q u i r e d  to  b e  d e ac ti vate d  wh e n  a

h yd r o g e n  d e te c ti o n  s ys te m  i s  a c ti va te d .

1 8 . 3 . 3 . 3 . 2    Classifed  h e ate r s  th a t ar e  l i s te d  a n d  l a b e l e d  fo r
C l a s s  I ,  D i vi s i o n  1 ,  Gr o u p  B  ( C l as s  I ,  Z o n e  0  o r  1 ,  Gr o u p  I I C )

s h a l l  n o t b e  r e q u i r e d  to  b e  d e ac ti vate d  wh e n  a h yd r o g e n  d e te c ‐
ti o n  s ys te m  i s  ac ti va te d .

1 8 . 3 . 3 . 3 . 3    F ai l u r e  o f th e  h yd r o ge n  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  d e a c ti vati o n  o f th e  h e a ti n g s ys te m  a n d  ac ti va ti o n

o f th e  m e c h an i c al  ve n ti l ati o n  s ys te m  an d ,  wh e r e  th e  ve n ti l a ti o n
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s ys te m  i s  i n te r l o c ke d  wi th  g as  d e te c ti o n ,  s h al l  c au s e  a tr o u b l e
s i gn a l  to  s o u n d  i n  an  ap p r o ve d  l o c ati o n .

1 8 . 3 . 3 . 3 . 4    Wh e r e  c o n n e c te d  to  th e  b u i l d i n g  fre  al a r m  s ys te m ,
c i r c u i ts  o f th e  h yd r o g e n  d e te c ti o n  s ys te m  r e q u i r e d  b y 1 8 . 3 . 3
s h a l l  b e  m o n i to r e d  fo r  i n te gr i ty i n  ac c o r d an c e  wi th  NFPA 72.

1 8 . 3 . 4  H e ati n g,  Ve n ti l ati n g,  an d  Ai r C o n d i ti o n i n g.

1 8 . 3 . 4 . 1    F o r c e d  ai r  h e ati n g ,  ai r-c o n d i ti o n i n g ,  an d  ve n ti l ati n g
s ys te m s  s e r vi n g  a  ga r ag e  s h a l l  n o t b e  i n te r c o n n e c te d  wi th  a n y
s u c h  s ys te m s  s e r vi n g  o th e r  o c c u p an c i e s  i n  th e  b u i l d i n g.  S u c h
s ys te m s  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  N F PA 9 0 A.

1 8 . 3 . 4 . 2    Re tu r n  a i r  o p e n i n gs  i n  ar e a s  o f m o to r  ve h i c l e  r e p ai r
r o o m ,  m o to r  ve h i c l e  r e p a i r  b o o th ,  o r  m o to r  ve h i c l e  r e p ai r
s p ac e  u s e d  fo r  th e  r e p ai r  o r  s e r vi c i n g  o f h yd r o g e n  ve h i c l e s  s h a l l
b e  m o r e  th an  4 5 5  m m  ( 1 8  i n . )  b e l o w th e  c e i l i n g  l e ve l  m e a s ‐
u r e d  to  th e  b o tto m  o f th e  o p e n i n g s .

1 8 . 3 . 4 . 3    C o m b i n e d  ve n ti l a ti o n  an d  h e a ti n g s ys te m s  s h al l  o n l y
r e c i r c u l a te  a i r  fr o m  a r e as  th a t a r e  m o r e  th an  4 5 5  m m  ( 1 8  i n . )
b e l o w th e  c e i l i n g l e ve l .

1 8 . 3 . 4 . 4  H e at- P ro d uc i n g Ap p l i an c e s .

1 8 . 3 . 4 . 4 . 1 *    H e at-p r o d u c i n g  a p p l i a n c e s  s h a l l  b e  i n  a c 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 N F PA 3 0 A an d  th i s  c h ap te r.

1 8 . 3 . 4 . 4 . 2    Wh e r e  m aj o r  r e p a i r s  a r e  c o n d u c te d  o n  h yd r o g e n
ve h i c l e s ,  open-fame  h e ate r s  o r  th e  e x p o s e d  s u r fac e s  o f h e ati n g
e q u i p m e n t s h al l  b e  l e s s  th a n  4 0 0 ° C  wi th i n  4 5 5  m m  ( 1 8  i n . )  o f
th e  c e i l i n g  o r  i n  ar e a s  s u b j e c t to  i g n i tab l e  c o n c e n tr a ti o n s  o f
ga s .

1 8 . 3 . 4 . 4 . 3    E l e c tr i c a l  h e at-p r o d u c i n g  a p p l i a n c e s  s h a l 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  6 . 8 .

1 8 . 3 . 5  M e c h an i c al  E x h au s t Ve n ti l ati o n  S ys te m .    E a c h  m o to r
ve h i c l e  r e p a i r  r o o m ,  m o to r  ve h i c l e  r e p a i r  b o o th ,  o r  m o to r  ve h i ‐
c l e  r e p ai r  s p ac e  fo r  h yd r o g e n  ve h i c l e s  s h al l  b e  p r o vi d e d  wi th  an
ap p r o ve d  h yd r o g e n  m e c h a n i c al  e x h au s t ve n ti l ati o n  s ys te m .

1 8 . 3 . 5 . 1    Wh e r e  a p p r o ve d  b y th e  AH J ,  n atu r a l  ve n ti l ati o n  s h a l l
b e  a l l o we d  i n  l i e u  o f a m e c h an i c a l  e x h au s t ve n ti l ati o n  s ys te m .

1 8 . 3 . 5 . 2    T h e  m e c h an i c al  e x h au s t ve n ti l ati o n  s ys te m  s h a l l  b e  i n
ac c o r d an c e  wi th  S e c ti o n  6 . 1 8 .

1 8 . 3 . 5 . 3    A l o c a l  vi s u a l  a n d  au d i b l e  al ar m  s h al l  ac ti vate  an d
r e p ai r  a c ti vi ti e s  s h al l  c e a s e  u p o n  th e  l o s s  o f c o n ti n u o u s  ve n ti l a‐
ti o n .

1 8 . 3 . 6  E l e c tri c al  I n s tal l ati o n s .

1 8 . 3 . 6 . 1  G e n e ral  Re q u i re m e n ts .

1 8 . 3 . 6 . 1 . 1    E l e c tr i c a l  wi r i n g an d  e l e c tr i c a l  u ti l i z ati o n  e q u i p ‐
m e n t s h a l l  b e  o f a typ e  specifed  b y,  an d  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 ,  N F PA 3 0 A,  NFPA 70,  a n d  S e c ti o n  6 . 8 .

1 8 . 3 . 6 . 1 . 2    F o r  r e p a i r  r o o m s ,  b o o th s ,  o r  s p ac e s  wh e r e  h yd r o ‐
ge n  ve h i c l e s  a r e  r e p a i r e d ,  th e  a r e a wi th i n  4 5 5  m m  ( 1 8  i n . )  o f
th e  c e i l i n g s h a l l  b e  d e s i gn a te d  a  C l as s  I ,  D i vi s i o n  2 ,  Gr o u p  B
( C l as s  I ,  Z o n e  2 ,  Gr o u p  I I C )  h az ar d o u s  ( i . e . ,  classifed)  l o c a‐
ti o n .

1 8 . 3 . 6 . 1 . 2 . 1    T h e  r e q u i r e m e n t i n  1 8 . 3 . 6 . 1 . 2  s h a l l  n o t a p p l y
wh e r e  th e  c o n ti n u o u s  m e c h a n i c al  ve n ti l a ti o n  s ys te m  m e e ts  th e
r e q u i r e m e n ts  i n  1 8 . 3 . 5 .

1 8 . 3 . 6 . 1 . 2 . 2    Ar e a s  a d j ac e n t to  classifed  l o c ati o n s  wh e r e  fam‐
mable  vap o r s  a r e  n o t l i ke l y to  b e  r e l e as e d ,  s u c h  a s  s to c k r o o m s ,
s wi tc h b o ar d  r o o m s ,  an d  o th e r  s i m i l ar  l o c a ti o n s ,  wh e r e  m e c h an ‐

i c al l y an d  c o n ti n u o u s l y ve n ti l a te d  a t a r ate  o f fo u r  o r  m o r e  ai r
c h a n ge s  p e r  h o u r  o r  d e s i g n e d  wi th  p o s i ti ve  ai r  p r e s s u r e ,  o r
wh e r e  e ffe c ti ve l y c u t o ff b y wal l s  o r  p a r ti ti o n s  s h al l  b e  d e s i g n a‐

te d  unclassifed.

1 8 . 3 . 7  S to rage  an d  H an d l i n g o f Fl am m ab l e  an d  C o m b u s ti b l e
L i q u i d s ,  Liquefed  P e tro l e u m  G as e s ,  an d  O th e r Fl am m ab l e
G as e s .

1 8 . 3 . 7 . 1    E x c e p t as  o th e r wi s e  p r o vi d e d  b y th i s  c o d e ,  th e  s to r ‐
ag e  a n d  h an d l i n g o f 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  i n  a c c o r d a n c e  wi th  N F PA 3 0 A.

1 8 . 3 . 7 . 2    E x c e p t as  o th e r wi s e  p r o vi d e d  b y th i s  c o d e ,  th e  s to r ‐
a ge  a n d  h a n d l i n g o f h yd r o g e n  s h al l  b e  i n  ac c o r d a n c e  wi th

C h ap te r s  6  a n d  7 .

1 8 . 3 . 8  We l d i n g an d  O p e n - Fl am e  O p e rati o n s .    We l d i n g  an d
open-fame  o p e r a ti o n s  s h al l  m e e t th e  r e q u i r e m e n ts  o f
N F PA 3 0 A.

1 8 . 3 . 9  S p ray P ai n ti n g an d  U n d e rc o ati n g.    S p r a y p ai n ti n g  an d
u n d e r c o ati n g  s p r a y o p e r ati o n s  s h a l l  b e  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 0 A.

1 8 . 3 . 1 0  D r yi n g Ap p aratu s .    D r yi n g  a n d  b a ki n g ap p a r atu s  s h a l l
b e  i n  a c 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 N F PA 3 0 A.

1 8 . 3 . 1 1  P ar ts  C l e an i n g.    P ar ts  c l e a n i n g  s h al l  b e  i n  a c 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 N F PA 3 0 A.

1 8 . 3 . 1 2  C h as s i s  C l e an i n g.    C h a s s i s  c l e a n i n g  s h al l  b e  i n  a c 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 N F PA 3 0 A.

1 8 . 3 . 1 3  H o us e k e e p i n g.    H o u s e ke e p i n g  s h a l l  b e  i n  a c 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 N F PA 3 0 A.

N 1 8 . 3 . 1 4  P o r tab l e  Fi re  E x ti n gui s h e rs .    Re p a i r  ga r ag e s  fo r
g as e o u s -h yd r o g e n -fu e l e d  ve h i c l e s  s h al l  b e  p r o vi d e d  wi th  p o r ta‐

b l e  fre  e x ti n g u i s h e r s  i n  ac c o r d a n c e  wi th  N F PA 3 0 A.

1 8 . 4  L i gh t- D uty H yd ro ge n  M o to r Ve h i c l e  Re p ai r G arage s .
( Re s e r ve d )

N 1 8 . 5  H e avy- D u ty H yd ro ge n  M o to r Ve h i c l e  Re p ai r G arage s .

N 1 8 . 5 . 1  Ve n ti l ati o n .    T h e  m e c h an i c al  e x h a u s t ve n ti l ati o n  s ys te m
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  1 8 . 3  an d  1 8 . 5 . 1 . 1 .

N 1 8 . 5 . 1 . 1  Ve n ti l ati o n  Rate .    M e c h a n i c al  e x h a u s t o r  fxed  n a tu r al
ve n ti l ati o n  s h a l l  b e  p r o vi d e d  a t a r ate  b a s e d  o n  a n al ys i s  o f I E C

6 0 0 7 9 - 1 0  -1 ,  Explosives Atmospheres- Part 1 0-1 : Classifcation of
Areas- Explosive Gas Atmospheres,  u s i n g  th e  q u an ti ty o f h yd r o g e n
s to r e d  i n  th e  h e avy-d u ty ve h i c l e s .

N 1 8 . 5 . 1 . 1 . 1    T h e  ve n ti l a ti o n  r ate  o f 1 8 . 5 . 1 . 1  s h al l  m e e t th e  m i n i ‐
m u m  r e q u i r e m e n ts  o f 1 8 . 3 . 5 .

1 8 . 6  H yd ro ge n - P o we re d  I n d u s tri al  Tr u c k Re p ai r G arage s .

1 8 . 6 . 1  M i n o r Re p ai r G arage s  fo r H yd ro ge n - P o we re d  I n d u s tri al
Tr uc k s  ( H P I T ) .

1 8 . 6 . 1 . 1    M i n o r  r e p a i r  g ar a ge s  fo r  H P I T  s h a l l  c o m p l y wi th
C h ap te r  8  o f N F PA 5 0 5 .
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1 8 . 6 . 1 . 2 *    Al l  au to m ati c  fu e l  va l ve s  i n  th e  H P I T  to  b e  s e r vi c e d
s h a l l  b e  c l o s e d  b e fo r e  s e r vi c e  i s  i n i ti a te d  an d  m e as u r e s  s h al l  b e
ta ke n  to  e n s u r e  th at th e y r e m a i n  c l o s e d  d u r i n g  s e r vi c i n g .

1 8 . 6 . 1 . 3 *    Re p l ac i n g c e l l  s ta c ks  i n  F C P S s  s h a l l  b e  a l l o we d  i n
m i n o r  r e p ai r  g ar a ge s  fo r  H P I T.

1 8 . 6 . 2  M aj o r Re p ai r G arage s  fo r H P I T.

1 8 . 6 . 2 . 1  M aj o r Re p ai r G arage s  fo r H P I T  O n l y.

1 8 . 6 . 2 . 1 . 1    M a j o r  r e p ai r  ga r ag e s  th a t s e r vi c e  o n l y H P I T  s h a l l
c o m p l y wi th  1 8 . 6 . 2 . 1  th r o u g h  1 8 . 6 . 2 . 4 .

1 8 . 6 . 2 . 1 . 2    M a j o r  r e p a i r  ga r ag e s  fo r  H P I Ts  s h al l  al s o  c o m p l y
wi th  S e c ti o n  1 8 . 3 .

1 8 . 6 . 2 . 2  Re p ai r o f th e  H yd ro ge n  Fu e l  S ys te m .    Re p ai r s  o f th e
h yd r o g e n  fu e l  s ys te m ,  i n c l u d i n g  p i p i n g  an d  c o m p o n e n ts  u p  to
th e  fu e l  c e l l  s tac k o r  i n te r n al  c o m b u s ti o n  e n gi n e ,  s h al l  c o m p l y
wi th  1 8 . 6 . 2 . 2 . 1  th r o u g h  1 8 . 6 . 2 . 2 . 2 .

1 8 . 6 . 2 . 2 . 1 *    Al l  au to m ati c  fu e l  va l ve s  i n  th e  H P I T  to  b e  s e r v‐
i c e d  s h al l  b e  c l o s e d  b e fo r e  s e r vi c e  i s  i n i ti ate d  an d  m e a s u r e s
s h a l l  b e  take n  to  e n s u r e  th a t th e y r e m a i n  c l o s e d  d u r i n g  s e r vi c ‐
i n g.

1 8 . 6 . 2 . 2 . 2    Al l  m an u al  fu e l  val ve s  i n  th e  H P I T  to  b e  s e r vi c e d
s h a l l  b e  c l o s e d  b e fo r e  s e r vi c e  i s  i n i ti ate d .

1 8 . 6 . 2 . 3 *  S e r vi c i n g th e  H yd ro ge n  Fu e l  S to rage  C o n tai n e rs .
Al l  h yd r o ge n  fu e l  s to r a ge  c o n ta i n e r s  ( e . g . ,  tan ks ,  ve s s e l s ,  c yl i n ‐
d e r s ,  an d  s o  o n )  i n  th e  H P I T  to  b e  s e r vi c e d  s h a l l  b e  d e fu e l e d
b e fo r e  s e r vi c e  i s  i n i ti a te d .

1 8 . 6 . 2 . 4  M aj o r Re p ai r G arage s  fo r H P I T  an d  P o we re d  I n d u s ‐
tri al  Tr uc k s  U s i n g O th e r Fu e l s .    M aj o r  r e p a i r  g ar ag e s  th a t s e r v‐
i c e  b o th  H P I T  an d  p o we r e d  i n d u s tr i al  tr u c ks  u s i n g  o th e r  fu e l 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 S e c ti o n  1 8 . 6  an d  wi th
N F PA 3 0 A.

N C h ap te r 1 9    H yd ro ge n - P o we re d  I n d u s tri al  Tr u c k s  ( H P I Ts )

N 1 9 . 1  S c o p e .    T h i s  c h ap te r  s h a l l  a p p l y to  th e  d e s i gn ,  c o n s tr u c ‐
ti o n ,  an d  u s e  o f h yd r o g e n -p o we r e d  i n d u s tr i al  tr u c ks  ( H P I Ts ) .

N 1 9 . 2  G e n e ral .

N 1 9 . 2 . 1  Tr u c k s .    H P I Ts  s h a l l  c o m p l y wi th  N F PA 5 0 5 .

N 1 9 . 2 . 2 *  Fu e l  C e l l  P o we r S ys te m s  ( FC P S s ) .    F u e l  c e l l  p o we r
s ys te m s  fo r  H P I Ts  s h a l l  b e  l i s te d  to  U L  2 2 6 7 ,  Fuel Cell Power
Systems for Installation in Industrial Electric Trucks,  o r  a p p r o ve d .

N 1 9 . 3  I n d o o r U s e .

N 1 9 . 3 . 1    I n d o o r  o c c u p an c y fo r  H P I T  u s ag e  s h a l l  i n c l u d i n g  p a r k‐
i n g .

N 1 9 . 3 . 2    H yd r o g e n  i n  th e  fu e l  s u p p l y c o n tai n e r  o f a n  H P I T,  i n
u s e  o r  p ar ke d ,  s h al l  n o t b e  c o n s i d e r e d  p a r t o f th e  M AQ p e r
1 . 3 . 3 .

N 1 9 . 4  Fue l i n g.    H P I Ts  s h a l l  b e  fu e l e d  i n  ac c o r d a n c e  wi th
1 0 . 5 . 3 . 2 ,  an d  e i th e r  1 0 . 5 . 3 . 3  o r  1 0 . 5 . 3 . 4 .

N 1 9 . 5  M ai n te n an c e ,  S e r vi c e ,  an d  Re p ai rs .    M ai n te n an c e ,  s e r v‐
i c e ,  an d  r e p ai r s  o f H P I T S  s h al l  b e  p e r fo r m e d  i n  fac i l i ti e s  th at
c o m p l y wi th  S e c ti o n  1 8 . 5 .

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.

A. 1 . 3    Al th o u gh  th e  r e q u i r e m e n ts  e s tab l i s h e d  i n  N F PA 2  fo c u s
o n  g as e o u s  an d  liquefed  h yd r o g e n ,  th e  p r o vi s i o n s  c a n  b e

ap p l i e d  to  d e u te r i u m ,  h yd r o ge n ’ s  s ta b l e  i s o to p e .  H yd r o g e n ’ s
u n s ta b l e  i s o to p e s  o r  o th e r  fo r m s  m i gh t h ave  o th e r  c o n tr o l s  th at

m i gh t b e  ap p l i c ab l e .  F o r  e x am p l e ,  th e  i s o to p e  tr i ti u m  i s  r a d i o ‐
ac ti ve ,  an d  wh i l e  th e  fammable  c h ar a c te r  o f th e  m a te r i al  m i gh t
h ave  s i m i l ar i ti e s ,  th e  r ad i o ac ti ve  n atu r e  o f th e  m ate r i a l  r e q u i r e s
th e  ap p l i c ati o n  o f o th e r  c o n tr o l s .  N F PA 8 0 1  p r o vi d e s  r e q u i r e ‐

m e n ts  fo r  fre  p r o te c ti o n  i n  fa c i l i ti e s  u s i n g r ad i o ac ti ve  m ate r i ‐
al s .  T h e  m a te r i al  i s  u s e d  i n  e x tr e m e l y s m al l  q u a n ti ti e s  as  a n
e n e r gy s o u r c e  i n  s o m e  e x i t s i g n s .  Wh e n  u s e d  i n  o th e r  c o m m e r ‐

c i al  a p p l i c ati o n s ,  th i s  m ate r i a l  m i g h t b e  s u b j e c t to  o th e r
c o n tr o l s  i m p o s e d  b y th e  D e p a r tm e n t o f D e fe n s e  o r  th e  N u c l e a r
Re g u l ato r y C o m m i s s i o n .

A. 1 . 7 . 1    U s e  o f N F PA d o c u m e n ts  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 gh  ad o p ti o n  b y r e fe r e n c e .  T h e

p h r as e  “ a d o p ti o n  b y r e fe r e n c e ”  m e an s  th e  c i ti n g o f ti tl e ,
e d i ti o n ,  an d  p u b l i s h i n g i n fo r m ati o n  o n l y.  An y d e l e ti o n s ,  ad d i ‐
ti o n s ,  an d  c h an g e 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.

Δ A. 2 . 3 . 7    Ap p l i c ab l e  e q u i val e n t r e g u l ati o n s  ap p l y i n  th e  c o u n tr y
o f u s e .

A. 3 . 2 . 1  Ap p ro ve d .    T h e  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
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 a y b a s e  a c c e p ta n c e  o n  c o m p l i an c e  wi th
N F PA o r  o th e r  a p p r o p r i ate  s ta n d ar d s .  I n  th e  ab s e n c e  o f s u c h

s tan d ar d s ,  s ai d  au th o r i ty m a y r e q u i r e  e vi d e n c e  o f p r o p e r  i n s ta l ‐
l ati o n ,  p r o c e d u r e ,  o r  u s e .  T h e  a u th o r i ty h a vi n g j u r i s d i c ti o n
m a y al s o  r e fe r  to  th e  l i s ti n gs  o r  l ab e l i n g p r a c ti c e s  o f an  o r g an i ‐

z ati o n  th at i s  c o n c e r n e d  wi th  p r o d u c t e val u ati o n s  an d  i s  th u s  i n
a p o s i ti o n  to  d e te r m i n e  c o m p l i an c e  wi th  a p p r o p r i a te  s ta n d ar d s
fo r  th e  c u r r e n t p r o d u c ti o n  o f l i s te d  i te m s .

A. 3 . 2 . 2  Au th o ri ty H avi n g J u ri s d i c ti o n  ( AH J ) .    T h e  p h r a s e
“ au th o r i ty h avi n g  j u r i s d i c ti o n , ”  o r  i ts  a c r o n ym  AH J ,  i s  u s e d  i n

N F PA d o c u m e n ts  i n  a  b r o ad  m an n e r,  s i n c e  j u r i s d i c ti o n s  an d
ap p r o va l  a ge n c i e s  var y,  a s  d o  th e i r  r e s p o n s i b i l i ti e s .  Wh e r e
p u b l i c  s afe ty i s  p r i m ar y,  th e  au th o r i ty h a vi n g j u r i s d i c ti o n  m ay

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 a r tm e n t o r  i n d i ‐
vi d u a l  s u c h  as  a fre  c h i e f;  fre  m a r s h al ;  c h i e f o f a  fre  p r e ve n ‐
ti o n  b u r e a u ,  l ab o r  d e p a r tm e n t,  o r  h e a l th  d e p a r tm e n t;  b u i l d i n g
offcial;  e l e c tr i c a l  i n s p e c to r ;  o r  o th e r s  h avi n g  s tatu to r y au th o r ‐

i ty.  F o r  i n s u r an c e  p u r p o s e s ,  a n  i n s u r a n c e  i n s p e c ti o n  d e p a r t‐
m e n t,  r ati n g  b u r e a u ,  o r  o th e r  i n s u r a n c e  c o m p an 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 tan c e s ,  th e  p r o p e r ty o wn e r  o r  h i s  o r  h e r  d e s i g n a‐
te d  ag e n t a s s u m e s  th e  r o l e  o f th e  au th o r i ty h avi n g  j u r i s d i c ti o n ;

a t g o ve r n m e n t i n s tal l ati o n s ,  th e  c o m m an d i n g  offcer  o r  d e p a r t‐
m e n tal  offcial  m ay b e  th e  a u th o r i ty h avi n g  j u r i s d i c ti o n .
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2 0 2 3  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. 3 . 2 . 3  C o d e .    T h e  d e c i s i o n  to  d e s i g n ate  a s ta n d a r d  as  a
“ c o d e ”  i s  b as e d  o n  s u c h  fac to r s  a s  th e  s i z e  a n d  s c o p e  o f th e
d o c u m e n t,  i ts  i n te n d e d  u s e  a n d  fo r m  o f ad o p ti o n ,  an d  wh e th e r
i t c o n tai n s  s u b s tan ti al  e n fo r c e m e n t a n d  a d m i n i s tr ati ve  p r o vi ‐
s i o n s .

A. 3 . 2 . 5  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 a ti o n s  d o  n o t r e c o g n i z e  e q u i p m e n t as  l i s te d
u n l e s s  i t i s  al s o  l ab e l e d .  T h e  au th o r i ty h 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.

Δ A. 3 . 3 . 7 . 6  U s e  Are a.    P i p i n g  s ys te m s  ar e  u s e d  to  tr an s p o r t ga s
( an d  l i q u i d s )  fr o m  a p o i n t o f s to r ag e  to  th e  ac tu al  p o i n t o f u s e
wh e r e  th e  g as  i s  d e p l o ye d .  P i p i n g al o n e  d o e s  n o t c r e ate  a
c o n d i ti o n  o f “ u s e ”  wh e r e  th e  m ate r i al  i s  b e i n g c o n s u m e d  o r
o th e r wi s e  r e l e as e d  fr o m  a c l o s e d  p i p e  s ys te m .  O n  th e  o th e r
h a n d ,  p i p i n g  th a t c o n n e c ts  to  “ p r o c e s s  e q u i p m e n t, ”  wh i c h  i s
ac ti n g to  r a i s e  o r  l o we r  th e  e n e r g y i n  th e  s ys te m ,  o r  th a t e i th e r
c o n s u m e s  o r  r e l e as e s  th e  m ate r i a l  m u s t b e  vi e we d  a s  “ ac ti ve , ”
an d  a s  a r e s u l t th e  m a te r i al  i s  vi e we d  as  b e i n g  “ p l ac e d  i n to
ac ti o n ”  a t th e  p o i n t o f d e l i ve r y o r  c o n n e c ti o n  to  th e  p r o c e s s
e q u i p m e n t.

Δ A. 3 . 3 . 2 3 . 1  G as  C ab i n e t.    D o o r s  an d  a c c e s s  p o r ts  fo r  e x c h a n g‐
i n g  c yl i n d e r s  a n d  ac c e s s i n g p r e s s u r e -r e g u l ati n g  c o n tr o l s  a r e
p e r m i tte d  to  b e  i n c l u d e d  as  p a r t o f a  g as  c ab i n e t.

A. 3 . 3 . 3 3  C h e m i c al .    F o r  fre  h a z a r d  r ati n g s  o f m a n y c h e m i c al s ,
s e e  th e  N F PA’ s  Fire Protection Guide to Hazardous Materials,  wh i c h
c o n tai n s  N F PA 4 9  an d  N F PA 3 2 5 .

A. 3 . 3 . 3 8  C l as s  C  Fu r n ac e .    T h i s  typ e  o f fu r n a c e  u s e s  an y typ e
o f h e ati n g  s ys te m  an d  i n c l u d e s  a s p e c i al  atm o s p h e r e  s u p p l y
s ys te m ( s ) .  Al s o  i n c l u d e d  i n  th e  C l a s s  C  classifcation  ar e  i n te ‐
gr a l  q u e n c h  fu r n ac e s  a n d  m o l te n  s a l t b a th  fu r n ac e s .  [ 8 6 ,  2 0 2 3 ]

N A. 3 . 3 . 3 9  C l o s e d  P i p i n g S ys te m .    T h e  as s e m b l y o f a c l o s e d
p i p i n g  s ys te m  c a n  b e  m ad e  u p  o f p i p i n g,  tu b i n g ,  va l ve s ,  r e gu l a‐
to r s ,  an d  s o  o n .  A c l o s e d  p i p i n g  s ys te m  i s  d e s i g n e d  to  o n l y
tr an s fe r  ga s  wi th i n  th e  b o u n d a r y o f i ts  p i p i n g n e two r k.  A c l o s e d
p i p i n g  s ys te m  i s  l o c a te d  d o wn s tr e am  o f a s o u r c e  va l ve  c o n tai n ‐
i n g  p i p i n g c o m p o n e n ts  a n d  e x te n d s  to  a s to r ag e  tan k wh e r e
th e  to tal  vo l u m e  o f th e  s ys te m  i s  l e s s  th a n  th e  vo l u m e  c o n s i d ‐
e r e d  as  b u l k h yd r o ge n .

Δ A. 3 . 3 . 5 1 . 2  E x p l o s i o n  C o n tro l .    N F PA 6 8  p r o vi d e s  g u i d an c e  o n
th e  u s e  o f defagration  ve n ti n g  s ys te m s  i n  b u i l d i n gs  a n d  o th e r
e n c l o s u r e s .  T h e  p r i m ar y p u r p o s e  o f a  ve n ti n g  s ys te m  i s  to
re l i e ve  th e  o ve r p r e s s u r e  p r o d u c e d  i n  an  e x p l o s i o n  to  l i m i t th e
p o te n ti a l  d a m ag e  to  th e  b u i l d i n g wh e r e  th e  e x p l o s i o n  o c c u r s .
Al th o u gh  s o m e  s tr u c tu r a l  d a m ag e  c a n  b e  an ti c i p ate d ,  th e  u s e
o f r e l i e f ve n ti n g  i s  e x p e c te d  to  p r e ve n t m a s s i ve  b u i l d i n g  fai l u r e
an d  c o l l ap s e .  I n  c as e s  wh e r e  d e to n a ti o n  i s  p r o b a b l e ,  ve n ti n g  i s
o fte n  u s e d  i n  c o n j u n c ti o n  wi th  b a r r i c ad e  c o n s tr u c ti o n  wh e r e
th e  p r e s s u r e -r e s i s ta n t p o r ti o n s  o f th e  b u i l d i n g h a ve  b e e n
c o n s tr u c te d  to  r e s i s t th e  p r e s s u r e s  an ti c i p ate d  s h o u l d  an  e x p l o ‐
s i ve  e ve n t o c c u r.  D e s i g n  o f b a r r i c ad e  s ys te m s  i s  h i g h l y s p e c i al ‐
i z e d  an d  th e  s u b j e c t o f m i l i ta r y s ta n d ar d s  ap p l i c ab l e  to  th e
s u b j e c t.  N F PA 6 9  p r o vi d e s  gu i d a n c e  o n  th e  u s e  o f s u p p r e s s i o n ,
ve n ti l ati o n  s ys te m s ,  a n d  th e  l i m i ti n g o f o x i d a n ts  a s  a  m e an s  to
p r e ve n t th e  o c c u r r e n c e  o f an  e x p l o s i o n .  Wh e n  r e l i e f ve n ts  ar e
to  b e  u s e d  as  a m e an s  to  p r o vi d e  e x p l o s i o n  r e l i e f,  th e  fu n d a‐
m e n tal  r e q u i r e m e n ts  o f th e  ad o p te d  b u i l d i n g  c o d e  fo r  s tr u c ‐
tu r a l  e l e m e n ts ,  i n c l u d i n g  s n o w,  wi n d ,  a n d  s e i s m i c  e ve n ts ,
s h o u l d  b e  c o n s i d e r e d .  I n  s o m e  i n s tan c e s ,  th e  r e q u i r e m e n ts  fo r

wi n d  r e s i s tan c e  c a n  i m p o s e  m o r e  r i g o r o u s  r e q u i r e m e n ts  o n  th e
r e l i e f ve n ts  th an  r e q u i r e d  b y th e  e n g i n e e r i n g  an al ys i s  u s e d  to

d e te r m i n e  th e  r e l i e f p r e s s u r e .  I n  s u c h  c a s e s ,  u s e r s  m u s t d e m o n ‐
s tr ate  th at th e  r e l i e f ve n ts  wi l l  n o t b e c o m e  a i r b o r n e  o r  r e l e a s e

i n  s u c h  a m an n e r  a s  to  c r e a te  s e c o n d a r y h az ar d s  wi th i n  o r
e x te r n al  to  th e  b u i l d i n g  i n  wh i c h  th e y a r e  i n s tal l e d .  Specifc
d e s i g n s  m i gh t r e q u i r e  ap p r o val  b y th e  AH J .

Δ A. 3 . 3 . 6 0  C yl i n d e r P ac k.    Six-packs a n d  twelve-packs ar e  te r m s
u s e d  to  fu r th e r  defne  c yl i n d e r  p a c ks  wi th  a  specifc  n u m b e r  o f

c yl i n d e r s .  T h e  c h ar ac te r i s ti c  i n te r n al  wa te r  vo l u m e  o f i n d i vi d ‐
u al  c yl i n d e r s  i n  a  c yl i n d e r  p a c k r a n ge s  fr o m  1 . 5 2  s c f to  1 . 7 6  s c f
( 4 3  L  to  5 0  L )  o r  a wate r  c ap ac i ty o f 9 5  l b  to  1 1 0  l b  ( 4 3  kg  to

5 0  kg ) .

A. 3 . 3 . 6 1  D e fu e l i n g.    D e fu e l i n g  o f th e  ve h i c l e  s to r ag e  s ys te m
c a n  b e  u s e d  fo r  s o m e  ve h i c l e  m a i n te n an c e  p r o c e d u r e s .  D e fu e l ‐

i n g  s ys te m s  c an  a l s o  b e  u s e d  at fu e l i n g  s tati o n s  to  a l l o w fo r  th e
s a fe  d i s c h ar g e  o f h yd r o g e n  fr o m  ve h i c l e  fu e l  tan k te s t s ys te m s

d u r i n g d i s p e n s e r  c a l i b r a ti o n ,  certifcation,  a n d  p e r i o d i c  va l i d a‐
ti o n  p r o c e d u r e s .  T h e  d i s p e n s e r s  at a fu e l i n g  s tati o n  ar e  typ i ‐
c a l l y c o m m i s s i o n e d ,  val i d a te d ,  certifed,  an d  p e r i o d i c a l l y te s te d

b y c o n d u c ti n g te s t flls  o f H 2  ve h i c l e  s to r a ge  ta n ks .  Afte r  a  te s t
fll,  th e  te s t tan k s ys te m  c an  b e  ve n te d  s afe l y u s i n g a ve n t s ys te m
i n s ta l l e d  at th e  fu e l i n g s tati o n .

A. 3 . 3 . 6 4  D i s tri b u te d  I n te grate d  C o n tro l s  ( D I C ) .    T h e  D I C  i s
m a d e  u p  o f a c o l l e c ti o n  o f m o d u l e s ,  e ac h  wi th  i ts  o wn  fu n c ti o n ,

i n te r c o n n e c te d  to  p r o c e s s  d a ta  fo r  a specifc  o p e r ati o n  o r  fu n c ‐
ti o n .  Al s o  r e fe r r e d  to  as  d i s tr i b u te d  c o n tr o l  s ys te m  ( D C S ) .  [ 8 5 3 ,
2 0 2 0 ]

A. 3 . 3 . 7 4 . 1  Fi re  Ri s k  E val u ati o n .    T h e  e val u ati o n  r e s u l ts  i n  a l i s t
o f r e q u i r e d  fre  p r o te c ti o n  e l e m e n ts  to  b e  p r o vi d e d  b as e d  o n
ac c e p tab l e  m e an s  fo r  s e p a r ati o n  o r  c o n tr o l  o f c o m m o n  o r

s p e c i al  h az ar d s  ( e . g . ,  te m p e r atu r e  an d  p r e s s u r e ) ,  th e  c o n tr o l  o r
e l i m i n ati o n  o f i g n i ti o n  s o u r c e s ,  th e  d e te c ti o n  an d  s u p p r e s s i o n
o f fres,  a n d  th e  s afe g u ar d i n g  o f l i fe .  [ 8 5 3 ,  2 0 2 0 ]

Δ A. 3 . 3 . 7 9  E x h au s te d  E n c l o s u re .    S u c h  e n c l o s u r e s  i n c l u d e  l a b o ‐
r ato r y h o o d s ,  e x h a u s t fu m e  h o o d s ,  a n d  s i m i l ar  ap p l i an c e s  an d

e q u i p m e n t u s e d  to  r e ta i n  an d  e x h a u s t l o c a l l y th e  ga s e s ,  fu m e s ,
va p o r s ,  an d  m i s ts  th at c o u l d  b e  r e l e as e d .  Ro o m s  o r  a r e as  p r o vi ‐
d e d  wi th  g e n e r al  ve n ti l ati o n ,  i n c l u d i n g r o o m s ,  s u c h  a s  c o n tr o l

a r e as ,  wi th  d e d i c ate d  h az ar d o u s  vap o r / ga s  e x h au s t s ys te m s ,  i n
an d  o f th e m s e l ve s ,  ar e  n o t e x h au s te d  e n c l o s u r e s .

A. 3 . 3 . 8 3 . 2 . 4  M o to r Fu e l  D i s p e n s i n g Fac i l i ty L o c ate d  I n s i d e  a
B u i l d i n g.    T h e  m o to r  fu e l  d i s p e n s i n g  fa c i l i ty c an  b e  e i th e r
e n c l o s e d  o r  p a r ti al l y e n c l o s e d  b y th e  b u i l d i n g  wal l s ,  foors,  c e i l ‐
i n g s ,  o r  p ar ti ti o n s  o r  c an  b e  o p e n  to  th e  o u ts i d e .  T h e  m o to r

fu e l  d i s p e n s i n g ar e a  i s  th a t ar e a  r e q u i r e d  fo r  d i s p e n s i n g  o f
fu e l s  to  m o to r  ve h i c l e s .  D i s p e n s i n g o f fu e l  a t m an u fa c tu r i n g ,

as s e m b l y,  a n d  te s ti n g o p e r a ti o n s  i s  n o t i n c l u d e d  wi th i n  th i s
defnition.  [ 3 0 A,  2 0 2 1 ]

N A. 3 . 3 . 8 3 . 3  H o m e  Fu e l i n g Ap p l i an c e  ( H FA) .    T h e  defnition  o f
h o m e  l o c ati o n  i s  b as e d  o n  N F PA 1 01  an d  i n c l u d e s  l an d  an d
d e ta c h e d  s tr u c tu r e s  wi th i n  th e  b o u n d a r y o f th e  h o m e  p r o p e r ty

l i m i ts  as s e s s e d  b y th e  m u n i c i p al i ty,  to wn ,  c i ty o r  s tate .  H o m e
l o c a ti o n s  i n c l u d e ,  b u t ar e  n o t l i m i te d  to ,  o n e - an d  two -fam i l y
d we l l i n g  u n i ts  as  defned  b y C h ap te r  2 4  o f N F PA 1 01 .

A. 3 . 3 . 8 4  Fai l - S afe .    P e r i o d i c  te s ti n g  o f fai l -s afe  s ys te m s  s h o u l d
b e  c o n d u c te d  to  e n s u r e  th at th e  s ys te m  p e r fo r m s  as  i n te n d e d .



AN N E X  A 2 - 1 1 5

S h a d e d  te x t =  Re vi s i o n s .  Δ  =  Te x t d e l e ti o n s  an d  fgure/table  re 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 3  E d i t i o n

A. 3 . 3 . 1 0 3 . 1  N o n s tan d ard  Au to m o ti ve  Fu e l i n g P ro to c o l .    E x am ‐
p l e s  o f p u b l i s h e d  s tan d ar d s  i n c l u d e  th o s e  p u b l i s h e d  b y S AE  o r
AN S I .

A. 3 . 3 . 1 0 4  Fu l l  Tr yc o c k .    T h e  fu l l  tr yc o c k val ve  p r o vi d e s  a p h ys ‐
i c al  i n d i c a ti o n  o f th e  flling  s tatu s  o f a  l i q u i d  tan k,  an d  i t i s  typ i ‐
c a l l y u s e d  a s  a r e d u n d a n t m e an s  to  th at o f o th e r  l i q u i d  l e ve l
i n d i c a to r s .  A fu l l  tr yc o c k l i n e  i s  u s e d  to  c o n n e c t th e  i n n e r  ve s s e l
vap o r  s p ac e  n e ar  th e  to p  o f a c r yo g e n i c  fuid  tan k wi th  a n  i n te r ‐
n a l  d i p  tu b e  l o c ate d  at a p o i n t e q u i va l e n t to  th e  n e t l i q u i d
c a p a c i ty o f th e  tan k.  T h e  vap o r  s p ac e  i n  th e  i n n e r  ve s s e l  ab o ve
th e  fu l l  tr yc o c k l e ve l  i s  c o n s i d e r e d  th e  tan k u l l ag e .  T h e  tan k i s
d e te r m i n e d  to  b e  fu l l  wh e n  l i q u i d  i s  e m i tte d  fr o m  th e  fu l l
tr yc o c k val ve  wh e n  th e  val ve  i s  o p e n e d .

Δ A. 3 . 3 . 1 0 6 . 1  C o m p re s s e d  G as .    T h e  s ta te s  o f a  c o m p r e s s e d  ga s
ar e  c ate go r i z e d  a s  fo l l o ws :

( 1 ) Nonliquefed  c o m p r e s s e d  g as e s  a r e  ga s e s ,  o th e r  th a n
th o s e  i n  s o l u ti o n ,  th a t ar e  i n  a  p a c ka gi n g u n d e r  th e

c h a r ge d  p r e s s u r e  a n d  ar e  e n ti r e l y ga s e o u s  a t a te m p e r a‐
tu r e  o f 6 8 ° F  ( 2 0 ° C ) .

( 2 ) Liquefed  c o m p r e s s e d  ga s e s  ar e  ga s e s  th a t,  i n  a  p ac ka gi n g
u n d e r  th e  c h a r ge d  p r e s s u r e ,  a r e  p ar ti a l l y l i q u i d  a t a
te m p e r a tu r e  o f 6 8 ° F  ( 2 0 ° C ) .  C r yo g e n i c  fuids  r e p r e s e n t a

tr an s i e n t s tate  o f a g as  th at i s  c r e a te d  th r o u g h  th e  u s e  o f
r e fr i g e r ati o n .  C r yo g e n i c  fuids  c an n o t e x i s t i n  th e  l i q u i d

fo r m  o r  p a r ti al  l i q u i d  fo r m  at te m p e r a tu r e s  o f 6 8 ° F
( 2 0 ° C ) ;  h e n c e ,  th e y ar e  n o t “ c o m p r e s s e d  ga s e s ”  a s
defned.

( 3 ) C o m p r e s s e d  ga s e s  i n  s o l u ti o n  ar e  nonliquefed  ga s e s  th at
a r e  d i s s o l ve d  i n  a  s o l ve n t.

( 4 ) C o m p r e s s e d  ga s  m i x tu r e s  c o n s i s t o f a m i x tu r e  o f two  o r
m o r e  c o m p r e s s e d  g as e s  c o n ta i n e d  i n  a  p a c kag i n g ,  th e

h az ar d  p r o p e r ti e s  o f wh i c h  a r e  r e p r e s e n te d  b y th e  p r o p ‐
e r ti e s  o f th e  m i x tu r e  a s  a  wh o l e .

A. 3 . 3 . 1 0 6 . 3  Fl am m ab l e  G as .    T h e  defnition  o f fammable  ga s
i s  a p p l i c a b l e  to  a l l  fammable  c r yo g e n s ,  a s  th e  vap o r s  r e l e as e d
wh e n  th e  c r yo g e n  va p o r i z e s  a r e  i g n i tab l e  wh e n  m i x e d  i n  th e
p r o p e r  p r o p o r ti o n s  wi th  ai r.

Δ A. 3 . 3 . 1 0 6 . 6  I n e r t G as .    I n e r t g as e s  d o  n o t r e ac t r e ad i l y wi th
o th e r  m ate r i a l s  u n d e r  n o r m al  te m p e r atu r e s  a n d  p r e s s u r e s .  F o r
e x a m p l e ,  n i tr o ge n  c o m b i n e s  wi th  s o m e  o f th e  m o r e  ac ti ve
m e tal s  s u c h  as  l i th i u m  an d  m a gn e s i u m  to  fo r m  n i tr i d e s ,  an d  at
h i gh  te m p e r a tu r e s  i t wi l l  a l s o  c o m b i n e  wi th  h yd r o ge n ,  o x yg e n ,
an d  o th e r  e l e m e n ts .  T h e  ga s e s  n e o n ,  kr yp to n ,  a n d  x e n o n  a r e
c o n s i d e r e d  r a r e  d u e  to  th e i r  s c ar c i ty.  Al th o u g h  th e s e  g as e s  a r e
c o m m o n l y r e fe r r e d  to  as  i n e r t ga s e s ,  th e  fo r m ati o n  o f
c o m p o u n d s  i s  p o s s i b l e .  F o r  e x a m p l e ,  x e n o n  c o m b i n e s  wi th
fuorine,  to  fo r m  var i o u s  fuorides  an d  wi th  o x yg e n  to  fo r m
o x i d e s ;  th e  c o m p o u n d s  fo r m e d  ar e  c r ys tal l i n e  s o l i d s .  Rad o n  i s
i n e r t u n d e r  th e  defnition  p r o vi d e d ,  b u t b e c a u s e  i t i s  r a d i o a c ‐
ti ve ,  i t i s  n o t c o n s i d e r e d  i n e r t fo r  th e  p u r p o s e s  o f N F PA 5 5 .

Δ A. 3 . 3 . 1 0 6 . 8  O th e r G as .    A g as  classifed  a s  a n  “ o th e r  ga s ”
m i gh t b e  a  nonfammable  g as  o r  an  i n e r t ga s .

Δ A. 3 . 3 . 1 0 6 . 1 2  U n s tab l e  Re ac ti ve  G as .    U n s ta b l e  r e a c ti ve  m ate r i ‐
al s  a r e  s u b d i vi d e d  i n to  fve  classifcations.  C l a s s  4  m ate r i a l s  a r e
m a te r i al s  th at i n  th e m s e l ve s  a r e  r e ad i l y c ap a b l e  o f d e to n a ti o n
o r  e x p l o s i ve  d e c o m p o s i ti o n  o r  e x p l o s i ve  r e ac ti o n  at n o r m al
te m p e r a tu r e s  a n d  p r e s s u r e s .  T h e y i n c l u d e  th e  fo l l o wi n g :

( 1 ) M ate r i a l s  th a t a r e  s e n s i ti ve  to  l o c a l i z e d  th e r m al  o r
m e c h a n i c al  s h o c k a t n o r m al  te m p e r atu r e s  an d  p r e s s u r e s

( 2 ) M ate r i a l s  th a t h a ve  a n  i n s ta n ta n e o u s  p o we r  d e n s i ty ( p r o d ‐
u c t o f h e at o f r e a c ti o n  a n d  r e a c ti o n  r a te )  at 4 8 2 ° F

( 2 5 0 ° C )  o f 1 0 0 0  W/ m L  o r  g r e ate r

C l a s s  3  m ate r i a l s  ar e  m a te r i al s  th at i n  th e m s e l ve s  ar e  c ap ab l e
o f d e to n a ti o n  o r  e x p l o s i ve  d e c o m p o s i ti o n  o r  e x p l o s i ve  r e ac ti o n

b u t r e q u i r e  a s tr o n g  i n i ti ati n g  s o u r c e  o r  h e at u n d e r  confne‐
ment b e fo r e  i n i ti a ti o n .  C l as s  3  m ate r i a l 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  th a t h a ve  an  i n s ta n ta n e o u s  p o we r  d e n s i ty ( p r o d ‐
u c t o f h e at o f r e a c ti o n  a n d  r e a c ti o n  r a te )  a t 4 8 2 ° F

( 2 5 0 ° C )  at o r  a b o ve  1 0 0  W/ m L  an d  b e l o w 1 0 0 0  W/ m L
( 2 ) M ate r i a l s  th at ar e  s e n s i ti ve  to  th e r m al  o r  m e c h a n i c al

s h o c k a t e l e va te d  te m p e r a tu r e s  a n d  p r e s s u r e s
( 3 ) M ate r i a l s  th at r e ac t e x p l o s i ve l y wi th  wa te r  wi th o u t r e q u i r ‐

i n g h e a t o r  confnement

C l a s s  2  m a te r i al s  ar e  m a te r i al s  th a t r e ad i l y u n d e r g o  vi o l e n t
c h e m i c a l  c h a n ge  at e l e va te d  te m p e r atu r e s  a n d  p r e s s u r e s ,

i n c l u d i n g  th e  fo l l o wi n g:

( 1 ) M ate r i a l s  th a t h a ve  a n  i n s ta n ta n e o u s  p o we r  d e n s i ty ( p r o d ‐
u c t o f h e at o f r e a c ti o n  a n d  r e a c ti o n  r a te )  a t 4 8 2 ° F

( 2 5 0 ° C )  at o r  a b o ve  1 0  W/ m L  a n d  b e l o w 1 0 0  W/ m L
( 2 ) M ate r i a l s  th at r e ac t vi o l e n tl y wi th  wate r  o r  fo r m  p o te n ‐

ti al l y e x p l o s i ve  m i x tu r e s  wi th  wate r

C l a s s  1  m ate r i a l s  ar e  m ate r i al s  th at i n  th e m s e l ve s  a r e
n o r m al l y s ta b l e  b u t th a t c an  b e c o m e  u n s ta b l e  at e l e vate d
te m p e r a tu r e s  a n d  p r e s s u r e s ,  i n c l u d i n g  th e  fo l l o wi n g:

( 1 ) M ate r i a l s  th a t h a ve  an  i n s ta n ta n e o u s  p o we r  d e n s i ty ( p r o d ‐
u c t o f h e at o f r e a c ti o n  a n d  r e a c ti o n  r a te )  a t 4 8 2 ° F

( 2 5 0 ° C )  at o r  a b o ve  0 . 0 1  W/ m L  an d  b e l o w 1 0  W/ m L
( 2 ) M ate r i a l s  th at r e ac t vi g o r o u s l y wi th  wa te r,  b u t n o t

vi o l e n tl y
( 3 ) M ate r i a l s  th at c h a n ge  o r  d e c o m p o s e  o n  e x p o s u r e  to  ai r,

l i g h t,  o r  m o i s tu r e

C l a s s  0  m ate r i a l s  ar e  m ate r i al s  th at i n  th e m s e l ve s  a r e
n o r m a l l y s ta b l e ,  e ve n  u n d e r  fre  c o n d i ti o n s ,  i n c l u d i n g th e

fo l l o wi n g :

( 1 ) M ate r i a l s  th a t h a ve  a n  i n s ta n ta n e o u s  p o we r  d e n s i ty ( p r o d ‐
u c t o f h e at o f r e a c ti o n  a n d  r e a c ti o n  r a te )  a t 4 8 2 ° F

( 2 5 0 ° C )  b e l o w 0 . 0 1  W/ m L
( 2 ) M ate r i a l s  th a t d o  n o t r e a c t wi th  wa te r
( 3 ) M ate r i a l s  th at d o  n o t e x h i b i t an  e x o th e r m  a t te m p e r a‐

tu r e s  l e s s  th a n  o r  e q u a l  to  9 3 2 ° F  ( 5 0 0 ° C )  wh e n  te s te d  b y
d i ffe r e n ti a l  s c an n i n g  c al o r i m e tr y

A. 3 . 3 . 1 1 6  H an d l i n g.    Wi th i n  th e  defnition,  th e  te r m  handling
i s  i n te n d e d  to  ad d r e s s  c o n ta i n e r s  b e i n g tr an s p o r te d  fr o m  o n e

l o c ati o n  to  an o th e r.  T h e  te r m  transportation i s  n o t u s e d  b e c au s e
p r o b l e m s  r e l ate d  to  o ff-s i te  tr a n s p o r ta ti o n  o r  m o d e s  o f tr an s ‐

p o r ta ti o n  r e g u l a te d  b y th e  D e p ar tm e n t o f Tr a n s p o r ta ti o n
( D O T )  a r e  n o t i n te r m i n gl e d  wi th  th e  c o d e ,  wh i c h  c a n  c r e a te
c o n fu s i o n .  U n l o a d i n g  o f b u l k c ar g o  fr o m  a ve h i c l e  i n to  s tati o n ‐

ar y s to r ag e  ve s s e l s  i s  r e gu l a te d  b y th e  D O T.  T h e  u n l o ad i n g  o f
b u l k GH 2  o r  L H 2  fr o m  i n d e p e n d e n t tr a n s p o r t ve h i c l e s  i n to  a
s to r ag e  s ys te m  i n vo l ve s  a tr an s i e n t fu n c ti o n .  Tr a n s p o r t ve h i c l e s

ar e  r e g u l a te d  as  a p o r ti o n  o f th e  b u l k s ys te m  wh e n  th e y a r e
c o n n e c te d  an d  i n  th e  u n l o ad i n g  p r o c e s s .  Re q u i r e m e n ts  fo r

u n l o ad i n g  h ave  b e e n  o r ga n i z e d  u n d e r  th e  r e q u i r e m e n ts  fo r
“ h an d l i n g ”  to  a vo i d  c o n fu s i n g  th e  u n l o ad i n g  fu n c ti o n  wi th
“ u s e . ”  I t i s  n o t th e  i n te n t to  vi e w m ate r i a l s  tr an s p o r te d  b y a

p i p e l i n e  o r  p i p i n g s ys te m  a s  a  “ h a n d l i n g  fu n c ti o n , ”  as  s u c h  u s e s
ar e  o th e r  th an  tr a n s i e n t i n  n atu r e .



H YD RO G E N  T E C H N O L O GI E S  C O D E2 - 1 1 6

2 0 2 3  E d i t i o n S h a d e d  te x t =  Re vi s i o n s .  Δ  =  Te x t d e l e ti o n s  a n d  fgure/table  r e vi s i o n s .  •  =  S e c ti o n  d e l e ti o n s .  N  =  N e w m a te r i a l .

Δ A. 3 . 3 . 1 1 7  H az ard  Rati n g.    T h e  c r i te r i a  fo r  h a z a r d  r ati n g  ar e  a s
defned  i n  N F PA 7 0 4 .

A. 3 . 3 . 1 2 0 . 1  C an o p y H o o d .    T h i s  i s  n o t a c h e m i c al  fu m e  h o o d
an d  g e n e r al l y i s  n o t e ffe c ti ve  fo r  e x h au s ti n g  to x i c  o r  fammable

m a te r i al s .  [ 4 5 ,  2 0 1 9 ]

A. 3 . 3 . 1 2 0 . 2  C h e m i c al  Fu m e  H o o d .    F o r  fu r th e r  i n fo r m a ti o n
o n  d e s c r i p ti o n s  o f typ e s  o f c h e m i c a l  fu m e  h o o d s  a n d  e x h a u s t

ve n ti l ati o n  d e vi c e s ,  s e e  AN S I / AI H A Z 9 . 5 ,  Laboratory Ventilation.
T h e  fo l l o wi n g a r e  typ e s  o f c h e m i c al  fu m e  h o o d s :

( 1 ) Conventional hood.  A s q u a r e -p o s t h o o d  wi th o u t a n  a i r fo i l
d i r e c ti o n al  van e  ac r o s s  th e  b o tto m  o f th e  h o o d  fac e ,  an d
i n  m o s t c as e s  wi th o u t p r o vi s i o n  fo r  a b yp as s .  As  th e  s as h  i s

l o we r e d  i n  h o o d s  wi th o u t an  ai r  b yp as s ,  th e  fa c e  ve l o c i ty
i n c r e as e s  r ap i d l y.  T h e  s q u ar e -p o s t d e s i gn  a n d  a b s e n c e  o f

a defector  van e  h a ve  b e e n  kn o wn  to  c r e ate  tu r b u l e n c e  a t
th e  h o o d  fa c e .  T h e  tu r b u l e n c e  at th e  h o o d  fac e  c an  b r i n g
fu m e s  fr o m  th e  h o o d  i n te r i o r  o u t to  th e  h o o d  fac e ,  wh e r e

th e y ar e  e as i l y d r awn  o u t i n to  th e  r o o m  b y th e  a i r  tu r b u ‐
l e n c e  c au s e d  b y a p e r s o n  wo r ki n g  a t th e  h o o d ,  p e r s o n s

p as s i n g  th e  h o o d ,  o r  m i n o r  r o o m  c r o s s  d r a fts .  I f h o o d s
ar e  n o t e q u i p p e d  wi th  a b yp a s s ,  fac e  ve l o c i ti e s  c o u l d

b e c o m e  o b j e c ti o n a b l y h i g h  a s  th e  s as h  i s  c l o s e d ,  an d  wi th
th e  s as h  c o m p l e te l y c l o s e d ,  airfow c a n  b e  insuffcient to
c a r r y va p o r s  a way.

( 2 ) Bypass air hood.  A h o o d  h a vi n g a  b yp as s  p r o te c te d  b y a
gr i l l e  th a t s e r ve s  to  m a i n tai n  a r e l ati ve l y c o n s ta n t vo l u m e
o f airfow r e g ar d l e s s  o f s a s h  p o s i ti o n .  C u r r e n t d e s i g n

r e c o m m e n d s  a  s tr e a m l i n e d  e n tr y profle  wi th  a defector
van e  ac r o s s  th e  b o tto m  o f th e  h o o d  to  d i r e c t th e  airfow

ac r o s s  th e  wo r k s u r fac e .
( 3 ) Auxiliary air hood.  A b yp as s  a i r  h o o d  wi th  th e  a d d i ti o n  o f

an  au x i l i a r y ai r  b o n n e t to  p r o vi d e  a  d i r e c t s o u r c e  o f
m a ke u p  ai r  i n  ad d i ti o n  to  th e  m a ke u p  ai r  fr o m  th e  l a b o ‐
r a to r y wo r k ar e a.

( 4 ) S p e c i al  p u r p o s e  h o o d s  a r e  as  fo l l o ws :

( a) Radioisotope hoods.  D e s i gn e d  p r i m ar i l y fo r  u s e  wi th
r a d i o c h e m i c a l s

( b ) Perchloric acid hoods.  D e s i g n e d  p r i m a r i l y fo r  u s e  wi th
p e r c h l o r i c  ac i d

( c ) Walk-in hoods.  D e s i g n e d  p r i m ar i l y fo r  e x tr a  h e ad ‐
r o o m  to  ac c o m m o d ate  tal l  e q u i p m e n t

[ 4 5 ,  2 0 1 9 ]

A. 3 . 3 . 1 2 2  H yd ro ge n  E q u i p m e n t E n c l o s u re  ( H E E ) .    H yd r o g e n
e q u i p m e n t e n c l o s u r e s  c an  i n c l u d e  r e p u r p o s e d  s h i p p i n g  o r  I S O

c o n tai n e r s  as  defned  i n  3 . 3 . 8  o f N F PA 3 0 7  a s  fo l l o ws :

A r e u s ab l e ,  i n te r m o d al  b o x l i ke  s tr u c tu r e  o f r i g i d  c o n s tr u c ‐
ti o n  ftted  wi th  d e vi c e s  to  p e r m i t l i fti n g an d  h a n d l i n g  p ar ti c u ‐

l ar l y tr a n s fe r  fr o m  o n e  m o d e  o f tr an s p o r tati o n  to  an o th e r
m o d e  o f tr an s p o r tati o n .  [ 3 0 7 ,  2 0 2 1 ]

H yd r o ge n  e q u i p m e n t l o c a te d  i n  e n c l o s u r e s  l a r ge r  th an  th e
l ar g e s t s tan d a r d  i n te r m o d al  c o n tai n e r  — p r e s e n tl y 5 6  ft ×  8  ft ×

9 . 5  ft)  ( 1 7  m  ×  2 . 4  m  ×  2 . 9  m )  — typ i c al l y a r e  s u b j e c t to  th e
r e q u i r e m e n ts  fo r  i n d o o r  i n s ta l l a ti o n s .

H yd r o g e n  e q u i p m e n t e n c l o s u r e s  i n c l u d e  th o s e  u s e d  fo r
e q u i p m e n t th at p r o c e s s  o r  s to r e  h yd r o g e n .  E n c l o s u r e s  c an  b e

fo r  we ath e r  p r o te c ti o n ,  a e s th e ti c  tr e atm e n t,  s e c u r i ty,  o r  to
p r e ve n t e x te r n al  d am ag e .  T h e  e n c l o s u r e  c an  b e  d e s i gn e d  to
c o n tai n  an d  c o n tr o l  p o te n ti a l  h yd r o g e n  l e aks  fr o m  h yd r o g e n

s to r ag e ,  c o m p r e s s o r s ,  an d  o th e r  h yd r o g e n -fu e l -p r o c e s s i n g
e q u i p m e n t,  a n d  e x te r i o r  wal l s  c a n  i n c l u d e  a fre  r a ti n g.  E n c l o ‐

s u r e s  c an  b e  e n te r a b l e  b u t ar e  n o t i n te n d e d  to  b e  o c c u p i e d .
H yd r o ge n  e q u i p m e n t i n  e n c l o s u r e s  i n  l ab o r ato r i e s  a r e  c o ve r e d

b y S e c ti o n  6 . 2 0 .

Δ A. 3 . 3 . 1 2 8  I n d o o r I n s tal l ati o n .    An  i n d o o r  i n s tal l a ti o n  c a n  b e  a
s e p ar a te  b u i l d i n g,  r o o m ,  o r  ar e a wi th i n  a b u i l d i n g.

Δ A. 3 . 3 . 1 3 4  I S O  M o d ul e .    T h e  c h ar a c te r i s ti c  i n te r n a l  wa te r
vo l u m e  o f i n d i vi d u al  tu b u l ar  c yl i n d e r s  i s  4 3  s c f ( 1 2 1 8  L )  o r  a
wate r  c ap a c i ty o f 2 6 8 6  l b  ( 1 2 1 8  kg ) .  T h e  fr a m e  o f a n  I S O

c o n tai n e r  m o d u l e  a n d  i ts  c o r n e r  c as ti n g s  a r e  s p e c i al l y d e s i g n e d
an d  d i m e n s i o n e d  to  b e  u s e d  i n  m u l ti m o d al  tr a n s p o r ta ti o n  s e r v‐
i c e  o n  c o n tai n e r  s h i p s ,  s p e c i al  h i g h wa y c h as s i s ,  a n d  container-
on-fatcar  r ai l r o ad  e q u i p m e n t.

A. 3 . 3 . 1 3 9  L ab o rato r y Wo rk  Are a.    T h i s  wo r k ar e a  c a n  b e
e n c l o s e d .  [ 4 5 ,  2 0 1 9 ]

A. 3 . 3 . 1 4 2  L H 2 .    H yd r o g e n  i n  a l i q u i d  s ta te  i s  a  fammable  c r yo ‐
g e n i c  fuid,  r e gar d l e s s  o f th e  p r e s s u r e .

A. 3 . 3 . 1 4 4 . 1  C e i l i n g L i m i t.    T h e  c e i l i n g  l i m i ts  u ti l i z e d  ar e  to  b 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 2 1 ]

Δ A. 3 . 3 . 1 4 4 . 2 . 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 ax i ‐
m u m  p e r m i tte d  ti m e -we i gh te d  ave r ag e  e x p o s u r e s  to  b e  u ti l i z e d

ar 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 .

Δ A. 3 . 3 . 1 4 4 . 2 . 2  S h o r t- Te r m  E x p o s u re  L i m i t ( S T E L ) .    S T E L
l i m i ts  ar 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 .

A. 3 . 3 . 1 4 7 . 1  C o m b u s ti b l e  L i q u i d .    C o m b u s ti b l e  l i q u i d s  a r e  c l as ‐
sifed  i n  a c c o r d a n c e  wi th  th e  fo l l o wi n g :

( 1 ) C l a s s  I I  L i q u i d  — An y l i q u i d  th at h as  a  fash  p o i n t at o r
a b o ve  1 0 0 ° F  ( 3 7 . 8 ° C )  an d  b e l o w 1 4 0 ° F  ( 6 0 ° C )

( 2 ) C l a s s  I I I  L i q u i d  — An y l i q u i d  th a t h as  a fash  p o i n t at o r
a b o ve  1 4 0 ° F  ( 6 0 ° C )

( a) C l as s  I I I A L i q u i d  — An y l i q u i d  th at h a s  a fash  p o i n t
a t o r  ab o ve  1 4 0 ° F  ( 6 0 ° C ) ,  b u t b e l o w 2 0 0 ° F  ( 9 3 ° C )

( b ) C l as s  I I I B  L i q u i d  — An y l i q u i d  th a t h a s  a  fash  p o i n t
a t o r  ab o ve  2 0 0 ° F  ( 9 3 ° C )

Δ A. 3 . 3 . 1 4 7 . 2  Fl am m ab l e  L i q u i d  ( C l as s  I ) .    M a te r i al s  th at b o i l  at
a te m p e r atu r e  o f l e s s  th a n  6 8 ° F  ( 2 0 ° C )  a r e  c o m p r e s s e d  g as e s .

U s e r s  a r e  c au ti o n e d  th a t th e  u s e  o f th e  defnitions  fo u n d  i n
N F PA 3 0  c a n  re s u l t i n  th e  misclassifcation  o f c e r ta i n  liquefed
c o m p r e s s e d  g as e s  as  fammable  l i q u i d s  ( C l a s s  I A) .  Liquefed

h yd r o g e n  i s  c l as s e d  a s  a fammable  c o m p r e s s e d  g as  b y th e  U . S .
D e p a r tm e n t o f Tr an s p o r tati o n .  I t i s  r e g u l a te d  as  a  c r yo ge n i c
fuid  wi th i n  th i s  c o d e .

A. 3 . 3 . 1 4 9 . 1  H az ard o u s  M ate ri al .    H az ar d o u s  was te s  m i g h t o r
m i gh t n o t b e  classifed  a s  h az ar d o u s  m a te r i al s .  M an a ge m e n t

a n d  d i s p o s a l  o f h az ar d o u s  wa s te  i s  r e g u l a te d  b y th e  E n vi r o n ‐
m e n tal  P r o te c ti o n  Age n c y ( E PA)  u n d e r  th e  Re s o u r c e  C o n s e r va ‐
ti o n  a n d  Re c o ve r y Ac t ( RC RA) .  T h e  E PA r e q u i r e s  was te s
identifed  as  h az ar d o u s  to  b e  h a n d l e d ,  s to r e d ,  tr e ate d ,  an d

d i s p o s e d  o f ac c o r d i n g to  th e  s ti p u l ati o n s  o f th e  RC RA h a z a r d ‐
o u s  wa s te  p r o gr am  i n  4 0  C F R 2 6 0  to  2 6 5  a n d  4 0  C F R 2 6 6  to
2 9 9 .

N o t al l  o f th e  h a z a r d o u s  m ate r i a l s  c ate g o r i e s  ar e  p l ac e d  i n to
th e  h i gh  h a z ar d  c a te g o r y,  an d  s o m e  o f th e s e  m a te r i al s  h a ve

b e e n  r e c o g n i z e d  as  b e i n g  o f l o w o r  o r d i n a r y h a z a r d s ,  d e p e n d ‐
i n g o n  th e i r  n atu r e  i n  a fre.  I n e r t c o m p r e s s e d  g as e s  a n d  i n e r t
c r yo g e n i c  fuids,  C l as s  I I I B  c o m b u s ti b l e  l i q u i d s ,  C l as s  1  u n s ta‐

b l e  ( r e a c ti ve )  m ate r i al s ,  C l as s  1  wate r-r e a c ti ve  m a te r i al s ,  C l a s s  1
o x i d i z i n g  s o l i d s  an d  l i q u i d s ,  a n d  C l as s  I V a n d  C l as s  V o r g an i c
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S h a d e d  te x t =  Re vi s i o n s .  Δ  =  Te x t d e l e ti o n s  an d  fgure/table  re 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 3  E d i t i o n

p e r o x i d e s  a r e  h i g h  h a z a r d  m a te r i al s ,  wh i c h ,  i n  s o m e  c a s e s ,  d o
n o t h ave  an  e s tab l i s h e d  m ax i m u m  a l l o wab l e  q u a n ti ty p e r
c o n tr o l  a r e a ( M AQ)  a n d ,  th e r e fo r e ,  a r e  n o t r e q u i r e d  to  c o m p l y
wi th  th e  r e q u i r e m e n ts  fo r  h az ar d o u s  o c c u p an c i e s  wi th i n  th e
c o n te x t o f th e  a d o p te d  b u i l d i n g  c o d e s .

A. 3 . 3 . 1 5 2  M ax i m um  O p e rati n g P re s s u re .    T h e  m a x i m u m
o p e r ati n g  p r e s s u r e  s h o u l d  n o t e x c e e d  th e  al l o wab l e  wo r ki n g
p r e s s u r e ,  a n d  i t i s  u s u a l l y ke p t at a s u i ta b l e  l e ve l  b e l o w th e
s e tti n g  o f p r e s s u r e -l i m i ti n g/ r e l i e vi n g d e vi c e s  to  p r e ve n t th e i r
fr e q u e n t fu n c ti o n i n g.

A. 3 . 3 . 1 6 0  M o b i l e  [ Fue l i n g] .    T h e  m o b i l e  fu e l i n g ve h i c l e  o r
tr a i l e r  c an  a l s o  c o n tai n  a c o m p r e s s o r  fo r  p r e s s u r i z i n g th e  g as  to
b e  d i s p e n s e d  an d  a  d i s p e n s e r,  wh i c h  i s  th e  i n te r fa c e  b e twe e n
th e  s u p p l y ve h i c l e  an d  th e  ve h i c l e  to  b e  fu e l e d .

A. 3 . 3 . 1 6 6 . 2  L i gh t- D uty H yd ro ge n  M o to r Ve h i c l e .    T h e s e  ve h i ‐
c l e s  typ i c al l y i n c l u d e  p a s s e n g e r  c a r s  a n d  l i gh t tr u c ks ,  m i n i va n s ,
p as s e n g e r  van s ,  p i c ku p  tr u c ks ,  a n d  s p o r t-u ti l i ty ve h i c l e s .

N A. 3 . 3 . 1 6 6 . 3  H e avy- D u ty H yd ro ge n  M o to r Ve h i c l e .    H e avy-d u ty
h yd r o g e n  m o to r  ve h i c l e s  typ i c a l l y i n c l u d e  b u s e s  an d  tr u c ks .

A. 3 . 3 . 1 6 9  N o n - B u l k  H yd ro ge n  C o m p re s s e d  G as .    N o n -b u l k
GH 2  i n c l u d e s  i n d i vi d u a l  c yl i n d e r s ,  c o n tai n e r s ,  o r  tan ks  o f
c o m p r e s s e d  h yd r o g e n  g as  typ i c a l l y fo u n d  i n  s to r ag e  wi th  th e

va l ve s  s h u t an d  p r o te c ti ve  c ap s  i n  p l ac e .  A n o n -b u l k GH 2  s ys te m
c a n  i n c l u d e  i n te r c o n n e c te d  c yl i n d e r s ,  c o n tai n e r s ,  o r  ta n ks  th at
h ave  b e e n  m an i fo l d e d  o r  c o n n e c te d  fo r  u s e  p r o vi d i n g th e

a gg r e g ate  vo l u m e  o f i n d i vi d u a l  s ys te m s  d o e s  n o t e x c e e d
5 0 0 0  s c f ( 1 4 1 . 6  N m 3 ) .

A. 3 . 3 . 1 8 6  P arki n g S tr u c tu re .    A p a r ki n g s tr u c tu r e  i s  p e r m i tte d
to  b e  e n c l o s e d  o r  o p e n ,  u s e  r am p s ,  an d  u s e  m e c h an i c a l  c o n tr o l

p u s h -b u tto n -typ e  e l e vato r s  to  tr an s fe r  ve h i c l e s  fr o m  o n e  foor
to  an o th e r ,  o r  m e c h a n i c al  o r  s ta c ke d  s ys te m s .  M o to r  ve h i c l e s

a r e  p e r m i tte d  to  b e  p ar ke d  b y th e  d r i ve r  o r  an  atte n d an t wh e r e
a m e c h an i c al  o r  s tac ke r  p a r ki n g s ys te m  i s  u s e d .  M o to r  fu e l  i s
p e r m i tte d  to  b e  d i s p e n s e d ,  an d  m o to r  ve h i c l e s  a r e  p e r m i tte d  to

b e  s e r vi c e d  i n  a p ar ki n g  s tr u c tu r e  i n  ac c o r d an c e  wi th
N F PA 3 0 A.  [ 8 8 A,  2 0 2 3 ]

Δ A. 3 . 3 . 1 9 7 . 1  Ab s o l u te  P re s s u re .    M e as u r e d  fr o m  th i s  r e fe r e n c e
p o i n t,  th e  s tan d ar d  atm o s p h e r i c  p r e s s u r e  at s e a l e ve l  i s  an  ab s o ‐
l u te  p r e s s u r e  o f 1 4 . 7  p s i  ( 1 0 1 . 3  kP a ) .

A. 3 . 3 . 1 9 7 . 4  N o r m al  Te m p e ratu re  an d  P re s s u re  ( N T P ) .    T h e r e
ar e  d i ffe r e n t defnitions  o f n o r m al  c o n d i ti o n s .  T h e  n o r m al

c o n d i ti o n s  defned  h e r e  a r e  th e  o n e s  m o s t c o m m o n l y u s e d  i n
th e  c o m p r e s s e d  ga s  an d  c r yo ge n i c  fuid  i n d u s tr y.

A. 3 . 3 . 1 9 8  P re s s u re  C l as s .    T h e  m o s t c o m m o n  p r e s s u r e  c l as s e s
ar e  H 7 0 ,  H 3 5 ,  an d  H 2 5 .

Δ A. 3 . 3 . 2 0 3 . 1  C ath o d i c  P ro te c ti o n .    T h i s  p r o te c ti o n  r e n d e r s  a
m e tal l i c  c o n ta i n e r  o r  p i p i n g  s ys te m  o r  c o m p o n e n t n e g ati ve l y
c h a r ge d  wi th  r e s p e c t to  i ts  s u r r o u n d i n g  e n vi r o n m e n t.

Δ A. 3 . 3 . 2 0 4  P ro te c ti o n  L e ve l .    N F PA u s e s  th e  c o n c e p t o f p r o te c ‐
ti o n  l e ve l s  i n  a m an n e r  th at i s  a n al o g o u s  to  Gr o u p  H  o c c u p an ‐

c i e s  i n  o th e r  m o d e l  c o d e s .  Al th o u gh  N F PA 1  a n d  NFPA 5000 d o
n o t h a ve  u n i q u e  o c c u p an c y classifcations  fo r  o c c u p a n c i e s

c o n tai n i n g h az ar d o u s  m a te r i al s ,  P r o te c ti o n  L e ve l s  1  to  5  i n
N F PA c o d e s  an d  s ta n d a r d s  refect i n c r e as e d  b u i l d i n g s a fe ty
r e q u i r e m e n ts  th at ar e  ap p l i c ab l e  to  o c c u p a n c i e s  c o n tai n i n g

h a z a r d o u s  m ate r i al s ,  wh i c h  ge n e r a l l y c o r r e l a te  to  th e  Gr o u p  H ,
D i vi s i o n  1  to  5  o c c u p a n c y classifcations  i n  o th e r  c o d e s .

A. 3 . 3 . 2 0 5  P urge  ( S p e c i al  Atm o s p h e re  Ap p l i c ati o n s ) .    T h e
te r m  high oxygen-bearing atmosphere i s  a r e l ati ve  te r m .  I n  th e  c a s e
o f fu r n ac e s  th e  c o n c e r n  i s  th a t th e  o x yg e n  i s  r e d u c e d  to  a  p o i n t

wh e r e  a fammable  m i x tu r e  c an  b e  fo r m e d .  A c o n c e n tr a ti o n
l e s s  th an  fr o m  1  p e r c e n t to  3  p e r c e n t o x yge n  m i g h t b e  ac c e p ta‐
b l e .  I n  o th e r  c as e s ,  an y o x yg e n  m i g h t b e  d e tr i m e n tal .  T h e r e ‐

fo r e  th e  te r m  high i s  s u b j e c ti ve ,  d e p e n d i n g o n  th e  u s e .  S e e
An n e x  C  o f N F PA 6 9  fo r  ad d i ti o n al  i n fo r m a ti o n  o n  l i m i ti n g
o x yge n  c o n c e n tr ati o n .

•
A. 3 . 3 . 2 1 4 . 2  M i n o r Re p ai r G arage  ( H yd ro ge n  Ve h i c l e ) .    Wo r k
o n  th e  c o m p o n e n ts  o f a  h yd r o g e n  fu e l  c e l l  ve h i c l e  th at a r e
s i m i l a r  o r  i d e n ti c al  to  c o n ve n ti o n al  l i q u i d -fu e l e d  ve h i c l e s  ( i . e . ,
gas o l i n e  o r  d i e s e l  fu e l )  s u c h  as  wh e e l s ,  ti r e s ,  b r a ke s ,  s h o c k
ab s o r b e r s ,  an d  s o  fo r th ,  d o e s  n o t p r e s e n t an y u n i q u e  fre
h az ar d ;  th e r e fo r e ,  n o  a d d i ti o n al  fre  s afe ty r e q u i r e m e n ts
b e yo n d  th o s e  i n  p l ac e  fo r  c o n ve n ti o n a l  l i q u i d -fu e l e d  ve h i c l e s
ar e  war r a n te d .

A. 3 . 3 . 2 1 6  S afe ty D ata S h e e t ( S D S ) .    S D S s  i n  th e  U n i te d  S tate s
ar e  p r e p ar e d  i n  a c c o r d a n c e  wi th  th e  O c c u p ati o n al  S a fe ty an d
H e a l th  Ad m i n i s tr ati o n  ( O S H A)  h a z a r d  c o m m u n i c ati o n  s tan d ‐
ar d  ( 2 9  C F R 1 9 1 0 . 1 2 0 0 ,  “ H az ar d  C o m m u n i c a ti o n ” ) .  C h e m i c al s
tr a n s p o r te d  i n te r n a ti o n a l l y m i g h t i n c l u d e  ad d i ti o n a l  r e q u i r e ‐
m e n ts .  (See Annex B of NFPA 400 for additional information regard‐
ing SDSs. ) [ 4 0 0 ,  2 0 2 2 ]

A. 3 . 3 . 2 1 7  S afe ty D e vi c e .    S afe ty d e vi c e s  ar e  r e d u n d an t
c o n tr o l s ,  s u p p l e m e n ti n g  c o n tr o l s  u ti l i z e d  i n  th e  n o r m al  o p e r a‐
ti o n  o f a fu r n a c e  s ys te m .  S a fe ty d e vi c e s  a c t au to m ati c al l y,  e i th e r
al o n e  o r  i n  c o n j u n c ti o n  wi th  o p e r ati n g  c o n tr o l s ,  wh e n  c o n d i ‐
ti o n s  s tr a y o u ts i d e  o f d e s i g n  o p e r ati n g  r an g e s  a n d  e n d a n ge r
e q u i p m e n t o r  p e r s o n n e l .  [ 8 6 ,  2 0 2 3 ]

A. 3 . 3 . 2 2 1  S e l f- S e r vi c e  M o to r Fu e l  D i s p e n s i n g Fac i l i ty.    S e l f-
s e r vi c e  m o to r  fu e l  d i s p e n s i n g  fa c i l i ti e s  c an  a l s o  i n c l u d e ,  wh e r e
p r o vi d e d ,  fac i l i ti e s  fo r  th e  s a l e  o f o th e r  r e tai l  p r o d u c ts .

A. 3 . 3 . 2 2 7  S p e c i al  Atm o s p h e re .    A s p e c i a l  a tm o s p h e r e  i n  a
fu r n ac e  c a n  b e  i n e r t,  nonfammable,  fammable,  o r  i n d e te r m i ‐
n a te .  Atm o s p h e r e s  c o n ta i n i n g  h yd r o g e n  a r e  typ i c al l y n o t
c o n s i d e r e d  to  b e  i n e r t.

I f a  s u r g e  tan k b l e n d i n g  s c h e m e  i s  u s e d ,  a s e p ar a te  p i p e l i n e
c a n  b e  r e q u i r e d  to  s u p p l y i n e r t ga s  d i r e c tl y to  th e  fu r n ac e .

Δ A. 3 . 3 . 2 3 7 . 2  B ul k H yd ro ge n  C o m p re s s e d  G as  S ys te m .    T h e
b u l k s ys te m  te r m i n a te s  a t th e  s o u r c e  val ve ,  wh i c h  i s  c o m m o n l y
re fe r r e d  to  a s  th e  p o i n t wh e r e  th e  ga s  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 ,  o r  at a p i e c e  o f e q u i p m e n t th a t
u ti l i z e s  th e  h yd r o ge n  g as ,  s u c h  as  a h yd r o g e n  d i s p e n s e r.  T h e
c o n tai n e r s  a r e  e i th e r  s ta ti o n ar y o r  m o vab l e ,  an d  th e  s o u r c e  ga s
fo r  th e  s ys te m  i s  s to r e d  as  a c o m p r e s s e d  ga s .

B u l k h yd r o ge n  c o m p r e s s e d  g as  s ys te m s  c an  i n c l u d e  a  b u l k
s to r ag e  s o u r c e ,  tr an s fe r  p i p i n g  an d  m a n i fo l d  s ys te m ,  c o m p r e s ‐
s i o n  s ys te m ,  a n d  o th e r  c o m p o n e n ts .  T h e  g as e o u s  s o u r c e  c an
i n c l u d e  a tu b e  tr a i l e r,  tu b e  b an k,  o r  o th e r  h i g h  p r e s s u r e  s to r ‐
ag e  ve s s e l s  u s e d  to  s e r ve  th e  p i p i n g  s ys te m  th at tr an s p o r ts
h yd r o g e n  to  th e  e n d  u s e r.  C o m p r e s s o r s  c an  b e  i n s tal l e d  d o wn ‐
s tr e am  o f th e  s to r ag e  s u p p l y to  b o o s t th e  p r e s s u r e  o f th e  s o u r c e
ga s ,  an d  i n te r m e d i ate  h i g h  p r e s s u r e  s to r ag e  m i gh t b e  p r e s e n t.
T h i s  i s  d o n e  wh e r e  th e  e n d  u s e  r e q u i r e s  h yd r o g e n  at a p r e s s u r e
h i gh e r  th an  th a t o f th e  b u l k s u p p l y.  I n  th e s e  i n s ta n c e s ,  th e r e
m a y b e  i n te r m e d i a te  s to r ag e  ve s s e l s  u s e d  to  s to r e  th e  g as  at
e l e va te d  p r e s s u r e s .  I t i s  n o t u n c o m m o n  fo r  th e  b u l k s u p p l y a s
d e l i ve r e d  to  b e  fu r n i s h e d  at n o m i n a l  ga u g e  p r e s s u r e  o f
3 0 0 0  p s i  ( 2 0 , 6 8 4  kP a ) ,  an d  th e  i n te r m e d i a te  h i g h  p r e s s u r e  s to r ‐
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2 0 2 3  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 .

ag e  to  b e  s to r e d  at ga u g e  p r e s s u r e s  u p  to  1 5 , 0 0 0  p s i
( 1 0 3 , 4 2 1  kP a) .  S e e  F i g u r e  A. 3 . 3 . 2 3 7 . 2 ( a )  th r o u g h  F i gu r e
A. 3 . 3 . 2 3 7 . 2 ( f) .

Δ A. 3 . 3 . 2 3 7 . 3  B ul k Liquefed  H yd ro ge n  L H 2  S ys te m .    T h e  b u l k
s ys te m  te r m i n ate s  at th e  s o u r c e  va l ve ,  wh i c h  i s  c o m m o n l y r e fe r ‐

r e d  to  a s  th e  p o i n t wh e r e  th e  ga s  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  o r  a  p i e c e  o f e q u i p m e n t th a t u ti l i z e s

th e  ga s  o r  th e  l i q u i d ,  s u c h  as  a  h yd r o ge n  d i s p e n s e r.  T h e
c o n tai n e r s  ar e  e i th e r  s tati o n ar y o r  m o vab l e ,  a n d  th e  s o u r c e  ga s
fo r  th e  s ys te m  i s  s to r e d  as  a c r yo g e n i c  fuid.

A b u l k liquefed  h yd r o ge n  s ys te m  c a n  i n c l u d e  a l i q u i d  s o u r c e
wh e r e  th e  l i q u i d  i s  va p o r i z e d  an d  s u b s e q u e n tl y c o m p r e s s e d  an d
tr a n s fe r r e d  to  s to r ag e  i n  th e  c o m p r e s s e d  g as e o u s  fo r m .  I t i s

c o m m o n  fo r  l i q u i d  h yd r o ge n  s ys te m s  to  b e  e q u i p p e d  wi th
va p o r i z e r s  th at a r e  u s e d  to  ga s i fy th e  c r yo ge n  fo r  u l ti m ate  u s e
i n  th e  c o m p r e s s e d  s ta te ;  h o we ve r,  th e r e  a re  a l s o  s ys te m s  th at

c a n  b e  u s e d  to  tr an s fe r  l i q u i d  i n  th e  c r yo ge n i c  s ta te .  F o r
s ys te m s  th a t a r e  c o m p o s e d  o f c o m b i n e d  g as e o u s  an d  liquefed
h yd r o g e n  s to r ag e  s ys te m s  a n d  h a ve  s e p a r ate  s o u r c e  val ve s  fo r

b o th  s ys te m s ,  th e  s ys te m  c an  b e  vi e we d  a s  h avi n g  two  s o u r c e
va l ve s  fo r  d e te r m i n i n g  m i n i m u m  s e p a r ati o n  d i s ta n c e s  fo r  b u l k
s to r ag e  s ys te m s  i n  a c c o r d an c e  wi th  7 . 3 . 2 . 3 . 1  an d  8 . 3 . 2 . 3 . 1 . 6 .

I d e n ti fyi n g  two  s o u r c e  val ve s  m e an s  th a t e ac h  p o r ti o n  o f th e
s ys te m  i s  s u b j e c t to  i ts  r e s p e c ti ve  m i n i m u m  s e p ar ati o n  d i s tan c e s
i n  ac c o r d an c e  wi th  7 . 3 . 2 . 3 . 1  o r  8 . 3 . 2 . 3 . 1 . 6 .

Δ A. 3 . 3 . 2 3 7 . 4  B u l k  O x yge n  S ys te m .    T h e  b u l k o x yge n  s ys te m
te r m i n a te s  at th e  p o i n t wh e r e  o x yg e n  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 .  T h e  o x yg e n  c o n ta i n e r s  ar e  e i th e r
s tati o n a r y o r  m o va b l e ,  a n d  th e  o x yg e n  i s  s to r e d  as  a
c o m p r e s s e d  g as  o r  c r yo g e n i c  fuid.

B u l k o x yge n  s ys te m s  c an  b e  u s e d  to  s u p p l y g as  i n  e i th e r  i ts
c o m p r e s s e d  ga s e o u s  o r  liquefed  fo r m .  S ys te m s  th at m ay b e

u s e d  to  s u p p l y b o th  ga s e o u s  an d  l i q u i d  fo r m s  ar e  r e fe r r e d  to  a s
h yb r i d  s ys te m s .  T h e  fo l l o wi n g b u l k o x yg e n  s ys te m s  ar e  typ i c al

o f th o s e  i n  u s e :

( 1 )  Wh e n  th e  p r i m a r y s u p p l y o f th e  ga s  as  s to r e d  i s  fr o m  a
c o m p r e s s e d  g as e o u s  s o u r c e  th at i s  u s e d  i n  th e  c o m p r e s s e d  an d

g as e o u s  fo r m ,  th e  b u l k o x yge n  s ys te m  i s  s ai d  to  b e  a  b u l k
c o m p r e s s e d  o x yg e n  g as  s ys te m .

( 2 )  Wh e n  th e  p r i m a r y s u p p l y o f th e  g as  a s  s to r e d  i s  i n  a
l i q u i d  fo r m  an d  th e  s ys te m  i s  d e s i gn e d  to  tr an s fe r  o n l y l i q u i d ,

th e  s ys te m  i s  s ai d  to  b e  a b u l k liquefed  o x yg e n  s ys te m .

( 3 )  Wh e n  th e  p r i m ar y s u p p l y o f th e  g as  a s  s to r e d  i s  i n  a
l i q u i d  fo r m  an d  th e  s ys te m  i s  d e s i g n e d  to  tr a n s fe r  o r  s to r e  th e
ga s  i n  a  c o m p r e s s e d  ga s e o u s  fo r m ,  wi th  o r  wi th o u t a fe a tu r e

th at m a y al s o  al l o w th e  s u b s e q u e n t tr an s fe r  a n d  u s e  o f l i q u i d ,
th e  b u l k o x yg e n  s ys te m  i s  s a i d  to  b e  a h yb r i d  b u l k o x yg e n
s ys te m .  F o r  th e  p u r p o s e s  o f th e  ap p l i c ati o n  o f th e  c o d e ,  a

h yb r i d  s ys te m  i s  vi e we d  a s  a  b u l k liquefed  o x yge n  s ys te m .

A. 3 . 3 . 2 3 7 . 7  E n gi n e e re d  an d  Fi e l d - C o n s tr u c te d  Fu e l  C e l l  P o we r
S ys te m .    T h e  p o we r  s ys te m  i s  e n gi n e e r e d  an d  d e s i gn e d  fo r  th e
as s e m b l y o f var i o u s  c o m p o n e n ts  fr o m  va r i o u s  s o u r c e s  a n d  i s
i n s ta l l e d  o n  s i te .  (See Figure B. 1  of NFPA 853 for a schematic of a

typical fuel cell power system. ) [ 8 5 3 ,  2 0 2 0 ]

A. 3 . 3 . 2 3 7 . 1 1  G as e o u s  H yd ro ge n  ( G H 2 )  S ys te m .    T h e  ga s e o u s
h yd r o g e n  s ys te m  te r m i n a te s  at th e  p o i n t wh e r e  h yd r o ge n  a t

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 .

A. 3 . 3 . 2 3 7 . 1 6  Liquefed  H yd ro ge n  ( L H 2 )  S ys te m .    T h e  s ys te m
o r i gi n ate s  at th e  s to r ag e  c o n tai n e r  fll  c o n n e c ti o n  a n d  te r m i ‐

n ate s  at th e  p o i n t wh e r e  h yd r o g e n  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 .

Δ A. 3 . 3 . 2 3 7 . 1 9  N o n - B ul k Fl am m ab l e  G as  S ys te m .    N o n -b u l k
s ys te m s  c an  h ave  m o r e  th an  5 0 0 0  s c f ( 1 4 1 . 6  N m 3 )  a s  l o n g as  th e

vo l u m e  o f an y i n d i vi d u a l  c o n tai n e r  o r  c o n n e c te d  s ys te m  i s  l e s s
th a n  5 0 0 0  s c f ( 1 4 1 . 6  N m 3 ) .  Ta b l e  7 . 2 . 2 . 3 . 2  s h o ws  e x p o s u r e

d i s tan c e s  fo r  n o n -b u l k fammable  g as e s  wi th  a to ta l  s to r a ge  o f
u p  to  2 0 0 , 0 0 0  s c f ( 5 6 6 4  N m 3 ) .

Δ A. 3 . 3 . 2 3 7 . 2 0  P i p i n g S ys te m .    E q u i p m e n t s u c h  a s  a  c o m p r e s s o r
o r  a n  i n te r m e d i ate  s to r ag e  ve s s e l  s h o u l d  b e  c o n s i d e r e d  i n d i vi d ‐

u al  p i e c e s  o f e q u i p m e n t.  T h e  e q u i p m e n t i s  n o t p i p i n g  wi th i n
th e  c o n te x t o f th e  defnition  o f a  p i p i n g  s ys te m .

A. 3 . 3 . 2 3 7 . 2 1  P re - E n gi n e e re d an d  M atc h e d  M o d u l ar C o m p o ‐
n e n ts  Fu e l  C e l l  P o we r S ys te m .    T h e  m o d u l e s  a r e  m atc h e d  to
b e  i n s tal l e d  i n  th e  feld.  [ 8 5 3 ,  2 0 2 0 ]
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P r e s s u r e  s a fe t y  va l ve  ( P S V )

P r e s s u r e  c o n t r o l  va l ve

Au t o m a t i c  va l ve

Te m p e ra t u r e
i n d i c a t o rT I

Δ FI G U RE  A. 3 . 3 . 2 3 7 . 2 ( a)   S ym b o l  L e ge n d  fo r Fi gu re  A. 3 . 3 . 2 3 7 . 2 ( b )  th ro ugh  Fi gu re
A. 3 . 3 . 2 3 7 . 2 ( f) .



AN N E X  A 2 - 1 1 9

S h a d e d  te x t =  Re vi s i o n s .  Δ  =  Te x t d e l e ti o n s  an d  fgure/table  re 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 3  E d i t i o n

Δ A. 3 . 3 . 2 3 8 . 3  S tati o n ar y Tan k .    A s tati o n ar y tan k d o e s  n o t
i n c l u d e  a  c yl i n d e r  h avi n g l e s s  th a n  1 0 0 0  l b  ( 4 5 3 . 5  kg )  wa te r

c a p ac i ty.

A. 3 . 3 . 2 4 0  T h e r m al  S p rayi n g.    T h e r m al  s p r a y c an  c o n s i s t o f a n y
o f th e  fo l l o wi n g o p e r a ti o n s :

( 1 ) Plasma Thermal Spray.  P r o c e s s  g as e s  an d  fe e d s to c k a r e
e l e c tr i c a l l y h e a te d  b y p as s i n g  th r o u g h  an  e l e c tr i c  ar c  to
p r o d u c e  a p l as m a p l u m e .

( 2 ) Combustion Spray.  A fu e l  g as  i s  c o m b u s te d  wi th  an  o x i d i z e r
to  p r o d u c e  a  c o m b u s ti o n  fame  wi th  th e  fe e d s to c k

e n tr a i n e d  wi th i n  th e  fame.
( 3 ) High-Velocity Oxy-Fuel (HVOF) A fu e l  g as  i s  c o m b u s te d  wi th

an  o x i d i z e r  at h i g h  p r e s s u r e s  an d  fows  to  p r o d u c e  a h i g h -
ve l o c i ty c o m b u s ti o n  fame,  wi th  th e  fe e d s to c k e n tr a i n e d
wi th i n  th e  fame.

Δ A. 3 . 3 . 2 4 4  Tu b e  Trai l e r.    T h e  c h a r ac te r i s ti c  i n te r n al  wate r
vo l u m e  o f i n d i vi d u a l  tu b u l ar  c yl i n d e r s  r an g e s  fr o m  4 3  s c f to
9 3  s c f ( 1 2 1 8  L  to  2 6 3 2  L )  o r  a  wate r  c ap ac i ty o f 2 6 8 6  l b  to

5 8 0 3  l b  ( 1 2 1 8  kg to  2 6 3 2  kg ) .

A. 3 . 3 . 2 4 5 . 1  L ab o rato r y U n i t.    A l ab o r ato r y u n i t c an  i n c l u d e
offces,  l avato r i e s ,  a n d  o th e r  i n c i d e n tal  c o n ti gu o u s  r o o m s  m a i n ‐
ta i n e d  fo r  o r  u s e d  b y l ab o r ato r y p e r s o n n e l ,  an d  c o r r i d o r s

wi th i n  th e  u n i t.  I t c an  c o n ta i n  o n e  o r  m o r e  s e p ar a te  l ab o r ato r y
wo r k a r e as .  I t c an  b e  an  e n ti r e  b u i l d i n g.  A l ab o r ato r y u n i t i s
classifed  as  A,  B ,  C ,  o r  D  i n  ac c o r d an c e  wi th  S e c ti o n  4 . 2  o f
N F PA 4 5 .  [ 4 5 ,  2 0 1 9 ]

Δ A. 3 . 3 . 2 4 5 . 2  M o b i l e  S up p l y U n i t.    E x a m p l e s  i n c l u d e  I S O
m o d u l e s ,  tu b e  tr ai l e r s ,  an d  c yl i n d e r  p ac ks .

A. 3 . 3 . 2 5 0  Vac u um  J ac ke t.    C o n s tr u c ti o n  o f th i s  typ e  i s
n o r m a l l y u s e d  fo r  tan ks  th a t c o n ta i n  c r yo ge n i c  fuids.  T h e

o u te r  ve s s e l  i s  c al l e d  a j a c ke t,  as  i t i s  fo r m e d  ar o u n d  th e  i n n e r
ve s s e l .  T h e  i n n e r  ve s s e l  i s  u s e d  to  c o n ta i n  th e  s u b s ta n c e  u n d e r
p r e s s u r e ,  an d  th e  an n u l ar  s p a c e  b e twe e n  th e  i n n e r  an d  o u te r

ve s s e l  i s  u s e d  as  a fo r m  o f i n s u l a ti o n  to  r e d u c e  th e  tr a n s fe r  o f
am b i e n t h e at to  th e  i n n e r  ve s s e l .  T h e  s p a c e  b e twe e n  th e  i n n e r
ve s s e l  an d  o u te r  ve s s e l  i s  m ai n ta i n e d  ga s ti g h t to  avo i d  c o n d e n ‐

s a ti o n  as  we l l  a s  h e at tr an s fe r.  An y r e s i d u al  atm o s p h e r e  th a t
m i gh t b e  r e ta i n e d  i n  th e  a n n u l a r  s p a c e  b e twe e n  th e  ve s s e l s  i s
e va c u ate d  b y th e  u s e  o f va c u u m  p u m p s  b e fo r e  th e  ve s s e l  i s

p l a c e d  i n  s e r vi c e .  T h e  a n n u l a r  s p ac e  m i g h t a l s o  c o n tai n  i n s u l a t‐
i n g  m a te r i al  th at s e r ve s  to  i n c r e as e  th e  i n s u l ati n g  p r o p e r ti e s  o f
th e  c o n s tr u c ti o n .

P S E P S E

P I
H C V

H C V
P S E P S E

H C V
H C V

P S E P S E

H C V

P S E P S E

H C V

H C VP S E P S E

H C V

P S E P S E

H C V

P S E P S E

H C V

P S E P S E

H C V

P S E P S E

H C V

P S E P S E

H C V

1 .  S y s t e m  d e s i g n e d ,  a s - b u i l t ,  a n d  i n s t a l l e d  p e r  N F PA  5 5 .

2 .         To  ve n t  s t a c k,  ve n t  s y s t e m  d e s i g n e d  p e r  C G A  G - 5 . 5 ,
           Hydrogen Vent Systems.

3 .  F i t t i n g  c o u n t  fo r  t h e  t u b e  t ra i l e r  i s  1 2 5  j o i n t s .

4 .  P i p e  s i z e s  u s e d  fo r  t h i s  s y s t e m  w i t h  r e s p e c t  t o  g a u g e

    p r e s s u r e :

 

N o t e s :

2 5 0  p s i  ( 1 7 2 4  kP a )  — 2 . 0 7  i n .  ( 5 2 . 5 0  m m )
3 , 0 0 0  p s i  ( 2 0 , 6 8 4  kP a )  — 0 . 7 5  i n .  ( 1 8 . 9 7  m m )
7 , 5 0 0  p s i  ( 5 1 , 7 1 1  kP a )  — 0 . 3 1  i n .  ( 7 . 9 2  m m )
1 2 , 0 0 0  p s i  ( 8 2 , 7 3 7 . 1  kP a )  — 0 . 2 8  i n .  ( 7 . 1 6  m m )

Δ FI G U RE  A. 3 . 3 . 2 3 7 . 2 ( b )   Typ i c al  Tu b e  Trai l e r.



H YD RO G E N  T E C H N O L O GI E S  C O D E2 - 1 2 0

2 0 2 3  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. 3 . 3 . 2 5 2 . 2 . 1  S afe ty S h u to ff Val ve .    T h e  val ve  c an  b e  o p e n e d
e i th e r  m an u al l y o r  au to m ati c al l y,  b u t o n l y afte r  th e  s o l e n o i d
c o i l  o r  o th e r  h o l d i n g m e c h an i s m  i s  e n e r gi z e d .  [ 8 6 ,  2 0 2 3 ]

Δ A. 3 . 3 . 2 5 2 . 3  S o u rc e  Val ve .    T h e  s o u r c e  val ve  i s  l o c ate d  a t a
p o i n t d o wn s tr e am  o f a b u l k g as  s u p p l y s ys te m  a n d  u s e d  a s  th e
defned  p o i n t o f te r m i n a ti o n  o f th e  b u l k s u p p l y.  I t i s  a p o i n t
th a t d i ffe r e n ti ate s  b e twe e n  th e  “ s u p p l i e r ”  s i d e  o f th e  s ys te m
an d  wh a t i s  c o m m o n l y r e fe r r e d  to  a s  th e  “ u s e r ”  o r  “ c u s to m e r ”
s i d e  o f th e  s ys te m .

A. 3 . 3 . 2 5 3  Vap o ri z e r.    T h e  o u ts i d e  s o u r c e  o f h e at c a n  i n c l u d e ,
b u t i s  n o t l i m i te d  to ,  am b i e n t ai r,  s te am ,  th e r m al  fuids  ( s u c h  as
wate r  o r  o i l ) ,  o r  o th e r  s o u r c e s  th a t a r e  c a p a b l e  o f a d d i n g h e a t
to  th e  s ys te m .

N A. 3 . 3 . 2 5 5  Ve n t S ys te m .    Ve n t s ys te m s  a r e  u s e d  fo r  n o r m al
d i s c h ar g e ,  ab n o r m a l  d i s c h a r ge ,  o r  e m e r g e n c y d i s c h ar g e  a s
r e q u i r e d .

A. 3 . 4 . 7  E x p o s u re  Fi re .    An  e x p o s u r e  fre  u s u al l y r e fe r s  to  a fre
th a t s tar ts  o u ts i d e  a  b u i l d i n g,  s u c h  a s  a wi l d l a n d s  fre  o r  ve h i c l e
fre,  an d  th a t,  c o n s e q u e n tl y,  e x p o s e s  th e  b u i l d i n g to  a  fre.
[101,  2 0 2 1 ]

A. 3 . 4 . 8  Fi re  M o d e l .    D u e  to  th e  c o m p l e x  n atu r e  o f th e  p r i n c i ‐
p l e s  i n vo l ve d ,  m o d e l s  ar e  o fte n  p ac kag e d  as  c o m p u te r  s o ftwa r e .

An y r e l e van t i n p u t d a ta ,  a s s u m p ti o n s ,  an d  l i m i tati o n s  n e e d e d
to  p r o p e r l y i m p l e m e n t th e  m o d e l  wi l l  b e  atta c h e d  to  th e  fre

m o d e l s .  [101,  2 0 2 1 ]

A. 3 . 4 . 9  Fi re  S c e n ari o .    A fre  s c e n a r i o  defnes  th e  c o n d i ti o n s
u n d e r  wh i c h  a  p r o p o s e d  d e s i gn  i s  e x p e c te d  to  m e e t th e  fre
s a fe ty g o al s .  F ac to r s  typ i c al l y i n c l u d e  fu e l  c h a r ac te r i s ti c s ,  i g n i ‐

ti o n  s o u r c e s ,  ve n ti l a ti o n ,  b u i l d i n g c h ar a c te r i s ti c s ,  an d  o c c u p a n t
l o c ati o n s  an d  c h ar a c te r i s ti c s .  T h e  te r m  fre scenario i n c l u d e s
m o r e  th an  th e  c h ar ac te r i s ti c s  o f th e  fre  i ts e l f b u t e x c l u d e s

d e s i g n  specifcations  a n d  an y c h a r ac te r i s ti c s  th at d o  n o t var y
fr o m  o n e  fre  to  a n o th e r ;  th e  l atte r  ar e  c al l e d  as s u m p ti o n s .  T h e

te r m  fre scenario i s  u s e d  h e r e  to  m e an  o n l y th o s e  specifcations
r e q u i r e d  to  c al c u l a te  th e  fre’s  d e ve l o p m e n t a n d  e ffe c ts ,  b u t,  i n
o th e r  c o n te x ts ,  th e  te r m  m i gh t b e  u s e d  to  m e an  b o th  th e  i n i ti al
specifcations  a n d  th e  s u b s e q u e n t d e ve l o p m e n t an d  e ffe c ts

( i . e . ,  a  c o m p l e te  d e s c r i p ti o n  o f fre  fr o m  c o n d i ti o n s  p r i o r  to
i g n i ti o n  to  c o n d i ti o n s  fo l l o wi n g  e x ti n g u i s h m e n t) .  [101,  2 0 2 1 ]

A. 3 . 4 . 1 4  P e r fo r m an c e  C ri te ri a.    P e r fo r m a n c e  c r i te r i a a r e
s tate d  i n  e n g i n e e r i n g  te r m s .  E n gi n e e r i n g  te r m s  i n c l u d e

te m p e r a tu r e s ,  r ad i an t h e at fux,  an d  l e ve l s  o f e x p o s u r e  to  fre
p r o d u c ts .  P e r fo r m a n c e  c r i te r i a p r o vi d e  th r e s h o l d  va l u e s  u s e d
to  e va l u ate  a  p r o p o s e d  d e s i gn .  [101,  2 0 2 1 ]

T I

H C V

P I

Ve n t
s t a c k

P S V

B V

B V

6  t u b e s

G a s e o u s  S t o r a g e  Ve s s e l s

N V

H C V

Fro m
H 2  s u p p l y

To  H 2
d e l i ve r y

s y s t e m

1 .  S y s t e m  d e s i g n e d ,  a s - b u i l t ,  a n d  i n s t a l l e d  p e r  N F PA  5 5 .

2 .         To  ve n t  s t a c k,  ve n t  s y s t e m  d e s i g n e d  p e r  C G A  G - 5 . 5 ,
           Hydrogen Vent Systems.

3 .  F i t t i n g  c o u n t  fo r  t h e  g r o u n d  s t o ra g e  b a n k i s  7 0  j o i n t s .

4 .  P i p e  s i z e s  u s e d  fo r  a n a l y s i s  fo r  t h i s  s y s t e m  w i t h  r e s p e c t  t o

    g a u g e  p r e s s u r e :

5 .  S y s t e m  s h o w n  h a s  6  ve s s e l s .  Ty p i c a l  s y s t e m s  h a ve  3  t o  1 2

    ve s s e l s .  

N o t e s :

2 5 0  p s i  ( 1 7 2 4  kP a )  — 2 . 0 7  i n .  ( 5 2 . 5 0  m m )
3 , 0 0 0  p s i  ( 2 0 , 6 8 4  kP a )  — 0 . 7 5  i n .  ( 1 8 . 9 7  m m )
7 , 5 0 0  p s i  ( 5 1 , 7 1 1  kP a )  — 0 . 3 1  i n .  ( 7 . 9 2  m m )
1 2 , 0 0 0  p s i  ( 8 2 , 7 3 7 . 1  kP a )  — 0 . 2 8  i n .  ( 7 . 1 6  m m )

Δ FI G U RE  A. 3 . 3 . 2 3 7 . 2 ( c )   Typ i c al  B ul k C o m p re s s e d  G as e o u s  S to rage  S ys te m .



AN N E X  A 2 - 1 2 1

S h a d e d  te x t =  Re vi s i o n s .  Δ  =  Te x t d e l e ti o n s  an d  fgure/table  re 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 3  E d i t i o n

A. 3 . 4 . 1 5  P ro p o s e d  D e s i gn .    T h e  d e s i g n  te am  m i g h t d e ve l o p  a
n u m b e r  o f tr i a l  d e s i gn s  th at wi l l  b e  e va l u a te d  to  d e te r m i n e
wh e th e r  th e y m e e t th e  p e r fo r m an c e  c r i te r i a .  O n e  o f th e  tr i al
d e s i g n s  wi l l  b e  s e l e c te d  fr o m  th o s e  th at m e e t th e  p e r fo r m a n c e
c r i te r i a fo r  s u b m i s s i o n  to  th e  au th o r i ty h avi n g  j u r i s d i c ti o n  a s
th e  p r o p o s e d  d e s i g n .  [101,  2 0 2 1 ]

T h e  p r o p o s e d  d e s i g n  i s  n o t n e c e s s ar i l y l i m i te d  to  fre  p r o te c ‐
ti o n  s ys te m s  an d  b u i l d i n g fe atu r e s .  I t al s o  i n c l u d e s  an y c o m p o ‐
n e n t o f th e  p r o p o s e d  d e s i g n  th at i s  i n s tal l e d ,  e s tab l i s h e d ,  o r
m a i n tai n e d  fo r  th e  p u r p o s e  o f l i fe  s afe ty,  wi th o u t wh i c h  th e
p r o p o s e d  d e s i g n  c o u l d  fai l  to  a c h i e ve  specifed  p e r fo r m a n c e
c r i te r i a.  T h e r e fo r e ,  th e  p r o p o s e d  d e s i g n  o fte n  i n c l u d e s  e m e r ‐
ge n c y p r o c e d u r e s  an d  o r g an i z ati o n a l  s tr u c tu r e s  th at a r e
n e e d e d  to  m e e t th e  p e r fo r m an c e  c r i te r i a  specifed  fo r  th e
p r o p o s e d  d e s i g n .  [101,  2 0 2 1 ]

A. 3 . 4 . 2 0 . 1  D e s i gn  Specifcation.    D e s i gn  specifcations  i n c l u d e
b o th  h a r d wa r e  an d  h u m a n  fa c to r s ,  s u c h  as  th e  c o n d i ti o n s
p r o d u c e d  b y m ai n te n an c e  a n d  tr ai n i n g .  F o r  p u r p o s e s  o f
p e r fo r m a n c e -b as e d  d e s i g n ,  th e  d e s i g n  specifcations  o f i n te r e s t
ar e  th o s e  th at a ffe c t th e  ab i l i ty o f th e  b u i l d i n g  to  m e e t th e
s tate d  g o al s  an d  o b j e c ti ve s .  [ 5 0 0 0 ,  2 0 2 1 ]

A. 4 . 1 . 2    Z o n i n g c o d e s  i n  s o m e  j u r i s d i c ti o n s  wi l l  d e te r m i n e
wh e th e r  a p r o p o s e d  u s e  i s  p e r m i tte d .  I n  s o m e  j u r i s d i c ti o n s ,  th e
i n s ta l l a ti o n  o f b u l k h yd r o g e n  s ys te m s  m i gh t n o t b e  p e r m i tte d
i n  d e n s e l y p o p u l ate d  ar e a s  o r  i n  o th e r  th an  i n d u s tr i al  z o n e s .
L o c al  z o n i n g r e gu l ati o n s  wi l l  d i c ta te  r e q u i r e m e n ts ,  a n d  u s e r s

a r e  r e s p o n s i b l e  fo r  d e te r m i n i n g  th e  l i m i ta ti o n s  o f z o n i n g r e g u ‐
l ati o n s  o n  a  c a s e - b y-c as e  b as i s .

A. 4 . 1 . 3    P e r m i ts  fo r  c o n s tr u c ti o n  o f fac i l i ti e s ,  wh e th e r  i n d o o r s
o r  o u td o o r s ,  wi l l  va r y b as e d  o n  j u r i s d i c ti o n a l  r e q u i r e m e n ts .  N o t

al l  j u r i s d i c ti o n s  r e q u i r e  p e r m i ts .  S o m e  j u r i s d i c ti o n s  m i g h t
r e q u i r e  p e r m i ts  fo r  h yd r o g e n ,  o th e r s  m i gh t r e q u i r e  p e r m i ts  fo r
th e  o p e r ati o n  o f c e r tai n  e q u i p m e n t.  T h e  l o c a l  fre  p r e ve n ti o n

c o d e  o r  a d o p te d  b u i l d i n g c o d e  m i g h t r e q u i r e  p e r m i ts ,  d e p e n d ‐
i n g o n  th e  o p e r ati o n  o r  th e  fa c i l i ty to  b e  c o n s tr u c te d .  U s e r s  ar e
r e s p o n s i b l e  fo r  d e te r m i n i n g  wh e th e r  p e r m i ts  ar e  r e q u i r e d  an d

fo r  m e e ti n g th e  r e q u i r e m e n ts  o n  a c as e -b y- c a s e  b a s i s .

A. 4 . 2    T h e  o ve r al l  g o a l s  o f th i s  c o d e  a r e  p r e s e n te d  i n  4 . 2 . 1 .
T h e s e  o ve r al l  g o a l s  a r e  tr e a te d  i n  g r e ate r  d e p th  i n  4 . 2 . 3

th r o u g h  4 . 2 . 5 .  I n  e a c h  o f th e s e  s u b s e c ti o n s ,  a n  o ve r al l  g o a l  fo r
th e  s u b s e c ti o n  i s  defned,  specifc  g o a l s  r e l ati n g  to  th e  o ve r a l l

go al  ar e  p r e s e n te d  n e x t,  an d  th e  o b j e c ti ve s  th a t r e l ate  to  th e
specifc  g o a l  fo l l o w.  T h i s  fo r m a t i s  i n te n d e d  to  e n h a n c e  th e
u s ab i l i ty o f th e  c o d e .

A. 4 . 2 . 1    T h e s e  h i g h e s t l e ve l  go al s  a r e  i n te n ti o n al l y g e n e r al  i n
n a tu r e .  E ac h  i n c l u d e s  a b r o ad  s p e c tr u m  o f to p i c s  a s  s h o wn  i n

4 . 2 . 3 .  T h e  p r o p e r ty p r o te c ti o n  g o al  i s  n o t j u s t a g o al  u n to  i ts e l f,
a s  i t i s  al s o  a c h i e ve d  i n  p a r t as  a  r e s u l t o f d e s i gn i n g to  a c h i e ve
th e  o th e r  s tate d  g o al s .  A r e as o n ab l e  l e ve l  o f s a fe ty i s  fu r th e r
defned  b y s u b s e q u e n t l an g u a ge  i n  th e  C o d e .  T h e  fac i l i ty/

p r o p e r ty o wn e r  o r  an  i n s u r an c e  r e p r e s e n tati ve  m i g h t a l s o  h a ve
o th e r  g o al s ,  wh i c h  m i gh t n e c e s s i tate  m o r e  s tr i n g e n t o b j e c ti ve s

as  we l l  a s  m o r e  d e m an d i n g  c r i te r i a.  [ 1 : A. 4 . 1 . 1 ]

P I

P S V

1 .  S y s t e m  d e s i g n e d ,  a s - b u i l t ,  a n d  i n s t a l l e d  p e r  N F PA  5 5 .

2 .         To  ve n t  s t a c k,  ve n t  s y s t e m  d e s i g n e d  p e r  C G A  G - 5 . 5 ,
           Hydrogen Vent Systems.

3 .  F i t t i n g  c o u n t  fo r  t h e  p r e s s u r e  c o n t r o l  m a n i fo l d  i s  1 1 1  j o i n t s .

4 .  F i t t i n g  c o u n t  fo r  t h e  s t a n c h i o n  i s  2 9  j o i n t s .

5 .  P i p e  s i z e s  u s e d  fo r  a n a l y s i s  fo r  t h i s  s y s t e m  w i t h  r e s p e c t  t o  g a u g e

    p r e s s u r e :
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P C V
2 5 0  p s i

3 0 0 0  p s i

2 5 0  p s i
3 0 0 0  p s i

P C V

FF

Fr o m
H 2

s u p p l y

Stanchion

2 5 0  p s i  ( 1 7 2 4  kP a )  — 2 . 0 7  i n .  ( 5 2 . 5 0  m m )
3 , 0 0 0  p s i  ( 2 0 , 6 8 4  kP a )  — 0 . 7 5  i n .  ( 1 8 . 9 7  m m )
7 , 5 0 0  p s i  ( 5 1 , 7 1 1  kP a )  — 0 . 3 1  i n .  ( 7 . 9 2  m m )
1 2 , 0 0 0  p s i  ( 8 2 , 7 3 7 . 1  kP a )  — 0 . 2 8  i n .  ( 7 . 1 6  m m )

S V
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H YD RO G E N  T E C H N O L O GI E S  C O D E2 - 1 2 2

2 0 2 3  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 . 2 . 2    T h e  o b j e c ti ve s  ap p l y r e ga r d l e s s  o f wh i c h  o p ti o n  a u s e r
o f th e  C o d e  s e l e c ts  fo r  a d e s i g n  — th e  p e r fo r m an c e -b as e d
o p ti o n  o r  th e  p r e s c r i p ti ve -b as e d  o p ti o n .  T h e  o b j e c ti ve s  a r e
s tate d  i n  m o r e  specifc  te r m s  th an  th e  go a l s  an d  te n d  to  b e
m o r e  q u a n ti ta ti ve .  T h e  g o al s  a n d  o b j e c ti ve s ,  take n  to ge th e r,
fo r m  th e  b r o a d ,  g e n e r al  tar g e ts  at wh i c h  a  p e r fo r m an c e -b as e d
d e s i g n  c an  take  a i m .  Specifc  c r i te r i a  fo r  d e s i g n  fo l l o w i n  C h a p ‐
te r  5 .  [ 1 : A. 4 . 1 . 2 ]

A. 4 . 2 . 3    T h e  c o n c e p t o f p r o vi d i n g fo r  s afe ty a p p l i e s  n o t o n l y to
s a fe ty d u r i n g a  fre,  e x p l o s i o n ,  o r  h az ar d o u s  m a te r i al s  i n c i d e n t,
b u t al s o  d u r i n g  th e  n o r m al  u s e  o f a b u i l d i n g  o r  fa c i l i ty.  A
re a s o n a b l e  l e ve l  o f s afe ty s h o u l d  b e  p r o vi d e d  fo r  o c c u p a n ts  i n
an d  i n d i vi d u a l s  n e ar  th e  fa c i l i ty o r  b u i l d i n g  i n  q u e s ti o n .  T h e
r e s u l tan t d e s i gn  i n  ad d i ti o n  to  p r o vi d i n g  fo r  o c c u p an t’ s  s a fe ty
al s o  p r o m o te s  th e  p u b l i c  we l far e .  P u b l i c  we l fa r e  i s  al s o  p r o vi ‐
d e d  a s  a r e s u l t o f th e  m i s s i o n  c o n ti n u i ty p r o vi s i o n s  o f th i s
C o d e .  [ 1 : A. 4 . 1 . 3 ]

A. 4 . 2 . 3 . 1 . 1    T h e  p h r as e  reasonably safe fr o m  fre  i s  defned  b y
s u b s e q u e n t l a n gu ag e  i n  th i s  C o d e ,  p r i m a r i l y i n  th e  o b j e c ti ve s .
[ 1 : A. 4 . 1 . 3 . 1 . 1 ]

A. 4 . 2 . 3 . 1 . 2 . 2    I n  m a n y c a s e s ,  th e  p r o vi s i o n s  o f th e  C o d e  to
p r o vi d e  s a fe ty fo r  o c c u p an ts  satisfes  th i s  g o a l  fo r  p r o te c ti o n  o f
e m e r g e n c y r e s p o n d e r s .  [ 1 : A. 4 . 1 . 3 . 1 . 2 . 2 ]

A. 4 . 2 . 3 . 1 . 2 . 5    T h i s  p r o vi s i o n  a d d r e s s e s  th e  fre  s afe ty o b j e c ti ve s
o f o p e r ati o n s  a d d r e s s e d  e l s e wh e r e  i n  th e  C o d e ,  s u c h  a s  h o t
wo r k,  tar  ke ttl e  o p e r ati o n ,  an d  s o  fo r th ,  th a t ar e  n o t d i r e c tl y
re l ate d  to  b u i l d i n g  c o n s tr u c ti o n  a n d  u s e .  [ 1 : A. 4 . 1 . 3 . 1 . 2 . 5 ]

A. 4 . 2 . 3 . 2 . 1    T h e  p h r as e  reasonably safe during normal use i s
defned  b y s u b s e q u e n t l a n gu ag e  i n  th i s  C o d e ,  p r i m ar i l y i n  th e

o b j e c ti ve s .  C e r ta i n  r e q u i r e m e n ts ,  s u c h  as  h e i gh ts  o f gu ar d s  an d
s tai r  d i m e n s i o n s ,  ar e  p r o vi d e d  to  e n s u r e  th at th e  o c c u p an ts  a r e

s a fe  d u r i n g n o n e m e r g e n c y u s e  o f th e  b u i l d i n g s .  F a i l u r e  to
ad d r e s s  th e s e  fe a tu r e s  c o u l d  r e s u l t i n  fal l s  o r  o th e r  i n j u r i e s  to
o c c u p an ts  i n  th e i r  n o r m al  d ay-to -d a y a c ti vi ti e s  i n  th e  b u i l d i n g .

[ 1 : A. 4 . 1 . 3 . 2 . 1 ]

A. 4 . 2 . 3 . 3    T h e  fo c u s  o f N F PA 2  i s  o n  h yd r o ge n .  H o we ve r,  th i s
s h o u l d  n o t d e tr ac t fr o m  th e  o ve r al l  s a fe ty g o al  o f r e d u c i n g  th e

h az ar d s  fr o m  e x p o s u r e  to  o r  m i s h ap  wi th  o th e r  h az ar d o u s
m a te r i al s .  F o r  e x am p l e ,  h yd r o g e n  c a n  b e  ge n e r a te d  fr o m  n atu ‐

r a l  ga s  o r  am m o n i a.  O n e  c an n o t d i s r e ga r d  th e  h az ar d s  o f th e s e
m a te r i al s  a n d  fo c u s  s o l e l y o n  th e  h az ar d s  o f h yd r o ge n .  I t i s  n o t
i n te n d e d  th at N F PA 2  b e  u s e d  as  th e  s o l e  m e an s  to  r e gu l ate  th e

b r o ad  c a te g o r y o f h az ar d o u s  m a te r i al s .  F o r  a d d i ti o n al  i n fo r m a‐
ti o n  o n  h az ar d o u s  m ate r i a l s  r e fe r  to  th e  ad o p te d  fre  p r e ve n ‐
ti o n  c o d e  o r  o th e r  r e fe r e n c e d  c o d e s  a n d  s tan d a r d s .  S e e

S e c ti o n  2 . 2  a n d  An n e x  O  fo r  ad d i ti o n al  i n fo r m a ti o n .

A. 4 . 2 . 3 . 3 . 2 . 2    F o r  i te m  3 ,  th e  p h r as e  external force r e fe r s  to  th e
a p p l i c a ti o n  o f fa c to r s  s u c h  as  h e a t,  wate r,  s h o c k,  o r  o th e r

p h e n o m e n o n  o n to  h a z a r d o u s  m ate r i al s  th at ar e  s e n s i ti ve  to
s u c h  fa c to r s  a n d  c o u l d  r e ac t vi go r o u s l y to  p r o d u c e  u n s afe

c o n d i ti o n s .  [ 1 : A. 4 . 1 . 3 . 3 . 2 . 2 ]

A. 4 . 2 . 4 . 2 . 1    I gn i ti o n  o c c u r s  wh e n  c o m b u s ti b l e  m ate r i a l s  c o m e
i n to  c o n tac t wi th  a s o u r c e  o f h e at o f suffcient te m p e r a tu r e  a n d

p o we r  fo r  a  r e q u i s i te  ti m e  i n  an  atm o s p h e r e  wh e r e  o x yg e n  i s

1 .  S y s t e m  d e s i g n e d ,  a s - b u i l t ,  a n d  i n s t a l l e d  p e r  N F PA  5 5 .

2 .         To  ve n t  s t a c k,  ve n t  s y s t e m  d e s i g n e d  p e r  C G A  G - 5 . 5 ,
           Hydrogen Vent Systems.

3 .  F i t t i n g  c o u n t  fo r  t h e  c y l i n d e r  s u p p l y  s y s t e m  i s  1 3 0  j o i n t s .

4 .  P i p e  s i z e s  u s e d  fo r  a n a l y s i s  fo r  t h i s  s y s t e m  w i t h  r e s p e c t  t o  g a u g e

    p r e s s u r e :

5 .  C E S M :  c h e m i c a l  e n e r g y  s t o ra g e  m o d u l e .
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H y d r o g e n
ve n t  s t a c k

C E S M  a u t o
c h a n g e o ve r

s w i t c h

2 5 0  p s i  ( 1 7 2 4  kP a )  — 2 . 0 7  i n .  ( 5 2 . 5 0  m m )
3 , 0 0 0  p s i  ( 2 0 , 6 8 4  kP a )  — 0 . 7 5  i n .  ( 1 8 . 9 7  m m )
7 , 5 0 0  p s i  ( 5 1 , 7 1 1  kP a )  — 0 . 3 1  i n .  ( 7 . 9 2  m m )
1 2 , 0 0 0  p s i  ( 8 2 , 7 3 7 . 1  kP a )  — 0 . 2 8  i n .  ( 7 . 1 6  m m )

S o u r c e
va l ve

E F V

Δ FI G U RE  A. 3 . 3 . 2 3 7 . 2 ( e )   Typ i c al  C h e m i c al  E n e rgy S to rage  M o d u l e  ( C E S M ) .



AN N E X  A 2 - 1 2 3

S h a d e d  te x t =  Re vi s i o n s .  Δ  =  Te x t d e l e ti o n s  an d  fgure/table  re 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 3  E d i t i o n

p r e s e n t.  C o m b u s ti b l e  m a te r i al  d o e s  n o t n e c e s s a r i l y i g n i te
i m m e d i a te l y u p o n  c o n tac t wi th  a  s o u r c e  o f h e a t.  [ 1 : A. 4 . 1 . 4 . 2 . 1 ]

A. 4 . 2 . 4 . 2 . 2    E x am p l e s  o f specifc  c o n d i ti o n s  to  avo i d  i n c l u d e ,
b u t ar e  n o t l i m i te d  to ,  fashover,  fre  s p r e a d  b e yo n d  th e  i te m  o r
r o o m  o f fre  o r i g i n ,  o ve rh e a ti n g o f e q u i p m e n t,  a n d  o ve r p r e s ‐
s u r e  o f e x te r i o r  wal l s .  [ 1 : A. 4 . 1 . 4 . 2 . 2 ]

A. 4 . 2 . 5 . 1    T h i s  g o al  i s  a p p l i c a b l e  to  c e r ta i n  b u i l d i n g s  a n d  fac i l i ‐
ti e s  th at h a ve  b e e n  d e e m e d  to  b e  n e c e s s a r y to  th e  c o n ti n u e d
we l far e  o f a  c o m m u n i ty.  D e p e n d i n g o n  th e  n a tu r e  o f th e  c r i ti ‐
c a l  m i s s i o n  p r o vi d e d  b y th e  b u i l d i n g ,  var i o u s  s ta ke h o l d e r s ,
i n c l u d i n g  c o m m u n i ty l e a d e r s ,  AH J s ,  an d  o wn e r s  wi l l  i d e n ti fy
th e  m i s s i o n  c r i ti c al  b u i l d i n g s .  M i s s i o n  c r i ti c al  ar e a s  s h o u l d  b e
identifed  an d  ap p r o p r i a te l y p r o te c te d .  T h e  o b j e c ti ve s  fo r
p r o p e r ty p r o te c ti o n  an d  m i s s i o n  c o n ti n u i ty a r e  s o m e ti m e s  diff‐
cult to  d i ffe r e n ti ate .  Ac h i e vi n g  th e  o b j e c ti ve s  fo r  p r o p e r ty
p r o te c ti o n  c o u l d ,  to  a c e r tai n  e x te n t,  a c c o m p l i s h  th e  o b j e c ti ve s
fo r  m i s s i o n  c o n ti n u i ty.  [ 1 : A. 4 . 1 . 5 . 1 ]

A. 4 . 2 . 5 . 2    E x am p l e s  o f b u i l d i n gs  a n d  fac i l i ti e s  th at p r o vi d e  a
p u b l i c  we l far e  r o l e  fo r  a c o m m u n i ty c o u l d  i n c l u d e  h o s p i tal s ,
p o l i c e  an d  fre  s tati o n s ,  e vac u a ti o n  c e n te r s ,  s c h o o l s ,  wate r  an d
s e we r ag e  fac i l i ti e s ,  an d  e l e c tr i c a l  g e n e r ati n g  p l a n ts .  Al s o  i n c l u ‐
d e d  ar e  b u i l d i n g s  an d  fac i l i ti e s  wi th  signifcant i m p ac t o n  th e
e c o n o m i c  vi ab i l i ty o f th e  c o m m u n i ty.  T h i s  o b j e c ti ve  i s  i n te n d e d
to  e n s u r e  th a t s u c h  b u i l d i n gs  an d  fa c i l i ti e s  ar e  c a p a b l e  o f
p r o vi d i n g  e s s e n ti a l  s e r vi c e s  fo l l o wi n g  a  d i s as te r  s i n c e  th e

c o m m u n i ty’ s  we l l -b e i n g  d e p e n d s  o n  s u c h  s e r vi c e  b e i n g avai l a‐
b l e .  [ 1 : A. 4 . 1 . 5 . 2 ]

A. 4 . 3 . 1    Ad d i ti o n a l  as s u m p ti o n s  th at n e e d  to  b e  identifed  fo r
a p e r fo r m a n c e - b a s e d  d e s i gn  ar e  a d d r e s s e d  i n  C h ap te r  5 .

[ 1 : A. 4 . 2 . 1 ]

A. 4 . 3 . 2    I t i s  n o t as s u m e d  th at a d e s i g n  s c e n a r i o  wi l l  b e  c o n s i d ‐
e r e d  th at s i m u l ate s  th e  h a z a r d s  p r o d u c e d  wh e n  u n au th o r i z e d
r e l e as e s  o f h a z a r d o u s  m a te r i al s  o c c u r  s i m u l tan e o u s l y at d i ffe r ‐

e n t l o c a ti o n s  wi th i n  a fac i l i ty,  u n l e s s  i t i s  r e a s o n a b l e  to  e x p e c t
th at a  s i n g l e  i n c i d e n t,  s u c h  as  a  fo r k l i ft a c c i d e n t o r  p i p e  fai l ‐
u r e ,  c o u l d  b e  e x p e c te d  to  c r e a te  s u c h  a c o n d i ti o n .  H o we ve r,

wh e n  h az ar d o u s  m ate r i a l s  ar e  i n  c l o s e  p r o x i m i ty to  o n e
a n o th e r,  s u c h  a s  o n  a s h e l f o r  i n  ad j a c e n t s to r ag e  c ab i n e ts ,  i t
c o u l d  b e  r e as o n ab l e  to  a p p l y a d e s i g n  s c e n a r i o  wh e r e  m u l ti p l e

r e l e as e s  o f th e  h a z a r d o u s  m a te r i al s  o c c u r  s i m u l ta n e o u s l y fr o m
th e s e  c l o s e  p r o x i m i ty ar e a s .  I n  th i s  c a s e ,  i t i s  n o t u n r e as o n ab l e
to  e x p e c t th e  s h e l f to  c o l l a p s e  o r  a  fo r kl i ft to  d a m ag e  ad j ac e n t

h az ar d o u s  m ate r i a l s  c o n tai n e r s .  [ 1 : A. 4 . 2 . 2 ]

A. 4 . 3 . 3    I t i s  n o t as s u m e d  th at a  d e s i g n  s c e n ar i o  wi l l  b e  c o n s i d ‐
e r e d  th at s i m u l ate s  th e  h a z a r d s  p r o d u c e d  wh e n  a fre,  e x p l o ‐

s i o n ,  o r  e x te r n al  fo r c e  th at c r e ate s  a d an g e r o u s  c o n d i ti o n
o c c u r s  a t th e  s a m e  ti m e  th at h az ar d o u s  m ate r i a l s  h a ve  b e e n

s u b j e c t to  a n  u n a u th o r i z e d  r e l e a s e .  T h i s  d o e s  n o t p r e c l u d e
c o n s i d e r i n g  a s c e n ar i o  wh e r e  a fre  o r  e x p l o s i o n  o c c u r s  an d

1 .  S y s t e m  d e s i g n e d ,  a s - b u i l t ,  a n d  i n s t a l l e d  p e r  N F PA  5 5 .

2 .         To  ve n t  s t a ck,  ve n t  s y s t e m  d e s i g n e d  p e r  C G A  G - 5 . 5 ,
           Hydrogen Vent Systems.

3 .  F i t t i n g  c o u n t  fo r  t h e  c o m p r e s s i o n  s y s t e m  i s  2 2 5  j o i n t s .

4 .  P i p e  s i z e s  u s e d  fo r  a n a l y s i s  fo r  t h i s  s y s t e m  w i t h  r e s p e c t  t o  g a u g e  p r e s s u r e :
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2 5 0  p s i  ( 1 7 2 4  kP a )  — 2 . 0 7  i n .  ( 5 2 . 5 0  m m )
3 , 0 0 0  p s i  ( 2 0 , 6 8 4  kP a )  — 0 . 7 5  i n .  ( 1 8 . 9 7  m m )
7 , 5 0 0  p s i  ( 5 1 , 7 1 1  kP a )  — 0 . 3 1  i n .  ( 7 . 9 2  m m )
1 2 , 0 0 0  p s i  ( 8 2 , 7 3 7 . 1  kP a )  — 0 . 2 8  i n .  ( 7 . 1 6  m m )

Δ FI G U RE  A. 3 . 3 . 2 3 7 . 2 ( f)   Typ i c al  C o m p re s s o r M o d u l e .
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i m p i n ge s  o n  h a z a r d o u s  m a te r i al s  th a t ar e  i n  th e i r  n o r m al  s to r ‐
ag e ,  u s e ,  o r  h an d l i n g  c o n d i ti o n s .  [1 :A. 4 . 2 . 3 ]

T h e  p h r as e  external force that creates a dangerous condition r e fe r s
to  th e  ap p l i c ati o n  o f fa c to r s  s u c h  a s  h e at,  wate r,  s h o c k,  o r  o th e r
p h e n o m e n o n  o n to  h a z a r d o u s  m ate r i al s  th at ar e  s e n s i ti ve  to
s u c h  fa c to r s  a n d  c o u l d  r e ac t vi go r o u s l y to  p r o d u c e  u n s afe
c o n d i ti o n s .  [1 :A. 4 . 2 . 3 ]

Δ A.4.8    O u t- o f-s e r vi c e  s ys te m s  s h o u l d  n o t b e  ab an d o n e d  i n
p l a c e .  S ys te m s  th at r e m a i n  o u t o f s e r vi c e  s h o u l d  b e  m ai n ta i n e d
i n  a  u s ab l e  c o n d i ti o n  to  e n s u r e  th a t th e  a p p r o p r i ate  s afe g u ar d s
ar e  i n  p l a c e .  P e r m i ts  s h o u l d  b e  m ai n tai n e d  i n  a c u r r e n t s ta te  s o
th at th e  AH J  r e m ai n s  a war e  o f th e  i n s tal l ati o n  u n ti l  s u c h  ti m e
th a t th e  s ys te m  i s  r e m o ve d .

A.4.9.2    S e e  S e c ti o n  C . 2  o f N F PA 4 0 0  fo r  a  m o d e l  h az ar d o u s
m a te r i al s  i n ve n to r y s tate m e n t ( H M I S ) .

A.4.10.1    GH 2  an d  L H 2  r e l e as e s  d o  n o t c u r r e n tl y r e q u i r e  th e
i s s u an c e  o f e n vi r o n m e n ta l  p e r m i ts .  T h e  r e l e a s e  o f G H 2  an d

L H 2  c r e ate s  p o te n ti a l  s a fe ty c o n c e r n s  th a t a r e  ad d r e s s e d  b y th i s
c o d e  b u t ar e  n o t l i ke l y to  n e ga ti ve l y i m p ac t th e  e n vi r o n m e n t.

A.4.10.3    T h e  d i s c h ar g e s  r e c o r d e d  as  u n a u th o r i z e d  ar e  th o s e
th at a r e  p r o h i b i te d  b y 4 . 1 0 . 1  o r  th at a r e  c atas tr o p h i c  o r  th a t

o c c u r  b e yo n d  th e  d e s i g n  o f th e  s ys te m .  T h i s  i s  n o t i n te n d e d  to
i n c l u d e  r e l e a s e s  th at ar e  p ar t o f th e  d e s i g n  o f th e  s ys te m ,  s u c h

a s  n o r m al  ve n ti n g  an d  o p e r a ti o n s .

A.4.11    T h e  h a z a r d  p o te n ti a l  o f a fac i l i ty i s  n o t d e p e n d e n t o n
a n y s i n gl e  fa c to r.  P h ys i c al  s i z e ,  n u m b e r  o f e m p l o ye e s ,  an d  th e

q u an ti ty an d  th e  n a tu r e  o f th e  h a z a r d o u s  m ate r i al s  ar e  i m p o r ‐
ta n t c o n s i d e r a ti o n s .  T h e  l e ve l  o f tr ai n i n g  c an  var y wi th  th e

c o m p l e x i ty o f th e  fac i l i ty u n d e r  c o n s i d e r ati o n .  [400:A. 6 . 1 . 4 ]

A.4.11 .4    E m e r ge n c y r e s p o n d e r s  c an  i n c l u d e  o n -s i te  p e r s o n n e l
th at h ave  b e e n  d e s i gn a te d  a n d  tr ai n e d  to  r e s p o n d  to  e m e r ge n ‐

c i e s ,  p e r s o n s  fr o m  th e  p u b l i c  s e c to r  s u c h  as  fre  d e p a r tm e n t
p e r s o n n e l ,  o r  p e r s o n s  fr o m  th e  p r i va te  s e c to r  th at c a n  b e

c o n tr ac te d  o r  o th e r wi s e  e n ga ge d  to  p e r fo r m  e m e r g e n c y
r e s p o n s e  d u ti e s .  (See Annex I in NFPA 400 for additional informa‐
tion. ) [400:A. 6 . 1 . 4 . 4 ]

A.4.11 .4.1    O S H A d e s c r i b e s  an  I n c i d e n t C o m m an d  S ys te m  as  a
s tan d ar d i z e d  o n -s c e n e  i n c i d e n t m an a ge m e n t c o n c e p t d e s i gn e d
specifcally to  a l l o w r e s p o n d e r s  to  a d o p t an  i n te gr a te d  o r ga n i ‐

z a ti o n a l  s tr u c tu r e  e q u al  to  th e  c o m p l e x i ty an d  d e m an d s  o f an y
s i n gl e  i n c i d e n t o r  m u l ti p l e  i n c i d e n ts  wi th o u t b e i n g  h i n d e r e d  b y
j u r i s d i c ti o n a l  b o u n d a r i e s .  [400:A. 6 . 1 . 4 . 4 . 1 ]

A.4.11 .4.2    Re s p o n s e s  to  r e l e a s e s  o f h a z a r d o u s  m ate r i al s  wh e r e
th e re  i s  n o  p o te n ti a l  s afe ty o r  h e a l th  h az ar d  s u c h  as  fre,  e x p l o ‐

s i o n ,  o r  c h e m i c a l  e x p o s u r e  ar e  n o t c o n s i d e r e d  e m e r g e n c y
r e s p o n s e s  a s  defned  wi th i n  th e  c o n te x t o f th i s  c o d e .
[400:A. 6 . 1 . 4 . 4 . 2 ]

A.4.11 .4.3    E m e r ge n c y r e s p o n s e  tr a i n i n g  wi l l  var y d e p e n d i n g
o n  th e  l e ve l  o f e m e r g e n c y r e s p o n s e  r e q u i r e d  an d  b y th e

r e q u i r e m e n ts  o f th e  go ve r n m e n tal  ag e n c y.  [400:A. 6 . 1 . 4 . 4 . 3 ]

A.4.13.1 .1    An  e x a m p l e  o f a  n a ti o n a l l y r e c o g n i z e d  s ta n d ar d  fo r
s i gn a ge  i s  th e  AN S I  Z 5 3 5  s e r i e s  fo r  s afe ty s i g n s ,  c o l o r s ,  an d

s ym b o l s .  T h i s  s e r i e s  i n c l u d e s  AN S I  Z 5 3 5 . 1 ,  Safety Colors;  AN S I
Z 5 3 5 . 2 ,  Environmental Facility and Safety Signs;  AN S I  Z 5 3 5 . 3 ,

Criteria for Safety Symbols;  AN S I  Z 5 3 5 . 4 ,  Product Safety Signs and
Labels;  AN S I  Z 5 3 5 . 5 ,  Safety Tags and Barricade Tapes (for Tempo‐
rary Hazards);  an d  AN S I  Z 5 3 5 . 6 ,  Product Safety Information in

Product Manuals,  Instructions,  and Other Collateral Materials.

A.4.13.2.1(4)    S u c h  l o c ati o n s  c o u l d  i n c l u d e  vau l ts  an d  o th e r
s ys te m s  l o c ate d  u n d e r gr o u n d .

A.4.14.1 .1(1)    T h e  te r m  tank i s  u s e d  i n  a g e n e r i c  wa y.  Al l  p r e s ‐
s u r e  ve s s e l s  s h o u l d  b e  i n c l u d e d  i n  th i s  r e q u i r e m e n t.

Δ A.4.15    T h e  te r m  materials u s e d  th r o u g h o u t th i s  s e c ti o n  ap p l i e s
to  b u i l d i n g  c o n s tr u c ti o n  m a te r i al s  a n d  n o t to  h a z a r d o u s  m ate r i ‐
a l s ,  c o m p r e s s e d  g as e s ,  o r  c r yo ge n i c  fuids.

Δ A.4.15.1    T h e  p r o vi s i o n s  o f 4 . 1 5 . 1  d o  n o t r e q u i r e  i n h e r e n tl y
n o n c o m b u s ti b l e  m ate r i al s  to  b e  te s te d  i n  o r d e r  to  b e  classifed
a s  n o n c o m b u s ti b l e  m a te r i al s .  [5000:A. 7 . 1 . 4 . 1 ]

Δ A.4.15.1(1)    E x am p l e s  o f s u c h  m ate r i a l s  i n c l u d e  s te e l ,
c o n c r e te ,  m as o n r y,  a n d  g l as s .  [5000:A. 7 . 1 . 4 . 1 . 1 ( 1 ) ]

Δ A.4.15.2    M ate r i al s  s u b j e c t to  i n c r e a s e  i n  c o m b u s ti b i l i ty o r
fame  s p r e ad  i n d e x  b e yo n d  th e  l i m i ts  h e r e i n  e s ta b l i s h e d

th r o u g h  th e  e ffe c ts  o f a ge ,  m o i s tu r e ,  o r  o th e r  atm o s p h e r i c
c o n d i ti o n  a r e  c o n s i d e r e d  c o m b u s ti b l e .  ( S e e  N F PA 2 5 9  an d
N F PA 2 2 0 ) .  [5000:A. 7 . 1 . 4 . 2 ]

Δ A.5.1    T h e  p e r fo r m a n c e  o p ti o n  o f th i s  Code e s ta b l i s h e s  ac c e p ta‐
b l e  l e ve l s  o f r i s k fo r  fac i l i ti e s  ( i . e . ,  b u i l d i n gs  an d  o th e r  s tr u c ‐

tu r e s  a n d  th e  o p e r a ti o n s  th e r e wi th  as s o c i ate d )  a s  a d d r e s s e d  i n
S e c ti o n  1 . 3 .  ( N o te  th a t “ fa c i l i ty”  a n d  “ b u i l d i n g ”  c an  b e  u s e d
i n te r c h a n ge a b l y wi th  fac i l i ty b e i n g th e  m o r e  ge n e r a l  te r m . )

Wh i l e  th e  p e r fo r m a n c e  o p ti o n  o f th i s  Code d o e s  c o n tai n  go a l s ,
o b j e c ti ve s ,  a n d  p e r fo r m a n c e  c r i te r i a  n e c e s s a r y to  p r o vi d e  fo r
a n  ac c e p tab l e  l e ve l  o f r i s k,  i t d o e s  n o t d e s c r i b e  h o w to  m e e t

th e s e  g o al s ,  o b j e c ti ve s ,  a n d  p e r fo r m a n c e  c r i te r i a.  D e s i gn  an d
e n g i n e e r i n g ar e  n e e d e d  to  m e e t th e  p r o vi s i o n s  o f C h a p te r  5 .
F o r  fre  p r o te c ti o n  d e s i gn s ,  th e  SFPE Engineering Guide to

Performance-Based Fire Protection p r o vi d e s  a  fr am e wo r k fo r  th e s e
a s s e s s m e n ts .  [1 :A. 5 . 1 ]

P r e -c o n s tr u c ti o n  d e s i gn  r e q u i r e m e n ts  a d d r e s s  th o s e  i s s u e s ,
wh i c h  h a ve  to  b e  c o n s i d e r e d  b e fo r e  th e  certifcate  o f o c c u ‐

p an c y i s  i s s u e d  fo r  a  fa c i l i ty.  [1 :A. 5 . 1 ]

A.5.1 .3    Qualifcations  s h o u l d  i n c l u d e  e x p e r i e n c e ,  e d u c a ti o n ,
an d  c r e d e n ti a l s  th at d e m o n s tr ate  kn o wl e d g e ab l e  an d  r e s p o n s i ‐

b l e  u s e  o f ap p l i c a b l e  m o d e l s  an d  m e th o d s .  [1:A. 5 . 1 . 3 ]

Δ A.5.1 .4    T h e  SFPE Engineering Guide to Performance-Based Fire
Protection o u tl i n e s  a p r o c e s s  fo r  u s i n g a p e r fo r m an c e -b as e d
a p p r o a c h  i n  th e  d e s i g n  a n d  a s s e s s m e n t o f b u i l d i n g  fre  s a fe ty

d e s i g n  a n d  identifes  p a r am e te r s  th at s h o u l d  b e  c o n s i d e r e d  i n
th e  a n al ys i s  o f a  p e r fo r m a n c e - b a s e d  d e s i g n .  As  c an  b e  s e e n  th i s
p r o c e s s  r e q u i r e s  th e  i n vo l ve m e n t o f a l l  s take h o l d e r s  wh o  h ave  a

s h a r e  o r  i n te r e s t i n  th e  s u c c e s s fu l  c o m p l e ti o n  o f th e  p r o j e c t.
T h e  s te p s  th a t a r e  r e c o m m e n d e d  b y th e  SFPE Engineering Guide
to Performance-Based Fire Protection fo r  th i s  p r o c e s s  ar e  s h o wn  i n

F i g u r e  A. 5 . 1 . 4 .  [1:A. 5 . 1 . 4 ]

T h e  g u i d e  specifcally a d d r e s s e s  b u i l d i n g fre  s a fe ty
p e r fo r m a n c e -b as e d  d e s i g n .  I t m i g h t n o t b e  d i r e c tl y ap p l i c ab l e

to  p e r fo r m an c e -b as e d  d e s i g n s  i n vo l vi n g o th e r  s ys te m s  an d
o p e r ati o n s  c o ve r e d  wi th i n  th i s  Code,  s u c h  a s  h o t wo r k o p e r a‐

ti o n s  o r  h az ar d o u s  m a te r i al s  s to r a ge .  H o we ve r,  th e  va r i o u s  s te p s
fo r  defning,  d e ve l o p i n g,  e val u ati n g ,  an d  d o c u m e n ti n g  th e
p e r fo r m a n c e -b as e d  d e s i g n  s h o u l d  s ti l l  p r o vi d e  a  u s e fu l  fr a m e ‐

wo r k fo r  th e  o ve r al l  d e s i g n  p r o c e s s .  [1 :A. 5 . 1 . 4 ]

T h e  s te p s  i n  th e  p e r fo r m an c e -b as e d  d e s i gn  p r o c e s s  a r e  a s
fo l l o ws :

( 1 ) Step 1 : Defning Project Scope.  T h e  frst s te p  i n  a
p e r fo r m a n c e -b as e d  d e s i g n  i s  to  defne  th e  s c o p e  o f th e
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p r o j e c t.  Defning  th e  s c o p e  c o n s i s ts  o f i d e n ti fyi n g  an d
d o c u m e n ti n g th e  fo l l o wi n g :

( a) C o n s tr a i n ts  o n  th e  d e s i gn  a n d  p r o j e c t s c h e d u l e
( b ) T h e  s take h o l d e r s  as s o c i ate d  wi th  p r o j e c t
( c ) T h e  p r o p o s e d  b u i l d i n g c o n s tr u c ti o n  a n d  fe a tu r e s

d e s i r e d  b y th e  o wn e r  o r  te n an t
( d ) O c c u p a n t a n d  b u i l d i n g c h ar a c te r i s ti c s
( e ) T h e  i n te n d e d  u s e  an d  o c c u p a n c y o f th e  b u i l d i n g
( f) Ap p l i c ab l e  c o d e s  an d  r e g u l ati o n s

An  u n d e r s tan d i n g  o f th e s e  i te m s  i s  n e e d e d  to
e n s u r e  th a t a p e r fo r m a n c e - b a s e d  d e s i gn  m e e ts  th e

s take h o l d e r s ’  n e e d s .
( 2 ) Step 2: Identifying Goals.  O n c e  th e  s c o p e  o f th e  p r o j e c t i s

defned,  th e  n e x t s te p  i n  th e  p e r fo r m an c e -b as e d  d e s i g n
p r o c e s s  i s  to  i d e n ti fy a n d  d o c u m e n t th e  fre  s a fe ty g o al s
o f var i o u s  s take h o l d e r s .  F i r e  s afe ty g o a l s  c o u l d  i n c l u d e
l e ve l s  o f p r o te c ti o n  fo r  p e o p l e  an d  p r o p e r ty,  o r  th e y
c o u l d  p r o vi d e  fo r  c o n ti n u i ty o f o p e r a ti o n s ,  h i s to r i c al
p r e s e r vati o n ,  an d  e n vi r o n m e n ta l  p r o te c ti o n .  Go al s  c o u l d
b e  u n i q u e  fo r  d i ffe r e n t p r o j e c ts ,  b as e d  o n  th e  s take h o l d ‐
e r s  n e e d s  an d  d e s i r e s .  T h e  s take h o l d e r s  s h o u l d  d i s c u s s
wh i c h  g o a l s  ar e  th e  m o s t i m p o r tan t fo r  th e  p r o j e c t.  I n
o r d e r  to  avo i d  p r o b l e m s  l ate r  i n  th e  d e s i g n  p r o c e s s ,  a l l
s take h o l d e r s  s h o u l d  b e  a war e  o f an d  ag r e e  to  th e  go al s
p r i o r  to  p r o c e e d i n g wi th  th e  p e r fo r m a n c e - b a s e d  d e s i gn
p r o c e s s  ( see Step 7) .

( 3 ) Step 3: Defning Stakeholder and Design Objectives.  T h e  th i r d
s te p  i n  th e  d e s i gn  p r o c e s s  i s  to  d e ve l o p  o b j e c ti ve s .  T h e
o b j e c ti ve s  ar e  e s s e n ti a l l y th e  d e s i gn  g o a l s  th a t ar e  fu r th e r
refned  i n to  ta n gi b l e  val u e s  th at c a n  b e  quantifed  i n
e n g i n e e r i n g te r m s .  O b j e c ti ve s  c o u l d  i n c l u d e  m i ti ga ti n g
th e  c o n s e q u e n c e s  o f a  fre  e x p r e s s e d  i n  te r m s  o f d o l l a r
va l u e s ,  l o s s  o f l i fe ,  o r  o th e r  i m p a c t o n  p r o p e r ty o p e r a‐
ti o n s ,  o r  m ax i m u m  al l o wa b l e  c o n d i ti o n s ,  s u c h  as  e x te n t
o f fre  s p r e a d ,  te m p e r atu r e ,  s p r e ad  o f c o m b u s ti o n  p r o d ‐
u c ts ,  an d  s o  fo r th .

( 4 ) Step 4: Developing Performance Criteria.  T h e  fo u r th  s te p  i n
th e  d e s i gn  p r o c e s s  i s  th e  d e ve l o p m e n t o f p e r fo r m a n c e
c r i te r i a to  b e  m e t b y th e  d e s i gn .  T h e s e  c r i te r i a ar e  a
fu r th e r  refnement o f th e  d e s i g n  o b j e c ti ve s  an d  ar e
n u m e r i c al  va l u e s  to  wh i c h  th e  e x p e c te d  p e r fo r m an c e  o f
th e  tr i a l  d e s i gn s  c an  b e  c o m p ar e d .  P e r fo r m an c e  c r i te r i a
c o u l d  i n c l u d e  th r e s h o l d  val u e s  fo r  te m p e r a tu r e s  o f m a te ‐
r i al s ,  g as  te m p e r atu r e s ,  c a r b o x yh e m o g l o b i n  ( C O H b )
l e ve l s ,  s m o ke  o b s c u r ati o n ,  a n d  th e r m a l  e x p o s u r e  l e ve l s .

( 5 ) Step 5: Developing Design Scenarios.  O n c e  th e  p e r fo r m a n c e
c r i te r i a h ave  b e e n  e s tab l i s h e d ,  th e  e n g i n e e r  wi l l  d e ve l o p
an d  a n al yz e  d e s i g n  al te r n ati ve s  to  m e e t p e r fo r m a n c e
c r i te r i a.  T h e  frst p a r t o f th i s  p r o c e s s  i s  th e  identifcation
o f p o s s i b l e  s c e n ar i o s  an d  d e s i g n  s c e n ar i o s .  F i r e  s c e n ar i o s
ar e  d e s c r i p ti o n s  o f p o s s i b l e  fre  e ve n ts ,  a n d  c o n s i s t o f
fre  c h a r ac te r i s ti c s ,  b u i l d i n g c h ar a c te r i s ti c s  ( i n c l u d i n g
fa c i l i ty o p e r ati o n s ) ,  an d  o c c u p a n t c h a r ac te r i s ti c s .  T h e
fre  s c e n ar i o s  identifed  wi l l  s u b s e q u e n tl y b e  fltered
( i . e . ,  c o m b i n e d  o r  e l i m i n a te d )  i n to  a  s u b s e t o f d e s i gn
fre  s c e n a r i o s  ag ai n s t wh i c h  tr i a l  d e s i g n s  wi l l  b e  e val u ‐
ate d .  H az ar d o u s  m a te r i al s  s c e n a r i o s  c an  b e  tr e ate d  s i m i ‐
l ar l y.

( 6 ) Step 6: Developing Trial Design(s).  O n c e  th e  p r o j e c t s c o p e ,
p e r fo r m a n c e  c r i te r i a,  a n d  d e s i gn  s c e n a r i o s  ar e  e s tab ‐
l i s h e d ,  th e  e n gi n e e r  d e ve l o p s  p r e l i m i n a r y d e s i gn s ,  r e fe r ‐
r e d  to  as  tr i al  d e s i g n s ,  i n te n d e d  to  m e e t th e  p r o j e c t
r e q u i r e m e n ts .  T h e  tr i a l  d e s i gn ( s )  i n c l u d e  p r o p o s e d  fre
p r o te c ti o n  s ys te m s ,  c o n s tr u c ti o n  fe a tu r e s ,  an d  o p e r a ti o n

th at ar e  p r o vi d e d  i n  o r d e r  fo r  a  d e s i g n  to  m e e t th e
p e r fo r m a n c e  c r i te r i a  wh e n  e val u a te d  u s i n g  th e  d e s i gn
fre  s c e n ar i o s .  T h e  e va l u ati o n  m e th o d  s h o u l d  al s o  b e
d e te r m i n e d  at th i s  p o i n t.  T h e  e va l u ati o n  m e th o d s  u s e d

s h o u l d  b e  a p p r o p r i ate  fo r  th e  s i tu a ti o n  an d  a gr e e a b l e  to
th e  s ta ke h o l d e r s .

( 7 ) Step 7: Developing a Fire Protection Engineering Design Brief.
At th i s  p o i n t i n  th e  p r o c e s s  a fre  p r o te c ti o n  e n g i n e e r i n g

d e s i g n  b r i e f s h o u l d  b e  p r e p a r e d  an d  p r o vi d e d  to  a l l
s take h o l d e r s  fo r  th e i r  r e vi e w an d  c o n c u r r e n c e .  T h i s

b r i e f s h o u l d  d o c u m e n t th e  p r o j e c t s c o p e ,  g o al s ,  o b j e c ‐
ti ve s ,  tr i al  d e s i gn s ,  p e r fo r m an c e  c r i te r i a ,  d e s i g n  fre

s c e n a r i o s ,  an d  a n al ys i s  m e th o d s .  D o c u m e n ti n g an d
ag r e e i n g  u p o n  th e s e  fa c to r s  at th i s  p o i n t i n  th e  d e s i g n

p r o c e s s  wi l l  h e l p  avo i d  p o s s i b l e  m i s u n d e r s ta n d i n gs  l a te r.
( 8 ) Step 8: Evaluating Trial Designs.  E ac h  tr i a l  d e s i g n  i s  th e n

e val u a te d  u s i n g  e a c h  d e s i gn  s c e n ar i o .  T h e  e val u a ti o n
r e s u l ts  wi l l  i n d i c ate  wh e th e r  th e  tr i al  d e s i g n  wi l l  m e e t

th e  p e r fo r m a n c e  c r i te r i a.  O n l y tr i al  d e s i g n ( s )  th at m e e t
th e  p e r fo r m an c e  c r i te r i a  c an  b e  c o n s i d e r e d  as  fnal

d e s i g n  p r o p o s al s .  Ye t,  th e  p e r fo r m an c e  c r i te r i a c an  b e
r e vi s e d  wi th  th e  s take h o l d e r s ’  ap p r o val .  T h e  c r i te r i a

c a n n o t b e  a r b i tr ar i l y c h an g e d  to  e n s u r e  th at a tr i al
d e s i g n  m e e ts  a c r i te r i o n ,  b u t c an  b e  c h a n ge d  b as e d  o n

a d d i ti o n al  an al ys i s  a n d  th e  c o n s i d e r ati o n  o f a d d i ti o n al
d ata.

( 9 ) Step 9: Modifying Designs or Objectives.  I f n o n e  o f th e  tr i al
d e s i g n s  e val u ate d  c o m p l y wi th  th e  p r e vi o u s l y ag r e e d

u p o n  p e r fo r m a n c e  c r i te r i a ,  i t c o u l d  b e  n e c e s s ar y to
e i th e r  d e ve l o p  an d  e val u a te  n e w tr i al  d e s i g n s ,  o r  r e vi s i t

th e  o b j e c ti ve s  an d  p e r fo r m a n c e  c r i te r i a p r e vi o u s l y
a gr e e d  u p o n  b y th e  s take h o l d e r s  to  d e te r m i n e  i f s ta ke ‐

h o l d e r  o b j e c ti ve s  an d  p e r fo r m an c e  c r i te r i a  s h o u l d  b e
modifed.

( 1 0 ) Step 1 0: Selecting the Final Design.  O n c e  an  ac c e p tab l e  tr i al
d e s i g n  i s  identifed  u s i n g  th e  e val u a ti o n ,  i t c a n  b e
c o n s i d e r e d  fo r  th e  fnal  p r o j e c t d e s i g n .  I f m u l ti p l e  tr i al

d e s i g n s  ar e  e val u ate d ,  fu r th e r  an a l ys i s  wi l l  b e  n e e d e d  to
s e l e c t a  fnal  d e s i g n .  T h e  s e l e c ti o n  o f a n  ac c e p tab l e  tr i al

d e s i g n  fo r  th e  fnal  d e s i g n  c o u l d  b e  b as e d  o n  a va r i e ty o f
fa c to r s ,  s u c h  as  fnancial  c o n s i d e r a ti o n s ,  ti m e l i n e s s  o f
i n s ta l l ati o n ,  s ys te m  an d  m ate r i al  avai l ab i l i ty,  e as e  o f

i n s ta l l a ti o n ,  m ai n te n a n c e  a n d  u s e ,  an d  o th e r  fa c to r s .
( 1 1 ) Step 1 1 : Preparing Performance-Based Design Report.  O n c e

th e  fnal  d e s i gn  i s  identifed,  d e s i g n  d o c u m e n ts  n e e d  to
b e  p r e p a r e d .  P r o p e r  d o c u m e n tati o n  wi l l  e n s u r e  th a t a l l
s take h o l d e r s  u n d e r s tan d  wh a t i s  n e c e s s ar y fo r  th e  d e s i g n

i m p l e m e n tati o n ,  m ai n te n a n c e ,  an d  c o n ti n u i ty o f th e  fre
p r o te c ti o n  d e s i gn .  T h e  d o c u m e n ta ti o n  s h o u l d  i n c l u d e

th e  fre  p r o te c ti o n  e n gi n e e r i n g  d e s i gn  b r i e f,  a  p e r fo r m ‐
an c e  d e s i g n  r e p o r t,  d e tai l e d  specifcations  an d  d r a wi n g s ,
an d  a  fac i l i ty o p e r ati o n s  a n d  m ai n te n a n c e  m an u al .

( 1 2 ) Step 1 2: Preparing Specifcations,  Drawings,  and Operations
and Maintenance Manual.  T h e  specifcations  an d  d r aw‐
i n gs  p o r ti o n  o f th e  p e r fo r m an c e -b as e d  d e s i g n  r e p o r t

c o n ve y to  b u i l d i n g an d  s ys te m  d e s i g n e r s  a n d  i n s ta l l i n g
c o n tr ac to r s  h o w to  i m p l e m e n t th e  p e r fo r m an c e  d e s i g n .
Specifcations  a n d  d r a wi n g s  c o u l d  i n c l u d e  r e q u i r e d
s p r i n kl e r  d e n s i ti e s ,  h yd r a u l i c  c h a r ac te r i s ti c s  a n d  s p a c i n g

r e q u i r e m e n ts ,  th e  fre  d e te c ti o n  an d  al ar m  s ys te m
c o m p o n e n ts  an d  p r o gr a m m i n g,  s p e c i al  c o n s tr u c ti o n
r e q u i r e m e n ts  i n c l u d i n g  m e an s  o f e gr e s s  an d  l o c ati o n  o f
fre-resistive  wa l l s ,  c o m p ar tm e n ta ti o n ,  a n d  th e  c o o r d i n a‐
ti o n  o f i n te r ac ti ve  s ys te m s .  T h e  d e tai l e d  specifcations

ar e  th e  i m p l e m e n ta ti o n  d o c u m e n t o f th e  p e r fo r m a n c e -
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b a s e d  d e s i g n  r e p o r t.  T h e  d e ta i l e d  d r awi n g s  wi l l  gr a p h i ‐
c a l l y r e p r e s e n t th e  r e s u l ts  o f th e  p e r fo r m an c e  d e s i g n .
T h e  O p e r a ti o n s  a n d  M a i n te n an c e  ( O & M )  M an u al
c l e ar l y s ta te s  th e  r e q u i r e m e n t o f th e  fac i l i ty o p e r ato r  to
e n s u r e  th a t th e  c o m p o n e n ts  o f th e  p e r fo r m an c e  d e s i gn
ar e  i n  p l ac e  an d  o p e r ati n g  p r o p e r l y.  T h e  O & M  M an u al
d e s c r i b e s  th e  c o m m i s s i o n i n g  r e q u i r e m e n ts  an d  th e
i n te r a c ti o n  o f th e  d i ffe r e n t s ys te m s ’  i n te r fac e s .  Al l
s u b s ys te m s  ar e  identifed,  a n d  i n s p e c ti o n  an d  te s ti n g
r e gi m e s  an d  s c h e d u l e s  ar e  c r e ate d .

[ 1 : A. 5 . 1 . 4 ]

T h e  O & M  M a n u a l  al s o  gi ve s  i n s tr u c ti o n  to  th e  fa c i l i ty o p e r a‐
to r  o n  r e s tr i c ti o n s  p l ac e d  o n  fac i l i ty o p e r ati o n s .  T h e s e  l i m i ta‐

ti o n s  a r e  b a s e d  o n  th e  e n g i n e e r i n g as s u m p ti o n s  m a d e  d u r i n g
th e  d e s i gn  an d  an al ys i s .  T h e s e  l i m i ti n g  fa c to r s  c o u l d  i n c l u d e
c r i ti c al  fre  l o a d ,  s p r i n kl e r  d e s i gn  r e q u i r e m e n ts ,  b u i l d i n g  u s e

a n d  o c c u p an c y,  a n d  r e l i ab i l i ty an d  m ai n te n a n c e  o f s ys te m s .
T h e  O & M  M a n u a l  c an  b e  u s e d  to  c o m m u n i c ate  to  te n a n ts  an d
o c c u p an ts  th e s e  l i m i ts  a n d  th e i r  r e s p o n s i b i l i ti e s  a s  a te n an t.  I t

c o u l d  al s o  b e  u s e d  as  a gu i d e  fo r  r e n o va ti o n s  an d  c h an g e s .  I t
al s o  c an  b e  u s e d  to  d o c u m e n t ag r e e m e n ts  b e twe e n  s take h o l d ‐
e r s .  [ 1 : A. 5 . 1 . 4 ]

D e f i n i n g  P ro j e c t  S c o p e
( S t e p  1 )

I d e n t i f y i n g  G o a l s
( S t e p  2 )

D e ve l o p i n g
Pe r fo r m a n c e  C r i t e r i a

( S t e p  4 )

M o d i f y i n g  
D e s i g n s  o r  

O b j e c t i ve s
( S t e p  9 )

N o

Ye s

D e f i n i n g  S t a ke h o l d e r
a n d  D e s i g n  O b j e c t i ve s

( S t e p  3 )

D e ve l o p i n g
D e s i g n  S c e n a r i o s

( S t e p  5 )

S e l e c t i n g  t h e  F i n a l  D e s i g n
( S t e p  1 0 )

P re p a r i n g
Pe r fo r m a n c e - B a s e d  

D e s i g n  R e p o r t
( S t e p  1 1 )

P re p a r i n g
S p e c i f i c a t i o n s ,  D ra w i n g s ,  

a n d  O p e ra t i o n s  a n d  
M a i n t e n a n c e  M a n u a l  

( S t e p  1 2 )

D e ve l o p i n g  Tr i a l  D e s i g n ( s )
( S t e p  6 )

E va l u a t i n g  Tr i a l  D e s i g n ( s )
( S t e p  8 )

S e l e c t e d
D e s i g n  M e e t s  

Pe rfo r m a n c e
C r i t e r i a

D e ve l o p i n g  a  
D e s i g n  B r i e f

( S t e p  7 )

P r e p a r e  D e s i g n
D o c u m e n t s

FI G U RE  A. 5 . 1 . 4   S te p s  i n  th e  P e r fo r m an c e - B as e d  An al ys i s  an d  th e  C o n c e p tu al  D e s i gn
P ro c e d u re  fo r Fi re  P ro te c ti o n  D e s i gn .  [ 1 : Fi gu re  A. 5 . 1 . 4 ]
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A.5.1 .5    A th i r d - p ar ty r e vi e we r  i s  a p e r s o n  o r  gr o u p  o f p e r s o n s
c h o s e n  b y th e  AH J  to  r e vi e w p r o p o s e d  p e r fo r m an c e -b as e d
d e s i g n s .  Qualifcations  o f th e  th i r d -p ar ty r e vi e we r  s h o u l d
i n c l u d e  e x p e r i e n c e ,  e d u c ati o n ,  a n d  c r e d e n ti al s  th at d e m o n ‐
s tr ate  kn o wl e d ge a b l e  an d  r e s p o n s i b l e  u s e  o f ap p l i c ab l e  m o d e l s
an d  m e th o d s .  T h e  SFPE Guide for Peer Review in the Fire Protection
Design Process p r o vi d e s  a m e th o d  fo r  th e  i n i ti ati o n ,  s c o p e ,
c o n d u c t,  a n d  r e p o r t o f a p e e r  r e vi e w fo r  a  fre  p r o te c ti o n  e n g i ‐
n e e r i n g  d e s i g n .  [1 :A. 5 . 1 . 5 ]

A.5.1 .8    S e e  S te p  1 2  o f A. 5 . 1 . 4  fo r  a d e s c r i p ti o n  o f th e s e  d o c u ‐
m e n ts .  [1:A. 5 . 1 . 8 ]

Δ A.5.1 .9    I n fo r m ati o n  th at c o u l d  b e  n e e d e d  b y th e  fre  s e r vi c e
ar r i vi n g  a t th e  s c e n e  o f a  fre  i n  a p e r fo r m an c e -b as e d  d e s i gn e d
fac i l i ty i n c l u d e s ,  b u t i s  n o t l i m i te d  to ,  th e  fo l l o wi n g:

( 1 ) S afe  s h u td o wn  p r o c e d u r e s  o f e q u i p m e n t an d  p r o c e s s e s
( 2 ) F ac i l i ty p e r s o n n e l  r e s p o n s i b l e  fo r  as s i s ti n g th e  fre  s e r vi c e
( 3 ) O p e r a ti n g p r o c e d u r e s  r e q u i r e d  to  m a i n tai n  th e  e ffe c ti ve ‐

n e s s  o f th e  p e r fo r m a n c e -b as e d  d e s i g n e d  fre  p r o te c ti o n
s ys te m :  wh e n  i t i s  an d  i s  n o t a p p r o p r i ate  to  al te r,  s h u t
d o wn ,  o r  tu r n  o ff a  d e s i gn  fe atu r e ;  a s s u m p ti o n s  th at h ave

to  b e  m a i n tai n e d  i f a fre  o c c u r s ;  s u gg e s te d  fre-fghting
tac ti c s  th at r e l ate  to  th e  specifc  n atu r e  o f th e

p e r fo r m an c e -b as e d  d e s i gn
[1:A. 5 . 1 . 9 ]

T h e  d e s i g n  specifcations  a n d  O & M  M a n u a l  d o c u m e n ta ti o n
d e s c r i b e d  i n  5 . 1 . 8  s h o u l d  p r o vi d e  a gu i d e  fo r  th e  fa c i l i ty o wn e r
an d  te n a n ts  to  fo l l o w i n  o r d e r  to  m a i n tai n  th e  r e q u i r e d  l e ve l  o f
s a fe ty a n ti c i p a te d  b y th e  o r i gi n al  d e s i g n .  I t s h o u l d  al s o  p r o vi d e
a g u i d e  fo r  th e  AH J  to  u s e  i n  c o n d u c ti n g  o n g o i n g i n s p e c ti o n s
o f th e  fac i l i ty.  [1:A. 5 . 1 . 9 ]

Δ A.5.1 .10    C o n ti n u e d  c o m p l i an c e  wi th  th e  go al s  an d  o b j e c ti ve s
o f th e  Code i n vo l ve s  m an y fa c to r s .  T h e  b u i l d i n g c o n s tr u c ti o n ,
i n c l u d i n g  o p e n i n g s ,  i n te r i o r  fnish,  a n d  fre- an d  s m o ke -
re s i s ti ve  c o n s tr u c ti o n ,  an d  th e  b u i l d i n g  a n d  fre  p r o te c ti o n
s ys te m s  n e e d  to  r e tai n  a t l e as t th e  s a m e  l e ve l  o f p e r fo r m an c e  a s
i s  p r o vi d e d  fo r  b y th e  o r i g i n al  d e s i g n  p ar a m e te r s .  T h e  u s e  an d
o c c u p an c y s h o u l d  n o t c h a n ge  to  th e  d e g r e e  th a t a s s u m p ti o n s
m a d e  a b o u t th e  o c c u p an t c h ar a c te r i s ti c s ,  c o m b u s ti b i l i ty o f
fu r n i s h i n g s ,  an d  e x i s te n c e  o f tr a i n e d  p e r s o n n e l  a r e  n o  l o n g e r
val i d .  I n  ad d i ti o n ,  a c ti o n s  p r o vi d e d  b y o th e r  p e r s o n n e l ,  s u c h  a s
e m e r g e n c y r e s p o n d e r s ,  s h o u l d  n o t b e  d i m i n i s h e d  b e l o w th e
d o c u m e n te d  a s s u m e d  l e ve l s .  Al s o ,  ac ti o n s  n e e d e d  to  m a i n tai n
re l i a b i l i ty o f s ys te m s  a t th e  an ti c i p ate d  l e ve l  n e e d  to  m e e t th e
i n i ti a l  d e s i gn  c r i te r i a .  [1 :A. 5 . 1 . 1 0 ]

S u b s e c ti o n  5 . 1 . 1 0  d e al s  wi th  i s s u e s  th a t ar i s e  afte r  th e  fac i l i ty
h a s  b e e n  c o n s tr u c te d  an d  a  certifcate  o f o c c u p a n c y h as  b e e n
i s s u e d .  T h e r e fo r e ,  a n y c h a n ge s  to  th e  fac i l i ty,  o r  th e  o p e r a ti o n s
c o n d u c te d  th e r e i n ,  u p  to  a n d  i n c l u d i n g  th e  d e m o l i ti o n  o f th e
fa c i l i ty,  th a t affe c t th e  as s u m p ti o n s  o f th e  o r i g i n a l  d e s i g n  a r e
c o n s i d e r e d  as  p a r t o f th e  m an ag e m e n t o f c h a n g e .  [1 :A. 5 . 1 . 1 0 ]

T h e  fo l l o wi n g i s  a p r o c e s s  fo r  e val u ati n g  p e r fo r m an c e -b as e d
fac i l i ti e s :

( 1 ) Re vi e w o f o r i g i n al  d e s i g n  an a l ys i s  an d  d o c u m e n tati o n  a s
fo l l o ws :

( a) As s u m p ti o n s
( b ) I n p u t p ar a m e te r  va l u e s
( c ) P r e d i c ti o n s  an d / o r  r e s u l ts  o f o th e r  c al c u l ati o n s

( 2 ) Re vi e w o f d e s i g n  an al ys i s  an d  d o c u m e n tati o n  fo r  a n y
s u b s e q u e n t r e n o va ti o n s ,  ad d i ti o n s ,  modifcations,  a n d  s o
fo r th ,  a s  i n  S te p  1  o f A. 5 . 1 . 4

( 3 ) Re vi e w o f th e  fac i l i ty’ s  o p e r a ti o n s  an d  m ai n te n a n c e
m a n u a l ,  i n c l u d i n g  an y an d  a l l  r e vi s i o n s  to  i t

( 4 ) O n -s i te  i n s p e c ti o n ,  i n vo l vi n g  th e  fo l l o wi n g :

( a) C o n s i d e r a ti o n  o f “ p r e s c r i p ti ve ”  i s s u e s  ( e . g . ,  b l o c ke d
e gr e s s  p ath s ,  p o o r  m ai n te n a n c e  o f s ys te m s )

( b ) C o m p ar i s o n  o f a s s u m p ti o n s  to  specifc,  p e r ti n e n t
o n - s i te  c o n d i ti o n s

( c ) C o m p ar i s o n  o f i n p u t p a r am e te r  val u e s  to  p e r ti n e n t
o n -s i te  c o n d i ti o n s

( d ) Re vi e w o f m ai n te n an c e  an d  te s ti n g  d o c u m e n ta ti o n
to  e n s u r e  ad h e r e n c e  to  th e  s c h e d u l e s  d e tai l e d  i n

th e  fac i l i ty’ s  O & M  M an u al
( 5 ) Re c o n c i l i ati o n  o f d i s c r e p an c i e s  a s  fo l l o ws :

( a) D e ve l o p  a l i s t o f d i s c r e p an c i e s
( b ) C o n s u l tati o n  wi th  th e  fac i l i ty o wn e r  an d / o r  th e i r

r e p r e s e n ta ti ve
( c ) P r e p a r ati o n  o f a s c h e d u l e  th at r e c o n c i l e s  th e

d i s c r e p a n c i e s
[1:A. 5 . 1 . 1 0 ]

A.5.1 .11    P r i vate  fre  i n s p e c ti o n  s e r vi c e s  c an  b e  u s e d  to  m e e t
th i s  p r o vi s i o n  p r o vi d e d  th at th e y ar e  qualifed  to  a s s e s s  th e
i m p ac t o f c h a n ge s  o n  th e  p e r fo r m an c e -b as e d  d e s i g n  an d

as s u m p ti o n s .  [1:A. 5 . 1 . 1 1 ]

A.5.2.2    T h e  p e r fo r m a n c e  c r i te r i a  i n  5 . 2 . 2  defne  an  ac c e p tab l e
l e ve l  o f p e r fo r m a n c e  th a t s h o u l d  b e  a gr e e d  u p o n  b y th e  s ta ke ‐

h o l d e r s ,  i n c l u d i n g  th e  o wn e r  a n d  th e  AH J .  T h e  ac c e p tab l e
l e ve l  o f p e r fo r m an c e  c an  var y wi d e l y b e twe e n  d i ffe r e n t fa c i l i ti e s

b a s e d  o n  a  n u m b e r  o f fac to r s ,  i n c l u d i n g  th e  e x i s te n c e  o f p o te n ‐
ti a l  i g n i ti o n  s o u r c e s ,  p o te n ti a l  fu e l  l o ad s  p r e s e n t,  r e ac ti vi ty an d
q u an ti ty o f h az ar d o u s  m ate r i al s  p r e s e n t,  th e  n a tu r e  o f th e  o p e r ‐

ati o n s  c o n d u c te d  a t th e  fa c i l i ty,  an d  th e  c h a r ac te r i s ti c s  an d
n u m b e r  o f p e r s o n n e l  l i ke l y to  b e  p r e s e n t a t th e  fac i l i ty.
[1:A. 5 . 2 . 2 ]

A.5.2.2.1    M an y o f th e  p e r fo r m a n c e  c r i te r i a r e l a te d  to  s a fe ty
fr o m  fre  c an  al s o  b e  fo u n d  i n  th e  an n e x  o f N F PA 1 01 .

[1:A. 5 . 2 . 2 . 1 ]

Δ A.5.2.2.2    I t i s  an ti c i p ate d  th a t th e  d e s i g n  p r o vi d e s  p r o te c ti o n
fo r  o c c u p an ts  wh o  a r e  n o t i n ti m ate  wi th  th e  i n i ti a l  u n i n te n ‐

ti o n a l  d e to n a ti o n  o r  defagration  o f e x p l o s i ve  m a te r i al s ,  an d
i n d i vi d u a l s  i m m e d i ate l y a d j ac e n t to  th e  p r o p e r ty.  I t i s  r e c o g‐

n i z e d  th at e m p l o ye e s  s h o u l d  b e  tr ai n e d  a n d  kn o wl e d ge a b l e  i n
th e  h az ar d s  o f th e  m a te r i al s  p r e s e n t i n  th e  wo r kp l ac e .  I t i s
r e c o g n i z e d  th at s o m e  o f th e s e  i n d i vi d u a l s  c o u l d  e x p e r i e n c e

p s yc h o l o g i c al  an d  p h ys i c al  i n j u r i e s ,  s u c h  as  h e a r i n g  p r o b l e m s ,
o n  e i th e r  a  s h o r t- o r  l o n g- te r m  b as i s .  H o we ve r,  th e  i n te n t i s  th a t
th e y d o  n o t e x p e r i e n c e  th e r m al  b u r n s  o r  l o s s  o f l i fe  o r  l i m b  as  a
d i r e c t r e s u l t o f th e  e x p l o s i o n .  [1 :A. 5 . 2 . 2 . 2 ]

I t i s  n o t th e  i n te n t o f th e  Code to  p r o vi d e  p r o te c ti o n  a ga i n s t
e x p l o s i o n s  c au s e d  b y ac ts  o f te r r o r i s m .  T h i s  wo u l d  i n vo l ve  th e

i n tr o d u c ti o n  o f an  u n kn o wn  q u a n ti ty o f e x p l o s i ve s  i n  an
u n kn o wn  l o c ati o n  wi th i n  o r  a d j ac e n t to  a b u i l d i n g.  Wh e r e
p r o te c ti o n  i s  n e e d e d  ag ai n s t s u c h  ac ts  o f te r r o r i s m ,  th e  a p p r o ‐

p r i a te  m i l i ta r y a n d  l aw e n fo r c e m e n t a ge n c i e s  s h o u l d  b e  c o n s u l ‐
te d .  [1 :A. 5 . 2 . 2 . 2 ]
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Δ A.5.2.2.3    Gi ve n  th e  n atu r e  a n d  var i e ty o f h a z a r d o u s  m ate r i a l s ,
m o r e  th a n  o n e  p e r fo r m a n c e  c r i te r i o n  fo r  a  specifc  fac i l i ty

c o u l d  n e e d  to  b e  d e ve l o p e d .  C r i te r i a  h ave  to  b e  d e ve l o p e d  fo r
e ac h  h az ar d o u s  m ate r i al  an d  p o s s i b l y fo r  d i ffe r e n t p e r s o n n e l ;
fo r  e x am p l e ,  h i g h e r  l e ve l s  o f e x p o s u r e  c an  b e  to l e r a te d  b y

p e r s o n n e l  th a t a r e  i n  s o m e  way p r o te c te d  th an  th o s e  p e r s o n n e l
h avi n g  n o  p r o te c ti o n .  D e ve l o p m e n t o f p e r fo r m a n c e  c r i te r i a  fo r
h az ar d o u s  m ate r i a l s  s h o u l d  b e  d e ve l o p e d  b y th e  fa c i l i ty o wn e r

a n d  th e  fac i l i ty’ s  s afe ty p e r s o n n e l  i n  c o n j u n c ti o n  wi th  th e  AH J
an d  th e  e m e r ge n c y r e s p o n s e  p e r s o n n e l  e x p e c te d  to  r e s p o n d  to
an  i n c i d e n t.  [1 :A. 5 . 2 . 2 . 3 ]

I t i s  an ti c i p ate d  th a t th e  d e s i gn  p r o vi d e s  p r o te c ti o n  fo r  o c c u ‐
p an ts  i n s i d e  o r  i m m e d i a te l y ad j ac e n t to  th e  fac i l i ty wh o  ar e  n o t

i n ti m ate  wi th  th e  i n i ti al  u n au th o r i z e d  r e l e a s e  o f h az ar d o u s
m a te r i al s ,  o r  th e  i n i ti al  u n i n te n ti o n a l  r e ac ti o n  o f h az ar d o u s
m a te r i al s .  H o we ve r,  i t i s  a s s u m e d  th at th e s e  i n d i vi d u al s  d e p a r t

fr o m  th e  ar e a  o f th e  i n c i d e n t i n  a  ti m e  fr am e  r e as o n ab l e  fo r
th e i r  c i r c u m s tan c e s ,  b as e d  o n  th e i r  o b s e r vati o n  o f th e  e ve n t,  o r
s o m e  o th e r  fo r m  o f notifcation.  [1:A. 5 . 2 . 2 . 3 ]

I t i s  a l s o  a n ti c i p a te d  th at e m p l o ye e s  an d  e m e r g e n c y r e s p o n s e
p e r s o n n e l  ar e  tr ai n e d  a n d  awar e  o f th e  h az ar d o u s  m ate r i al s

p r e s e n t i n  th e  fac i l i ty,  an d  th e  p o te n ti a l  c o n s e q u e n c e s  o f th e i r
i n vo l ve m e n t i n  th e  i n c i d e n t,  an d  take  ap p r o p r i ate  m e as u r e s  to
e n s u r e  th e i r  o wn  s afe ty d u r i n g s e a r c h  an d  r e s c u e  o p e r ati o n s .

[1:A. 5 . 2 . 2 . 3 ]

I t i s  n o t th e  i n te n t o f th e  Code to  p r o vi d e  p r o te c ti o n  a ga i n s t
ac ts  o f te r r o r i s m  i n vo l vi n g  th e  i n tr o d u c ti o n  o f h a z a r d o u s  m a te ‐
r i al s  i n to  a fac i l i ty.  T h i s  i n vo l ve s  th e  i n tr o d u c ti o n  o f a n

u n kn o wn  q u an ti ty o f m ate r i al s  i n  an  u n kn o wn  l o c ati o n  wi th i n
o r  a d j ac e n t to  a b u i l d i n g.  Wh e r e  p r o te c ti o n  i s  n e e d e d  a ga i n s t
s u c h  ac ts  o f te r r o r i s m ,  th e  ap p r o p r i ate  m i l i tar y a n d  l aw

e n fo r c e m e n t ag e n c i e s  s h o u l d  b e  c o n s u l te d .  [1:A. 5 . 2 . 2 . 3 ]

A.5.2.2.4    E a c h  fa c i l i ty d e s i g n e d  u s i n g  a p e r fo r m an c e -b as e d
a p p r o a c h  m o s t l i ke l y h a s  d i ffe r e n t l e ve l s  o f a c c e p ta b l e  an d

u n ac c e p tab l e  p r o p e r ty d am ag e .  T h i s  refects  th e  u n i q u e
as p e c ts  o f th e  p e r fo r m a n c e -b as e d  d e s i gn e d  fa c i l i ty an d  th e

r e a s o n s  fo r  p u r s u i n g a p e r fo r m a n c e - b a s e d  d e s i g n .  T h e r e fo r e ,
th e  defnition  o f an  a c c e p ta b l e  an d  an  u n a c c e p ta b l e  l e ve l  o f
p r o p e r ty d am a ge  r e s u l ts  fr o m  d i s c u s s i o n s  b e twe e n  th e  fa c i l i ty’ s

o wn e r,  m a n ag e r  a n d  e n g i n e e r,  th e  d e s i g n e r,  ( p o s s i b l y)  th e
i n s u r a n c e  u n d e r wr i te r  an d  feld  e n g i n e e r,  an d  th e  AH J .  T h e r e
c o u l d  b e  c as e s  wh e r e  a  p r o p e r ty d am ag e  c r i te r i o n  i s  n o t

n e e d e d .  [1 :A. 5 . 2 . 2 . 4 ]

N o te  th a t th e  s tr u c tu r a l  i n te g r i ty p e r fo r m an c e  c r i te r i a  fo r
p r o p e r ty d am ag e  m o s t l i ke l y d i ffe r s  fr o m  th e  s tr u c tu r a l  i n te g‐

r i ty p e r fo r m a n c e  c r i te r i a fo r  l i fe  s afe ty.  T h i s  refects  th e  d i ffe r ‐
e n c e  i n  th e  as s o c i ate d  o b j e c ti ve s :  a l i fe  s a fe ty c r i te r i o n  p r o b a b l y

i s  m o r e  r e s tr i c ti ve  th an  o n e  fo r  p r o p e r ty d am ag e .  [1:A. 5 . 2 . 2 . 4 ]

A.5.2.2.5    E a c h  fa c i l i ty d e s i g n e d  u s i n g  a p e r fo r m an c e -b as e d
ap p r o ac h  m o s t l i ke l y h a s  a d i ffe r e n t l e ve l  o f ac c e p tab l e  an d

u n ac c e p tab l e  i n te r r u p ti o n  o f th e  fa c i l i ty’ s  m i s s i o n .  T h i s  refects
th e  u n i q u e  as p e c ts  o f th e  p e r fo r m an c e -b as e d  d e s i g n e d  fac i l i ty

an d  th e  r e a s o n s  fo r  p u r s u i n g  a  p e r fo r m a n c e - b a s e d  d e s i g n .
T h e r e fo r e ,  th e  defnition  o f an  ac c e p tab l e  a n d  an  u n a c c e p ta b l e
i n te r r u p ti o n  o f th e  fa c i l i ty’ s  m i s s i o n  r e s u l ts  fr o m  d i s c u s s i o n s
b e twe e n  th e  fac i l i ty’ s  o wn e r,  m an ag e r  an d  e n g i n e e r,  th e

d e s i g n e r,  ( p o s s i b l y)  th e  i n s u r a n c e  u n d e r wr i te r  a n d  feld  e n g i ‐
n e e r,  a n d  th e  AH J .  T h e r e  c o u l d  b e  c as e s  wh e r e  a m i s s i o n
c o n ti n u i ty c r i te r i o n  i s  n o t n e e d e d .  [1 :A. 5 . 2 . 2 . 5 ]

N A.5.2.2.8    P e r fo r m an c e -b as e d  d e s i g n  o f s tr u c tu r al  fre  r e s i s t‐
an c e  re q u i r e s  th r e e  m aj o r  s te p s :

( 1 ) D e te r m i n a ti o n  o f th e  th e r m a l  e x p o s u r e  to  a s tr u c tu r e
r e s u l ti n g  fr o m  a fre

( 2 ) D e te r m i n ati o n  o f th e  te m p e r a tu r e  h i s to r y wi th i n  th e
s tr u c tu r e ,  o r  p o r ti o n  th e r e o f

( 3 ) D e te r m i n ati o n  o f th e  s tr u c tu r al  r e s p o n s e
[1:A. 5 . 2 . 2 . 8 ]

S F P E  S tan d ar d  S . 0 1 ,  Calculating Fire Exposures to Structures,
p r o vi d e s  m e th o d o l o g i e s  to  p r e d i c t th e r m a l  b o u n d ar y c o n d i ‐

ti o n s  fo r  fu l l y d e ve l o p e d  fres  to  a s tr u c tu r e  ( S te p  1 ) .  S F P E
S tan d ar d  S . 0 2 ,  Calculation Methods to Predict the Thermal Perform‐
ance of Structural and Fire Resistive Assemblies,  p r o vi d e s  m e th o d o l ‐

o g i e s  to  p r e d i c t th e  th e r m al  r e s p o n s e  o f s tr u c tu r e s  ( S te p  2 ) .
Ap p e n d i x  E ,  Performance-Based Design Procedures for Fire Effects on
Structures,  o f AS C E / S E I  7 ,  Minimum Design Loads and Associated

Criteria for Buildings and Other Structures,  p r o vi d e s  m e th o d o l o ‐
gi e s  to  p r e d i c t th e  s tr u c tu r al  r e s p o n s e  ( S te p  3 ) .  [1 :A. 5 . 2 . 2 . 8 ]

A.5.4    M an y e ve n ts  c an  o c c u r  d u r i n g  th e  l i fe  o f a fa c i l i ty;  s o m e
h ave  a h i g h e r  p r o b ab i l i ty o f o c c u r r e n c e  th a n  o th e r s .  S o m e
e ve n ts ,  th o u gh  n o t typ i c a l ,  c o u l d  h ave  a d e vas tati n g  e ffe c t o n

th e  fac i l i ty.  A r e as o n ab l e  d e s i g n  s h o u l d  b e  a b l e  to  ac h i e ve  th e
go al s ,  o b j e c ti ve s ,  an d  p e r fo r m a n c e  c r i te r i a o f th i s  Code fo r  an y
typ i c a l  o r  c o m m o n  d e s i gn  s c e n ar i o  a n d  fo r  s o m e  o f th e  n o n -

typ i c a l ,  p o te n ti al l y d e va s tati n g  s c e n ar i o s ,  u p  to  s o m e  l e ve l
c o m m e n s u r ate  wi th  s o c i e ty’ s  e x p e c tati o n s  as  refected  i n  th i s
Code.  [1:A. 5 . 4 ]

T h e  c h al l e n ge  i n  s e l e c ti n g  d e s i gn  s c e n a r i o s  i s  fnding  a
m a n ag e ab l e  n u m b e r  th a t ar e  suffciently d i ve r s e  an d  r e p r e s e n ‐

ta ti ve  s o  th at,  i f th e  d e s i gn  i s  r e as o n ab l y s afe  fo r  th o s e  s c e n ar ‐
i o s ,  i t s h o u l d  th e n  b e  r e as o n ab l y s afe  fo r  al l  s c e n a r i o s ,  e x c e p t
fo r  th o s e  specifcally e x c l u d e d  as  b e i n g  u n r e a l i s ti c a l l y s e ve r e  o r
suffciently i n fr e q u e n t to  b e  fai r  te s ts  o f th e  d e s i g n .  [1:A. 5 . 4 ]

Δ A.5.4.1 .2    T h e  SFPE Engineering Guide to Performance-Based Fire
Protection identifes  m e th o d s  fo r  e val u ati n g  fre  s c e n a r i o s .

[1:A. 5 . 4 . 1 . 2 ]

A.5.4.1 .3    I t i s  d e s i r a b l e  to  c o n s i d e r  a  wi d e  va r i e ty o f d i ffe r e n t
d e s i g n  s c e n ar i o s  to  e val u ate  th e  c o m p l e te  c ap ab i l i ti e s  o f th e
b u i l d i n g  o r  s tr u c tu r e .  D e s i gn  s c e n ar i o s  s h o u l d  n o t b e  l i m i te d  to
a  s i n gl e  o r  a  c o u p l e  o f wo r s t-c as e  e ve n ts .  [1 :A. 5 . 4 . 1 . 3 ]

Δ A.5.4.2    B u i l d i n g c o n s tr u c ti o n  i n c l u d i n g  r e q u i r e m e n ts  fo r  l i fe
s a fe ty affe c ti n g  th e  e g r e s s  s ys te m  s h o u l d  b e  i n  a c c o r d an c e  wi th

th e  ad o p te d  b u i l d i n g  c o d e .  I n  th e  a b s e n c e  o f r e q u i r e m e n ts
e s tab l i s h e d  b y th e  ad o p te d  b u i l d i n g c o d e ,  c o n s i d e r a ti o n s
r e g ar d i n g  d e s i g n  s c e n a r i o s  a ffe c ti n g m atte r s  o f c o n s tr u c ti o n

an d / o r  e g r e s s  r e l ate d  to  fre  c an  i n c l u d e  th e  fo l l o wi n g :

Fire Design Scenario 1 .  F i r e  D e s i gn  S c e n ar i o  1  i n vo l ve s  a n
occupancy-specifc  d e s i g n  s c e n ar i o  r e p r e s e n tati ve  o f a  typ i c al
fre  fo r  th e  o c c u p a n c y.

T h i s  d e s i g n  s c e n ar i o  s h o u l d  e x p l i c i tl y a c c o u n t fo r  th e  fo l l o w‐
i n g :

( 1 ) O c c u p an t a c ti vi ti e s
( 2 ) N u m b e r  a n d  l o c ati o n  o f o c c u p a n ts
( 3 ) Ro o m  s i z e
( 4 ) F u r n i s h i n gs  an d  c o n te n ts
( 5 ) F u e l  p r o p e r ti e s  an d  i gn i ti o n  s o u r c e s
( 6 ) Ve n ti l a ti o n  c o n d i ti o n s
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T h e  frst i te m  i g n i te d  an d  i ts  l o c ati o n  s h o u l d  b e  e x p l i c i tl y
defned.

An  e x am p l e  o f s u c h  a  s c e n ar i o  fo r  a  h e a l th  c a r e  o c c u p an c y
i n vo l ve s  a  p a ti e n t r o o m  wi th  two  o c c u p i e d  b e d s  wi th  a fre

i n i ti a l l y i n vo l vi n g o n e  b e d  an d  th e  r o o m  d o o r  o p e n .  T h i s  i s  a
c u rs o r y e x am p l e  i n  th at m u c h  o f th e  e x p l i c i tl y r e q u i r e d  i n fo r ‐
m ati o n  i n d i c ate d  i n  A. 5 . 4 . 2  c a n  b e  d e te r m i n e d  fr o m  th e  i n fo r ‐

m ati o n  p r o vi d e d  i n  th e  e x am p l e .  N o te  th at i t i s  u s u al l y
n e c e s s ar y to  c o n s i d e r  m o r e  th an  o n e  s c e n ar i o  to  c ap tu r e  th e
fe atu r e s  an d  c o n d i ti o n s  typ i c a l  o f an  o c c u p a n c y.

Fire Design Scenario 2.  F i r e  D e s i gn  S c e n ar i o  2  i n vo l ve s  a n
u l tr afas t-d e ve l o p i n g  fre  i n  th e  p r i m a r y m e an s  o f e gr e s s  wi th

i n te r i o r  d o o r s  o p e n  a t th e  s ta r t o f th e  fre.  T h i s  d e s i g n  s c e n ar i o
s h o u l d  a d d r e s s  th e  c o n c e r n  r e ga r d i n g a r e d u c ti o n  i n  th e
n u m b e r  o f avai l ab l e  m e an s  o f e g r e s s .

E x am p l e s  o f s u c h  s c e n ar i o s  ar e  a fre  i n vo l vi n g i gn i ti o n  o f
g as o l i n e  a s  an  ac c e l e r a n t i n  a m e an s  o f e g r e s s ,  c l o th i n g r ac ks  i n

c o rr i d o r s ,  r e n o vati o n  m a te r i al s ,  o r  o th e r  fu e l  confgurations
th at c an  c au s e  an  u l tr a fa s t fre.  T h e  m e a n s  o f e gr e s s  c h o s e n  i s

th e  d o o r way wi th  th e  l ar g e s t e g r e s s  c a p a c i ty a m o n g  d o o r ways
n o r m a l l y u s e d  i n  th e  o r d i n ar y o p e r ati o n  o f th e  b u i l d i n g .  T h e
b a s e l i n e  o c c u p a n t c h ar ac te r i s ti c s  fo r  th e  p r o p e r ty ar e  a s s u m e d .

At i g n i ti o n ,  d o o r s  ar e  as s u m e d  to  b e  o p e n  th r o u gh o u t th e
b u i l d i n g .

Fire Design Scenario 3.  F i r e  D e s i g n  S c e n ar i o  3  i n vo l ve s  a  fre
th at s tar ts  i n  a  n o r m al l y u n o c c u p i e d  r o o m  th at c an  p o te n ti al l y
e n d an g e r  a l ar g e  n u m b e r  o f o c c u p a n ts  i n  a  l a r ge  r o o m  o r

o th e r  a r e a.  T h i s  d e s i gn  s c e n a r i o  s h o u l d  a d d r e s s  th e  c o n c e r n
r e gar d i n g  a  fre  s tar ti n g  i n  a n o r m al l y u n o c c u p i e d  r o o m  an d
m i gr a ti n g i n to  th e  s p ac e  th at c a n ,  p o te n ti a l l y,  h o l d  th e  g r e ate s t

n u m b e r  o f o c c u p an ts  i n  th e  b u i l d i n g.

An  e x am p l e  o f s u c h  a s c e n ar i o  i s  a fre  i n  a  s to r ag e  r o o m
a d j ac e n t to  th e  l ar g e s t o c c u p i ab l e  r o o m  i n  th e  b u i l d i n g .  T h e

c o n te n ts  o f th e  r o o m  o f fre  o r i gi n  a r e  specifed  to  p r o vi d e  th e
l arg e s t fu e l  l o ad  a n d  th e  m o s t r ap i d  g r o wth  i n  fre  s e ve r i ty

c o n s i s te n t wi th  th e  n o r m al  u s e  o f th e  r o o m .  T h e  ad j a c e n t o c c u ‐
p i ab l e  r o o m  i s  as s u m e d  to  b e  flled  to  c ap a c i ty wi th  o c c u p an ts .
O c c u p an ts  ar e  a s s u m e d  to  b e  s o m e wh at i m p ai r e d  i n  wh ate ve r

fo rm  i s  m o s t c o n s i s te n t wi th  th e  i n te n d e d  u s e  o f th e  b u i l d i n g .
At i gn i ti o n ,  d o o r s  fr o m  b o th  r o o m s  ar e  a s s u m e d  to  b e  o p e n .
D e p e n d i n g  o n  th e  d e s i gn ,  d o o r wa ys  c o n n e c t th e  two  r o o m s  o r

th e y c o n n e c t vi a  a  c o m m o n  h a l l way o r  c o r r i d o r.

F o r  p u r p o s e s  o f th i s  s c e n ar i o ,  an  o c c u p i ab l e  r o o m  i s  a r o o m
th at c o u l d  c o n tai n  p e o p l e  ( i . e . ,  a l o c ati o n  wi th i n  a b u i l d i n g
wh e r e  p e o p l e  a r e  typ i c a l l y fo u n d ) .

Fire Design Scenario 4.  F i r e  D e s i gn  S c e n ar i o  4  i n vo l ve s  a  fre
th at o r i g i n ate s  i n  a c o n c e a l e d  wal l  o r  c e i l i n g  s p ac e  ad j a c e n t to  a
l arg e  o c c u p i e d  r o o m .  T h i s  d e s i g n  s c e n ar i o  s h o u l d  a d d r e s s  th e

c o n c e r n  r e g ar d i n g a fre  o r i g i n a ti n g i n  a  c o n c e al e d  s p ac e  th at
d o e s  n o t h ave  e i th e r  a d e te c ti o n  s ys te m  o r  s u p p r e s s i o n  s ys te m
a n d  th e n  s p r e a d i n g i n to  th e  r o o m  wi th i n  th e  b u i l d i n g  th a t c a n ,

p o te n ti a l l y,  h o l d  th e  g r e ate s t n u m b e r  o f o c c u p a n ts .

An  e x a m p l e  o f s u c h  a s c e n a r i o  i s  a  fre  o r i g i n a ti n g i n  a
c o n c e al e d  wal l  o r  c e i l i n g s p a c e  ad j ac e n t to  a l a r ge ,  o c c u p i e d

fu n c ti o n  r o o m .  I gn i ti o n  i n vo l ve s  c o n c e al e d  c o m b u s ti b l e s ,
i n c l u d i n g  wi r e  o r  c a b l e  i n s u l ati o n  an d  th e r m al  o r  ac o u s ti c al

i n s u l a ti o n .  T h e  a d j ac e n t fu n c ti o n  r o o m  i s  as s u m e d  to  b e  o c c u ‐
p i e d  to  c ap ac i ty.  T h e  b as e l i n e  o c c u p a n t c h ar ac te r i s ti c s  fo r  th e
p r o p e r ty ar e  a s s u m e d .  At i g n i ti o n ,  d o o r s  a r e  as s u m e d  to  b e

o p e n  th r o u g h o u t th e  b u i l d i n g.

Fire Design Scenario 5.  F i r e  D e s i gn  S c e n ar i o  5  i n vo l ve s  a  s l o w-
d e ve l o p i n g fre,  s h i e l d e d  fr o m  fre  p r o te c ti o n  s ys te m s ,  i n  c l o s e
p r o x i m i ty to  a h i g h  o c c u p an c y ar e a .  T h i s  d e s i gn  s c e n ar i o

s h o u l d  ad d r e s s  th e  c o n c e r n  r e g ar d i n g  a  r e l ati ve l y s m a l l  i gn i ti o n
s o u r c e  c au s i n g a  signifcant fre.

An  e x am p l e  o f s u c h  a s c e n a r i o  i s  a c i g ar e tte  fre  i n  a  tr a s h
c a n .  T h e  tr a s h  c an  i s  c l o s e  e n o u g h  to  r o o m  c o n te n ts  to  i g n i te

m o r e  s u b s tan ti a l  fu e l  s o u r c e s  b u t i s  n o t c l o s e  e n o u g h  to  a n y
o c c u p an t to  c r e a te  a n  i n ti m ate -wi th - i g n i ti o n  s i tu a ti o n .  I f th e

i n te n d e d  u s e  o f th e  p r o p e r ty i n vo l ve s  th e  p o te n ti a l  fo r  s o m e
o c c u p an ts  to  b e  i n c ap ab l e  o f m o ve m e n t a t an y ti m e ,  th e n  th e
r o o m  o f o r i gi n  i s  c h o s e n  as  th e  typ e  o f r o o m  l i ke l y to  h a ve  s u c h

o c c u p an ts ,  flled  to  c ap ac i ty wi th  o c c u p a n ts  i n  th at c o n d i ti o n .  I f
th e  i n te n d e d  u s e  o f th e  p r o p e r ty d o e s  n o t i n vo l ve  th e  p o te n ti al

fo r  s o m e  o c c u p a n ts  to  b e  i n c a p a b l e  o f m o ve m e n t,  th e n  th e
r o o m  o f o r i g i n  i s  c h o s e n  to  b e  an  as s e m b l y o r  fu n c ti o n  ar e a

c h a r ac te r i s ti c  o f th e  u s e  o f th e  p r o p e r ty,  an d  th e  tr as h  c an  i s
p l a c e d  s o  th at i t i s  s h i e l d e d  b y fu r n i tu r e  fr o m  s u p p r e s s i o n
s ys te m s .  At i g n i ti o n ,  d o o r s  a r e  as s u m e d  to  b e  o p e n  th r o u g h o u t

th e  b u i l d i n g.

Fire Design Scenario 6.  F i r e  D e s i gn  S c e n ar i o  6  i n vo l ve s  th e
m o s t s e ve r e  fre  r e s u l ti n g fr o m  th e  l a r ge s t p o s s i b l e  fu e l  l o ad

c h a r ac te r i s ti c  o f th e  n o r m al  o p e r ati o n  o f th e  b u i l d i n g.  T h i s
d e s i g n  s c e n a r i o  s h o u l d  a d d r e s s  th e  c o n c e r n  r e ga r d i n g  a  r ap i d l y

d e ve l o p i n g fre  wi th  o c c u p an ts  p r e s e n t.

An  e x am p l e  o f s u c h  a s c e n a r i o  i s  a fre  o r i g i n ati n g  i n  th e
l ar g e s t fu e l  l o ad  o f c o m b u s ti b l e s  p o s s i b l e  i n  n o r m a l  o p e r a ti o n
i n  a  fu n c ti o n  o r  as s e m b l y r o o m  o r  i n  a p r o c e s s / m an u fa c tu r i n g

ar e a,  c h ar a c te r i s ti c  o f th e  n o r m al  o p e r ati o n  o f th e  p r o p e r ty.
T h e  confguration,  typ e ,  a n d  ge o m e tr y o f th e  c o m b u s ti b l e s  ar e
c h o s e n  s o  a s  to  p r o d u c e  th e  m o s t r ap i d  an d  s e ve r e  fre  g r o wth

o r  s m o ke  ge n e r a ti o n  c o n s i s te n t wi th  th e  n o r m al  o p e r a ti o n  o f
th e  p r o p e r ty.  T h e  b a s e l i n e  o c c u p a n t c h ar a c te r i s ti c s  fo r  th e
p r o p e r ty ar e  a s s u m e d .  At i g n i ti o n ,  d o o r s  a r e  as s u m e d  to  b e

c l o s e d  th r o u g h o u t th e  b u i l d i n g.

T h i s  s c e n a r i o  i n c l u d e s  e ve r yth i n g fr o m  a  b i g  c o u c h  fre  i n  a
s m al l  d we l l i n g  to  a r a c k s to r a ge  fre  i n  c o m b u s ti b l e  l i q u i d s

s to c k i n  a  b i g b o x  r e tai l  s to r e .

Fire Design Scenario 7.  F i r e  D e s i gn  S c e n ar i o  7  i n vo l ve s  a n
o u ts i d e  e x p o s u r e  fre.  T h i s  d e s i g n  s c e n ar i o  s h o u l d  a d d r e s s  th e

c o n c e r n  r e g ar d i n g  a  fre  s tar ti n g  a t a l o c ati o n  r e m o te  fr o m  th e
ar e a o f c o n c e r n  an d  e i th e r  s p r e ad i n g  i n to  th e  a r e a,  b l o c ki n g
e s c a p e  fr o m  th e  ar e a ,  o r  d e ve l o p i n g u n te n a b l e  c o n d i ti o n s

wi th i n  th e  a r e a.

An  e x am p l e  o f s u c h  a  s c e n a r i o  i s  a n  e x p o s u r e  fre.  T h e
i n i ti a ti n g fre  i s  th e  c l o s e s t an d  m o s t s e ve r e  fre  p o s s i b l e  c o n s i s ‐

te n t wi th  th e  p l ac e m e n t a n d  typ e  o f ad j a c e n t p r o p e r ti e s  an d
th e  p l a c e m e n t o f p l an ts  an d  c o m b u s ti b l e  ad o r n m e n ts  o n  th e

p r o p e r ty.  T h e  b a s e l i n e  o c c u p a n t c h ar a c te r i s ti c s  o f th e  p r o p e r ty
a r e  as s u m e d .

T h i s  c ate g o r y i n c l u d e s  wi l d l a n d / u r b an  i n te r fac e  fres  an d
e x te r i o r  wo o d  s h i n g l e  p r o b l e m s ,  wh e r e  a p p l i c a b l e .

Fire Design Scenario 8.  F i r e  D e s i g n  S c e n ar i o  8  i n vo l ve s  a  fre
o r i gi n ati n g  i n  o r d i n ar y c o m b u s ti b l e s  i n  a r o o m  o r  ar e a  wi th

e a c h  p a s s i ve  o r  ac ti ve  fre  p r o te c ti o n  s ys te m  o r  fe atu r e  i n d e ‐
p e n d e n tl y r e n d e r e d  i n e ffe c ti ve .  T h i s  s e t o f d e s i gn  s c e n a r i o s
s h o u l d  a d d r e s s  c o n c e r n s  r e ga r d i n g e ac h  fre  p r o te c ti o n  s ys te m

o r  fre  p r o te c ti o n  fe atu r e ,  c o n s i d e r e d  i n d i vi d u a l l y,  b e i n g u n r e l i ‐
a b l e  o r  b e c o m i n g  u n a va i l a b l e .  T h i s  s c e n a r i o  s h o u l d  n o t b e

r e q u i r e d  to  b e  a p p l i e d  to  fre  p r o te c ti o n  s ys te m s  o r  fe a tu r e s  fo r
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wh i c h  b o th  th e  l e ve l  o f r e l i ab i l i ty an d  th e  d e s i g n  p e r fo r m a n c e
i n  th e  a b s e n c e  o f th e  s ys te m  ar e  ac c e p tab l e  to  th e  AH J .

T h i s  s c e n a r i o  ad d r e s s e s  a s e t o f c o n d i ti o n s  wi th  a  typ i c al  fre
o r i gi n ati n g  i n  th e  b u i l d i n g wi th  a n y o n e  p as s i ve  o r  ac ti ve  fre
p r o te c ti o n  s ys te m  o r  fe atu r e  b e i n g  i n e ffe c ti ve .  E x am p l e s
i n c l u d e  u n p r o te c te d  o p e n i n gs  b e twe e n  foors  o r  b e twe e n  fre
wal l s  o r  fre  b ar r i e r  wal l s ,  r ate d  fre  d o o r s  th at fai l  to  c l o s e  au to ‐
m a ti c al l y o r  a r e  b l o c ke d  o p e n ,  s p r i n kl e r  s ys te m  wate r  s u p p l y
th at i s  s h u t o ff,  fre  al a r m  s ys te m  th a t’ s  n o n o p e r a ti ve ,  s m o ke
m a n ag e m e n t s ys te m  th a t i s  n o t o p e r ati o n al ,  o r  a u to m a ti c
s m o ke  d am p e r s  th at a r e  b l o c ke d  o p e n .  T h i s  s c e n a r i o  s h o u l d
re p r e s e n t a  r e as o n ab l e  c h al l e n g e  to  th e  o th e r  b u i l d i n g  fe a tu r e s
p r o vi d e d  b y th e  d e s i g n  an d  p r e s u m e d  to  b e  avai l ab l e .

T h e  e x e m p ti o n  fr o m  F i r e  D e s i gn  S c e n ar i o  8  i s  ap p l i e d  to
e ac h  ac ti ve  o r  p a s s i ve  fre  p r o te c ti o n  s ys te m  i n d i vi d u al l y an d
re q u i r e s  two  d i ffe r e n t typ e s  o f i n fo r m a ti o n  to  b e  d e ve l o p e d  b y
an al ys i s  an d  a p p r o ve d  b y th e  AH J .  S ys te m  r e l i a b i l i ty i s  to  b e
an al yz e d  an d  ac c e p te d .  D e s i g n  p e r fo r m a n c e  i n  th e  ab s e n c e  o f
th e  s ys te m  i s  a l s o  to  b e  a n al yz e d  an d  ac c e p te d ,  b u t ac c e p tab l e
p e r fo r m an c e  d o e s  n o t r e q u i r e  fu l l y m e e ti n g th e  s tate d  go al s
an d  o b j e c ti ve s .  I t m i g h t n o t b e  p o s s i b l e  to  m e e t fu l l y th e  go al s
an d  o b j e c ti ve s  i f a ke y s ys te m  i s  u n avai l ab l e ,  a n d  ye t n o  s ys te m
i s  to tal l y r e l i ab l e .  T h e  AH J  d e te r m i n e s  wh i c h  l e ve l  o f p e r fo r m ‐
an c e ,  p o s s i b l y s h o r t o f th e  s ta te d  g o a l s  a n d  o b j e c ti ve s ,  i s  a c c e p t‐
ab l e ,  g i ve n  th e  ve r y l o w p r o b ab i l i ty ( th at i s ,  th e  s ys te m ’ s
u n r e l i ab i l i ty p r o b a b i l i ty)  th a t th e  s ys te m  wi l l  n o t b e  avai l a b l e .

A.5.4.4    D e s i g n  h az ar d o u s  m ate r i al s  s c e n a r i o s  s h o u l d  e x p l i c i tl y
ac c o u n t fo r  th e  fo l l o wi n g :

( 1 ) O c c u p an t a c ti vi ti e s ,  tr ai n i n g,  an d  kn o wl e d g e
( 2 ) N u m b e r  a n d  l o c ati o n  o f o c c u p a n ts
( 3 ) D i s c h ar g e  l o c ati o n  an d  s u r r o u n d i n g s
( 4 ) H a z a r d o u s  m ate r i al s ’  p r o p e r ti e s
( 5 ) Ve n ti l a ti o n ,  i n e r ti n g,  an d  d i l u ti o n  s ys te m s  an d  c o n d i ti o n s
( 6 ) N o r m al  an d  e m e r g e n c y o p e r ati n g  p r o c e d u r e s
( 7 ) S a fe  s h u td o wn  an d  o th e r  h az ar d  m i ti ga ti n g s ys te m s  an d

p r o c e d u r e s
( 8 ) We ath e r  c o n d i ti o n s  a ffe c ti n g th e  h az ar d
( 9 ) P o te n ti a l  e x p o s u r e  to  o ff-s i te  p e r s o n n e l
[1:A. 5 . 4 . 4 ]

D e s i gn  h a z a r d o u s  m ate r i a l s  s c e n a r i o s  s h o u l d  b e  e val u ate d  a s
m a n y ti m e s  as  n e c e s s a r y b y var yi n g th e  fa c to r s  p r e vi o u s l y i n d i ‐
c a te d .  D e s i gn  h a z a r d o u s  m ate r i a l s  s c e n ar i o s  c o u l d  n e e d  to  b e
e s tab l i s h e d  fo r  e ac h  d i ffe r e n t typ e  o f h az ar d o u s  m ate r i al  s to r e d
o r  u s e d  at th e  fa c i l i ty.  [1 :A. 5 . 4 . 4 ]

A.5.4.4.4.2    T h i s  p r o vi s i o n  s h o u l d  b e  a p p l i e d  to  e a c h  p r o te c ‐
ti o n  s ys te m  i n d i vi d u a l l y an d  r e q u i r e s  two  d i ffe r e n t typ e s  o f
i n fo r m ati o n  to  b e  d e ve l o p e d  b y an al ys i s  an d  ap p r o ve d  b y th e
AH J .  S ys te m  r e l i a b i l i ty i s  to  b e  a n al yz e d  an d  a c c e p te d .  D e s i gn
p e r fo r m an c e  i n  th e  a b s e n c e  o f th e  s ys te m  i s  al s o  to  b e  an a l yz e d
an d  a c c e p te d ,  b u t a c c e p ta b l e  p e r fo r m a n c e  d o e s  n o t r e q u i r e
fu l l y m e e ti n g  th e  s tate d  go a l s  a n d  o b j e c ti ve s .  I t m i g h t n o t b e
p o s s i b l e  to  m e e t fu l l y th e  g o al s  an d  o b j e c ti ve s  i f a ke y s ys te m  i s
u n avai l ab l e ,  a n d  ye t n o  s ys te m  i s  to tal l y r e l i a b l e .  T h e  AH J  d e te r ‐
m i n e s  wh i c h  l e ve l  o f p e r fo r m an c e ,  p o s s i b l y s h o r t o f s ta te d  g o al s
an d  o b j e c ti ve s ,  i s  ac c e p tab l e ,  gi ve n  th e  ve r y l o w p r o b ab i l i ty
( th a t i s ,  th e  s ys te m s ’  u n r e l i ab i l i ty p r o b a b i l i ty)  th at th e  s ys te m
wi l l  b e  u n avai l ab l e .  [1 :A. 5 . 4 . 4 . 4 . 2 ]

A.5.4.5.1    An  e x a m p l e  o f s u c h  a s c e n ar i o  wo u l d  i n vo l ve  a  fre
o r  e ar th q u ake  e ffe c ti ve l y b l o c ki n g  th e  p r i n c i p a l  e n tr a n c e / e x i t
b u t n o t i m m e d i ate l y e n d a n ge r i n g th e  o c c u p an ts .  T h e  fu l l  o c c u ‐

p an t l o a d  o f th e  as s e m b l y s p a c e  h as  to  e x i t u s i n g  s e c o n d ar y
m e a n s .  [1 :A. 5 . 4 . 5 . 1 ]

A.5.6    T h e  a s s e s s m e n t o f p r e c i s i o n  r e q u i r e d  i n  5 . 7 . 2  r e q u i r e s  a
s e n s i ti vi ty an d  u n c e r tai n ty an a l ys i s ,  wh i c h  c a n  b e  tr an s l a te d  i n to
s a fe ty fac to r s .  [1 :A. 5 . 6 ]

Sensitivity Analysis.  T h e  frst r u n  a m o d e l  u s e r  m ake s  s h o u l d
b e  l a b e l e d  as  th e  b as e  c as e ,  u s i n g th e  n o m i n a l  va l u e s  o f th e

var i o u s  i n p u t p ar am e te r s .  H o we ve r,  th e  m o d e l  u s e r  s h o u l d  n o t
r e l y o n  a s i n g l e  r u n  as  th e  b as i s  fo r  an y p e r fo r m an c e -b as e d  fre
s a fe ty s ys te m  d e s i gn .  I d e al l y,  e a c h  var i ab l e  o r  p a r am e te r  th at

th e  m o d e l  u s e r  m a d e  to  d e ve l o p  th e  n o m i n a l  i n p u t d ata s h o u l d
h ave  m u l ti p l e  r u n s  as s o c i ate d  wi th  i t,  a s  s h o u l d  c o m b i n ati o n s  o f
ke y var i a b l e s  an d  p ar am e te r s .  T h u s ,  a s e n s i ti vi ty an a l ys i s  s h o u l d
b e  c o n d u c te d  th at p r o vi d e s  th e  m o d e l  u s e r  wi th  d ata th at i n d i ‐

c a te s  h o w th e  e ffe c ts  o f a  r e al  fre  c o u l d  var y an d  h o w th e
r e s p o n s e  o f th e  p r o p o s e d  fre  s a fe ty d e s i gn  c o u l d  al s o  var y.
[1:A. 5 . 6 ]

T h e  i n te r p r e tati o n  o f a  m o d e l ’ s  p r e d i c ti o n s  c an  b e  a diffcult
e x e r c i s e  i f th e  m o d e l  u s e r  d o e s  n o t h ave  kn o wl e d g e  o f fre

d yn am i c s  o r  h u m a n  b e h a vi o r.  [1 :A. 5 . 6 ]

Reasonableness Check.  T h e  m o d e l  u s e r  s h o u l d  frst tr y to  d e te r ‐
m i n e  wh e th e r  th e  p r e d i c ti o n s  ac tu al l y m a ke  s e n s e ,  th a t i s ,  th e y
d o n ’ t u p s e t i n tu i ti o n  o r  p r e c o n c e i ve d  e x p e c ta ti o n s .  M o s t l i ke l y,

i f th e  r e s u l ts  d o n ’ t p a s s  th i s  te s t,  an  i n p u t e r r o r  h a s  b e e n
c o m m i tte d .  [1 :A. 5 . 6 ]

S o m e ti m e s  th e  p r e d i c ti o n s  ap p e a r  to  b e  r e a s o n a b l e  b u t a r e ,
i n  fac t,  i n c o r r e c t.  F o r  e x am p l e ,  a  m o d e l  c a n  p r e d i c t h i g h e r
te m p e r a tu r e s  fa r th e r  fr o m  th e  fre  th a n  c l o s e  to  i t.  T h e  val u e s

th e m s e l ve s  c o u l d  b e  r e a s o n a b l e ,  fo r  e x a m p l e ,  th e y a r e  n o t
h o tte r  th an  th e  fre,  b u t th e y d o n ’ t “fow”  d o wn  th e  e n e r g y a s
e x p e c te d .  [1 :A. 5 . 6 ]

A m ar g i n  o f s a fe ty c an  b e  d e ve l o p e d  u s i n g  th e  r e s u l ts  o f th e
s e n s i ti vi ty an a l ys i s  i n  c o n j u n c ti o n  wi th  th e  p e r fo r m an c e  c r i te r i a

to  p r o vi d e  th e  p o s s i b l e  r a n ge  o f ti m e  d u r i n g wh i c h  a c o n d i ti o n
i s  e s ti m a te d  to  o c c u r.  [1 :A. 5 . 6 ]

S afe ty fac to r s  an d  m a r gi n  o f s a fe ty a r e  two  c o n c e p ts  u s e d  to
q u an ti fy th e  a m o u n t o f u n c e r tai n ty i n  e n gi n e e r i n g  a n al ys e s .

S a fe ty fac to r s  a r e  u s e d  to  p r o vi d e  a m ar g i n  o f s afe ty an d  r e p r e ‐
s e n t,  o r  ad d r e s s ,  th e  g ap  i n  kn o wl e d ge  b e twe e n  th e  th e o r e ti ‐
c a l l y p e r fe c t m o d e l ,  th at i s ,  r e a l i ty an d  th e  e n g i n e e r i n g  m o d e l s

th a t c an  o n l y p ar ti a l l y r e p r e s e n t r e al i ty.  [1 :A. 5 . 6 ]

S a fe ty fac to r s  c a n  b e  ap p l i e d  to  e i th e r  th e  p r e d i c te d  l e ve l  o f
a  p h ys i c al  c o n d i ti o n  o r  to  th e  ti m e  at wh i c h  th e  c o n d i ti o n  i s

p r e d i c te d  to  o c c u r.  T h u s ,  a  p h ys i c al  o r  a  te m p o r a l  s a fe ty fa c to r,
o r  b o th ,  c an  b e  ap p l i e d  to  an y p r e d i c te d  c o n d i ti o n .  A p r e d i c ‐

te d  c o n d i ti o n  ( th at i s ,  a p ar a m e te r ’ s  val u e )  an d  th e  ti m e  a t
wh i c h  i t o c c u r s  a r e  b e s t r e p r e s e n te d  as  d i s tr i b u ti o n s .  I d e al l y,  a
c o m p u te r  fre  m o d e l  p r e d i c ts  th e  e x p e c te d  o r  n o m i n a l  val u e  o f
th e  d i s tr i b u ti o n .  S a fe ty fa c to r s  ar e  i n te n d e d  to  r e p r e s e n t th e

s p r e ad  o f th e s e  d i s tr i b u ti o n s .  [1:A. 5 . 6 ]

G i ve n  th e  u n c e r ta i n ty as s o c i ate d  wi th  d a ta  a c q u i s i ti o n  an d
r e d u c ti o n ,  a n d  th e  l i m i tati o n s  o f c o m p u te r  m o d e l i n g ,  a n y

c o n d i ti o n  p r e d i c te d  b y a c o m p u te r  m o d e l  c a n  b e  th o u g h t o f a s
a n  e x p e c te d  o r  n o m i n al  va l u e  wi th i n  a  b r o ad e r  r an g e .  F o r
e x am p l e ,  an  u p p e r  l aye r  te m p e r a tu r e  o f 1 1 1 0 ° F  ( 6 0 0 ° C )  i s

p r e d i c te d  a t a  gi ve n  ti m e .  I f th e  m o d e l e d  s c e n a r i o  i s  th e n
te s te d  ( th at i s ,  fu l l - s c a l e  e x p e r i m e n t b as e d  o n  th e  c o m p u te r
m o d e l ’ s  i n p u t d ata) ,  th e  ac tu al  te m p e r atu r e  a t th at g i ve n  ti m e

c o u l d  b e  1 1 8 5 ° F  o r  1 0 8 5 ° F  ( 6 4 0 ° C  o r  5 8 5 ° C ) .  T h e r e fo r e ,  th e
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te m p e r a tu r e  s h o u l d  b e  r e p o r te d  as  1 1 1 0 ° F  +  7 5 ° F,  –2 5 ° F
( 6 0 0 ° C  +  4 0 ° C ,  –1 5 ° C )  o r  a s  a  r an g e  o f 1 0 8 5 ° F  to  1 1 8 4 ° F
( 5 8 5 ° C  to  6 4 0 ° C ) .  [1 :A. 5 . 6 ]

I d e al l y,  p r e d i c ti o n s  a r e  r e p o r te d  as  a  n o m i n al  val u e ,  a
p e r c e n ta ge ,  o r  an  a b s o l u te  val u e .  As  a n  e x a m p l e ,  an  u p p e r
l aye r  te m p e r atu r e  p r e d i c ti o n  c o u l d  b e  r e p o r te d  a s  1 1 1 2 ° F
( 6 0 0 ° C ) ,  8 6 ° F  ( 3 0 ° C )  o r  1 1 1 2 ° F  ( 6 0 0 ° C ) ,  5  p e r c e n t.  I n  th i s
c a s e ,  th e  p h ys i c a l  s afe ty fac to r  i s  0 . 0 5  ( th a t i s ,  th e  am o u n t b y
wh i c h  th e  n o m i n a l  va l u e  s h o u l d  b e  d e gr a d e d  an d  e n h an c e d ) .
Gi ve n  th e  s tate -o f-th e -a r t o f c o m p u te r  fre  m o d e l i n g,  th i s  i s  a
ve r y l o w s a fe ty fa c to r.  P h ys i c a l  s afe ty fac to r s  te n d  to  b e  o n  th e
o r d e r  o f te n s  o f p e r c e n t.  A s a fe ty fac to r  o f 5 0  p e r c e n t i s  n o t
u n h e ar d  o f.  [1:A. 5 . 6 ]

P ar t o f th e  p r o b l e m  i n  e s tab l i s h i n g  s afe ty fa c to r s  i s  th a t i t i s
diffcult to  s tate  th e  p e r c e n tag e  o r  r a n ge  th at i s  ap p r o p r i ate .
T h e s e  va l u e s  c an  b e  o b tai n e d  wh e n  th e  c o m p u te r  m o d e l
p r e d i c ti o n s  ar e  c o m p a r e d  to  te s t d ata.  H o we ve r,  u s i n g
c o m p u te r  fre  m o d e l s  i n  a d e s i gn  m o d e  d o e s  n o t fa c i l i ta te  th i s
s i n c e  ( 1 )  th e  r o o m  b e i n g a n al yz e d  h a s  n o t b e e n  b u i l t ye t an d
( 2 )  te s t s c e n a r i o s  d o  n o t n e c e s s ar i l y d e p i c t th e  i n te n d e d
d e s i g n .  [1:A. 5 . 6 ]

A s e n s i ti vi ty an a l ys i s  s h o u l d  b e  p e r fo r m e d  b a s e d  o n  th e
as s u m p ti o n s  th at affe c t th e  c o n d i ti o n  o f i n te r e s t.  A b as e  c a s e
th a t u s e s  al l  n o m i n al  val u e s  fo r  i n p u t p ar am e te r s  s h o u l d  b e
d e ve l o p e d .  T h e  i n p u t p a r am e te r s  s h o u l d  b e  va r i e d  o ve r  r e a s o n ‐
ab l e  r an g e s ,  a n d  th e  var i a ti o n  i n  p r e d i c te d  o u tp u t s h o u l d  b e
n o te d .  T h i s  o u tp u t var i ati o n  c an  th e n  b e c o m e  th e  b as i s  fo r
p h ys i c al  s afe ty fac to r s .  [1:A. 5 . 6 ]

T h e  te m p o r al  s afe ty fac to r  a d d r e s s e s  th e  i s s u e  o f wh e n  a
c o n d i ti o n  i s  p r e d i c te d  an d  i s  a fu n c ti o n  o f th e  r ate  at wh i c h
p r o c e s s e s  ar e  e x p e c te d  to  o c c u r.  I f a  c o n d i ti o n  i s  p r e d i c te d  to
o c c u r  2  m i n u te s  afte r  th e  s ta r t o f th e  fre,  th e n  th i s  c an  b e  u s e d
as  a  n o m i n al  val u e .  A p r o c e s s  s i m i l ar  to  th at d e s c r i b e d  fo r  p h ys ‐
i c al  s afe ty fa c to r s  c an  al s o  b e  e m p l o ye d  to  d e ve l o p  te m p o r al
s a fe ty fa c to r s .  I n  th i s  c as e ,  h o we ve r,  th e  r ate s  ( fo r  e x a m p l e ,  o f
h e a t r e l e as e  an d  to x i c  p r o d u c t g e n e r ati o n )  wi l l  b e  va r i e d
i n s te a d  o f ab s o l u te  va l u e s  ( fo r  e x am p l e ,  m ate r i a l  p r o p e r ti e s ) .
[1:A. 5 . 6 ]

T h e  m a r gi n  o f s afe ty c an  b e  th o u g h t o f as  a  refection  o f
s o c i e tal  va l u e s  an d  c an  b e  i m p o s e d  b y th e  AH J  fo r  th a t
p u r p o s e .  S i n c e  th e  ti m e  fo r  wh i c h  a  c o n d i ti o n  i s  p r e d i c te d  i s
m o s t l i ke l y th e  fo c u s  o f th e  AH J  ( fo r  e x a m p l e ,  th e  m o d e l
p r e d i c ts  o c c u p an ts  h ave  5  m i n u te s  to  s afe l y e va c u ate ) ,  th e
m a r gi n  o f s a fe ty i s  c h ar a c te r i z e d  b y te m p o r a l  as p e c ts  a n d  ta c i tl y
ap p l i e d  to  th e  p h ys i c a l  m ar g i n  o f s afe ty.  [1 :A. 5 . 6 ]

E s c ap i n g th e  h ar m fu l  e ffe c ts  o f fre  ( o r  m i ti g ati n g  th e m )  i s ,
e ffe c ti ve l y,  a  r ac e  ag ai n s t ti m e .  Wh e n  as s e s s i n g  fre  s afe ty s ys te m
d e s i g n s  b as e d  o n  c o m p u te r  m o d e l  p r e d i c ti o n s ,  th e  c h o i c e  o f a n
ac c e p ta b l e  ti m e  i s  i m p o r tan t.  Wh e n  an  AH J  i s  fa c e d  wi th  th e
p r e d i c te d  ti m e  o f u n te n ab i l i ty,  a d e c i s i o n  n e e d s  to  b e  m ad e
r e ga r d i n g  wh e th e r  suffcient ti m e  i s  avai l ab l e  to  e n s u r e  th e
s a fe ty o f fa c i l i ty o c c u p a n ts .  T h e  AH J  i s  as s e s s i n g th e  m a r gi n  o f
s a fe ty.  I s  th e r e  suffcient ti m e  to  g e t e ve r yo n e  o u t s afe l y?  I f th e
AH J  fe e l s  th at th e  p r e d i c te d  e gr e s s  ti m e  i s  to o  c l o s e  to  th e  ti m e
o f u n te n ab i l i ty,  th e n  th e  AH J  c an  i m p o s e  an  a d d i ti o n al  ti m e
th a t th e  d e s i g n e r  h a s  to  i n c o r p o r ate  i n to  th e  s ys te m  d e s i gn .  I n
o th e r  wo r d s ,  th e  AH J  c a n  i m p o s e  a gr e a te r  m ar g i n  o f s a fe ty
th an  th at o r i gi n al l y p r o p o s e d  b y th e  d e s i g n e r.  [1 :A. 5 . 6 ]

T h e  SFPE Handbook of Fire Protection Engineering h as  a  d i s c u s ‐
s i o n  o n  th e  u s e  o f s a fe ty fac to r s  a n d  th e  e va l u ati o n  o f u n c e r ‐

ta i n ty i n  a  p e r fo r m a n c e -b as e d  d e s i gn .  [1 :A. 5 . 6 ]

Δ A.5.7.1    T h e  SFPE Engineering Guide to Performance-Based Fire
Protection d e s c r i b e s  th e  d o c u m e n tati o n  th a t s h o u l d  b e  p r o vi d e d

fo r  a p e r fo r m an c e -b as e d  d e s i g n .  [1 :A. 5 . 7 . 1 ]

P r o p e r  d o c u m e n tati o n  o f a  p e r fo r m an c e  d e s i gn  i s  c r i ti c al  to
th e  d e s i g n  a c c e p ta n c e  an d  c o n s tr u c ti o n .  P r o p e r  d o c u m e n ta‐
ti o n  al s o  e n s u r e s  th at a l l  p ar ti e s  i n vo l ve d  u n d e r s ta n d  wh at i s

n e c e s s ar y fo r  th e  d e s i g n  i m p l e m e n tati o n ,  m ai n te n a n c e ,  an d
c o n ti n u i ty o f th e  fre  p r o te c ti o n  d e s i g n .  I f a tte n ti o n  to  d e ta i l s  i s
m a i n tai n e d  i n  th e  d o c u m e n tati o n ,  th e n  th e r e  s h o u l d  b e  l i ttl e

d i s p u te  d u r i n g ap p r o va l ,  c o n s tr u c ti o n ,  s ta r t- u p ,  a n d  u s e .
[1:A. 5 . 7 . 1 ]

P o o r  d o c u m e n ta ti o n  c o u l d  r e s u l t i n  r e j e c ti o n  o f a n  o th e r ‐
wi s e  go o d  d e s i gn ,  p o o r  i m p l e m e n tati o n  o f th e  d e s i g n ,  i n ad e ‐

q u ate  s ys te m  m ai n te n an c e  a n d  r e l i a b i l i ty,  an d  an  i n c o m p l e te
r e c o r d  fo r  fu tu r e  c h an g e s  o r  fo r  te s ti n g  th e  d e s i gn  fo r e n s i c a l l y.
[1:A. 5 . 7 . 1 ]

A.5.7.2    T h e  s o u r c e s ,  m e th o d o l o g i e s ,  an d  d ata u s e d  i n
p e r fo r m a n c e -b as e d  d e s i g n s  s h o u l d  b e  b as e d  o n  te c h n i c a l  r e fe r ‐

e n c e s  th a t ar e  wi d e l y a c c e p te d  a n d  u s e d  b y th e  ap p r o p r i a te
p r o fe s s i o n s  an d  p r o fe s s i o n al  g r o u p s .  T h i s  ac c e p tan c e  i s  o fte n
b a s e d  o n  d o c u m e n ts  th at a r e  d e ve l o p e d ,  r e vi e we d ,  an d  va l i d a‐

te d  u n d e r  o n e  o f th e  fo l l o wi n g p r o c e s s e s :

( 1 ) S tan d a r d s  d e ve l o p e d  u n d e r  an  o p e n  c o n s e n s u s  p r o c e s s
c o n d u c te d  b y r e c o gn i z e d  p r o fe s s i o n a l  s o c i e ti e s ,  c o d e s  o r

s tan d ar d s  o r g an i z ati o n s ,  o r  g o ve r n m e n tal  b o d i e s
( 2 ) Te c h n i c a l  r e fe r e n c e s  th at a r e  s u b j e c t to  a p e e r  r e vi e w

p r o c e s s  an d  p u b l i s h e d  i n  wi d e l y r e c o g n i z e d  p e e r-r e vi e we d
j o u r n a l s ,  c o n fe r e n c e  r e p o r ts ,  o r  o th e r  p u b l i c ati o n s

( 3 ) Re s o u r c e  p u b l i c ati o n s  s u c h  as  th e  SFPE Handbook of Fire
Protection Engineering,  wh i c h  ar e  wi d e l y r e c o g n i z e d  te c h n i ‐

c a l  s o u r c e s  o f i n fo r m a ti o n
[1:A. 5 . 7 . 2 ]

T h e  fo l l o wi n g  fac to r s  ar e  h e l p fu l  i n  d e te r m i n i n g  th e  a c c e p t‐
a b i l i ty o f th e  i n d i vi d u a l  m e th o d  o r  s o u r c e :

( 1 ) E x te n t o f ge n e r a l  a c c e p ta n c e  i n  th e  r e l e van t p r o fe s s i o n al
c o m m u n i ty.  I n d i c a ti o n s  o f th i s  ac c e p tan c e  i n c l u d e  p e e r-

r e vi e we d  p u b l i c ati o n ,  wi d e s p r e a d  c i tati o n  i n  th e  te c h n i c al
l i te r atu r e ,  a n d  a d o p ti o n  b y o r  wi th i n  a c o n s e n s u s  d o c u ‐
m e n t.

( 2 ) E x te n t o f d o c u m e n tati o n  o f th e  m e th o d ,  i n c l u d i n g th e
a n al yti c al  m e th o d  i ts e l f,  as s u m p ti o n s ,  s c o p e ,  l i m i tati o n s ,
d ata s o u r c e s ,  a n d  d a ta  r e d u c ti o n  m e th o d s .

( 3 ) E x te n t o f val i d ati o n  an d  an a l ys i s  o f u n c e r tai n ti e s .  T h i s
i n c l u d e s  c o m p a r i s o n  o f th e  o ve r al l  m e th o d  wi th  e x p e r i ‐
m e n tal  d ata to  e s ti m ate  e r r o r  r ate s  a s  we l l  as  an al ys i s  o f

th e  u n c e r tai n ti e s  o f i n p u t d ata,  u n c e r tai n ti e s  a n d  l i m i ta‐
ti o n s  i n  th e  an a l yti c a l  m e th o d ,  an d  u n c e r tai n ti e s  i n  th e

as s o c i ate d  p e r fo r m an c e  c r i te r i a.
( 4 ) E x te n t to  wh i c h  th e  m e th o d  i s  b as e d  o n  s o u n d  scientifc

p r i n c i p l e s .
( 5 ) E x te n t to  wh i c h  th e  p r o p o s e d  ap p l i c ati o n  i s  wi th i n  th e

s tate d  s c o p e  an d  l i m i tati o n s  o f th e  s u p p o r ti n g  i n fo r m a‐
ti o n ,  i n c l u d i n g  th e  r a n ge  o f a p p l i c ab i l i ty fo r  wh i c h  th e r e
i s  d o c u m e n te d  va l i d ati o n .  F ac to r s  s u c h  a s  s p ati a l  d i m e n ‐

s i o n s ,  o c c u p an t c h ar a c te r i s ti c s ,  an d  a m b i e n t c o n d i ti o n s
c a n  l i m i t val i d  ap p l i c ati o n s .

[1:A. 5 . 7 . 2 ]
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I n  m an y c as e s ,  a m e th o d  i s  b u i l t fr o m  a n d  i n c l u d e s  n u m e r ‐
o u s  c o m p o n e n t a n al ys e s .  T h e s e  c o m p o n e n t an a l ys e s  s h o u l d  b e
e val u a te d  u s i n g  th e  s am e  fac to r s  th at a r e  ap p l i e d  to  th e  o ve r a l l

m e th o d  as  o u tl i n e d  i n  i te m s  ( 1 )  th r o u g h  ( 5 ) .  [1 :A. 5 . 7 . 2 ]

A m e th o d  to  ad d r e s s  a  specifc  fre  s a fe ty i s s u e ,  wi th i n  d o c u ‐
m e n te d  l i m i tati o n s  o r  val i d ati o n  r e gi m e s ,  m i g h t n o t e x i s t.  I n
s u c h  a c a s e ,  s o u r c e s  an d  c a l c u l ati o n  m e th o d s  c an  b e  u s e d

o u ts i d e  o f th e i r  l i m i tati o n s ,  p r o vi d e d  th a t th e  d e s i g n  te a m
r e c o g n i z e s  th e  l i m i tati o n s  an d  a d d r e s s e s  th e  r e s u l ti n g  i m p l i c a‐
ti o n s .  [1:A. 5 . 7 . 2 ]

T h e  te c h n i c a l  r e fe r e n c e s  an d  m e th o d o l o gi e s  to  b e  u s e d  i n  a
p e r fo r m an c e -b as e d  d e s i gn  s h o u l d  b e  c l o s e l y e va l u ate d  b y th e

d e s i g n  te am  a n d  th e  AH J ,  an d  p o s s i b l y b y a  th i r d -p ar ty
r e vi e we r.  T h e  s tr e n gth  o f th e  te c h n i c al  justifcation  s h o u l d  b e
j u d g e d  u s i n g c r i te r i a  i n  i te m s  ( 1 )  th r o u gh  ( 5 ) .  T h i s  justifcation
c a n  b e  s tr e n g th e n e d  b y th e  p r e s e n c e  o f d a ta  o b tai n e d  fr o m  fre

te s ti n g.  [1 :A. 5 . 7 . 2 ]

A.5.7.11    D o c u m e n tati o n  fo r  m o d e l i n g s h o u l d  c o n fo r m  to
AS T M  E 1 4 7 2 ,  Standard Guide for Documenting Computer Software

for Fire Models,  an d  th e  SFPE Guide for Substantiating a Fire Model
for a Given Application.  [1 :A. 5 . 7 . 1 1 ]

A.6.4.1 .5.1    O c c u p an c i e s ,  i n c l u d i n g  i n d u s tr i al  an d  s to r ag e
o c c u p an c i e s ,  a r e  defned  b y th e  b u i l d i n g c o d e  ad o p te d  b y th e

j u ri s d i c ti o n .  Occupancy i s  a  te r m  u s e d  to  defne  th e  a c ti vi ty o r
p u r p o s e  o f a b u i l d i n g  o r  s p ac e  wi th i n  a b u i l d i n g  wh e r e  a c ti vi ty
o c c u r s .  I n  g e n e r al ,  o c c u p an c i e s  ar e  s e p a r ate d  i n to  var i o u s  c a te ‐

g o ri e s  d e p e n d i n g  o n  th e  u s e .  S o m e  o f th e  c a te g o r i e s ,  d e p e n d ‐
i n g o n  th e  ad o p te d  b u i l d i n g  c o d e ,  c an  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 :  as s e m b l y,  b u s i n e s s ,  e d u c ati o n al ,

fac to r y ( o r  i n d u s tr i al ) ,  h a z a r d o u s ,  i n s ti tu ti o n al ,  m e r c an ti l e ,
r e s i d e n ti a l ,  s to r ag e ,  a n d  s o  o n .

C o n s tr u c ti o n  fe atu r e s  a s  we l l  as  e n gi n e e r i n g  c o n tr o l s  a r e
infuenced  b y th e  o c c u p an c y.  T h e  gr e a te r  th e  h az ar d ,  th e  m o r e

r e s tr i c ti ve  th e  c o n tr o l s  to  b e  a p p l i e d  wi th i n  th e  c o n te x t o f
c o n s tr u c ti o n  fe a tu r e s  a n d  e n g i n e e r i n g  c o n tr o l s  i n te g r al  to  th e
u s e  o f th e  b u i l d i n g.  L i m i tati o n s  a r e  p l a c e d  o n  b u i l d i n g  h e i gh ts ,

a r e as ,  c o n s tr u c ti o n  typ e s ,  an d  c o n s tr u c ti o n  fe a tu r e s ,  i n c l u d i n g
b u i l d i n g  o r  ar e a  e x i ts  an d  th e  e g r e s s  s ys te m  i n  g e n e r al ,  d e p e n d ‐
i n g o n  th e  r i s k b as e d  o n  a predefned  s e t o f c o n d i ti o n s

i m p o s e d  b y th e  o c c u p an c y c ate go r y.  I n d u s tr i al  o c c u p an c i e s  ar e
typ i c a l l y i n vo l ve d  wi th  m an u fac tu r i n g o f a p r o d u c t an d  i n vo l ve
fa c to r i e s  an d  wo r ks h o p s  u s e d  to  m an u fac tu r e  o r  p r o c e s s  a wi d e

a r ray o f m ate r i a l s .  A s to r a ge  o c c u p an c y i s  o n e  i n  wh i c h  m a n u ‐
fa c tu r e d  g o o d s  ar e  s to r e d .  Ac ti vi ty i n  th e s e  a r e as  i s  l i m i te d  to
th e  s to r a ge  o f g o o d s  o r  m a te r i al s .  T h e  q u a n ti ty o f h az ar d o u s

m ate r i al s  i n  o c c u p an c i e s  o th e r  th a n  th o s e  classifed  a s  h a z a r d ‐
o u s  i s  l i m i te d .  Wh e n  th e  n e e d  fo r  q u a n ti ty o f va r i o u s  h az ar d o u s
m ate r i al s ,  i n c l u d i n g  h yd r o g e n ,  i n c r e as e s ,  th e  o c c u p an c y o f th e

a r e a c a n  r e ve r t to  th a t o f a “ h a z a r d o u s  o c c u p an c y, ”  o r  th e
e x c e s s  q u an ti ti e s  m i gh t h a ve  to  b e  i s o l ate d  fr o m  th e  fac to r y
foor  b y e i th e r  p l a c i n g th e m  i n to  a r o o m  th at i s  i s o l a te d  b y fre-
resistive  c o n s tr u c ti o n ,  o r  b y tr a n s fe r r i n g th e  m ate r i a l s  o u ts i d e

o f th e  b u i l d i n g o r  to  a  s e p a r ate  b u i l d i n g  wh e r e  th e y c an  b e
p i p e d  to  a  p o i n t o f u s e .

N A.6.5    S o m e  h yd r o ge n  s ys te m s  i n c l u d e  p r e s s u r e s  a b o ve  th e
l i m i ts  o f AS M E  B 3 1 . 1 2 ,  Hydrogen Piping and Pipelines.  I n  s u c h

c a s e s ,  a n o th e r  s e c ti o n  o f AS M E  B 3 1 ,  s u c h  a s  AS M E  B 3 1 . 3 ,  Proc‐
ess Piping,  m i g h t b e  m o r e  a p p r o p r i a te .

S o m e  h yd r o g e n  g e n e r ato r s  ( e . g . ,  r e fo r m e r s  o r  gasifers)  c a n
p r o d u c e  a  g as  m i x tu r e  th a t i s  l e s s  th a n  9 5  p e r c e n t h yd r o g e n  o r

a b o ve  th e  te m p e r atu r e  l i m i ts  o f AS M E  B 3 1 . 1 2 ,  Hydrogen Piping
and Pipelines.  I n  s u c h  c as e s ,  an o th e r  s e c ti o n  o f AS M E  B 3 1  m i g h t
b e  m o r e  ap p r o p r i a te .

Δ A.6.5.1    An y r e fe r e n c e  to  l i s te d  o r  a p p r o ve d  e q u i p m e n t i n  th e
n o te d  s e c ti o n s  o f th e  I F GC  i s  wi th i n  th e  c o n te x t o f AS M E

B 3 1 . 1 2 ,  Hydrogen Piping and Pipelines,  a n d  d e s c r i b e s  a  m a te r i al
o r  c o m p o n e n t th a t c o n fo r m s  to  th e  specifcations  i n te gr a l  to

AS M E  B 3 1 . 1 2 .

Δ A.6.5.3.1 .3    U n d e r g r o u n d  p i p i n g s ys te m s  a r e  th o s e  s ys te m s
th a t ar e  b u r i e d  an d  i n  c o n ta c t wi th  e ar th  fll  o r  s i m i l ar  m ate r i ‐

a l s .  P i p i n g  l o c a te d  i n  o p e n -to p  o r  g r ate d -to p  tr e n c h e s  i s  n o t
c o n s i d e r e d  to  b e  u n d e r g r o u n d  a l th o u g h  i t m ay b e  b e l o w g r ad e .

Δ A.6.8    E l e c tr i c a l  an d  e l e c tr o n i c  e q u i p m e n t an d  wi r i n g  fo r  u s e
i n  h az ar d o u s  l o c ati o n s  as  defned  i n  Ar ti c l e  5 0 0  o f NFPA 70

s h o u l d  m e e t th e  r e q u i r e m e n ts  o f Ar ti c l e s  5 0 0  an d  5 0 1  o f
NFPA 70.  N o te  th a t Ar ti c l e  5 0 5  al s o  d e ta i l s  r e q u i r e m e n ts  fo r
th i s  e q u i p m e n t a n d  wi r i n g  i n  h az ar d o u s  l o c a ti o n s  an d  u s e s  a

z o n e  classifcation  m e th o d  r ath e r  th an  th e  d i vi s i o n  m e th o d  o f
Ar ti c l e  5 0 0 .

Δ A.6.9    U n d e r  th e  r e q u i r e m e n ts  o f 2 9  C F R 1 9 1 0 . 3 8  e s ta b l i s h e d
b y O S H A r e g u l ati o n s ,  e m p l o ye r s  m u s t e s ta b l i s h  an  e m p l o ye e
a l a r m  s ys te m  th at c o m p l i e s  wi th  2 9  C F R 1 9 1 0 . 1 6 5 .  T h e  r e q u i r e ‐

m e n ts  o f 2 9  C F R 1 9 1 0 . 1 6 5  fo r  th e  e m p l o ye e  al ar m  s ys te m
i n c l u d e ,  b u t ar e  n o t l i m i te d  to ,  s ys te m s  th at ar e  c a p a b l e  o f
b e i n g p e r c e i ve d  ab o ve  a m b i e n t n o i s e  o r  l i gh t l e ve l s  b y a l l

e m p l o ye e s  i n  th e  affe c te d  p o r ti o n s  o f th e  wo r kp l ac e .  Tac ti l e
d e vi c e s  c an  b e  u s e d  to  a l e r t th o s e  e m p l o ye e s  wh o  wo u l d  n o t
o th e r wi s e  b e  ab l e  to  r e c o g n i z e  th e  au d i b l e  o r  vi s u al  a l ar m .  T h e

al a r m  s ys te m  c an  b e  e l e c tr i c a l l y p o we r e d  o r  p o we r e d  b y p n e u ‐
m a ti c  o r  o th e r  m e an s .  S tate ,  l o c a l ,  o r  o th e r  go ve r n m e n tal  r e g u ‐
l ati o n s  m i gh t al s o  e s ta b l i s h  r e q u i r e m e n ts  fo r  e m p l o ye e  a l a r m

s ys te m s .

A.6.10    An n e x  K c o n tai n s  a d d i ti o n al  n o n m an d ato r y g u i d a n c e
r e l ati ve  to  p r e ve n ti o n  an d  m i ti g ati o n  o f h yd r o g e n  e x p l o s i o n s .

Δ A.6.10.3    T h e  i n te n t o f th i s  s e c ti o n  i s  to  r e q u i r e  a wa te r-b as e d
fre  e x ti n g u i s h i n g s ys te m  to  ke e p  ve s s e l s  c o n tai n i n g

c o m p r e s s e d  g as e s  c o o l  i n  th e  e ve n t o f an  e x p o s u r e  fre,  th e r e b y
m i n i m i z i n g  th e  l i ke l i h o o d  o f a r e l e as e  an d  as s o c i ate d  c o n s e ‐
q u e n c e s .  Ac c o r d i n gl y,  a l te r n ati ve  fre  e x ti n g u i s h i n g  s ys te m s ,

s u c h  as  d r y-c h e m i c al  o r  g as e o u s  a ge n t s ys te m s ,  s h o u l d  n o t b e
s u b s ti tu te d .

A.6.13    S e e  An n e x  L  fo r  gu i d a n c e  o n  h yd r o ge n  g as  d e te c to r s .

A.6.13.2.1 .1    M an y m an u fa c tu r e r s  r e c o m m e n d  a t l e as t q u ar ‐
te r l y te s ti n g  o r  c a l i b r a ti o n ,  b u t m o r e  fr e q u e n t te s ti n g  d u r i n g
th e  i n i ti al  o p e r ati n g  p e r i o d .  T h e  i n s tal l ati o n  o f th e  d e te c to r  i n

e x tr e m e  o r  h ar s h  e n vi r o n m e n ts  c an  a l s o  wa r r an t m o r e
fr e q u e n t te s ti n g .

A.6.14    NFPA 70 an d  N F PA 4 9 7  s h o u l d  b e  u s e d  fo r  gu i d an c e  i n
d e te r m i n i n g  th e  ap p r o p r i ate n e s s  o f var i o u s  l i g h ti n g  fxtures.

Δ A.6.17    T h e  te r m i n ati o n  p o i n t fo r  p i p e d  ve n t s ys te m s  s e r vi n g
c yl i n d e r s ,  c o n tai n e r s ,  tan ks ,  an d  ga s  s ys te m s  u s e d  fo r  th e
p u r p o s e  o f o p e r a ti o n al  o r  e m e r g e n c y ve n ti n g s h o u l d  b e  l o c a‐

te d  to  p r e ve n t i m p i n g e m e n t e x p o s u r e  o n  th e  s ys te m  s e r ve d
an d  to  m i n i m i z e  th e  e ffe c ts  o f h i g h  te m p e r atu r e  th e r m a l  r ad i a‐
ti o n  o r  th e  e ffe c ts  o f c o n tac t wi th  th e  g as  fr o m  th e  e s c ap i n g

p l u m e  to  th e  s u p p l y s ys te m ,  p e r s o n n e l ,  ad j a c e n t s tr u c tu r e s ,  an d
i g n i ti o n  s o u r c e s .
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N A.6.17.2    T h e  d i s c h a r ge  fr o m  th e  ve n t c r e ate s  a  h az ar d o u s
(classifed)  ar e a  th a t e x te n d s  fr o m  th e  ve n t te r m i n a ti o n
( o u tl e t) .  I E C  6 0 0 7 9 -1 0 - 1 ,  Explosive atmospheres — Part 1 0-1 : Clas‐
sifcation of areas — Explosive gas atmospheres p r o vi d e s  a m e th o d
fo r  d e te r m i n i n g  th e  e x te n t o f h az ar d o u s  (classifed)  ar e a s .

N A.6.17.4    An a l ys i s  c a n  b e  u s e d  to  j u s ti fy s m a l l e r  h o r i z o n tal
s e p ar a ti o n  d i s tan c e s  p r o vi d e d  th at th e  h yd r o ge n  c o n c e n tr a ti o n

a t th e  e x p o s u r e  i s  2 5  p e r c e n t o r  l e s s  o f th e  L F L  wh e n  fac to r s
s u c h  a s  wi n d  a n d  ga s  te m p e r a tu r e  a r e  ta ke n  i n to  ac c o u n t.

Δ A.6.18    T h e  ve n ti l ati o n  s ys te m s  s h o u l d  b e  d e s i gn e d  to  e n s u r e
th a t fre  h a z a r d s  an d  r i s ks  a r e  m i n i m i z e d .  D e s i gn e r s  s h o u l d
c o n s i d e r  th e  u s e  o f th e  Industrial Ventilation:A Manual of Recom‐

mended Practice for Design,  i n  th e  d e s i g n  o f l o c al  e x h a u s t s ys te m s .

A.6.18.2.1 .4.3    Wh e n  L H 2  s ys te m s  a r e  e m p l o ye d ,  th e  d e n s i ty o f
th e  l i q u i d  wh e n  r e l e as e d  s h o u l d  b e  c o n s i d e r e d .  F o r  a  tr a n s i e n t

ti m e  p e r i o d ,  th e  vap o r s  m i g h t b e  h e avi e r  th an  ai r.

A.6.18.2.1 .7    S e e  5 0 1 . 3  o f th e  I C C  International Mechanical Code
fo r  a d d i ti o n al  g u i d an c e  o n  e x h a u s t o u tl e ts  i n c l u d i n g  ve n ti l a‐
ti o n  d i s c h ar g e .

N A.6.18.2.1 .8.1    T h i s  s e c ti o n  ad d r e s s e s  s ys te m s  th at u s e  ve n ti l a‐
ti o n  to  d i l u te  p o te n ti al  r e l e as e s  o f h yd r o ge n .  Wh i l e  th i s  te c h n i ‐

q u e  h a s  s o m e  s i m i l a r i ti e s  to  th e  p u r g e  a n d  p r e s s u r i z a ti o n
p r o te c ti o n  te c h n i q u e  fo r  e q u i p m e n t i n  h a z a r d o u s  (classifed)
ar e as  a d d r e s s e d  b y N F PA 4 9 6 ,  i t i s  n o t th e  s a m e  an d  th e  two

s h o u l d  n o t b e  c o n fu s e d .

N A.6.18.2.1 .8.3    T h e  c o m p o n e n ts  o f th e  ve n ti l ati o n  s ys te m ,
d e te c ti o n  s ys te m ,  a n d  th e  c i r c u i t o r  s ys te m  th a t ac c o m p l i s h e s

6 . 1 8 . 2 . 1 . 8 . 2  s h o u l d  al s o  b e  l i s te d  o r  ap p r o ve d .  S tan d ar d s  a p p l i ‐
c a b l e  to  th e  c o n tr o l  c o m p o n e n ts  i n c l u d e  U L  5 0 8 ,  Standard for

Industrial Control Equipment,  U L  6 0 9 4 7 - 1 ,  Standard for Low-Voltage
Switchgear and Controlgear — Part 1 : General Rules,  an d
U L  6 0 7 3 0 -1 ,  Automatic Electrical Controls — Part 1 : General

Requirements.

T h e  c i r c u i ts  o r  s ys te m s  th a t ac c o m p l i s h  6 . 1 8 . 2 . 1 . 8 . 2  s h o u l d
b e  a s  fo l l o ws :

( 1 ) C o m p l i an t wi th  th e  r e q u i r e m e n ts  o f C h ap te r  9  o f
N F PA 7 9 ,  wh i c h  i n c l u d e s  a p p l i c a b l e  s e c ti o n s  o n  e m e r ‐

g e n c y s to p  an d  s afe ty-r e l ate d  fu n c ti o n s
( 2 ) C o m p l i an t wi th  at l e as t S I L  2  p e r  I E C  6 1 5 0 8 ,  Functional

safety of electrical/electronic/programmable electronic safety-
related systems — Parts 1  to 7,  o r  a s i m i l ar  s afe ty s tan d ar d

( 3 ) L i s te d  o r  ap p r o ve d  to  U L  1 9 9 8 ,  Standard for Software in
Programmable Components,  i f th e  s ys te m  r e l i e s  o n  s o ftwa r e

o r  p r o g r am m i n g

Δ A.6.21    F i g u r e  A. 6 . 2 1  s h o ws  th r e e  p o s s i b l e  l o c ati o n s  o f th e
s o u r c e  val ve .

N A.6.21 .3    T h e r e  ar e  s e ve ral  g u i d e l i n e s  an d  s ta n d a r d s  d e s c r i b ‐
i n g  b e s t p r ac ti c e s  i n  th e  d e s i g n  a n d  i m p l e m e n ta ti o n  o f

i m p r o ve d  h u m a n -m ac h i n e  i n te r fac e  ( H M I )  i n  p r o c e s s  an d
p i p e l i n e  c o n tr o l s .  T h e s e  i n c l u d e  p u b l i c ati o n s  b y th e  Ab n o r m al
S i tu ati o n  M an a ge m e n t C o n s o r ti u m ,  th e  I S O ,  a n d  th e  Am e r i c an
P e tr o l e u m  I n s ti tu te .  T h e  ad van tag e s  o f a gr a p h i c a l  c o n tr o l s

i n te r fa c e  fo r  th e s e  c o n tr o l s  i s  d e s c r i b e d  i n  AI C h E  a r ti c l e ,  “ S a fe
O p e r ati o n s  U s i n g  Ad van c e d  O p e r ato r  Gr a p h i c s , ”  b y D avi d  A.
L e e .

Δ A.6.22.1 .1(3)    T h e  r e p l ac e m e n t o f p ar ts  i n  a  s ys te m  to  r e p ai r
l e aks ,  th e  a d d i ti o n  o f g as ke ts ,  an d  s i m i l a r  r o u ti n e  m ai n te n a n c e
i s  n o t i n te n d e d  to  e s tab l i s h  th e  n e e d  fo r  c l e an i n g o f th e  e n ti r e

p i p i n g  s ys te m .  T h e  r e q u i r e m e n t i s  to  n o t i n tr o d u c e  n e w
c o n tai n m e n ts  d u r i n g  th e  r e p ai r  ( e . g . ,  c u tti n g  o i l s ,  g r i n d i n g

d e b r i s ,  c o n ta m i n ate d  h ar d war e ,  e tc . ) .  C o n ve r s e l y,  wh e n  a
p i p i n g  s ys te m  i s  e x te n d e d ,  o r  wh e n  th e  s ys te m  n e e d s  to  b e
r e n d e r e d  s a fe  fo r  m a i n te n an c e  p u r p o s e s ,  p u r g i n g  th e  s ys te m

o u t o f s e r vi c e  b e fo r e  d i s as s e m b l y l i ke l y wi l l  b e  r e q u i r e d  as  wi l l
i n te r n al  c l e an i n g i f n e w p i p i n g o r  m a te r i al s  o f c o n s tr u c ti o n  a r e
i n tr o d u c e d .

Δ A.6.22.1 .1(4)    C l e an i n g  an d  p u r gi n g o f h yd r o g e n  s ys te m s  c a n
b e  c o n d u c te d  as  i n d i vi d u al  fu n c ti o n s ,  th at i s ,  j u s t c l e an i n g,  j u s t

p u r g i n g ,  o r  i n  c o m b i n ati o n  as  r e q u i r e d  to  s a ti s fy th e  r e q u i r e ‐
m e n ts  o f th e  p r o c e d u r e s .

Δ A.6.22.1 .3    I t i s  n o t i n te n d e d  th a t a n e w wr i tte n  p r o c e d u r e  b e
r e q u i r e d  e a c h  ti m e  th e  a c ti vi ty o c c u r s  wi th i n  a  fa c i l i ty.

Gu i d an c e  o n  c o n s i d e r a ti o n s  fo r  th e  wr i tte n  p r o c e d u r e  i s
o u tl i n e d  i n  S e c ti o n  4 . 3  o f N F PA 5 6 .

Δ A.6.22.1 .3.1    T h e  r e vi e w o f th e  wr i tte n  p r o c e d u r e s  s h o u l d  n o t
b e  p e r fo r m e d  s o l e l y b y th e  s am e  p e r s o n ( s )  r e s p o n s i b l e  fo r
d e ve l o p i n g  th e  p r o c e d u r e s .  I t c a n  b e  p e r fo r m e d  b y an  i n d e ‐

p e n d e n t p e r s o n  o r  gr o u p  wi th i n  th e  c o m p a n y o r  d e p a r tm e n t
o r  b y a  th i r d -p a r ty c o n s u l tan t.

A.6.22.1 .4.2    Replacement-in-kind r e fe r s  to  a s i tu ati o n  i n  wh i c h  a
p i e c e  o f e q u i p m e n t i s  r e p l ac e d  wi th  e q u i p m e n t o f th e  s a m e
d e s i g n  a n d  s e r vi c e .  [56:A. 4 . 6 . 2 ]

Δ A.6.22.1 .5.2    T h e  notifcation  i s  gi ve n  to  war n  p e r s o n n e l  th a t
s u c h  p r o c e d u r e s  a r e  ab o u t to  o c c u r  s o  th e y wi l l  b e  o u t o f z o n e s

p o te n ti a l l y affe c te d  b y th e  c l e a n i n g  o r  p u r g i n g  p r o c e d u r e .  T h e
i n te n d e d  notifcation  i s  to  b e  c o m m e n s u r a te  wi th  th e  o p e r a‐
ti o n  to  b e  c o n d u c te d ,  an d  th e  ti m i n g  o f th e  notifcation  s h o u l d
b e  r e l e van t to  th e  ac ti vi ty c o n d u c te d  s o  th a t p e r s o n n e l  i n  th e

ar e a c a n  r e s p o n d  i n  a ti m e l y m a n n e r.  Notifcation  c o u l d  b e  a n
a u d i b l e  an d / o r  vi s i b l e  al ar m  o r  a n  a n n o u n c e m e n t o ve r  a
p u b l i c  ad d r e s s  s ys te m ,  p r i vate  n e two r k,  r ad i o ,  o r  s i m i l a r  an d

r e l i a b l e  m e an s  o f e l e c tr o n i c  tr an s m i s s i o n .

Ve r b al  notifcation  c a n  b e  u s e d  i n  o p e r a ti o n s  wh e r e  th e
p i p i n g  s ys te m  i s  l i m i te d  to  th e  ar e a o c c u p i e d  b y th o s e  th a t wi l l

b e  c o n d u c ti n g  th e  c l e an i n g o r  p u r g i n g  p r o c e d u r e s  a n d  r e l a te d
o p e r ati n g  p e r s o n n e l .  T h e s e  ar e as  fr e q u e n tl y ar e  fo u n d  i n  o c c u ‐

p an c i e s  wh e r e  th e  g as  u s e d  to  c h ar g e  th e  p i p i n g  s ys te m  i s
s u p p l i e d  fr o m  p o r tab l e  c o n tai n e r s ,  as  we l l  as  th o s e  ar e as  wh e r e
th e  p i p i n g  s ys te m  i s  l o c a te d  p r i m ar i l y i n  th e  o c c u p i e d  wo r k

a r e a.

N A.6.22.1 .6    An n e x  N  p r o vi d e s  g u i d e l i n e s  an d  p r ac ti c e s  fo r
r e p ai r i n g  l e aks  i n  h yd r o g e n  s ys te m s .

Δ A.7.1 .2    T h e  GH 2  s ys te m  e q u i p m e n t r e fe r e n c e d  i s  i n te n d e d  to
i n c l u d e  fu e l  c e l l  p o we r  s ys te m  ap p l i c ati o n s ,  ge n e r a ti o n  o f

h yd r o g e n  fr o m  p o r tab l e  o r  tr a n s p o r ta b l e  h yd r o g e n  ge n e r a ti o n
e q u i p m e n t,  b a tte ri e s ,  a n d  s i m i l ar  d e vi c e s  a n d  e q u i p m e n t th at

u ti l i z e  h yd r o g e n  fo r  th e  p u r p o s e  o f p o we r  g e n e r ati o n .  I t d o e s
n o t i n c l u d e  h yd r o ge n  p r o d u c ti o n  fac i l i ti e s  i n te n d e d  to
p r o d u c e  h yd r o g e n  u s e d  fo r  d i s tr i b u ti o n  o r  r e p ac ka gi n g o p e r a‐

ti o n s  o p e r ate d  b y g as  p r o d u c e r s ,  d i s tr i b u to r s ,  an d  r e p ac kag e r s .
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2 0 2 3  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 .

L i q u i d
s t o ra g e  t a n k
a b o ve  o r
b e l o w
g ro u n d

L i q u i d
re c i p r o c a t i n g
p u m p

C o m p re s s o r

H i g h
p re s s u r e
va p o r i z e r
( a b o ve
g r o u n d )

G a s  s t o ra g e
r e c e i ve r
( g a s e o u s )

P r e s s u re
r e g u l a t o r
s t a t i o n

S o u rc e
va l ve

P r e s s u re
r e g u l a t o r
s t a t i o n

S o u rc e
va l ve

F u e l
d i s p e n s e r

Ve h i c l e
b e i n g

f u e l e d

Tu b e  t ra i l e r
o f f l o a d i n g
s t a t i o n

G a s  s t o ra g e
r e c e i ve r
( g a s e o u s )

P r e s s u r e
re g u l a t o r
s t a t i o n

S o u r c e
va l ve

P r i m a r y
t u b e  t ra i l e r

S e c o n d a r y
t u b e  t ra i l e r

P i p i n g  w i t h i n  t h e  s c o p e  o f  N F PA  5 5

P i p i n g  w i t h i n  t h e  s c o p e  o f  N F PA  5 2

( a )  J T G  L i q u i d  S u p p l y  S y s t e m ( s )

( b )  J T G  Tu b e  Tr a i l e r  O f f l o a d i n g  S t a t i o n

( c )  J T G  Tu b e  Tr a i l e r  S u p p l y  S y s t e m

F u e l
d i s p e n s e r

Ve h i c l e
b e i n g

f u e l e d

F u e l
d i s p e n s e r

Ve h i c l e
b e i n g

f u e l e d

O p t i o n a l  p i p i n g  w i t h i n  t h e  s c o p e  o f  N F PA  5 5

Δ FI G U RE  A. 6 . 2 1   T h re e  E x am p l e s  o f S o urc e  Val ve  L o c ati o n s .
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Δ A.7.1 .4    N u m e r o u s  m e tal  h yd r i d e s  a r e  c u r r e n tl y b e i n g  te s te d
fo r  ga s e o u s  h yd r o ge n  s to r a ge  ap p l i c ati o n s .  Wh i l e  c e r tai n

C l a s s  D  e x ti n gu i s h i n g  ag e n ts  h ave  b e e n  e ffe c ti ve  o n  s o m e  m e tal
h yd r i d e  m ate r i a l s ,  th e y h a ve  n o t b e e n  te s te d  o n  th e  wi d e  r a n ge

o f h yd r i d e s .  I t i s  c r u c i al  to  u n d e r s tan d  a n y ad ve r s e  c h e m i c al
r e ac ti o n s  b e twe e n  th e  h yd r i d e  a n d  th e  ag e n t p r i o r  to  u s i n g  th e
fre  s u p p r e s s an t.  Ad d i ti o n al l y,  i t i s  i m p o r tan t to  u n d e r s tan d

th a t th e  a p p l i c ati o n  s h o u l d  b e  l i m i te d  to  s m a l l  i n c i p i e n t s tag e
fres.  L ar g e r  fres  wo u l d  r e q u i r e  th e  u s e  o f p e r s o n a l  p r o te c ti ve

e q u i p m e n t i n  th e  a p p l i c ati o n  o f th e  e x ti n g u i s h i n g a ge n t.

A.7.1 .4.1 .4    T h e  o r i g i n a l  e q u i p m e n t m an u fac tu r e r  ( O E M ) ,  fo r
th e  p u r p o s e  o f th i s  p ar a gr a p h ,  s h o u l d  b e  c o n s i d e r e d  to  i n c l u d e

a d u l y a u th o r i z e d  an d  tr ai n e d  r e p r e s e n tati ve  o f th e  O E M .

Δ A.7.1 .7.2    T h e  go al  o f th i s  r e q u i r e m e n t i s  to  p r e ve n t u n au th o r ‐
i z e d  p e r s o n n e l  o r  th o s e  u n fam i l i a r  wi th  g as  s to r a ge  s ys te m s
fr o m  ta m p e r i n g  wi th  th e  e q u i p m e n t a s  we l l  as  to  p r e ve n t th e

i n ad ve r te n t o r  u n au th o r i z e d  r e m o val  o r  u s e  o f c o m p r e s s e d
ga s e s  fr o m  s to r ag e  ar e a s .  Wh e r e  th e  c o m p r e s s e d  g as e s  ar e  l o c a‐
te d  i n  an  ar e a  o p e n  to  th e  g e n e r al  p u b l i c ,  a c o m m o n  p r a c ti c e  i s
to  fe n c e  a n d  l o c k th e  s to r ag e  o r  u s e  a r e a,  wi th  ac c e s s  r e s tr i c te d

to  s u p p l i e r  an d  u s e r  p e r s o n n e l .  Wh e n  th e  s to r a ge  o r  u s e  ar e a  i s
l o c ate d  wi th i n  th e  u s e r ’ s  s e c u r e  a r e a a n d  i s  n o t ac c e s s i b l e  b y
th e  ge n e r a l  p u b l i c ,  i t i s  n o t a l wa ys  n e c e s s ar y to  fe n c e  o r  o th e r ‐

wi s e  s e c u r e  th e  i n d i vi d u a l  g as  s to r ag e  o r  u s e  ar e a s .  P e r s o n n e l
ac c e s s  p atte r n s  m ay s ti l l  m a n d ate  th a t th e  s ys te m  b e  fe n c e d ,  a s
d e te r m i n e d  b y th e  s u p p l i e r  a n d  th e  u s e r.

A.7.1 .8.1    S to r ag e  tu b e s ,  i n c l u d i n g gr o u n d -m o u n te d  tu b e s  an d
m o b i l e  e q u i p m e n t,  a r e  typ i c a l l y n o t p r o vi d e d  wi th  c ap s  o r

c o l l ar s .  T h e  c o n d i ti o n  i s  n o r m a l l y e n c o u n te r e d  fo r  b u l k
s ys te m s  wh e r e  th e  c o n tai n e r s  u s e d  ar e  n o t c o n ve n ti o n al l y p r o vi ‐
d e d  wi th  c ap s  o r  c o l l ar s  a s  th e  va l ve s  ar e  c o n n e c te d  to  p i p i n g

s ys te m s  o r  m a n i fo l d s  fo r  th e  p u r p o s e  o f d i s tr i b u ti n g th e  ga s .
T h e  te r m  similar devices s h o u l d  n o t b e  l i m i te d  to  d e vi c e s  th at
atta c h  to  th e  c o n ta i n e r.  T h e  i n te n t i s  to  i n c l u d e  p r o te c ti o n  fo r

val ve s  o n  c yl i n d e r s ,  c o n ta i n e r s ,  a n d  ta n ks  th a t ar e  n o t o th e r wi s e
e q u i p p e d  ag ai n s t p h ys i c al  d a m a ge  b y b ar r i e r s ,  s e c u r i ty fe n c i n g ,
s p ati a l  ar r a n ge m e n t,  o r  o th e r  m e an s .

Δ A.7.1 .9.1 .1    C l e ar an c e  i s  r e q u i r e d  fr o m  c o m b u s ti b l e  m ate r i al s
to  m i n i m i z e  th e  e ffe c ts  o f e x p o s u r e  fres  to  th e  m ate r i a l s  s to r e d

o r  u s e d .  T h e  r e q u i r e m e n t to  s e p ar a te  th e  m a te r i al s  fr o m  ve ge ‐
ta ti o n  s h o u l d  n o t b e  i n te r p r e te d  to  m e an  th a t th e  ar e a  i s  m ai n ‐
ta i n e d  fr e e  o f al l  ve ge tati o n .  I n  s o m e  s e tti n g s ,  g as  s ys te m s  a r e

l o c a te d  o n  gr o u n d s  th a t a r e  m ai n tai n e d  wi th  fo r m al  l an d s c a p ‐
i n g .  S o m e  j u d g m e n t m u s t b e  e x e r c i s e d  to  d e te r m i n e  wh e th e r
th e  ve g e ta ti o n  p o s e s  wh a t m i gh t b e  vi e we d  a s  an  e x p o s u r e

h a z a r d  to  th e  m ate r i a l s  s to r e d .  C u t l awn s ,  fo r m a l  l a n d s c ap i n g ,
an d  s i m i l a r  ve g e tati o n  d o  n o t o r d i n a r i l y p r e s e n t a  h az ar d  an d
s h o u l d  b e  al l o we d .  O n  th e  o th e r  h a n d ,  tal l ,  d r y g r as s  o r  we e d s

a n d  ve ge tati o n  th a t fr i n g e s  o n  th e  b o r d e r  o f an  u r b a n -wi l d l an d
i n te r fac e  m i gh t b e  vi e we d  as  a h az ar d .

Δ A.7.1 .9.1 .8.1    E l e c tr i c a l  d e vi c e s  c an  i n c l u d e  p r e s s u r e  tr a n s d u c ‐
e r s ,  s i g n al  tr a n s m i tte r s ,  s h u to ff c o n tr o l s ,  an d  s i m i l a r  d e vi c e s .
S o m e  o f th e s e  d e vi c e s  m ay b e  n o n i n c e n d i ve  an d  s u i ta b l e  fo r

u s e  i n  h az ar d o u s  a r e as .  F l am m ab i l i ty o f ga s e s  i s  n o t th e  o n l y
c o n c e r n  wi th  r e s p e c t to  e l e c tr i c al  c i r c u i ts ,  b e c au s e  p i p i n g  s e r v‐
i n g  s ys te m s  i n  u s e  c an  ac t as  c o n d u c to r s  o f e l e c tr i c al  e n e r gy,

e x p o s i n g  u n r e l ate d  p o r ti o n s  o f th e  s ys te m  to  e l e c tr i c a l  h az ar d s
i f i m p r o p e r l y i n s tal l e d .

A.7.1 .13.1    C o m p r e s s e d  ga s  s ys te m s  i n  h yd r o g e n  s e r vi c e  ar e
s u b j e c t to  l e akag e ;  h o we ve r,  l e akag e  h a s  n o t b e e n  defned  i n
q u an ti tati ve  te r m s .  L e ak r a te s  fo r  o u tb o a r d  l e akag e  suffcient to

s u p p o r t s tab l e  fames  h ave  b e e n  th e  s o u r c e  o f r e c e n t s tu d y,
“ L i m i ts  fo r  h yd r o g e n  l e a ks  th a t c a n  s u p p o r t s ta b l e  fames,”  b y

B u tl e r  e t al . 1  T h e  m as s  fow r ate  o f h yd r o g e n  at i ts  q u e n c h i n g
l i m i t h a s  b e e n  r e p o r te d  to  b e  3 . 9  μ g/ s  ( 0 . 0 5  s c c / s ) .  B u tl e r,  e t
al . ,  r e p o r t th at th e  m i n i m u m  fow r ate  n e c e s s ar y fo r  s u s tai n i n g

a  h yd r o g e n  fame  o n  a  l e aky 6 . 3  m m  tu b e  c o m p r e s s i o n  ftting  i s
2 8  μ g/ s  ( 0 . 3  s c c / s ) .  L e aks  b e l o w a  l e ve l  suffcient to  s u s ta i n  a

h yd r o g e n  fame  fo r  s ys te m s  i n  th e  o p e n  wi l l  d i ffu s e  i n to  th e
a tm o s p h e r e  wi th o u t c o n s e q u e n c e .  I n  u n ve n ti l ate d  s p ac e s ,

b u b b l e  l e aks  as  l o w a s  0 . 1  s c c / s  ( 8 . 6  L / d a y)  c an  war r an t r e p ai r
d e p e n d i n g  o n  th e  n atu r al  o r  m e c h an i c a l  ve n ti l a ti o n  avai l ab l e
to  th e  s p a c e  i n  wh i c h  th e  c o n ta i n e r s  ar e  fo u n d .

Δ A.7.1 .13.3    T h e  ga s  s u p p l i e r  s h o u l d  b e  c o n s u l te d  fo r  ad vi c e
u n d e r  th e s e  c i r c u m s tan c e s .

N A.7.1 .21 .1 .1(3)    T h e  fight tr a i n  [ b al l o o n  a n d  l o fte d  i n s tr u ‐
m e n t( s ) ]  as c e n d s  u n ti l  th e  b al l o o n  e x p an d s  a n d  b u r s ts  a t a

h i g h  al ti tu d e  b e twe e n  8 0  ft to  1 0 0 , 0 0 0  ft ( 2 4 , 0 0 0  m  to
3 0 , 4 8 0  m ) .  T h e  h yd r o ge n  i s  r e l e as e d  h a r m l e s s l y th e r e ,  an d  th e
i n s tr u m e n t( s )  fal l s  b a c k to  e ar th  wi th  i ts  d e s c e n t r ate  typ i c al l y

s l o we d  b y e i th e r  a s m al l  p a r ac h u te  o r  th e  l i g h twe i g h t a n d  a e r o ‐
d yn a m i c al l y ineffcient s h a p e  o f th e  i n s tr u m e n t p ac kag e  o r
b o th .  N o  h yd r o g e n  i s  p r e s e n t wh e n  th e  i n s tr u m e n t( s )  l an d s .

N A.7.1 .21 .1 .2    B e c a u s e  h yd r o ge n  i s  a  fammable  ga s  a n d  a
b a l l o o n  i s  a we a k,  n o n -r o b u s t c o n tai n e r,  an  a n al ys i s  to  c e r ti fy a

b a l l o o n  infation  fac i l i ty s h o u l d  e va l u a te  th e  fo l l o wi n g  fa c to r s :

( 1 ) Infation  ar e a  d e s i g n
( 2 ) E l e c tr i c a l  classifcation  o f th e  infation  ar e a
( 3 ) E x h au s t ve n ti l ati o n  r e q u i r e m e n ts
( 4 ) Overinfation
( 5 ) Underinfation
( 6 ) H yd r o g e n  fow r ate
( 7 ) I n te r l o c ks  a n d  an  au to m ati c  s afe ty s ys te m  to  i n te r r u p t

h yd r o ge n  fow
( 8 ) H yd r o ge n  g e n e r ati o n  s ys te m ( s )
( 9 ) H yd r o ge n  s to r a ge  s ys te m ( s )

( 1 0 ) H yd r o ge n  d i s tr i b u ti o n  s ys te m ( s )
( 1 1 ) F i r e  e x p o s u r e  to  th e  infation  a r e a o r  b u i l d i n g

N A.7.1 .22(2)    E x am p l e s  o f n a ti o n a l  a vi ati o n  au th o r i ti e s  i n c l u d e
th e  F e d e r al  Avi ati o n  Ad m i n i s tr a ti o n  ( FAA) ,  Tr a n s p o r t C a n a d a ,

o r  E u r o p e a n  U n i o n  Avi a ti o n  S afe ty Age n c y ( E AS A) .

N A.7.1 .22(3)    D i s s i p ati o n  o f a n y s tati c  p o te n ti a l  c a n  b e  m i ti ga te d
b y b o n d i n g  an d  g r o u n d i n g  i n  ac c o r d a n c e  wi th  Ar ti c l e  2 5 0  o f

NFPA 70.

N A.7.1 .22(4)    D i s s i p ati o n  o f an y s tati c  p o te n ti a l  c a n  b e  m i ti g ate d
b y b o n d i n g  an d  gr o u n d i n g  i n  ac c o r d a n c e  wi th  Ar ti c l e  2 5 0  o f
NFPA 70.

N A.7.1 .22(6)(a)    E x a m p l e s  o f a p p r o p r i ate  s i g n ag e  c o u l d  i n c l u d e
“ F L AM M AB L E  GAS  P RE S E N T  – KE E P  B AC K”  o r  “ F L AM M A‐

B L E  GAS  – D AN GE R”  o r  “ D AN GE R – AU T H O RI Z E D
P E RS O N N E L  O N L Y. ”

N A.7.1 .22(7)    E x am p l e s  o f i m m o b i l e  GH 2  s o u r c e s  i n c l u d e  c yl i n ‐
d e r  b an ks  o r  p al l e ts  n o t c o n tai n i n g wh e e l s .  E x a m p l e s  o f m o b i l e
G H 2  s o u r c e s  i n c l u d e  tu b e  tr a i l e r s .  M o b i l e  GH 2  s o u r c e s  c a n  b e
r e n d e r e d  i m m o b i l e  u s i n g c h o c ks ,  c h ai n s ,  o r o th e r  s u i tab l e
m e a n s .

N A.7.1 .22(9)(a)    E x am p l e s  o f n ati o n al  avi ati o n  au th o r i ti e s
i n c l u d e  th e  F e d e r a l  Avi a ti o n  Ad m i n i s tr a ti o n  ( FAA) ,  Tr a n s p o r t

C an a d a ,  o r  E u r o p e an  U n i o n  Avi a ti o n  S afe ty Age n c y ( E AS A) .
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2 0 2 3  E d i t i o n S h a d e d  te x t =  Re vi s i o n s .  Δ  =  Te x t d e l e ti o n s  a n d  fgure/table  r e vi s i o n s .  •  =  S e c ti o n  d e l e ti o n s .  N  =  N e w m a te r i a l .

A. 7 . 1 . 2 3 . 6    C o m p l i a n c e  wi th  7 . 1 . 2 3 . 6  i s  n o t r e q u i r e d  fo r  e n c l o ‐
s u r e s  wh e r e  o p e r ati o n  o r  m a i n te n an c e -r e l ate d  wo r k i s
p e r fo r m e d  fr o m  th e  e x te r i o r  o f th e  e n c l o s u r e .

A. 7 . 1 . 2 3 . 9 . 2    C o n s i d e r a ti o n  s h o u l d  b e  gi ve n  to  l o c ati n g  a u to ‐
m a ti c  e m e r g e n c y s h u to ff va l ve s  p r i o r  to  wh e r e  th e  p i p e  e n te r s
th e  H E E  o r  c o m p ar tm e n t,  o r  o n  e a c h  GH 2  s to r ag e  ta n k d i r e c tl y

afte r,  o r  c o n n e c te d  to ,  th e  p r i m a r y ta n k m an u al  s h u to ff val ve .

N A. 7 . 1 . 2 3 . 1 2 . 2    An  a r e a classifcation  a n al ys i s  c a n  b e  p e r fo r m e d
to  d e te r m i n e  th e  e x te n t o f th e  h a z a r d o u s  (classifed)  ar e a ,

u s i n g  I E C  6 0 0 7 9 -1 0 -1 ,  Explosive atmospheres — Part 1 0-1 : Classif‐
cation of areas — Explosive gas atmospheres,  o r  a  s i m i l a r  s ta n d ar d .
Ge n e r al  p u r p o s e  e l e c tr i c a l  e q u i p m e n t c an  b e  l o c ate d  wi th i n

1 5  ft ( 4 . 6  m )  o f th e  ve n ti l ati o n  o p e n i n g  o r e x h au s t d i s c h ar g e  i f
i t i s  o u ts i d e  o f th e  h az ar d o u s  a r e a.  An  AH J  c an  r e q u i r e  th e
ap p l i c a n t to  p r o vi d e  e vi d e n c e  o f an  a r e a classifcation  a n al ys i s .

A. 7 . 1 . 2 3 . 1 6 . 1 . 2    T h e  i n te n t o f th e  two - h o u r  r a ti n g fo r  th e  wa l l
i s  to  e n s u r e  th at th e  wal l  b e  o f s u b s tan ti al  c o n s tr u c ti o n  an d

b u i l t p e r  th e  b u i l d i n g  c o d e .  I t i s  n o t b a s e d  o n  a r e q u i r e m e n t
th a t a two -h o u r  fre  i s  a n  e x p e c te d  s c e n ar i o  fo r  th e  H E E .  I t a l s o
i t n o t i n te n d e d  to  m ake  a n  H E E  i n to  a “ b u i l d i n g ”  a n d  th e r e ‐

fo r e  s u b j e c t to  al l  r e q u i r e m e n ts  o f th e  b u i l d i n g c o d e .

Δ A. 7 . 1 . 2 4 . 1 . 1    I n  o p e r ati o n s  wh e r e  an  au to m ati c  e m e r ge n c y
s h u to ff val ve  i s  ac ti vate d  b y a c o n tr o l  s ys te m  th a t i s  o p e r ate d

fr o m  a  r e m o te  s tati o n  o r  b y r e m o te  s tati o n  s o ftwa r e ,  th e  s o ft‐
war e  s ys te m  s h o u l d  b e  d e s i g n e d  to  p r o vi d e  a  vi s u a l  i n d i c a ti o n

o f th e  e m e r g e n c y s h u td o wn  c o n tr o l  s ys te m .  T h e  vi s u a l  e m e r ‐
ge n c y s h u td o wn  fu n c ti o n  s h o u l d  b e  ab l e  to  b e  identifed  b y
tr a i n e d  o p e r a to r s  an d  r e c o g n i z ab l e  to  e m e r g e n c y r e s p o n s e

p e r s o n n e l .

Δ A. 7 . 2 . 1 . 1    F i g u r e  A. 7 . 2 . 1 . 1  i s  a  s c h e m a ti c  s h o wi n g th e  s e p ar a‐
ti o n  d i s ta n c e s  r e q u i r e d  b y 7 . 2 . 1 . 1 .

To x i c
o r 
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Δ FI G U RE  A. 7 . 2 . 1 . 1   S e p arati o n  o f G as  C yl i n d e rs  b y H az ard .

N A. 7 . 2 . 2 . 3 . 2    Ta b l e  7 . 2 . 2 . 3 . 2  ap p l i e s  wh e n  m u l ti p l e  c o n tai n e r s
ar e  s to r e d  i n  th e  s a m e  ar e a wi th  e ac h  c o n ta i n i n g  l e s s  th an  a

b u l k q u a n ti ty o f ga s .  Wh e r e  c yl i n d e r s  o r  c yl i n d e r  p ac ks  ar e  n o t
i n  u s e  an d  l o c ate d  i n  a s to r ag e  ar e a ,  th e i r  va l ve s  ar e  c l o s e d  an d
ar e  n o t m a n i fo l d e d  to  c r e ate  a s i n gl e  b u l k s ys te m .  Wh e n  n o n -

b u l k s ys te m s  ar e  i n  u s e  th e y s h o u l d  b e  l i m i te d  to  n o  m o r e  th an
5 0 0 0  s c f ( 1 4 2  N m 3 ) .  B u l k s ys te m s  s h o u l d  al i g n  wi th  S e c ti o n  7 . 3 .

Δ A. 7 . 2 . 2 . 3 . 2 . 3 ( A)    P o r ti o n s  o f th e  s ys te m  u p s tr e a m  o f th e  s o u r c e
val ve  i n c l u d e  th e  c o n ta i n e r s  o r  b u l k s u p p l y a s  we l l  as  c o n tr o l

e q u i p m e n t d e s i gn e d  to  c o n tr o l  th e  fow o f ga s  i n to  a p i p i n g
s ys te m .  T h e  p i p i n g  s ys te m  d o wn s tr e am  o f th e  s o u r c e  val ve  i s

p r o te c te d  b y e x c e s s  fow c o n tr o l  s h o u l d  fai l u r e  o c c u r  i n  th e
p i p i n g  s ys te m  an d  i s  n o t r e q u i r e d  to  b e  p r o te c te d  b y th e
p r o te c ti ve  s tr u c tu re .  T h e  p r o te c ti ve  s tr u c tu r e  s e r ve s  to  p r o te c t

th o s e  p o r ti o n s  o f th e  s ys te m  th a t a r e  th e  m o s t vu l n e r ab l e  a l o n g
wi th  th e  n e c e s s a r y c o n tr o l s  u s e d  to  o p e r ate  th e  s ys te m .

Δ A. 7 . 3 . 2 . 1 . 2    H yd r o g e n  fres  s h o u l d  n o t b e  e x ti n g u i s h e d  u n ti l
th e  s u p p l y o f h yd r o g e n  h a s  b e e n  s h u t o ff b e c au s e  o f th e  d an g e r
o f r e -i g n i ti o n  o r  e x p l o s i o n .  I n  th e  e ve n t o f fre,  l a r ge  q u a n ti ti e s

o f wate r  s h o u l d  b e  s p r a ye d  o n  a d j ac e n t e q u i p m e n t to  c o o l  th e
e q u i p m e n t an d  p re ve n t i n vo l ve m e n t i n  th e  fre.  C o m b i n a ti o n
fo g  an d  s o l i d  s tr e am  n o z z l e s  ar e  p r e fe r r e d ,  to  p e r m i t wi d e s t

a d a p tab i l i ty i n  fre  c o n tr o l .  S m al l  h yd r o g e n  fres  c an  b e  e x ti n ‐
gu i s h e d  wi th  d r y c h e m i c a l  e x ti n gu i s h e r s  o r  wi th  c ar b o n  d i o x ‐
i d e ,  n i tr o g e n ,  an d  s te am .  Re -i g n i ti o n  c a n  o c c u r  i f a  h e a te d

s u r fac e  a d j ac e n t to  th e  fame  i s  n o t c o o l e d  wi th  wate r  o r  o th e r
m e a n s .

Δ A. 7 . 3 . 2 . 2 . 2 . 3    F o r  gu i d an c e  i n  th e s e  c o n s tr u c ti o n  te c h n i q u e s ,
s e e  N F PA 6 8 .

A. 7 . 3 . 2 . 2 . 3 . 5    Al te r n a ti ve l y,  Ar ti c l e  5 0 5  d e ta i l s  r e q u i r e m e n ts  fo r
th i s  e q u i p m e n t a n d  wi r i n g i n  h a z a r d o u s  l o c a ti o n s  an d  u s e s  a
z o n e  classifcation  m e th o d  r ath e r  th an  th e  d i vi s i o n  m e th o d  o f

Ar ti c l e  5 0 0 .  C l as s  1 ,  D i vi s i o n  2  l o c ati o n s  ar e  e q u i val e n t to  th e
C l a s s  1 ,  Z o n e  2  l o c a ti o n s  o f Ar ti c l e  5 0 5 .

N A. 7 . 3 . 2 . 3 . 1 . 1    Ta b l e  7 . 3 . 2 . 3 . 1 . 2 ( B ) ( a) ,  Tab l e  7 . 3 . 2 . 3 . 1 . 2 ( B ) ( b ) ,
an d  Ta b l e  7 . 3 . 2 . 3 . 1 . 2 ( B ) ( c )  defne  m i n i m u m  d i s tan c e s  b e twe e n
e x p o s u r e s  an d  c o m p o n e n ts  o f a b u l k h yd r o g e n  c o m p r e s s e d  ga s

s ys te m .  T h e  e x p o s u r e  d i s ta n c e s  a r e  a fu n c ti o n  o f e x p o s u r e  typ e
( Gr o u p s  1 ,  2 ,  a n d  3 ) ,  s ys te m  d e s i gn  p r e s s u r e ,  a n d  m a x i m u m
i n te r n al  d i a m e te r.  A b u l k h yd r o g e n  c o m p r e s s e d  g as  s ys te m  m ay

h a ve  p o r ti o n s  o f th e  s ys te m  th a t o p e r ate  wi th i n  d i ffe r i n g  p r e s ‐
s u r e  r an g e s .  F o r  e x am p l e ,  c o m p o n e n ts  th at o p e r ate  wi th i n  a
s ys te m  b e twe e n  1 5  p s i g  ( 1 0 3  kP a)  an d  2 5 0  p s i g  ( 1 7 2 4  kP a )  wi th

a  l a r ge s t p i p e  s i z e  l e s s  th an  o r  e q u al  to  2 . 0 9  i n  ( 5 3  m m )  h a ve  a
m i n i m u m  Gr o u p  1  e x p o s u r e  d i s ta n c e  o f 1 6  ft ( 4 . 9  m ) .  C o m p o ‐
n e n ts  th a t o p e r a te  wi th i n  a  d i ffe r e n t p o r ti o n  o f th e  s ys te m

b e twe e n  2 5 0  p s i g  ( 1 7 2 4  KP a )  a n d  3 0 0 0  p s i g ( 2 0 6 8 4  kP a )  wi th
th e  l a r ge s t p i p e  s i z e  l e s s  th a n  o r  e q u al  to  0 . 7 5  i n  ( 1 9  m m )  h ave
a m i n i m u m  Gr o u p  1  e x p o s u r e  o f 2 0  ft ( 6  m ) .  I t i s  n o t n e c e s s ar y

to  ap p l y th e  2 0  fe e t m i n i m u m  Gr o u p  1  e x p o s u r e  d i s ta n c e s  to
th e  c o m p o n e n ts  th at fo r m  a p o r ti o n  o f th e  s ys te m  th at o p e r ate
b e twe e n  1 5  ( 1 0 3  kP a)  a n d  2 5 0  p s i g  ( 1 7 2 4  kP a) .

Δ A. 7 . 3 . 2 . 3 . 1 . 2    C o n ve r s i o n s  fo r  d i s ta n c e  b e twe e n  i n c h - p o u n d
an d  S I  u n i ts  o f m e a s u r e  c an n o t b e  c o n s i s te n tl y p e r fo r m e d

u s i n g  typ i c al  m ath e m ati c al  c o n ve r s i o n  fa c to r s .  T h e  m aj o r i ty o f
s e p ar a ti o n  d i s ta n c e s  s h o wn  i n  th e  S I  tab l e  h a ve  b e e n  d e te r ‐
m i n e d  b y th e  ap p l i c ati o n  o f a  r i s k-i n fo r m e d  ap p r o ac h  s u b s tan ‐

ti a te d  b y s ta ti s ti c a l  e val u ati o n  a n d  m o d e l i n g  b as e d  o n  va l i d ate d
m o d e l s  fo r  b o th  i gn i te d  a n d  u n i g n i te d  r e l e as e  o f h yd r o g e n  g as .
Wh e r e  d i s ta n c e  h as  b e e n  d e te r m i n e d  to  a l l o w fo r  a c c e s s  o r  fo r

c o r r e l a ti o n  wi th  th e  e l e c tr i c a l  c o d e ,  th e  d i s ta n c e s  we r e  n o t
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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  re 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 3  E d i t i o n

e s tab l i s h e d  th r o u gh  th e  u s e  o f m o d e l s .  Tab u l ar  d i s ta n c e s  i n  th e
i n c h -p o u n d  ta b l e  h ave  b e e n  d e te r m i n e d  b y frst c o n ve r ti n g S I
u n i ts  i n to  i n c h - p o u n d  u n i ts  a n d  th e n  r o u n d i n g  th e  d i s tan c e  to
th e  n e ar e s t 5  ft fo r  e as e  o f a p p l i c a ti o n  b y c o d e  e n fo r c e r s  an d
u s e r s .  A s i m i l ar  r o u n d i n g  te c h n i q u e  h as  n o t b e e n  ap p l i e d  i n
th e  ta b u l a r  d i s tan c e s  s h o wn  i n  th e  S I  tab l e .

T h e  e x p o s u r e s  i n te g r al  to  Tab l e  7 . 3 . 2 . 3 . 1 . 2 ( B ) ( a) ,  Tab l e
7 . 3 . 2 . 3 . 1 . 2 ( B ) ( b ) ,  an d  Tab l e  7 . 3 . 2 . 3 . 1 . 2 ( B ) ( c )  h a ve  b e e n
ar r an g e d  i n to  g r o u p s  b as e d  o n  s i m i l ar  r i s ks .  T h e  e s ti m ate d  l e ak
ar e a wa s  c h an g e d  fr o m  3  p e r c e n t to  1  p e r c e n t o f th e  p i p e  d i am ‐
e te r  to  e va l u ate  s e p a r ati o n  d i s tan c e s .  T h e  th r e s h o l d s  a r e  a p p l i ‐
c a b l e  to  th e  e x p o s u r e s  identifed  i n  e a c h  g r o u p ,  as  fo l l o ws :

( 1 )   Group 1  Exposures.  T h e  d i s tan c e s  specifed  a r e  th o s e
re q u i r e d  to  r e d u c e  th e  r ad i an t h e a t fux  l e ve l  to  5 0 0  B tu / h r / ft2

( 1 5 7 7  W/ m 2 )  at th e  p r o p e r ty l i n e  o r  th e  d i s tan c e  to  a p o i n t i n
th e  u n i gn i te d  h yd r o ge n  j e t wh e r e  th e  h yd r o g e n  c o n te n t i s
r e d u c e d  to  a 4  p e r c e n t m o l e  fr a c ti o n  ( vo l u m e  fr a c ti o n )  o f

h yd r o g e n ,  wh i c h e ve r  i s  g r e ate r.  I n  a l l  c as e s ,  th e  d i s ta n c e
r e q u i r e d  to  ac h i e ve  a  4  p e r c e n t m o l e  fr ac ti o n  wa s  th e  gr e a te r
d i s tan c e  an d  wa s  u s e d  to  e s ta b l i s h  th e  r e q u i r e m e n ts .

( 2 )   Group 2 Exposures.  T h e  d i s tan c e s  specifed  a r e  th o s e
r e q u i r e d  to  r e d u c e  th e  r ad i an t h e at fux  l e ve l  to

1 5 0 0  B tu / h r / ft2  ( 4 7 3 2  W/ m 2 )  fo r  p e r s o n s  e x p o s e d  a m ax i m u m
o f 3  m i n u te s .

( 3 )  Group 3 Exposures.  T h e  d i s tan c e s  specifed  a r e  th o s e
r e q u i r e d  to  r e d u c e  th e  r ad i an t h e at fux  l e ve l  to

6 3 4 0  B tu / h r / ft2  ( 2 0 , 0 0 0  W/ m 2 )  o r  th e  vi s i b l e  fame  l e n g th  fo r
c o m b u s ti b l e  m ate r i a l s ,  o r  a r ad i a n t h e a t fux  l e ve l  o f
8 0 0 0  B tu / h r / ft2  ( 2 5 , 2 3 7  W/ m 2 )  o r  th e  vi s i b l e  fame  l e n gth  fo r

n o n c o m b u s ti b l e  e q u i p m e n t.  I n  b o th  c as e s ,  th e  vi s i b l e  fame
l e n g th  wa s  u s e d  to  e s ta b l i s h  th e  r e q u i r e m e n ts .

A 5 0  p e r c e n t s a fe ty fac to r  was  ad d e d  to  al l  r e s u l ti n g s e p ar a‐
ti o n  d i s ta n c e  val u e s .

Table 7. 3. 2. 3. 1 . 2(B)(a) Exposures Group 1 (a).  L o t l i n e s  ( p r o p ‐
e r ty l i n e s )  ar e  th o s e  p r o p e r ty l i n e s  b e twe e n  p ar c e l s  a n d  s h o u l d

n o t b e  c o n s tr u e d  to  b e  th e  i m ag i n a r y p r o p e r ty l i n e s  th at a r e
d r awn  fo r  th e  p u r p o s e s  o f p ro te c ti n g th e  e x te r i o r  wal l s  o f
m u l ti p l e  b u i l d i n g s  p l a c e d  o n  th e  s a m e  l o t o r  p ar c e l .  Rai l r o ad

e as e m e n ts  th at a r e  n o t ac c e s s i b l e  to  th e  p u b l i c  o th e r  th a n  b y
r a i l  tr a ve l  c an  b e  u s e d  a s  a m e an s  o f s p a ti al  s e p ar a ti o n ,  wi th  th e
r e q u i r e d  s e p ar ati o n  b e i n g  m e as u r e d  b e twe e n  th e  h yd r o ge n

s ys te m  a n d  th e  n e ar e s t r ai l r o ad  tr a c k.  I t s h o u l d  b e  n o te d  th at
i n  th e s e  c as e s ,  th e  a d d i ti o n  o r  re l o c ati o n  o f tr ac k c a n  r e s u l t i n
a n  e n c r o ac h m e n t th at wi l l  n e c e s s i tate  r e l o c a ti o n  o f th e  h yd r o ‐

ge n  s ys te m  a t th e  s ys te m  u s e r ’ s  e x p e n s e .

Wh e r e  th e  p r o p e r ty o n  th e  o th e r  s i d e  o f a p r o p e r ty l i n e  i s
d e te r m i n e d  to  b e  u n b u i l d ab l e  o r  u n o c c u p i ab l e  d u e  to  n a tu r al

fe a tu r e s  i n c l u d i n g ,  b u t n o t l i m i te d  to ,  wate r ways ,  te r r ai n ,
we tl an d s ,  o r  s i m i l ar  fe a tu r e s  e n c r o ac h m e n t b y th e  h yd r o g e n

s ys te m  o n  th e  p r o p e r ty l i n e  c a n  b e  a c c e p ta b l e  wi th  th e  a p p r o ‐
va l  o f th e  au th o r i ty h a vi n g j u ri s d i c ti o n .  S h o u l d  th e  p r o p e r ty
th a t i s  e n c r o ac h e d  u p o n  b e c o m e  b u i l d ab l e  o r  o th e r wi s e  o c c u ‐

p i a b l e ,  th e  h yd r o ge n  s ys te m  l o c ati o n  s h o u l d  b e  r e e va l u a te d  b y
th e  s ys te m  u s e r  a n d  th e  AH J  notifed  o f th e  r e s u l ts .

Table 7. 3. 2. 3. 1 . 2(B)(a) Exposure Group 2(a).  T h e  e x p o s e d
p e r s o n s  o f c o n c e r n  a r e  n o n -wo r k- r e l ate d  p e r s o n s  o r  m e m b e r s

o f th e  p u b l i c  wh o  ar e  n o t i n vo l ve d  wi th  s e r vi c i n g th e  s ys te m ,
b e c a u s e  th e s e  p e r s o n s  typ i c a l l y ar e  n e i th e r  tr ai n e d  n o r  kn o wl ‐
e d g e ab l e  i n  th e  o p e r a ti o n  o f th e  s ys te m ,  b u t a r e  o n  th e  p r e m ‐

i s e s .  B y c o m p a r i s o n ,  s e r vi c e  p e r s o n n e l  o r  th o s e  i n vo l ve d  wi th

s e r vi c i n g  th e  s ys te m  ar e  tr ai n e d  a n d  e n g ag e d  i n  ac ti vi ti e s  r e l a‐
te d  to  th e  s ys te m  o p e r ati o n  i n c l u d i n g ,  b u t n o t l i m i te d  to ,

i n s p e c ti n g,  m o n i to r i n g  s ys te m  i n ve n to r y,  d e l i ve r i n g  p r o d u c t,
m a i n te n an c e ,  o r  s i m i l a r  fu n c ti o n s .  Ad m i n i s tr ati ve  c o n tr o l s ,
e n gi n e e r i n g  c o n tr o l s ,  o r  c o n s tr u c ti o n  fe atu r e s  a r e  typ i c al l y

u s e d  to  r e s tr i c t p e r s o n s  o th e r  th a n  s e r vi c e  p e r s o n n e l  fr o m
b e i n g wi th i n  th e  z o n e  o f p o te n ti a l  e x p o s u r e .  T h e  p e r m i t
h o l d e r  i s  r e s p o n s i b l e  fo r  m an a gi n g an d  ad m i n i s te r i n g  th e

c o n tr o l s  to  r e s tr i c t ac c e s s .  E x am p l e s  o f s u c h  c o n tr o l s  c o u l d
i n c l u d e  p a i n te d  l i n e s  o r  s i g n s  o r  p h ys i c a l  b ar r i e r s  s u c h  as  a
fe n c e .

C GA P S -4 8 ,  Clarifcation of Existing Hydrogen Setback Distances
and Development of New Hydrogen Setback Distances in NFPA 55,

p r o vi d e s  g u i d a n c e  an d  clarifcation  o n  typ e s  o f e x p o s u r e s  a s
we l l  a s  a p p l i c ati o n s  o f th e  s e p ar ati o n  d i s ta n c e s .

Δ A.7.3.2.3.1 .2(B)(4)    S ys te m s  th a t e m p l o y c o m p r e s s o r s  d o wn ‐
s tr e am  o f a  b u l k s u p p l y typ i c al l y o p e r a te  a t h i gh e r  p r e s s u r e s
th an  th a t o f th e  b u l k s u p p l y.  As  a  r e s u l t,  th e  d i a m e te r  o f th e

p i p i n g  s ys te m  c a n  var y wi th  th e  p r e s s u r e .  T h e  u s e  o f a h i g h e r
p r e s s u r e  r a ti n g o r  var i ati o n  o f i n te r n a l  d i a m e te r s  i s  n o t wa r r an ‐
te d  u n l e s s  th e r e  i s  a s to r ag e  c o m p o n e n t wi th  a  h yd r o ge n

c o n te n t th a t e x c e e d s  5 0 0 0  s c f ( 1 4 1 . 6  N m 3 )  l o c ate d  d o wn s tr e a m
o f th e  p r i m ar y s to r ag e  s o u r c e  an d  u p s tr e am  o f th e  s o u r c e  va l ve .
T h e  vo l u m e  o f ga s  c o n tai n e d  wi th i n  th e  p i p i n g s ys te m  i s  n o t

i n c l u d e d  i n  d e te r m i n i n g  th e  q u an ti ty i n  s to r ag e .

F o r  e x am p l e ,  a 3 0 0 0  p s i  ( 2 0 , 6 8 4  kP a)  s to r ag e  s ys te m  th at
s u p p l i e s  a 6 0 0 0  p s i  ( 4 1 , 3 6 9  kP a )  c o m p r e s s o r  th at d i r e c tl y fe e d s

a p r o c e s s  wi th  l e s s  th a n  5 0 0 0  s c f ( 1 4 1 . 6  N m 3 )  o f i n te r ve n i n g
s to r ag e  at a  p r e s s u r e  o f 6 0 0 0  p s i  ( 4 1 , 3 6 9  kP a )  o r  l e s s  i s  c o n s i d ‐

e r e d  a  3 0 0 0  p s i  ( 2 0 , 6 8 4  kP a)  s ys te m .  C o n ve r s e l y,  a s ys te m  wi th
th e  p r i m a r y s to r ag e  o f 3 0 0 0  p s i  ( 2 0 , 6 8 4  kP a)  m i gh t s u p p l y a
c o m p r e s s o r  th at i n  tu r n  d e l i ve r s  h yd r o ge n  to  i n te r m e d i a te  s to r ‐

ag e  wi th  a  q u a n ti ty o f gr e a te r  th a n  5 0 0 0  s c f ( 1 4 1 . 6  N m 3 ) .  T h e
p i p i n g  s e r vi n g th e  i n te r m e d i ate  s to r ag e  s ys te m  fr o m  a  p o i n t o f
d i s c h ar g e  o n  th e  c o m p r e s s o r  c a n  h a ve  an  i n te r n a l  d i a m e te r  o f

l e s s  th a n  th at s e r vi n g  th e  p r i m a r y s to r a ge  s ys te m  u p s tr e am  o f
th e  c o m p r e s s o r.  Ac c o r d i n g l y,  e ac h  p o r ti o n  o f th e  s ys te m  m u s t
b e  a n al yz e d  wi th  r e s p e c t to  th e  ta b u l a r  d i s tan c e s .  S e e  th e  typ i ‐

c a l  p i p i n g an d  i n s tr u m e n ta ti o n  d r awi n gs  ( P & I D s )  s h o wn  i n
F i g u r e  A. 3 . 3 . 2 3 7 . 2 ( a)  th r o u gh  F i g u r e  A. 3 . 3 . 2 3 7 . 2 ( f)  fo r ad d i ‐
ti o n a l  i n fo r m a ti o n  i n  th i s  r e g ar d .

T h e  u s e  o f Tab l e  7 . 3 . 2 . 3 . 1 . 2 ( B ) ( c )  i s  b a s e d  o n  th e  m a x i m u m
i n te r n al  d i a m e te r  o f th e  p i p i n g  s ys te m  o ve r  th e  r a n ge  o f p r e s ‐

s u r e s  specifed.  I n  p r a c ti c e ,  i t i s  c o m m o n  to  m a i n tai n  a  c o n s i s ‐
te n t s i z e  o f p i p i n g  th r o u gh o u t th e  s ys te m ;  h o we ve r,  th e r e  m i g h t
b e  c as e s  wh e r e  th e  I D  o f th e  p i p i n g  s ys te m  var i e s .  I n  s u c h  c as e s ,

th e  p i p i n g  wi th  th e  l ar g e s t i n te r n al  d i a m e te r  i n  th e  s ys te m  i s
u s e d  to  e s tab l i s h  th e  s ys te m  p i p e  s i z e  fo r  th e  p u r p o s e s  o f u s i n g
th e  ta b l e ,  r e g ar d l e s s  o f th e  l e n gth  o f th e  p i p i n g .  I t i s  n o t

u n c o m m o n  fo r  p o r ti o n s  o f th e  s ys te m  e q u i p p e d  wi th  p re s s u r e
ga u g e s ,  p r e s s u r e  tr an s d u c e r s ,  o r  o th e r  i n s tr u m e n ta ti o n  to  b e
s e r ve d  b y s m al l -d i a m e te r  p i p i n g s ys te m s .  H o we ve r,  th e  m ax i ‐

m u m  i n te r n a l  d i am e te r  o f th e  p i p i n g  s ys te m  wi l l  c o n tro l  th e
e s tab l i s h m e n t o f d i s ta n c e  fo r  th e  e x p o s u r e s  i n d i c ate d .

Δ A.7.3.2.3.1 .2(B)(5)    T h e  m e th o d o l o gy u s e d  to  d e te r m i n e  th e
d i s tan c e s  l i s te d  i n  Tab l e  7 . 3 . 2 . 3 . 1 . 2 ( B ) ( b )  a n d  Tab l e
7 . 3 . 2 . 3 . 1 . 2 ( B ) ( c )  h as  b e e n  e va l u ate d  fo r  p i p i n g  u p  to  an d

i n c l u d i n g  i n te r n a l  d i am e te r s  o f ap p r o x i m a te l y 3  i n .  ( 7 6  m m ) .
T h e  e s tab l i s h m e n t o f r i s k-i n fo r m e d  s e p ar a ti o n  d i s ta n c e s  fo r
p i p i n g  s ys te m s  wi th  g r e ate r  i n te r n a l  d i a m e te r s  a r e  s u b j e c t to  a

h a z a r d  a n al ys i s  th at d e m o n s tr ate s  an  e q u i va l e n t l e ve l  o f r i s k
u n d e r  th e  p r o vi s i o n s  o f S e c ti o n  1 . 5 .
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2 0 2 3  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 .

P o r ti o n s  o f a s ys te m  m i g h t o p e r ate  at h i gh e r  p r e s s u r e s  th a n
th e  b u l k s u p p l y;  h o we ve r,  th o s e  p o r ti o n s  o f th e  s ys te m  d o  n o t
r e q u i r e  th e  u s e  o f a  p r e s s u r e  r ati n g  h i g h e r  th an  th at o f th e

b u l k s u p p l y u n l e s s  th e r e  i s  a s to r ag e  c o m p o n e n t e x c e e d i n g
5 0 0 0  s c f 1 4 1 . 6  N m 3  d o wn s tr e a m  o f th e  p r i m ar y s to r ag e  s o u r c e

a n d  u p s tr e a m  o f th e  s o u r c e  va l ve .  T h e  vo l u m e  o f g as  c o n ta i n e d
wi th i n  th e  p i p i n g  s ys te m  i s  n o t i n c l u d e d  wh e n  th e  q u a n ti ty i n
s to r ag e  i s  d e te r m i n e d .  F o r  e x a m p l e ,  a  3 0 0 0  p s i g  ( 2 0 , 6 8 4  kP a)

s to r ag e  s ys te m  th a t s u p p l i e s  a  6 0 0 0  p s i g  ( 4 1 , 3 6 9  kP a )  c o m p r e s ‐
s o r  th a t d i r e c tl y fe e d s  a  p r o c e s s  wi th  l e s s  th a n  5 0 0 0  s c f
( 1 4 1 . 6  N m 3 )  o f i n te r ve n i n g s to r a ge  at a p r e s s u r e  o f 6 0 0 0  p s i g

( 4 1 , 3 6 9  kP a)  o r  l e s s  i s  c o n s i d e r e d  a 3 0 0 0  p s i g  ( 2 0 , 6 8 4  kP a)
s ys te m .

Δ A.7.3.2.3.1 .4    D i s tan c e s  to  as s u m e d  l o t l i n e s  e s ta b l i s h e d  fo r  th e
p u r p o s e  o f d e te r m i n i n g e x te r i o r  wal l  an d  o p e n i n g  p r o te c ti o n
s h o u l d  n o t b e  c o n fu s e d  wi th  l o t l i n e s  th at ar e  p r o p e r ty l i n e s  i n

th e  tr u e  s e n s e  o f th e  defnition.  D i s tan c e s  to  a s s u m e d  l o t l i n e s
c a n  b e  d i s r e g ar d e d  i n  th e  ap p l i c ati o n  o f Ta b l e  7 . 3 . 2 . 3 . 1 . 2 ( B ) ( a)
an d  Ta b l e  7 . 3 . 2 . 3 . 1 . 2 ( B ) ( b ) .  T h e  l o t l i n e s  d e s c r i b e d  u n d e r  i te m

( a)  o f Gr o u p  1  E x p o s u r e s  i n  Ta b l e  7 . 3 . 2 . 3 . 1 . 2 ( B ) ( a )  a r e  p r o p ‐
e r ty l i n e s  u s e d  to  s e p ar a te  o n e  l o t fr o m  a n o th e r  o r  to  s e p ar a te  a
p r o p e r ty fr o m  a  s tr e e t o r  o th e r  p u b l i c  s p a c e .

A p e r m i t h o l d e r  c an n o t e x e r c i s e  an y r i g h t o f c o n tr o l  o ve r
th e  p r o p e r ty o f o th e r s ,  wh e th e r  th e  o wn e r s h i p  i s  p u b l i c  o r
p r i vate .  I n  c a s e s  wh e r e  th e  p e r m i t h o l d e r  o wn s  an  ad j a c e n t l o t

o r  p ar c e l ,  th e  s e p a r ati o n  fr o m  p r o p e r ty l i n e s  as s u m e s  th at th e
p e r m i t h o l d e r  c o u l d  tr a n s fe r  o wn e r s h i p  o f th e  a d j ac e n t p r o p ‐
e r ty at s o m e  p o i n t,  a n d  th e r e fo r e  th e  r e q u i r e m e n ts  fo r  p r o p ‐

e r ty l i n e  s e p a r ati o n  s h o u l d  b e  o b s e r ve d .

Δ A.7.3.2.3.1 .4(A)    As  s tate d  b y S a n d i a  N ati o n al  L a b o r a to r i e s
r e s e a r c h e r s  H o u f,  S c h e fe r,  a n d  E van s  i n  “ E val u ati o n  o f B ar r i e r

Wal l s  fo r  M i ti g ati o n  o f U n i n te n d e d  Re l e as e s  o f H yd r o ge n , ”  th e
p u r p o s e  o f th e  S an d i a  s tu d y was  to  e x te n d  th e  avai l ab l e  d ata‐

b a s e  o n  b arr i e r  wa l l s  a s  a h az ar d  m i ti g ati o n  s tr ate gy an d  to
p r o vi d e  te c h n i c a l  d a ta  fo r  r i s k-i n fo r m e d  d e c i s i o n s  i n  h yd r o ge n
c o d e s  a n d  s tan d ar d s  r e ga r d i n g  b ar r i e r  wa l l  d e s i g n  a n d  i m p l e ‐

m e n tati o n .  Ad d i ti o n al  an al ys i s  b y S a n d i a ( L aC h an c e ,  P h i l l i p s ,
a n d  H o u f)  i n  a  p ap e r  ti tl e d  “ Ri s k As s o c i ate d  wi th  th e  U s e  o f
B ar r i e r s  i n  H yd r o ge n  Re fu e l i n g S tati o n s ”  p r o vi d e d  i n s i g h ts  o n

th e  e ffe c ti ve n e s s  o f var i o u s  b a r r i e r  d e s i g n s  i n  te r m s  o f th e
fo l l o wi n g :

( 1 ) Defecting  j e t fames
( 2 ) Re d u c i n g  th e  e x te n t o f th e  fammable  c l o u d  r e s u l ti n g

fr o m  an  u n i gn i te d  r e l e as e
( 3 ) Re d u c i n g  th e  m ag n i tu d e  o f th e  r a d i a ti ve  h e a t fux

p r o d u c e d  b y a j e t fame  fr o m  an  i g n i te d  r e l e as e
( 4 ) M i n i m i z i n g  th e  am o u n t o f i g n i ti o n  o ve r p r e s s u r e

p r o d u c e d  fr o m  th e  b ar r i e r  confnement

H o u f,  S c h e fe r,  a n d  E va n s  h ave  d e te r m i n e d  th at fo r  th e
c o n d i ti o n s  i n ve s ti g ate d ,  2 0 0 0  p s i  ( 1 3 . 7 9  M P a)  s o u r c e  p r e s s u r e

a n d  a 1 ∕8  i n .  ( 3 . 1 7 5  m m )  d i am e te r  r o u n d  l e a k,  th e  b ar r i e r
confgurations  s tu d i e d  we r e  fo u n d  to  ( 1 )  r e d u c e  h o r i z o n ta l  j e t
fame  i m p i n ge m e n t h az ar d  b y defecting  th e  j e t fame,  ( 2 )

r e d u c e  r ad i ati o n  h az ar d  d i s tan c e s  fo r  h o r i z o n tal  j e t fames,  an d
( 3 )  r e d u c e  h o r i z o n tal  u n i g n i te d  j e t fammability h az ar d  d i s tan ‐

c e s .  F o r  th e  o n e -wal l  ve r ti c a l  b ar r i e r  a n d  th e  th r e e -wal l  b ar r i e r
confgurations  e x am i n e d  i n  th e  te s ts ,  th e  s i m u l ati o n s  o f th e
p e ak o ve r p r e s s u r e  h az ar d  fr o m  i g n i ti o n  we r e  fo u n d  to  b e

ap p r o x i m a te l y 5 . 8  p s i  ( 4 0  kP a)  o n  th e  r e l e a s e  s i d e  o f th e
b a r r i e r  a n d  ap p r o x i m ate l y 0 . 7 3  p s i  to  0 . 4 4  p s i  ( 5  kP a  to  3  kP a)
o n  th e  d o wn s tr e am  s i d e  o f th e  b ar r i e r.  Al th o u g h  an  o ve r p r e s ‐

s u r e  i s  e x p e c te d  d u e  to  l ate n t i g n i ti o n  o f a  fammable  c l o u d ,

th e  o ve r p r e s s u r e  i s  e x p e c te d  to  b e  l i m i te d  to  a  l o c al i z e d  ar e a .
S p e c i al  d e s i g n s  fo r  o ve r p r e s s u r e  i n  a d d i ti o n  to  th e  s tr u c tu r al

l o ad s  i m p o s e d  b y th e  b u i l d i n g  c o d e  h a ve  n o t b e e n  r e q u i r e d .

T h e  fu n c ti o n  o f th e  fre  b ar r i e r  wal l  i s  to  p r o te c t th e  e x p o ‐
s u r e  fr o m  th e  s ys te m  an d  n o t th e  c o n ve r s e .  T h e  c o d e  a s s u m e s
th at o th e r  fac to r s  wi l l  e n te r  i n to  l o c a ti n g an y m ate r i a l  o r  s tr u c ‐

tu r e  i n  p r o x i m i ty to  th e  b u l k h yd r o g e n  c o m p r e s s e d  g as  s ys te m .
F o r  e x am p l e ,  i f a  p r o p e r ty o r  l o t l i n e  i s  i n vo l ve d  o p p o s i te  th e
h yd r o g e n  i n s ta l l ati o n ,  th e  p r o x i m i ty o f a  b u i l d i n g  to  b e

c o n s tr u c te d  o n  th e  l o t l i n e  i s  r e gu l a te d  b y th e  b u i l d i n g  c o d e
b a s e d  o n  th e  typ e  an d  o c c u p a n c y o f s tr u c tu r e  to  b e  c o n s tr u c ‐
te d .

N A.7.3.2.3.1 .4(A)(6)    S e e  F i gu r e  A. 8 . 3 . 2 . 3 . 1 . 5 ( D ) ( 1 ) ,  wh i c h
a d d r e s s e s  b u l k c r yo ge n i c  s ys te m s  l o c ate d  i n  a  c o u r tya r d .  T h i s
fgure  al s o  ap p l i e s  to  th e  c as e  wh e r e  an y o r  al l  o f th e  th r e e  wal l s

a r e  c o n s tr u c te d  as  fre  b ar r i e r  wal l s ,  p r o vi d e d  th e  d i s ta n c e s  to
wal l s  c o n s tr u c te d  as  fre  b a r r i e r  wal l s  fo r  e x p o s u r e  p r o te c ti o n

ar e  n o t l e s s  th an  th a t r e q u i r e d  b y Ta b l e  7 . 3 . 2 . 3 . 1 . 2 ( B ) ( a) ,  Tab l e
7 . 3 . 2 . 3 . 1 . 2 ( B ) ( b ) ,  a n d  Tab l e  7 . 3 . 2 . 3 . 1 . 2 ( B ) ( c ) .

Δ A.7.3.2.3.1 .4(B)    To  d e te r m i n e  th e  ac c e p tab i l i ty o f te c h n o l o ‐
g i e s ,  p r o c e s s e s ,  p r o d u c ts ,  fa c i l i ti e s ,  m a te r i al s ,  a n d  u s e s  a tte n d ‐
i n g th e  d e s i gn ,  o p e r a ti o n  o r  u s e  o f s u c h  s ys te m s ,  th e  AH J  i s

au th o r i z e d  to  r e q u i r e  th e  o wn e r  o r  ag e n t to  p r o vi d e ,  wi th o u t
c h a r ge  to  th e  j u r i s d i c ti o n ,  a te c h n i c al  o p i n i o n  a n d  r e p o r t.  T h e
m o d e l  fre  p r e ve n ti o n  c o d e s  p r o vi d e  th e  a u th o r i ty fo r  th e  AH J

to  s e e k te c h n i c al  a s s i s ta n c e  fr o m  i n d e p e n d e n t th i r d  p a r ti e s
wi th  e x p e r ti s e  i n  th e  m atte r  to  b e  r e vi e we d  a t th e  s u b m i tte r ’ s
e x p e n s e .  T h e  AH J  i s  au th o r i z e d  to  r e q u i r e  d e s i g n  s u b m i ttal s  to

b e  p r e p ar e d  b y,  an d  b e ar  th e  s tam p  o f,  a r e gi s te r e d  d e s i g n
p r o fe s s i o n al  o r  p r o fe s s i o n al  e n g i n e e r.

Ac ti ve  m e an s  o f c o n tr o l  c o u l d  i n c l u d e  a m e a n s  to  d e te c t
l e akag e  o r  fre  c o u p l e d  wi th  au to m ati c  s ys te m  s h u td o wn ,  s u c h
as  g as  o r  fame  d e te c ti o n .  T h e  u s e  o f g as  o r  fame  d e te c ti o n

s h o u l d  c o n s i d e r,  b u t i s  n o t l i m i te d  to ,  th e  fo l l o wi n g :

( 1 ) Gas Detection.  To  u ti l i z e  ga s  d e te c ti o n  as  a  m e a n s  o f
c o n tr o l ,  th e  g as  s e n s o r  wo u l d  b e  p l ac e d  at a  p o i n t

b e twe e n  th e  b u l k h yd r o g e n  c o m p r e s s e d  ga s  s ys te m  an d
th e  e x p o s u r e .  Gas  d e te c ti o n  s ys te m s  m ay b e  l i m i te d  i n

th e i r  ab i l i ty to  d e te c t th e  p r e s e n c e  o f h yd r o g e n  i n  th e
o p e n .  T h e y ar e  m o s t e ffe c ti ve  i f th e  s e n s o r  i s  l o c ate d

wi th i n  an  e n c l o s e d  s p ac e  s u c h  as  an  e q u i p m e n t e n c l o ‐
s u r e .  I f u s e d ,  g as  d e te c ti o n  s ys te m s  s h o u l d  b e  e i th e r  l i s te d

o r  ap p r o ve d .
( 2 ) Flame Detection.  F l a m e  d e te c ti o n  s ys te m s  m a y i n c l u d e

c o m b i n ati o n  U V/ I R d e te c ti o n  s ys te m s  an d  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 NFPA 72.

U l tr avi o l e t fame  d e te c to r s  typ i c a l l y u s e  a va c u u m  p h o to ‐
d i o d e  Ge i g e r –M u l l e r  tu b e  to  d e te c t th e  u l tr avi o l e t r ad i a ti o n

th a t i s  p r o d u c e d  b y a  fame.  T h e  p h o to d i o d e  a l l o ws  a b u r s t o f
c u r r e n t to  fow fo r  e ac h  u l tr avi o l e t p h o to n  th at h i ts  th e  ac ti ve
a r e a o f th e  tu b e .  Wh e n  th e  n u m b e r  o f c u r r e n t b u r s ts  p e r  u n i t

ti m e  r e ac h e s  a p r e d e te r m i n e d  l e ve l ,  th e  d e te c to r  i n i ti ate s  a n
a l a r m .  [72:A. 1 7 . 8 . 2 ]

A s i n gl e  wave l e n g th  i n fr ar e d  fame  d e te c to r  u s e s  o n e  o f
s e ve r al  d i ffe r e n t p h o to c e l l  typ e s  to  d e te c t th e  i n fr ar e d  e m i s ‐
s i o n s  i n  a  s i n g l e  wa ve l e n gth  b an d  th at ar e  p r o d u c e d  b y a  fame.

T h e s e  d e te c to r s  ge n e r a l l y i n c l u d e  p r o vi s i o n s  to  m i n i m i z e
al a r m s  fr o m  c o m m o n l y o c c u r r i n g i n fr ar e d  s o u r c e s  s u c h  a s
i n c an d e s c e n t l i gh ti n g  o r  s u n l i gh t.  An  u l tr a vi o l e t/ i n fr ar e d

( U V/ I R)  fame  d e te c to r  s e n s e s  u l tr a vi o l e t r ad i a ti o n  wi th  a
va c u u m  p h o to d i o d e  tu b e  a n d  a  s e l e c te d  wave l e n g th  o f i n fr ar e d
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r ad i ati o n  wi th  a p h o to c e l l  an d  u s e s  th e  c o m b i n e d  s i gn a l  to
i n d i c ate  a  fre.  T h e s e  d e te c to r s  n e e d  e x p o s u r e  to  b o th  typ e s  o f
ra d i ati o n  b e fo r e  a n  al ar m  s i g n al  c an  b e  i n i ti ate d .  A m u l ti p l e
wave l e n g th  i n fr ar e d  ( I R/ I R)  fame  d e te c to r  s e n s e s  r ad i a ti o n  at
two  o r  m o r e  n a r r o w b a n d s  o f wa ve l e n gth s  i n  th e  i n fr ar e d  s p e c ‐
tr u m .  T h e s e  d e te c to r s  e l e c tr o n i c a l l y c o m p a r e  th e  e m i s s i o n s
b e twe e n  th e  b an d s  an d  i n i ti ate  a  s i gn a l  wh e r e  th e  r e l ati o n s h i p
b e twe e n  th e  two  b an d s  i n d i c ate s  a fre.  [72:A. 1 7 . 8 . 2 ]

N A.7.3.2.3.1 .7.1    O th e r  th a n  a t ve n t o u tl e ts ,  wh e r e  a  fre  b ar r i e r
i s  u s e d  to  s e p a r ate  an  e x p o s u r e ,  th e  e l e c tr i c al  ar e a  classifcation
c a n  te r m i n a te  o n  th e  o p p o s i te  s i d e  o f th e  fre  b ar r i e r.

Δ A.7.3.2.4.1 .1    F r ac tu r e  m e c h a n i c  m e th o d s  gi ve n  i n  r e c o gn i z e d
s tan d ar d s  s u c h  as  AP I  RP  5 7 9 ,  Recommended Practice for Fitness-for-
Service,  o r  B S  7 9 1 0 ,  Guide to methods for assessing the acceptability of
faws in metallic structures,  c a n  b e  u s e d .  Ad d i ti o n a l  i n fo r m a ti o n  i s
p r o vi d e d  i n  B S  7 9 1 0 ,  Guide to methods for assessing the acceptability
of faws in metallic structures.

Δ A.7.3.2.4.3    S tr ai gh t th r e a d s  al o n e  a r e  n o t c o n s i d e r e d  to  b e  a
s e a l .

Δ A.7.3.2.4.5.6    B u r i e d  u ti l i ti e s  i n c l u d e  e l e c tr i c al ,  s e we r,  wate r,
ga s ,  s to r m  d r ai n s ,  an d  s i m i l ar  s e r vi c e s .  A gr e a te r  d i s ta n c e  m ay
b e  r e q u i r e d  b y th e  s e r vi c e  p r o vi d e d .  F o r  e x am p l e ,  p u b l i c  u ti l i ty
e as e m e n ts  m i g h t d i c ta te  g r e ate r  d i s tan c e s .

Δ A.7.3.2.4.8    F l o o d  h az ar d  ar e as  ar e  typ i c al l y identifed  o n
e i th e r  ( 1 )  th e  s p e c i al  food  h az ar d  ar e a s h o wn  o n  th e  food
i n s u r a n c e  r a te  m ap  o r  ( 2 )  th e  a r e a s u b j e c t to  fooding  d u r i n g
th e  d e s i g n  food  an d  s h o wn  o n  a  j u r i s d i c ti o n ’ s  food  h az ar d
m a p ,  o r  a r e  o th e r wi s e  l e g al l y d e s i gn a te d .

Δ A.8.1 .2    P r e s s u r e  ve s s e l s  o f an y typ e  c a n  b e  s u b j e c t to  ad d i ‐
ti o n a l  r e gu l ati o n s  i m p o s e d  b y va r i o u s  s tate s  o r  o th e r  l e ga l  j u r i s ‐
d i c ti o n s .  U s e r s  s h o u l d  b e  a war e  th a t c o m p l i an c e  wi th  D O T  o r
AS M E  r e q u i r e m e n ts  m i gh t n o t s a ti s fy a l l  th e  r e q u i r e d  r e g u l a‐
ti o n s  fo r  th e  l o c a ti o n  i n  wh i c h  th e  ve s s e l  i s  to  b e  i n s ta l l e d  o r
u s e d .

A.8.1 .3.1 .5.2    C o l d  ga s  c a n  e x p an d  to  o ve r p r e s s u r i z e  a  p i p e  i n
m u c h  th e  s a m e  way as  l i q u i d .  C o l d  g as  s h o u l d  b e  c o n s i d e r e d  b y
d e s i g n e r s  fo r  p o r ti o n s  o f th e  p i p i n g  s ys te m  o p e r ati n g  a t
te m p e r a tu r e s  l e s s  th an  am b i e n t.

Δ A.8.1 .4.5.1    P r e s s u r e  r e l i e f val ve s  typ i c al l y ar e  s p r i n g -l o a d e d
val ve s  wh e r e  th e  r e l i e f p r e s s u r e  i s  s e t b y a d j u s tm e n t o f a  s p r i n g .
Val ve s  s h o u l d  b e  m a d e  to  b e  tam p e r  r e s i s tan t i n  o r d e r  to
p r e ve n t ad j u s tm e n t b y o th e r  th an  a u th o r i z e d  p e r s o n n e l  typ i ‐
c a l l y fo u n d  a t a r e te s t fa c i l i ty.  An  AS M E  p r e s s u r e  r e l i e f va l ve  i s
d e s i g n e d  to  c o m p l y wi th  th e  r e q u i r e m e n ts  o f th e  AS M E  Boiler
and Pressure Vessel Code a n d  typ i c al l y i s  e q u i p p e d  wi th  a  wi r e  an d
l e ad  s e a l  to  r e s i s t tam p e r i n g .

Δ A.8.1 .6.1 .1 .2    An  e x am p l e  o f th i s  identifcation  i s  3 6 0  d e g r e e
wr ap a r o u n d  tap e .

Δ A.8.1 .7.2.1    T h e  b a s i s  o f th i s  r e q u i r e m e n t i s  to  p r e ve n t u n au ‐
th o r i z e d  p e r s o n n e l  o r  th o s e  u n fam i l i a r  wi th  g as  s to r ag e  s ys te m s
fr o m  tam p e r i n g  wi th  th e  e q u i p m e n t.  Wh e r e  L H 2  i s  l o c ate d  i n
a n  ar e a  o p e n  to  th e  g e n e r al  p u b l i c ,  a c o m m o n  p r ac ti c e  i s  to

fe n c e  a n d  l o c k th e  s to r ag e  o r  u s e  a r e a,  wi th  ac c e s s  r e s tr i c te d  to
s u p p l i e r  an d  u s e r  p e r s o n n e l .  Wh e n  th e  s to r ag e  o r  u s e  i s  l o c a‐
te d  wi th i n  th e  u s e r ’ s  s e c u r e  ar e a an d  i s  n o t a c c e s s i b l e  b y th e

ge n e r a l  p u b l i c ,  i t i s  n o t al ways  n e c e s s ar y to  fe n c e  o r  o th e r wi s e
s e c u r e  i n d i vi d u a l  g as  s to r ag e  o r  u s e  a r e as .  P e r s o n n e l  ac c e s s
p atte r n s  m ay s ti l l  m a n d ate  th at th e  s ys te m  b e  fe n c e d ,  as  d e te r ‐

m i n e d  b y th e  s u p p l i e r  a n d  th e  u s e r.

Δ A.8.2.2.3.8    F l o o d  h a z a r d  ar e a s  a r e  typ i c a l l y identifed  o n
e i th e r  ( 1 )  th e  s p e c i al  food  h a z a r d  a r e a s h o wn  o n  th e  food

i n s u r an c e  r ate  m ap  o r  ( 2 )  th e  a r e a s u b j e c t to  fooding  d u r i n g
th e  d e s i g n  food  an d  s h o wn  o n  a  j u r i s d i c ti o n ’ s  food  h az ar d
m a p ,  o r  a r e  o th e r wi s e  l e g al l y d e s i gn a te d .

Δ A.8.2.2.3.9.4(B)    T h e  i n te n t o f th e s e  p r o vi s i o n s  i s  to  m ake
c e r tai n  th a t th e  c r yo g e n i c  i n s tal l ati o n  i s  n o t e x p o s e d  to  th e

p o te n ti a l  o f a p o o l  fre  fr o m  th e  r e l e a s e  o f fammable  o r
c o m b u s ti b l e  l i q u i d s .  C r yo g e n i c  fuids  a r e  n o t d i ke d  i n  o r d e r
th a t th e y a r e  al l o we d  to  d i s s i p ate  s h o u l d  l e akag e  o c c u r.  S tu d i e s

c o n d u c te d  b y N AS A ( N S S  1 7 4 0 . 1 6 ,  Safety Standard for Hydrogen
and Hydrogen Systems,  1 9 9 7 )  s h o w th a t th e  u s e  o f d i ke s  ar o u n d
l i q u i d  h yd r o g e n  s to r ag e  fac i l i ti e s  s e r ve s  to  p r o l o n g  g r o u n d -l e ve l
fammable  c l o u d  tr a ve l  a n d  th a t th e  d i s p e r s i o n  m e c h a n i s m  i s

e n h a n c e d  b y va p o r i z ati o n -i n d u c e d  tu r b u l e n c e .  T h e  tr ave l  o f
s p i l l e d  o r  l e a ke d  c r yo g e n i c  fuid  to  d i s ta n c e s  g r e ate r  th a n  a  fe w
fe e t ( m e te r s )  fr o m  th e  s o u r c e  g i ve n  th e  n atu r e  o f th e  typ i c al

l e ak i s  c o n s i d e r e d  to  b e  i m p l a u s i b l e  d u e  to  th e  c h ar a c te r  o f
c r yo g e n i c  fuids  an d  th e i r  ab i l i ty to  q u i c kl y a b s o r b  h e a t fr o m
th e  s u r r o u n d i n g  e n vi r o n m e n t.

A.8.3.1 .2.1 .1    Re fe r  to  F i g u r e  A. 8 . 3 . 1 . 2 . 1 . 1  fo r  ap p l i c ati o n  o f
th e  1 8  i n .  ( 4 6  c m )  d i m e n s i o n  to  typ i c a l  ta n k s u p p o r ts .

Δ A.8.3.1 .2.3    S o m e  m a te r i al s  ac c e p tab l e  fo r  liquefed  h yd r o g e n
te m p e r a tu r e  i n c l u d e  au s te n i ti c  c h r o m i u m –n i c ke l  al l o ys ,  c e r tai n

c o p p e r  al l o ys ,  an d  al u m i n u m ,  wh i c h  r e tai n  d u c ti l i ty a n d  d o  n o t
b e c o m e  b r i ttl e  a t th e  te m p e r a tu r e  o f liquefed  h yd r o ge n .

Δ A.8.3.1 .2.3.2    P i p i n g  an d  tu b i n g  u s e d  fo r  l i q u i d  h yd r o g e n  an d
c o l d  g as  h yd r o g e n  ( s u c h  as  ve n ti n g fr o m  a  l i q u i d  h yd r o g e n
ta n k o r  a l i q u i d  h yd r o g e n  l i n e )  typ i c a l l y o p e r ate s  at te m p e r a‐

tu r e s  b e l o w − 2 0 ° F  ( − 2 9 ° C ) .

Δ A.8.3.1 .2.3.8    L i ke  o th e r  c r yo g e n i c  l i q u i d s ,  l i q u i d  h yd r o g e n  i s
s u s c e p ti b l e  to  h e a t l e ak.  Ad d i n g  h e a t to  th e  fuid,  r e d u c e s  th e

n e t p o s i ti ve  s u c ti o n  h e ad  ( N P S H )  to  th e  p u m p  an d  c an  r e d u c e
th e  l e ve l  o f s u b - c o o l i n g o r  c an  c au s e  th e  fuid  to  fash  to  va p o r.

S u b -c o o l e d  l i q u i d  i s  th e  i d e a l  s tate  fo r  p u m p i n g  l i q u i d  h yd r o ‐
ge n .  As  th e  fuid  s a tu r ate s ,  th e  a b i l i ty to  p u m p  d e c r e a s e s .  T h e
l i q u i d  s u c ti o n  a n d  ga s  r e tu r n  p i p i n g  to  a n d  fr o m  th e  p u m p

typ i c a l l y i s  vac u u m -j ac ke te d  p i p i n g .  Va c u u m -j a c ke te d  p i p i n g  i s
m o s t c o m m o n l y u s e d  wh e n  l i q u i d  i s  to  b e  tr a n s fe r r e d ,  b e c au s e
i t a vo i d s  th e  p o te n ti a l  c o n d e n s ati o n  o f a i r  an d  o x yge n  e n r i c h ‐

m e n t th at c an  o c c u r  i n  p i p i n g s ys te m s  th at ar e  i n s u l ate d  wi th
c o n ve n ti o n al  m ate r i a l s .  I n  s o m e  c as e s  th e  l i q u i d  m a y b e  tr a n s ‐
fe r r e d  u s i n g  u n i n s u l a te d  p i p i n g  s ys te m s .  S u c h  s ys te m s  m u s t b e

d e s i g n e d  i n  a wa y th a t c o n d e n s e d  ai r  d o e s  n o t p r e s e n t a
c o n tac t h az ar d  to  p e r s o n n e l  o r  o th e r wi s e  c r e ate  a p o te n ti al
fammability h az ar d  d u e  to  m ate r i a l  c o n ta c t an d  th e  p r e s e n c e

o f o x yge n  c o n ta i n e d  i n  th e  c o n d e n s ate .

Δ A.8.3.1 .2.5.1    To  b e  i n d i r e c t,  h e a t m u s t b e  tr an s fe r r e d  b y a
tr an s fe r  m e d i u m  s u c h  as  a i r,  s te a m ,  wa te r,  o i l ,  o r  c o m p a r ab l e

h e at s o u r c e s .  T h e  u s e  o f d i r e c t-h e at tr a n s fe r  m e d i a ,  i n c l u d i n g
e l e c tr i c al  s o u r c e s  o r  fame,  p r e s e n ts  a  p o te n ti a l  h a z a r d  s h o u l d

th e  s ys te m  o ve rh e at,  r e s u l ti n g  i n  d a m ag e  to  th e  wa l l  o f th e
tu b i n g u s e d  to  c o n s tr u c t th e  va p o r i z e r.

Δ A.8.3.1 .2.5.2    T h e  l o s s  o f h e at o r  th e  wi th d r awal  o f h yd r o g e n  a t
a r a te  e x c e e d i n g th e  d e s i g n  c ap a c i ty o f th e  va p o r i z e r  p r e s e n ts  a
c i r c u m s ta n c e  wh e r e  c r yo g e n i c  fuid  i s  tr a n s p o r te d  i n to  p o r ti o n s
o f th e  p i p i n g  s ys te m  th at h ave  b e e n  d e s i g n e d  to  c o n tai n

g as e o u s  — n o t l i q u i d  — h yd r o g e n .  S u c h  a n  e ve n t c an  r e s u l t i n
b r i ttl e  fai l u r e  o f th e  p i p i n g  s ys te m  d o wn s tr e am  o f th e  va p o r i z e r.
T h e  p o te n ti al  to  tr a p  l i q u i d  i n  p ar ts  o f th e  s ys te m  th a t h ave  n o t
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b e e n  d e s i g n e d  to  ac c o m m o d a te  l i q u i d  c an  r e s u l t i n  a l o s s  o f
h yd r o g e n  an d  th e  ge n e r a ti o n  o f h az ar d o u s  c o n d i ti o n s .

Δ A. 8 . 3 . 1 . 2 . 8 . 5    L i q u i d  h yd r o g e n  s u p p l y s ys te m s  typ i c al l y s to r e
th e  l i q u i d ,  a c r yo ge n i c  fuid,  i n  s to r a ge  ta n ks  wi th  m a x i m u m
al l o wab l e  wo r ki n g  p r e s s u r e s  ( M AWP )  th a t r an g e  fr o m  1 5 0  p s i g
to  2 5 0  p s i g .  T h e  m a j o r i ty o f tan ks  ar e  l i m i te d  to  1 5 0  p s i g
M AWP.  L i q u i d  h yd r o ge n  i s  p i p e d  fr o m  th e  ta n k to  a vap o r i z e r
th at s e r ve s  as  a  h e at e x c h a n ge r  a n d  to  c o n ve r t th e  fuid  fr o m
th e  l i q u i d  to  th e  g as e o u s  s tate  i n  o r d e r  to  p r o vi d e  a s u p p l y o f
ga s e o u s  h yd r o ge n  to  th e  u s e r.  T h e  g as e o u s  h yd r o g e n  s u p p l y
p r e s s u r e  fo r  s u c h  s ys te m s  i s  l i m i te d  to  a  m ax i m u m  p r e s s u r e
b e l o w th a t o f th e  s to r ag e  ta n k M AWP.

Wh e n  g as e o u s  o r  l i q u i d  h yd r o ge n  i s  r e q u i r e d  to  b e  s u p p l i e d
at p r e s s u r e s  h i g h e r  th an  th e  s to r ag e  tan k M AWP,  e i th e r  p u m p s
o r  c o m p r e s s o r s  a r e  ad d e d  to  th e  s ys te m  to  r ai s e  th e  d e l i ve r e d
p r e s s u r e .  P u m p s  ar e  u s e d  fo r  d e l i ve r i n g h yd r o g e n  i n  th e  l i q u i d
s tate ,  wh i l e  c o m p r e s s o r s  d e l i ve r  h yd r o g e n  i n  th e  g as e o u s  s tate .
Ad d i ti o n a l  d e ta i l s  o n  s ys te m  a r r an g e m e n t an d  p i p i n g  s ys te m s
c a n  b e  fo u n d  i n  C GA H -5 ,  Installation Standards for Bulk Hydro‐
gen Supply Systems.

Δ A. 8 . 3 . 2 . 1 . 2    Wh e n  l o c ati n g  liquefed  h yd r o g e n  s to r a ge  c o n tai n ‐
e r s  i n  p r o x i m i ty to  a l l  c l as s e s  o f ab o ve g r o u n d  fammable  an d
c o m b u s ti b l e  l i q u i d  s to r ag e  o r  l i q u i d  o x yge n  s to r a ge ,  th e  l i q u e ‐
fed  h yd r o ge n  c o n ta i n e r  s h o u l d  b e  o n  g r o u n d  h i gh e r  th an  a l l
c l as s e s  o f fammable  an d  c o m b u s ti b l e  l i q u i d  s to r a ge  o r  l i q u i d
o x yg e n  s to r a ge ,  b e c au s e  s p i l l e d  m a te r i al  wi l l  q u i c kl y vap o r i z e ,
th e r e b y m i ti ga ti n g th e  p o te n ti a l  e x p o s u r e  h az ar d  to  th e  o th e r
fuids.

Δ A. 8 . 3 . 2 . 1 . 5 . 4 ( C )    Vap o r i z e r s  o r  h e a t e x c h a n ge r s  u s e d  to  vap o r ‐
i z e  L H 2  c a n  ac c u m u l ate  a l a r ge  l o a d  o f i c e  d u r i n g o p e r ati o n .
Ad d i ti o n a l  r e q u i r e m e n ts  to  b e  c o n s i d e r e d  i n  th e  d e s i gn

i n c l u d e  s n o w l o ad  fo r  th e  ar e a  wh e r e  th e  i n s tal l ati o n  i s  l o c a te d
as  we l l  as  th e  r e q u i r e m e n ts  fo r  s e i s m i c  c o n d i ti o n s .  T h e  o p e r a t‐

i n g c o n d i ti o n s  o f s ys te m s  va r y,  a n d  th e  d e s i gn e r  h a s  a r e s p o n s i ‐
b i l i ty to  c o n s i d e r  a l l  th e  l o ad s  th a t m i g h t b e  i m p o s e d .
F o u n d a ti o n s  th at c o u l d  b e  u s e d  to  s u p p o r t d e l i ve r y ve h i c l e s  a s

we l l  m i g h t r e q u i r e  s p e c i al  c o n s i d e r a ti o n  r e l e van t to  l i ve  l o ad s
as  we l l  a s  fo r  th e  d e a d  l o a d s  i m p o s e d  b y th e  e q u i p m e n t i ts e l f.

Δ A. 8 . 3 . 2 . 2 . 2 . 3    H yd r o g e n  fres  s h o u l d  n o t b e  e x ti n g u i s h e d  u n ti l
th e  s u p p l y o f h yd r o g e n  h a s  b e e n  s h u t o ff b e c au s e  o f th e  d an g e r
o f r e -i g n i ti o n  o r  e x p l o s i o n .  I n  th e  e ve n t o f fre,  l a r ge  q u a n ti ti e s

o f wa te r  wi l l  n o r m a l l y b e  s p r aye d  o n  ad j ac e n t e q u i p m e n t to
c o o l  th e  e q u i p m e n t a n d  p r e ve n t i n vo l ve m e n t i n  th e  fre.
C o m b i n ati o n  fo g  a n d  s o l i d  s tr e am  n o z z l e s  a r e  p r e fe r r e d ,  to

p e r m i t th e  wi d e s t ad ap ta b i l i ty i n  fre  c o n tr o l .  S m al l  h yd r o ge n
fres  h ave  b e e n  e x ti n gu i s h e d  wi th  d r y c h e m i c al  e x ti n gu i s h e r s
o r  wi th  c ar b o n  d i o x i d e ,  n i tr o ge n ,  a n d  s te am .  Re -i g n i ti o n  c a n

o c c u r  i f a  m e ta l  s u r fa c e  ad j a c e n t to  th e  fame  i s  n o t c o o l e d  wi th
wate r  o r  o th e r  m e an s .

Δ A. 8 . 3 . 2 . 3 . 1 . 3    F l o o d  h a z a r d  ar e a s  typ i c al l y ar e  identifed  o n
e i th e r  ( 1 )  th e  s p e c i al  food  h a z a r d  a r e a s h o wn  o n  th e  food

i n s u r a n c e  r a te  m ap  o r  ( 2 )  th e  a r e a s u b j e c t to  fooding  d u r i n g
th e  d e s i g n  food  an d  s h o wn  o n  a  j u r i s d i c ti o n ’ s  food  h az ar d

m a p  o r  o th e r wi s e  l e g al l y d e s i gn a te d .

Δ A. 8 . 3 . 2 . 3 . 1 . 5 ( C )    C GA P -4 1 ,  Locating Bulk Storage Systems in
Courts,  p r o vi d e s  g u i d a n c e  to  d e te r m i n e  th e  s u i tab i l i ty o f a  c o u r t

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

Δ A. 8 . 3 . 2 . 3 . 1 . 5 ( D )    T h e  p l ac e m e n t o f s tati o n a r y c o n tai n e r s  i s
l i m i te d  wi th  r e s p e c t to  e x p o s u r e  h a z a r d s .  Ta b l e  8 . 3 . 2 . 3 . 1 . 6 ( A)
e s tab l i s h e s  th e  m i n i m u m  s e p ar a ti o n  d i s tan c e  b e twe e n  a b u i l d ‐

i n g a n d  an y s tati o n a r y ta n k at 1  ft ( 0 . 3  m ) .  Ad d i ti o n al  l i m i ta‐
ti o n s  ar e  p l ac e d  o n  wa l l  o p e n i n g s ,  ai r  i n ta ke s ,  an d  o th e r
e x p o s u r e s .  T h e  material-specifc  ta b l e s  fo r  l i q u i d  h yd r o g e n  an d

l i q u i d  o x yge n  s p e c i fy i n c r e as e d  d i s tan c e s  a c c o r d i n g  to  th e  typ e
o f c o n s tr u c ti o n  a d j ac e n t to  th e  tan k.  A p r o b l e m  ar i s e s  wh e n
c o u r tyar d s  a r e  confgured  s o  as  to  i n te r r u p t th e  fr e e  m o ve m e n t

> 1 8  i n .  ( 4 5 7  m m ) > 1 8  i n .  ( 4 5 7  m m )

> 1 8  i n .  ( 4 5 7  m m )

FI G U RE  A. 8 . 3 . 1 . 2 . 1 . 1   D i m e n s i o n s  fo r Typ i c al  Tan k S u p p o r ts .
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o f ai r  ar o u n d  a  tan k wh e r e  a n  a s p h yx i ati o n  h a z a r d ,  a  famma‐
ble  h a z a r d ,  o r  an  o x yg e n -e n r i c h e d  e n vi r o n m e n t c an  b e
c r e a te d .

P l a c e m e n t o f s tati o n ar y c o n tai n e r s  p r o x i m a te  to  th e  wal l  o f
th e  b u i l d i n g  s e r ve d  i s  al l o wab l e ,  p r o vi d e d  th e  m i n i m u m  s e p ar a‐
ti o n  d i s ta n c e s  fo r  e x p o s u r e  h az ar d s  ar e  m e t.  Wh e n  a d d i ti o n al
wal l s  e n c r o a c h  o n  th e  i n s tal l ati o n  to  fo r m  a c o u r t,  th e  fo c u s  o f
c o n c e r n  s h i fts  awa y fr o m  th e  e x p o s u r e  h az ar d s  as s o c i ate d  wi th
th e  b u i l d i n g  i ts e l f to  th e  h az ar d s  a s s o c i a te d  wi th  p e r s o n n e l  d u e
to  h az ar d o u s  a tm o s p h e r e s  th a t c an  b e  c r e ate d  d u e  to  th e  l ac k
o f fr e e  a i r  m o ve m e n t a n d  ve n ti l ati o n .

B y s p e c i fyi n g  th e  m i n i m u m  d i s tan c e  b e twe e n  th e  tan k an d
th e  e n c r o a c h i n g  wal l s  th at fo r m  th e  c o u r t,  th e  c i r c u l a ti o n  o f
ad e q u a te  ai r  i s  e n s u r e d .  P l a c i n g th e  tan k at n o t l e s s  th a n  th e
h e i g h t o f two  o f th e  th r e e  e n c r o ac h i n g  wal l s  r e s u l ts  i n  c r e ati n g
an  o p e n i n g  s u c h  th a t th e  an g u l ar  d i m e n s i o n  b e twe e n  th e  to p
o f two  o f th e  th r e e  e n c r o ac h i n g  wal l s  a n d  th e  p o i n t o ve r  wh i c h
th e  tan k i s  p l a c e d  i s  n o t g r e ate r  th a n  4 5  d e gr e e s ,  th e r e b y a l l o w‐
i n g th e  c i r c u l a ti o n  o f ai r  th r o u gh  th e  s p ac e  i n  wh i c h  th e  tan k i s
i n s ta l l e d .

Δ A. 8 . 3 . 2 . 3 . 1 . 5 ( D ) ( 1 )    T h e  s e p ar ati o n  d i s tan c e s  s h o wn  i n  F i g u r e
A. 8 . 3 . 2 . 3 . 1 . 5 ( D ) ( 1 )  ar e  r e q u i r e d  to  p r o vi d e  fo r  ve n ti l a ti o n  i n
th e  s p ac e  i n  o r d e r  to  a vo i d  c r e a ti n g a  confned  s p ac e .  C h ap ‐
te r  8  o f N F PA 5 5 ,  i s  a g e n e r i c  c h a p te r  u s e d  to  e s ta b l i s h  m i n i ‐
m u m  r e q u i r e m e n ts  fo r  a l l  c r yo ge n s .  Material-specifc
r e q u i r e m e n ts  fo r  o x yge n ,  h yd r o g e n ,  o r  o th e r  g as e s  m i g h t
re q u i r e  g r e ate r  s e p ar a ti o n  d i s tan c e s  b a s e d  o n  th e  typ e  o f
c o n s tr u c ti o n  o r  th e  r e l ate d  e x p o s u r e .  F o r  e x am p l e ,  wa l l
n u m b e r  3  s h o wn  i n  F i g u r e  A. 8 . 3 . 2 . 3 . 1 . 5 ( D ) ( 1 )  c o u l d  b e  a n
e x te r i o r  b u i l d i n g  wa l l ,  a n d  th e  g as  c o u l d  b e  h yd r o ge n .  Re fe r  to
Tab l e  8 . 3 . 2 . 3 . 1 . 6 ( a)  fo r  specifc  d e tai l s  r e g ar d i n g  b u i l d i n g wal l s ,
wal l  o p e n i n g s ,  a i r  i n take s ,  a n d  s i m i l ar  c o n d i ti o n s .

Δ A. 8 . 3 . 2 . 3 . 1 . 5 ( E ) ( 1 )    T h e  b a s i s  o f th i s  r e q u i r e m e n t i s  to  p r e ve n t
u n au th o r i z e d  p e r s o n n e l  o r  th o s e  u n fam i l i ar  wi th  ga s  s to r a ge
s ys te m s  fr o m  tam p e r i n g wi th  th e  e q u i p m e n t.  Wh e r e  th e  L H 2  i s
l o c a te d  i n  a n  ar e a  o p e n  to  th e  g e n e r al  p u b l i c ,  a c o m m o n  p r ac ‐

ti c e  i s  to  fe n c e  an d  l o c k th e  s to r a ge  o r  u s e  ar e a,  wi th  ac c e s s
r e s tr i c te d  to  s u p p l i e r  an d  u s e r  p e r s o n n e l .  Wh e n  th e  s to r ag e  o r
u s e  i s  l o c a te d  wi th i n  th e  u s e r ’ s  s e c u r e  a r e a a n d  i s  n o t a c c e s s i b l e

Wa l l  2

Ta n k

Wa l l  1

D i s t a n c e  ≥
wa l l  1  h e i g h t

0 . 3  m  ( 1  f t  0  i n . )
m i n i m u m

D i s t a n c e  ≥
wa l l  2  h e i g h t

Wa l l  3

Δ FI G U RE  A. 8 . 3 . 2 . 3 . 1 . 5 ( D ) ( 1 )   B u l k  C r yo ge n i c  S ys te m  L o c ate d
i n  a C o ur tyard .

b y th e  ge n e r a l  p u b l i c ,  i t i s  n o t al ways  n e c e s s ar y to  fe n c e  o r
o th e r wi s e  s e c u r e  i n d i vi d u al  g as  s to r ag e  o r  u s e  ar e a s .  P e r s o n n e l

ac c e s s  p atte r n s  m ay s ti l l  m a n d ate  th a t th e  s ys te m  b e  fe n c e d ,  a s
d e te r m i n e d  b y th e  s u p p l i e r  a n d  th e  u s e r.

Δ A. 8 . 3 . 2 . 3 . 1 . 6    Ta b l e  8 . 3 . 2 . 3 . 1 . 6 ( a)  h a s  b e e n  s p l i t i n to  two  tab l e s ,
wi th  o n e  r e p r e s e n ti n g d i s tan c e s  to  e x p o s u r e  i n  i n c h - p o u n d

u n i ts  o f m e a s u r e  an d  th e  o th e r  r e p r e s e n ti n g d i s ta n c e  to  e x p o ‐
s u r e  i n  S I  u n i ts  o f m e as u r e .  At th e  p r e s e n t ti m e ,  m ath e m ati c al
r o u n d i n g o f d i s tan c e s  i n  a  m an n e r  s i m i l ar  to  th a t u s e d  i n  th e

fo r m u l a ti o n  o f Ta b l e  8 . 3 . 2 . 3 . 1 . 6 ( b )  an d  Ta b l e  7 . 3 . 2 . 3 . 1 . 2 ( B ) ( a)
h as  n o t b e e n  ap p l i e d ,  an d  th e  u s e  o f c o n ve n ti o n al  c o n ve r s i o n
fa c to r s  b e twe e n  th e  ta b l e s  r e m a i n s  r e l e van t wi th  Tab l e

8 . 3 . 2 . 3 . 1 . 6 ( a )  ac c o r d i n g l y.

T h e  O c c u p ati o n al  S afe ty a n d  H e a l th  Ad m i n i s tr a ti o n
( O S H A)  e s ta b l i s h e d  r e q u i r e m e n ts  fo r  h yd r o g e n  s ys te m s  i n  C F R

1 9 1 0 . 1 0 3 .  T h e  tab u l ar  d i s tan c e s  i n  An n e x  G refect th o s e  va l u e s
p u b l i s h e d  i n  th e  J u l y 1 ,  2 0 0 6  e d i ti o n  o f th e  C F R.  T h e  c r i te r i a

e s tab l i s h e d  i n  Tab l e  G. 2 ( a)  an d  Tab l e  G. 2 ( b )  ar e  b as e d  o n  th e
1 9 6 9  e d i ti o n  o f N F PA 5 0 A wh i c h  s u p e r s e d e d  th e  1 9 6 3  e d i ti o n .
S u b s e q u e n t e d i ti o n s  we r e  a d o p te d  i n  1 9 7 3 ,  1 9 7 8 ,  1 9 8 4 ,  1 9 8 9 ,

1 9 9 4 ,  an d  1 9 9 9 .  I n  2 0 0 3 ,  th e  d o c u m e n t wa s  i n te gr a te d  i n to
N F PA 5 5  b e c a u s e  th e  c o m m i tte e  b e l i e ve d  th at o n e  s tan d ar d
c o ve r i n g  s to r ag e  a n d  u s e  o f al l  c o m p r e s s e d  g as e s  an d  c r yo ge n i c
fuids  was  n e e d e d .  N F PA 5 5  was  r e vi s e d  i n  2 0 0 5  a s  th e  r e q u i r e ‐

m e n ts  fo r  c o m p r e s s e d  g as e s  a n d  c r yo g e n i c  fuids  we r e  b r o ad ‐
e n e d .

T h r o u g h o u t th o s e  e i gh t r e vi s i o n  c yc l e s ,  th e  d i s ta n c e s  we r e
s u b j e c t to  r e vi s i o n  a s  th e  te c h n o l o g y i n  th e  u s e  o f h yd r o ge n

ad van c e d .  H o we ve r,  th e  d i s ta n c e s  l i s te d  i n  th e  O S H A ta b l e s
r e m a i n  b as e d  o n  th e  1 9 6 9  d ata.  I t i s  i m p o r tan t to  r e c o gn i z e
th at th e  O S H A tab l e s  r e p r e s e n t th e  c u r r e n t s ta tu to r y r e q u i r e ‐

m e n ts .  Wh i l e  th e  tab l e s  m i g h t b e  ac c u r a te ,  i t s h o u l d  b e  r e c o g‐
n i z e d  th a t th e  O S H A ta b l e s  i n  s o m e  c a s e s  l ac k c l ar i ty,  a n d  i n
o th e r  c as e s  h a z a r d s  r e c o gn i z e d  b y th e  o n g o i n g  e vo l u ti o n  o f th e

s e p ar a ti o n  tab l e s  h ave  n o t b e e n  ac kn o wl e d g e d .

F o r  an  e x am p l e  o f c l a r i ty,  c o n s i d e r  r o w 1 ,  “ B u i l d i n g  o r  s tr u c ‐
tu r e , ”  o f Ta b l e  8 . 3 . 2 . 3 . 1 . 6 ( a ) .  T h e  O S H A tab l e  r e fe r s  to  b u i l d ‐

i n g s  b y c o n s tr u c ti o n  typ e s ,  i n c l u d i n g wo o d  fr am e ,  h e avy ti m b e r,
o r d i n a r y,  an d  fre  r e s i s ti ve .  T h e  c u r r e n t c o n s tr u c ti o n  typ e s  a r e

n o w d e s i g n ate d  as  Typ e s  I  th r o u g h  V wi th  var i ati o n s  to  ad d r e s s
th e  e l e m e n ts  o f c o n s tr u c ti o n ,  i n c l u d i n g th e  s u p p o r ti n g  s tr u c ‐
tu r e  as  we l l  a s  th e  c o n s tr u c ti o n  o f th e  r o o f an d  e x te r i o r  wal l s .

Al th o u g h  o n e  c an  g u e s s  a s  to  th e  o r i g i n al  i n te n t,  th e r e  i s  n o
c l e ar  c o r r e l ati o n  b e twe e n  th e  c o n s tr u c ti o n  typ e s  d e s i gn a te d  i n
th e  O S H A tab l e s  an d  th e  typ e s  i n  e i th e r  N F PA 2 2 0  o r  th e  b u i l d ‐

i n g c o d e .

O th e r  e x am p l e s  wh e r e  h a z a r d s  a r e  n o t ad d r e s s e d  i n c l u d e
th e  fac t th at th e r e  ar e  n o  p r e s c r i b e d  d i s tan c e s  fo r  s e p ar a ti o n
fr o m  p r o p e r ty l i n e s ,  p u b l i c  s i d e wa l ks ,  an d  p a r ke d  ve h i c l e s .  A

c l o s e  c o m p a r i s o n  b e twe e n  th e  O S H A tab l e  an d  th e  d i s ta n c e
ta b l e s  i n  th e  2 0 0 5  e d i ti o n  o f N F PA 5 5  r e ve al s  a n u m b e r  o f
d i s c r e p a n c i e s .  As  th e  2 0 1 0  e d i ti o n  o f N F PA 5 5  was  b e i n g  d e ve l ‐

o p e d ,  a  c o l l e c ti ve  e ffo r t wa s  u n d e r ta ke n  b y a j o i n t tas k g r o u p
e s tab l i s h e d  b e twe e n  th e  N F PA I n d u s tr i al  a n d  M e d i c al  G as e s
C o m m i tte e  an d  th e  N F PA H yd r o g e n  Te c h n o l o g y C o m m i tte e .

T h e  s c o p e  o f th e  H yd r o g e n  Te c h n o l o gy C o m m i tte e ’ s  wo r k wa s
to  r e vi e w an d  ve r i fy th e  s e p ar ati o n  d i s ta n c e s  fo r  e x p o s u r e s  i n te ‐
gr a l  to  th e  d i s tan c e  tab l e s  fo u n d  i n  N F PA 5 5 .  Re s e ar c h  o n  s e p a‐

r a ti o n  d i s ta n c e s  fu n d e d  b y th e  U . S .  D e p ar tm e n t o f E n e r g y
( D O E )  an d  u n d e r ta ke n  b y S an d i a  N ati o n al  L ab o r ato r i e s  i n
2 0 0 7  fo c u s e d  o n  th e  e ffe c ts  o f fre  an d  p o te n ti a l  e x p l o s i o n  d u e

to  a n  i n a d ve r te n t r e l e as e  o f h yd r o g e n .  T h e  i n i ti al  wo r k h ad  a s
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i ts  fo c u s  th e  u s e  o f h yd r o g e n  a s  an  al te r n a ti ve  ve h i c l e  fu e l ;
h o we ve r,  th e  d a ta  p r o d u c e d  p r e s e n t th e  c as e  fo r  s e p ar a ti o n
b a s e d  o n  r a d i an t h e at fux  fr o m  h yd r o ge n  j e t fames  a n d  fam‐
mability e n ve l o p e s  fr o m  u n i n te n d e d  r e l e as e s  o f h yd r o g e n .  T h e
wo r k was  b as e d  o n  m o d e l i n g th a t was  th e n  val i d ate d  a ga i n s t
S an d i a  N ati o n al  L ab o r ato r i e s  a n d  S RI  I n te r n a ti o n al  e x p e r i ‐
m e n ts .

As  th e  wo r k c o n ti n u e d ,  i t b e c am e  a p p ar e n t to  th e  g r o u p  th at
a r i s k-i n fo r m e d  ap p r o ac h  to  s e p ar a ti o n  d i s tan c e  c o u l d  b e  d e ve l ‐
o p e d .  At th a t j u n c tu r e ,  th e  c o m m i tte e  d e ve l o p e d  c o n s e q u e n c e -
b a s e d  tab l e s  fo r  s e p ar a ti o n  as  we l l  a s  a s e t o f r i s k-i n fo r m e d
ta b l e s .  T h e  c o n s e q u e n c e -b as e d  tab l e s  p r e s e n t th e  h a z a r d  wi th ‐
o u t r e g ar d  to  p r o b ab i l i ty o r  fr e q u e n c y.  H o we ve r,  th e r e  ar e  var i ‐
ab l e s  th at h ave  n o t p r e vi o u s l y b e e n  c o n s i d e r e d  i n  th e  e vo l u ti o n
o f th e  tab u l ar  d i s ta n c e s .

O n  th e  o th e r  h an d ,  th e  r i s k-i n fo r m e d  tab l e s  c o n s i d e r  th e
c u m u l a ti ve  fr e q u e n c y o f ac c i d e n ts  an d  th e  d i s tan c e  r e q u i r e d  to
p r e ve n t an  u n d e s i r e d  c o n s e q u e n c e  ac r o s s  a  s p e c tr u m  o f var y‐
i n g  p r e s s u r e s .

Ad d i ti o n a l l y,  th e  fu n d am e n ta l  r e q u i r e m e n ts  o f N F PA 5 5
p r e s c r i b e  a  m i n i m u m  s e t o f e n gi n e e r i n g  c o n tr o l s  an d  c o n s tr u c ‐
ti o n  fe a tu r e s .  As  th e  wo r k e vo l ve d ,  i t b e c am e  c l e ar  th at wi th
m i ti ga ti o n  m e th o d o l o gy,  an  u n i n te n d e d  r e l e a s e  c o u l d  b e  m i n i ‐

m i z e d  o r  e l i m i n ate d .  T h e  d e ve l o p m e n ta l  wo r k wa s  fo c u s e d  o n
u s i n g  a  scientifc  m e th o d  to  o b ta i n  s e p ar ati o n  d i s tan c e s  to
ve r i fy o r  r e vi s e  th e  tab u l ar  d i s ta n c e s  ac c o r d i n gl y.

T h e  O S H A tab l e s  ar e  p r o vi d e d  to  i n fo r m  th e  c o d e  u s e r  o f
th e  m i n i m u m  r e q u i r e m e n ts  as  th e y c u r r e n tl y e x i s t u n d e r

2 9  C F R an d  th e  fe d e r al  O S H A p r o gr a m .  I t i s  i n c u m b e n t o n
i n s ta l l e r s  a n d  p r o p e r ty o wn e r s  to  r e c o g n i z e  th e  l i m i ta ti o n s  o f

O S H A b as e d  o n  th e  p r e c e d e n t r e q u i r e m e n ts  e s ta b l i s h e d  wi th
th e  u s e  o f th e  1 9 6 9  e d i ti o n  o f N F PA 5 0 A.  T h e  u s e  o f a l te r n ati ve
ap p r o ac h e s  to  d i s ta n c e  as  n o w e m b o d i e d  wi th i n  th e  b o d y o f

th e  c o d e  i s  s u b j e c t to  ap p r o va l  o n  a l o c ati o n -b y-l o c ati o n  b a s i s .
T h e  typ i c al  AH J  h as  tr a d i ti o n a l l y b e e n  th e  fre  offcial  wh o
m i gh t n o t b e  th e  o n l y offcial  th at e x e r c i s e s  r e g u l ato r y c o n tr o l

fo r  i n s ta l l ati o n s  o f th i s  n a tu r e .
•
N A. 8 . 3 . 2 . 3 . 1 . 6 ( B ) ( 3 )    T h e  m ax i m u m  o p e r a ti n g p r e s s u r e  ( M O P )

i s  th e  s e tp o i n t o f th e  ta n k p r e s s u r e  c o n tr o l  s ys te m  a n d  i s  l o we r
th an  th e  tan k m ax i m u m  al l o wab l e  wo r ki n g  p r e s s u r e  ( M AWP ) .

A p e r m an e n tl y i n s ta l l e d  au to m ati c  tan k ve n t s ys te m  c a n  b e
u s e d  to  c o n tr o l  th e  p r e s s u r e  at o r  b e l o w th e  M O P.  T h e  p r e s s u r e
c o n tr o l  s ys te m  i s  p r o vi d e d  wi th  a  m e an s  to  e n s u r e  i ts  fu n c ti o n

an d  s h o u l d  b e  p e r i o d i c a l l y i n s p e c te d  to  a s s u r e  i ts  i n te gr i ty.  T h i s
s ys te m  c an  e m p l o y m e c h a n i c al  r e g u l a to r s ,  e l e c tr i c al  c o n tr o l
s ys te m s  th at o p e n  a c o n tr o l  val ve  to  r e l i e ve  tan k p r e s s u r e ,  o r

o th e r  s i m i l ar  m e an s  th at ac c o m p l i s h  th e  s am e  p u r p o s e .  I t i s  n o t

FI G U RE  A. 8 . 3 . 2 . 3 . 1 . 6   O S H A Tab l e  H - 4 .
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r e c o m m e n d e d  to  l o we r  th e  p r i m ar y tan k s afe ty r e l i e f d e vi c e s
b e l o w th e  M AWP  s i n c e  th a t wo u l d  i n c r e a s e  th e  p r o b ab i l i ty o f a
p r e m atu r e  r e l e a s e .

N A. 8 . 3 . 2 . 3 . 1 . 6 ( C ) ( 1 ) ( b ) ( vi )    S e e  F i g u r e  A. 8 . 3 . 2 . 3 . 1 . 5 ( D ) ( 1 ) ,
wh i c h  ad d r e s s e s  b u l k c r yo ge n i c  s ys te m s  l o c a te d  i n  a  c o u r tyar d .
T h i s  fgure  a l s o  ap p l i e s  to  th e  c as e  wh e r e  an y o r  al l  o f th e  th r e e
wal l s  ar e  c o n s tr u c te d  as  fre  b ar r i e r  wal l s ,  p r o vi d e d  th e  d i s ta n c e
to  wal l s  c o n s tr u c te d  as  fre  b ar r i e r  wal l s  fo r  e x p o s u r e  p r o te c ti o n
i s  n o t l e s s  th a n  th at r e q u i r e d  b y Ta b l e  8 . 3 . 2 . 2 . 1 . 4 .

N A. 8 . 3 . 2 . 3 . 1 . 6 ( C ) ( 1 ) ( b ) ( vi i )    F i g u r e  A. 8 . 3 . 2 . 3 . 1 . 6 ( C ) ( 1 ) ( b ) ( vi i )
( a)  a n d  F i gu r e  A. 8 . 3 . 2 . 3 . 1 . 6 ( C ) ( 1 ) ( b ) ( vi i ) ( b )  i l l u s tr a te  wa l l
e n c l o s u r e s  fo r  a h yd r o g e n  s to r ag e  s ys te m .  T h e  ge o m e tr y o f th e
th r e e -s i d e d  e n c l o s u r e  s h o u l d  n o t c o n tai n  an y h yd r o ge n  r e l e a s e
th a t wo u l d  b e  e n o u gh  to  c r e a te  a signifcant h az ar d .

Ta n k 
d i a m e t e r

D i s t a n c e  =  
t a n k d i a m e t e r

F i r e  b a r r i e r  wa l l s

S t o ra g e  t a n k 
( ve r t i c a l )

Ta n k p i p i n g  a n d  
c o m p o n e n t s  
l o c a t e d  o p p o s i t e  
f i r e  b a r r i e r wa l l s

1 3 5 ° 1 3 5 °

N FI G U RE  A. 8 . 3 . 2 . 3 . 1 . 6 ( C ) ( 1 ) ( b ) ( vi i ) ( a)   S c h e m ati c  o f T h re e -
S i d e d  Fi re  B ar ri e r Wal l  E n c l o s u re  fo r a Ve r ti c al  H yd ro ge n

S to rage  S ys te m .

Ta n k
l e n g t h

D i s t a n c e  =
¹ ⁄₂  t a n k  l e n g t h

F i r e  b a r r i e r  w a l l s

S t o r a g e  t a n k  
( h o r i z o n t a l )

Ta n k  p i p i n g  a n d  
c o m p o n e n t s  
l o c a t e d  o p p o s i t e  
f i r e  b a r r i e r  w a l l s

1 3 5 ° 1 3 5 °

N FI G U RE  A. 8 . 3 . 2 . 3 . 1 . 6 ( C ) ( 1 ) ( b ) ( vi i ) ( b )   S c h e m ati c  o f T h re e -
S i d e d  Fi re  B ar ri e r Wal l  E n c l o s u re  fo r a H o ri z o n tal  H yd ro ge n
S to rage  S ys te m .

N A. 8 . 3 . 2 . 3 . 1 . 6 ( C ) ( 2 )    To  d e te r m i n e  th e  a c c e p ta b i l i ty o f te c h n o l ‐
o g i e s ,  p r o c e s s e s ,  p r o d u c ts ,  fac i l i ti e s ,  m a te r i al s ,  an d  u s e s  a tte n d ‐

i n g th e  d e s i g n ,  o p e r a ti o n ,  o r  u s e  o f s u c h  s ys te m s ,  th e  AH J  c an
r e q u i r e  th e  o wn e r  o r  a ge n t to  p r o vi d e ,  wi th o u t c h a r ge  to  th e
j u r i s d i c ti o n ,  a te c h n i c a l  o p i n i o n  a n d  r e p o r t.  T h e  m o d e l  fre

p r e ve n ti o n  c o d e s  p r o vi d e  th e  au th o r i ty fo r  th e  AH J  to  s e e k
te c h n i c a l  as s i s tan c e  fr o m  i n d e p e n d e n t th i r d  p ar ti e s  wi th  e x p e r ‐
ti s e  i n  th e  m a tte r  to  b e  r e vi e we d  a t th e  s u b m i tte r ’ s  e x p e n s e .

T h e  AH J  c a n  r e q u i r e  d e s i gn  s u b m i tta l s  to  b e  p r e p a r e d  b y,  an d
b e a r  th e  s ta m p  o f,  a  r e gi s te r e d  d e s i gn  p r o fe s s i o n al  o r  p r o fe s s i o ‐
n al  e n g i n e e r.

N A. 8 . 3 . 2 . 3 . 1 . 6 ( C ) ( 2 ) ( b )    An  E S S  c a n  e n h a n c e  s afe ty an d  r e d u c e
r i s k fo r  a g i ve n  i n s tal l a ti o n  b y r e d u c i n g  th e  q u an ti ty an d  d u r a‐

ti o n  o f r e l e a s e d  h yd r o g e n .  T h e  E S S  fo r  a  p u b l i c  fu e l i n g  s ta ti o n
s h o u l d  i n c l u d e  fe atu r e s  to  au to m ati c a l l y s h u t i s o l ati o n  val ve s  to
s u p p l e m e n t r e q u i r e m e n ts  as  specifed  i n  8 . 3 . 1 . 2 . 4 . 2 .  T h e  E S S

s h o u l d  i n c l u d e  th e  fo l l o wi n g  attr i b u te s :

( 1 ) C r yo ge n i c  r a te d  val ve s  th at u p o n  ac ti vati o n ,  wi l l  s h u t o ff
th e  s u p p l y o f h yd r o g e n  wh e n  fre  o r  h yd r o g e n  l e a ka ge  i s
d e te c te d  to  p r e ve n t a n  u n c o n tr o l l e d  fow o f h yd r o g e n
fr o m  th e  b u l k l i q u i d  s to r ag e  s ys te m .

( 2 ) E S S  au to m ati c  s h u to ff val ve s  s h o u l d  n o t b e  i n s ta l l e d  o n
p i p i n g  fo r  p r e s s u r e  r e l i e f c i r c u i ts  s e r vi n g  th e  b u l k l i q u i d
s o u r c e  s o  th at ac tu ati o n  o f r e l i e f d e vi c e s  i s  n o t i m p e d e d .

( 3 ) I n  ad d i ti o n  to  u s e  l i n e s ,  E S S  au to m ati c  s h u to ff va l ve s
s h o u l d  b e  i n s ta l l e d  o n  l i q u i d  l i n e s  gr e a te r  th an  1 ∕2  i n .  a n d
vap o r  l i n e s  o f 2  i n .  F ai l u r e  o f th e s e  l i n e s  o r  c o m p o n e n ts
wi th i n  th e  s ys te m  c o u l d  r e s u l t i n  a l ar g e  r e l e a s e  o f h yd r o ‐

ge n .  L i q u i d  h yd r o g e n  c i r c u i ts  o f 1 ∕2  i n .  an d  s m al l e r  an d
vap o r  c i r c u i ts  o f 2  i n .  an d  s m a l l e r  a r e  ge n e r a l l y n o t

r e q u i r e d .
( 4 ) T h e  E S S  s h o u l d  i n c l u d e  m an u al  o p e r ati o n  o f th e  E S S

l o c al l y o n  th e  e q u i p m e n t an d  at a  r e m o te  l o c a ti o n  th a t i s
e a s i l y ac c e s s i b l e ,  vi s i b l e ,  an d  n o t l e s s  th an  1 5  ft fr o m  th e
s ys te m .

( 5 ) T h e  E S S  val ve s  s h o u l d  b e  l o c a te d  as  c l o s e  as  p o s s i b l e  to
th e  b u l k s o u r c e .

( 6 ) Au to m ate d  c o n tr o l s  fo r  E S S  va l ve s  s h o u l d  b e  i n d e p e n d ‐
e n t o f o th e r  c o n tr o l  s ys te m s  fo r  i n c r e as e d  r e l i ab i l i ty.

Au to m ati c  E S S  ac ti vati o n  i s  d e s i g n e d  to  o p e r ate  wi th o u t
h u m an  i n te r ve n ti o n .  M a n u a l  E S S  ac ti vati o n  c a p ab i l i ty i s
a  s e p ar a te  fe atu r e  i n c l u d e d  i n  th e  s ys te m .

( 7 ) L o c al  au d i b l e  an d  vi s u a l  a l ar m s  u p o n  E S S  a c ti va ti o n
s h o u l d  b e  c o n s i d e r e d  to  a l e r t n e ar b y p e r s o n n e l  o f a n
i s s u e  wi th  th e  h yd r o g e n  s ys te m .

( 8 ) E S S  s h u to ff d e vi c e s  s h o u l d  b e  p r o te c te d  fr o m  fre  e x p o ‐
s u r e  th a t c an  p r e ve n t n o r m al  o p e r ati o n .  C o m p o n e n ts  i n
th e  s h u td o wn  s ys te m  s h o u l d  b e  fai l -s afe .  A d e vi c e

r e n d e r e d  i n o p e r a b l e  s h o u l d  i n i ti ate  a s i g n al  an d  s h u t‐
d o wn .  M a i n te n an c e  wa r n i n g s  fr o m  a d e vi c e  s h o u l d

s i gn a l  a s u p e r vi s o r y a l a r m .  T h e  c o m m o n  p r ac ti c e  i s  to
u s e  an  ai r- to -o p e n / fa i l -c l o s e d  val ve  wi th  th e  b o tto m  o f
th e  va l ve  o r i e n te d  to wa r d s  th e  b u l k s ys te m .  T h e  a c tu ato r

i s  confgured  s u c h  th at,  i f e x p o s e d  to  a  fre,  th e  s p r i n g
th a t h o l d s  th e  va l ve  c l o s e d  i s  e ffe c ti ve l y r e ta i n e d .  An

e x am p l e  o f an  i n e ffe c ti ve  ac tu ato r  i s  a n  al u m i n u m -
b o d i e d  ac tu a to r  th a t c an  we a ke n  i n  a  fre,  al l o wi n g  th e

s p r i n g  to  b e  e j e c te d ,  an d  i n  tu r n ,  al l o wi n g  th e  va l ve  to
o p e n .

( 9 ) A r e p o r t i n d i c ati n g  th e  E S S  c o m p o n e n ts  a n d  d e s i g n
s h o u l d  b e  i n c l u d e d  i n  th e  h az ar d o u s  m ate r i a l s  m an a ge ‐
m e n t p l a n .

( 1 0 ) A p r e ve n ta ti ve  m a i n te n an c e  p r o g ram  th a t i n c l u d e s  a
p e r i o d i c  vi s u al  i n s p e c ti o n  o f th e  E S S  s e n s o r s  an d  ac tu a‐



H YD RO G E N  T E C H N O L O GI E S  C O D E2-144

2 0 2 3  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 .

ti o n  d e vi c e s  a n d  an  an n u al  ac ti vati o n  te s t.  I f th e  s ys te m
fa i l s  i n s p e c ti o n ,  th e  s ys te m  s h o u l d  b e  s h u t d o wn  u n ti l
r e p ai r e d .

Δ A.8.3.2.3.1 .7(D)(1)    F l o o d  h az ar d  ar e a s  typ i c al l y ar e  identifed
o n  e i th e r  ( 1 )  th e  s p e c i a l  food  h a z a r d  ar e a  s h o wn  o n  th e  food
i n s u r an c e  r ate  m ap  o r  ( 2 )  th e  a r e a s u b j e c t to  fooding  d u r i n g

th e  d e s i g n  food  an d  s h o wn  o n  a  j u r i s d i c ti o n ’ s  food  h az ar d
m a p  o r o th e r wi s e  l e g al l y d e s i gn a te d .

A.8.3.2.3.1 .7(J)(1 )    U s e r s  s h o u l d  n o ti fy s u p p l i e r s  wh e r e  a tan k
i s  to  b e  l e ft i n  p l a c e  b u t n o t reflled  fo r  an  e x te n d e d  p e r i o d  o f

ti m e .  T h e  s u p p l i e r  c an  i n e r t th e  ta n k o r  o th e r wi s e  p r e p ar e  th e
ta n k fo r  u l ti m ate  r e m o val .

A.8.3.4.5.10    L i q u i d  tan ks ,  wh e n  b u r i e d  u n d e r gr o u n d ,  s h o u l d
m e e t th e  fo l l o wi n g p r o vi s i o n s :

( 1 ) L i q u i d  h yd r o ge n  ta n ks  an d  as s o c i ate d  p i p i n g  a r e  i n s tal l e d
wi th  c o n s i d e r ati o n s  fo r  p h ys i c a l  d am ag e  p r e ve n ti o n ,
c o r r o s i o n  p r o te c ti o n ,  an d  p r o p e r  l ayo u t o f p i p i n g  r u n s .

( 2 ) M an u al l y o p e r a te d  val ve s ,  c o n tr o l s ,  P RD s ,  an d  i n s tr u m e n ‐
tati o n  ar e  l o c ate d  ab o ve  gr o u n d ,  o u td o o r s ,  an d  a c c e s s i b l e
to  a u th o r i z e d  p e r s o n n e l .  M a n u al l y o p e r a te d  val ve s ,
c o n tr o l s ,  a n d  i n s tr u m e n tati o n  fo r  flling  an d  r o u ti n e

o p e r ati o n s  s h o u l d  b e  r e ad i l y avai l ab l e  to  m o b i l e  s u p p l y
e q u i p m e n t at g r o u n d  l e ve l .

( 3 ) Re m o te l y o p e r ate d  e m e r g e n c y s h u to ff val ve s  c a n  b e  l o c a‐
te d  b e l o w g r ad e  to  al l o w fo r  p r o d u c t i s o l ati o n .  T h e s e
val ve s  s h o u l d  b e  i n  a  c o r r o s i o n - r e s i s ta n t ar e a th a t i s  ac c e s ‐

s i b l e  fr o m  g r o u n d  l e ve l  an d  d o e s  n o t c r e ate  a confned
s p ac e .

N A.10.1 .1 .5    T h i s  c h a p te r  o n l y a p p l i e s  to  fa c i l i ti e s  an d  e q u i p ‐
m e n t th a t d i s p e n s e  to  th e  fu e l  s u p p l y c o n tai n e r  o f a h yd r o ge n
m o to r  ve h i c l e .  E x a m p l e s  i n c l u d e  fu e l i n g  s ta ti o n s  th a t d i s p e n s e

to  l i gh t-d u ty ve h i c l e s ,  b u s e s ,  m ate r i al -h an d l i n g ve h i c l e s ,  tr u c ks ,
an d  tr ai n s .

A.10.2.1    Ad d i ti o n a l  i n fo r m ati o n  o n  N F PA 2  c o d e  c o m p l i a n c e
fo r  h yd r o g e n  fu e l i n g s tati o n s ,  i n c l u d i n g p e r m i tti n g c h e c kl i s ts

fo r  h yd r o g e n  fu e l i n g  s tati o n s ,  c an  b e  fo u n d  o n  H 2 To o l s . o r g  a t
h ttp s : / / h 2 to o l s . o r g / .

A.10.2.1 .1    S e ve r a l  s tan d a r d s  h a ve  b e e n  p u b l i s h e d  an d  ar e  i n
u s e  fo r  p r o d u c t certifcation,  l i s ti n g ,  o r  l ab e l i n g  o f fu e l i n g
fa c i l i ty e q u i p m e n t.  F o r  e x am p l e ,  l i g h t- d u ty ve h i c l e  fu e l i n g,  a
specifc-use  c as e  o f m ate r i a l  c o ve r e d  b y d i s p e n s i n g  to  th e

p u b l i c ,  a p p l i c a n ts  m i g h t p r o p o s e  a  s ys te m  th at u s e s  C S A H GV
4 . 9 ,  Hydrogen Fueling Stations.  Al s o ,  fo r  p o we r e d  i n d u s tr i a l  tr u c ks
( e . g. ,  fo r kl i fts ) ,  a  specifc-use  c a s e  o f m a te r i al  c o ve r e d  b y

d i s p e n s i n g to  n o n p u b l i c  u s e r s ,  ap p l i c an ts  m i g h t p r o p o s e  a
s ys te m  th at u s e s  C S A H P I T  2 ,  Dispensing systems and components
for fueling hydrogen powered industrial trucks.  Ad d i ti o n al  i n fo r m a‐

ti o n  r e g ar d i n g certifcation  an d  a p p r o val  fo r  h yd r o ge n  s ys te m s
i s  avai l a b l e  th r o u g h  th e  H 2  To o l s  we b s i te  a t h ttp s : / /
www. h 2 to o l s . o r g .

A.10.2.1 .2    A h az ar d ( s )  an al ys i s  c an  b e  p e r fo r m e d  b y a  n u m b e r
o f m e th o d s  wh e r e  th e  e n d  r e s u l t c a n  b e  a c h i e ve d  th r o u g h  th e

u s e  o f m o r e  th an  o n e  m e th o d .  S e ve r a l  o f th e  m o r e  c o m m o n
m e th o d s  e m p l o ye d  b y th o s e  i n vo l ve d  i n  s ys te m s  s a fe ty to d ay
i n c l u d e ,  b u t ar e  n o t l i m i te d  to ,  h a z a r d  a n d  o p e r a b i l i ty s tu d i e s

( H AZ O P s ) ,  fai l u r e  m o d e s  e ffe c ts  an d  c r i ti c al i ty an al ys i s
( F M E C A) ,  p r e l i m i n a r y h a z a r d s  a n al ys i s  ( P H A) ,  fa u l t tr e e  an al y‐
s i s  ( F TA) ,  an d  e ve n t tr e e  an al ys i s .  S ta n d a r d  d e s i gn s  th at h ave

b e e n  an al yz e d  b y r e c o g n i z e d  m e th o d o l o gy n e e d  n o t b e  s tu d i e d
e ac h  an d  e ve r y ti m e  s u c h  a n  i n s tal l ati o n  o c c u r s .  Rath e r,  site-

specifc  e l e m e n ts  th at ar e  u n i q u e  to  th e  i n s tal l ati o n  s h o u l d  b e
r e vi e we d  i n  c o n c e r t wi th  th e  an a l ys i s  p e r fo r m e d  o n  th e  s ta n d ‐

ar d  s ys te m  to  e n s u r e  th at th e  s ta n d a r d  d e s i g n  h as  n o t b e e n
al te r e d  i n  a  way th a t wo u l d  n e g ati ve l y a ffe c t th e  h az ar d  a n al ys i s .

T h e  r e vi e ws  c o n d u c te d  fr e q u e n tl y i n vo l ve  a s e r i e s  o f m e e t‐
i n gs  b e twe e n  m e m b e r s  o f a  m u l ti d i s c i p l i n ar y te am  th a t

m e th o d i c a l l y “ b r ai n s to r m s ”  th e  s ys te m  d e s i gn ,  fo l l o wi n g  a s tr u c ‐
tu r e  p r o vi d e d  b y s tu d y fo r m a t an d  th e  te a m  l e a d e r ’ s  e x p e r i ‐

e n c e .  M e m b e r s  o f th e  te am  c a n  i n c l u d e  e n g i n e e r s  as  we l l  a s
o th e r  p e r s o n n e l  s ki l l e d  i n  th e  ap p l i c ati o n  o f a s ys te m s  s a fe ty

ap p r o ac h .

A.10.2.2    D i s p e n s e r s  c an  b e  l i s te d  an d  certifed  to  m e e t th e
r e q u i r e m e n ts  o f AN S I / C S A H GV 4 . 1 .  I t i s  ac kn o wl e d ge d  th at

wi th  a  d e ve l o p i n g  te c h n o l o gy n o t a l l  c o m p o n e n ts  i n c l u d e d  i n
1 0 . 3 . 1 . 2  h ave  s tan d a r d s  to  wh i c h  th e y c an  b e  l i s te d .  T h e

p u r p o s e  o f th e  l an g u a ge  “ l i s te d  o r  ap p r o ve d ”  i s  to  r e q u i r e  l i s t‐
i n g d o c u m e n tati o n  fo r  th o s e  i te m s  fo r  wh i c h  l i s ti n g  s tan d ar d s
e x i s t,  an d  fo r  an  a p p r o p r i ate  am o u n t o f d o c u m e n ta ti o n  p r o v‐

i n g  s u i ta b i l i ty a n d  s a fe ty o f th e  i n te n d e d  u s e  b e  p r o vi d e d  to  th e
AH J  to  a l l o w fo r  th e  “ ap p r o val ”  o f c o m p o n e n ts  th a t d o  n o t
h a ve  l i s ti n gs .

T h e  fo l l o wi n g  a r e  e x am p l e s  o f s ta n d a r d s  th at c an  b e  u s e d  fo r
l i s ti n g  o r  certifcation:

( 1 ) Val ve s  c a n  b e  l i s te d  an d  certifed  to  m e e t th e  r e q u i r e ‐
m e n ts  o f AN S I / C S A H G V 4 . 6  o r  AN S I / C S A H GV 4 . 7 .

( 2 ) H o s e s  c an  b e  l i s te d  a n d  certifed  to  m e e t th e  r e q u i r e ‐
m e n ts  o f AN S I / C S A H GV 4 . 2 .

( 3 ) H yd r o ge n  d i s p e n s e r s  c an  b e  l i s te d  an d  certifed  to  m e e t
th e  r e q u i r e m e n ts  o f AN S I / C S A H GV 4 . 1 .

( 4 ) B r e akawa y d e vi c e s  c an  b e  l i s te d  an d  certifed  to  m e e t th e
r e q u i r e m e n ts  o f AN S I / C S A H GV 4 . 4 .

( 5 ) C o m p r e s s o r s  c a n  b e  l i s te d  an d  certifed  to  m e e t th e
r e q u i r e m e n ts  o f AN S I / C S A H GV 4 . 8 .

( 6 ) F i tti n gs  c an  b e  l i s te d  a n d  certifed  to  m e e t th e  r e q u i r e ‐
m e n ts  o f AN S I / C S A H GV 4 . 1 0 .

•
A.10.3.2.4    T h e  fu l l  fow c a p ac i ty o f th e  d i s p e n s e r  i s  i n te n d e d
to  r e p r e s e n t th e  m ax i m u m  fow r ate  o f ga s  p o s s i b l e .   T h i s

d e te r m i n ati o n  c o u l d  b e  m ad e  b y i d e n ti fyi n g  th e  s m al l e s t fow
r e s tr i c ti o n  i n  th e  d i s p e n s e r,  th e n  as s u r i n g th e  fow c a p a c i ty o f

th e  r e l i e f d e vi c e  e x c e e d s  th at va l u e .

A.10.3.5.2    T h e  fo l l o wi n g  a r e  e x am p l e s  o f m a te r i al s  an d
c o m p o n e n ts  th at s h o u l d  n o t b e  u s e d  fo r  ga s e o u s  GH 2  s e r vi c e :

( 1 ) G r e y,  d u c ti l e ,  o r  c as t i r o n
( 2 ) C e r ta i n  s ta i n l e s s  s te e l s
( 3 ) N i c ke l  a n d  i ts  a l l o ys  s u c h  a s  I n c o n e l  an d  M o n e l
( 4 ) N i c ke l  s te e l s  s u c h  a s  2 . 2 5 ,  3 . 5 ,  a n d  9  p e r c e n t N i

A.10.3.5.3.2    A j o i n t c o n ta i n i n g th r e ad  c o m p o u n d  th a t l e aks
d u r i n g l e ak te s ti n g  c an  b e  s e a l  we l d e d  p r o vi d e d  al l  c o m p o u n d

i s  r e m o ve d  fr o m  e x p o s e d  th r e a d s .

N A.10.3.10.2    S p e c i al  te s t e q u i p m e n t u s e d  fo r  s tati o n  te s ti n g i s
n o t c o n s i d e r e d  a n  a d a p te r.

N A.10.3.10.5    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 re ve n t th e
u n au th o r i z e d  d i s p e n s i n g  i n to  c o n tai n e r s  th at a r e  n o t r a te d  fo r
th e  o p e r a ti n g p r e s s u r e  o f th e  d i s p e n s e r.  S i n c e  a l o we r  r a te d

p r e s s u r e  c l a s s  ve h i c l e  c an n o t fu e l  fr o m  a n  H 7 0  n o z z l e ,  a  s ta ti o n
s u p p l i e r  m i g h t c h o o s e  to  i n s ta l l  a l o we r  p r e s s u r e  r ati n g  c l as s
n o z z l e  o n  a d i s p e n s e r,  e i th e r  te m p o r ar i l y o r  p e r m an e n tl y,  th at

o th e r wi s e  i s  c a p ab l e  o f fowing  H 7 0  p r e s s u r e  h yd ro ge n .  F o r
e x a m p l e ,  an  H 3 5  n o z z l e  c o u l d  b e  i n s ta l l e d  o n  a n  H 7 0 -s u p p l i e d
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d i s p e n s e r  h o s e  to  al l o w i t to  fll  H 3 5  fu e l  s u p p l y c o n ta i n e r s .
T h i s  wo u l d  d e fe at th e  s afe ty fe atu r e  o f h avi n g  m e c h a n i c al l y
i n c o m p ati b l e  h a r d wa r e  fo r  l o we r- p r e s s u r e -r a te d  ve h i c l e s  an d
r e s u l t i n  a h az ar d o u s  o ve r p r e s s u r e  o f b o th  th e  n o z z l e  an d
l o we r-p r e s s u r e -r a te d  ve h i c l e s .  O ve r p r e s s u r i z ati o n  c o u l d  c au s e
s e r i o u s  e q u i p m e n t d a m a ge  an d  c au s e  i n j u r y o r  fa ta l i ty to  th e
u s e r  o r  p u b l i c .  S e e  A. 1 0 . 5 . 1 .

A.10.3.11 .1    S e e  AP I  RP  2 0 0 3 ,  Protection Against Ignitions Arising
Out of Static,  Lightning,  and Stray Currents.

A.10.4.3.6    M e c h a n i c al  j o i n ts  c an  b e  d i s as s e m b l e d  a n d  i n c l u d e
fanged,  th r e ad e d ,  o r  e q u i va l e n t j o i n ts ,  i n c l u d i n g  c r i m p e d
c o n n e c ti o n s .  We l d e d  j o i n ts  d o  n o t n e e d  to  b e  i n  an  a c c e s s i b l e
l o c a ti o n .  

A.10.4.4    Ve n t l o c ati o n s  s h o u l d  b e  d e s i g n e d  s u c h  th at i f th e
s a fe ty val ve  i s  r e l i e vi n g  at c ap a c i ty an d  i g n i te d ,  r ad i a te d  h e a t
fe l t b y an  i n d i vi d u al  wh o  c a n  b e  p r e s e n t a t g r ad e  wi l l  n o t
e x c e e d  5 0 0  B tu / h r / ft2  ( 5 . 6 8  M J / h r / m 2 ) .  T h i s  d o e s  n o t a p p l y
to  l o c a ti o n s  wh e r e  ac c e s s  i s  r e s tr i c te d  to  p e r s o n n e l  wi th  a p p r o ‐

p r i a te  p r o te c ti o n .

A.10.4.5.1    E i th e r  th e  m e d i a u s e d  fo r  l e a k te s ti n g s h o u l d  b e
c o m p a ti b l e  wi th  a l l  e q u i p m e n t ac c o r d i n g to  th e  m a n u fac tu r e r ’ s
i n s tr u c ti o n s  o r  th e  e q u i p m e n t s h o u l d  b e  i s o l ate d  d u r i n g th e

te s t.  I t i s  n o t n e c e s s a r y to  p r e s s u r e  te s t e q u i p m e n t th a t h a s
al r e a d y b e e n  p r e s s u r e  te s te d  b e fo r e  i n s tal l ati o n .  I f a p r e s s u r e
te s t i s  r e q u i r e d  o n  a s ys te m  o r  p o r ti o n  o f a s ys te m  th a t i n c l u d e s

p r e vi o u s l y te s te d  e q u i p m e n t,  e i th e r  th e  te s ti n g  m e d i a s h o u l d
b e  c o m p ati b l e  wi th  th e  p r e vi o u s l y te s te d  e q u i p m e n t a c c o r d i n g
to  th e  m a n u fac tu r e r ’ s  i n s tr u c ti o n s  o r  th e  e q u i p m e n t s h o u l d  b e

i s o l ate d  d u r i n g  th e  te s t.

A.10.4.5.5    T h e  r e m o va l  o f al l  o x yg e n  i m p l i e s  th e  to tal  ab s e n c e
o f o x yge n .  S u c h  r e m o va l  i s  n o t fe as i b l e  as  o x yg e n  i s  a  c o n tam i ‐

n an t e ve n  i n  th e  c o m m e r c i al  h yd r o ge n  u s e d  as  a fu e l .  G o o d
p r ac ti c e  s tan d ar d s  a d vi s e  u s e r s  to  a s s u m e  th at e ve r y s ys te m

c o n tai n s  ai r  b e fo r e  te s ti n g a n y s ys te m  wi th  h yd r o g e n .  T h e  l i m i t‐
i n g  o x yge n  c o n c e n tr ati o n  fo r  o x yge n  i n  a i r  ( i . e . ,  n i tr o ge n  a s
d i l u e n ts  o f a i r )  i s  3 . 0  p e r c e n t o r  th e  p e r c e n ta ge  o f o x yg e n

b e l o w wh i c h  fammable  m i x tu r e s  wi th  h yd r o ge n  d o e s  n o t e x i s t.
An  o x yge n  c o n c e n tr a ti o n  o f n o t m o r e  th an  1  p e r c e n t r e d u c e s
th e  o x yg e n  c o n c e n tr ati o n  to  an  a c c e p ta b l e  l e ve l ,  as s u m i n g  th at

th e  s ys te m  p r e vi o u s l y c o n tai n e d  atm o s p h e r i c  a i r.

A.10.4.7    T h e  p u r p o s e  o f th e  e x ti n gu i s h e r  i s  n o t to  e x ti n g u i s h
a  h yd r o g e n  fre  b u t o th e r  fres  i n  th e  ar e a ,  o r  to  ke e p  a  h yd r o ‐

ge n  fre  fr o m  s p r e a d i n g .  H yd r o g e n  fres  s h o u l d  b e  e x ti n ‐
gu i s h e d  b y s h u tti n g o ff th e  s o u r c e  o f th e  g as ,  o r  i n  th e  c as e  o f a

ve h i c l e  fre,  l e tti n g  th e  s u p p l y o f h yd r o ge n  d e p l e te .

A.10.4.8.4.2    A vi d e o  d i s p l a y i s  a n  ac c e p tab l e  m e an s  o f p r o vi d ‐
i n g th e  o p e r a ti n g i n s tr u c ti o n  p r o vi d e d  th e  d i s p l ay i s  vi s i b l e

fr o m  e ac h  p o i n t o f tr a n s fe r.

N A.10.5.1    T h e r e  ar e  c u r r e n tl y n o  specifc  fu e l i n g  n o z z l e s  fo r
d i s p e n s e r s  th a t c an  fu e l  ve h i c l e s ,  s u c h  a s  h yd r o g e n -p o we r e d
i n d u s tr i al  tr u c ks  o r  m e d i u m -  a n d  h e avy- d u ty h yd r o g e n  m o to r

ve h i c l e s .  Wi th  n o  specifc  n o z z l e s  th e r e  i s  n o  m e c h an i c al
m e th o d  to  p r e ve n t l i gh t d u ty h yd r o g e n  m o to r  ve h i c l e s  fr o m
c o n n e c ti n g  to  d i s p e n s e r s  th at m i g h t h a ve  a  signifcantly h i g h e r
fow r ate ,  wh i c h  c an  c au s e  d a m ag e  to  th e  fu e l  s u p p l y c o n ta i n ‐

e r s .  To  p r o te c t l i g h t- d u ty h yd r o g e n  m o to r  ve h i c l e s ,  i f a  p u b l i c
d i s p e n s e r  o ffe r s  fu e l i n g  p r o to c o l s  fo r  b o th  l i g h t- an d  n o n -l i g h t-

d u ty h yd r o g e n  m o to r  ve h i c l e s ,  th e  s tan d ar d  p r o to c o l  s h o u l d  b e
th e  l i g h t- d u ty o n e .  Ac c e s s i n g  th e  n o n - l i g h t-d u ty p r o to c o l
s h o u l d  r e q u i r e  s e p ar a te  s te p s  a s  d i s c u s s e d  i n  1 0 . 5 . 1 . 3 .

A.10.5.1 .1 .1    I n  a d d i ti o n  to  th e  i n i ti al  i n te gr i ty c h e c k at th e
b e g i n n i n g o f th e  fu e l i n g e ve n t,  a d d i ti o n al  i n te g r i ty c h e c ks  h ave

b e e n  e ffe c ti ve  at fnding  l e aks  th at d e ve l o p  d u r i n g  th e  fu e l i n g
p r o c e s s .  T h e  2 0 1 1  e d i ti o n  o f N F PA 2  r e q u i r e d  th i s  i n te g r i ty
c h e c k at 3 0 0 0  p s i  ( 2 0  M P a)  i n c r e m e n ts .  S p e c i fyi n g  th e  p r e s ‐

s u r e s  at wh i c h  th e s e  te s ts  o c c u r  wi l l  r e s u l t i n  gr e a te r  s ta n d ar d i ‐
z a ti o n  an d  c o n s i s te n c y o f th e  fu e l i n g  p r o c e s s .  T h e  l e a k te s ts
s h o u l d  o c c u r  wi th i n  5  p e r c e n t o f th e  specifed  p r e s s u r e  val u e s .

F o r  e x a m p l e ,  th e  8 5  p e r c e n t fll-point c h e c k c an  o c c u r  b e twe e n
8 0  p e r c e n t a n d  9 0  p e r c e n t o f th e  s e r vi c e  p r e s s u r e .

A.10.5.1 .4    S AE  J 2 6 0 1 ,  Fueling Protocols for Light Duty Gaseous
Hydrogen Surface Vehicles,  i s  s tr o n gl y r e c o m m e n d e d  as  th e  s tan d ‐
ar d  a u to m o ti ve  fu e l i n g p r o to c o l  fo r  d i s p e n s e r s .  T h i s  s tan d ar d

h a s  b e e n  d e ve l o p e d  b y th e  a u to m o ti ve  a n d  h yd r o ge n  i n d u s tr y,
to  e n s u r e  th a t th e  fu e l i n g  p r o to c o l  wi l l  n o t o ve rh e at,  o ve r ‐
p r e s s u r i z e ,  o r  overfll  th e  ve h i c l e  fu e l  s u p p l y c o n tai n e r.  S AE

J 2 6 0 1  p r o vi d e s  m e th o d s  o f fu e l i n g  fu e l  s u p p l y c o n ta i n e r s  fr o m
5 0  to  2 5 0  L  at s e r vi c e  p r e s s u r e s  o f 3 5  o r  7 0  M P a.  S AE  J 2 6 0 1
as s u m e s  th at th e  fu e l  s ys te m s  a n d  fu e l  s u p p l y c o n tai n e r s  m e e t

th e  r e q u i r e m e n ts  i n  S AE  J 2 5 7 8 ,  Recommended Practice for General
Fuel Cell Vehicle Safety,  an d  S AE  J 2 5 7 9 ,  Standard for Fuel Systems in
Fuel Cell and Other Hydrogen Vehicles.  Ve h i c l e s  n o t d e s i g n e d  to

th e s e  s ta n d a r d s  s h o u l d  n o t u s e  p u b l i c  d i s p e n s e r s  wi th o u t
ap p r o p r i a te  r e vi e w o r  s afe gu ar d s .

A d e fau l t p r o to c o l  i s  th e  p r o to c o l  u s e d  to  fu e l  a h yd r o g e n
ve h i c l e  wi th o u t a n y a c ti o n  b y th e  u s e r  o r  o p e r ato r  o f th e

d i s p e n s e r.

A.10.5.1 .4.1    C S A/ AN S I  H GV 4 . 3 ,  Test Methods for Hydrogen
Fueling Parameter Evaluation,  i s  a  s ta n d ar d  te s t m e th o d  to  val i ‐

d ate  th a t a d i s p e n s e r  p r o p e r l y ap p l i e s  th e  fu e l i n g p r o to c o l s  i n
S AE  J 2 6 0 1 ,  Fueling ProtocolF[s for Light Duty Gaseous Hydrogen

Surface Vehicles,  an d  c o m m u n i c ati o n  p r o to c o l s  i n  S AE  J 2 7 9 9 ,
Hydrogen Surface Vehicle to Station Communications Hardware and
Software,  a n d  h as  th e  p r o p e r  fa u l t c o n tr o l s  i n  p l ac e .  C ar e  s h o u l d
b e  ta ke n  th at th e  fu e l i n g  p r o to c o l  i s  val i d a te d  wi th  th e  a p p r o ‐

p r i a te  ve r s i o n  o f AN S I / C S A H GV 4 . 3 .

A.10.5.1 .4.2    D i s p e n s e r s  th at u s e  n o n s tan d ar d  au to m o ti ve  fu e l ‐
i n g p r o to c o l s  s h o u l d  n o t b e  u s e d  to  fu e l  ve h i c l e s  n o t d e s i g n e d

an d  te s te d  to  th e  p r o to c o l .  D o i n g  s o  c o u l d  c au s e  d a m a ge  to  th e
ve h i c l e  d u e  to  o ve rh e ati n g ,  o ve r p r e s s u r i z ati o n ,  o r  overflling

th e  fu e l  s u p p l y c o n tai n e r.

A.10.5.1 .4.2.1    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 e ve n t
u n au th o r i z e d  fu e l i n g  o f l i gh t-d u ty ve h i c l e s  u s i n g  fu e l i n g p r o to ‐

c o l s  th at c an  d am ag e  th e  fu e l  s u p p l y c o n ta i n e r.  N o t a l l  u s e r s
h ave  th e  p r o p e r  tr a i n i n g  to  s e l e c t th e  c o r r e c t p r o to c o l .  T h e r e ‐

fo r e ,  a  d i s p e n s e r  th at c a n  fu e l  a h yd r o ge n  ve h i c l e  u s i n g  a
n o n s tan d ar d  au to m o ti ve  fu e l i n g p r o to c o l ,  m u s t h a ve  a  r o b u s t
m e th o d  o f s e l e c ti n g th e  c o r r e c t p r o to c o l .  U s e r-ac ti vate d  m e th ‐

o d s  o f s e l e c ti n g  a n o n s tan d a r d  p r o to c o l ,  s u c h  a s  P I N  c o d e s  an d
ac c e s s  c ar d s  ar e  d i s c o u r a ge d ,  b e c au s e  th e y c a n  b e  c o p i e d  o r
tr a d e d .  Ke ys  o r  a c c e s s  c ar d s  a r e  ac c e p tab l e  m e an s  to  s e l e c t a

n o n s tan d a r d  p r o to c o l ,  b u t s h o u l d  o n l y b e  u s e d  b y n o n p u b l i c
u s e r s  an d  wh e n  defned  p r o c e d u r e s  e x i s t to  l i m i t th e i r  u s e  to
th e  p r o p e r  ve h i c l e s .  H ar d war e  s o l u ti o n s  th a t d o  n o t r e q u i r e

u s e r  o r  o p e r ato r  ac ti o n ,  s u c h  as  u n i q u e  n o z z l e s / r e c e p tac l e s ,  o r
u n i q u e  c o m m u n i c ati o n  s ys te m s ,  a r e  p r e fe r r e d  m e th o d s  o f
p r e ve n ti n g th e  u s e  o f a n o n s tan d ar d  p r o to c o l .

A.10.5.1 .4.2.2    Atte n d an ts  s h o u l d  b e  tr ai n e d  to  u n d e r s tan d
wh e n  n o n s ta n d ar d  fu e l i n g p r o to c o l s  a r e  ap p r o p r i ate  an d

c o m p a ti b l e  wi th  th e  ve h i c l e .  D i s p e n s e r s  th a t u s e  a n  a tte n d a n t
to  au th o r i z e  a  n o n s ta n d a r d  au to m o ti ve  fu e l i n g  p r o to c o l  s h o u l d
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b e  e q u i p p e d  wi th  a  m e a n s  to  l i m i t a u th o r i z ati o n  o f th e
n o n s tan d ar d  p r o to c o l  to  th e  tr ai n e d  atte n d an t o n l y.

A.10.5.1 .4.4    T h e  l i m i t o f 0 . 1 3 2 3  l b  ( 6 0  g )  p e r  s e c o n d  was  n o t
i n te n d e d  to  i n c l u d e  s h o r t,  tr an s i e n t e x c u r s i o n s  th at o c c u r  p r i o r
to  th e  s ta r t o f flling  d u e  to  o p e n i n g  an d  c l o s i n g o f val ve s .  

N A.10.5.1 .5.1 .1    T h e r e  a r e  c u r r e n tl y n o  s ta n d a r d  fu e l i n g  p r o to ‐
c o l s  wi th  h i g h  fow r ate s  fo r  m e d i u m - a n d  h e a vy-d u ty h yd r o ge n
m o to r  ve h i c l e s .  I t i s  r e c o m m e n d e d  th a t a th i r d  p ar ty ap p r o ve
th e  p r o to c o l  b a s e d  u p o n  th e  e x i s ti n g  r e q u i r e m e n ts  fo r  l i g h t-
d u ty h yd r o g e n  m o to r  ve h i c l e  fu e l i n g  p r o to c o l s .

A.10.5.1 .6.1    T h e  S AE  J 2 7 9 9 ,  Hydrogen,  Surface Vehicle to Station
Communications Hardware and Software,  c o m m u n i c ati o n  p r o to c o l
i s  r e c o m m e n d e d  fo r  l i gh t-d u ty h yd r o ge n  m o to r  ve h i c l e
d i s p e n s e r s .  T h i s  s ta n d ar d  h a s  b e e n  d e ve l o p e d  b y th e  au to m o ‐
ti ve  an d  h yd r o g e n  i n d u s tr y to  e n s u r e  th a t p r o p e r  i n fo r m a ti o n
i s  p as s e d  fr o m  th e  ve h i c l e  to  e n s u r e  th a t th e  fu e l i n g p r o to c o l
wi l l  n o t o ve rh e a t,  o ve r p r e s s u r i z e ,  o r  overfll  th e  ve h i c l e  tan k.

I t i s  r e c o m m e n d e d  th at th e  c o m m u n i c ati o n  s ys te m  an d
p r o to c o l  s h o u l d  b e  l i s te d ,  a p p r o ve d ,  o r  te s te d  to  AN S I / C S A
H GV 4 . 3 ,  Test Methods for Hydrogen Fueling Parameter Evaluation.

A.10.5.1 .7.2    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 e ve n t th e
u n au th o r i z e d  d i s p e n s i n g  i n to  c o n tai n e r s  th at a r e  n o t r a te d  fo r
th e  o p e r ati n g  p r e s s u r e  o f th e  d i s p e n s e r.  Two  m e a n s  o f p r o te c ‐
ti o n  ar e  n e c e s s ar y b e c a u s e  o ve r p r e s s u r i z a ti o n  c o u l d  s e ve r e l y
d am a ge  th e  c o n ta i n e r  o r  c au s e  i n j u r y o r  fatal i ty to  th e  u s e r  o r
p u b l i c .  An  e x am p l e  o f th i s  u n d e s i r e d  s c e n ar i o  i s  a n  H 7 0
d i s p e n s e r  flling  h yd r o g e n  i n to  a n  H 3 5  fu e l  s u p p l y c o n tai n e r.
T h i s  r e q u i r e m e n t i s  i n te n d e d  to  p r e ve n t ac c i d e n ta l  o r  i n ad ve r ‐
te n t d i s p e n s i n g b y u s e r s  wh o  u s e  c o m p o n e n ts  n o t r ate d  fo r  th e
ap p r o p r i a te  s e r vi c e  p r e s s u r e .  I t wi l l  h e l p  d e te r,  b u t n o t n e c e s s a‐
r i l y fu l l y p r e ve n t,  van d a l i s m ,  u s e r s  wh o  p u r p o s e l y a tte m p t to
d e fe at th e  m e an s  o f p r o te c ti o n ,  a n d  ve h i c l e s  wh e r e  th e  i n c o r ‐
re c t r e c e p ta c l e s  h ave  b e e n  i n s tal l e d .

O th e r  m e a n s  o f p r o te c ti o n  c a n  i n c l u d e  h avi n g  th e  d i s p e n s e r
l i m i t th e  fnal  p r e s s u r e  o f th e  fu e l i n g  wh e n  c o m m u n i c ati o n  i s
n o t o p e r ati o n al ,  o r  h a vi n g a tr a i n e d  a tte n d a n t o n -s i te  to
p r e ve n t u n a u th o r i z e d  d i s p e n s i n g  i n to  c o n tai n e r s  th at ar e
e i th e r  r ate d  to  a l o we r  p r e s s u r e  th an  th e  d i s p e n s e r  r ati n g  o r
c o n tai n e r s  th at a r e  n o t c o m p ati b l e  wi th  th e  fu e l i n g  p r o to c o l ,  o r
o th e r  ap p r o ve d  m e a n s .

A.10.5.1 .8.2    H yd r o ge n  c o n tai n e r s / c yl i n d e r s  d e s i g n e d  fo r
h a z a r d o u s  m ate r i a l  tr an s p o r t ar e  c o n s tr u c te d  to  d i ffe r e n t
s tan d ar d s  an d  u s u a l l y h a ve  d i ffe r e n t p r e s s u r e  a n d  te m p e r atu r e
r ati n g s  th a n  h yd r o ge n  fu e l  s u p p l y c o n tai n e r s .  F o r  e x am p l e ,
4 9  C F R 1 7 8 . 7 1 ( L )  r e q u i r e s  c o m p o s i te  p r e s s u r e  ve s s e l s  ( e . g . ,  ga s
c yl i n d e r s  o r  fu e l  s u p p l y c o n ta i n e r s )  th at a r e  u s e d  fo r  th e  tr an s ‐
p o r ta ti o n  o f p r e s s u r i z e d  g as e s  to  m e e t th e  r e q u i r e m e n ts  o f I S O
1 1 1 1 9 - 3 ,  Gas Cylinders - Refllable Composite Gas Cylinders And
Tubes - Design,  Construction And Testing.  T h i s  I S O  specifcation
r e q u i r e s  d e s i g n  te s ti n g  o f th e  p r e s s u r e  r e c e p tac l e s  b e twe e n
6 0 ° C  a n d  7 0 ° C  ( 1 4 0 ° F  a n d  1 5 8 ° F ) .   H o we ve r,  b as e d  o n  h yd r o ‐
ge n  fu e l  s u p p l y c o n ta i n e r  s tan d a r d s  an d  te s ti n g ,  h yd r o ge n
s tati o n s  a r e  d e s i gn e d  to  d i s p e n s e  h yd r o g e n  a t c o n tai n e r
te m p e r a tu r e s  u p  to  8 5 ° C  ( 1 8 5 ° F ) .  O ve rh e ati n g  c an  d a m a ge
an d  a ffe c t th e  s tr e n g th  a n d  i n te gr i ty o f fu e l  s u p p l y c o n tai n e r s
r ate d  to  4 9  C F R 1 7 8 . 7 1 ( L )  i f fu e l i n g  o p e r ati o n s  ar e  a l l o we d .
Ad d i ti o n a l l y,  i n d u s tr i al  h yd r o ge n  c o n tai n e r s  o fte n  d o  n o t h a ve
th e  s am e  p r e s s u r e  r ati n g  [ e . g . ,  2 4 0 0  p s i g,  3 6 0 0  p s i g ,  5 0 0 0  p s i g ,
6 4 0 0  p s i g,  a n d  7 5 0 0  p s i g ( 1 6 , 5 4 7  kP a,  2 4 , 8 2 1  kP a,  3 4 , 4 7 4  kP a ,
4 4 , 1 2 6  kP a ,  a n d  5 1 , 7 1 1  kP a) ]  as  s ta n d ar d  h yd r o ge n  fu e l i n g

p r e s s u r e s  [ e . g . ,  H 3 5  at 5 0 7 8  p s i g ( 3 5 , 0 1 2  kP a)  a n d  H 7 0  a t
1 0 , 1 5 6  p s i g  ( 7 0 , 0 2 3  kP a) ] .  F i l l i n g  al go r i th m s  an d  s ta n d ar d  fu e l ‐

i n g h ar d war e  c o u l d  overfll/overpressure  typ i c a l  i n d u s tr i al
c o n tai n e r s .

N A.10.5.2.2.1 .2    E q u i p m e n t l o c ate d  a b o ve  g r ad e  i s  c o n s i d e r e d
a n  ab o ve g r o u n d  i n s tal l a ti o n .

Δ A.10.5.2.2.1 .3    M o to r  ve h i c l e s  c an  ac q u i r e  an  e l e c tr o s ta ti c
c h a r ge  wh i l e  tr ave l i n g.  T h e  r e s i s ta n c e  o ffe r e d  b y th e  ti r e s

th r o u g h  a n  u n c o a te d  c o n c r e te  s u r fac e  i s  l o w e n o u gh  th a t th i s
c h a r ge  d i s s i p a te s  to  g r o u n d  ve r y q u i c kl y ( i . e . ,  s e c o n d s  o r  l e s s ) .
H o we ve r,  u n d e r  d r y c o n d i ti o n s ,  an  as p h a l t s u r fa c e  c an  o ffe r
suffcient r e s i s ta n c e  th at th e  c h ar g e  wi l l  n o t d i s s i p ate  i n  a

ti m e l y m an n e r.  A s m al l  n u m b e r  o f i n c i d e n ts  h a ve  o c c u r r e d  i n
E u r o p e  wh e r e  a n o n a b s o r b e n t p o l ym e r  h avi n g  u n u s u a l l y h i gh

r e s i s ta n c e  was  u s e d  a t s e r vi c e  s tati o n s  to  p r e ve n t s o i l  c o n tam i ‐
n a ti o n  fr o m  g as o l i n e  s p i l l s .  T h e r e fo r e ,  p ave d  s u r fa c e s  th a t
r e s u l t i n  a  r e s i s tan c e  g r e ate r  th a n  1  m e go h m  s h o u l d  n o t b e

u s e d .  Tr a n s fe r  s u r fa c e  m ate r i a l s  m e e ti n g th e  c r i te r i a specifed
wi l l  p r o vi d e  fo r  th e  d i s s i p ati o n  o f s tati c  c h ar g e  b u i l t u p  o n  th e
ve h i c l e  b e fo r e  th e  d r i ve r  o p e n s  th e  d o o r  to  i n i ti a te  r e fu e l i n g .

T h e  1  m e g o h m  c r i te r i o n  i s  c i te d  fr o m  th e  AP I  RP  2 0 0 3 ,  Protec‐
tion Against Ignitions Arising Out of Static,  Lightning,  and Stray
Currents.  M e a s u r e m e n t o f th e  r e s i s ti vi ty o f th e  ve h i c l e  fu e l i n g

p ad  c an  b e  c o n d u c te d  u s i n g  B S  E N  1 0 8 1 ,  Resilient,  laminate and
modular multilayer foor coverings — Determination of electrical resist‐
ance.

N A.10.5.3.2.2    S e c ti o n  3 . 2 . 3  o f S AE  J 2 6 0 1 -3 ,  Fueling Protocol for
Gaseous Hydrogen Powered Industrial Trucks,  defnes  s l o w fu e l i n g

as  a  r ate  l e s s  th an  1 . 5  g/ s  ( 1  N m 3 / m i n ) .  S e c ti o n  1 0 . 1  o f C S A
H P I T  2  d e s c r i b e s  a r e d u c e d  fow ra te  fo r  “ D e s i g n  b y r u l e  fo r
H P I T  d i s p e n s e r s ”  o f l e s s  th an  1 0  g / s .

T h e  “ D e s i gn  b y r u l e  fo r  H P I T  d i s p e n s e r s ”  o p ti o n  o f C S A
H P I T  2  al s o  fac i l i tate s  th e  u s e  o n  n o n -c o m m u n i c a ti o n  flling;

s e e  i te m  ( g )  i n  An n e x  B  o f H P I T  2 .  S i m i l ar l y,  S e c ti o n  8  o f S AE
J 2 6 0 1 -3  i n c l u d e s  c o m m u n i c a ti o n s  flls  a s  o p ti o n s  fo r  H P I T

d i s p e n s e r s .

N A.10.5.3.2.3    S e c ti o n  3 . 2 . 1  o f S AE  J 2 6 0 1 -3 ,  Fueling Protocol for
Gaseous Hydrogen Powered Industrial Trucks,  defnes  fa s t fu e l i n g  a s

a  r ate  th at e x c e e d s  1 . 5  g / s  ( 1  N m 3 / m i n )  an d  n o te s  th at i t i s
typ i c a l l y r a te s  o f 6  to  1 0  g / s .  S e c ti o n s  1 . 1 ( b )  an d  1 0 . 1  o f C S A
H P I T  2  i m p l y a  fast-fll  r ate  fo r  H P I Ts  a s  g r e ate r  th an  o r  e q u al

to  ( ≥ )  1 0  g / s  an d  l e s s  th an  o r  e q u a l  to  3 3  g / s ,  i . e . ,  1 0  g / s  ≤  fu e l ‐
i n g r a te  ≤  3 3  g/ s .

A.10.5.3.4    A ge n e r i c  d i s p e n s e r  p i p i n g an d  i n s tr u m e n ta ti o n
d i a gr a m  wi th  N F PA 2  r e fe r e n c e s  i s  p r o vi d e d  to  h e l p  th e  u s e r  to
a p p l y th e  r e q u i r e m e n ts .  S e e  F i g u r e  A. 1 0 . 5 . 3 . 4 .

N A.10.5.3.4.3    S e e  A. 1 0 . 5 . 3 . 2 . 3 .

N o te :  1 0 . 5 . 3 . 4 . 1 . 8 ( 5 )  l i m i ts  i n d o o r  n o n p u b l i c  fa s t-fu e l i n g
r ate s  to  2 . 2  l b / m i n  ( 1  kg / m i n . )  o r  1 6 . 7  g / s  u n l e s s  th e  r o o m  i s

ve n ti l a te d  p e r  S e c ti o n  6 . 1 8 .

N A.10.5.3.4.3.7(6)    T h e  l o we r  fammable  l i m i t ( L F L )  o f h yd r o ‐
g e n  i n  ai r  i s  4  p e r c e n t a c c o r d i n g  to  N F PA 4 9 7 .  T h e r e fo r e ,

2 5  p e r c e n t o f th e  L F L  c o r r e s p o n d s  to  1  p e r c e n t h yd r o g e n
c o n c e n tr ati o n  i n  ai r.

A.10.6.3.1    T h e  AS M E  Boiler and Pressure Vessel Code i s  a p p l i c a‐
b l e  fo r  n e w d e s i g n  a n d  c o n s tr u c ti o n .  O th e r  o r g an i z a ti o n s ,  s u c h

a s  th e  N B B I ,  h a n d l e  r e p ai r  an d  i n s p e c ti o n  o f r e l i e f val ve s .  T h e
AH J  s h o u l d  r e fe r  to  th e  ap p l i c a b l e  r e gu l a ti o n s .



AN N E X  A 2 - 1 4 7

S h a d e d  te x t =  Re vi s i o n s .  Δ  =  Te x t d e l e ti o n s  an d  fgure/table  re 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 3  E d i t i o n

A. 1 0 . 6 . 4    As  a p r e c au ti o n  to  ke e p  p r e s s u r e  r e l i e f d e vi c e s  i n  r e l i ‐
ab l e  o p e r ati n g  c o n d i ti o n  an d  to  a vo i d  d am ag e ,  c ar e  s h o u l d  b e
ta ke n  i n  th e  h an d l i n g  o r  s to r a ge  o f G H 2  c o n ta i n e r s .

C ar e  al s o  s h o u l d  b e  e x e r c i s e d  to  avo i d  p l u gg i n g  b y p ai n t o r
o th e r  d i r t ac c u m u l ati o n  i n  p r e s s u r e  r e l i e f d e vi c e  c h an n e l s  o r

o th e r  p ar ts  th at c o u l d  i n te r fe r e  wi th  th e  fu n c ti o n i n g  o f th e
d e vi c e .

N A. 1 0 . 7 . 3 . 3    G as  c ab i n e ts ,  as  defned  i n  3 . 3 . 2 3 . 1 ,  a r e  i n te n d e d
fo r  c o m p r e s s e d  g as  c yl i n d e r s  o n l y.  c H F S s  c o n tai n  a d d i ti o n al

e q u i p m e n t,  s u c h  a s  h yd r o ge n  c o m p r e s s i o n ,  d i s p e n s i n g,  an d
ge n e r a ti o n  h ar d war e ,  wh i c h  r e q u i r e  ad d i ti o n al  c o n s i d e r ati o n s
wh e n  p ac ka gi n g i n to  a  s i n g l e  e n c l o s u r e .  T h i s  c l a u s e  i s  n o t

i n te n d e d  to  ap p l y to  e x te r n a l  s to r a ge  s ys te m s  u s e d  b y c H F S
wi th  s e p a r ate  h yd r o g e n  ve n t s ys te m s  a n d  au to m ati c  i s o l ati o n  o f
ga s  u p o n  ac ti va ti o n  o f th e  E S S .

N A. 1 0 . 7 . 6 . 1    N F PA 4 9 7  c a n  al s o  b e  h e l p fu l  i n  c l as s i fyi n g a  c H F S .

N A. 1 0 . 7 . 7 . 1    O ffs e ts  an d  s e p ar ati o n  d i s tan c e s  fo r  a c H F S  wi th  a
h yd r o g e n  c ap a c i ty e q u a l  to  o r  l e s s  th an  M AQ ar e  b a s e d  o n

S e c ti o n  7 . 1  an d  th e  ap p l i c a b l e  s e c ti o n s  o f C h a p te r  1 0  a s

d e tai l e d  i n  Ta b l e  A. 1 0 . 7 . 7 . 1 .  Ad d i ti o n al  o ffs e ts  fo r  s p e c i al  c as e s ,
s u c h  as  b u i l d i n g o p e n i n g s ,  o ve rh e ad  u ti l i ti e s ,  a n d  fammable

g as  m e te r i n g a s  specifed  i n  S e c ti o n  7 . 3  s h o u l d  b e  c o n s i d e r e d .

N A. 1 0 . 8 . 3 . 9    G as e o u s  h yd r o g e n  m i g h t b e  r e q u i r e d  to  p e r fo r m
l e ak c h e c ks  d u r i n g  i n i ti al  c o n n e c ti o n  o f th e  r e fu e l i n g  n o z z l e  to

th e  ve h i c l e  r e c e p tac l e .  To  a c c o m p l i s h  th i s ,  H FAs  c an  r e q u i r e  a n
o n b o ar d  b u ffe r  o f g as e o u s  h yd r o g e n  e i th e r  c o n tai n e d  i n  th e

p i p i n g  s ys te m ,  c o m p r e s s o r  o r  o th e r  e q u i p m e n t.  S i n c e  th i s
e q u i p m e n t i s  i n s tal l e d  i n  r e s i d e n ti al  l o c a ti o n s ,  th e  o n b o ar d
s to r ag e  i s  l i m i te d  to  r e d u c e  h az ar d s  b as e d  o n  m ax i m u m  al l o wa‐

b l e  q u an ti ty an d  r e q u i r e m e n ts  specifed  i n  C S A N GV 5 . 1 ,  Resi‐
dential Fueling Appliances.  Ad d i ti o n al  as s e s s m e n ts  s h o u l d  b e
p e r fo r m e d  to  d e te r m i n e  th e  p e r m i s s i b l e  b u ffe r  vo l u m e  fo r  th e

s tr u c tu r e  vo l u m e  wh e r e  th e  H FA i s  i n s ta l l e d .

N A. 1 0 . 1 0 . 1    T h e  r e q u i r e m e n ts  i n  S e c ti o n  1 0 . 1 0  ap p l y o n l y to
d i s p e n s i n g o f g as e o u s  h yd r o ge n  an d  d o  n o t p r o vi d e  g u i d a n c e

o n  m o b i l e  fu e l i n g ve h i c l e s  o r  tr a i l e r s  th a t d i s p e n s e  ga s e o u s
h yd r o g e n  fr o m  l i q u i d  h yd r o g e n  s to r ag e .

Ve n t

N 1

E - s t o p E - s t o pB S C 1 F D G D 1

G D 2

B u i l d i n g  b o u n d a r y

D i s p e n s e r  a p p l i a n c e  b o u n d a r y

B u l k s t o ra g e  b o u n d a r y

E X V 1 A S V 1 a A S V 1 b A S V 2P I 1 P I 2F L D 1 B C 1

B C 2

S RV 1

F i re  a l a r m
s y s t e m

Ve n t i l a t i o n

H V 1

N o z z l e

S A E  J 2 6 0 0

E - s t o p

V i s u a l  a n d
a u d i b l e  a l a r m

M e c h a n i c a l
l i n k t o

e x t e r n a l  h a n d l e

P r e s s u r e
Te m p

S S S

O t h e r  S a f e t y  R e q u i r e m e n t s

•    P h y s i c a l  p r o t e c t i o n  –  7 . 1 . 7 . 3

•    I g n i t i o n  s o u r c e  c o n t r o l  –  7 . 1 . 2 6

•    E x p l o s i o n  c o n t r o l - 6 . 1 0  w h e n

     q u a n t i t y  e x c e e d s  q u a n t i t i e s  i n

     Ta b l e  6 . 4 . 1 . 1 . 1

•    O c c u p a n c y  –  6 . 1 . 1 . 4 ,  7 . 1 . 1 . 3

•    M i n i m u m  r o o m  vo l u m e  –  

    1 0 . 5 . 3 . 4 . 1 . 8 ( 3 )  fo r  m u l t i p l e

    d i s p e n s e r s

•    C e i l i n g  h e i g h t  –  1 0 . 5 . 3 . 4 . 1 . 8 ( 4 )

I n d o o r

N o n p u b l i c

Fa s t - F i l l *

D i s p e n s e r

P & I D

P & I D  Ta g D e s c r i p t i o n C o d e /S t a n d a rd  R e f e r e n c e P & I D  Ta g D e s c r i p t i o n C o d e /S t a n d a rd  R e f e r e n c e

A S V 1 a

A S V 1 b

A S V 2

E X V 1

F D 1

G D 1 ,  G D 2

B C 1

F L D 1

F i r e  A l a r m

B S C 1

Au t o  s h u t o f f
( s o l e n o i d )  va l ve
( S o u r c e  Va l ve )

Au t o  s h u t o f f
( s o l e n o i d )  va l ve

B r e a ka w ay  c o u p l i n g
( d i s p e n s i n g  h o s e )

F l o w  l i m i t i n g
d e v i c e

B u i l d i n g  S a fe t y
C i rc u i t  ( L o g i c
C o n t r o l l e r )

F i re  A l a r m  S y s t e m

E x c e s s  F l o w  
D e v i c e

F l a m e  d e t e c t o r

G a s  d e t e c t o r

Au t o  s h u t o f f
( s o l e n o i d )  va l ve
( b u i l d i n g  i s o l a t i o n )

6 . 2 1  –  S o u r c e  Va l ve
7 . 1 . 2 4  –  A c c e s s i b l e  m a n u a l  o r  a u t o m a t i c  e m e r g e n c y  s h u t o f f  va l ve  ( H G V  4 . 4 /H G V  4 . 6  C o m p o n e n t  
S t a n d a r d s )

7 . 1 . 2 4 . 2 . . . a t  t h e  p o i n t  o f  u s e
1 0 . 5 . 3 . 4 . 3 . 7 ( 2 )  – Au t o m a t i c  s h u t o f f  va l ve

D i s p e n s e  d e l i ve r y  p r e s s u r e
i n d i c a t o r ( 6  i n .  c i rc u l a r

m e c h a n i c a l  g a u g e ;  
0 - 1 0 0 0 0  p s i g )

S a fe t y  ( O ve r p re s s u r e )
r e l i e f  va l ve  ( 6 0 0 0  p s i g )

1 0 . 3 . 3 . 2  – i n d i c a t i o n  o f  s t o ra g e ,  d i s p e n s e r  d i s c h a r g e  p re s s u r e
1 0 . 3 . 3 . 3  – p r o t e c t  p e r s o n n e l  u n d e r o ve r p r e s s u re  c o n d i t i o n s

N OT E  – a  t h i rd  p re s s u r e  g a u g e  a t  c o m p re s s o r  d i s c h a r g e  i s  a l s o  
re q u i r e d  ( 1 0 . 3 . 3 . 2 )

1 0 . 3 . 2 . 2  – o ve r p r e s s u r e  d e v i c e  s h a l l  b e  i n s t a l l e d ;  1 0 . 3 . 2 . 3  –  s e t t i n g
s h a l l  n o t  e x c e e d  1 3 8  p e r c e n t  o f  s e r v i c e  p re s s u r e

1 0 . 6 . 3 . 2  – i n s p e c t e d  e ve r y  5  ye a r s

1 0 . 3 . 8  –  t ra n s fe r  s y s t e m  c a p a b l e  o f  d e p r e s s u r i z a t i o n  t o  fa c i l i t a t e
d i s c o n n e c t i o n
1 0 . 3 . 1 0 . 1  –  S A E  J 2 6 0 0  o r  I S O  1 7 2 6 8  re q u i r e d

6 . 1 7  –  C G A  G - 5 . 5 ,  7 . 1 . 1 6 . 2

1 0 . 5 . 3 . 4 . 3 . 7 ( 3 )  –  n o t  r e q u i r e d  w h e n  A S V 2  i s  l o c a t e d  i m m e d i a t e l y  u p s t r e a m
a n d  a  c o n t r o l  a r m  o r E S D  c l o s e s  t h e  va l ve

N o t  r e q u i r e d

1 0 . 5 . 3 . 4 . 1 . 7  –  i n  a c c o r d a n c e  w i t h  6 . 1 8
1 0 . 3 . 1 3 . 5  –  l o c a l  a n d  r e m o t e  l o c a t e d  m a n u a l  s h u t d o w n

1 0 . 5 . 3 . 4 . 3 . 6  –  E m e rg e n c y  s h u t d o w n  d e v i c e  s i m i l a r t o  1 0 . 3 . 1 3 . 5  w i t h  m o r e
s p e c i f i e d  l o c a t i o n  r e q u i r e m e n t s
1 0 . 5 . 3 . 4 . 3 . 6 ( 2 )  –  3 r d  m a n u a l  s h u t d o w n  d e v i c e  o n  t h e  d i s p e n s e r

1 0 . 2 . 2  –  l i s t e d  o r  a p p ro ve d
1 0 . 3 . 6  –  H o s e  c o n n e c t i o n s  ( n o t e  – n o  r e fe r e n c e  t o  H G V  4 . 4 . )

1 0 . 6 . 2 . 1  – H o s e  a s s e m b l i e s
1 0 . 5 . 3 . 4 . 1 . 8 ( 7 )  –  l i m i t e d  t o  2 5  f t ;  P ro t e c t e d  f r o m  a b ra s i o n  o r  d r i ve n  o ve r  

b y  ve h i c l e

N o z z l e

Ve n t  P i p e  a n d  Ve n t  P i p e
Te r m i n a t i o n

R e q u i r e d  ve n t i l a t i o n  fo r
i n d o o r f u e l i n g

M a n u a l  E m e r g e n c y  S t o p s

F l e x i b l e  d i s p e n s i n g /ve n t  h o s e

B r e a ka w ay  c o u p l i n g
( ve n t  h o s e )

H a n d  Va l ve  –  “ q u a r t e r  t u r n ”
m a n u a l  s h u t  o f f

7 . 1 . 2 4 . 1  E x c e s s  f l o w  c o n t r o l  –  l e a k d e t e c t i o n  a n d  e m e r g e n c y  s h u t o f f  o r  e x c e s s
f l o w  c o n t r o l

1 0 . 3 . 1 3 . 3  –  e x c e s s  f l o w  va l ve  r e q u i r e m e n t s

1 0 . 3 . 1 2  – g a s ,  f l a m e  d e t e c t e d  a t  t h e  f u e l i n g  a r e a
1 0 . 5 . 3 . 4 . 3 . 5  –  F i re  d e t e c t i o n  s y s t e m  t i e d  t o  l o c a l  v i s u a l  a n d  a u d i b l e  a l a r m

1 0 . 3 . 6 . 6  – b r e a kaw ay  c o u p l i n g  re q u i r e d

1 0 . 5 . 3 . 4 . 1 . 8 ( 5 )  – m a x  f u e l i n g  ra t e  2 . 2  l b /m i n  ( 1  kg /m i n )

1 0 . 5 . 3 . 4 . 3 . 5  –  d i s p e n s i n g  a r e a  l o c a l  f i re  a l a r m  s y s t e m ,  p u l l  b o x  b e t w e e n  2 0  a n d  1 0 0  f t  o f  d i s p e n s e r,
a t  n e a re s t  e x i t  f r o m  a r e a ,  p u l l  b o xe s  s h u t d o w n  d i s p e n s e r

1 0 . 5 . 1 . 1 . 1  –  c o n t r o l l e r p e r fo r m s  5  s e c  p re s s u r e  t e s t  p r i o r  t o  f u e l i n g
A . 1 0 . 5 . 1 . 1 . 1  –  re p e a t  i n t e g r i t y  c h e ck a t  3 0 0 0  p s i
1 0 . 3 . 1 3 . 6  –  c o n t r o l  c i r c u i t  r e q u i r e m e n t  fo r m a n u a l  r e s e t  a f t e r  e m e r g e n c y  s t o p  a c t i va t i o n

1 0 . 5 . 3 . 4 . 1 . 1 1  – m a n u a l  r e s t a r t  a f t e r e m e r g e n c y  a c t i va t i o n
1 0 . 5 . 3 . 4 . 1 . 8 ( 2 ) ( a )  a u t o m a t i c  s h u t o f f  c o n t r o l  w h e n  m a x  f u e l  q u a n t i t y  p e r e ve n t  o r ve h i c l e  f u e l e d  t o  c a p a c i t y

1 0 . 5 . 3 . 4 . 1 . 8 ( 6 )  – re fe r e n c e s  1 0 . 5 . 1 . 1 . 1  a n d  1 0 . 5 . 1 . 1 . 2
1 0 . 5 . 3 . 4 . 3 . 7 ( 8 )  – o ve r p r e s s u re  a n d  o ve r  t e m p e ra t u re  s e n s i n g  c a p a b i l i t i e s  ( a s s u m e  t h a t  t h i s  c o u l d  b e  c o m m u n i c a t i o n  w i t h  ve h i c l e )

1 0 . 3 . 1 2  – g a s ,  f l a m e  d e t e c t e d  a t  t h e  f u e l i n g  a r e a
1 0 . 5 . 3 . 4 . 3 . 7 ( 6 )  – G D 2  a d d e d ,  i n s i d e  o f  t h e  d i s p e n s e r  h o u s i n g  ( a  C l a s s  1  D i v  1  a re a )  w i t h  s i m i l a r

r e q u i r e m e n t s  t o  1 0 . 3 . 1 2  a n d  w i t h  a d d i t i o n a l  r e q u i r e m e n t s :  a c t i va t i o n  s h u t s  d o w n  d i s p e n s e r,  
v i s u a l /a u d i b l e  a l a r m  a n d  f u n c t i o n s  d u r i n g  m a i n t e n a n c e

7 . 1 . 2 4 . 2 . . . a t  t h e  p o i n t  w h e r e  t h e  s y s t e m  p i p i n g  e n t e rs  t h e  b u i l d i n g
1 0 . 3 . 1 3 . 4  –  b u i l d i n g  i s o l a t i o n  va l ve  r e q u i re d

P I 1 /P I 2

S RV 1

H V 1

B C 2

N 1

H 1

Ve n t

Ve n t i l a t i o n

E s t o p  x  3

Δ FI G U RE  A. 1 0 . 5 . 3 . 4   I n d o o r Fue l i n g P  &  I D .



H YD RO G E N  T E C H N O L O GI E S  C O D E2 - 1 4 8

2 0 2 3  E d i t i o n S h a d e d  te x t =  Re vi s i o n s .  Δ  =  Te x t d e l e ti o n s  a n d  fgure/table  r e vi s i o n s .  •  =  S e c ti o n  d e l e ti o n s .  N  =  N e w m a te r i a l .

N A. 1 0 . 1 0 . 3    T h e  s a fe ty a n d  e m e r ge n c y r e s p o n s e  p l an  i s  i n te n d e d
to  b e  c o m p l e te d ,  m a i n tai n e d ,  an d  u p d ate d  b y th e  m o b i l e  fu e l ‐

i n g o p e r a to r  to  h e l p  e n s u r e  th a t fu e l i n g o p e r a ti o n s  ar e  c o n d u c ‐
te d  i n  a s a fe  m an n e r  th at i s  a c c e p ta b l e  to  th e  au th o r i ty h avi n g
j u r i s d i c ti o n .  S u c h  a  p l a n  m i g h t i n c l u d e  s o m e  o r  al l  o f th e

fo l l o wi n g  e l e m e n ts :

( 1 ) Wr i tte n  s a fe ty a n d  e m e r ge n c y r e s p o n s e  p l an  th at e s tab ‐
l i s h e s  p o l i c i e s  an d  p r o c e d u r e s  fo r  fre  s a fe ty,  s p i l l  p r e ve n ‐

ti o n  an d  c o n tr o l ,  p e r s o n n e l  tr ai n i n g ,  a n d  c o m p l i a n c e
wi th  o th e r  ap p l i c ab l e  r e q u i r e m e n ts  o f th i s  c o d e .

( 2 ) Wh e r e  r e q u i r e d  b y th e  au th o r i ty h a vi n g j u r i s d i c ti o n ,  a s i te
p l a n  fo r  e ac h  l o c ati o n  a t wh i c h  m o b i l e  fu e l i n g  o c c u r s .

T h e  s i te  p l an  s h o u l d  b e  i n  suffcient d e ta i l  to  i n d i c a te  a l l
b u i l d i n g s ,  s tr u c tu r e s ,  l o t l i n e s ,  p r o p e r ty l i n e s ,  an d  ap p u r ‐

te n a n c e s  o n  s i te  an d  th e i r  u s e  o r  fu n c ti o n ;  al l  u s e s  a d j a‐
c e n t to  th e  l o t l i n e s  o f th e  s i te ;  fu e l i n g  l o c ati o n s ,  th e

l o c ati o n s  o f a l l  s to r m  d r ai n  o p e n i n g s ,  an d  a d j ac e n t wa te r ‐
ways  o r  we tl an d s ;  i n fo r m a ti o n  r e g ar d i n g  s l o p e ,  n a tu r al
d r ai n ag e ,  c u r b i n g,  i m p o u n d i n g ,  an d  h o w a s p i l l  wi l l  b e

r e ta i n e d  u p o n  th e  s i te  p r o p e r ty;  an d  th e  s c a l e  o f th e  s i te
p l a n .

( 3 ) I f th e  au th o r i ty h a vi n g j u r i s d i c ti o n  d o e s  n o t r e q u i r e  s i te
p l a n s  o f a p p r o ve d  fu e l i n g  l o c a ti o n s ,  th e  s afe ty a n d  e m e r ‐
g e n c y r e s p o n s e  p l a n  s h o u l d  i n c l u d e  gu i d e l i n e s  fo r  l o c a‐

ti o n s  wi th i n  th e  j u r i s d i c ti o n  wh e r e  m o b i l e  fu e l i n g c a n
an d  c a n n o t b e  p r o vi d e d ,  s u c h  as  o n  r e s i d e n ti al  s tr e e ts ,  o n
s c h o o l  g r o u n d s ,  an d  s o  o n .

[ 3 0 A: A. 1 4 . 2 . 3 ]

N A. 1 0 . 1 0 . 4 . 1    I n  ad d i ti o n  to  an y o th e r  tr ai n i n g ,  e d u c ati o n ,  an d
certifcations  th at m i gh t b e  r e q u i r e d  b y fe d e r al  r e g u l ati o n s  an d
H AZ C O M ,  th e  o p e r ato r  s h o u l d  al s o  b e  tr ai n e d  o n  th e  r e q u i r e ‐

m e n ts  o f th i s  c o d e .  [ 3 0 A: A. 1 4 . 2 . 4 . 1 ]

N Tab l e  A. 1 0 . 7 . 7 . 1  Re c o m m e n d e d  C o n s i d e rati o n s  fo r S e p arati o n  D i s tan c e s

S ys te m
C o m p o n e n t E x p o s u re

S e p arati o n
D i s tan c e B as i s

c H F S O u td o o r  i n s tal l e d  s ys te m s —i n take s  o f 
ve n ti l ati o n ,  a i r  c o n d i ti o n i n g e q u i p m e n t,  
ai r  c o m p r e s s o r s  o r  i n take s  fo r m  H VAC  
s ys te m s

2 0  ft ( 6 . 1  m ) 7 . 2 . 2 . 3 . 2 . 4

I n d o o r  i n s tal l e d  s ys te m s —i n take s  o f 
ve n ti l ati o n ,  a i r  c o n d i ti o n i n g e q u i p m e n t,  
ai r  c o m p r e s s o r s  o r  i n take s  fo r m  H VAC  
s ys te m s

5 0  ft ( 1 5 . 2  m ) 7 . 2 . 2 . 2 . 2 . 1

N e a r e s t i m p o r tan t b u i l d i n g o r  l i n e  o f 
ad j o i n i n g p r o p e r ty th a t c an  b e  b u i l t 
u p o n  o r  fr o m  an y s o u r c e  o f i gn i ti o n

1 0  ft ( 3  m ) 1 0 . 5 . 2 . 2 . 1 . 4

B u i l d i n g o p e n i n gs  o r  o p e r ab l e  o p e n i n gs  
i n  b u i l d i n gs  an d  s tr u c tu r e s

2 5  ft ( 7 . 6  m ) 7 . 3 . 2 . 3 . 1 . 1

E n c r o ac h m e n t b y o ve rh e ad  u ti l i ti e s  
( h o r i z o n tal  d i s tan c e  fr o m  th e  ve r ti c al  
p l a n e  b e l o w th e  n e ar e s t o ve rh e ad  
e l e c tr i c al  wi r e  o f b u i l d i n g s e r vi c e )

1 5  ft ( 4 . 6  m ) 7 . 3 . 2 . 3 . 1 . 1

F l a m m a b l e  ga s  m e te r i n g  a n d  r e g u l a ti n g 
s tati o n s  s u c h  as  n atu r al  ga s  o r  p r o p a n e

1 5  ft ( 4 . 6  m ) 7 . 3 . 2 . 3 . 1 . 1

P r o p e r ty l i n e s  o r  p r o p e r ty th a t c an  b e  
b u i l t u p o n

1 0  ft ( 3  m ) 7 . 2 . 2 . 3 . 2

D i s tan c e  to  p u b l i c  s tr e e ts ,  p u b l i c  a l l e ys ,  o r  
p u b l i c  ways

1 0  ft ( 3  m ) 1 0 . 5 . 2 . 2 . 1 . 4

B u r i e d  u ti l i ti e s 3  ft ( 0 . 9  m ) 7 . 3 . 2 . 4 . 5 . 6
C o m b u s ti b l e  ve g e ta ti o n 1 0  ft ( 3  m ) 7 . 1 . 9 . 1 . 1
S m o ki n g o r  o p e n  fames 2 5  ft ( 7 . 6  m ) —
N e a r e s t r ai l  o r  an y r a i l r o a d  m ai n  tr ac k 1 0  ft ( 3  m ) 1 0 . 5 . 2 . 2 . 1 . 4

P o i n t o f Tr a n s fe r  
an d  D i s p e n s i n g  
E q u i p m e n t

An y i m p o r tan t b u i l d i n g  o th e r  th an  
b u i l d i n g s  o f Typ e  I  o r  Typ e  I I  
c o n s tr u c ti o n  wi th  e x te r i o r  wal l s  h avi n g  a  
fre  r e s i s tan c e  r ati n g  o f n o t l e s s  th an  
2  h o u r s

1 0  ft ( 3  m ) 1 0 . 5 . 2 . 2 . 1 . 4

B u i l d i n gs  o f Typ e  I  o r  I I  c o n s tr u c ti o n  wi th  
e x te r i o r  wal l s  h avi n g  a fre  r e s i s ta n c e  
r ati n g  o f n o t l e s s  th a n  2  h o u r s  o r  wa l l s  
c o n s tr u c te d  o f c o n c r e te  o r  m as o n r y,  o r  
o f o th e r  m ate r i a l  h avi n g  a fre  r e s i s ta n c e  
r ati n g  o f n o t l e s s  th a n  2  h o u r s

N o  L i m i t —

S to r ag e  c o n tai n e r s 3  ft ( 0 . 9  m ) 1 0 . 5 . 2 . 2 . 1 . 4



AN N E X  A 2-149

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  re 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 3  E d i t i o n

N A.10.10.5.1    I n  a d d i ti o n  to  th e  r e q u i r e m e n ts  i n  1 0 . 1 0 . 5 ,  m o b i l e
fu e l i n g  ve h i c l e s  s h o u l d  c o m p l y wi th  D O T  r e q u i r e m e n ts  fo r

ve h i c l e s  u s e d  to  tr an s p o r t h yd r o g e n .

N A.10.10.6.1    T h e  s o u r c e  o f l i g h ti n g  c a n  o r i gi n ate  fr o m  th e
m o b i l e  fu e l i n g  ve h i c l e  o r  tr ai l e r.

N A.10.10.6.2    E x te r n al  wa r n i n g  s i gn a l s  ar e  al l o wa b l e .

N A.10.10.6.5    T h e  h o s e  an d  n o z z l e  as s e m b l y c an  p r o vi d e  b o n d ‐
i n g .

N A.10.10.6.7    T h e  h yd r o g e n  m o to r  ve h i c l e  i s  n o t c o n s i d e r e d  an
i g n i ti o n  s o u r c e .

A.11.2.11 .1    Al th o u gh  p r e s s u r e  g au ge s  c an  b e  u s e d  to  d e te r ‐
m i n e  s ys te m  p r e s s u r e ,  p r e s s u r e  tr an s d u c e r s  a r e  c o m m o n l y u s e d
to  m o n i to r  p r e s s u r e  an d  a r e  typ i c a l l y d e s i g n e d  to  wi th s tan d

a n d  i n d i c a te  2 0  p e r c e n t o r  gr e a te r  th an  th e  m ax i m u m  s ys te m
p r e s s u r e .

A.11.2.11 .2    A p r e s s u r e  r e l i e f d e vi c e  m u s t b e  i n s tal l e d  o n  a l l
s e c ti o n s  o f p i p i n g  wh e r e  l i q u i d  o r  c o l d  g as  c an  b e  tr ap p e d
b e twe e n  val ve s .

A.11.3.1 .3.3    T h e  te m p e r a tu r e  o f L H 2  i s  e x tr e m e l y c o l d .  Wh e n
l i q u i d  i s  tr an s fe r r e d ,  p o r ti o n s  o f th e  s ys te m  ar e  c o o l e d .  Afte r
tr a n s fe r  o c c u r s  an d  th e  s ys te m  wa r m s ,  th e  l i q u i d  c an  c h an g e  to

a  ga s e o u s  s tate .  Al l  p o r ti o n s  o f th e  s ys te m  th at ar e  u s e d  to  tr an s ‐
p o r t l i q u i d  c an  al s o  c o n ta i n  c o l d  g as .  T h e  tr ap p i n g  o f c o l d
ga s e o u s  h yd r o ge n  r e p r e s e n ts  th e  s am e  l e ve l  o f c o n c e r n  as  th at

o f th e  l i q u i d  wh e n  e x p an s i o n  o c c u r s  d u e  to  war m i n g.  P r e s s u r e
r e l i e f d e vi c e s  ar e  u s e d  a s  a m e a n s  to  p re ve n t th e  r u p tu r e  o f th e
p i p i n g  s ys te m  d u e  to  e x p a n s i o n  as  war m i n g o f th e  s ys te m

o c c u r s .

A.11.3.1 .5.4    T h e  r e m o val  o f al l  o x yge n  i m p l i e s  th e  to tal
a b s e n c e  o f o x yg e n .  S u c h  r e m o va l  i s  n o t fe a s i b l e  a s  o x yge n  i s  a

c o n tam i n a n t e ve n  i n  th e  c o m m e r c i a l  h yd r o ge n  u s e d  a s  a  fu e l .
Go o d  p r a c ti c e  s tan d ar d s  ad vi s e  u s e rs  to  a s s u m e  th a t e ve r y

s ys te m  c o n ta i n s  ai r  b e fo r e  te s ti n g  an y s ys te m  wi th  h yd r o g e n .
T h e  l i m i ti n g  o x yg e n  c o n c e n tr ati o n  fo r o x yg e n  i n  a i r  ( n i tr o g e n
as  d i l u e n ts  o f ai r )  i s  3 . 0  p e r c e n t o r  th e  p e r c e n tag e  o f o x yg e n

b e l o w wh i c h  fammable  m i x tu r e s  wi th  h yd r o ge n  d o e s  n o t e x i s t.
An  o x yge n  c o n c e n tr a ti o n  o f n o t m o r e  th an  1  p e r c e n t r e d u c e s
th e  o x yg e n  c o n c e n tr ati o n  to  an  a c c e p ta b l e  l e ve l ,  as s u m i n g  th at

th e  s ys te m  p r e vi o u s l y c o n tai n e d  atm o s p h e r i c  a i r.

A.11.3.3.4.6    Ad d i ti o n a l  fre  p r o te c ti o n  c o n s i d e r a ti o n s  c a n
i n c l u d e  fxed  s u p p r e s s i o n  s ys te m s ,  au to m ati c  fre  d e te c ti o n ,

m a n u a l  fre  al ar m  s ta ti o n s ,  tr an s m i s s i o n  o f a l a r m s  to  o ff-s i te
l o c ati o n s ,  an d  l i m i tati o n  o f th e  q u an ti ty o f m o to r  fu e l  d e l i ve r e d

p e r  tr a n s a c ti o n .  [ 30A: A. 9 . 5 . 6 ]

A.11.3.3.4.7    Re fe r  to  Ar ti c l e s  5 1 0  an d  5 1 1  o f N F PA 7 0  wi th
r e s p e c t to  e l e c tr i c al  wi r i n g an d  e q u i p m e n t fo r  o th e r  a r e as  a s

l u b r i to r i u m s ,  s e r vi c e  r o o m s ,  r e p ai r  r o o m s ,  offces,  s al e s r o o m s ,
c o m p r e s s o r  r o o m s ,  an d  s i m i l ar  l o c ati o n s .  [ 70: 1 0 0 ]  ( Motor Fuel

Dispensing Facility,  I n fo r m ati o n a l  N o te ) ]

Δ A.12.2    F u e l  c e l l  te c h n o l o g y i s  e vo l vi n g .  E ar l y e d i ti o n s  o f th e
s tan d ar d  fo r  te s ti n g  fu e l  c e l l  p o we r  s ys te m s ,  AN S I / C S A F C 1 ,

Fuel cell technologies — Part 3-1 00: Stationary fuel cell power systems
— Safety,  l i m i te d  d e s i gn s  b y o u tp u t p o we r,  fu e l s ,  an d  c o n s tr u c ‐

ti o n  te c h n i q u e s .  AN S I / C S A F C  1  h as  m atu r e d  s o  th at i ts
c u r r e n t e d i ti o n  h a s  n o  l i m i tati o n  o n  o u tp u t p o we r,  p e r m i ts  a l l
c r e d i b l e  fu e l s  a n d  fu e l  c e l l  te c h n o l o g i e s ,  a n d  a l l o ws  d e s i g n s  to

b e  p a c ka ge d  i n  a  s i n gl e  e n c l o s u r e  o r  m a tc h e d  m o d u l e s  to  b e
as s e m b l e d  o n -s i te .  O u ts i d e  th e  s c o p e  o f AN S I / C S A F C  1 ,  th e r e

ar e  o n e -o f- a-ki n d  d e s i g n s  th at c o u l d  p o s s i b l y b e  c o n s tr u c te d  o n -
s i te .  I n  th e  l a tte r ’ s  c a s e ,  e n g i n e e r e d  a n d  feld-constructed  fu e l

c e l l  p o we r  s ys te m s  m ay b e  a c c e p te d  at th e  s i te  b as e d  o n  d o c u ‐
m e n tati o n .  T h i s  d o c u m e n tati o n  i n c l u d e s  a  fre  r i s k e va l u a ti o n

th at c an  b e  p r e p ar e d  b y a r e g i s te r e d  e n g i n e e r  o r  b y a  th i r d -
p ar ty th at i s  a c c e p ta b l e  to  th e  AH J .  S e e  S e c ti o n  4 . 4 ,  E n gi n e e r e d
an d  F i e l d -C o n s tr u c te d  F u e l  C e l l  P o we r  S ys te m s ,  i n  N F PA 8 5 3 .
[ 853: A. 4 . 1 ]

A.12.2.1    T h e  e q u i p m e n t r e fe r e n c e d  i s  i n te n d e d  to  i n c l u d e
fu e l  c e l l  p o we r  s ys te m  ap p l i c a ti o n s ,  g e n e r ati o n  o f h yd r o g e n

fr o m  p o r ta b l e  o r  tr a n s p o r ta b l e  h yd r o ge n  g e n e r ati o n  e q u i p ‐
m e n t,  b atte r i e s ,  a n d  s i m i l ar  d e vi c e s  an d  e q u i p m e n t th at u ti l i z e
h yd r o g e n  fo r  th e  p u r p o s e  o f p o we r  g e n e r ati o n .  I t d o e s  n o t

i n c l u d e  h yd r o g e n  p r o d u c ti o n  fac i l i ti e s  i n te n d e d  to  p r o d u c e
h yd r o g e n  u s e d  fo r  d i s tr i b u ti o n  o r  r e p ac kag i n g  o p e r ati o n s  o p e r ‐
ate d  b y g as  p r o d u c e r s ,  d i s tr i b u to r s ,  a n d  r e p a c ka ge r s .

A.12.3.2.1    AN S I / C S A F C  3 ,  Portable Fuel Cell Power Systems,
ap p l i e s  to  ac - a n d  d c - typ e  p o r tab l e  fu e l  c e l l  p o we r  s ys te m s ,  wi th
a r ate d  o u tp u t vo l ta ge  n o t e x c e e d i n g  6 0 0  vo l ts ,  fo r  c o m m e r c i al ,

i n d u s tr i a l ,  an d  r e s i d e n ti al  i n d o o r  an d  o u td o o r  u s e  i n  n o n h az ar ‐
d o u s  l o c ati o n s ,  i n  ac c o r d an c e  wi th  NFPA 70.  AN S I / C S A F C  3

d o e s  n o t ap p l y to  p o r ta b l e  fu e l  c e l l  p o we r  s ys te m s  th at a r e
p e r m an e n tl y c o n n e c te d  ( i . e . ,  s ta ti o n a r y)  to  e i th e r  fu e l  o r  e l e c ‐

tr i c  s u p p l y,  d e s i gn e d  to  e x p o r t p o we r  to  a  g r i d ,  r e p l ac e m e n t
fu e l  c e l l  p o we r  u n i ts  fo r  a p p l i a n c e s ,  o r  fu e l  c e l l  s ys te m s  fo r
p r o p u l s i o n .  Ad d i ti o n al  gu i d an c e  p e r tai n i n g  to  p o r ta b l e  fu e l

c e l l  p o we r  s ys te m s  i s  p r o vi d e d  b y I E C  6 2 2 8 2 - 5 -1 0 0 ,  Portable Fuel
Cell Power Systems,  Safety.

Δ A.12.3.4    N F PA 8 5 5 ,  th e  I C C  International Fire Code,  an d  th e
I C C  International Residential Code al l  p r o vi d e  fo r  th e  te m p o r ar y
u s e  o f th e  d we l l i n g  u n i t o wn e r ’ s  o r  o c c u p an t’ s  e l e c tr i c  ve h i c l e s

to  p o we r  th e  h o m e  fo r  n o  m o r e  th a n  3 0  d ays .

A.13.2.1    T h e  e q u i p m e n t r e fe r e n c e d  i s  i n te n d e d  to  i n c l u d e
s tati o n ar y a p p l i c ati o n s  an d  g e n e r ati o n  o f h yd r o g e n  fr o m  p o r ta‐

b l e  o r  tr an s p o r tab l e  h yd r o ge n  g e n e r ati o n  e q u i p m e n t.  I t d o e s
n o t i n c l u d e  h yd r o ge n  p r o d u c ti o n  fac i l i ti e s  i n te n d e d  to

p r o d u c e  h yd r o g e n  u s e d  fo r  d i s tr i b u ti o n  o r  r e p a c ka gi n g o p e r a‐
ti o n s  o p e r a te d  b y ga s  p r o d u c e r s ,  d i s tr i b u to r s ,  an d  r e p ac kag e r s .

Wh e r e  th e  l i s ti n g o f th e  h yd r o g e n  g e n e r ato r  a l r e a d y
a d d r e s s e s  th e  r e q u i r e m e n ts  i n  specifc  s e c ti o n s  o f C h a p te r  6
a n d / o r  7 ,  th e  p r o vi s i o n s  o f th o s e  specifc  s e c ti o n s  d o  n o t n e e d

to  b e  ap p l i e d .  M an y o f th e s e  s e c ti o n s  typ i c a l l y ar e  n o t r e l e van t
fo r  s m al l  h yd r o g e n  g e n e r ati o n  e q u i p m e n t.  F o r  g e n e r ato r s  i n
u n o c c u p i a b l e  e n c l o s u r e s ,  th e  e n c l o s u r e  i s  typ i c al l y n o t c o n s i d ‐

e r e d  to  b e  a b u i l d i n g.
•
N A.13.3.1    L i s ti n g  s ta n d ar d s  fo r  wate r  e l e c tr o l yz e r s  ar e  avai l a‐

b l e .  T h e  2 0 1 9  e d i ti o n  o f I S O  2 2 7 3 4 ,  Hydrogen generators using
water electrolysis process—Industrial,  commercial,  and residential

applications,   c o m b i n e s  an d  s u p e r s e d e s  th e  2 0 0 8  e d i ti o n  o f I S O
2 2 7 3 4 -1 ,  Hydrogen generators using water electrolysis process—Part 1 :
Industrial and commercial applications,  a n d  th e  2 0 1 1  e d i ti o n  o f

I S O  2 2 7 3 4 -2 ,  Hydrogen generators using water electrolysis process—
Industrial,  commercial,  and residential applications.  C S A Gr o u p  i s
wo r ki n g wi th  th e  C o m p r e s s e d  G as  As s o c i a ti o n  r e g ar d i n g  th e

a d o p ti o n  o f I S O  2 2 7 3 4  wi th  U S  d e vi ati o n s .  

N A.13.3.1 .1    S m al l  e l e c tr o l yz e r s  o f l e s s  th an  6 . 6  l b m / d ay ( 3  kg/
d ay)  h yd r o ge n  o u tp u t h a ve  b e e n  specifcally l i s te d  to

U L  6 1 0 1 0 -1 ,  Safety Requirements for Electrical Equipment for Meas‐
urement,  Control,  and Laboratory Use – Part 1 : General Requirements,

fo r  l ab o r ato r y an d  o th e r  u s e s .  
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A.13.3.3    L i s ti n g  s tan d ar d s  fo r  r e s i d e n ti a l -u s e  e l e c tr o l yz e r s ,
s u c h  as  I S O  2 2 7 3 4 ,  Hydrogen generators using water electrolysis —
Industrial,  commercial,  and residential applications, al l o w m an u fa c ‐
tu r e r s  to  l i s t e l e c tr o l yz e r s  fo r  r e s i d e n ti al  a p p l i c ati o n s ,  s u c h  a s
e n e r gy c o n ve r s i o n  an d  ve h i c l e  fu e l i n g.  L i m i ti n g  GH 2  c o n te n t
to  2 5 0  s c f,  GH 2  p e r  6 . 4 . 1 . 5 . 1 . 1  a l i gn s  wi th  n o n -i n d u s tr i al  u s e .

N A.13.4.1    C S A Gr o u p  i s  wo r ki n g  wi th  th e  C o m p r e s s e d  Ga s
As s o c i ati o n  r e gar d i n g th e  ad o p ti o n  o f I S O  1 6 1 1 0 - 1 ,  Hydrogen

Generators Using Fuel Processing Technologies – Part 1 : Safety,  wi th
U S  d e vi ati o n .

N A.13.4.2    N F PA 8 5 3  specifcally ad d r e s s e s  i n s tal l ati o n  o f s tati o n ‐
ar y fu e l  c e l l  p o we r  s ys te m s  th a t ar e  l i s te d  o r  a p p r o ve d  to  C S A
F C 1 ,  Fuel cell technologies — Part 3-1 00: Stationary fuel cell power

systems — Safety.  C S A F C  1  wa s  o r i g i n a l l y wr i tte n  fo r  fu e l  c e l l s
u s i n g  r e fo r m e rs .  S i n c e  F C  1  a n d  N F PA 8 5 3  ar e  wr i tte n  p r i m ar ‐
i l y fo r  r e fo r m e r- b a s e d  fu e l  c e l l s  an d  r e fo r m e r-b as e d  h yd r o g e n

g e n e r ato r s  a r e  e s s e n ti a l l y a s u b s e t o f th e s e  fu e l  c e l l s  ( s e e
An n e x  B  o f N F PA 8 5 3 ) ,  m o s t o f N F PA 8 5 3  i s  al s o  a p p l i c a b l e  to
r e fo r m e r- b a s e d  h yd r o ge n  g e n e r ato r s .

N A.13.5.2.3    P r o te c ti o n  c a n  e i th e r  b e  i n te g r al  to  th e  h yd r o g e n
ge n e r a to r  gasifer  ( e . g . ,  l o c ke d  e n c l o s u r e s ,  gu ar d s ,  a n d  s o  o n ) ,

o r  th e  h yd r o ge n  g e n e r ato r  gasifer  c a n  b e  i n s ta l l e d  i n  a
c o n tr o l l e d -ac c e s s  a r e a.

A.13.5.3    T h e r e  ar e  two  c o n s i d e r ati o n s  u n i q u e  to  gasifcation:

( 1 ) Gasifers  typ i c al l y o p e r a te  i n  e x c e s s  o f 2 6 0 0 ° F  ( 1 4 2 5 ° C ) .
G as  d e l i ve r y te m p e r a tu r e  i s  a  s tr i c t fu n c ti o n  o f th e
a m o u n t o f c o o l i n g p r o vi d e d  b y th e  s ys te m .

( 2 ) T h e  o u tp u t o f th e  gasifer  typ i c al l y c o n ta i n s  signifcant
q u an ti ti e s  o f c ar b o n  m o n o x i d e ,  h yd r o g e n  sulfde,  an d
o th e r  to x i c  s u b s ta n c e s .

A.13.5.3.1    T h i s  e q u i p m e n t c o n s i s ts  o f p i p i n g ,  val ve s ,  ve s s e l s ,
an d  i n s tr u m e n tati o n  fo r  m o n i to r i n g o f th e  p r o c e s s .

N A.13.5.3.7    S tr o b e s  an d  r o ta ti n g l i g h ts  ar e  e x am p l e s  o f vi s u al
war n i n g s i g n al s .

N A.13.5.3.9.3    T h e  m a n u a l  s h u to ff va l ve  c a n  b e  a s e p ar ate ,  i n d e ‐
p e n d e n t va l ve  fr o m  th e  i s o l ati o n  va l ve  r e q u i r e d  b y
1 3 . 5 . 3 . 9 . 4 . 2 ( 1 )  o r  i t c an  b e  th e  s am e  va l ve  wi th  a m an u a l  o p e r a‐
to r  h an d l e  atta c h e d .

N A.13.5.3.9.4.2(1)    T h e  e m e r ge n c y s to p  i s o l ati o n  val ve  c an  b e  a
s e p ar a te ,  i n d e p e n d e n t val ve  fr o m  th e  m an u al  s h u to ff va l ve

r e q u i r e d  b y 1 3 . 5 . 3 . 9 . 3  o r  i t c a n  b e  th e  s a m e  val ve  wi th  a r e m o te
o p e r ato r  h a n d l e  c o n tr o l l e d  b y th e  e m e r ge n c y s to p  s ys te m .

A.13.5.3.10.2.1    T h e  i n c l u s i o n  o f d e te c ti o n  fo r  o th e r  p o te n ti al
c o n s ti tu e n ts  i n  th e  ga s  fow s u c h  a s  h yd r o ge n  sulfde,  c ar b o n

m o n o x i d e ,  a n d  s o  o n  s h o u l d  b e  b as e d  o n  th e  vo l u m e tr i c
c o n te n t o f s u c h  c o n s ti tu e n ts  an d  an  a s s e s s m e n t o f th e  p o te n ti al

h e al th  h az ar d s  i n  th e  e ve n t o f a l e ak.  T h i s  r i s k as s e s s m e n t m u s t
c o n s i d e r  i n d o o r  ve r s u s  o u td o o r  l o c ati o n s ,  ve n ti l a ti o n  c ap ab i l i ‐
ti e s ,  p e r s o n al  p r o te c ti ve  e q u i p m e n t ( P P E )  r e q u i r e m e n ts  to  b e

i m p o s e d  fo r  are a  ac c e s s ,  an d  s o  o n .  F o r  c a r b o n  m o n o x i d e ,  i t i s
r e c o m m e n d e d  th at ga s  d e te c ti o n  b e  p r o vi d e d  fo r  a n y s ys te m s
o r  p o r ti o n s  o f s ys te m s  th at c o n ta i n  g r e ate r  th an  1  p e r c e n t

c o n c e n tr ati o n  b y vo l u m e  i n  th e  g as  fow.  Re fe r e n c e  to  a p p l i c a‐
b l e  th r e s h o l d  l i m i t val u e  o r  p e r m i s s i b l e  e x p o s u r e  l e ve l  ( P E L )
i n fo r m ati o n  s h o u l d  b e  m ad e  fo r  o th e r  to x i c  c o n s ti tu e n ts .

A.13.5.3.10.3    D u e  to  th e  h i g h  te m p e r atu r e s  a s s o c i a te d  wi th
th e  gasifcation  p r o c e s s ,  i g n i ti o n  o f l e a ks  i s  ve r y l i ke l y,  e s p e c i a l l y
i n  th e  vi c i n i ty o f th e  gasifer  ve s s e l  p r o p e r.  H yd r o ge n  b u r n s

wi th  a  n e ar l y i n vi s i b l e  fame,  s o  d e te c ti o n  a n d  war n i n g s ys te m s
a r e  n e c e s s a r y to  ad vi s e  p e r s o n n e l  wh e n  a fre  e x i s ts .  I t i s  r e c o m ‐
m e n d e d  th a t c o r n  s tr aw b r o o m s  o r  c o tto n  r a gs  o n  p o l e s  b e

r e ad i l y avai l ab l e  fo r  u s e  b y p e r s o n n e l  e n te r i n g th e  ar e a  to  c l e a r
th e  p a th  o f tr ave l  fo r  fres.

A.13.5.3.10.5    T h e  ap p l i c ati o n  o f wa te r  d e l u ge  fre  p r o te c ti o n
a ga i n s t th e  gasifer  ve s s e l  an d  o th e r  ve r y h o t c o m p o n e n ts  m u s t
b e  d o n e  ve r y c ar e fu l l y to  a vo i d  r ap i d  c o o l i n g  a n d  th e  as s o c i ate d

m a te r i al  s tr e s s e s  th a t r e s u l t.  T h e  frst c o n s i d e r ati o n  i n  c o n tr o l ‐
l i n g  a fre  n e ar  th i s  e q u i p m e n t i s  to  h al t th e  fow o f c o m b u s ti ‐
b l e  m ate r i al s  ( i . e . ,  s h u tti n g d o wn  th e  fe e d s to c k s u p p l y an d

ve n ti n g  th e  i n te r n a l  p r e s s u r e  to  th e  fare  s tac k) .  O n c e  th e  fu e l
s u p p l y i s  h a l te d ,  th e  tas k o f e x ti n g u i s h i n g th e  fre  i s  simplifed.
I f wate r  d e l u g e  i s  s e l e c te d  as  th e  fre  s u p p r e s s i o n  m e th o d ,

c o n tr o l l i n g th e  d i r e c ti o n  o f th e  s p r a y p atte r n  fr o m  th e  n o z z l e s
a n d  th e  a p p l i c a ti o n  o f s p r a y s h i e l d s  wi l l  m i n i m i z e  th e  th e r m al
d i s tr e s s  to  s u s c e p ti b l e  c o m p o n e n ts .  C o n s i d e r ati o n  s h o u l d  b e

gi ve n  to  th e  ap p l i c ati o n  o f al te r n a ti ve  fre  s u p p r e s s i o n  m e th ‐
o d s ,  s u c h  as  wa te r  m i s t,  th at i m p o s e  l e s s  th e r m al  d i s tr e s s  o n  th e
e q u i p m e n t.  N F PA 8 5 0  c o n ta i n s  a d d i ti o n al  r e c o m m e n d a ti o n s

ap p l i c a b l e  to  fre  p r o te c ti o n  o f gasifers.

A.13.5.4.2    P r e s s u r e  r e l i e f p a n e l s  s h o u l d  b e  d e s i g n e d  a s
o u tl i n e d  i n  N F PA 6 8 .

A.14.1 .1    E x a m p l e s  o f th e  u s e  o f h yd r o ge n  u s e d  as  a  fu e l
i n vo l vi n g fame,  i n c l u d e ,  b u t wo u l d  n o t b e  l i m i te d  to ,  c o m b u s ‐

ti o n  o f th e  ga s  i n  a  to r c h  u s e d  i n  we l d i n g  o r  h e ati n g  o p e r a ti o n s
wh e r e  th e  ga s  i s  u s e d  to  p r o vi d e  a fame  an d  ac c o m p an i e d  b y a

r e d u c i n g atm o s p h e r e .  T h e  m e l ti n g  o f q u a r tz  o r  g l a s s  fr e q u e n tl y
i n vo l ve s  th e  u s e  o f h yd r o g e n  c o m b u s ti o n  o p e r ati o n s .

A.14.3.1 .2    T h e r m al  s p r a yi n g i s  typ i c al l y c o n d u c te d  wi th
r o b o ti c  e q u i p m e n t i n  i s o l a te d  c h am b e r s  o r  o th e r wi s e  p r o te c te d
a r e as  to  i s o l ate  p e r s o n s  fr o m  h a z a r d s  s u c h  a s  n o i s e ,  i n te n s e

u l tr avi o l e t l i g h t,  p r o c e s s  g as e s ,  a n d  vap o r s .  T h e  e q u i p m e n t
i n c l u d e s  m u l ti p l e  fexible  p i p i n g  o r  h o s e s ,  wh i c h  p a s s  th r o u gh
th e  c h a m b e r  wal l s  to  d e l i ve r  th e  ga s  fr o m  a c o n tr o l  s o u r c e  to

th e  p r o c e s s  d e vi c e  o r  gu n .  T h e  fexible  p o r ti o n s  o f th e  fu e l
d e l i ve r y s ys te m  r e p r e s e n t p o te n ti al  l e ak s o u r c e s .

N F PA 4 9 7  p r o vi d e s  gu i d an c e  o n  th e  classifcation  o f a r e as .

A.14.3.1 .2.1    S ys te m  p r e ve n ti ve  m a i n te n an c e  typ i c al l y i n c l u d e s
r e g u l ar  l e ak c h e c ks  a n d  th e  r e p l ac e m e n t o f h o s e s  i n  ac c o r d ‐
a n c e  wi th  th e  m a n u fac tu r e r ’ s  r e c o m m e n d ati o n s .  An  i n c r e as e  i n

th e  fr e q u e n c y m i gh t b e  wa r r an te d  b as e d  o n  m ai n te n a n c e  e x p e ‐
r i e n c e .

A.14.3.1 .2.2    N F PA 4 9 7  p r o vi d e s  g u i d an c e  o n  th e  classifcation
o f ar e as .

A.14.3.1 .2.4    F e atu r e s  s u c h  as  s o l i d  b e am s  th a t fo r m  a  ti gh t ft
wi th  th e  r o o f d e c k s h o u l d  b e  a vo i d e d .  T h e  i n ta ke s  fo r  th e  ve n ti ‐
l ati o n  s ys te m  s h o u l d  b e  l o c ate d  a t h i g h  p o i n ts  i n  th e  c e i l i n g to

p r e ve n t th e  tr ap p i n g o f h yd r o g e n  i n  th e  th e r m a l  s p r a yi n g ar e a .

A.14.3.1 .2.6.1    T h e  g as  d e te c ti o n  s h o u l d  b e  l o c ate d  i n  th e
s p r ay ar e a,  at th e  g as  c o n tr o l l e r,  a n d  at th e  g as  s u p p l y wh e n  th e

s o u r c e  o f s u p p l y i s  l o c ate d  i n d o o r s .

A.15.3.1 .1 .1    S p e c i al  atm o s p h e r e s  c an  b e  p r o d u c e d  b y a
n u m b e r  o f te c h n o l o gi e s ,  i n c l u d i n g  am m o n i a  d i s s o c i a ti o n  o r
e n d o th e r m i c  o r  e x o th e r m i c  ga s  g e n e r ati o n ,  o r  b y b l e n d i n g

n i tr o g e n  o r  a n o th e r  i n e r t g as  wi th  a r e ac ti ve  g as  o r  g as e s ,  s u c h
a s  h yd r o g e n ,  m e th an e ,  a m m o n i a,  c a r b o n  m o n o x i d e ,  wa te r,  o r
o th e r  r e a c ti ve  ga s e s .  P u r e  h yd r o ge n  c an  al s o  b e  u s e d  a s  a

s p e c i al  atm o s p h e r e .
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N F PA 8 6  c a te g o r i z e s  fu r n a c e s  an d  o ve n s  u s e d  fo r  p r o c e s s i n g
o f m a te r i al s  i n to  fo u r  c l as s e s ,  i n c l u d i n g C l as s  A,  B ,  C ,  an d  D .

T h e  te r m s  furnaces,  ovens,  a n d  dryers ar e  u s e d  i n te r c h a n ge a b l y
an d  ap p l y to  h e a te d  e n c l o s u r e s  u s e d  fo r  th e  p r o c e s s i n g o f
m ate r i al s .  T h e  te r m  furnace as  u s e d  i n  N F PA 2  i s  i n te n d e d  to

a p p l y to  a n y o f th e  afo r e m e n ti o n e d  e q u i p m e n t i n d i vi d u a l l y o r
c o l l e c ti ve l y.  Re fe r  to  A. 1 . 1  o f N F PA 8 6  fo r  a  d e tai l e d  d e s c r i p ti o n
o f th e  var i o u s  c l as s e s  o f fu r n a c e s .

T h e  h az ar d s  o f C l a s s  A fu r n a c e s  a r e  a s s o c i a te d  wi th  th o s e
g e n e r ate d  b y th e  m a te r i al s  b e i n g  p r o c e s s e d .  C l a s s  A fu r n a c e s

d o  n o t typ i c a l l y u s e  a  h yd r o ge n  atm o s p h e r e .  C l as s  B  fu r n ac e s
a r e  th o s e  o p e r ati n g  at a p p r o x i m a te l y atm o s p h e r i c  p r e s s u r e  th at
d o  n o t c o n ta i n  a fammable  atm o s p h e r e ,  n o r  a r e  fammable
vo l a ti l e s  p r o d u c e d  o r  c o m b u s ti b l e  m ate r i a l s  h e a te d .  T h e r e

m i gh t b e  b l e n d s  c o n tai n i n g l o w l e ve l s  o f h yd r o g e n  m i x e d  wi th
i n e r t ga s e s  i n  a  nonfammable  r an g e  th a t c an  b e  e n c o u n te r e d
i n  u s e  i n  a  C l a s s  B  fu r n ac e .  F o r  th e  p u r p o s e  o f th i s  C h a p te r,

C l as s  B  fu r n a c e s  wi th  atm o s p h e r e s  c o n tai n i n g  h yd r o g e n  i n  an y
q u an ti ty s h o u l d  b e  tr e ate d  as  a C l as s  C  fu r n ac e .

T h e  h az ar d s  o f C l as s  C  fu r n ac e s  a r e  as s o c i ate d  wi th  s p e c i al
atm o s p h e r e s  u s e d  i n  th e  fu r n ac e  fo r  th e  tr e a tm e n t o f m ate r i al s
i n  p r o c e s s .  T h e  u s e  o f h yd r o g e n  i s  m o s t c o m m o n l y e n c o u n ‐

te re d  i n  fu r n a c e s  o f th i s  typ e .

C l a s s  C  o ve n s  a n d  fu r n a c e s  typ i c a l l y o p e r ate  at e l e vate d
te m p e r a tu r e s ,  o fte n  h i g h e r  th a n  1 4 0 0 ° F  ( 7 6 0 ° C ) .  T h e r e  a r e
two  c l as s e s  o f h az ar d s  as s o c i ate d  wi th  C l as s  C  fu r n ac e s .  T h e  frst

i s  th e  h a z a r d  a s s o c i a te d  wi th  th e  p h ys i c a l  fu r n a c e  an d  i ts  h e a t‐
i n g s ys te m .  T h e  s e c o n d  i s  as s o c i ate d  wi th  th e  atm o s p h e r e
wi th i n  th e  fu r n ac e  an d  th e  e q u i p m e n t to  c r e a te  a n d  c o n tr o l

th i s  atm o s p h e r e .  F u r n a c e s  a n d  o ve n s  c an  b e  h az ar d o u s  i n  an d
o f th e m s e l ve s  e ve n  wi th o u t th e i r  atm o s p h e r e s .

I n  a d d i ti o n ,  h yd r o ge n  i s  u s e d  i n  C l a s s  D  fu r n ac e s ,  wh i c h  a r e
fu rn a c e s  th at o p e r a te  a t p r e s s u r e s  r a n gi n g fr o m  va c u u m  to
s e ve r al  a tm o s p h e r e s .

A.15.3.1 .1 .2.1    T h e  l o c ati o n  o f a  fu r n a c e  o r  o ve n  m u s t b e  s e l e c ‐
te d  c ar e fu l l y s o  a s  to  n o t c r e ate  a d d i ti o n al  h az ar d s .  F u r n a c e s

s h o u l d  b e  l o c ate d  s o  a s  to  m i n i m i z e  e x p o s u r e  o f p e o p l e  to
p o s s i b l e  i n j u r y fr o m  fre,  e x p l o s i o n ,  a s p h yx i ati o n ,  a n d  h a z a r d ‐
o u s  m ate r i a l s  an d  s h o u l d  n o t o b s tr u c t tr a ve l  to  e x i ts .

T h e  l o c ati o n  o f th e  fu r n ac e s  r e l ati ve  to  o th e r  e q u i p m e n t an d
to  c o m b u s ti b l e  m a te r i al s  i s  an  i m p o r ta n t c o n s i d e r ati o n .  T h e

d e s i g n  o f th e  fu r n a c e  an d  o ve n  a l s o  r e q u i r e s  c ar e fu l  a tte n ti o n .
Re fe r  to  C h a p te r  5  o f N F PA 8 6  fo r  gu i d an c e  o n  specifc  c o n s i d ‐
e r ati o n s  r e l a ti ve  to  d e s i g n  fe atu r e s  an d  l o c ati o n  o f a fu r n a c e
wi th i n  a b u i l d i n g  o r  s tr u c tu r e .

N A.15.3.1 .1 .2.2    L ad d e r-typ e  s c h e m ati c  d i ag r am s  ar e  r e c o m m e n ‐
d e d .  [ 86: A. 4 . 1 . 1 . 2 ]

Δ A.15.3.1 .1 .3.1    Atm o s p h e r i c  ve n ts  c an  s e r ve  th e  fo l l o wi n g  two
fu n c ti o n s :

( 1 ) P r o vi d e  a r e fe r e n c e  to  atm o s p h e r i c  p r e s s u r e  fo r  th e
ve n te d  d e vi c e .  T h i s  i s  c o m m o n l y s e e n  wh e r e  s e p a r ati n g

d i a p h r ag m s  i n s i d e  th e  d e vi c e  a r e  u s e d  to  d r i ve  a s wi tc h  o r
m e c h an i s m  d u e  to  th e  d i ffe r e n c e  i n  a tm o s p h e r i c  p r e s s u r e
fr o m  th e  g as  p r e s s u r e  i n s i d e  th e  d e vi c e .  A ke y a s p e c t o f

th i s  o p e r a ti o n  i s  th at d i s c h ar g e  o f ga s  i s  n o t n o r m al  i f th e
d e vi c e ’ s  s e a l s  a n d  d i ap h r ag m  ar e  i n tac t.  T h i s  typ e  o f o p e r ‐
ati o n  i s  e s s e n ti al  to  th e  r e l i a b l e  fu n c ti o n i n g  o f th e  d e vi c e ,

s i n c e  p l u g ge d  o r  b ac k-l o ad e d  ve n t l i n e s  c an  c r e a te  u n i n ‐
te n d e d  fu n c ti o n a l  r e s p o n s e s  fr o m  th e  d e vi c e .

( 2 ) P r o vi d e  a m e an s  to  ve n t r e l e as e d  g as  fr o m  th e  d e vi c e  to  a
p r e d e te r m i n e d  l o c ati o n  th a t m i n i m i z e s  h az ar d  to  l i fe  an d
p r o p e r ty.  T h i s  c an  o b vi o u s l y o c c u r  u p o n  fai l u r e  o f th e

m e m b r an e s  o r  s e al s  i n s i d e  th e  d e vi c e .  I t al s o  c an  o c c u r
wi th  r e g u l ar  fr e q u e n c y as  a  r e s u l t o f i n te r n a l  r e l i e f va l ve s .

Re g u l ato r s  o fte n  h ave  i n te r n a l  r e l i e f val ve s  to  p r e ve n t
s u r ge s  i n  p r e s s u r e  fr o m  o ve r d r i vi n g  th e  d e vi c e  an d

r u p tu r i n g th e  m e m b r an e .

S u b - s u b p ar a gr a p h  1 5 . 3 . 1 . 1 . 3 . 1  c o ve r s  ve n ti n g  o f fammable
an d  o x i d i z i n g g as e s  o n l y.  Ga s e s  th at a r e  a s p h yx i an ts ,  to x i c ,  o r

c o r r o s i ve  ar e  o u ts i d e  th e  s c o p e  o f th i s  c o d e .  I n  th i s  r e g ar d ,
o th e r  s tan d a r d s  s h o u l d  b e  c o n s u l te d  fo r  ap p r o p r i a te  ve n ti n g .
F l a m m a b l e  g as e s  an d  o x i d i z e r s  s h o u l d  b e  ve n te d  to  a n

a p p r o ve d  l o c ati o n  to  p r e ve n t fre  o r  e x p l o s i o n  h az ar d s .  Wh e r e
ga s e s  ar e  ve n te d ,  th e  ve n t l i n e  d e s i g n  a n d  i n s tal l ati o n  s h o u l d  b e
i n  ac c o r d an c e  wi th  th e  fo l l o wi n g :

( 1 ) T h e  ve n t l i n e  s h o u l d  b e  s i z e d  to  m i n i m i z e  th e  p r e s s u r e
d r o p  as s o c i ate d  wi th  l e n g th ,  ftting,  an d  e l b o ws  at th e
m a x i m u m  ve n t fow r ate .  F o r  e x a m p l e ,  d o  n o t u s e  e x c e s ‐

s i ve  fttings  o r  l o n g  p i p e  r u n s ,  ke e p  e l b o ws  to  an  a b s o l u te
m i n i m u m ,  an d  n e ve r  r e d u c e  th e  ve n t p i p e  s i z e .

( 2 ) I f r i gi d  p i p e  i s  u s e d ,  d o  n o t ap p l y a  b e n d i n g m o m e n t o n
th e  ve n t l i n e .  T h i s  c an  a p p l y a l a r ge  b e n d i n g  fo r c e  ( i . e . ,  a
s e ve r e  s tr e s s )  to  th e  ve n t c o n n e c ti o n  a n d  d am ag e  th e

d e vi c e .
( 3 ) Ap p l y p r o p e r  h a n ge r s  a n d  s u p p o r ts  s o  th a t th e  ve n t l i n e

c o n n e c ti o n  i s  n o t l o ad e d  wi th  th e  we i g h t o f th e  ve n t l i n e .
( 4 ) T h e  ve n t l i n e  s h o u l d  n o t h ave  a n y m an u al  s h u to ff val ve s .

E x te r n a l  p o i n ts  o f d i s c h ar g e  fo r  th e  ve n t l i n e  s h o u l d  b e  i n
a c c o r d an c e  wi th  al l  o f th e  fo l l o wi n g:

( 1 ) G as  s h o u l d  n o t i m p i n ge  o n  e q u i p m e n t,  s u p p o r t,  b u i l d ‐
i n g ,  wi n d o ws ,  o r  m ate r i al s  b e c au s e  th e  ga s  c o u l d  i g n i te
an d  c r e ate  a fre  h az ar d .

( 2 ) Gas  s h o u l d  n o t i m p i n g e  o n  p e r s o n n e l  a t wo r k ( e . g. ,  r o o f‐
e r s  o r  o th e r  m a i n te n an c e  p r o fe s s i o n al s )  i n  th e  ar e a  o r  i n

th e  vi c i n i ty o f th e  e x i t o f th e  ve n t l i n e  b e c a u s e  th e  ga s
c o u l d  i g n i te  an d  c r e a te  a fre  h az ar d .

( 3 ) G as  s h o u l d  n o t b e  ve n te d  i n  th e  vi c i n i ty o f ai r  i n take s ,
c o m p r e s s o r  i n l e ts ,  o r  o th e r  d e vi c e s  th at u ti l i z e  am b i e n t
ai r.  S e e  N F PA 5 4  fo r  ac c e p tab l e  c l e ar an c e s .

( 4 ) T h e  ve n t o u tl e t s h o u l d  n o t b e  s u b j e c t to  p h ys i c al  d a m ag e
o r  fo r e i g n  m a tte r  th a t c o u l d  b l o c k th e  e x i t.  To  l i m i t th e
c o n s e q u e n c e s  o f r a i n  o r  d e b r i s  g e tti n g i n to  th e  ve n t,

al ways  tu r n  th e  o u tl e t o f th e  ve n t d o wn  to war d  th e
gr o u n d .  I f a ve n t l i n e  r u n s  th r o u g h  a r o o f,  ve r i fy th at th e
ve n t l i n e  te r m i n ate s  a b o ve  th e  p o i n t wh e r e  wate r  an d

s n o w ac c u m u l ati o n  d o e s  n o t c o ve r  o r  i s o l ate  th e  ve n t
o u tl e t.

( 5 ) B u g s  c a n  b e  attr a c te d  to  th e  s m e l l  o f th e  n atu r a l / L P  ga s
o d o r an t an d  wi l l  n e s t i n  th e  ve n t l i n e ,  wh i c h  wi l l  fu r th e r
r e d u c e  s ta c k e ffe c t o r  wi l l  c o m p l e te l y s e al  th e  ve n t e x i t.

I n s tal l  a b u g s c r e e n  o n  th e  ve n t e x i t to  d e te r  i n s e c ts  fr o m
n e s ti n g  i n  th e  l i n e ,  an d  d o  n o t p ai n t o ve r  th e  b u g s c r e e n .

F o r  p o i n ts  o f d i s c h ar g e  i n s i d e  th e  b u i l d i n g,  th e  fo l l o wi n g
ad d i ti o n al  gu i d a n c e  i s  o ffe r e d :

( 1 ) I f th e  g as  i s  fammable  a n d  l i g h te r  th an  ai r,  th e  famma‐
ble  g as e s  s h o u l d  b e  ve n te d  to  a  l o c a ti o n  wh e r e  th e  ga s  i s
d i l u te d  b e l o w i ts  L F L  b e fo r e  c o m i n g i n  c o n tac t wi th  s o u r ‐

c e s  o f i g n i ti o n  an d  th e  g as  c an n o t r e e n te r  th e  wo r k ar e a
wi th o u t e x tr e m e  d i l u ti o n .

( 2 ) I f th e  ga s  i s  o x yg e n  o r  ai r  e n r i c h e d  wi th  o x yg e n ,  th e  ve n t
ga s  s h o u l d  b e  ve n te d  to  a l o c ati o n  wh e r e  th e  g as  wi l l
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b l e n d  wi th  atm o s p h e r i c  a i r  to  a p o i n t b e twe e n  1 9  p e r c e n t
an d  2 3  p e r c e n t o x yg e n  b e fo r e  c o m i n g  i n  c o n ta c t wi th
c o m b u s ti b l e s  o r  p e r s o n n e l .

( 3 ) S e e  al s o  C h ap te r  4  o f N F PA 5 6 ,  wh i c h  p r o vi d e s  i n fo r m a‐
ti o n  ab o u t th e  d e ve l o p m e n t an d  i m p l e m e n tati o n  o f wr i t‐
te n  p r o c e d u r e s  fo r  th e  d i s c h a r ge  o f fammable  g as e s .

[ 86: A. 6 . 2 . 7 ]

A.15.3.1 .1 .4.1    T h e  o b j e c t o f th i s  r e q u i r e m e n t i s  to  p r e ve n t
infltration  o f ai r  th at c o u l d  b e  d e tr i m e n ta l  to  th e  wo r k b e i n g
p r o c e s s e d  o r  c o u l d  r e s u l t i n  th e  c r e a ti o n  o f fammable  g as –ai r

m i x tu r e s  wi th i n  th e  fu r n ac e .  T h e  fow r a te s  c a n  b e  va r i e d
d u r i n g th e  c o u r s e  o f a  h e at tr e atm e n t c yc l e .  [ 86: A. 1 3 . 5 . 7 . 1 ]

A.15.3.1 .1 .4.3    Afte r  c l o s u r e  o f a n  o u te r  ve s ti b u l e  d o o r  o f a
b a tc h -typ e  fu r n ac e  o r  p u s h e r  fu r n ac e ,  a d e l ay u s u a l l y o c c u r s
b e fo r e  b u r n -o ff r e s u m e s  a t th e  ve n t o p e n i n g.  T h e  d u r a ti o n  o f

th e  d e l a y d e p e n d s  o n  th e  s p e c i a l  [ h yd r o ge n ]  atm o s p h e r e  fow
r ate ,  i ts  c o m b u s ti b l e s  c o n te n t,  th e  ve s ti b u l e  vo l u m e ,  an d  o th e r
fa c to rs .  [ 86: A. 1 3 . 5 . 7 . 3 ]

A.15.3.1 .1 .5    G as  atm o s p h e r e  m i x i n g  s ys te m s  ar e  u s e d  to  c r e ate
s p e c i al  p r o c e s s i n g a tm o s p h e r e s  m ad e  u p  o f two  o r  m o r e  g as e s .

T h e  m a j o r i ty ar e  b u i l t to  c r e ate  b i n ar y n i tr o g e n –h yd r o ge n
b l e n d s ,  b u t th e y a l s o  ar e  a b l e  to  c r e a te  m i x tu r e s  o f o th e r  g as e s .
T h e  b l e n d e d  ga s  o f g as  atm o s p h e r e  m i x i n g s ys te m s  u s u al l y h a s

a  c o n s ta n t fammable  o r  i n d e te r m i n a te  c o m p o s i ti o n  an d  i s
s u p p l i e d  o n  a p r e s s u r e  o r  d e m an d  b as i s  to  th e  s p e c i a l  p r o c e s s ‐
i n g  atm o s p h e r e  fow c o n tr o l s  s i tu a te d  a t o n e  o r  m o r e  fu r n ac e s .

[ 86: A. 1 3 . 5 . 6 ]

G as  a tm o s p h e r e  m i x i n g s ys te m s  typ i c a l l y i n c o r p o r a te  a s u r ge
ta n k m i x i n g  s c h e m e  th at c yc l e s  b e twe e n  s e t p r e s s u r e  l i m i ts .

T h i s  fe a tu r e  d i s ti n g u i s h e s  th e m  fr o m  th e  fow c o n tr o l  s ys te m s
c o ve r e d  i n  1 5 . 3 . 1 . 1 . 4 .  [ 86: A. 1 3 . 5 . 6 ]

A.15.3.1 .1 .5(1)    C o n s i d e r a ti o n  s h o u l d  b e  g i ve n  to  th e  i n c l u s i o n
o f flters  o r  s tr a i n e r s  to  i m p r o ve  r e l i ab l e  fu n c ti o n i n g  o f p r e s ‐

s u r e  re gu l a to r s ,  fowmeters,  fow m o n i to r s ,  c o n tr o l  val ve s ,  an d
o th e r  c o m p o n e n ts .  [ 86: A. 1 3 . 5 . 6 ( 1 ) ]

A.15.3.1 .1 .5(3)    AS M E  B 3 1 . 3 ,  Process Piping, i s  th e  tr ad i ti o n al
r e fe r e n c e  fo r  th e  p i p i n g u s e d  i n  th e s e  s ys te m s .  AS M E  B 3 1 . 1 2 ,
Hydrogen piping and pipelines: ASME Code for Pressure Piping,  h a s

b e e n  p u b l i s h e d  as  a h yd r o ge n  specifc  p i p i n g s tan d ar d  an d
m i gh t b e  m o r e  ap p r o p r i a te  th an  AS M E  B 3 1 . 3 .

•
N A.15.3.1 .1 .6.2(B)    Vi s u al  i n d i c a ti o n  p e r m i ts  d e te c ti o n  o f s e n s o r

fa i l u r e s ,  s u c h  as  th e r m o c o u p l e  s h o r t c i r c u i ts ,  th a t wi l l  n o t r e s u l t
i n  th e  ac ti o n  r e q u i r e d  b y 1 5 . 3 . 1 . 1 . 6 . 2 ( 1 ) .  O p e r ato r  o r  m ai n te ‐

n an c e  p e r s o n n e l  c an  e val u ate  th e  1 4 0 0 ° F  ( 7 6 0 ° C )  b yp a s s  i n te r ‐
l o c k b y o b s e r vi n g  th e  te m p e r atu r e  i n d i c ati o n .  I t i s  a l s o

a c c e p ta b l e  to  b r i n g  th e  1 4 0 0 ° F  ( 7 6 0 ° C )  b yp a s s  i n te r l o c k th e r ‐
m o c o u p l e  o u tp u t i n to  a P L C  o r  an o th e r  i n s tr u m e n t i n  p ar al l e l
wi th  th e  1 4 0 0 ° F  ( 7 6 0 ° C )  b yp a s s  i n te r l o c k,  p r o vi d i n g th e  ac c u ‐

r a c y o f th e  1 4 0 0 ° F  ( 7 6 0 ° C )  b yp as s  i n te r l o c k i s  n o t d i m i n i s h e d .
T h e  P L C  o r  o th e r  i n s tr u m e n t c an  b e  u s e d  to  m o n i to r,  tr e n d ,
an d  al ar m  th e  1 4 0 0 ° F  ( 7 6 0 ° C )  b yp as s  i n te r l o c k th e r m o c o u p l e

o u tp u t b y c o m p ar i n g i ts  o u tp u t wi th  th at o f an  i n d e p e n d e n t
te m p e r a tu r e  m e a s u r e m e n t,  s u c h  as  fr o m  th e  o p e r ati n g  te m p e r ‐
atu r e  c o n tr o l l e r.  [ 86: A. 8 . 1 6 . 3 ]

N A.15.3.1 .1 .6.2(C)    Te m p e r a tu r e -s e n s i n g c o m p o n e n ts ,  s u c h  a s
th e r m o c o u p l e  an d  e x te n s i o n  wi r e s ,  th at ar e  n o t r a te d  fo r  th e

e n vi r o n m e n t a r e  at g r e ate r  r i s k o f s h o r t c i r c u i ts .  [ 86: A. 8 . 1 6 . 4 ]

N A.15.3.1 .1 .6.2(E)    T h e  s e n s i n g  e l e m e n t s h o u l d  b e  p o s i ti o n e d
wh e r e  th e  d i ffe r e n c e  b e twe e n  th e  te m p e r atu r e  c o n tr o l  s e n s o r

an d  th e  e x c e s s  te m p e r atu r e  l i m i t s e n s o r  i s  m i n i m i z e d .  T h e
te m p e r a tu r e -s e n s i n g  e l e m e n t o f th e  e x c e s s  te m p e r a tu r e  l i m i t

i n te r l o c k s h o u l d  b e  l o c ate d  wh e r e  i t wi l l  s e n s e  th e  e x c e s s
te m p e r a tu r e  c o n d i ti o n  th at wi l l  c au s e  th e  frst d am a ge  to  th e
fu r n ac e  o r  wo r k a s  te m p e r a tu r e s  wi th i n  th e  fu r n ac e  r i s e  ab o ve

th e  m ax i m u m  o p e r ati n g  s e t p o i n t m o s t c r i ti c a l  to  s afe  o p e r a‐
ti o n .  [ 86: A. 8 . 1 5 . 8 ]

N A.15.3.1 .1 .6.2(F)    T h e  te m p e r atu r e - s e n s i n g e l e m e n t o f th e
e x c e s s  te m p e r a tu r e  l i m i t i n te r l o c k c an  b e  m o n i to r e d  b y o th e r
i n s tr u m e n ta ti o n ,  p r o vi d e d  th at th e  ac c u r a c y o f th e  e x c e s s

te m p e r a tu r e  l i m i t i n te r l o c k te m p e r atu r e  r e ad i n g  i s  n o t d i m i n ‐
i s h e d .  [ 86: A. 8 . 1 5 . 9 ]

N A.15.3.1 .1 .6.2(H)    An  au x i l i a r y c o n tac t i n  th e  e x c e s s  te m p e r a‐
tu r e  l i m i t i n te r l o c k d e vi c e  c an  b e  u s e d  as  a 1 4 0 0 ° F  ( 7 6 0 ° C )
b yp a s s  i n te r l o c k p r o vi d i n g th e  r e q u i r e m e n ts  o f 1 5 . 3 . 1 . 1 . 6 . 2 ( A)

a r e  satisfed.  [ 86: A. 8 . 1 6 . 8 ]

A.15.3.1 .1 .6.6    AS M E  B 3 1 . 3 ,  Process Piping,  i s  th e  tr ad i ti o n al
r e fe r e n c e  fo r  th e  p i p i n g u s e d  i n  th e s e  s ys te m s .  AS M E  B 3 1 . 1 2 ,

Hydrogen piping and pipelines: ASME Code for Pressure Piping,  h a s
b e e n  p u b l i s h e d  as  a  hydrogen-specifc  p i p i n g  s tan d a r d  an d

m i gh t b e  m o r e  ap p r o p r i a te  th an  AS M E  B 3 1 . 3 .

A.15.3.1 .1 .6.9    F i l te r s  o r  s tr ai n e r s  s h o u l d  b e  p r o vi d e d  to  e n s u r e
r e l i a b l e  fu n c ti o n i n g  o f p r e s s u r e  r e g u l a to r s ,  fowmeters,  fow

m o n i to r s ,  c o n tr o l  val ve s ,  a n d  o th e r  c o m p o n e n ts .
[ 86: A. 1 3 . 5 . 8 . 1 1 ]

A.15.3.1 .1 .7.2    S p e c i al  p r e c a u ti o n s  s h o u l d  b e  ta ke n  i f al u m i ‐
n u m  p i p i n g i s  s e l e c te d  fo r  h yd r o ge n  s e r vi c e  o r  i n  th e  p r o d u c ‐

ti o n  o f s p e c i al  a tm o s p h e r e s  b e c a u s e  o f th e  l o w m e l ti n g p o i n t o f
al u m i n u m .  T h e  l o w m e l ti n g  p o i n t o f al u m i n u m  s u b j e c ts  th e
p i p i n g  to  p o te n ti a l  fa i l u r e  i n  fre  s i tu a ti o n s .  O th e r  m ate r i al s

th at ar e  l e s s  s u b j e c t to  m e l ti n g  a n d  fa i l u r e  u n d e r  h i gh -
te m p e r a tu r e  c o n d i ti o n s  s h o u l d  b e  c o n s i d e r e d  b y s ys te m  d e s i gn ‐
e r s  d u r i n g  th e  d e s i gn  p r o c e s s .

A.15.3.1 .1 .8.2    I n  c as e s  wh e r e  m i n i m al  o p e r ati n g  s ta te s ,  s u c h  a s
s a fe ty ve n ti l a ti o n ,  m u s t b e  e s tab l i s h e d  to  p r e ve n t a h az ar d o u s

c o n d i ti o n ,  i t i s  r e c o m m e n d e d  th a t th e  p r e c i s i o n  o f th e  s e t
p o i n t b e  confrmed.  Wh e n  p r e c i s i o n  i s  i n ad e q u ate ,  th e  c o m p o ‐
n e n t s h o u l d  b e  e i th e r  r e c al i b r ate d  o r  r e p l a c e d .  F r e q u e n c y o f

th i s  te s ti n g a n d  c al i b r ati o n  s h o u l d  b e  e s tab l i s h e d  b as e d  o n  th e
c o m p o n e n ts ’  m e a n  ti m e  b e twe e n  fai l u r e  ( M T B F )  d a ta  a n d  th e
c o m p o n e n t m a n u fac tu r e r ' s  r e c o m m e n d ati o n s .  [ 86: A. 7 . 4 . 5 ]

A.15.3.1 .1 .9.1    T h i s  [ c o d e ]  ad d r e s s e s  th e  p r o te c ti o n  n e e d s  o f
o ve n s ,  fu r n a c e s ,  an d  r e l a te d  e q u i p m e n t.  F i r e  p r o te c ti o n  n e e d s

e x te r n al  to  th i s  e q u i p m e n t ar e  b e yo n d  th e  s c o p e  o f th i s  [ c o d e ] .
T h e  d e te r m i n ati o n  a n d  e x te n t o f r e q u i r e d  fxed  p r o te c ti o n
d e p e n d s  o n  th e  fo l l o wi n g :

( 1 ) T h e  c o n s tr u c ti o n  an d  a r r an g e m e n t o f th e  o ve n ,  fu r n ac e ,
o r  r e l ate d  e q u i p m e n t

( 2 ) T h e  m ate r i a l  b e i n g  p r o c e s s e d
( 3 ) Wh e th e r  fxtures  o r  r ac ks  ar e  c o m b u s ti b l e  o r  ar e  s u b j e c t

to  l o ad i n g wi th  e x c e s s  c o m b u s ti b l e  fnishing  m a te r i al s ,  o r
wh e th e r  a n  ap p r e c i a b l e  am o u n t o f c o m b u s ti b l e  d r i p p i n g s

fr o m  fnishing  m ate r i al s  ac c u m u l ate s  i n  th e  o ve n  o r  d u c t
wo r k.

[ 86: A. 9 . 1 ]

F i x e d  p r o te c ti o n  s h o u l d  e x te n d  as  fa r  as  n e c e s s a r y i n  th e
e n c l o s u r e  a n d  d u c two r k i f c o m b u s ti b l e  m ate r i a l  i s  p r o c e s s e d  o r

c o m b u s ti b l e  b u i l d u p  i s  l i ke l y to  o c c u r.  T h i s  i n c l u d e s  th e  p o te n ‐
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ti al  fo r  s o l ve n t c o n d e n s ati o n  i n  d u c two r k as  we l l  as  p ar ti c l e
b u i l d -u p .  [ 86: A. 9 . 1 ]

F i x e d  fre  p r o te c ti o n  fo r  th e  e q u i p m e n t c a n  c o n s i s t o f s p r i n ‐
kl e r s ,  wate r  s p r ay,  c ar b o n  d i o x i d e ,  fo a m ,  d r y c h e m i c al ,  wate r
m i s t,  o r  s te am  e x ti n g u i s h i n g s ys te m s .  [ 86: A. 9 . 1 ]

S te am  e x ti n g u i s h i n g  ( i n e r ti n g )  s ys te m s  c an  b e  u s e d  to
p r o te c t o ve n s  wh e r e  s te am  fooding  i s  th e  o n l y m e a n s  avai l a b l e .
O th e r wi s e ,  th e  u s e  o f s te a m  i n  o ve n s  i s  n o t r e c o m m e n d e d .
[ 86: A. 9 . 1 ]

H yd r o ge n  an d  o th e r  fammable  g as  fres  ar e  n o t n o r m al l y
e x ti n g u i s h e d  u n ti l  th e  s u p p l y o f g as  h a s  b e e n  s h u t o ff b e c au s e
o f th e  d an g e r  o f r e -i g n i ti o n  o r  e x p l o s i o n .  P e r s o n n e l  s h o u l d  b e
c a u ti o n e d  th at h yd r o g e n  fames  ar e  i n vi s i b l e  a n d  d o  n o t r ad i ‐
ate  h e a t.  I n  th e  e ve n t o f fre,  l a r ge  q u a n ti ti e s  o f wate r  s h o u l d  b e
s p r aye d  o n  ad j a c e n t e q u i p m e n t to  c o o l  th e  e q u i p m e n t an d
p r e ve n t i ts  i n vo l ve m e n t i n  th e  fre.  C o m b i n ati o n  fo g a n d  s o l i d
s tr e am  n o z z l e s  s h o u l d  b e  u s e d  to  a l l o w th e  wi d e s t ad a p tab i l i ty
i n  fre  c o n tr o l .  [ 86: A. 9 . 1 ]

S m al l  fammable  g as  fres  c a n  b e  e x ti n g u i s h e d  b y d r y c h e m i ‐
c a l  e x ti n gu i s h e r s  o r  wi th  c ar b o n  d i o x i d e ,  n i tr o ge n ,  o r  s te a m .
Re -i gn i ti o n  c an  o c c u r  i f a m e tal  s u r fa c e  ad j ac e n t to  th e  fame  i s
n o t c o o l e d  wi th  wate r  o r  b y o th e r  m e a n s .  [ 86: A. 9 . 1 ]

D i p  ta n ks  an d  d r a i n  b o ar d s  i n c l u d e d  i n  o ve n  e n c l o s u r e s
s h o u l d  b e  p r o te c te d  b y an  a u to m a ti c  fre  s u p p r e s s i o n  s ys te m  i f
fammable  o r  c o m b u s ti b l e  l i q u i d s  ar e  i n vo l ve d .  N F PA 3 4
p r o vi d e s  gu i d an c e  fo r  th e  d e s i g n  o f fre  s u p p r e s s i o n  s ys te m s  fo r
d i p  ta n ks  an d  d r ai n  b o ar d s .  [ 86: A. 9 . 1 ]

Re fe r  to  C h ap te r  6  o f N F PA 8 6 ,  fo r  g u i d an c e  o n  th e  p r o p e r
d e s i g n  o f a fu r n ac e  o r  o ve n  h e ati n g  s ys te m .

F u r n ac e s  an d  o ve n s  c an  b e  h e ate d  b y a var i e ty o f te c h n i q u e s ,
i n c l u d i n g  e l e c tr i c al  r e s i s tan c e  h e ati n g  s ys te m s  o r  r a d i an t tu b e
c o m b u s ti o n  s ys te m s .

A.15.3.1 .1 .10    Re fe r  to  th e  defnitions  fo r  special atmosphere i n
3 . 3 . 2 2 7 .  [ 86: A. 1 3 . 5 . 1 0 ]

A.15.3.1 .1 .10.3    S p e c i a l  a tm o s p h e r e s  c o n ta i n i n g h yd r o g e n  a r e
typ i c a l l y fo u n d  i n  C l as s  C  o r  D  fu r n ac e s .

A C l as s  C  fu r n ac e  i s  a  fu r n a c e  th at i s  p o te n ti a l l y h az ar d o u s
b e c au s e  o f th e  s p e c i a l  atm o s p h e r e  th at h as  b e e n  a d d e d  to  th e
fu r n ac e  fo r  th e  tr e atm e n t o f m a te r i al s  i n  th e  fu r n a c e .  C l as s  C
fu r n a c e s  a r e  fu r th e r  classifed  i n to  a  var i e ty o f typ e s ,  e ac h  o f
wh i c h  ar e  c o m p r i s e d  o f d i ffe r e n t fe atu r e s  an d  o p e r a ti n g p r i n c i ‐
p l e s .  Tab l e  1 5 . 3 . 1 . 1 . 1 0 . 3  i l l u s tr ate s  th e  var i o u s  typ e s  o f C l as s  C
fu r n a c e s .

A C l a s s  D  fu r n a c e  i s  a  fu r n a c e  th a t c a n  c o n ta i n  a s p e c i al
atm o s p h e r e  b u t th at o p e r ate s  u n d e r  va c u u m  fo r  al l  o r  p a r t o f
th e  fu r n a c e  c yc l e .  C l as s  D  fu r n a c e s  ge n e r a l l y ar e  d e s c r i b e d  a s
e i th e r  c o l d -wa l l  fu r n a c e s ,  h o t-wal l  fu r n a c e s ,  o r  fu r n ac e s  u s e d
fo r  c a s ti n g  o r  m e l ti n g  o f m e tal  at h i g h  te m p e r atu r e s  u p  to
5 0 0 0 ° F  ( 2 7 6 0 ° C ) .  T h e r e  c a n  b e  o th e r  s p e c i al  typ e s .

Typ e  I  fu r n ac e s  wi l l  b e  u s e d  as  an  e x a m p l e  fo r  d e s c r i b i n g th e
te c h n i q u e s  fo r  fu r n ac e  o p e r ati o n s .  Re fe r  to  C h a p te r  1 2  o f
N F PA 8 6 ,  fo r  d e tai l e d  g u i d an c e  fo r  th e  i n tr o d u c ti o n  an d
r e m o val  o f s p e c i al  atm o s p h e r e s  fr o m  o th e r  C l a s s  C  fu r n a c e
typ e s .

A.15.3.1 .1 .11 .1(B)    F ai l u r e  to  m ai n ta i n  p o s i ti ve  p r e s s u r e  i n  a
fu r n a c e  c a n  al l o w ai r  infltration.  Ai r  infltration  c a n  o c c u r  a t
effuents,  o p e n  e n d s ,  o r  th e  p e r i m e te r  o f d o o r s .  I n  a d d i ti o n ,

we l d s  i n  a  fu r n a c e  s h e l l  c an  b r e a k,  g as ke te d  j o i n ts  c a n  fai l ,  an d
r a d i an t tu b e  h e a te r s  c an  b e  b r e ac h e d ,  al l  o f wh i c h  c o u l d  i n tr o ‐

d u c e  ad d i ti o n a l  s o u r c e s  o f ai r  infltration.  F u r n a c e s  s h o u l d  b e
d e s i g n e d  to  m i n i m i z e  s o u r c e s  o f a i r  infltration.  I n  a d d i ti o n ,

fu r n a c e  s h e l l  j o i n ts  an d  r ad i an t tu b e  h e a te r s  s h o u l d  b e  p e r i o d i ‐
c a l l y e val u ate d  o r  te s te d  an d  r e p a i r e d  a s  n e e d e d .  S h o u l d  p o s i ‐
ti ve  fu r n ac e  p r e s s u r e  b e  l o s t i n  fu r n a c e s  o r  c h am b e r s  o p e r ati n g

b e l o w 1 4 0 0 ° F  ( 7 6 0 ° C ) ,  ai r  infltration  c an  l e ad  to  a fammable
ga s –a i r  m i x tu r e  th at c a n  r e s u l t i n  an  e x p l o s i o n .  L o s s  o f p o s i ti ve
fu r n ac e  p r e s s u r e  c an  b e  c au s e d  b y an  i n ad e q u ate  fow o f

c a r r i e r  g as e s  o r  l o s s  o f fu r n a c e  h e at,  an d  l o s s  o f fu r n a c e  h e a t
wi l l  l e a d  to  th e  th e r m a l  c o n tr a c ti o n  o f th e  atm o s p h e r e  vo l u m e .
[ 86: A. 1 3 . 5 . 1 1 . 1 . 2 ]

A.15.3.1 .1 .11 .1(C)    T h e  c h ar a c te r  o f th e  fame  a t fu r n ac e  o p e n
e n d s  a n d  s p e c i a l  [ h yd r o ge n ]  a tm o s p h e r e  effuents  wi l l  b e  a

fu n c ti o n  o f th e  specifc  fu r n a c e .  I t i s  e s s e n ti al  fo r  th e  fu r n a c e
o p e r ato r  to  b e  tr ai n e d  to  r e c o gn i z e  th e  “ e s tab l i s h e d  c h a r ac te r ”
o f th e s e  fames.  I n  ad d i ti o n ,  th e  o p e r a to r  s h o u l d  b e  awa r e  o f

th e  typ i c a l  ti m i n g  fo r  fame  to  ap p e ar  a t o p e n  e n d s  an d  effu‐
ent ve n ts .  [ 86: A. 1 3 . 5 . 1 1 . 1 . 3 ]

A.15.3.1 .1 .11 .1(D)    T h e  fuid  i n  a b u b b l e r  c a n  b e  wa te r  o r  o i l .
B u b b l e r s  m i g h t b e  p r o vi d e d  to  p r o te c t a  fu r n ac e  fr o m  o ve r ‐
p r e s s u r e  o r  to  m a i n tai n  a m i n i m u m  p o s i ti ve  atm o s p h e r e  p r e s ‐

s u r e  wi th i n  th e  fu r n a c e .  B u b b l e r s  al s o  c an  c o n tr o l  p r e s s u r e
wi th i n  a b e l l  fu r n a c e  u s i n g an  o i l  s e a l .  O ve r p r e s s u r e  o f th e
r e to r t o r  h e ati n g  c h a m b e r  c o u l d  b l o w th e  o i l  o u t o f th e  s e al

r i n g.  I t i s  a l s o  p o s s i b l e  to  h ave  wa te r  c o n d e n s a ti o n  a c c u m u l a te
i n  a b u b b l e r  b o ttl e  th a t c an  a d d  to  th e  l i q u i d  l e ve l  a n d  al l o w a n
i n c r e as e  i n  fu r n a c e  p r e s s u r e ,  wh i c h  c o u l d  i n c r e a s e  fu r n a c e

p r e s s u r e  to  e x c e s s i ve  l e ve l s  a n d  l e ad  to  th e  l o s s  o f o i l  s e al s .
[ 86: A. 1 3 . 5 . 1 1 . 1 . 4 ]

A.15.3.1 .1 .11 .1(E)    Wh e r e  fammable  atm o s p h e r e  effuent i s
r e l e as e d  u n b u r n e d  to  th e  i n te r i o r  o f a b u i l d i n g,  th e  ac c u m u l a‐
ti o n  o f fammable  g as e s  c o u l d  c r e ate  a fre  o r  e x p l o s i o n  h a z a r d .
To  a vo i d  th i s  h a z a r d ,  effuent th a t wi l l  n o t r e l i ab l y i g n i te  u p o n

c o n tac t wi th  ai r  s h o u l d  b e  c ap tu r e d  b y a h o o d  a n d  d i s c h ar g e d
to  a s afe  o u ts i d e  l o c ati o n .  S e e  al s o  A. 1 5 . 3 . 1 . 1 . 1 1 . 1 0 ( C ) ( 2 ) ,
wh i c h  ad d r e s s e s  a d d i ti o n al  h a z a r d s .  [ 86: A. 1 3 . 5 . 1 1 . 1 . 5 ]

A.15.3.1 .1 .11 .1(F)    T h e  u s e  o f p l an t ai r  wi th  r e d u c i n g  r e gu l a‐
to r s  i s  p r o h i b i te d .  P l a n t ai r  l i n e s  c an  b e c o m e  s l u g g e d  wi th

wate r  p as s i n g  i n to  th e  h e ate d  fu r n a c e  r e s u l ti n g i n  ab n o r m al l y
h i g h  fu r n a c e  p r e s s u r e s .  P l an t ai r  l i n e s  c a n  e x p e r i e n c e  r e g u l ato r
fa i l u r e s  r e s u l ti n g  i n  h i gh -p r e s s u r e  a i r  a d m i s s i o n  i n to  a fu r n a c e

th at c o n tai n s  a  fammable  atm o s p h e r e  [ 86: A. 1 3 . 5 . 1 1 . 1 . 6 ]

N A.15.3.1 .1 .11 .1(G)    T h e  m e a n s  to  m a i n tai n  fu r n a c e  p r e s s u r e
b e l o w th e  s ta ti c  h e a d  p r e s s u r e  o f th e  s e a l  o i l  i n c l u d e  th e  u s e  o f

b u b b l e r s  o r  m a n o m e te r s  o n  ve n t l i n e s .  O th e r  m e an s  m i g h t b e
p o s s i b l e .  [Also see A. 1 5. 3. 1 . 1 . 1 1 . 1 (D). ] [ 86: A. 1 3 . 5 . 1 1 . 1 . 7 ]

A.15.3.1 .1 .11 .2(B)    B u r n -o ff p i l o ts  u s i n g  fu l l  p r e m i x  ( fu e l –ga s
m i x e d  wi th  al l  th e  a i r  n e e d e d  to  s u p p o r t fu l l  c o m b u s ti o n )  an d

g l o w p l u g s  a r e  e x am p l e s  o f i g n i ti o n  s o u r c e s  m e e ti n g th e  i n te n t
o f A. 1 5 . 3 . 1 . 1 . 1 1 . 2 ( B ) .  F u l l  p r e m i x  b u r n -o ff p i l o ts  h a ve  suffcient
ai r  ( o r,  m o r e  p r e c i s e l y,  suffcient o x yge n  i n  a i r )  p r e m i x e d  wi th
th e  fu e l  g as  to  m ai n ta i n  th e  b u r n - o ff p i l o t i f th e  p u r ge  ga s  o r

s p e c i al  [ h yd r o ge n ]  a tm o s p h e r e  ga s  o th e r wi s e  c r e a te s  an
oxygen-defcient a tm o s p h e r e  th at wo u l d  n o t s u p p o r t th e  b u r n ‐
i n g  o f th e  b u r n -o ff p i l o t fame.  [ 86: A. 1 3 . 5 . 1 1 . 2 . 2 ]

A.15.3.1 .1 .11 .2(C)    Wh e r e  l o s s  o f i g n i ti o n  o f ve n t effuent
c r e a te s  e i th e r  an  e n vi r o n m e n tal  o r  a p e r s o n al  s afe ty c o n c e r n ,
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th e  p i l o t fame  s h o u l d  b e  m o n i to r e d  an d  a n  al a r m  ge n e r a te d
to  al e r t th e  o p e r ato r  to  l o s s  o f fame.  [ 86: A. 1 3 . 5 . 1 1 . 2 . 3 ]

A.15.3.1 .1 .11 .2(E)    T h e  ab i l i ty to  o p e n  d o o r s  m an u al l y i n
e m e r g e n c y s i tu ati o n s  i s  n e e d e d .  U p o n  th e  s i m u l tan e o u s  l o s s  o f
fu r n a c e  a tm o s p h e r e  a n d  d o o r  p i l o t s u p e r vi s i o n ,  th e r e  wi l l  b e  a
n e e d  to  p u r g e  o r  m an u al l y o p e n  d o o r s  to  b u r n -o u t ve s ti b u l e s
th a t u s e  an  a l te r n ati ve  s o u r c e  o f i gn i ti o n .  [ 86: A. 1 3 . 5 . 1 1 . 2 . 5 ]

A.15.3.1 .1 .11 .2(G)    I f b u r n -o ff p i l o ts  we r e  e q u i p p e d  wi th  fame
s u p e r vi s i o n  i n te r l o c ke d  to  tu r n  fu e l  ga s  o ff to  th e  b u r n -o ff p i l o t
u p o n  l o s s  o f fame,  th e  b u r n -o ff p i l o ts  wo u l d  a l s o  b e  tu r n e d  o ff
i n  th e  e ve n t o f a p o we r  fai l u r e .  T h e  l o s s  o f b u r n -o ff p i l o ts  at
s p e c i al  atm o s p h e r e  effuent p o i n ts  d u r i n g  a p o we r  fai l u r e  i s
u n d e s i r a b l e  an d  wo u l d  c r e ate  a s e r i o u s  s afe ty c o n c e r n  wi th  r e l i ‐
ab l y m ai n tai n i n g  i g n i ti o n  o f effuents.  Wh e r e  fame  s u p e r vi s i o n
i s  p r o vi d e d ,  i t i s  fo r  an  al ar m  to  d r aw atte n ti o n  to  th e  n e e d  to
r e l i g h t th e  b u r n -o ff p i l o t o r  i t i s  i n te r l o c ke d  to  p r e ve n t th e
o p e n i n g  o f a fu r n ac e  d o o r.  [ 86: A. 1 3 . 5 . 1 1 . 2 . 7 ]

A.15.3.1 .1 .11 .2(H)    B u r n -o ff p i l o ts  s h o u l d  b e  l o c a te d  wh e r e
th e y wi l l  c o n tac t th e  effuent s tr e a m .  F o r  e x a m p l e ,  fo r  a l i gh te r-
th an - ai r  effuent fowing  fr o m  a  fu r n ac e  o p e n  e n d ,  th e  effuent
m o s t l i ke l y wi l l  b e  e n c o u n te r e d  at th e  to p  o f th e  o p e n i n g
[ 86: A. 1 3 . 5 . 1 1 . 2 . 8 ]

A.15.3.1 .1 .11 .2(J)    B u r n -o ff p i l o ts  ar e  n o t to  b e  i n te r r u p te d  b y
an y a c ti o n  o th e r  th an  c l o s i n g  o f th e i r  i n d i vi d u al  m an u al  s h u to ff
val ve  o r  c l o s i n g  o f th e  m ai n  e q u i p m e n t m a n u a l  s h u to ff va l ve .
[ 86: A. 1 3 . 5 . 1 1 . 2 . 1 0 ]

A.15.3.1 .1 .11 .3    Re ga r d i n g  i te m s  1 5 . 3 . 1 . 1 . 1 1 . 3 ( 2 )  an d
1 5 . 3 . 1 . 1 . 1 1 . 3 ( 5 ) ,  o n c e  a d o o r  b e g i n s  to  o p e n ,  i t i s  i n te n d e d  th at
th e  d o o r  wi l l  b e  p e r m i tte d  to  o p e n  c o m p l e te l y.  T h e  i n te r l o c k i s
o n l y i n te n d e d  to  p r e ve n t a  c l o s e d  d o o r  fr o m  o p e n i n g.  F l a m e
c u r ta i n s  ar e  o fte n  u s e d  to  m i n i m i z e  th e  i n g r e s s  o f a i r  i n to  a
fu r n ac e  th r o u g h  an  o p e n  fu r n ac e  d o o r  to  p r e ve n t p r o c e s s
u p s e t an d  n o t fo r  th e  p u r p o s e  o f p r o vi d i n g th e  i g n i ti o n  s o u r c e
fo r  fammable  atm o s p h e r e  e x i ti n g fr o m  th e  d o o r.
[ 86: A. 1 3 . 5 . 1 1 . 3 ]

A.15.3.1 .1 .11 .3(2)    I t i s  r e c o gn i z e d  th at m a i n tai n i n g  a  r e l i ab l e
s o u r c e  o f i gn i ti o n  i s  c r i ti c a l  to  a vo i d  e x p l o s i o n  at a n  o p e n  d o o r
fr o m  wh i c h  fammable  atm o s p h e r e  ga s  i s  fowing.  O n c e  a d o o r
b e g i n s  to  o p e n  o r  i s  fu l l  o p e n ,  th e  fame  c u r tai n  p i l o t fame
s u p e r vi s i o n  an d  fame  c u r tai n  l o w a n d  h i gh  ga s  i n te r l o c ks  c a n
b e  i g n o r e d  p r o vi d e d  th at fame  c u r ta i n  fame  i s  s e n s e d  b y an
i n d e p e n d e n t fame  s u p e r vi s i o n  s ys te m .  [ 86: A. 1 3 . 5 . 1 1 . 3 ( 2 ) ]

A.15.3.1 .1 .11 .3(7)    T h e  m an u al  o ve r r i d e  i s  p r o vi d e d  fo r  a b n o r ‐
m a l  c o n d i ti o n s  to  p e r m i t th e  m a n u al  r e m o val  o f s p e c i al  [ h yd r o ‐
ge n ]  a tm o s p h e r e s  fr o m  th e  fu r n ac e .  [ 86: A. 1 3 . 5 . 1 1 . 3 . 7 ]

A.15.3.1 .1 .11 .6(A)(1)    P u r g e  e ffe c ti ve n e s s  c a n  b e  c o m p r o m i s e d
b y a c ti o n s  s u c h  as  o p e r a ti n g fu r n ac e  d o o r s ,  o p e r a ti n g q u e n c h
e l e vato r s ,  i n tr o d u c i n g  wo r k,  an d  o p e r ati n g  fan s  n o t i n c l u d e d  i n
th e  p u r g e  p r o c e s s .  P u r g e  e ffe c ti ve n e s s  c an  a l s o  b e  c o m p r o ‐
m i s e d  b y n o t r u n n i n g  fan s  r e q u i r e d  to  e ffe c t th e  p u r ge .  Avo i d ‐
i n g  s u c h  a c ti o n s  c a n  b e  ac c o m p l i s h e d  b y wr i tte n  o p e r ati n g
p r o c e d u r e s  o r  i n te r l o c ks .  [ 86: A. 1 3 . 5 . 1 1 . 6 . 1 . 1 ]

A.15.3.1 .1 .11 .6(D)    Verifcation  o f fammable  s p e c i a l  [ h yd r o ‐
ge n ]  atm o s p h e r e  s afe ty s h u to ff val ve s  b e i n g c l o s e d  c an  b e
ac c o m p l i s h e d  b y o p e r ato r  o b s e r vati o n  [ 86: A. 1 3 . 5 . 1 1 . 6 . 4 ]

A.15.3.1 .1 .11 .6(G)    F l am m ab l e  atm o s p h e r e –a i r  i n te r fa c e s
o c c u r  a t d o o r s ,  o p e n  e n d s ,  effuents,  an d  o th e r  l o c a ti o n s  wh e r e
th e  fammable  a tm o s p h e r e  c o n ta c ts  ai r.  Ac ti ve  s o u r c e s  o f i g n i ‐
ti o n  i n c l u d e  d o o r  b u r n -o ff p i l o ts ,  fame  c u r tai n s ,  m an u al

to r c h e s ,  d o o r  effuents  ab o ve  1 4 0 0 ° F  ( 7 6 0 ° C ) ,  gl o w p l u gs ,  an d
h o t d o o r  p a r ts  ab o ve  1 4 0 0 ° F  ( 7 6 0 ° C ) .  Atm o s p h e r e –a i r  i n te r fa‐

c e s  c an  b e  a vo i d e d  b y a  n i tr o g e n  s e al .  [ 86: A. 1 3 . 5 . 1 1 . 6 . 7 ]

Wh e r e  a  fu r n ac e  h as  o p e n  e n d s  o r  d o o r s ,  a fame  o f e s tab ‐
l i s h e d  c h ar a c te r  a p p e ar i n g  at o p e n  e n d s  o r  atm o s p h e r e  effu‐
ents  i n d i c ate s  th a t th e  atm o s p h e r e  i n tr o d u c ti o n  h as  b e e n

c o m p l e te d  o r  i s  b e i n g  m a i n tai n e d .  [ 86: A. 1 3 . 5 . 1 1 . 6 . 7 ]

F u r n ac e s  wi th o u t o p e n  e n d s  o r  d o o r s ,  s u c h  as  b e l l  fu r n a c e s
an d  s tr i p  p r o c e s s i n g fu r n a c e s  wi th  s e a l e d  e n tr an c e  an d  e x i t,

m i gh t n o t h ave  i g n i te d  effuent l i n e s .  As  s u c h ,  th e  o p e r ato r
m i gh t n o t kn o w i f o r  wh e n  th e  fammable  a tm o s p h e r e  i n tr o ‐

d u c ti o n  i s  c o m p l e te ;  h o we ve r,  b e c au s e  th e  fu r n ac e  i s  s e a l e d
a n d  p o s i ti ve  p r e s s u r e  i s  m a i n tai n e d ,  th i s  i s  n o t a s afe ty c o n c e r n .
T h e  o p e r a to r  i s  n o t u s i n g th e  effuent fame  a s  a n  i n d i c a to r  fo r

d e te r m i n i n g  wh e n  to  c yc l e  l o ad s  o r  o p e r a te  d o o r s .
[ 86: A. 1 3 . 5 . 1 1 . 6 . 7 ]

T h e  c h ar ac te r  o f th e  fame  a t fu r n ac e  o p e n  e n d s  an d  s p e c i al
[ h yd r o g e n ]  atm o s p h e r e  effuents  i s  a  fu n c ti o n  o f th e  specifc

fu r n ac e .  I t i s  e s s e n ti al  th at th e  fu r n ac e  o p e r ato r  b e  tr ai n e d  to
r e c o g n i z e  th e  “ e s tab l i s h e d  c h a r ac te r ”  o f th e s e  fames
[ 86: A. 1 3 . 5 . 1 1 . 6 . 7 ]

A.15.3.1 .1 .11 .6(H)    T h e  fu r n ac e  vo l u m e  i n c l u d e s  c h am b e r s ,
z o n e s ,  c o ve r s ,  a n d  r e to r ts  th a t c o n tai n  th e  fammable  s p e c i al

[ h yd r o ge n ]  atm o s p h e r e  wi th i n  th e  fu r n ac e .  D u c two r k a s s o c i ‐
a te d  wi th  r e c i r c u l a ti n g fan s  s u c h  a s  j e t c o o l e r s  ar e  c o n s i d e r e d
p ar t o f th e  fu r n ac e  vo l u m e ,  as  a r e  fe atu r e s  s u c h  a s  l a r ge  d o o r

h o u s i n g s  o r  c h a m b e r s  a n d  l ar g e  p u s h e r  c h ai n  o r  m e c h a n i s m
h o u s i n gs  th at a r e  e x p o s e d  to  th e  fammable  s p e c i a l  [ h yd r o ge n ]
a tm o s p h e r e .  [ 86: A. 1 3 . 5 . 1 1 . 6 . 8 ]

A.15.3.1 .1 .11 .6(K)(4)    O i l  l e ve l  d i r e c tl y a ffe c ts  th e  vo l u m e  o f
th e  ve s ti b u l e .  F l am m ab l e  s p e c i a l  [ h yd r o ge n ]  atm o s p h e r e  i n tr o ‐
d u c ti o n  s h o u l d  n o t b e g i n  wi th o u t q u e n c h  o i l  b e i n g a t th e

ap p r o p r i a te  l e ve l .  Atm o s p h e r e  i n tr o d u c ti o n  s h o u l d  n o t b e
i n te r r u p te d  o n c e  s tar te d .  [ 86: A. 1 3 . 5 . 1 1 . 6 . 1 1 ( 4 ) ]

Δ A.15.3.1 .1 .11 .6(L)    T h e  c h a r ac te r  o f th e  fame  a t fu r n ac e  o p e n
e n d s  a n d  s p e c i al  a tm o s p h e r e  effuents  wi l l  b e  a fu n c ti o n  o f th e
specifc  fu r n a c e .  I t i s  e s s e n ti al  th at th e  fu r n ac e  o p e r a to r  b e

tr a i n e d  to  r e c o g n i z e  th e  “ e s ta b l i s h e d  c h ar a c te r ”  o f th e s e
fames.  I n  a d d i ti o n ,  th e  o p e r a to r  s h o u l d  b e  a war e  o f th e  typ i c al
ti m i n g fo r  fame  to  ap p e a r  a t o p e n  e n d s  a n d  effuent ve n ts .

F u r n ac e s ,  s u c h  a s  h e a ti n g- c o ve r  typ e s ,  th at h a ve  n o  o p e n
e n d s ,  d o o r s ,  o r  effuent l i n e s  wi l l  h a ve  n o  fe atu r e s  to  p r o vi d e

i n d i c a to r s  o f vi s i b l e  fame.  T h i s  i s  a n  ac c e p tab l e  ar r an g e m e n t
a n d  i s  ad d r e s s e d  b y th e  specifc  fu r n ac e  d e s i gn  a n d  o p e r a ti n g

i n s tr u c ti o n s .

[ 86: A. 1 3 . 5 . 1 1 . 6 . 1 2 ]

A.15.3.1 .1 .11 .7(B)(1)    B u r n - i n  e ffe c ti ve n e s s  c a n  b e  c o m p r o ‐
m i s e d  b y a c ti o n s  th a t ar e  n o t i n c l u d e d  i n  th e  b u r n -i n  o p e r ati n g

i n s tr u c ti o n s .  F u r n a c e  d o o r s ,  q u e n c h  e l e va to r s ,  an d  fan s  s h o u l d
n o t b e  o p e r ate d  e x c e p t i n  ac c o r d an c e  wi th  wr i tte n  b u r n -i n

o p e r ati n g  i n s tr u c ti o n s .  Wo r k s h o u l d  n o t b e  i n tr o d u c e d  i n to  a
fu r n a c e  d u r i n g  th e  b u r n -i n  p r o c e s s .  B u r n -i n  e ffe c ti ve n e s s  c an
a l s o  b e  c o m p r o m i s e d  b y r u n n i n g  o r  n o t r u n n i n g  fan s  i n

ac c o r d an c e  wi th  wr i tte n  b u r n -i n  i n s tr u c ti o n s .
[ 86: A. 1 3 . 5 . 1 1 . 7 . 2 . 1 ]

A.15.3.1 .1 .11 .7(C)    T h e  b u r n -i n  p r o c e s s  i s  a n ti c i p a te d  to
r e d u c e  th e  o x yg e n  l e ve l  wi th i n  th e  fu r n a c e  to  a  p o i n t at o r
b e l o w 1  p e r c e n t as  th e  o x yge n  i n  ai r  i s  c o n s u m e d  b y th e  b u r n -

i n  p r o c e s s .  [ 86: A. 1 3 . 5 . 1 1 . 7 . 3 ]
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A.15.3.1 .1 .11 .7(D)    An y fammable  a tm o s p h e r e  g as  i n tr o d u c e d
i n to  a c h am b e r  a t o r  ab o ve  1 4 0 0 ° F  ( 7 6 0 ° C )  wi l l  b e  r e l i a b l y i g n i ‐
te d  b y au to -i g n i ti o n .  An  a l te r n ati ve  m e th o d  o f a tm o s p h e r e  ga s
i gn i ti o n ,  b e yo n d  j u s t th e  b u r n i n g fame  fr o n t,  m i gh t b e  n e e d e d
wh e r e  th e  b u r n i n g  a tm o s p h e r e  ga s  e n te r s  c h am b e r s  b e l o w
1 4 0 0 ° F  ( 7 6 0 ° C ) .  [ 86: A. 1 3 . 5 . 1 1 . 7 . 4 ]

A.15.3.1 .1 .11 .7(E)    L o n g c o o l i n g tu n n e l s  c an  e x ti n gu i s h  th e
b u r n i n g  atm o s p h e r e  fame  fr o n t b y c o o l i n g  th e  a tm o s p h e r e  ga s
as  i t m o ve s  a l o n g th e  l e n g th  o f th e  tu n n e l .  [ 86: A. 1 3 . 5 . 1 1 . 7 . 5 ]

A.15.3.1 .1 .11 .7(F)    I n  s o m e  fu r n ac e  d e s i g n s ,  s u c h  a s  th e  Typ e
I I  fu r n a c e  ( i n te g r al  q u e n c h  b atc h  fu r n ac e ) ,  m an u al  to r c h e s
m i gh t b e  n e e d e d  as  a m e an s  to  r e l i ab l y i g n i te  fammable  atm o s ‐
p h e r e  ga s  as  i t fows  i n to  th e  c o o l  ve s ti b u l e  c h am b e r  fr o m  th e
h o t h e a ti n g c h am b e r.  Wr i tte n  b u r n -i n  i n s tr u c ti o n s  fo r  th e
specifc  fu r n ac e  wi l l  o u tl i n e  th e  specifc  s e q u e n c e  to  fo l l o w fo r
b u r n -i n .  T h e  fo l l o wi n g b u r n -i n  p r o c e d u r e  fo r  a  Typ e  I I  fu r n a c e
i s  p r o vi d e d  a s  o n e  e x am p l e :

( 1 ) Atm o s p h e r e  g as  i s  i n tr o d u c e d  i n to  th e  h o t h e ati n g  c h a m ‐
b e r  an d  au to -i g n i te s .  I g n i ti o n  i s  vi s u al l y verifed,  a n d  th e
i n n e r  h e ati n g  c h a m b e r  d o o r  i s  c l o s e d .

( 2 ) A p o r t i n  th e  c l o s e d  i n n e r  d o o r  al l o ws  th e  a tm o s p h e r e  ga s
to  fow fr o m  th e  h e a ti n g c h a m b e r  to  th e  ve s ti b u l e  c h a m ‐
b e r.  A m a n u a l  to r c h  p l ac e d  a t th i s  p o r t i g n i te s  th e  atm o s ‐

p h e r e  ga s .
( 3 ) O n c e  i g n i ti o n  i s  vi s u a l l y verifed  at th e  i n n e r  d o o r  p o r t,

th e  m an u a l  to r c h  i s  r e m o ve d  an d  th e  o u te r  ve s ti b u l e  d o o r
i s  c l o s e d ,  a n d  th e  ve s ti b u l e  i s  a l l o we d  to  b u r n -i n .

( 4 ) B u r n -i n  o f th e  ve s ti b u l e  i s  vi s u a l l y confrmed  o n c e  a
s te ad y fame  a p p e a r s  at th e  ve s ti b u l e  a tm o s p h e r e  effuent
ve n t.

[ 86: A. 1 3 . 5 . 1 1 . 7 . 6 ]

A.15.3.1 .1 .11 .7(G)    To  a vo i d  a d ve r s e  e ffe c ts  o n  th e  s p e c i al
[ h yd r o ge n ]  atm o s p h e r e  i n  th e  h e at z o n e  a n d  ve s ti b u l e ,  th e
h e ati n g  c h am b e r  fan  i s  tu r n e d  o ff wh e n  th e  i n n e r  d o o r  i s  o p e n .
O n e  ad ve r s e  e ffe c t c o u l d  b e  th e  c r e ati o n  o f atm o s p h e r e  fow i n
th e  ve s ti b u l e ,  th a t c o u l d  d r aw i n  ai r  ar o u n d  th e  s te e l -to - s te e l
c o n tac t b e twe e n  th e  ve s ti b u l e  d o o r  a n d  th e  fu r n a c e  s h e l l .  Al s o ,
d u r i n g i n i ti a l  fu r n ac e  b u r n - i n ,  th e  o p e r ato r  typ i c a l l y wi l l  b e
i n s tr u c te d  to  vi s u a l l y ve r i fy i g n i ti o n  o f th e  s p e c i al  [ h yd r o ge n ]
atm o s p h e r e  ga s  as  i t i s  i n tr o d u c e d  to  th e  h e ati n g  c h am b e r.
T h a t r e q u i r e s  b o th  th e  h e ati n g  c h am b e r  d o o r  an d  th e  ve s ti b u l e
d o o r  to  b e  o p e n  an d  th e  h e ati n g  c h am b e r  fan  to  b e  o ff to  a l l o w
vi s u al  o b s e r vati o n .  [ 86: A. 1 3 . 5 . 1 1 . 7 . 7 ]

A.15.3.1 .1 .11 .7(H)    D u r i n g  b u r n -i n ,  c o o l i n g  z o n e  fan s  a r e  to
b e  tu r n e d  o ff to  avo i d  d i s r u p ti n g th e  fame  fr o n t b u r n i n g
th r o u g h  th e  c o o l i n g c h am b e r.  I f a  fu r n ac e  i s  b e i n g  h e ate d ,  th e
h e a t z o n e  fan s  typ i c a l l y n e e d  to  b e  ke p t i n  s e r vi c e  to  avo i d  th e r ‐
m a l  d am a ge .  I n  a c o o l i n g c h a m b e r,  th e  o n l y i g n i ti o n  s o u r c e  i s
th e  fame  fr o n t,  wh i c h  i s  e as i l y d i s r u p te d  b y fa n  c i r c u l a ti o n .  I n
a h e a ti n g c h am b e r  ab o ve  1 4 0 0 ° F  ( 7 6 0 ° C ) ,  th e  e n ti r e  e n vi r o n ‐
m e n t i s  a n  i gn i ti o n  s o u r c e ,  a n d  fan s  wi l l  n o t ad ve r s e l y a ffe c t th e
r e l i a b i l i ty o f i g n i ti o n .  [ 86: A. 1 3 . 5 . 1 1 . 7 . 8 ]

A.15.3.1 .1 .11 .7(I)(2)    T h e  r e to r t o r  i n n e r  c o ve r  o f a Typ e  VI I I
fu r n ac e  an d  th e  c o ve r  o f a  Typ e  I X  fu r n ac e  wi l l  b e  s e al e d  to  th e
b a s e .  S a n d  s e a l s ,  o i l  s e al s ,  o r  r u b b e r  s e al s  c a n  b e  u s e d .
[ 86: A. 1 3 . 5 . 1 1 . 7 . 9 . 2 ]

A.15.3.1 .1 .11 .7(K)    T h e  c h ar ac te r  o f th e  fame  a t fu r n a c e  o p e n
e n d s  a n d  s p e c i a l  [ h yd r o ge n ]  a tm o s p h e r e  effuents  wi l l  b e  a
fu n c ti o n  o f th e  specifc  fu r n ac e .  I t i s  e s s e n ti al  th at th e  fu r n a c e
o p e r ato r  b e  tr ai n e d  to  r e c o gn i z e  th e  “ e s tab l i s h e d  c h a r ac te r ”  o f
th e s e  fames.  I n  ad d i ti o n ,  th e  o p e r a to r  s h o u l d  b e  a war e  o f th e

typ i c a l  ti m i n g  fo r  fame  to  ap p e ar  a t o p e n  e n d s  an d  effuent
ve n ts .  [ 86: A. 1 3 . 5 . 1 1 . 7 . 1 1 ]

F u r n ac e s ,  s u c h  a s  h e a ti n g- c o ve r  typ e s ,  th at h a ve  n o  o p e n
e n d s ,  d o o r s ,  o r  effuent l i n e s  wi l l  h a ve  n o  fe atu r e s  to  p r o vi d e
i n d i c ato r s  o f vi s i b l e  fame.  T h i s  i s  a n  ac c e p tab l e  ar r a n ge m e n t

a n d  i s  ad d r e s s e d  b y th e  specifc  fu r n ac e  d e s i gn  a n d  o p e r a ti n g
i n s tr u c ti o n s .  [ 86: A. 1 3 . 5 . 1 1 . 7 . 1 1 ]

A.15.3.1 .1 .11 .8(A)(1)    P u r g e  e ffe c ti ve n e s s  c a n  b e  c o m p r o m i s e d
b y a c ti o n s  s u c h  as  o p e r a ti n g fu r n ac e  d o o r s ,  o p e r a ti n g q u e n c h
e l e vato r s ,  i n tr o d u c i n g  wo r k,  an d  o p e r ati n g  fan s  n o t i n c l u d e d  i n

th e  p u r g e  p r o c e s s .  P u r g e  e ffe c ti ve n e s s  c an  a l s o  b e  c o m p r o ‐
m i s e d  b y n o t r u n n i n g  th e  fan s  r e q u i r e d  to  e ffe c t th e  p u r g e .
Avo i d i n g s u c h  ac ti o n s  s h o u l d  b e  ad d r e s s e d  b y wr i tte n  o p e r a t‐

i n g p r o c e d u r e s  o r  b y i n te r l o c ks .  [ 86: A. 1 3 . 5 . 1 1 . 8 . 1 . 1 ]

A.15.3.1 .1 .11 .8(C)    O x i d i z i n g  s p e c i al  atm o s p h e r e  g as e s  i n c l u d e
a i r.  [ 86: A. 1 3 . 5 . 1 1 . 8 . 3 ]

A.15.3.1 .1 .11 .8(D)    T h e  fu r n a c e  vo l u m e  i n c l u d e s  c h am b e r s ,
z o n e s ,  c o ve r s ,  a n d  r e to r ts  th a t c o n tai n  th e  fammable  s p e c i al

[ h yd r o ge n ]  atm o s p h e r e  wi th i n  th e  fu r n ac e .  D u c two r k a s s o c i ‐
ate d  wi th  r e c i r c u l ati n g  fa n s  s u c h  a s  j e t c o o l e r s  i s  c o n s i d e r e d

p ar t o f th e  fu r n ac e  vo l u m e ,  as  i s  th e  s p ac e  i n  th e  fu r n ac e  s te e l
s h e l l  b u t a b o ve  th e  r e fr a c to r y a r c h  i f fammable  s p e c i a l  [ h yd r o ‐
ge n ]  a tm o s p h e r e  g as  c an  p e r m e ate  i n to  th at s p a c e .  F l am m ab l e

s p e c i al  [ h yd r o ge n ]  atm o s p h e r e  ga s e s  s u c h  as  h yd r o ge n  m a y
m i gr a te  i n to  an  a b o ve -ar c h  s p a c e  d u r i n g  o p e r ati o n  a n d  m ay
r e q u i r e  s p e c i a l  p u r g i n g  fa c i l i ti e s  to  r e m o ve  th e m  d u r i n g  th e

p u r g e -o u t p r o c e s s .  [ 86: A. 1 3 . 5 . 1 1 . 8 . 4 ]

A.15.3.1 .1 .11 .8(E)    C h am b e r s  i n c l u d e  h e a ti n g c h am b e r,  c o o l ‐
i n g c h a m b e r s ,  ve s ti b u l e s ,  d o o r  h o u s i n g s ,  a n d  o th e r  atm o s p h e r e

c o n tai n i n g  vo l u m e s  th at wo u l d  c r e ate  a h az ar d  i f n o t specif‐
cally p u r ge d .  [ 86: A. 1 3 . 5 . 1 1 . 8 . 5 ]

A.15.3.1 .1 .11 .9(B)(1)    B u r n -o u t e ffe c ti ve n e s s  c an  b e  c o m p r o ‐
m i s e d  b y a c ti o n s  th at ar e  n o t i n c l u d e d  i n  th e  b u r n -o u t o p e r a t‐

i n g i n s tr u c ti o n s .  F u r n a c e  d o o r s ,  q u e n c h  e l e vato r s ,  an d  fa n s
s h o u l d  n o t b e  o p e r ate d  e x c e p t i n  ac c o r d an c e  wi th  wr i tte n
b u r n -o u t o p e r a ti n g i n s tr u c ti o n s .  Wo r k s h o u l d  n o t b e  i n tr o ‐

d u c e d  i n to  a fu r n ac e  d u r i n g  th e  b u r n -o u t p r o c e s s .  B u r n - o u t
e ffe c ti ve n e s s  c an  al s o  b e  c o m p r o m i s e d  b y n o t r u n n i n g fa n s
r e q u i r e d  to  e ffe c t th e  b u r n -o u t.  [ 86: A. 1 3 . 5 . 1 1 . 9 . 2 . 1 ]

A.15.3.1 .1 .11 .9(B)(2)    Typ i c al l y,  wh e r e  d o o r s  ar e  p r e s e n t,  th e
b u r n o u t p r o c e d u r e  wi l l  b e g i n  wi th  a l l  i n n e r  an d  o u te r  d o o r s

c l o s e d .  T h e  o u te r m o s t c h am b e r  wi l l  b e  b u r n e d -o u t frst.
[ 86: A. 1 3 . 5 . 1 1 . 9 . 2 . 2 ]

A.15.3.1 .1 .11 .9(C)    B u r n -o u t c an  b e  ac c o m p l i s h e d  b y i n tr o d u c ‐
i n g  ai r  b y a  n u m b e r  o f m e a n s ,  i n c l u d i n g o p e n  e n d s ,  ve n ts ,
o p e n i n g  d o o r s ,  h e ad e r  an d  fe e d  p i p e s  o f b u r n o u t m an i fo l d

s ys te m s ,  p r o c e s s  ai r  p i p i n g ,  an d  s o  fo r th .  U n c o n tr o l l e d  a d m i s ‐
s i o n  o f ai r  c an  l e a d  to  e x c e s s i ve  te m p e r a tu r e s  i n  s o m e  fu r n ac e s .
O p e n i n g  d o o r s  c a n  c r e a te  a d r a ft th r o u g h  a  fu r n a c e  th at c a n

p u s h  i gn i te d  a tm o s p h e r e  o u t o th e r  o p e n i n g s ,  an d  i n s tr u c ti o n s
s h o u l d  b e  c a r e fu l l y d e ve l o p e d  to  avo i d  s u c h  c o n d i ti o n s .  T h e
wr i tte n  p r o c e d u r e s  r e q u i r e d  i n  1 5 . 3 . 1 . 1 . 1 1 . 9 ( B )  s h o u l d  p r o vi d e
s te p - b y-s te p  i n s tr u c ti o n s  fo r  a c o n tr o l l e d  b u r n -o u t.
[ 86: A. 1 3 . 5 . 1 1 . 9 . 3 ]

Wi th  h o t fu r n a c e s  th at c o n ta i n  s o o t,  i t i s  p o s s i b l e  to  r e -fo r m
a  fammable  atm o s p h e r e  th at m ay r e q u i r e  ad d i ti o n al  a i r  i n tr o ‐

d u c ti o n  p r o c e d u r e s  to  e ffe c t fnal  b u r n -o u t.  [ 86: A. 1 3 . 5 . 1 1 . 9 . 3 ]
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A. 1 5 . 3 . 1 . 1 . 1 1 . 9 ( D )    F o r  Typ e  I X  fu r n ac e s  ( c o ve r ) ,  vi s u al  o b s e r ‐
va ti o n  o f b u r n -o u t i s  n o t p o s s i b l e  u n ti l  th e  c o ve r  i s  r e m o ve d .
Wr i tte n  b u r n -o u t p r o c e d u r e s  wi l l  typ i c al l y i n c l u d e  th e  fo l l o wi n g
ac ti o n s :

( 1 ) Re l e as e  th e  m e c h a n i c al  c l am p i n g d e vi c e s  h o l d i n g th e
h e ati n g  c o ve r  to  th e  b as e .

( 2 ) I g n i te  th e  m a n u al  b u r n -o ff p i l o ts  o r  to r c h e s  an d  p l a c e
th e m  i n  p o s i ti o n  at th e  h e a ti n g c o ve r  to  th e  b as e  s e al  to
i g n i te  fammable  ga s e s  th a t m i g h t b e  p r e s e n t i n s i d e  th e

c o ve r  a s  th e  s e al  i s  b r o ke n .

[ 8 6 : A. 1 3 . 5 . 1 1 . 9 . 4 ]

A. 1 5 . 3 . 1 . 1 . 1 1 . 9 ( D ) ( 2 ) ( a)    T h e  r e q u i r e m e n t fo r  th e  fu r n ac e  to
b e  u n d e r  p o s i ti ve  p r e s s u r e  i s  to  e l i m i n ate  th e  c o n c e r n  th a t an

i n d e te r m i n a te  atm o s p h e r e  m i g h t d e ve l o p  i n  fu r n a c e  c h am b e r s
u n d e r  1 4 0 0 ° F  ( 7 6 0 ° C ) .  Wi th  s o m e  fu r n ac e  b u r n -o u t p r o c e ‐

d u r e s  ( e . g . ,  o p e n i n g d o o r s ) ,  i n i ti ati n g  th e  b u r n -o u t c an  c au s e
th e  fu r n ac e  p r e s s u r e  to  i m m e d i ate l y fal l  to  atm o s p h e r i c  p r e s ‐
s u r e .  T h i s  i s  n o t an  i s s u e  o n c e  th e  b u r n -o u t p r o c e d u r e  h a s

b e e n  i n i ti ate d .  [ 8 6 : A. 1 3 . 5 . 1 1 . 9 . 3 . 4 ( 2 ) ( a ) ]

A. 1 5 . 3 . 1 . 1 . 1 1 . 9 ( G )    D u r i n g  b u r n -o u t,  fan s  ar e  to  b e  tu r n e d  o ff
to  a vo i d  d i s r u p ti n g th e  fame  fr o n t b u r n i n g  b a c k th r o u g h  to

th e  s p e c i a l  [ h yd r o g e n ]  atm o s p h e r e  g as  s o u r c e .
[ 8 6 : A. 1 3 . 5 . 1 1 . 9 . 7 ]

A. 1 5 . 3 . 1 . 1 . 1 1 . 1 0    S e e  F i gu r e  A. 1 5 . 3 . 1 . 1 . 1 1 . 1 0 .

[ 8 6 : A. 1 3 . 5 . 1 1 . 1 0 ]
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FI G U RE  A. 1 5 . 3 . 1 . 1 . 1 1 . 1 0   E x am p l e s  o f S p e c i al  Atm o s p h e re  E q u i p m e n t P i p i n g.  [ 8 6 : Fi gu re  A. 1 3 . 5 . 1 1 . 1 0 ]



AN N E X  A 2-157
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A.15.3.1 .1 .11 .10(B)(1)    O n e  o f th e  fo l l o wi n g  s e c o n d a r y e q u i p ‐
m e n t i s o l ati o n  m e an s  s h o u l d  b e  p r o vi d e d  i m m e d i ate l y d o wn ‐
s tr e am  o f th e  e q u i p m e n t i s o l a ti o n  m an u a l  s h u to ff va l ve  s o  th at
n o  l e akag e  o f g as  p as s i n g  th e  e q u i p m e n t i s o l ati o n  m an u al  s h u t‐
o ff val ve  c an  e n te r  th e  d o wn s tr e am  s p e c i al  [ h yd r o g e n ]  atm o s ‐
p h e r e  p i p i n g :

( 1 ) Re m o vab l e  s p o o l  p i e c e
( 2 ) B r e akab l e  fanges  wi th  l o o s e l y i n s e r te d  b l i n d i n g  p l ate
( 3 ) B l i n d i n g  p l ate  s e c u r e d  b e twe e n  fanges
( 4 ) A s e c o n d  val ve  wi th  ve n ti n g  o f th e  i n te r m e d i ate  s p a c e

b e twe e n  th i s  va l ve  an d  th e  s p e c i a l  [ h yd r o g e n ]  atm o s ‐
p h e r e  m a n u a l  i s o l a ti o n  val ve

[ 86: A. 1 3 . 5 . 1 1 . 1 0 . 2 . 1 ]

Two  m an u al  s h u to ff va l ve s  i n  s e r i e s  wi th o u t ve n ti n g o f th e
i n te r m e d i a te  s p a c e  wo u l d  n o t b e  c o n s i d e r e d  e q u i val e n t to  th e
ab o ve  c h o i c e s .  [ 86: A. 1 3 . 5 . 1 1 . 1 0 . 2 . 1 ]

A.15.3.1 .1 .11 .10(B)(6)(e)    L u b r i c a te d  p l u g  va l ve s  r e q u i r e  l u b r i ‐
c a ti o n  wi th  th e  p r o p e r  l u b r i c a n t to  s h u t o ff ti g h tl y.  T h e  ap p l i c a‐
ti o n  a n d  typ e  o f g as  u s e d  c an  r e q u i r e  fr e q u e n t l u b r i c ati o n  to
m a i n tai n  th e  a b i l i ty o f th e  val ve  to  s h u t o ff ti gh tl y wh e n
n e e d e d .  [ 86: A. 6 . 3 . 4 . 1 . 6 ]

A.15.3.1 .1 .11 .10(C)(2)    S e e  A. 1 5 . 3 . 1 . 1 . 3 . 1 .

[ 86: A. 1 3 . 5 . 1 1 . 1 0 . 3 . 2 ]

A.15.3.1 .1 .11 .10(C)(4)    Ve n t l i n e  s i z i n g  i n  ac c o r d an c e  wi th
1 5 . 3 . 1 . 1 . 1 1 . 1 0 ( C ) ( 4 )  i s  i n te n d e d  to  avo i d  th e  o p e r ati o n  o f i n d i ‐
vi d u a l  d e vi c e s  fr o m  affe c ti n g  ( c r o s s -i m p u l s i n g )  o th e r  m an i fo l ‐
d e d  d e vi c e s  u n d e r  n o r m a l  o p e r a ti o n s .  U n d e r  u p s e t c o n d i ti o n s
i n  wh i c h  a d e vi c e  d i ap h r ag m  fa i l s ,  th e  ve n t l i n e  wi l l  d i r e c t th e
r e l e as e  g as  to  a s u i ta b l e  l o c ati o n ,  b u t i t wo u l d  n o t n e c e s s ar i l y
avo i d  ad ve r s e  c o n tr o l  i m p ac t u p o n  o th e r  m a n i fo l d e d  d e vi c e s .  I t
s h o u l d  b e  n o te d  th a t s p e c i al  [ h yd r o g e n ]  a tm o s p h e r e  g as e s  typ i ‐
c a l l y o p e r ate  at l o w p r e s s u r e  an d  u ti l i z e  r e gu l a to r s  wi th  l ar g e
d i a p h r a gm s  th a t a r e  m o r e  s e n s i ti ve  to  p r e s s u r e  p u l s e s  ac r o s s
i n te r c o n n e c te d  ve n t l i n e s .  [ 86: A. 1 3 . 5 . 1 1 . 1 0 . 3 . 4 ]

A.15.3.1 .1 .11 .10(D)(1)    Typ i c al l y,  r e l i e f val ve s  wo u l d  n o t b e
p r o vi d e d  fo r  ge n e r a te d  s p e c i a l  [ h yd r o ge n ]  atm o s p h e r e  g as e s .
Re l i e f val ve s  m i g h t n o t b e  n e e d e d  fo r  e n r i c h i n g ga s  wh e r e  th e
fu e l  g as  s u p p l y to  th e  fu r n ac e  i s  e q u i p p e d  wi th  m u l ti p l e  p r e s ‐
s u r e  r e g u l a to r s  a n d  wh e r e  th e  fa i l u r e  o f a n y o n e  p r e s s u r e  r e g u ‐
l ato r  wo u l d  n o t i n tr o d u c e  e x c e s s i ve  p r e s s u r e s  to  th e  s p e c i al
[ h yd r o ge n ]  atm o s p h e r e  s ys te m  d o wn s tr e am  o f th e  fai l e d  p r e s ‐
s u r e  r e g u l ato r.  Re l i e f va l ve s  m i g h t b e  n e e d e d  fo r  l i q u i d  s p e c i al
atm o s p h e r e s  o r  s p e c i al  [ h yd r o ge n ]  atm o s p h e r e  ga s e s  p r o vi d e d
fr o m  p r e s s u r i z e d  s to r a ge  ve s s e l s .  [ 86: A. 1 3 . 5 . 1 1 . 1 0 . 4 . 1 ]

A.15.3.1 .1 .11 .10(D)(2)    O ve r p r e s s u r i z ati o n  o f th e  l i q u i d  s p e c i a l
atm o s p h e r e  p i p i n g c an  o c c u r  i f l i q u i d  i s  i s o l a te d  i n  th e  p i p i n g
b e twe e n  c l o s e d  va l ve s  a n d  e x p o s e d  to  an  i n c r e as e  i n  te m p e r a‐
tu r e .  C l o s e d  val ve s  c a n  i n c l u d e  m an u al  val ve s ,  au to m ati c  val ve s ,
o r  s afe ty s h u to ff va l ve s .  O th e r  m e a n s  o f c o n tr o l l i n g  p r e s s u r e
c o u l d  i n c l u d e  an  ac c u m u l ato r  o r  a n  e x p an s i o n  tan k.
[ 86: A. 1 3 . 5 . 1 1 . 1 0 . 4 . 2 ]

A.15.3.1 .1 .11 .10(D)(3)    S e e  A. 1 5 . 3 . 1 . 1 . 1 1 . 1 0 ( C ) ( 2 ) .  Al s o ,  fo r
atm o s p h e r e  ga s e s  s u p p l i e d  i n  th e  l i q u i d  s ta te ,  r e l i e f val ve s  c a n
b e  p i p e d  b a c k to  th e  l i q u i d  s to r a ge  ve s s e l .  [ 86: A. 1 3 . 5 . 1 1 . 1 0 . 4 . 3 ]

A.15.3.1 .1 .11 .10(H)    Atm o s p h e r e  i m p i n ge m e n t o n  th e  te m p e r ‐
atu r e  c o n tr o l  th e r m o c o u p l e  c a n  r e s u l t i n  o ve rh e a ti n g o f th e
fu r n a c e  o r  e r r o n e o u s  c o n tr o l  r e ad i n g s  o n  th e  o ve r  te m p e r a tu r e
th e r m o c o u p l e .  [ 86: A. 1 3 . 5 . 1 1 . 1 0 . 8 ]

A.15.3.1 .1 .12.8    T h e  m e an s  c a n  b e  e i th e r  e l e c tr i c al  o r  m e c h an ‐
i c al .  M e c h an i c a l  m e a n s  wo u l d  i n c l u d e  th e  o p e r a ti o n  o f va l ve s

i n  th e  s p e c i al  [ h yd r o ge n ]  a tm o s p h e r e  p i p i n g.  F o r  s o m e  a p p l i ‐
c a ti o n s ,  a d d i ti o n al  m a n u al  ac ti o n  m i g h t b e  r e q u i r e d  to  b r i n g

th e  p r o c e s s  to  a  s a fe  c o n d i ti o n .  [ 86: A. 1 3 . 5 . 1 1 . 1 1 . 8 ]

A.15.3.1 .1 .12.10(A)    T h e  r e m o val  o f fammable  s p e c i al  [ h yd r o ‐
g e n ]  atm o s p h e r e s  b y b u r n -o u t,  p u r g e -o u t,  o r  e m e r g e n c y p u r ge -

o u t c an  b e  c a u s e d  b y m an u al  o r  au to m ati c  ac ti o n .  Tab l e
A. 1 5 . 3 . 1 . 1 . 1 2 . 1 0 ( A)  s u m m ar i z e s  wh e n  th e  a c ti o n  s h o u l d  b e

a u to m a ti c  an d  wh e n  i t c a n  b e  a u to m a ti c  o r  m an u al .
[ 86: A. 1 3 . 5 . 1 1 . 1 1 . 1 0 . 1 ]

P ar t 3  ad d r e s s e s  th e  c o n d i ti o n  wh e r e  th e r e  i s  a l o w fow o f
c a r r i e r  ga s  th at wi l l  n o t m ai n ta i n  p o s i ti ve  p r e s s u r e  wi th i n  a

c h a m b e r  th at i s  b e l o w 1 4 0 0 ° F  ( 7 6 0 ° C ) .  I f a  c h a m b e r  i s  ab o ve
1 4 0 0 ° F  ( 7 6 0 ° C ) ,  th e  l o w fow c o n d i ti o n  m i g h t al l o w fu r n a c e
p r e s s u r e  to  d r o p  a n d  m i g h t a l l o w a i r  infltration;  h o we ve r,

wh i l e  th i s  m i gh t l e ad  to  p r o c e s s  i s s u e s ,  i t i s  n o t a  s a fe ty i s s u e
r e q u i r i n g th e  r e m o va l  o f th e  s p e c i al  [ h yd r o g e n ]  atm o s p h e r e .
F o l l o wi n g o p e r ati n g  i n s tr u c ti o n s ,  th e  o p e r ato r  c an  wo r k to

r e s to r e  n o r m al  p r o c e s s  c o n d i ti o n s .  [ 86: A. 1 3 . 5 . 1 1 . 1 1 . 1 0 . 1 ]

I t s h o u l d  b e  n o te d  th at P a r t 3  d o e s  n o t i n vo l ve  an y m e as u r e ‐
m e n t o f th e  a c tu a l  fu r n ac e  p r e s s u r e .  Rath e r,  i t i s  b as e d  o n

c o m p a r i n g  th e  a c tu al  c ar r i e r  g as ( e s )  fow wi th  m i n i m u m  al l o w‐
a b l e  d e s i gn  fow r a te s .  T h e  ac tu al  c ar r i e r  ga s  fow i s  m e a s u r e d

wi th  fow s e n s o r s .  F u r n a c e  p r e s s u r e  i s  s u b j e c t to  fuctuation  d u e
to  ac ti o n s  s u c h  as  o p e r ati n g  d o o r s  a n d  l o ad i n g  o r  u n l o ad i n g

wo r k.  T h e  i n ad ve r te n t s h u td o wn  o f c ar r i e r  g as e s  d u e  to  a
r o u ti n e  fu r n ac e  p r e s s u r e  fuctuation  i s  c o n s i d e r e d  m o r e  o f a

p o te n ti a l  s afe ty h az ar d  th a n  th e  a c tu a l  p r e s s u r e  fuctuation
i ts e l f.  [ 86: A. 1 3 . 5 . 1 1 . 1 1 . 1 0 . 1 ]

A.15.3.1 .1 .12.11(B)    Wh e r e  e x o th e r m i c  g e n e r ate d  s p e c i al
a tm o s p h e r e  g as e s  ar e  u s e d  fo r  p u r g i n g ,  th e  fammable  c o n te n t
o f th e  g as  i s  m a i n tai n e d  at a l i m i te d  l e ve l  th a t wh e n  m i x e d  wi th

ai r  wo u l d  n o t e x c e e d  2 5  p e r c e n t o f L F L  a n d  th e r e fo r e  wo u l d
n o t n e e d  a  s afe ty s h u to ff val ve .  S e e  1 5 . 3 . 1 . 1 . 1 5 . 1  fo r  fu r th e r
g u i d a n c e  o n  m o n i to r i n g  o f p u r ge  g as e s  fo r  fammable  c o m p o ‐

n e n ts .  [ 86: A. 1 3 . 5 . 1 1 . 1 1 . 1 1 . 2 ]

A.15.3.1 .1 .12.11(E)    Re fe r  to  A. 7 . 4 . 1 0  o f N F PA 8 6  wh i c h
p r o vi d e s  a c o m p l e te  d i s c u s s i o n  o f l e ak te s t o p ti o n s .

A.15.3.1 .1 .12.12(D)    N o r m al  s h u td o wn  o f a fu r n ac e  b y b u r n -
o u t i s  a n  e x a m p l e  o f a p r ac ti c e  th at c au s e s  a  fu r n ac e  c h am b e r

to  l o s e  p o s i ti ve  p r e s s u r e .  H o we ve r,  th i s  l o s s  o f p o s i ti ve  p r e s s u r e
take s  p l a c e  a l o n g wi th  th e  c o n tr o l l e d  i n tr o d u c ti o n  o f a i r  to

e ffe c t th e  b u r n - o u t o f th e  fammable  atm o s p h e r e .  S afe ty s h u t‐
o ff val ve s  a r e  to  c l o s e  i n  r e s p o n s e  to  th i s  a c ti o n ,  b u t th e r e  i s  n o
s a fe ty i s s u e  wi th  th i s  i n te n d e d  c as e  o f fu r n ac e  p r e s s u r e  l o s s .

[ 86: A. 1 3 . 5 . 1 1 . 1 1 . 1 2 . 4 ]

T h e  u n i n te n d e d  i n te r r u p ti o n  o f a fu r n ac e  h e ati n g  s ys te m ,
u n i n te n d e d  l o s s  o f fu r n a c e  te m p e r atu r e ,  u n i n te n d e d  r e d u c ti o n

o f c a r r i e r  g as  fow,  o r  u n i n te n d e d  i n te r r u p ti o n  o f p o we r  a r e
e x a m p l e s  o f c o n d i ti o n s  th at c a n  c au s e  fu r n a c e  c h am b e r s  to

l o s e  p o s i ti ve  p r e s s u r e .  T h e s e  c o n d i ti o n s ,  h o we ve r,  c an  l e a d  to
th e  u n c o n tr o l l e d  infltration  o f a i r  i n to  fu r n a c e  c h am b e r s ,
wh i c h  c o u l d  r ap i d l y l e a d  to  an  u n s a fe  c o n d i ti o n  ( fas te r  th a n

o p e r ato r s  m i gh t b e  ab l e  to  r e s p o n d )  i n  s o m e  o f o r  al l  th e
c h a m b e r s .  C h a m b e r  te m p e r a tu r e  wi l l  infuence  wh e th e r  a n

u n s afe  c o n d i ti o n  c a n  d e ve l o p .  [ 86: A. 1 3 . 5 . 1 1 . 1 1 . 1 2 . 4 ]

Wh e r e  c h am b e r  te m p e r atu r e  i s  at o r  a b o ve  1 4 0 0 ° F  ( 7 6 0 ° C ) ,
th e  u n c o n tr o l l e d  ai r  infltration  c o u l d  c r e ate  p r o c e s s  q u al i ty

i s s u e s ;  h o we ve r,  i t i s  n o t a n ti c i p a te d  to  c r e ate  s a fe ty i s s u e s .  T h i s
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c o d e  h a s  n o  r e q u i r e m e n t to  i n i ti ate  th e  r e m o val  o f th e  s p e c i al
[ h yd r o g e n ]  atm o s p h e r e  i n  th i s  c as e .  I n s te ad ,  th e  o p e r ato r
s h o u l d  fo l l o w wr i tte n  o p e r a ti n g i n s tr u c ti o n s  a n d  wo r k to
r e s to r e  n o r m al  p r o c e s s  c o n d i ti o n s .  T h e  wr i tte n  o p e r ati n g
i n s tr u c ti o n s  c o u l d  i n c l u d e  d i r e c ti o n s  to  i m p l e m e n t a c o n tr o l ‐
l e d  fu r n a c e  s h u td o wn  i f c e r ta i n  specifed  c o n d i ti o n s  d e ve l o p .
[ 8 6 : A. 1 3 . 5 . 1 1 . 1 1 . 1 2 . 4 ]

Wh e r e  c h a m b e r  te m p e r atu r e  i s  b e l o w 1 4 0 0 ° F  ( 7 6 0 ° C ) ,  th e
u n c o n tr o l l e d  ai r  infltration  c o u l d  c r e ate  a n  e x p l o s i o n  h az ar d .
U n d e r  th e s e  c o n d i ti o n s ,  th e  s afe ty s h u to ff va l ve s  fo r  fammable
s p e c i al  [ h yd r o g e n ]  atm o s p h e r e s  wi l l  c l o s e ,  an d  th e  ac ti o n s
specifed  i n  1 5 . 3 . 1 . 1 . 1 2 . 1 0 ( B ) ( 1 )  s h o u l d  a u to m a ti c a l l y o c c u r.
[ 8 6 : A. 1 3 . 5 . 1 1 . 1 1 . 1 2 . 4 ]

Re g ar d i n g  1 5 . 3 . 1 . 1 . 1 2 . 1 2 ( D ) ,  wh e r e  a c ar r i e r  g as  ge n e r a te d
b y l i q u i d  d i s s o c i a ti o n  i s  u s e d ,  fu r n ac e  te m p e r atu r e s  n e e d  to  b e
m a i n tai n e d  a b o ve  a  te m p e r atu r e  th a t wi l l  m ai n tai n  r e l i ab l e
d i s s o c i ati o n  o f th e  l i q u i d .  I n  e a r l i e r  e d i ti o n s  o f N F PA 8 6 ,  th e
m i n i m u m  te m p e r a tu r e  was  s tate d  as  8 0 0 ° F  ( 4 2 7 ° C ) .  T h i s
specifc  va l u e  h a s  b e e n  r e m o ve d  fr o m  th e  s tan d ar d  b e c au s e
th e r e  i s  m o r e  th an  o n e  l i q u i d  u s e d  as  a s p e c i al  atm o s p h e r e ,
an d  e ac h  l i q u i d  s h o u l d  b e  e va l u ate d  fo r  th e  m i n i m u m  te m p e r a‐
tu r e  th a t wi l l  r e l i ab l y d i s s o c i a te  th a t l i q u i d  i n  th e  fu r n a c e .
Wh e r e  a r e l i ab l e  d i s s o c i ati o n  te m p e r a tu r e  i s  n o t m a i n tai n e d ,
th e  s p e c i a l  atm o s p h e r e  l i q u i d  m i g h t n o  l o n ge r  m ai n ta i n  a p o s i ‐
ti ve  fu r n ac e  p r e s s u r e .  O n c e  p o s i ti ve  fu r n ac e  p r e s s u r e  i s  l o s t,  ai r
infltration  wi l l  b e  p o s s i b l e ,  a n d  a fu r n a c e  e x p l o s i o n  h az ar d  c a n
d e ve l o p .  [ 8 6 : A. 1 3 . 5 . 1 1 . 1 1 . 1 2 . 4 ]

A. 1 5 . 3 . 1 . 1 . 1 2 . 1 5    Ve s ti b u l e  e x p l o s i o n  r e l i e f m e a n s  u s u al l y
c o n s i s t o f d o o r s  th at r e m a i n  i n  p o s i ti o n  u n d e r  th e i r  o wn  we i g h t
b u t a r e  o th e r wi s e  u n r e s tr a i n e d  fr o m  m o vi n g  a way fr o m  th e
d o o r  o p e n i n g  i f a n  o ve r p r e s s u r e  o c c u r s  wi th i n  th e  fu r n ac e .
[ 8 6 : A. 1 3 . 5 . 1 1 . 1 1 . 1 5 ]

A. 1 5 . 3 . 1 . 1 . 1 2 . 1 6    N o n c ar r i e r  s p e c i a l  atm o s p h e r e  g as e s  c a n  b e
fammable  ( e . g . ,  e n r i c h i n g ga s )  o r  nonfammable  ( e . g . ,  p r o c e s s
ai r ) .  T h e i r  i n tr o d u c ti o n  i n to  th e  fu r n a c e  s h o u l d  o c c u r  o n l y
afte r  th e  c ar r i e r  g as e s  fow h a s  b e e n  e s tab l i s h e d .  Ac c o r d i n g to
th i s  [ c o d e ] ,  fammable  s p e c i a l  [ h yd r o g e n ]  atm o s p h e r e  ga s e s
ar e  e q u i p p e d  wi th  s afe ty s h u to ff val ve s .  Nonfammable  s p e c i al
atm o s p h e r e  g as e s  typ i c a l l y ar e  e q u i p p e d  wi th  s o l e n o i d  va l ve s .
[ 8 6 : A. 1 3 . 5 . 1 1 . 1 1 . 1 6 ]

Δ A. 1 5 . 3 . 1 . 1 . 1 3    F u r n a c e  c o n tr o l s  th a t m e e t th e  p e r fo r m an c e -
b a s e d  r e q u i r e m e n ts  o f s tan d a r d s  s u c h  as  AN S I / I S A 8 4 . 0 0 . 0 1 ,
Functional Safety: Safety Instrumented Systems for the Process Industry

Sector; IEC 61 51 1 ,  Functional Safety: Safety Instrumented Systems for
the Process Industry Sector; I S O  1 3 8 4 9 -1 ,  Safety of Machinery;  an d

I E C  6 2 0 6 1 ,  Safety of Machinery — Functional Safety,  c an  b e
c o n s i d e r e d  e q u i val e n t.  T h e  d e te r m i n a ti o n  o f e q u i va l e n c y wi l l

i n vo l ve  c o m p l e te  c o n fo r m a n c e  to  th e  s afe ty l i fe  c yc l e ,  i n c l u d i n g
r i s k an a l ys i s ,  s a fe ty i n te g r i ty l e ve l  s e l e c ti o n ,  an d  s a fe ty i n te g r i ty

l e ve l  verifcation,  wh i c h  s h o u l d  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 ri s d i c ti o n .  [ 8 6 : A. 8 . 2 ]

N A. 1 5 . 3 . 1 . 1 . 1 3 ( D ) ( 4 )    M u l ti p l e  ki n d s  o f r e l ays  ar e  l ab e l e d ,  l i s te d ,
an d  s o l d  as  s afe ty re l ays  a n d  n o t al l  o f th e s e  a r e  d e s i gn e d  to

p r o d u c e  a fai l -s afe  r e ac ti o n  i n  th e  e ve n t o f c o n tac t we l d i n g.  As
i n te n d e d  i n  th i s  c o d e ,  th e  s a fe ty r e l a y s h o u l d  m o n i to r  i ts
o u tp u t c o n tac ts  fo r  fai l u r e  to  r e l e a s e  an d  fo r c e  a s afe  s ta te  i f

th e  c o n tac ts  fai l  to  r e l e a s e  wh e n  c o m m a n d e d .  O f c o n c e r n  i s
s u m m a r i z i n g  m u l ti p l e  i n te r l o c ks  wi th  o n e  r e l ay;  th e  r e l ay i s  a
s i n gl e  d e vi c e  wh o s e  fa i l u r e  c a n  d i s ab l e  m u l ti p l e  s afe ty fu n c ‐

ti o n s .  [ 8 6 : A. 8 . 2 . 1 4 ( 4 ) ]

Re l ays  an d  c o n ta c to r s  wi th  fo r c e -gu i d e d  c o n tac ts  s h o u l d  b e
l i s te d  fo r  s a fe ty s e r vi c e  b u t o n  th e i r  o wn  d o  n o t m e e t th e

r e q u i r e m e n ts  o f a s afe ty r e l ay i n  th i s  c o d e .  T h e s e  r e l a ys  o r
c o n tac to r s  b y th e m s e l ve s  d o  n o t p e r fo r m  c o n tac t d i a gn o s ti c s  o r

p r o vi d e  a fa i l - s a fe  ac ti o n  i n  th e  e ve n t o f c o n ta c t we l d i n g .
[ 8 6 : A. 8 . 2 . 1 4 ( 4 ) ]

A. 1 5 . 3 . 1 . 1 . 1 3 ( E )    T h i s  [ c o d e ]  r e q u i r e s  th a t th e  s i g n al  fr o m  th e
s a fe ty d e vi c e  b e  d i r e c tl y tr an s m i tte d  to  th e  s afe ty P L C  i n p u t.
O n c e  th e  s afe ty P L C  p r o c e s s e s  th e  s i g n al  th e  r e s u l ti n g  d ata c an

b e  u s e d  fo r  an y p u r p o s e  e x c e p t fo r  th e  c o n tr o l  o f th e  p r o c e s s
b e i n g p r o te c te d .  [ 8 6 : A. 8 . 2 . 1 5 ]

A. 1 5 . 3 . 1 . 1 . 1 3 ( F)    T h e  c o n tr o l  c i r c u i t an d  i ts  n o n -fu r n a c e -
m o u n te d  o r  fu r n a c e -m o u n te d  c o n tr o l  a n d  s afe ty c o m p o n e n ts
s h o u l d  b e  h o u s e d  i n  a d u s tti g h t p an e l  o r  c a b i n e t,  p r o te c te d  b y

p ar ti ti o n s  o r  s e c o n d ar y b a r r i e r s ,  o r  s e p ar a te d  b y suffcient s p ac ‐
i n g fr o m  e l e c tr i c al  c o n tr o l s  e m p l o ye d  i n  th e  h i g h e r  vo l ta ge

fu r n ac e  p o we r  s ys te m .  Re l a te d  i n s tr u m e n ts  m i g h t o r  m i g h t n o t
b e  i n s ta l l e d  i n  th e  s am e  c o n tr o l  c ab i n e t.  T h e  d o o r  p r o vi d i n g
a c c e s s  to  th i s  c o n tr o l  e n c l o s u r e  m i g h t i n c l u d e  m e an s  fo r

m e c h a n i c al  i n te r l o c k wi th  th e  m a i n  d i s c o n n e c t d e vi c e  r e q u i r e d
i n  th e  fu r n ac e  p o we r  s u p p l y c i r c u i t.  [ 8 6 : A. 8 . 2 . 1 6 ]

Te m p e r a tu r e s  wi th i n  th i s  c o n tr o l  e n c l o s u r e  s h o u l d  b e  l i m i ‐
te d  to  1 2 5 ° F  ( 5 2 ° C )  fo r  s u i ta b l e  o p e r a ti o n  o f p l a s ti c  c o m p o ‐
n e n ts ,  th e r m al  e l e m e n ts ,  fu s e s ,  an d  va r i o u s  m e c h a n i s m s  th at

a r e  e m p l o ye d  i n  th e  c o n tr o l  c i r c u i t.  [ 8 6 : A. 8 . 2 . 1 6 ]

Tab l e  A. 1 5 . 3 . 1 . 1 . 1 2 . 1 0 ( A)  B u r n - o u t,  P u rge - o u t,  an d  E m e rge n c y P u rge - o u t C o n d i ti o n s  an d
Re s p o n s e s

P ar t C o n d i ti o n Re s p o n s e

1 N o r m al  fu r n a c e  a tm o s p h e r e  b u r n -o u t i n i ti ate d Au to m a ti c  o r  m an u a l
2 N o r m al  fu r n a c e  a tm o s p h e r e  p u r ge - o u t i n i ti ate d Au to m a ti c  o r  m an u a l
3 L o w fow o f c a r r i e r  ga s ( e s )  th a t wi l l  n o t m a i n tai n  a  

p o s i ti ve  p r e s s u r e  i n  c h a m b e r s  b e l o w 1 4 0 0 ° F  
( 7 6 0 ° C )  an d  p o s i ti ve  p r e s s u r e  i s  n o t r e s to r e d  b y 
th e  au to m ati c  tr a n s fe r  to  a n o th e r  s o u r c e  o f ga s

Au to m a ti c

4 A fu r n ac e  te m p e r atu r e  b e l o w wh i c h  a n y l i q u i d  
c a r r i e r  ga s  u s e d  wi l l  n o t r e l i ab l y d i s s o c i a te

Au to m a ti c

5 Au to m ati c  e m e r ge n c y i n e r t g as  p u r ge  i n i ti ate d Au to m a ti c
6 M an u al  o p e r a to r  e m e r ge n c y i n e r t g as  p u r ge  i n i ti ate d Au to m a ti c

[ 8 6 : Ta b l e  A. 1 3 . 5 . 1 1 . 1 1 . 1 0 . 1 ]
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A.15.3.1 .1 .15    T h e  N F PA 8 6  r e q u i r e m e n ts  fo r  i n e r t g as  p u r ge
ar e  fo u n d  i n  1 3 . 5 . 8 ,  1 3 . 5 . 1 0 ,  1 3 . 5 . 1 1 ,  an d  1 4 . 5 . 3  o f N F PA 8 6 .

N A.15.3.1 .2.2    Ga s  h a z a r d s  c a n  i n c l u d e  a s p h yx i ati o n ,  to x i c i ty,
c o r r o s i ve n e s s ,  an d  fammability.  T h e  h az ar d s  a s s o c i a te d  wi th
th e  r e l e a s e  o f th e s e  g as e s  i n to  th e  wo r k e n vi r o n m e n t s h o u l d  b e
as s e s s e d  an d  m i ti g ate d  ap p r o p r i a te l y.  Ac c i d e n tal  r e l e a s e s
s h o u l d  b e  c o n s i d e r e d  as  p ar t o f th e  as s e s s m e n t.  M i ti ga ti o n
s tr ate g i e s  c o u l d  i n c l u d e  ga s  m o n i to r i n g o r  ve n ti l ati o n  o f
confned  s p a c e s  o r  p i ts  wh e r e  s u c h  ga s e s  c o u l d  ac c u m u l ate .
[ 86: A. 1 4 . 2 . 2 ]

A.15.3.1 .2.3.8    I f a r e s i d u al  am o u n t o f a i r  i s  r e tai n e d  i n  an
e x te r n al  c h a m b e r,  th e  i n a d ve r te n t o p e n i n g  o f a  va l ve  to  a n
e x te r n al  s ys te m  i n  th e  p r e s e n c e  o f a  fammable  atm o s p h e r e
c o u l d  c r e ate  an  e x p l o s i ve  m i x tu r e .  [ 86: A. 1 4 . 5 . 3 . 1 . 8 ]

A.15.3.1 .2.3.14    C r a c ki n g o f a s i g h t gl as s ,  wh i c h  i s  n o t u n u s u al ,
c a n  ad m i t ai r  i n to  th e  c h am b e r  o r  a l l o w fammable  g as  to
e s c a p e .  [ 86: A. 1 4 . 5 . 3 . 1 . 1 4 ]

A.15.3.1 .2.11    I n  c a s e  o f e l e c tr i c  p o we r  fai l u r e ,  a l l  th e  fo l l o wi n g
s ys te m s  c o u l d  s to p  fu n c ti o n i n g:

( 1 ) H e a ti n g s ys te m
( 2 ) F l a m m a b l e  atm o s p h e r e  g as  s ys te m
( 3 ) Vac u u m  p u m p i n g s ys te m

[ 86: A. 1 4 . 5 . 3 . 1 6 ]

A.15.3.2    L ar g e  e l e c tr i c al  ge n e r a to r s  h ave  ad o p te d  th e  u s e  o f a
h yd r o g e n  a tm o s p h e r e  wi th i n  th e  c as i n g  to  r e d u c e  wi n d ag e
d r ag ,  wh i c h  i m p r o ve s  th e  effciency o f th e  e q u i p m e n t,  a n d  to
i n c r e as e  th e  c o o l i n g c ap ab i l i ty o f th e  g e n e r ato r,  th u s  a l l o wi n g a
h i g h e r  e n e r g y d e n s i ty wh i l e  m i n i m i z i n g  th e r m al  s tr e s s e s  o n  th e
m a c h i n e .  H yd r o g e n -c o o l e d  ge n e r a to r s  ar e  s u p p o r te d  b y a
n u m b e r  o f s u b s ys te m s ,  s e ve r al  o f wh i c h  c an  al s o  c o n ta i n  h yd r o ‐
ge n  g as .  C h ap te r s  6  th r o u gh  8  c o ve r  m u c h  o f th e  o ve r al l  s ys te m
i n s ta l l ati o n ,  a n d  th o s e  p r o vi s i o n s  s h o u l d  b e  fo l l o we d .

Tr a d i ti o n a l l y,  h yd r o g e n  g as  fo r  th e  g e n e r ato r  i s  s u p p l i e d
e i th e r  b y a c yl i n d e r  m an i fo l d  ( typ i c a l l y p r o vi d e d  b y th e  g e n e r a‐
to r  m an u fa c tu r e r )  o r  a tu b e  tr ai l e r  ( ti e d  to  th e  g e n e r ato r
h yd r o g e n  s ys te m  b y th e  o wn e r / o p e r a to r ) .  S u c h  i n s ta l l ati o n s
c o n s i s t o f p i p i n g ,  val ve s ,  an d  p r e s s u r e  r e gu l ati o n  d e vi c e s  th a t
s h o u l d  b e  i n s ta l 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 C h ap ‐
te r s  6  th r o u gh  8 .  Re c e n tl y,  th e  tr ad i ti o n al  c yl i n d e r / tu b e  tr a i l e r
s u p p l y h as  b e e n  r e p l a c e d  o n  s o m e  i n s tal l ati o n s  wi th  a l o c al
h yd r o g e n  g e n e r ati o n  u n i t,  wh i c h  l o we r s  th e  c o s t o f o wn e r s h i p ,
p r o vi d e s  a n  a s s u r e d  s u p p l y o f h yd r o g e n ,  an d  o ffe r s  a h i g h e r
h yd r o g e n  p u r i ty c a p a b i l i ty wi th i n  th e  ge n e r a to r  e n ve l o p e .  E l e c ‐
tr o l yz e r  o r  r e fo r m e r  te c h n o l o g y i s  typ i c al l y th e  b as i s  o f th e s e
o n - s i te  h yd r o g e n  g e n e r ati o n  u n i ts ,  an d  th e  ap p l i c a b l e  p r o vi ‐
s i o n s  o f C h ap te r  1 3  s h o u l d  b e  ap p l i e d .

O th e r  s ys te m s  a s s o c i a te d  wi th  h yd r o ge n -c o o l e d  g e n e r ato r s
i n c l u d e  h yd r o g e n  p u r i ty m o n i to r i n g ,  c o n tr o l  val ve s ,  h yd r o g e n
d e w p o i n t s e n s o r s ,  g as  d r ye r s ,  l i q u i d  l e ve l  d e te c to r s ,  an d  h yd r o ‐
ge n  d e tr a i n i n g ve s s e l s .  Ac ti ve  e q u i p m e n t,  s u c h  as  th e  p u r i ty
m o n i to r i n g  an d  d e w p o i n t e q u i p m e n t,  wi l l  b e  p u r c h as e d
c o m m e r c i al l y an d  b e  s u i tab l y r a te d  fo r  e x p o s u r e  to  h yd r o ge n
gas .  O th e r  i te m s ,  s u c h  a s  l e ve l  d e te c to r s  an d  d e tr a i n i n g ve s s e l s ,
d o  n o t c o n ta i n  i g n i ti o n  s o u r c e s  an d  r e q u i r e  n o  s p e c i al  c o n s i d ‐
e r a ti o n  o th e r  th a n  th e  p o te n ti al  h a z a r d o u s  ar e a  s u r r o u n d i n g
th e m .  M a n y o f th e  i te m s  wi l l  i n c l u d e  p r e s s u r e  r e l i e f o r  o th e r
ve n ti n g  e l e m e n ts  th a t m u s t b e  r o u te d  to  an  a p p r o p r i ate  s afe
l o c a ti o n  a s  p ar t o f th e  p o we r  p l a n t i n s tal l ati o n .

A.15.3.2.1 .3.1    Al th o u g h  e l e c tr i c  p o we r  g e n e r ati o n  fa c i l i ti e s
u n d e r  th e  c o n tr o l  o f an  e l e c tr i c  u ti l i ty ar e  specifcally e x c l u d e d
u n d e r  9 0 . 2 ( B ) ( 5 )  o f NFPA 70,  m an y o f th e  p r i n c i p l e s  o u tl i n e d

i n  Ar ti c l e s  5 0 0  th r o u gh  5 0 6  o f NFPA 70 c an  b e  s u c c e s s fu l l y
a p p l i e d  to  a  h yd r o ge n - c o o l e d  g e n e r ato r  to  as s u r e  th e  o ve r a l l
s a fe ty o f th e  e q u i p m e n t an d  p e r s o n n e l  as s i g n e d  to  th e  fa c i l i ty.

A.15.3.2.2.1    H yd r o ge n -c o o l e d  g e n e r ato r  i n s tal l ati o n s  c an
i n c l u d e  ac o u s ti c  wa l l s  to  m e e t p l an t s o u n d -p r e s s u r e -l e ve l

r e q u i r e m e n ts .  Al th o u g h  n o t c o n s i d e r e d  a  “ b u i l d i n g”  fo r  th e
p u r p o s e s  o f 1 5 . 3 . 2 . 2 . 1 ,  th e  e ffe c ts  o f th e  a c o u s ti c  wa l l s  o n  th e
ve n ti l a ti o n  airfow s h o u l d  b e  ac c o u n te d  fo r  i n  th e  b u i l d i n g

ve n ti l ati o n  d e s i g n .

A.15.3.2.2.4    Gi ve n  th e  l o w-i g n i ti o n  e n e r g y o f h yd r o g e n ,  th e
u s e  o f fares  a t th e  ve n t te r m i n ati o n  s h o u l d  b e  c o n s i d e r e d .  I f a
fare  i s  n o t u s e d ,  th e  p o te n ti al  e x te n t o f h yd r o g e n  fres  u n d e r
wo r s t c r e d i b l e  c o n d i ti o n s  ( e . g . ,  g e n e r ato r  p u r g e )  m u s t b e

c o n s i d e r e d  wh e n  e s ta b l i s h i n g th e  ve n t te r m i n a ti o n  p o i n t i n
r e l ati o n  to  e q u i p m e n t a n d  b u i l d i n gs .

A.15.3.2.3.2    S e e  A. 1 5 . 3 . 2 . 2 . 4 .

A.15.4.1 .1    Va p o r i z e r s  u s e d  fo r  s afe ty p u r gi n g to  c o n ve r t c r yo ‐
g e n i c  l i q u i d s  to  th e  ga s  s tate  s h o u l d  b e  am b i e n t ai r  h e a t tr an s ‐
fe r  u n i ts  s o  th a t fow fr o m  s u c h  vap o r i z e r s  i s  u n affe c te d  b y th e

l o s s  o f p o we r.

T h e  u s e  o f p o we r e d  va p o r i z e r s  i s  p e r m i tte d  wh e r e  o n e  o f th e
fo l l o wi n g  c o n d i ti o n s  i s  satisfed:

( 1 ) T h e  va p o r i z e r  h as  r e s e r ve  h e ati n g  c ap ac i ty to  c o n ti n u e
va p o r i z i n g  at l e as t fve  fu r n ac e  vo l u m e s  a t th e  r e q u i r e d
p u r g e  fow r ate  i m m e d i a te l y fo l l o wi n g  p o we r  i n te r r u p ‐

ti o n .
( 2 ) Re s e r ve  a m b i e n t vap o r i z e r s  a r e  p r o vi d e d  th a t a r e  p i p e d

to  th e  s o u r c e  o f s u p p l y s o  th at th e y a r e  u n a ffe c te d  b y a
fr e e z e -u p  o r  fow s to p p ag e  o f g as  fr o m  th e  p o we r e d

va p o r i z e r.  T h e  r e s e r ve  vap o r i z e r s  s h o u l d  b e  c ap ab l e  o f
e va p o r ati n g  at l e as t fve  fu r n ac e  vo l u m e s  a t th e  r e q u i r e d

p u r g e  fow r ate .
( 3 ) P u r g e  g as  i s  avai l ab l e  fr o m  an  al te r n ati ve  s o u r c e  th at i s

c a p ab l e  o f s u p p l yi n g  fve  vo l u m e  c h a n ge s  afte r  i n te r r u p ‐
ti o n  o f th e  fow o f th e  atm o s p h e r e  g as  to  th e  fu r n ac e .

[ 86: A. 1 3 . 5 . 5 ]

Vap o r i z e r s  s h o u l d  b e  r ate d  b y th e  i n d u s tr i a l  g as  s u p p l i e r  o r
th e  o wn e r  to  vap o r i z e  at 1 5 0  p e r c e n t o f th e  h i g h e s t p u r g e  ga s

d e m an d  fo r  a l l  c o n n e c te d  e q u i p m e n t.  Wi n te r  te m p e r a tu r e
e x tr e m e s  fo r  th e  l o c a l e  s h o u l d  b e  take n  i n to  c o n s i d e r a ti o n  b y
th e  ag e n c y r e s p o n s i b l e  fo r  r a ti n g th e  va p o r i z e r s .  [ 86: A. 1 3 . 5 . 5 ]

T h e  i n d u s tr i a l  g as  s u p p l i e r  s h o u l d  b e  i n fo r m e d  o f a d d i ti o n s
to  th e  p l an t th at m ate r i a l l y i n c r e as e  th e  i n e r t ga s  c o n s u m p ti o n

r a te  s o  th at vap o r i z e r  a n d  s to r ag e  c ap ac i ty c an  b e  r e s i z e d  fo r
th e  r e vi s e d  r e q u i r e m e n ts .  [ 86: A. 1 3 . 5 . 5 ]

A te m p e r a tu r e  i n d i c ato r  s h o u l d  b e  i n s tal l e d  i n  th e  vap o r i z e r
o u tl e t p i p i n g  fo r  u s e  i n  e va l u a ti n g i ts  e va p o r ati o n  p e r fo r m a n c e

a t a n y ti m e .  [ 86: A. 1 3 . 5 . 5 ]

A d e vi c e  s h o u l d  b e  i n s tal l e d  th at p r e ve n ts  th e  fow r ate  o f g as
fr o m  e x c e e d i n g  th e  vap o r i z e r  c ap a c i ty an d  th e r e b y th r e a te n i n g

th e  i n te g r i ty o f d o wn s tr e am  e q u i p m e n t o r  c o n tr o l  d e vi c e s  d u e
to  e x p o s u r e  to  c r yo g e n i c  fuids.  A b r e a k i n  th e  d o wn s tr e a m

p i p e l i n e  o r  fai l u r e  ( o p e n i n g)  o f th e  s u p p l y p r e s s u r e  r e g u l ato r
c o u l d  c a u s e  e x c e s s i ve  fow.  E x c e e d i n g th e  c ap a c i ty o f an  atm o s ‐
p h e r i c  vap o r i z e r  l e a d s  to  a gr a d u al  d e c r e as e  i n  g as  te m p e r a tu r e
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th a t c an  b e  r e m e d i e d  b y d e c r e a s i n g  th e  d e m an d  o n  th e  vap o r ‐
i z e r.  [ 86: A. 1 3 . 5 . 5 ]

I n  atm o s p h e r i c  vap o r i z e r s ,  i n  l i e u  o f th e  fow-limiting  d e vi c e ,
a vi s u a l  a n d  a u d i b l e  a l a r m  s h o u l d  i n d i c ate  to  o p e r ato r s  i n  th e
vi c i n i ty o f th e  fu r n ac e  th at th e  te m p e r atu r e  o f th e  vap o r i z e r
o u tl e t g as  h a s  fal l e n  b e l o w a m i n i m u m  l e ve l ,  i n d i c a ti n g a
p o te n ti a l  to  e x c e e d  va p o r i z e r  c ap a c i ty.  [ 86: A. 1 3 . 5 . 5 ]

A.16.1 .2(2)    T h e  h az ar d s  o f p i l o t p l a n ts  a r e  p r i m ar i l y b as e d  o n
th e  p r o c e s s ,  th e  c h e m i s tr y,  an d  th e  e q u i p m e n t,  n o t th e  l ab o r a‐
to r y e n vi r o n m e n t.  L ab o r ato r i e s  th a t h ave  p i l o t p l a n ts  wi th i n
th e  l a b o r a to r y u n i t s h o u l d  a p p l y N F PA 4 5  to  th e  l a b o r a to r y
p o r ti o n .  N F PA 4 5  s h o u l d  n o t b e  u s e d  to  j u s ti fy ap p l yi n g l ab o r a‐
to r y r e q u i r e m e n ts ,  s u c h  as  a g e n e r al -p u r p o s e -ar e a  e l e c tr i c al
classifcation,  to  th e  p i l o t p l a n t i ts e l f.  [ 45: A. 1 . 1 . 3 ( 2 ) ]

A.16.2.1 .1    A d o o r  to  an  a d j o i n i n g l ab o r ato r y wo r k a r e a o r
l ab o r ato r y u n i t i s  c o n s i d e r e d  to  b e  a s e c o n d  m e a n s  o f ac c e s s  to
an  e x i t,  p r o vi d e d  th at th e  l a b o r a to r y u n i t i s  n o t o f a  h i g h e r  fre
h a z a r d  classifcation.  [ 45: A. 5 . 4 . 1 ]

A.16.2.2.1    A qualifed  d e s i g n  p r o fe s s i o n a l  a n d  o wn e r  s a fe ty
offcer  s h o u l d  r e vi e w th e  l a b o r a to r y c o n d i ti o n s  th r o u g h  a
h a z a r d  an al ys i s  an d / o r  r i s k as s e s s m e n t to  d e te r m i n e  i f a
h az ar d o u s  ( i g n i tab l e )  atm o s p h e r e  c o u l d  b e  d e ve l o p e d  wi th i n
th e  l ab o r ato r y wo r k ar e a ,  l a b o r a to r y ar e a,  l ab o r ato r y u n i t,
an d / o r  fu m e  h o o d .  I f a h a z a r d o u s  atm o s p h e r e  c o u l d  b e  d e ve l ‐
o p e d ,  th e s e  a r e as  s h o u l d  b e  e l e c tr i c al l y classifed  p e r  NFPA 70,
Ar ti c l e  5 0 0 .  [ 45: A. 5 . 5 . 2 ]

A.16.2.3.1 .1 .2    A s e r i e s  o f fre  te s ts  i n  typ i c a l  c h e m i c a l  l a b o r a to ‐
r i e s  was  c o n d u c te d  to  e val u ate  q u i c k-r e s p o n s e  s p r i n kl e r  te c h ‐
n o l o gy an d  th e  u s e  o f q u i c k-r e s p o n s e  s p r i n kl e r s  i n  c h e m i c al
l ab o r ato r i e s .  F i r e  te s t r e s u l ts  d e m o n s tr ate d  th a t b o th  s tan d ar d
r e s p o n s e  a n d  q u i c k-r e s p o n s e  s p r i n kl e r s  we r e  e ffe c ti ve  i n
c o n tr o l l i n g fres.  Ad d i ti o n al l y,  fre  te s t r e s u l ts  o f th e  q u i c k-
re s p o n s e  s p r i n kl e r s  s h o we d  l o we r  m ax i m u m  te m p e r a tu r e s  a t
th e  5  ft l e ve l  c o n s i s te n t wi th  wh at i s  c o n s i d e r e d  ac c e p tab l e
te n a b i l i ty i n  th e  r o o m  o f fre  o r i g i n ,  as  d i s c u s s e d  i n  N F PA 1 3 D ,
an d  e va l u a te d  b y AN S I / U L  1 6 2 6 ,  Re s i d e n ti a l  S p r i n kl e r s  fo r
F i r e  P r o te c ti o n  S e r vi c e .  Al s o  s e e  N I S T I R 8 9 -4 2 0 0 ,  “ Qu i c k
Re s p o n s e  S p r i n kl e r s  i n  C h e m i c a l  L a b o r a to r i e s :  F i r e  Te s t
Re s u l ts ” ,  s p o n s o r e d  b y th e  N a ti o n a l  I n s ti tu te s  o f H e a l th ,
B e th e s d a,  M D .  [ 45: A. 6 . 1 . 1 . 2 ]

A.16.2.3.3.1    F o r  l ab o r ato r y b u i l d i n g s  wh e r e  tr a i n e d  p e r s o n n e l
ar e  avai l a b l e ,  C l a s s  I I I  s tan d p i p e  s ys te m s  c an  b e  i n s tal l e d
[ 45: A. 6 . 2 . 1 ]

A.16.2.3.3.2    F o r  a d d i ti o n al  i n fo r m ati o n ,  s e e  N F PA 2 5 .

A.16.2.5.2    M ai n te n a n c e  p r o c e d u r e s  s h o u l d  i n c l u d e  i n s p e c ‐
ti o n ,  te s ti n g ,  an d  m ai n te n a n c e  o f th e  fo l l o wi n g:

( 1 ) U ti l i ti e s  ( s te am ,  ga s ,  e l e c tr i c a l )
( 2 ) Ai r  s u p p l y a n d  e x h au s t s ys te m s
( 3 ) F i r e  p r o te c ti o n  e q u i p m e n t
( 4 ) D e te c to r s  a n d  al ar m s
( 5 ) C o m p r e s s e d  ga s  r e g u l ato r s  a n d  p r e s s u r e  r e l i e f val ve s
( 6 ) Was te  d i s p o s al  s ys te m s
( 7 ) F i r e  d o o r s
( 8 ) E m e r g e n c y l i gh ti n g  an d  e x i t s i gn s
( 9 ) E l e c tr i c a l l y o p e r ate d  e q u i p m e n t
[ 45: A. 6 . 5 . 2 ]

A.16.2.5.3    An  e m e r g e n c y r e s p o n s e  p l an  s h o u l d  b e  p r e p ar e d
an d  u p d a te d .  T h e  p l a n  s h o u l d  b e  avai l a b l e  fo r  i n s p e c ti o n  b y

th e  AH J ,  u p o n  r e a s o n a b l e  n o ti c e .  T h e  fo l l o wi n g i n fo r m a ti o n
s h o u l d  b e  i n c l u d e d  i n  th e  e m e r ge n c y p l a n :

( 1 ) T h e  typ e  o f e m e r ge n c y e q u i p m e n t avai l a b l e  a n d  i ts  l o c a‐
ti o n

( 2 ) A b r i e f d e s c r i p ti o n  o f a n y te s ti n g  o r  m ai n te n a n c e
p r o gr a m s  fo r  th e  avai l ab l e  e m e r g e n c y e q u i p m e n t

( 3 ) An  i n d i c ati o n  th a t h az ar d  identifcation  m ar ki n g  i s  p r o vi ‐
d e d  fo r  e a c h  s to r ag e  a r e a

( 4 ) L o c ati o n  o f p o s te d  e m e r ge n c y r e s p o n s e  p r o c e d u r e s
( 5 ) S a fe ty D a ta  S h e e ts  ( S D S s )  fo r  al l  h az ar d o u s  m ate r i al s

s to r e d  o n  s i te
( 6 ) A l i s t o f r e s p o n s i b l e  p e r s o n n e l  wh o  a r e  d e s i gn a te d  an 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 a r tm e n t;
th e s e  i n d i vi d u al s  s h o u l d  b e  kn o wl e d ge a b l e  i n  th e  s i te
e m e r g e n c y r e s p o n s e  p r o c e d u r e s  an d  s h o u l d  ai d  th e

e m e r g e n c y r e s p o n d e r s  wi th  th e  fo l l o wi n g  fu n c ti o n s :

( a) P r e -e m e r g e n c y p l an n i n g
( b ) I d e n ti fyi n g  wh e r e  fammable,  p yr o p h o r i c ,  o x i d i z i n g,

an d  to x i c  g as e s  ar e  l o c ate d
( c ) Ac c e s s i n g  M S D S s

( 7 ) A l i s t o f th e  typ e s  an d  q u a n ti ti e s  o f c o m p r e s s e d  an d  l i q u e ‐
fed  ga s e s  n o r m al l y a t th e  fa c i l i ty

[ 45: A. 6 . 5 . 3 ]

A.16.2.5.3.2    L ab o r ato r y p e r s o n n e l  s h o u l d  b e  th o r o u gh l y
i n d o c tr i n ate d  i n  p r o c e d u r e s  to  fo l l o w i n  c a s e s  o f c l o th i n g fres.
T h e  m o s t i m p o r tan t i n s tr u c ti o n ,  o n e  th at s h o u l d  b e  s tr e s s e d

u n ti l  i t b e c o m e s  s e c o n d  n a tu r e  to  a l l  p e r s o n n e l ,  i s  to  i m m e d i ‐
ate l y d r o p  to  th e  foor  a n d  r o l l .  Al l  p e r s o n n e l  s h o u l d  r e c o g n i z e
th a t,  i n  th e  c a s e  o f i gn i ti o n  o f an o th e r  p e r s o n ’ s  c l o th i n g ,  th e y

s h o u l d  i m m e d i ate l y kn o c k th at p e r s o n  to  th e  foor  a n d  r o l l  th at
p e r s o n  a r o u n d  to  s m o th e r  th e  fames.  To o  o fte n  a  p e r s o n  wi l l

p an i c  an d  r u n  i f c l o th i n g  i g n i te s ,  r e s u l ti n g  i n  m o r e  s e ve r e ,
o fte n  fatal ,  b u r n  i n j u r i e s .  [ 45: A. 6 . 5 . 3 . 2 ]

F l a m e - r e s i s ta n t c l o th i n g i s  o n e  o p ti o n  a va i l a b l e  to  h e l p
r e d u c e  th e  o c c u r r e n c e  o f c l o th i n g fres.  Re fe r  to  N F PA 2 1 1 2

fo r  p e r fo r m a n c e  r e q u i r e m e n ts  a n d  te s t m e th o d s  fo r  fame-
resistant c l o th i n g .  [ 45: A. 6 . 5 . 3 . 2 ]

I t s h o u l d  b e  e m p h as i z e d  th at th e  u s e  o f s a fe ty s h o we r s ,  fre
b l an ke ts ,  o r  fre  e x ti n g u i s h e r s  ar e  o f s e c o n d a r y i m p o r ta n c e .

T h e s e  i te m s  s h o u l d  b e  u s e d  o n l y wh e n  i m m e d i ate l y at h a n d .  I t
s h o u l d  b e  r e c o g n i z e d  th a t r o l l i n g o n  th e  foor  n o t o n l y s m o th ‐
e r s  th e  fre  b u t a l s o  h e l p s  to  ke e p  fames  o u t o f th e  vi c ti m ’ s

fa c e ,  r e d u c i n g  i n h al ati o n  o f s m o ke .  [ 45: A. 6 . 5 . 3 . 2 ]

A.16.3.2.1 .1    N F PA 9 0 A,  a n d  N F PA 9 1  c o n ta i n  a d d i ti o n al
r e q u i r e m e n ts  fo r  ge n e r a l  e n vi r o n m e n ta l  ve n ti l a ti n g s ys te m s .

[ 45: A. 7 . 1 ]

A.16.3.2.1 .2.1    F o r  ad d i ti o n a l  i n fo r m a ti o n  o n  l a b o r a to r y ve n ti ‐
l ati o n ,  s e e  AN S I / AI H A Z 9 . 5 ,  Laboratory Ventilation.  F o r  i n fo r m a‐

ti o n  o n  p r e ve n ti n g  th e  s p r e ad  o f s m o ke  b y m e a n s  o f u ti l i z i n g
s u p p l y an d  e x h au s t s ys te m s  to  c r e ate  airfows  a n d  p r e s s u r e

d i ffe r e n c e s  b e twe e n  r o o m s  o r  b u i l d i n g a r e as ,  s e e  N F PA 9 2 .
[ 45: A. 7 . 2 . 1 ]

A.16.3.2.1 .2.2    A m i n i m u m  ve n ti l a ti o n  r a te  fo r  u n o c c u p i e d
l ab o r ato r i e s  ( e . g. ,  n i gh ts  an d  we e ke n d s )  c an  b e  as  l o w as  fo u r
r o o m  ai r  c h an g e s  p e r  h o u r  wi th  p r o p e r  l ab o r ato r y o p e r ati o n s

a n d  s to r a ge  o f c h e m i c al s .  O c c u p i e d  l ab o r ato r i e s  typ i c al l y o p e r ‐
ate  at r ate s  g r e ate r  th an  s i x  ai r  c h an g e s  p e r  h o u r,  c o n s i s te n t
wi th  th e  c o n d i ti o n s  o f u s e  fo r  th e  l a b o r a to r y.  O c c u p i e d  l ab o r a‐

to r i e s  s h o u l d  d e te r m i n e  th e i r  s u p p l y airfow r ate s  b a s e d  o n
c o o l i n g r e q u i r e m e n ts ,  a m o u n t o f e x h au s t a i r  r e q u i r e d  fo r  th e
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h o o d s ,  o r  e x h a u s t d e vi c e s  i n  th e  l ab ,  wh i c h e ve r  i s  gr e a te s t.  U s e
o f o n l y a n  “ ai r  c h an g e  p e r  h o u r ”  c r i te r i a  i s  n o t c o n s i d e r e d
p r o p e r  d e s i gn .  Ad e q u a te  ve n ti l a ti o n  s h o u l d  b e  p r o vi d e d  to
e n s u r e  o c c u p a n t s a fe ty an d  s afe  o p e r a ti o n  o f e x h au s t d e vi c e s
i n s i d e  th e  l a b o r a to r y.  [ 45: A. 7 . 2 . 2 . 1 ]

L a b o r a to r y ve n ti l ati o n  o p e r ati n g  at l o we r  r a te s  s h o u l d
e m p l o y specifc  m e a s u r e s  to  m o n i to r  fo r  p o te n ti al l y h az ar d o u s
c o n d i ti o n s  an d  i n c r e a s e  th e  ve n ti l ati o n  au to m ati c al l y u p o n
d e te c ti o n  o f an y c o n d i ti o n  wi th i n  2 5  p e r c e n t o f th e  l e ve l  o f
c o n c e r n .  I f s u c h  a  m o n i to r i n g  s ys te m  i s  to  b e  u s e d ,  i t s h o u l d  b e
fa i l - s a fe  a n d  b e  o f s u c h  a n a tu r e  th a t i t wi l l  d e te c t al l  p o te n ti al
l e akag e  th r o u g h o u t th e  e n ti r e  l a b o r a to r y a r e a.  T h e s e  s ys te m s
s h o u l d  b e  r e s e r ve d  fo r  l o c ati o n s  wh e r e  th e  a n ti c i p a te d  c o n tam ‐
i n an ts  c an  b e  m e a s u r e d  r e l i a b l y a n d  ac ti va te  th e  c o n tr o l  s ys te m
wi th i n  a  suffciently r a p i d  ti m e  p e r i o d  to  p r o vi d e  o c c u p a n t
p r o te c ti o n .  I n  th e  e ve n t o f a  fai l u r e  o f th e  m o n i to r i n g s ys te m
o r  c o n tr o l  c o m p o n e n ts ,  th e  ve n ti l a ti o n  s ys te m  s h o u l d  r e tu r n  to
th e  d e s i g n ate d  o c c u p i e d  ve n ti l a ti o n  r ate .  D e tai l e d  a n al ys e s  o f
fow p ath s ,  d e ad  p o c ke ts ,  a n d  fa i l u r e  m o d e s  u n d e r  al l  c r e d i b l e
s c e n a r i o s  s h o u l d  b e  p e r fo r m e d  to  avo i d  e x p o s u r e .
[ 45: A. 7 . 2 . 2 . 1 ]

I t i s  n o t th e  i n te n t o f [ th i s  c o d e ]  to  r e q u i r e  e m e r g e n c y o r
s tan d b y p o we r  fo r  l ab o r ato r y ve n ti l a ti o n  s ys te m s .  [ 45: A. 7 . 2 . 2 . 1 ]

A.16.3.2.1 .2.3    H o o d s  h a vi n g e x p l o s i o n p r o o f e l e c tr i c al  d e vi c e s
ar e  s o m e ti m e s  r e fe r r e d  to  a s  explosionproof hoods.  T h i s  te r m  d o e s
n o t i m p l y th at th e y wi l l  c o n tai n  an  e x p l o s i o n ,  o n l y th at th e  e l e c ‐
tr i c a l  e q u i p m e n t wi l l  n o t p r o vi d e  a  s o u r c e  o f i g n i ti o n .
[ 45: A. 7 . 2 . 3 ]

A.16.3.2.1 .3.2    S p e c i al  s tu d i e s  s u c h  as  ai r-d i s p e r s i o n  m o d e l i n g
m i gh t b e  n e c e s s a r y to  d e te r m i n e  th e  l o c ati o n  o f ai r  i n ta ke s  fo r
l ab o r ato r i e s  awa y fr o m  th e  infuence  o f l a b o r a to r y e x h au s t an d
o th e r  l o c al  p o i n t s o u r c e  e m i s s i o n s .  [ 45: A. 7 . 3 . 2 ]

A.16.3.2.1 .3.4    Ro o m  ai r  c u r r e n t ve l o c i ti e s  i n  th e  vi c i n i ty o f
fu m e  h o o d s  s h o u l d  b e  a s  l o w as  p o s s i b l e ,  i d e al l y l e s s  th a n
3 0  p e r c e n t o f th e  fa c e  ve l o c i ty o f th e  fu m e  h o o d .  Ai r  s u p p l y
d i ffu s i o n  d e vi c e s  s h o u l d  b e  a s  far  away fr o m  fu m e  h o o d s  a s
p o s s i b l e  an d  h a ve  l o w e x i t ve l o c i ti e s .  [ 45: A. 7 . 3 . 4 ]

A.16.3.2.1 .4.1    D u c tl e s s  c h e m i c a l  fu m e  h o o d s  th at p a s s  ai r
fr o m  th e  h o o d  i n te r i o r  th r o u gh  an  ab s o r p ti o n  flter  an d  th e n
d i s c h ar g e  th e  ai r  i n to  th e  l ab o r ato r y a r e  o n l y a p p l i c a b l e  fo r  u s e
wi th  n u i s a n c e  vap o r s  a n d  d u s ts  th at d o  n o t p r e s e n t a  fre  o r
to x i c i ty h a z a r d .  S e e  AN S I  Z 9 . 5 ,  Laboratory Ventilation,  an d  o th e r
ap p l i c a b l e  s ta n d ar d s  fo r  ad d i ti o n al  i n fo r m a ti o n  fo r  th e  p r o p e r
u s e  a n d  ap p l i c ati o n .

[ 45: A. 7 . 4 . 1 ]

A.16.3.2.1 .4.2    C o n s i d e r a ti o n  s h o u l d  b e  m ad e  o f th e  p o te n ti al
c o n tam i n a ti o n  o f th e  fr e s h  ai r  s u p p l y b y e x h a u s t a i r  c o n tai n i n g
va p o r s  o f fammable  o r  to x i c  c h e m i c al s  wh e n  u s i n g  d e vi c e s  fo r
e n e r gy c o n s e r vati o n  p u r p o s e s .  [ 45: A. 7 . 4 . 2 ]

Wh e r e  fu m e  h o o d  e x h au s t i s  m an i fo l d e d  wi th  g e n e r al  l a b o ‐
ra to r y e x h a u s t,  e n e r g y r e c o ve r y d e vi c e s  s h o u l d  b e  e val u a te d  to
e n s u r e  th e y wo u l d  n o t r e c i r c u l ate  c o n tam i n an ts  th r o u gh  a n
ac ti ve  p u r g e  o r  fltration  tr e atm e n t.  E n e r g y r e c o ve r y s ys te m s
s h o u l d  b e  d e s i g n e d  wi th  a fai l -s a fe  al a r m ( s )  an d  e q u i p m e n t
i n te r l o c ks  to  p r e ve n t c r o s s  c o n tam i n a ti o n  o r  r e c i r c u l ati o n  fr o m
o c c u r r i n g,  i n c l u d i n g  s h u td o wn  o f s ys te m s  i f n e e d e d .
[ 45: A. 7 . 4 . 2 ]

E n th al p y wh e e l s ,  i n  p ar ti c u l ar,  h ave  p o te n ti a l  fo r  c r o s s -
c o n tam i n a ti o n  a n d  s h o u l d  b e  c a r e fu l l y e va l u ate d  fo r  al l  p o te n ‐

ti a l  h az ar d s  a n d  fai l u r e  m o d e s .  [ 45: A. 7 . 4 . 2 ]

A.16.3.2.1 .4.4    D u c ts  s h o u l d  b e  s e al e d  to  p r e ve n t c o n d e n s a‐
ti o n ,  an d  s o  fo r th ,  fr o m  l e aki n g  i n to  o c c u p i e d  ar e a s .
[ 45: A. 7 . 4 . 4 ]

A.16.3.2.1 .4.7    L ab o r ato r y fu m e  h o o d  c o n tai n m e n t c an  b e
e val u a te d  u s i n g th e  p r o c e d u r e s  c o n tai n e d  i n  AS H RAE  1 1 0 ,

Method of Testing Performance of Laboratory Fume Hoods.  F a c e
ve l o c i ti e s  o f 0 . 4  m / s e c  to  0 . 6  m / s e c  ( 8 0  ft/ m i n  to  1 2 0  ft/ m i n )
g e n e r al l y p r o vi d e  c o n tai n m e n t i f th e  h o o d  l o c a ti o n  r e q u i r e ‐

m e n ts  an d  l ab o r ato r y ve n ti l ati o n  c r i te r i a o f th i s  s tan d a r d  a r e
m e t.  [ 45: A. 7 . 4 . 7 ]

L o we r  fow fu m e  h o o d s  ( th o s e  wi th  a n  ave r ag e  fa c e  ve l o c i ty
o r  0 . 3  to  0 . 4  m / s e c  ( 6 0  to  8 0  ft/ m i n )  ar e  o fte n  d e s i r ab l e  fo r
e n e r gy c o n s e r vati o n .  L o we r  h o o d  fac e  ve l o c i ti e s  a r e  e ffe c ti ve

wi th  h o o d s  d e s i g n e d  fo r  l o we r  fac e  ve l o c i ti e s .  H o we ve r,  m a n y
c i r c u m s ta n c e s  c a n  l e a d  to  i n a d e q u a te  c o n tam i n a n t c o n tai n ‐
m e n t.  T h e s e  i n c l u d e  c r o wd i n g ,  l a r ge r  e q u i p m e n t,  h i gh  th e r m al

l o ad s ,  i n te r n al  c i r c u l ati o n  fr o m  e q u i p m e n t a n d  n u m e r o u s
o th e r  i s s u e s .  H e n c e  th e  o wn e r  s h o u l d  c ar e fu l l y c o n s i d e r  a l l
p o te n ti a l  ap p l i c ati o n s  wh e n  d e te r m i n i n g th e  fac e  ve l o c i ty to

u s e .  [ 45: A. 7 . 4 . 7 ]

I n  ad d i ti o n  to  m a i n tai n i n g p r o p e r  fu m e  h o o d  fac e  ve l o c i ty,
fu m e  h o o d s  th a t r e d u c e  th e  e x h a u s t vo l u m e  as  th e  s a s h  o p e n ‐

i n g i s  r e d u c e d  s h o u l d  m a i n tai n  a  m i n i m u m  e x h au s t vo l u m e  to
e n s u r e  th a t c o n ta m i n an ts  ar e  d i l u te d  an d  e x h a u s te d  fr o m  a

h o o d .  T h e  c h e m i c al  fu m e  h o o d  e x h au s t airfow s h o u l d  n o t b e
r e d u c e d  to  l e s s  th an  th e  fow r a te  r e c o m m e n d e d  i n  AN S I /
AI H A Z 9 . 5 ,  Laboratory Ventilation.  [ 45: A. 7 . 4 . 7 ]

A.16.3.2.1 .4.9    D u e  to  th e i r  l o w c a p tu r e  effciency,  c a n o p y
h o o d s  s h o u l d  o n l y b e  u s e d  fo r  e x h au s ti n g  h e at an d  n u i s a n c e

o d o r s  an d  n o t fo r  e x h au s ti n g c h e m i c al s .  I t i s  n o t th e  i n te n t o f
th i s  s ta n d ar d  to  p r o h i b i t th e  u s e  o f d u c tl e s s  e n c l o s u r e s  ( o fte n
i n c o r r e c tl y c a l l e d  “ d u c tl e s s  h o o d s ” ) .  H o we ve r,  th e  u s e  o f s u c h

d e vi c e s  r e q u i r e s  c a r e fu l  h a z a r d  an al ys i s  an d  r i s k as s e s s m e n t o f
a l l  p o te n ti al  fa i l u r e  m o d e s  ( m e c h an i c al ,  b r e a kth r o u g h ,
c o n tam i n a ti o n ,  o ff g as s i n g ,  e tc . ) ,  h o w th e  o wn e r  i s  ab l e  to

c o n tr o l  u s e s  fo r  wh i c h  th e  e n c l o s u r e  wi l l  n o t b e  a d e q u a te ,  h o w
th e  u s e r  c a n  c o n ti n u o u s l y ve r i fy th at th e  ad s o r p ti o n  m e d i a  i s
wo r ki n g  p r o p e r l y,  an d  h o w th e  s p e n t m e d i a i s  to  b e  s a fe l y

r e m o ve d  a n d  r e p l a c e d ,  a m o n g  n u m e r o u s  o th e r  c o n c e r n s .  T h e
c o m m i tte e  d o e s  n o t b e l i e ve  th e s e  e n c l o s u r e s  a r e  a s u i tab l e
r e p l a c e m e n t fo r  a c h e m i c al  fu m e  h o o d  e x c e p t afte r  c a r e fu l  an d
th o r o u g h  a n al ys i s .  [ 45: A. 7 . 4 . 9 ]

A.16.3.2.1 .4.11    E x h au s t s ta c ks  s h o u l d  e x te n d  at l e as t 3  m
( 1 0  ft)  ab o ve  th e  h i g h e s t p o i n t o n  th e  r o o f to  p r o te c t p e r s o n ‐

n e l  o n  th e  r o o f.  E x h a u s t s tac ks  m i g h t n e e d  to  b e  m u c h  h i g h e r
to  d i s s i p a te  effuent e ffe c ti ve l y,  a n d  s tu d i e s  m i g h t b e  n e c e s s ar y
to  d e te r m i n e  ad e q u ate  d e s i gn .  Re l a te d  i n fo r m a ti o n  o n  s tac k

h e i g h t c an  b e  fo u n d  i n  C h ap te r  1 4 ,  Airfow Ar o u n d  B u i l d i n g s ,
o f th e  AS H RAE  Handbook of Fundamentals.  [ 45: A. 7 . 4 . 1 1 ]

A.16.3.2.1 .6.4    F o r  i n fo r m a ti ve  m a te r i al  r e ga r d i n g  s p a r k-
r e s i s tan t fan  c o n s tr u c ti o n ,  s e e  AN S I / Ai r  M o ve m e n t an d
C o n tr o l  As s o c i ati o n  ( AM C A)  S tan d a r d s  fo r  classifcation  fo r

s p ar k-r e s i s tan t c o n s tr u c ti o n .  [ 45: A. 7 . 7 . 4 ]

A.16.3.2.1 .6.6    E x h a u s t fan s  s h o u l d  b e  te s te d  to  e n s u r e  th e y d o
n o t r o tate  b ac kwar d  i n  n e w i n s tal l a ti o n s  o r  a fte r  r e p a i r  o n

m o to r s .  [ 45: A. 7 . 7 . 6 ]
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A.16.3.2.1 .7.1(A)    S p e c i fyi n g  th e  fame  s p r e a d  r ati n g  al o n e
d o e s  n o t e n s u r e  th a t th e  l i n e r  wi l l  p r o vi d e  c o n tai n m e n t o f a
s m a l l  fre.  [ 45: A. 7 . 8 . 1 . 1 ]

A.16.3.2.1 .7.1(B)    Baffes  n o r m a l l y s h o u l d  b e  a d j u s te d  fo r  th e
b e s t o p e r a ti n g p o s i ti o n  fo r  ge n e r a l  u s e .  O n l y wh e r e  h i g h  h e at
l o ad s  o r  th e  r o u ti n e  u s e  o f l ar g e  q u an ti ti e s  o f l i gh t o r  h e avy
ga s e s  o c c u r  s h o u l d  c o m p e n s ati n g  ad j u s tm e n t b e  m ad e .  I n  m o s t
c a s e s ,  h o we ve r,  th e  l o w c o n c e n tr a ti o n s  o f h e avi e r-th a n -ai r  an d
l i g h te r-th an -a i r  va p o r s  ta ke  o n  th e  c h a r ac te r i s ti c s  o f th e  l a r ge
vo l u m e s  o f ai r  g o i n g th r o u g h  th e  h o o d .  I t i s  r e c o m m e n d e d
th a t th e  to tal  ad j u s tm e n t n o t e x c e e d  2 0  p e r c e n t o f th e  to tal
airfow.  [ 45: A. 7 . 8 . 1 . 3 ]

A.16.3.2.1 .7.1(C)    T h e  m e a n s  o f c o n ta i n i n g m i n o r  s p i l l s  m i g h t
c o n s i s t o f a 6 . 4  m m  ( 1 ∕4  i n . )  r e c e s s  i n  th e  wo r k s u r fa c e ,  u s e  o f

p an s  o r  tr ays ,  o r  c r e ati o n  o f a  r e c e s s  b y i n s ta l l i n g  a c u r b  ac r o s s
th e  fr o n t o f th e  h o o d  an d  s e a l i n g th e  j o i n ts  b e twe e n  th e  wo r k

s u r fac e  an d  th e  s i d e s ,  b ac k,  a n d  c u r b  o f th e  h o o d .
[ 45: A. 7 . 8 . 1 . 4 ]

A.16.3.2.1 .7.2    A h o o d  s as h  gr e a tl y e n h an c e s  th e  s a fe ty p r o vi ‐
d e d  b y a c h e m i c a l  fu m e  h o o d ,  an d  i t i s  r e c o m m e n d e d  th at th e
h o o d  d e s i g n  i n c o r p o r a te  th i s  fe atu r e .  F o r  e x am p l e ,  a h o o d  s a s h

c a n  b e  ad j u s te d  to  i n c r e a s e  th e  fac e  ve l o c i ty wh e n  wo r ki n g  o n
h i g h  h az ar d  m a te r i al .  T h e  s a s h  c a n  b e  u s e d  a s  a s afe ty s h i e l d .  I t
c a n  b e  c l o s e d  to  c o n ta i n  a  fre  o r  r u n a way r e a c ti o n ,  a n d  i t c a n

b e  c l o s e d  to  c o n ta i n  e x p e r i m e n ts  wh e n  th e  h o o d  i s  l e ft u n a t‐
te n d e d .  [ 45: A. 7 . 8 . 2 ]

H o o d s  wi th o u t s a s h e s  o r  h o o d s  wi th  a s i d e  o r  r e ar  s a s h  i n
ad d i ti o n  to  a fr o n t s a s h  d o  n o t o ffe r  th e  s am e  d e g r e e  o f p r o te c ‐

ti o n  as  d o  h o o d s  wi th  p ro te c te d  s i n g l e  fac e  o p e n i n g s ,  a n d ,  th u s ,
th e i r  u s e  i s  n o t r e c o m m e n d e d .  A s m al l  fac e  o p e n i n g  c an  b e

d e s i r a b l e  to  s ave  e x h a u s t ai r  an d  e n e r g y o r  to  i n c r e a s e  th e
m a x i m u m  fa c e  ve l o c i ty o n  e x i s ti n g h o o d s .  [ 45: A. 7 . 8 . 2 ]

A.16.3.2.1 .7.3    U s e r s  s h o u l d  b e  i n s tr u c te d  an d  p e r i o d i c al l y
r e m i n d e d  n o t to  o p e n  s a s h e s  r ap i d l y a n d  to  al l o w h o o d  s as h e s

to  b e  o p e n  o n l y wh e n  n e e d e d  an d  o n l y as  m u c h  as  n e c e s s a r y.
[ 45: A. 7 . 8 . 3 ]

A.16.3.2.1 .7.4    L o c a ti n g s e r vi c e s ,  c o n tr o l s ,  an d  e l e c tr i c al
fxtures  e x te r n al  to  th e  h o o d  m i n i m i z e s  th e  p o te n ti al  h az ar d s
o f c o r r o s i o n  an d  ar c i n g .  [ 45: A. 7 . 8 . 4 ]

A.16.3.2.1 .7.7(A)    Wh e re  a  l a b o r a to r y e x h au s t s ys te m  c a n  b e
o ve r d r a wn  ( as  i n  a VAV s ys te m ,  fo r  wh i c h  i t i s  as s u m e d  th at a l l

h o o d s  a r e  n o t a t fu l l  c a p ac i ty al l  th e  ti m e  — th e  s o -c a l l e d  d i ve r ‐
s i ty fac to r )  th e  h o o d  a l ar m  p r o vi d e s  i m m e d i ate  wa r n i n g  to  a l l
u s e r s  th at th e i r  h o o d  i s  n o  l o n g e r  wo r ki n g  p r o p e r l y.  H e n c e ,  a n

i n d i c a ti o n  th at th e  e x h au s t s ys te m  c ap ac i ty h a s  b e e n  b r e ac h e d
i s  n o t r e q u i r e d ,  al th o u g h  i t m i g h t b e  d e s i r e d  b y th e  o wn e r.
[ 45: A. 7 . 8 . 7 ]

A.16.3.2.1 .7.7(B)    T h e  i n te n t o f p r e vi o u s  ve r s i o n s  o f th i s  s tan d ‐
ar d  wa s  to  p r o vi d e  a l o c a l  d e vi c e  th a t a l e r te d  u s e r s  to  i m p r o p e r

h o o d  p e r fo r m an c e .  H o we ve r,  m a n y c o m m e r c i a l l y c o m m o n
i n s ta l l ati o n s  s h o we d  fac e  ve l o c i ti e s  th a t va r i e d  s l i g h tl y,  p ar ti c u ‐
l ar l y d u r i n g o p e r ati o n .  T h i s  h as  l e d  to  fr e q u e n t “ al ar m s ”  e ve n

wh e n  th e  h o o d s  we r e  s ti l l  wi th i n  th e i r  d e s i g n  l i m i ts .  H e n c e  a
Go / N o  G o - typ e  s e n s o r  i s  ac tu al l y p r e fe r r e d .  AN S I / AI H A Z 9 . 5 ,
L a b o r a to r y Ve n ti l ati o n ,  r e c o m m e n d s  a l ar m i n g i f th e  ave r ag e

fac e  ve l o c i ty d e vi ate s  b y 2 0  p e r c e n t o r  m o r e ;  o th e r  s o u r c e s  an d
i n d u s tr y p r a c ti c e  h a ve  s u g ge s te d  ti g h te r  l i m i ts  o f 1 0  p e r c e n t.
[ 45: A. 7 . 8 . 7 . 1 ]

A.16.3.2.1 .8.1    A p e r s o n  wa l ki n g  p as t th e  h o o d  c a n  c r e ate  suff‐
cient tu r b u l e n c e  to  d i s r u p t a  fa c e  ve l o c i ty o f 0 . 5  m / s e c  ( 1 0 0  ft/

m i n ) .  I n  ad d i ti o n ,  o p e n  wi n d o ws  o r  ai r  i m p i n g e m e n t fr o m  an
ai r  d i ffu s e r  c an  c o m p l e te l y n e g ate  o r  d r am a ti c a l l y r e d u c e  th e
fa c e  ve l o c i ty a n d  c a n  al s o  affe c t n e g ati ve  d i ffe r e n ti al  ai r  p r e s ‐

s u r e .  [ 45: A. 7 . 9 . 1 ]

A.16.3.2.1 .8.3    P l a c e  l o w h a z a r d  a c ti vi ti e s  ( s u c h  a s  d e s ks  an d
m i c r o s c o p e  b e n c h e s )  a way fr o m  th e  c h e m i c a l  fu m e  h o o d .  T h e

te r m  directly in front of d o e s  n o t i n c l u d e  th o s e  ar e a s  th at a r e
s e p ar a te d  b y a  b ar r i e r  s u c h  as  a  l a b  b e n c h  o r  o th e r  l ar g e  s tr u c ‐

tu r e  th at wo u l d  s e r ve  a s  a  s h i e l d .  [ 45: A. 7 . 9 . 3 ]

A.16.3.2.1 .9.1(A)    A h az ar d  an d  r i s k a s s e s s m e n t s h o u l d  b e
c o n d u c te d  fo r  fu m e  h o o d  o p e r ati o n s .  C i r c u m s tan c e s  e x i s t

wh e r e  h o o d  fre  s u p p r e s s i o n  s ys te m s  m i gh t b e  ap p r o p r i a te  as  a
s tan d -al o n e  p r o te c ti o n  m e as u r e  o r  as  p a r t o f a m o r e  c o m p r e ‐

h e n s i ve  s tr ate gy to  r e d u c e  h a z a r d s  an d  r i s ks .  T h i s  a s s e s s m e n t
s h o u l d  b e  r e vi e we d  wh e n  fu m e  h o o d  o p e r ati o n s  c h an g e .  S e e
th e  o b j e c ti ve s  o f th e  N F PA 4 5  s tate d  i n  S e c ti o n  1 . 2 .

[ 45: A. 7 . 1 0 . 1 ]

A.16.3.2.1 .9.2(10)    F o r  fu r th e r  i n fo r m ati o n ,  s e e  r e p o r t e n ti tl e d
“ An  I n ve s ti ga ti o n  o f C h e m i c a l  F u m e  H o o d  F i r e  P r o te c ti o n

U s i n g  S p r i n kl e r  an d  Wa te r  M i s t N o z z l e s ”  p r e p ar e d  b y F ac to r y
M u tu a l  Re s e ar c h  C o r p o r ati o n .  [ 45: A. 7 . 1 0 . 2 . 1 ]

A.16.3.2.1 .9.3    S u b s e c ti o n  4 . 2 . 2  o f N F PA 9 1  s ta te s  th a t i n c o m ‐
p ati b l e  m a te r i al s  s h al l  n o t b e  c o n ve ye d  i n  th e  s am e  s ys te m .

[ S e c ti o n ]  1 6 . 3 . 2 . 1 . 5 . 7 ( B )  al l o ws  e x h au s t d u c ts  wi th i n  a l ab o r a‐
to r y u n i t to  b e  c o m b i n e d .  T h e  a p p a r e n t i n c o n s i s te n c y i s  d u e  to
th e  fo c u s  o f b o th  s tan d ar d s .  N F PA 4 5  as s u m e s  th at i n  n o r m al

r o u ti n e  l ab o r ato r y o p e r a ti o n s ,  th e  am o u n t o f m a te r i al s
r e l e as e d  i n to  th e  e x h au s t s ys te m  i s  s m al l  an d  wi l l  b e  d i l u te d
b e l o w an y l e ve l s  o f c o n c e r n .  [ 45: A. 7 . 5 . 1 0 ]

A.16.3.2.1 .9.3(A)    I n  2 0 0 1  a t th e  U n i ve r s i ty o f C a l i fo r n i a ,  a  fre
r e s u l te d  i n  an  i n j u r y a n d  c au s e d  a p p r o x i m ate l y $ 3 . 5  m i l l i o n  i n

d am ag e .  B as e d  o n  th e  i n ve s ti ga ti o n ,  i t wa s  c o n c l u d e d  th at th e
p r ac ti c e  o f n o t h avi n g  fre  d a m p e r s  o n  th e  e x h au s t d u c t o f th e
ve n ti l ati o n  s ys te m  a t th e  s h aft wa l l  ap p e ar s  to  h ave  b e e n  benef‐
cial  i n  th i s  fre  s c e n a r i o .  T h e  i n ve s ti g ati o n  o b s e r ve d  th at th e

e x h a u s t s ys te m  wa s  e ffe c ti ve  a t r e m o vi n g  signifcant q u a n ti ti e s
o f c o m b u s ti o n  p r o d u c ts  fr o m  th e  b u i l d i n g  d u r i n g  th e  fre,

th e r e b y r e d u c i n g  th e  a m o u n t o f c o m b u s ti o n  p r o d u c ts  s p r e a d ‐
i n g  to  o th e r  ar e as  o f th e  b u i l d i n g .  T h e  s h u tti n g  d o wn  o f th e
s u p p l y ai r  b y fre  d a m p e r s  d i d  n o t signifcantly h i n d e r  th e

e x h au s t s ys te m  b e c au s e  fr e s h  ai r  wa s  p r o vi d e d  th o u g h  a  b r o ke n
wi n d o w.  H o we ve r,  i f th e  wi n d o w h ad  n o t fa i l e d ,  th e  te a m
c o n c l u d e d  th a t th e  e x h au s t s ys te m  p r o b a b l y wo u l d  n o t h ave

p e r fo r m e d  as  we l l .  [ 45: A. 7 . 5 . 1 0 . 1 . 2 ]

A.16.3.2.1 .9.3(C)(3)    S e e  F i g u r e  A. 5 . 3  o f N F PA 9 0 A.
[ 45: A. 7 . 5 . 1 0 . 2 . 2 ( 3 ) ]

A.16.3.2.1 .9.7    I n s tal l ati o n  o f s p r i n kl e r s  i n  th e  vo i d  ar e a o r  i n
th e  c h e m i c al  fu m e  h o o d  i s  a n  ac c e p tab l e  m e th o d  to  p r e ve n t
fame  s p r e a d .  [ 45: A. 7 . 1 0 . 7 ]

A.16.3.2.1 .10.1    L a b o r a to r y h o o d s  i n  wh i c h  r a d i o a c ti ve  m ate r i ‐
al s  ar e  h an d l e d  s h o u l d  b e  identifed  wi th  th e  r ad i ati o n  h az ar d
s ym b o l .  F o r  i n fo r m ati o n ,  s e e  N F PA 8 0 1 .  [ 45: A. 7 . 1 3 . 1 ]

A.16.3.2.1 .11 .1    T h e  o p e r ati n g  c h a r ac te r i s ti c s  o f s o m e  c h e m i ‐
c a l  fu m e  h o o d  d e s i gn s ,  p ar ti c u l ar l y au x i l i ar y ai r  c h e m i c a l  fu m e

h o o d s ,  c h a n ge  at i n te r m e d i ate  p o s i ti o n s  o f s as h  h e i g h t.  I t i s ,
th e r e fo r e ,  i m p o r ta n t to  ve r i fy i n war d  airfow o ve r  th e  fa c e  o f
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th e  h o o d  ac c o r d i n g  to  1 6 . 3 . 2 . 1 . 1 1 . 1 ( 5 )  at s e ve r al  s a s h  h e i gh ts
fr o m  fu l l  o p e n  to  c l o s e d .  [ 45: A. 7 . 1 4 . 1 ]

A n u m b e r  o f te s t p r o c e d u r e s  fo r  ve r i fyi n g  p e r fo r m a n c e  o f
c h e m i c a l  fu m e  h o o d s  th at h ave  b e e n  i n s tal l e d  i n  th e  feld  h a ve
b e e n  p u b l i s h e d .  [ 45: A. 7 . 1 4 . 1 ]

A te s t p r o c e d u r e  i s  g i ve n  i n  Standard on Laboratory Fume
Hoods,  b y T h e  Scientifc  E q u i p m e n t a n d  F u r n i tu r e  As s o c i a ti o n
( S E FA) ,  th at u s e s  a  ve l o m e te r  an d  vi s i b l e  fu m e  fo r  c h e c ki n g
h o o d  p e r fo r m a n c e .  [ 45: A. 7 . 1 4 . 1 ]

A s tan d ar d  h as  b e e n  i s s u e d  b y th e  Am e r i c an  S o c i e ty o f H e a t‐
i n g,  Re fr i g e r ati n g ,  a n d  Ai r  C o n d i ti o n i n g  E n gi n e e r s  e n ti tl e d
AS H RAE  1 1 0 ,  Method of Testing Performance of Laboratory Fume
Hoods.  [ 45: A. 7 . 1 4 . 1 ]

T h e  E n vi r o n m e n tal  P r o te c ti o n  Ag e n c y’ s  Procedure for Certify‐
ing Laboratory Fume Hoods to Meet EPA Standards c o n tai n s  a te s t
p r o c e d u r e  u ti l i z i n g s u l fu r  hexafuoride  as  a  te s t g as .
[ 45: A. 7 . 1 4 . 1 ]

A.16.3.2.1 .11 .5(A)    T h e  an n u al  i n s p e c ti o n  o f ai r  s u p p l y an d
e x h a u s t fa n s ,  m o to r s ,  a n d  c o m p o n e n ts  s h o u l d  e n s u r e  th at
e q u i p m e n t i s  c l e a n ,  d r y,  ti gh t,  an d  fr i c ti o n -fr e e .  B e a r i n g s
s h o u l d  b e  p r o p e r l y l u b r i c ate d  o n  a  r e g u l ar  b as i s ,  ac c o r d i n g  to
m a n u fac tu r e r s ’  r e c o m m e n d a ti o n s .  P r o te c ti ve  d e vi c e s  s h o u l d  b e
c h e c ke d  to  e n s u r e  th at s e tti n gs  ar e  c o r r e c t a n d  th a t r ati n g s
h ave  b e e n  te s te d  u n d e r  s i m u l ate d  o ve r l o a d  c o n d i ti o n s .  I n s p e c ‐
ti o n s  s h o u l d  b e  m ad e  b y p e r s o n n e l  fa m i l i ar  wi th  th e  m an u fa c ‐
tu r e r s ’  i n s tr u c ti o n s  an d  e q u i p p e d  wi th  p r o p e r  i n s tr u m e n ts ,
ga u g e s ,  an d  to o l s .  [ 45: A. 7 . 1 4 . 5 . 1 ]

A.16.3.2.2.1 .1    H az ar d  e val u a ti o n s  an d  r i s k as s e s s m e n ts  s h o u l d
b e  p e r fo r m e d  b y a  te am  o f p e o p l e  wh o  ar e  fa m i l i ar  wi th
h az ar d o u s  c h e m i c al s ,  c h e m i c al  r e a c ti o n s ,  e q u i p m e n t,  an d
o p e r ati o n al  p r o c e d u r e s  p r i o r  to  l a b o r a to r y wo r k.  I n  p a r ti c u l a r,
wh e n  n e w o r  e x i s ti n g e x p e r i m e n ts  i n vo l ve  a s c al e - u p ,  a n
i n c r e as e  i n  fow r a te ,  c h an g e s  i n  p h ys i c al  p r o p e r ti e s  ( s u c h  a s
te m p e r a tu r e  o r  p r e s s u r e ) ,  c h a n ge s  i n  e q u i p m e n t o r  s u p p l i e s ,
m i x i n g o f i n c o m p a ti b l e  m a te r i al s ,  o r  a  p o te n ti al  fo r  e x p l o s i o n ,
h az ar d  e val u a ti o n s  a n d  r i s k a s s e s s m e n ts  s h o u l d  b e  p e r fo r m e d
p r i o r  to  i n i ti ati n g  r e s e ar c h .  T h e  h az ar d  e va l u a ti o n  a n d  r i s k
as s e s s m e n t te a m  s h o u l d  i n c l u d e  th e  s take h o l d e r s ,  s u c h  as  th e
p r i n c i p al  i n ve s ti g ato r,  an d  r e p r e s e n tati ve s  wo r ki n g i n  th e  l a b o ‐
ra to r y,  i n  ad d i ti o n  to  an y e x p e r ts  o n  th e  d e s i g n  a n d  c o n tr o l s  o f
th e  c h e m i c al  p r o c e s s .

T h e  h a z a r d  e val u a ti o n s  a n d  r i s k a s s e s s m e n ts  s h o u l d  i n c l u d e
u n d e r s tan d i n g o f th e  i n te r ac ti vi ty o f m ate r i al s ,  a s s o c i a te d  e n e r ‐
gi e s ,  s i d e  r e ac ti o n s ,  an d  te m p e r atu r e  r i s e  fo r  wo r s t- c a s e  r e ac ‐
ti o n s  an d  s i d e  r e ac ti o n s .  T h e  e val u ati o n  s h o u l d  al s o  c o n s i d e r
e val u a ti o n  wi th  th e  m ate r i al s  a n d  e q u i p m e n t a s s o c i a te d  wi th
th e  l a b o r a to r y o p e r a ti o n .

Wh e r e  th e  h az ar d  e va l u ati o n  identifes  signifcant h a z a r d s ,
ap p r o p r i a te  c o n tr o l s  n e e d  to  b e  i m p l e m e n te d  to  m i ti g ate  th e
h a z a r d s  to  p r e ve n t fres  o r  e x p l o s i o n s .  M i ti g ati o n s  c o u l d
i n c l u d e  a d e q u a te  p r e s s u r e  r e l i e f/ ve n ti n g ,  l i m i te d  s i z e  o f
ve s s e l s ,  s h i e l d i n g ,  c o n tr o l l e r s ,  an d  an a l yz e r s  wi th  a u to m a te d
s h u td o wn s .

Re fe r e n c e  s o u r c e s  i n c l u d e  th e  fo l l o wi n g :

( 1 )  N F PA 4 9 ,  N F PA 3 2 5 ,  an d  N F PA 4 9 1 ,  wh i c h  ar e  c o n ta i n e d
i n  N F PA’ s  Fire Protection Guide to Hazardous Materials.

( 2 )  N F PA 5 5 1

( 3 )  C h ap te r  4  o f Prudent Practices in the Laboratory

( 4 )  Handbook of Chemical Health and Safety

( 5 )  A fr e e  to o l  fo r  c h e m i c al  r e ac ti vi ty,  avai l ab l e  at h ttp s : / /
www. ai c h e . o r g/ c c p s / r e s o u r c e s / c h e m i c al -r e ac ti vi ty-
wo r ks h e e t- 4 0

[ 45: A. 1 1 . 2 . 1 ]

A.16.3.2.2.1 .1(D)    Wh e n  a n e w c h e m i c al  i s  p r o d u c e d ,  i t s h o u l d
b e  s u b j e c te d  to  a h az ar d  a n al ys i s  as  ap p r o p r i ate  to  th e  r e as o n a‐
b l y a n ti c i p a te d  h az ar d  c h ar ac te r i s ti c s  o f th e  m ate r i al .  S u c h  te s ts

m i gh t i n c l u d e ,  b u t a r e  n o t l i m i te d  to ,  d i ffe r e n ti al  th e r m a l  a n al ‐
ys i s ,  a c c e l e r ati n g  r ate  c al o r i m e tr y,  d r o p  we i g h t s h o c k s e n s i ti vi ty,
a u to i g n i ti o n  te m p e r a tu r e ,  fash  p o i n t,  th e r m a l  s ta b i l i ty u n d e r

c o n tai n m e n t,  h e at o f c o m b u s ti o n ,  a n d  o th e r  a p p r o p r i a te  te s ts .
[ 45: A. 1 1 . 2 . 1 . 4 ]

A.16.3.2.2.1 .1(E)    I n  2 0 1 6 ,  a n  e x p e r i m e n t i n vo l vi n g  th e  u s e  o f
a  h yd r o g e n ,  o x yg e n ,  a n d  c a r b o n  d i o x i d e  ga s  m i x tu r e  e x p l o d e d
i n  a l ab o r ato r y,  c au s i n g a  s e r i o u s  i n j u r y a n d  d e s tr o yi n g  th e

l ab o r ato r y.  [ 45: A. 1 1 . 2 . 1 . 5 ]

A.16.3.2.2.1 .2(D)    P r o c e d u r e s  m i g h t i n c l u d e  c h i l l i n g,  q u e n c h ‐
i n g ,  c u to ff o f r e ac ta n t s u p p l y,  ve n ti n g ,  d u m p i n g,  an d  “ s h o r t-

s to p p i n g”  o r  i n h i b i ti n g.  [ 45: A. 1 1 . 2 . 8 . 4 ]

A.16.3.2.2.2.3(A)    P r e s s u r e  ve s s e l s  r e q u i r e  s p e c i al i z e d  d e s i g n
b e yo n d  th e  s c o p e  o f n o r m al  wo r ks h o p  p r a c ti c e .  F o r  d e s i g n  o f
p r e s s u r e  ve s s e l s ,  s e e  S e c ti o n  VI I I ,  “ Ru l e s  fo r  C o n s tr u c ti o n  o f

P r e s s u r e  Ve s s e l s , ”  D i vi s i o n  1 ,  AS M E  Boiler and Pressure Vessel
Code.  [ 45: A. 1 1 . 3 . 5 . 1 ]

A.16.3.2.2.2.4(B)    H az ar d s  to  p e r s o n n e l  fr o m  h i g h  vo l tag e ,
vap o r s  o r  fu m e s ,  r ad i ati o n ,  fames,  fashbacks,  an d  e x p l o s i o n s
s h o u l d  b e  m i n i m i z e d .  [ 45: A. 1 1 . 3 . 6 . 2 ]

A.16.3.2.3.1    T h e  e x h au s t s ys te m  s h o u l d  b e  identifed  “ WARN ‐
I N G — C h e m i c al  L ab o r ato r y E x h au s t”  ( o r  “ C h e m i c al  F u m e

H o o d  E x h au s t”  o r  o th e r  ap p r o p r i a te  wo r d i n g ) .  E x h au s t s ys te m
d i s c h ar g e  s tac ks  a n d  d i s c h ar g e  ve n ts  an d  e x h a u s t s ys te m  fa n s
s h o u l d  b e  m ar ke d  to  i d e n ti fy th e  l ab o r ato r i e s  o r  wo r k ar e a s

b e i n g s e r ve d .  [ 45: A. 1 3 . 3 ]

A.16.4.1 .2.1    F o r  ad d i ti o n a l  i n fo r m ati o n ,  s e e  th e  fo l l o wi n g :

( 1 ) C GA P am p h l e t P -1 ,  Standard for Safe Handling of
Compressed Gases in Containers

( 2 ) AS M E  B 3 1 . 1 ,  Power Piping ( i n c l u d i n g a d d e n d u m )
( 3 ) AS M E  B 3 1 . 3 ,  Process Piping
( 4 ) N a ti o n al  S afe ty C o u n c i l  D a ta  S h e e t 1 -6 8 8 -8 6 ,  Cryogenic

Fluids in the Laboratory
[ 45: A. 1 0 . 2 . 1 ]

A.16.4.1 .2.2    Ad d i ti o n a l  s h u to ff va l ve s ,  l o c ate d  i n  a c c e s s i b l e
l o c a ti o n s  o u ts i d e  o f th e  ar e a s  i n  wh i c h  th e  ga s e s  ar e  u s e d ,  ar e

ac c e p tab l e .  [ 45: A. 1 0 . 2 . 3 ]

A.16.4.1 .2.3    P r e s s u r e  r e l i e f s h o u l d  o n l y b e  p r o vi d e d  b y d e vi c e s
d e s i g n e d  a n d  a p p r o ve d  fo r  th i s  p u r p o s e .  P r o vi d i n g  p r e s s u r e
r e l i e f b y u s e  o f a l o o s e l y a ttac h e d  p l as ti c  l a b o r a to r y tu b i n g,  b y

l e avi n g  gl as s  s to p p e r s  i n  a fask to  p o p  o ff,  o r  b y o th e r  s i m i l ar
m e th o d s  d o  n o t m e e t th e  r e q u i r e m e n ts  o f th i s  s e c ti o n .  F ai l u r e
o f a n y d e vi c e  c an n o t b e  c o n s i d e r e d  a s  p r e s s u r e  r e l i e f.

[ 45: A. 1 0 . 2 . 4 . 1 ]

A.16.4.1 .2.3.1    Typ i c al l y,  r e l i e f d e vi c e s  ar e  s i z e d  to  p r o vi d e  th e
fu l l  fow r ate  at n o  m o r e  th a n  1 0  p e r c e n t o ve r p r e s s u r e  p e r

AS M E  gu i d e l i n e s .
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2 0 2 3  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 s afe  l o c a ti o n  p e r  1 6 . 4 . 1 . 2 . 3 . 1  i s  i n to  an  e x h a u s t d u c t,  i n to
th e  p l e n u m  o f a l ab o r ato r y h o o d ,  o r  i n to  a ve n t th at e x i ts
o u ts i d e  th e  b u i l d i n g.  [ 4 5 : A. 1 0 . 2 . 4 . 2 ]

A. 1 6 . 4 . 1 . 2 . 4    I t i s  r e c o m m e n d e d  th a t e a c h  i n te r m e d i a te  r e gu l a‐
to r an d  val ve  al s o  b e  identifed.  T h e  identifcation  s h o u l d

c o n fo r m  to  AN S I / AS M E  A1 3 . 1 ,  Scheme for the Identifcation of
Piping Systems.  [ 4 5 : A. 1 0 . 2 . 5 ]

A. 1 6 . 4 . 1 . 2 . 5    G r e at c a r e  s h o u l d  b e  take n  wh e n  c o n ve r ti n g a
p i p i n g  s ys te m  fr o m  o n e  g as  to  an o th e r.  I n  ad d i ti o n  to  th e

r e q u i r e m e n ts  o f 1 6 . 4 . 1 . 2 . 5 ,  th o r o u gh  c l e a n i n g  to  r e m o ve  r e s i ‐
d u e s  m i g h t b e  e s s e n ti al .  F o r  e x am p l e ,  i n e r t o i l - p u m p e d  n i tr o ‐
ge n  wi l l  l e ave  a  c o m b u s ti b l e  o r g an i c  r e s i d u e  th a t i s

i n c o m p ati b l e  wi th  o x yge n  a n d  o th e r  o x i d i z i n g  a ge n ts .  S i m i l ar
i n c o m p ati b i l i ti e s  c an  o c c u r  wi th  o th e r  m a te r i al s .  [ 4 5 : A. 1 0 . 2 . 6 ]

A. 1 6 . 4 . 1 . 3 . 1 . 2    Ai r  c a n  b e  c o n d e n s e d  wh e n  i t c o n tac ts  c o n ta i n ‐
e r s  o r  p i p i n g  c o n tai n i n g  c r yo g e n i c  fuids.  Wh e n  th i s  o c c u r s ,  th e
c o n c e n tr ati o n  o f o x yge n  i n  th e  c o n d e n s e d  ai r  i n c r e as e s ,
th e r e b y i n c r e as i n g th e  l i ke l i h o o d  o f i g n i ti o n  o f o r g an i c  m a te ‐

r i al .  [ 4 5 : A. 1 0 . 4 . 1 . 2 ]

A. 1 7 . 3    T h e  r e q u i r e m e n ts  fo r  i n d o o r  p a r ki n g o f ve h i c l e s  a r e
l o c a te d  wi th i n  th e  b u i l d i n g  a n d  fre  p r e ve n ti o n  c o d e s  a d o p te d

wi th i n  a j u r i s d i c ti o n .

T h e  fre  h az ar d  p r e s e n te d  b y s e l f-p r o p e l l e d  ve h i c l e s  p o we r e d
b y GH 2  o r  L H 2  i s  suffciently s i m i l ar  to  th o s e  p r e s e n te d  b y ve h i ‐

c l e s  fu e l e d  b y l i q u i d  ga s o l i n e  o r  d i e s e l  fu e l  th a t n o  a d d i ti o n al
r e q u i r e m e n ts  ar e  war r a n te d .   S tu d i e s  an d  fre  te s ts  p e r fo r m e d

h ave  c o n c l u d e d  th at th e  c o m b u s ti b l e  c o m p o n e n ts  c o m m o n  to
a l l  typ e s  o f au to m o b i l e s  c an  c a u s e  a ve h i c l e  fre  to  s p r e a d  fr o m
o n e  p a r ke d  ve h i c l e  to  an  a d j ac e n t o n e  b u t th at th e  p r e s e n c e  o r

r e l e as e  o f h yd ro g e n  ( s u c h  a s  th r o u gh  ac ti vati o n  o f a  th e r m al
p r e s s u r e  r e l i e f d e vi c e )  i s  n o t a  m a j o r  c au s e  o f fre  s p r e a d .

A. 1 8 . 3 . 2 . 6    D e fu e l i n g  e q u i p m e n t p r o vi d e d  b y th e  ve h i c l e
m a n u fac tu r e r  i s  r e c o m m e n d e d .

N A. 1 8 . 3 . 2 . 8 . 1    D e fu e l i n g  e q u i p m e n t p r o vi d e d  b y th e  ve h i c l e
m a n u fac tu r e r  i s  r e c o m m e n d e d .  Al th o u gh  i n te n d e d  fo r
o u td o o r  b u l k h yd r o g e n  s to r a ge ,  Tab l e  7 . 3 . 2 . 3 . 1 . 2 ( B ) ( a ) ,  Tab l e

7 . 3 . 2 . 3 . 1 . 2 ( B ) ( b ) ,  an d  Ta b l e  7 . 3 . 2 . 3 . 1 . 2 ( B ) ( c )  c a n  p r o vi d e
g e n e r al  gu i d a n c e  o n  th e  s e p a r ati o n  d i s tan c e s  fo r  o u td o o r  ve n t‐
i n g.  Tab l e  7 . 3 . 2 . 3 . 1 . 7 . 1  c an  p r o vi d e  r e c o m m e n d a ti o n s  fo r  e l e c ‐

tr i c a l  ar e a classifcations  d i s tan c e s  th a t s h o u l d  b e  u s e d  wh e n
p e r fo r m i n g o u td o o r  r e fu e l i n g fr o m  a ve h i c l e .

A. 1 8 . 3 . 2 . 9 . 5 . 4    Tan ks  m o u n te d  i n  ve h i c l e s  m e e t th i s  r e q u i r e ‐
m e n t p r o vi d e d  th e  ve h i c l e  i s  s e c u r e d  fr o m  m o vi n g.

A. 1 8 . 3 . 3 . 3 ( 3 )    E x h au s t s ys te m s  th a t o p e r ate  c o n ti n u o u s l y a r e
c o n s i d e r e d  to  h a ve  b e e n  ac ti va te d  fo r  th e  p u r p o s e  o f th i s
s e c ti o n .

A. 1 8 . 3 . 4 . 4 . 1    E l e c tr i c  h e ate r s  th at a r e  l i s te d  an d  l a b e l e d  fo r
C l a s s  I ,  D i vi s i o n  1  a n d  2 ,  Gr o u p  B  ( C l a s s  I ,  Z o n e  0 ,  1 ,  a n d  2 ,

Gr o u p  I I C )  a r e  s u i tab l e  fo r  u s e  wi th  h yd r o g e n .  (See NFPA 70. )
O th e r  h e ate r s  th at d o  n o t a r c  o r  s p a r k;  d o  n o t c r e ate  s ta ti c
d i s c h ar g e s ;  a n d  d o  n o t h a ve  s u r fac e  te m p e r atu r e s  e x c e e d i n g

7 5 2 ° F  ( 4 0 0 ° C )  c o u l d  a l s o  b e  s u i ta b l e .

Ta b l e  4 . 4 . 2  o f N F PA 4 9 7  l i s ts  th e  AI T  o f h yd r o ge n  as  9 3 2 ° F
( 5 0 0 ° C ) .

A. 1 8 . 6 . 1 . 2    Typ i c al l y,  fu e l  val ve s  ar e  c l o s e d  wh e n  d e -e n e r gi z e d .
D e -e n e r gi z i n g th e  fu e l  c e l l  p o we r  s ys te m  ( F C P S )  o r  o th e r  typ e

o f h yd r o g e n -fu e l e d  e n gi n e  wi l l  typ i c al l y d e -e n e r g i z e  th e s e

va l ve s .  P r e ve n ti n g th e  F C P S  o r  e n gi n e  fr o m  r e s tar ti n g  b y
r e m o vi n g  a ke y,  c o n n e c to r,  o r  s i m i l a r  d e vi c e  wi l l  e n s u r e  th a t

th e s e  fu e l  val ve s  r e m a i n  c l o s e d .

A. 1 8 . 6 . 1 . 3    O n e  s tan d ar d  fo r  th e s e  F C P S s  i s  U L  2 2 6 7 ,  Fuel Cell
Power Systems for Installation in Industrial Electric Trucks.

A. 1 8 . 6 . 2 . 2 . 1    Typ i c al l y,  fu e l  va l ve s  a r e  c l o s e d  wh e n  d e -
e n e r gi z e d .  D i s c o n n e c ti n g  th e  p o we r  to  th e s e  val ve s  wi l l  p r e ve n t
th e m  fr o m  o p e n i n g  d u r i n g s e r vi c i n g .  A l o c ko u t/ ta go u t p r o c e ‐

d u r e  i n  ac c o r d an c e  wi th  2 9  C F R 1 9 1 0 . 1 4 7  ( O S H A)  i s  r e c o m ‐
m e n d e d .

A. 1 8 . 6 . 2 . 3    S e r vi c e  o f th e  fu e l  s to r ag e  c o n ta i n e r s  i n c l u d e s
r e p ai r,  r e p l ac e m e n t,  i n s p e c ti o n ,  recertifcation,  a n d  s i m i l a r
ac ti vi ti e s  th a t r e q u i r e  d i r e c t a c c e s s  to  c o n ta i n e r s .  S e e  1 8 . 3 . 2  fo r

r e q u i r e m e n ts  fo r  th e  d e fu e l i n g e q u i p m e n t.

N A. 1 9 . 2 . 2    I E C  6 2 2 8 2 -4 - 1 0 1 ,  Fuel cell technologies—Part 4-1 01 : Fuel
cell power systems for propulsion other than road vehicles and auxiliary

power units (APU)—Safety of electrically powered industrial trucks,  i s
s i m i l a r  to  U L  2 2 6 7 ,  Fuel Cell Power Systems for Installation in

Industrial Electric Trucks.

An n e x  B    Ad m i n i s trati o n

This annex is not a part of the requirements of this NFPA document
unless specifcally adopted by the jurisdiction.

The information in Annex B can be used to supplement the adminis‐
trative requirements of Chapter 1 .

B . 1  Ap p l i c ati o n .

B . 1 . 1    T h i s  c o d e  s h a l l  ap p l y to  b o th  n e w a n d  e x i s ti n g c o n d i ‐
ti o n s .

B . 1 . 2  Re fe re n c e d  S tan d ard s .

Δ B . 1 . 2 . 1    D e tai l s  r e g ar d i n g  p r o c e s s e s ,  m e th o d s ,  specifcations,
e q u i p m e n t te s ti n g  a n d  m a i n te n an c e ,  d e s i gn  s ta n d a r d s ,
p e r fo r m an c e ,  i n s ta l l a ti o n ,  o r  o th e r  p e r ti n e n t c r i te r i a c o n ta i n e d

i n  th o s e  c o d e s  an d  s tan d ar d s  l i s te d  i n  C h ap te r  2  o f th i s  Code
s h a l l  b e  c o n s i d e r e d  a  p ar t o f th i s  Code.  [ 1 : 1 . 3 . 2 . 1 ]

B . 1 . 2 . 2    Wh e r e  n o  a p p l i c a b l e  c o d e s ,  s ta n d ar d s ,  o r  r e q u i r e ‐
m e n ts  ar e  s e t fo r th  i n  th i s  c o d e  o r  c o n ta i n e d  wi th i n  o th e r  l a ws ,

c o d e s ,  r e g u l ati o n s ,  o r d i n a n c e s ,  o r  b yl a ws  ad o p te d  b y th e
a u th o r i ty h a vi n g j u r i s d i c ti o n  ( AH J ) ,  c o m p l i a n c e  wi th  ap p l i c a‐
b l e  c o d e s  an d  s ta n d a r d s  o f N F PA o r  o th e r  n ati o n al l y r e c o g‐

n i z e d  s tan d ar d s ,  as  a r e  ap p r o ve d ,  o r  ap p r o ve d  p e r fo r m a n c e -
b a s e d  o p ti o n s  i n  a c c o r d an c e  wi th  C h ap te r  5 ,  s h al l  b e  d e e m e d
a s  p r i m a fa c i e  e vi d e n c e  o f c o m p l i an c e  wi th  th e  i n te n t o f th i s

c o d e .

B . 1 . 2 . 3    N o th i n g h e r e i n  s h al l  d i m i n i s h  th e  a u th o r i ty o f th e
AH J  to  d e te r m i n e  c o m p l i a n c e  wi th  c o d e s  o r  s tan d ar d s  fo r

th o s e  ac ti vi ti e s  o r  i n s ta l l a ti o n s  wi th i n  th e  AH J ’ s  r e s p o n s i b i l i ty.
[ 1 : 1 . 3 . 2 . 3 ]

B . 1 . 3  Conficts.

Δ B . 1 . 3 . 1    Wh e n  a r e q u i r e m e n t d i ffe r s  b e twe e n  th i s  Code an d  a
r e fe r e n c e d  d o c u m e n t,  th e  r e q u i r e m e n t o f th i s  Code s h a l l  ap p l y.

[ 1 : 1 . 3 . 3 . 1 ]

B . 1 . 3 . 2    Wh e n  a  confict b e twe e n  a g e n e r al  r e q u i r e m e n t a n d  a
specifc  r e q u i r e m e n t o c c u r s ,  th e  specifc  r e q u i r e m e n t s h a l l

a p p l y.  [ 1 : 1 . 3 . 3 . 2 ]
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B . 1 . 4  I n s tal l ati o n s .

Δ B . 1 . 4 . 1    B u i l d i n g s  p e r m i tte d  fo r  c o n s tr u c ti o n  afte r  th e  a d o p ‐
ti o n  o f th i s  Code s h a l l  c o m p l y wi th  th e  p r o vi s i o n s  s tate d  h e r e i n
fo r  n e w b u i l d i n gs . [ 1 : 1 . 3 . 6 . 1 ]

Δ B . 1 . 4 . 2    B u i l d i n gs  i n  e x i s te n c e  o r  p e r m i tte d  fo r  c o n s tr u c ti o n
p r i o r  to  th e  ad o p ti o n  o f th i s  Code s h al l  c o m p l y wi th  th e  p r o vi ‐
s i o n s  s ta te d  h e r e i n  o r  r e fe r e n c e d  fo r  e x i s ti n g b u i l d i n gs .  (see
1 0. 3. 2 of NFPA 1 ).  [ 1 : 1 . 3 . 6 . 2 ]

B . 1 . 4 . 3    Re p a i r s ,  r e n o va ti o n s ,  a l te r ati o n s ,  an d  ad d i ti o n s  to
e x i s ti n g  h yd r o g e n  i n s ta l l a ti o n s  s h al l  c o n fo r m  wi th  N F PA 2  an d
th e  ad o p te d  b u i l d i n g c o d e .

Δ B . 1 . 4 . 4    N e wl y i n tr o d u c e d  e q u i p m e n t,  m ate r i a l s ,  an d  o p e r a‐
ti o n s  r e gu l a te d  b y th i s  Code s h al l  c o m p l y wi th  th e  r e q u i r e m e n ts
fo r  n e w c o n s tr u c ti o n  o r  p r o c e s s e s .  [ 1 : 1 . 3 . 6 . 4 ]

Δ B . 1 . 4 . 5  S e ve rab i l i ty.    I f a n y p r o vi s i o n  o f th i s  Code o r  th e  a p p l i ‐
c a ti o n  th e r e o f to  an y p e r s o n  o r  c i r c u m s tan c e  i s  h e l d  i n val i d ,
th e  r e m a i n d e r  o f th e  Code an d  th e  ap p l i c ati o n  o f s u c h  p r o vi ‐
s i o n  to  o th e r  p e r s o n s  o r  c i r c u m s ta n c e s  s h al l  n o t b e  a ffe c te d
th e r e b y.  [ 1 : 1 . 3 . 7 ]

B . 2  E q ui val e n c i e s ,  Al te r n ati ve s ,  an d  Modifcations.

Δ B . 2 . 1  E q ui val e n c i e s .    N o th i n g i n  th i s  Code 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 al i ty,  s tr e n g th ,  fre  r e s i s tan 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 to  th o s e  p r e s c r i b e d  b y th i s  Code,  p r o vi d e d  te c h n i ‐
c a l  d o c u m e n tati o n  i s  s u b m i tte d  to  th e  AH J  to  d e m o n s tr a te
e q u i val e n c y an d  th e  s ys te m ,  m e th o d ,  o r  d e vi c e  i s  ap p r o ve d  fo r
th e  i n te n d e d  p u r p o s e .  [ 1 : 1 . 4 . 1 ]

Δ B . 2 . 2  Al te r n ati ve s .    T h e  specifc  r e q u i r e m e n ts  o f th i s  Code
s h a l l  b e  p e r m i tte d  to  b e  al te r e d  b y th e  AH J  to  a l l o w a l te r n ati ve
m e th o d s  th a t wi l l  s e c u r e  e q u i val e n t fre  s a fe ty,  b u t i n  n o  c a s e
s h a l l  th e  al te r n a ti ve  a ffo r d  l e s s  fre  s a fe ty th a n ,  i n  th e  j u d gm e n t
o f th e  AH J ,  th at wh i c h  wo u l d  b e  p r o vi d e d  b y c o m p l i an c e  wi th
th e  p r o vi s i o n s  c o n tai n e d  i n  th i s  Code.  [ 1 : 1 . 4 . 2 ]

Δ B . 2 . 3  Modifcations.    T h e  AH J  i s  au th o r i z e d  to  m o d i fy an y o f
th e  p r o vi s i o n s  o f th i s  Code u p o n  ap p l i c ati o n  i n  wr i ti n g  b y th e
o wn e r,  a  l e s s e e ,  o r  a  d u l y au th o r i z e d  r e p r e s e n ta ti ve  wh e r e  th e r e
ar e  p r a c ti c a l  diffculties  i n  th e  way o f c a r r yi n g  o u t th e  p r o vi ‐
s i o n s  o f th e  Code,  p r o vi d e d  th at,  i n  th e  j u d gm e n t o f th e  AH J ,
th e  i n te n t o f th e  Code s h a l l  b e  c o m p l i e d  wi th ,  p u b l i c  s a fe ty
s e c u r e d ,  an d  s u b s tan ti al  j u s ti c e  d o n e .  [ 1 : 1 . 4 . 3 ]

Δ B . 2 . 4    B u i l d i n gs  wi th  e q u i va l e n c y,  al te r n a ti ve s ,  o r  modifca‐
tions,  ap p r o ve d  b y th e  AH J  s h al l  b e  c o n s i d e r e d  as  c o n fo r m i n g
wi th  th i s  Code.  [ 1 : 1 . 4 . 4 ]

B . 2 . 5    E ac h  ap p l i c a ti o n  fo r  an  e q u i va l e n t,  al te r n a ti ve ,  o r  m o d i ‐
fed  fre  p r o te c ti o n  fe atu r e  s h o u l d  b e  fled  wi th  th e  AH J  an d
s h a l l  b e  a c c o m p a n i e d  b y s u c h  e vi d e n c e ,  l e tte r s ,  s tate m e n ts ,
r e s u l ts  o f te s ts ,  o r  o th e r  s u p p o r ti n g  i n fo r m ati o n  a s  r e q u i r e d  to
j u s ti fy th e  r e q u e s t.  T h e  AH J  s h al l  ke e p  a r e c o r d  o f a c ti o n s  o n
s u c h  ap p l i c ati o n s ,  an d  a  s i g n e d  c o p y o f th e  AH J ’ s  d e c i s i o n  s h a l l
b e  p r o vi d e d  fo r  th e  ap p l i c a n t.

B . 2 . 6  Ap p ro val .    T h e  AH J  s h o u l d  ap p r o ve  s u c h  e q u i va l e n t,
al te r n ati ve ,  o r  modifed  c o n s tr u c ti o n  s ys te m s ,  m a te r i al s ,  o r
m e th o d s  o f d e s i gn  wh e n  i t i s  s u b s ta n ti ate d  th at th e  s tan d a r d s  o f
th i s  c o d e  a r e  a t l e a s t e q u al e d .  I f,  i n  th e  o p i n i o n  o f th e  AH J ,  th e
s tan d ar d s  o f th i s  c o d e  a r e  n o t e q u a l e d  b y th e  a l te r n ati ve
re q u e s te d ,  a p p r o val  fo r  p e r m an e n t wo r k c an  b e  r e fu s e d .
C o n s i d e r a ti o n  s h o u l d  b e  gi ve n  to  te s t o r  p r o to typ e  i n s ta l l ati o n s .

B . 2 . 7  Te s ts .

Δ B . 2 . 7 . 1    Wh e n e ve r  e vi d e n c e  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  Code i s  insuffcient o r  e vi d e n c e  th at an y m a te r i al
o r  m e th o d  o f c o n s tr u c ti o n  d o e s  n o t c o n fo r m  to  th e  r e q u i r e ‐

m e n ts  o f th i s  Code,  o r  to  s u b s tan ti ate  c l ai m s  fo r  al te r n a ti ve
c o n s tr u c ti o n  s ys te m s ,  m a te r i al s ,  o r  m e th o d s  o f c o n s tr u c ti o n ,
th e  AH J  s h a l l  b e  p e r m i tte d  to  r e q u i r e  te s ts  fo r  p r o o f o f c o m p l i ‐

a n c e  to  b e  m ad e  b y a n  a p p r o ve d  a ge n c y a t th e  e x p e n s e  o f th e
o wn e r  o r  h i s / h e r  a ge n t.  [ 1 : 1 . 4 . 7 . 1 ]

Δ B . 2 . 7 . 2    Te s t m e th o d s  s h al l  b e  a s  specifed  b y th i s  Code fo r  th e
m a te r i al  i n  q u e s ti o n .  I f a p p r o p r i a te  te s t m e th o d s  ar e  n o t s p e c i ‐
fed  i n  th i s  Code,  th e  AH J  i s  a u th o r i z e d  to  ac c e p t a n  a p p l i c ab l e

te s t p r o c e d u r e  fr o m  an o th e r  r e c o g n i z e d  s o u r c e .  [ 1 : 1 . 4 . 7 . 2 ]

B . 2 . 7 . 3    C o p i e s  o f th e  r e s u l ts  o f al l  s u c h  te s ts  s h al l  b e  r e ta i n e d
i n  ac c o r d an c e  wi th  S e c ti o n  B . 7 .  [ 1 : 1 . 4 . 7 . 3 ]

B . 3  U n i ts .

Δ B . 3 . 1  I n te r n ati o n al  S ys te m  o f 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  Code 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  a s  th e  I n te r n a ti o n a l  S ys te m  o f U n i ts  ( S I ) .
[ 1 : 1 . 5 . 1 ]

Δ B . 3 . 2  P ri m ar y an d  E q u i val e n t Val u e s .    I f a val u e  fo r  a m e as u r e ‐
m e n t a s  g i ve n  i n  th i s  Code i s  fo l l o we d  b y a n  e q u i va l e n t val u e  i n

o th e r  u n i ts ,  th e  frst s tate d  val u e  s h a l l  b e  r e g ar d e d  a s  th e
r e q u i r e m e n t.  A gi ve n  e q u i va l e n t val u e  c o u l d  b e  ap p r o x i m ate .
[ 1 : 1 . 5 . 2 ]

Δ B . 4  E n fo rc e m e n t.    T h i s  Code s h a l l  b e  ad m i n i s te r e d  an d
e n fo r c e d  b y th e  AH J  d e s i gn a te d  b y th e  g o ve r n i n g  au th o r i ty.  (See
Annex C for sample wording for enabling legislation. ) [ 1 : 1 . 6 ]

B . 5  Auth o ri ty.

Δ B . 5 . 1  Ad m i n i s trati o n .    T h e  p r o vi s i o n s  o f th i s  Code s h al l  a p p l y
wi th o u t r e s tr i c ti o n ,  u n l e s s  specifcally e x e m p te d .  [ 1 : 1 . 7 . 1 ]

Δ B . 5 . 2  M i n i m um  Qualifcations  to  E n fo rc e  th i s  C o d e .    T h e  AH J
s h a l l  e s tab l i s h  m i n i m u m  qualifcations  fo r  a l l  p e r s o n s  as s i g n e d

th e  r e s p o n s i b i l i ty o f e n fo r c i n g  th i s  Code.  [ 1 : 1 . 7 . 2 ]

B . 5 . 3  I n te rp re tati o n s .

Δ B . 5 . 3 . 1    T h e  AH J  i s  a u th o r i z e d  to  r e n d e r  i n te r p r e tati o n s  o f th i s
Code an d  to  m a ke  an d  e n fo r c e  r u l e s  an d  s u p p l e m e n tal  r e gu l a‐
ti o n s  i n  o r d e r  to  c ar r y o u t th e  a p p l i c ati o n  a n d  i n te n t o f i ts

p r o vi s i o n s .  [ 1 : 1 . 7 . 3 . 1 ]

Δ B . 5 . 3 . 2    S u c h  i n te r p r e tati o n s ,  r u l e s ,  a n d  r e g u l a ti o n s  s h a l l  b e  i n
c o n fo r m a n c e  wi th  th e  i n te n t an d  p u r p o s e  o f th i s  Code an d  s h al l

b e  avai l ab l e  to  th e  p u b l i c  d u r i n g n o r m a l  b u s i n e s s  h o u r s .
[ 1 : 1 . 7 . 3 . 2 ]

Δ B . 5 . 4  E n fo rc e m e n t As s i s tan c e .    P o l i c e  a n d  o th e r  e n fo r c e m e n t
a ge n c i e s  s h al l  h ave  au th o r i ty to  r e n d e r  n e c e s s ar y a s s i s ta n c e  i n

th e  e n fo r c e m e n t o f th i s  Code wh e n  r e q u e s te d  to  d o  s o  b y th e
AH J .  [ 1 : 1 . 7 . 4 ]

Δ B . 5 . 5  D e l e gati o n  o f Au th o ri ty.    T h e  AH J  s h al l  b e  p e r m i tte d  to
d e l e g ate  to  o th e r  qualifed  i n d i vi d u a l s  s u c h  p o we r s  a s  n e c e s s ar y
fo r  th e  a d m i n i s tr ati o n  an d  e n fo r c e m e n t o f th i s  Code.  [ 1 : 1 . 7 . 5 ]

B . 5 . 6  I n s p e c ti o n .

Δ B . 5 . 6 . 1    T h e  AH J  s h al l  b e  au th o r i z e d  to  i n s p e c t,  a t al l  r e as o n a‐
b l e  ti m e s ,  an y [ h yd r o g e n  i n s ta l l a ti o n  o r  o p e r a ti o n ]  fo r  d a n ge r ‐
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o u s  o r  h az ar d o u s  c o n d i ti o n s  o r  m ate r i a l s  as  s e t fo r th  i n  th i s
Code.  [ 1 : 1 . 7 . 7 . 1 ]

Δ B . 5 . 6 . 2    T h e  AH J  s h a l l  h a ve  au th o r i ty to  o r d e r  an y p e r s o n ( s )  to
r e m o ve  o r  r e m e d y s u c h  d a n ge r o u s  o r  h a z a r d o u s  c o n d i ti o n  o r
m a te r i al .  An y p e r s o n ( s )  fai l i n g  to  c o m p l y wi th  s u c h  o r d e r  s h a l l
b e  i n  vi o l ati o n  o f th i s  Code.  [ 1 : 1 . 7 . 8 . 1 ]

B . 5 . 6 . 3    To  th e  fu l l  e x te n t p e r m i tte d  b y l a w,  a n y AH J  e n g ag e d
i n  fre  p r e ve n ti o n  a n d  i n s p e c ti o n  wo r k s h a l l  b e  a u th o r i z e d  at
al l  r e a s o n a b l e  ti m e s  to  e n te r  an d  e x am i n e  an y b u i l d i n g,  s tr u c ‐
tu r e ,  m a r i n e  ve s s e l ,  ve h i c l e ,  o r  p r e m i s e s  fo r  th e  p u r p o s e  o f
m a ki n g fre  s afe ty i n s p e c ti o n s  [ o f h yd r o ge n  i n s ta l l ati o n s
an d / o r  o p e r ati o n s ] .  [ 1 : 1 . 7 . 7 . 2 ]

B . 5 . 6 . 4    B e fo r e  e n te r i n g ,  th e  AH J  s h a l l  o b tai n  th e  c o n s e n t o f
th e  o c c u p a n t th e r e o f o r  o b ta i n  a c o u r t war r a n t a u th o r i z i n g
e n tr y fo r  th e  p u r p o s e  o f i n s p e c ti o n  e x c e p t i n  th o s e  i n s ta n c e s
wh e r e  an  e m e r ge n c y e x i s ts .  [ 1 : 1 . 7 . 7 . 3 ]

Δ B . 5 . 6 . 5    As  u s e d  i n  B . 5 . 6 . 4 ,  e m e r ge n c y m e an s  c i r c u m s ta n c e s
th a t th e  AH J  kn o ws ,  o r  h a s  r e a s o n  to  b e l i e ve ,  e x i s t a n d  th at c a n
c o n s ti tu te  i m m i n e n t d an g e r.

B . 5 . 6 . 6    P e r s o n s  a u th o r i z e d  to  e n te r  an d  i n s p e c t b u i l d i n g s ,
s tr u c tu r e s ,  m ar i n e  ve s s e l s ,  ve h i c l e s ,  an d  p r e m i s e s  as  h e r e i n  s e t
fo r th  s h al l  b e  identifed  b y c r e d e n ti al s  i s s u e d  b y th e  g o ve r n i n g
au th o r i ty.  [ 1 : 1 . 7 . 7 . 5 ]

Δ B . 5 . 7    Wh e r e  c o n d i ti o n s  e x i s t a n d  ar e  d e e m e d  h a z a r d o u s  to
l i fe  o r  p r o p e r ty b y th e  AH J ,  th e  AH J  s h a l l  h a ve  th e  au th o r i ty to
s u m m a r i l y ab a te  s u c h  h az ar d o u s  c o n d i ti o n s  th a t a r e  i n  vi o l a‐
ti o n  o f th i s  Code.  [ 1 : 1 . 7 . 8 . 2 ]

Δ B . 5 . 8  I n te r fe re n c e  wi th  E n fo rc e m e n t.    P e r s o n s  s h a l l  n o t i n te r ‐
fe r e  o r  c a u s e  c o n d i ti o n s  th at wo u l d  i n te r fe r e  wi th  an  AH J  c ar r y‐
i n g o u t a n y d u ti e s  o r  fu n c ti o n s  p r e s c r i b e d  b y th i s  Code.
[ 1 : 1 . 7 . 9 ]

B . 5 . 9  I m p e rs o n ati o n .    P e r s o n s  s h a l l  n o t u s e  a b ad ge ,  u n i fo r m ,
o r  o th e r  c r e d e n ti al s  to  i m p e r s o n a te  th e  AH J .  [ 1 : 1 . 7 . 1 0 ]

B . 5 . 1 0  I n ve s ti gati o n .

B . 5 . 1 0 . 1  Au th o ri ty.    T h e  AH J  s h al l  h a ve  th e  a u th o r i ty to  i n ve s ‐
ti ga te  th e  c au s e ,  o r i g i n ,  an d  c i r c u m s tan c e s  o f an y fre,  e x p l o ‐
s i o n ,  [ o r  u n c o n tr o l l e d  r e l e a s e  o f h yd r o ge n  g as  o r  l i q u i d ] .
[ 1 : 1 . 7 . 1 1 . 1 ]

B . 5 . 1 0 . 2  E vi d e n c e .    T h e  AH J  s h a l l  h ave  th e  au th o r i ty to  take
c u s to d y o f al l  p h ys i c al  e vi d e n c e  r e l a ti n g to  th e  c au s e  o f th e  fre,
e x p l o s i o n ,  [ o r  u n c o n tr o l l e d  r e l e as e  o f h yd r o g e n  ga s  o r  l i q u i d ] .
[ 1 : 1 . 7 . 1 1 . 2 ]

B . 5 . 1 0 . 3  L i m i ti n g Ac c e s s .    T h e  AH J  s h a l l  h a ve  th e  au th o r i ty to
l i m i t ac c e s s  to  e m e r ge n c i e s  o r  o th e r  s i m i l a r  s i tu ati o n s .
[ 1 : 1 . 7 . 1 1 . 3 ]

Δ B . 5 . 1 0 . 4  Trad e  S e c re t.    I n fo r m ati o n  th a t c o u l d  b e  r e l a te d  to
tr ad e  s e c r e ts  o r  p r o c e s s e s  s h al l  n o t b e  m ad e  p a r t o f th e  p u b l i c
r e c o r d  e x c e p t as  c o u l d  b e  d i r e c te d  b y a  c o u r t o f l aw.

B . 5 . 1 1  P l an s  an d  Specifcations.

B . 5 . 1 1 . 1    T h e  AH J  s h a l l  h ave  th e  a u th o r i ty to  r e q u i r e  p l a n s
an d  specifcations  to  e n s u r e  c o m p l i an c e  wi th  ap p l i c ab l e  c o d e s
an d  s tan d a r d s .  [ 1 : 1 . 7 . 1 2 . 1 ]

B . 5 . 1 1 . 2    P l an s  s h al l  b e  s u b m i tte d  to  th e  AH J  p r i o r  to  c o n s tr u c ‐
ti o n  u n l e s s  o th e r wi s e  p e r m i tte d  b y B . 5 . 1 1 . 4 .  [ 1 : 1 . 7 . 1 2 . 2 ]

B . 5 . 1 1 . 3    T h e  c o n s tr u c ti o n  d o c u m e n ts  fo r  e a c h  p h a s e  s h a l l  b e
c o m p l e te  i n  th e m s e l ve s ,  s o  th at r e vi e w a n d  i n s p e c ti o n  c a n

p r o p e r l y b e  m a d e .  P r e l i m i n ar y p l a n s  o f th e  to tal  b u i l d i n g s h a l l
b e  s u b m i tte d  wi th  th e  c o n s tr u c ti o n  d o c u m e n ts ,  a n d  wi th  suff‐
cient d e tai l ,  s o  th at p r o p e r  e va l u ati o n  c an  b e  m ad e .  Ar e as  an d

i te m s  n o t i n c l u d e d  i n  th e  p h a s e  to  b e  p e r m i tte d  s h al l  b e  s h o wn
as  n o t i n c l u d e d .  [ 5 0 0 0 : 1 . 7 . 6 . 3 . 3 . 3 ]

B . 5 . 1 1 . 4    T h e  AH J  i s  au th o r i z e d  to  e x e m p t d e ta c h e d  o n e - an d
two -fam i l y d we l l i n gs  an d  ac c e s s o r y s tr u c tu r e s  fr o m  th e  s u b m i t‐
ta l  o f p l an s .  [ 1 : 1 . 7 . 1 2 . 4 ]

B . 5 . 1 1 . 5    P l an s  s h al l  b e  s u b m i tte d  to  th e  AH J  p r i o r  to  th e
c h a n ge  o f o c c u p an c y o f a n y e x i s ti n g  b u i l d i n g .  [ 1 : 1 . 7 . 1 2 . 5 ]

B . 5 . 1 1 . 6    P l an s  s h a l l  b e  s u b m i tte d  to  th e  AH J  p r i o r  to  th e  al te r ‐
ati o n  o f th e  m e an s  o f e g r e s s  o r  fre  p r o te c ti o n  s ys te m s  o f an y

e x i s ti n g  b u i l d i n g .  [ 1 : 1 . 7 . 1 2 . 6 ]

B . 5 . 1 1 . 7    P l an s  s h al l  b e  s u b m i tte d  to  th e  AH J  fo r  o th e r  c o n d i ‐
ti o n s  as  d e e m e d  n e c e s s a r y b y th e  AH J  to  d e te r m i n e  c o m p l i a n c e

wi th  th e  ap p l i c ab l e  c o d e s  an d  s tan d ar d s .  [ 1 : 1 . 7 . 1 2 . 7 ]

B . 5 . 1 1 . 8    T h e  AH J  s h al l  b e  a u th o r i z e d  to  r e q u i r e  p e r m i ts  fo r
c o n d i ti o n s  l i s te d  i n  B . 5 . 1 1 . 2 ,  B . 5 . 1 1 . 5 ,  a n d  B . 5 . 1 1 . 6 ,  u n l e s s
o th e r wi s e  p e r m i tte d  b y B . 5 . 1 1 . 9 .  [ 1 : 1 . 7 . 1 2 . 8 ]

B . 5 . 1 1 . 9    T h e  AH J  i s  au th o r i z e d  to  e x e m p t d e ta c h e d  o n e - an d
two -fam i l y d we l l i n g s  an d  ac c e s s o r y s tr u c tu r e s  fr o m  th e  p e r m i t

r e q u i r e m e n t o f B . 5 . 1 1 . 8 .  [ 1 : 1 . 7 . 1 2 . 9 ]

B . 5 . 1 1 . 1 0    N o  c o n s tr u c ti o n  wo r k s h a l l  p r o c e e d  u n ti l  th e  AH J
h a s  r e vi e we d  th e  p l an s  fo r  c o m p l i a n c e  wi th  th e  ap p l i c ab l e

c o d e s  an d  s tan d ar d s  an d  th e  ap p l i c a b l e  p e r m i ts  h ave  b e e n
i s s u e d .  [ 1 : 1 . 7 . 1 2 . 1 0 ]

B . 5 . 1 2  I n s p e c ti o n  o f C o n s tr uc ti o n  an d  I n s tal l ati o n .

B . 5 . 1 2 . 1    T h e  AH J  s h a l l  b e  notifed  b y th e  p e r s o n  p e r fo r m i n g
th e  wo r k wh e n  th e  i n s tal l a ti o n  i s  r e ad y fo r  a  r e q u i r e d  i n s p e c ‐

ti o n .  [ 1 : 1 . 7 . 1 3 . 1 ]

B . 5 . 1 2 . 2    Wh e n e ve r  an y i n s ta l l a ti o n  s u b j e c t to  i n s p e c ti o n  p r i o r
to  u s e  i s  c o ve r e d  o r  c o n c e a l e d  wi th o u t h avi n g  frst b e e n  i n s p e c ‐

te d ,  th e  AH J  s h al l  h a ve  th e  au th o r i ty to  r e q u i r e  th a t s u c h  wo r k
b e  e x p o s e d  fo r  i n s p e c ti o n .  [ 1 : 1 . 7 . 1 3 . 2 ]

B . 5 . 1 2 . 3    Wh e n  a n y c o n s tr u c ti o n  o r  i n s ta l l ati o n  wo r k i s  b e i n g
p e r fo r m e d  i n  vi o l a ti o n  o f th e  p l an s  an d  specifcations  a s

a p p r o ve d  b y th e  AH J ,  a  wr i tte n  n o ti c e  s h al l  b e  i s s u e d  to  th e
r e s p o n s i b l e  p a r ty to  s to p  wo r k o n  th at p o r ti o n  o f th e  wo r k th at
i s  i n  vi o l ati o n .  [ 1 : 1 . 7 . 1 3 . 3 ]

B . 5 . 1 2 . 4    T h e  n o ti c e  s h al l  s ta te  th e  n a tu r e  o f th e  vi o l ati o n ,  an d
n o  wo r k s h a l l  b e  c o n ti n u e d  o n  th a t p o r ti o n  u n ti l  th e  vi o l a ti o n

h a s  b e e n  c o r r e c te d .  [ 1 : 1 . 7 . 1 3 . 4 ]

B . 5 . 1 3  Certifcate  o f O c c u p an c y.    I f th e  ad o p te d  b u i l d i n g
c o d e  r e q u i r e s  a certifcate  o f o c c u p an c y,  th e  certifcate  o f o c c u ‐

p an c y s h al l  n o t b e  i s s u e d  u n ti l  a p p r o ve d  b y th e  AH J  fo r  th e
ad o p te d  fre  c o d e  e n fo r c e m e n t.

Δ B . 5 . 1 4  S to p  Wo rk  O rd e r.    T h e  AH J  s h al l  h a ve  th e  au th o r i ty to
o r d e r  an  o p e r a ti o n ,  c o n s tr u c ti o n ,  o r  u s e  s to p p e d  wh e n  a n y o f

th e  fo l l o wi n g  c o n d i ti o n s  e x i s ts :

( 1 ) Wo r k i s  b e i n g d o n e  c o n tr a r y to  p r o vi s i o n  o f th i s  Code.
( 2 ) Wo r k i s  o c c u r r i n g wi th o u t a p e r m i t r e q u i r e d  b y B . 8 .
( 3 ) An  i m m i n e n t d a n ge r  h as  b e e n  c r e a te d .
[ 1 : 1 . 7 . 1 5 ]
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B . 5 . 1 5  I m m i n e n t D an ge rs  an d  E vac u ati o n .

B . 5 . 1 5 . 1    Wh e n ,  i n  th e  o p i n i o n  o f th e  AH J ,  an  i m m i n e n t
d an g e r  e x i s ts ,  th e  AH J  s h al l  b e  au th o r i z e d  to  o r d e r  th e  o c c u ‐
p an ts  to  va c ate ,  o r  te m p o r ar i l y c l o s e  fo r  u s e  o r  o c c u p an c y,  a
b u i l d i n g ,  th e  r i g h t-o f-way,  s i d e wa l ks ,  s tr e e ts ,  o r  ad j ac e n t b u i l d ‐
i n g s  o r  n e ar b y a r e as .  [ 1 : 1 . 7 . 1 6 . 1 ]

N B . 5 . 1 5 . 2    Wh e n ,  i n  th e  o p i n i o n  o f th e  AH J ,  an  i m m i n e n t
d an g e r  e x i s ts ,  th e  AH J  s h a l l  b e  au th o r i z e d  to  o r d e r  th e  i m m e d i ‐
ate  d i s c o n n e c ti o n  o f u ti l i ti e s  to  a s tr u c tu r e  o r  p r o p e r ty.
[ 1 : 1 . 7 . 1 6 . 2 ]

B . 5 . 1 5 . 3    T h e  AH J  s h a l l  b e  au th o r i z e d  to  e m p l o y th e  n e c e s s ar y
r e s o u r c e s  to  p e r fo r m  th e  r e q u i r e d  wo r k i n  o r d e r  to  m i ti g ate
th e  i m m i n e n t d an g e r.  [ 1 : 1 . 7 . 1 6 . 3 ]

B . 5 . 1 5 . 4    C o s ts  i n c u r r e d  b y th e  AH J  i n  th e  p e r fo r m an c e  o f
e m e r g e n c y wo r k s h al l  b e  th e  r e s p o n s i b i l i ty o f th e  p r o p e r ty
o wn e r  o r  o th e r  r e s p o n s i b l e  p a r ty c r e ati n g  s u c h  i m m i n e n t
d an g e r.  [ 1 : 1 . 7 . 1 6 . 4 ]

B . 6  Fi re  C o d e  B o ard  o f Ap p e al s .

B . 6 . 1  E s tab l i s h m e n t o f Fi re  C o d e  B o ard  o f Ap p e al s .    A B o ar d
o f Ap p e al s  s h al l  b e  e s ta b l i s h e d  to  r u l e  o n  m a tte r s  r e l a ti n g to
th e  fre  c o d e  a n d  i ts  e n fo r c e m e n t.  [ 1 : 1 . 1 0 . 1 ]

B . 6 . 1 . 1  M e m b e rs h i p .

B . 6 . 1 . 1 . 1    T h e  m e m b e r s  o f th e  B o a r d  o f Ap p e al s  s h a l l  b e
ap p o i n te d  b y th e  g o ve r n i n g b o d y o f th e  j u r i s d i c ti o n .
[ 1 : 1 . 1 0 . 1 . 1 . 1 ]

B . 6 . 1 . 1 . 2    T h e  B o a r d  o f Ap p e al s  s h al l  c o n s i s t o f fve  o r  s e ve n
p r i n c i p al  m e m b e r s  a n d  o n e  e x  offcio  m e m b e r  r e p r e s e n tati ve
o f th e  AH J .  E ac h  p r i n c i p a l  m e m b e r  s h al l  b e  p e r m i tte d  to  h ave
an  al te r n a te  wi th  s i m i l a r  e x p e r i e n c e  to  s e r ve  i n  h i s  o r  h e r  s te ad
wh e n  n e c e s s ar y.  [ 1 : 1 . 1 0 . 1 . 1 . 2 ]

B . 6 . 1 . 1 . 3    M e m b e r s  an d  a l te r n ate  m e m b e r s  s h a l l  b e  ap p o i n te d
b a s e d  o n  th e i r  e d u c a ti o n ,  e x p e r i e n c e ,  a n d  kn o wl e d g e .
[ 1 : 1 . 1 0 . 1 . 1 . 3 ]

B . 6 . 1 . 1 . 4    M e m b e r s  a n d  al te r n a te s  s h al l  b e  ap p o i n te d  to  a  3 -
ye a r  te r m .  [ 1 : 1 . 1 0 . 1 . 1 . 4 ]

B . 6 . 1 . 1 . 5    M e m b e r s  an d  al te r n a te s  s h a l l  b e  c o m p o s e d  o f i n d i ‐
vi d u a l s  e x p e r i e n c e d  i n  th e  fo l l o wi n g  felds  o r  p r o fe s s i o n s :

( 1 ) E n g i n e e r i n g o r  ar c h i te c tu r al  d e s i gn
( 2 ) Ge n e r al  c o n tr ac ti n g
( 3 ) F i r e  p r o te c ti o n  c o n tr a c ti n g
( 4 ) F i r e  d e p ar tm e n t o p e r a ti o n s  o r  fre  c o d e  e n fo r c e m e n t
( 5 ) B u i l d i n g c o d e  e n fo r c e m e n t
( 6 ) L e g al
( 7 ) Ge n e r al  p u b l i c

[ 1 : 1 . 1 0 . 1 . 1 . 5 ]

B . 6 . 1 . 1 . 5 . 1    M e m b e r s  an d  a l te r n ate s  s h al l  n o t b e  e m p l o ye e s ,
ag e n ts ,  o r  offcers  o f th e  j u r i s d i c ti o n .  [ 1 : 1 . 1 0 . 1 . 1 . 5 . 1 ]

B . 6 . 1 . 1 . 5 . 2    M e m b e r s  an d  a l te r n ate s  s h al l  b e  r e s i d e n ts  o f th e
j u r i s d i c ti o n .  [ 1 : 1 . 1 0 . 1 . 1 . 5 . 2 ]

B . 6 . 1 . 1 . 5 . 3    N o  m o r e  th a n  o n e  m e m b e r  s h al l  r e p r e s e n t th e
s a m e  feld  o r  p r o vi s i o n  l i s te d  i n  B . 6 . 1 . 1 . 5 .  [ 1 : 1 . 1 0 . 1 . 1 . 5 . 3 ]

B . 6 . 1 . 1 . 6    T h e  r e p r e s e n ta ti ve  o f th e  AH J  s h a l l  b e  an  e x  offcio
m e m b e r  a n d  s h a l l  b e  e n ti tl e d  to  p ar ti c i p ate  i n  al l  d i s c u s s i o n s .

T h e  e x  offcio  m e m b e r  s h al l  n o t b e  e n ti tl e d  to  a vo te .
[ 1 : 1 . 1 0 . 1 . 1 . 6 ]

B . 6 . 1 . 1 . 7    N o  m e m b e r  o f th e  B o ar d  o f Ap p e al s  s h al l  s i t i n  j u d g‐
m e n t o n  an y c as e  i n  wh i c h  th e  m e m b e r  h o l d s  a d i r e c t o r  i n d i ‐
r e c t p r o p e r ty o r  fnancial  i n te r e s t i n  th e  c as e .  [ 1 : 1 . 1 0 . 1 . 1 . 7 ]

B . 6 . 1 . 1 . 8    T h e  b o a r d  s h al l  s e l e c t o n e  o f i ts  m e m b e r s  to  s e r ve  a s
c h a i r  an d  o n e  m e m b e r  to  s e r ve  a s  vi c e  c h ai r.  [ 1 : 1 . 1 0 . 1 . 1 . 8 ]

Δ B . 6 . 2  Ru l e s  an d  P ro c e d u re s  o f th e  B o ard  o f Ap p e al s .    T h e
B o ar d  o f Ap p e al s  s h al l  h a ve  th e  a u th o r i ty to  e s tab l i s h  r u l e s  an d

r e g u l ati o n s  fo r  c o n d u c ti n g  i ts  b u s i n e s s  th at a r e  c o n s i s te n t wi th
th e  p r o vi s i o n s  o f th i s  Code.  [ 1 : 1 . 1 0 . 2 ]

B . 6 . 3  Auth o ri ty o f th e  B o ard  o f Ap p e al s .

Δ B . 6 . 3 . 1    T h e  B o a r d  o f Ap p e a l s  s h al l  p r o vi d e  fo r  th e  r e as o n ab l e
i n te r p r e tati o n  o f th e  p r o vi s i o n s  o f th i s  Code an d  i s s u e  r u l i n g s
o n  a p p e a l s  o f th e  d e c i s i o n s  o f th e  AH J .  [ 1 : 1 . 1 0 . 3 . 1 ]

Δ B . 6 . 3 . 2    T h e  r u l i n g o f th e  B o ar d  o f Ap p e a l s  s h al l  b e  c o n s i s te n t
wi th  th e  l e tte r  o f th e  Code o r  wh e n  i n vo l vi n g i s s u e s  o f c l ar i ty,

e n s u r i n g  th a t th e  i n te n t o f th e  Code i s  m e t wi th  d u e  c o n s i d e r a‐
ti o n  fo r  p u b l i c  s a fe ty a n d  fre  fghter  s a fe ty.  [ 1 : 1 . 1 0 . 3 . 2 ]

Δ B . 6 . 3 . 3    T h e  B o a r d  o f Ap p e al s  s h al l  h a ve  th e  au th o r i ty to  gr a n t
al te r n ati ve s  o r  modifcations  th r o u gh  p r o c e d u r e s  o u tl i n e d  i n
S e c ti o n  B . 2  o f th e  Code.  [ 1 : 1 . 1 0 . 3 . 3 ]

Δ B . 6 . 3 . 4    T h e  B o a r d  o f Ap p e al s  s h a l l  n o t h a ve  th e  a u th o r i ty to
wai ve  th e  r e q u i r e m e n ts  o f th e  Code.  [ 1 : 1 . 1 0 . 3 . 4 ]

B . 6 . 3 . 5    T h e  B o a r d  o f Ap p e a l s  d e c i s i o n s  s h al l  n o t b e  p r e c e d e n t
s e tti n g .  [ 1 : 1 . 1 0 . 3 . 5 ]

B . 6 . 4  M e an s  o f Ap p e al s .

Δ B . 6 . 4 . 1    An y p e r s o n  wi th  s ta n d i n g s h al l  b e  p e r m i tte d  to  ap p e al
a d e c i s i o n  o f th e  AH J  to  th e  B o ar d  o f Ap p e a l s  wh e n  i t i s

c l ai m e d  th at an y o n e  o r  m o r e  o f th e  fo l l o wi n g  c o n d i ti o n s  e x i s t:

( 1 ) T h e  tr u e  i n te n t o f th e  Code h as  b e e n  i n c o r r e c tl y i n te r p r e ‐
te d .

( 2 ) T h e  p r o vi s i o n s  o f th e  Code d o  n o t fu l l y a p p l y.
( 3 ) A d e c i s i o n  i s  u n r e as o n ab l e  o r  a r b i tr a r y as  i t a p p l i e s  to

al te r n ati ve s  o r  n e w m ate r i a l s .

[ 1 : 1 . 1 0 . 4 . 1 ]

Δ B . 6 . 4 . 2    An  a p p e al  s h al l  b e  s u b m i tte d  to  th e  AH J  i n  wr i ti n g
wi th i n  3 0  c al e n d ar  d a ys  o f notifcation  o f vi o l ati o n .  T h e  ap p e al

s h a l l  o u tl i n e  al l  o f th e  fo l l o wi n g:

( 1 ) T h e  Code p r o vi s i o n ( s )  fr o m  wh i c h  r e l i e f i s  s o u gh t
( 2 ) A s ta te m e n t i n d i c ati n g  wh i c h  p r o vi s i o n s  o f B . 6 . 4 . 1  ap p l y
( 3 ) Justifcation  as  to  th e  ap p l i c ab i l i ty o f th e  p r o vi s i o n ( s )

c i te d  i n  B . 6 . 4 . 1
( 4 ) A r e q u e s te d  r e m e d y
( 5 ) Justifcation  fo r  th e  r e q u e s te d  r e m e d y s ta ti n g specifcally

h o w th e  Code i s  c o m p l i e d  wi th ,  p u b l i c  s a fe ty i s  s e c u r e d ,
a n d  fre  fghter  s afe ty i s  s e c u r e d

[ 1 : 1 . 1 0 . 4 . 2 ]

B . 6 . 4 . 3    D o c u m e n tati o n  s u p p o r ti n g an  a p p e a l  s h al l  b e  s u b m i t‐
te d  to  th e  AH J  a t l e as t 7  c a l e n d a r  d a ys  p r i o r  to  th e  B o a r d  o f

Ap p e a l s  h e ar i n g .  [ 1 : 1 . 1 0 . 4 . 3 ]

B . 6 . 4 . 3 . 1    N o  ad d i ti o n al  i n fo r m a ti o n  s h o u l d  b e  s u b m i tte d  to
r e vi e w b y th e  B o a r d  o f Ap p e al s  wi th o u t th e  i n fo r m ati o n  s u b m i t‐
te d  to  th e  AH J  fo r  th e i r  r e vi e w p r i o r  to  th e  h e a r i n g  d ate .  Ad d i ‐
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ti o n a l  i n fo r m a ti o n  s u b m i tte d  a fte r  th e  fling  o f th e  ap p e al  to
th e  B o ar d  a n d  AH J  s h o u l d  b e  m a d e  avai l a b l e  to  th e  B o a r d  an d
AH J  i n  a ti m e  fr a m e  th a t p e r m i ts  a d e q u a te  r e vi e w b e fo r e  th e
h e ar i n g  d a te .  [ 1 : A. 1 . 1 0 . 4 . 3 ]

B . 6 . 5  M e e ti n gs  an d  Re c o rd s .

B . 6 . 5 . 1    M e e ti n gs  o f th e  B o ar d  o f Ap p e a l s  s h a l l  b e  h e l d  a t th e
c a l l  o f th e  c h a i r,  at s u c h  o th e r  ti m e s  as  th e  b o ar d  d e te r m i n e s ,
an d  wi th i n  3 0  c al e n d ar  d ays  o f th e  fling o f a n o ti c e  o f ap p e al .
[ 1 : 1 . 1 0 . 5 . 1 ]

B . 6 . 5 . 2    Al l  h e ar i n gs  b e fo r e  th e  B o a r d  o f Ap p e al s  s h al l  b e  o p e n
to  th e  p u b l i c .  [ 1 : 1 . 1 0 . 5 . 2 ]

B . 6 . 5 . 3    T h e  B o a r d  o f Ap p e al s  s h al l  ke e p  m i n u te s  o f i ts
p r o c e e d i n g s  s h o wi n g th e  vo te  o f e a c h  m e m b e r  o n  e ve r y q u e s ‐
ti o n  o r,  i f th e  m e m b e r  i s  ab s e n t o r  fa i l s  to  vo te ,  th e s e  ac ti o n s
s h a l l  b e  r e c o r d e d .  [ 1 : 1 . 1 0 . 5 . 3 ]

B . 6 . 5 . 4    T h e  B o ar d  o f Ap p e a l s  s h al l  ke e p  r e c o r d s  o f i ts  e x am i ‐
n ati o n s  a n d  o th e r  offcial  a c ti o n s .  [ 1 : 1 . 1 0 . 5 . 4 ]

B . 6 . 5 . 5    M i n u te s  a n d  r e c o r d s  o f th e  B o ar d  o f Ap p e al s  s h a l l  b e
p u b l i c  r e c o r d .  [ 1 : 1 . 1 0 . 5 . 5 ]

B . 6 . 5 . 6    A q u o r u m  s h a l l  c o n s i s t o f n o t l e s s  th a n  a  s i m p l e  m a j o r ‐
i ty o f a p p o i n te d  m e m b e r s  o r  al te r n a te s .

Δ B . 6 . 5 . 7    I n  va r yi n g  th e  a p p l i c ati o n  o f a n y p r o vi s i o n  o f th i s  Code,
o r  i n  m o d i fyi n g an  o r d e r  o f th e  AH J ,  a two -th i r d s  vo te  o f th e
q u o r u m  s h a l l  b e  r e q u i r e d .  [ 1 : 1 . 1 0 . 5 . 7 ]

B . 6 . 6  D e c i s i o n s .

B . 6 . 6 . 1    E ve r y d e c i s i o n  o f th e  B o a r d  o f Ap p e al s  s h al l  b e
e n te r e d  i n  th e  m i n u te s  o f th e  b o ar d  m e e ti n g .  [ 1 : 1 . 1 0 . 6 . 1 ]

Δ B . 6 . 6 . 2    A d e c i s i o n  o f th e  B o ar d  o f Ap p e a l s  to  m o d i fy a n  o r d e r
o f th e  AH J  s h al l  b e  i n  wr i ti n g  a n d  s h al l  s p e c i fy th e  m an n e r  i n
wh i c h  s u c h  modifcation  i s  m ad e ,  th e  c o n d i ti o n s  u p o n  wh i c h  i t
i s  m ad e ,  th e  r e as o n s  th e r e fo r e ,  a n d  justifcation  l i n ke d  to
specifc  Code s e c ti o n s .  [ 1 : 1 . 1 0 . 6 . 2 ]

B . 6 . 6 . 3    E ve r y d e c i s i o n  s h a l l  b e  p r o m p tl y fled  i n  th e  offce  o f
th e  AH J  a n d  s h al l  b e  o p e n  fo r  p u b l i c  i n s p e c ti o n .  [ 1 : 1 . 1 0 . 6 . 3 ]

B . 6 . 6 . 4    A certifed  c o p y s h a l l  b e  s e n t b y m a i l  o r  d e l i ve r e d  i n
p e r s o n  to  th e  ap p e l l an t,  an d  a c o p y s h a l l  b e  p u b l i c l y p o s te d  i n
th e  offce  o f th e  AH J  fo r  2  we e ks  afte r  fling.  [ 1 : 1 . 1 0 . 6 . 4 ]

B . 6 . 6 . 5    T h e  d e c i s i o n  o f th e  B o ar d  o f Ap p e a l s  s h al l  b e  fnal,
s u b j e c t to  s u c h  r e m e d y a s  an y a gg r i e ve d  p ar ty m i g h t h ave
th r o u g h  l e g al ,  e q u i ty,  o r  o th e r  ave n u e s  o f ap p e al  o r  p e ti ti o n .
[ 1 : 1 . 1 0 . 6 . 5 ]

Δ B . 6 . 6 . 6    I f a  d e c i s i o n  o f th e  B o a r d  o f Ap p e al s  r e ve r s e s  o r  m o d i ‐
fes  a  r e fu s a l ,  o r d e r,  o r  d i s al l o wan c e  o f th e  AH J ,  o r  va r i e s  th e
ap p l i c a ti o n  o f a n y p r o vi s i o n  o f th i s  Code,  th e  AH J  s h al l  take
ac ti o n  i m m e d i a te l y i n  a c c o r d a n c e  wi th  s u c h  d e c i s i o n .
[ 1 : 1 . 1 0 . 6 . 6 ]

B . 7  Re c o rd s  an d  Re p o r ts .

B . 7 . 1    A r e c o r d  o f e x a m i n ati o n s ,  a p p r o val s ,  e q u i val e n c i e s ,  an d
al te r n ate s  s h al l  b e  m a i n tai n e d  b y th e  AH J  an d  s h al l  b e  avai l ab l e
fo r  p u b l i c  i n s p e c ti o n  d u r i n g  b u s i n e s s  h o u r s  i n  a c c o r d a n c e  wi th
ap p l i c a b l e  l a ws .  [ 1 : 1 . 1 1 . 1 ]

N B . 7 . 2    D o c u m e n ts  r e q u e s te d  fr o m  a p r o p e r ty o wn e r  fo r  fre
p r o te c ti o n  s ys te m s  wi th  defciencies  s h al l  b e  m a i n tai n e d  b y th e
AH J .  [ 1 : 1 . 1 1 . 1 . 1 ]

B . 7 . 3    T h e  AH J  s h al l  ke e p  a r e c o r d  o f al l  fre  p r e ve n ti o n
i n s p e c ti o n s ,  i n c l u d i n g  th e  d a te  o f s u c h  i n s p e c ti o n s  a n d  a

s u m m a r y o f an y vi o l a ti o n s  fo u n d  to  e x i s t,  th e  d ate  o f th e  s e r v‐
i c e s  o f n o ti c e s ,  a n d  a  r e c o r d  o f th e  fnal  d i s p o s i ti o n  o f a l l  vi o l a‐

ti o n s .  [ 1 : 1 . 1 1 . 2 ]

N B . 7 . 4    T h e  AH J  s h al l  ke e p  a r e c o r d  o f al l  p e r m i ts  an d  p l a n s
r e vi e we d ,  i n c l u d i n g  th e  d ate s  o f s u c h  r e vi e ws  an d  a s u m m ar y o f

an y c o m m e n ts ,  d e n i a l s ,  o r  a p p r o val s .  [ 1 : 1 . 1 1 . 3 ]

B . 8  P e r m i ts  an d  Ap p ro val s .

B . 8 . 1    T h e  AH J  s h al l  b e  a u th o r i z e d  to  e s tab l i s h  an d  i s s u e
p e r m i ts ,  certifcates,  an d  a p p r o val s  p e r tai n i n g to  c o n d i ti o n s ,
o p e r ati o n s ,  o r  m ate r i a l s  h a z a r d o u s  to  l i fe  o r  p r o p e r ty p u r s u an t

to  S e c ti o n  B . 8 .  [ 1 : 1 . 1 2 . 1 ]

B . 8 . 2    Ap p l i c ati o n s  fo r  p e r m i ts  s h a l l  b e  m ad e  to  th e  AH J  o n
fo r m s  p r o vi d e d  b y th e  j u r i s d i c ti o n  an d  s h al l  i n c l u d e  th e  a p p l i ‐

c a n t’ s  an s we r s  i n  fu l l  to  i n q u i r i e s  s e t fo r th  o n  s u c h  fo r m s .
[ 1 : 1 . 1 2 . 2 ]

B . 8 . 2 . 1    Ap p l i c ati o n s  fo r  p e r m i ts  s h a l l  b e  a c c o m p a n i e d  b y s u c h
d ata a s  r e q u i r e d  b y th e  AH J  an d  fe e s  as  r e q u i r e d  b y th e  j u r i s d i c ‐
ti o n .  [ 1 : 1 . 1 2 . 2 . 1 ]

B . 8 . 2 . 2    T h e  AH J  s h a l l  r e vi e w a l l  ap p l i c a ti o n s  s u b m i tte d  an d
i s s u e  p e r m i ts  as  r e q u i r e d .  [ 1 : 1 . 1 2 . 2 . 2 ]

B . 8 . 2 . 3    I f an  a p p l i c a ti o n  fo r  a p e r m i t i s  r e j e c te d  b y th e  AH J ,
th e  a p p l i c an t s h al l  b e  ad vi s e d  o f th e  r e as o n s  fo r  s u c h  r e j e c ti o n .

[ 1 : 1 . 1 2 . 2 . 3 ]

B . 8 . 2 . 4    P e r m i ts  fo r  a c ti vi ti e s  r e q u i r i n g  e vi d e n c e  o f fnancial
r e s p o n s i b i l i ty b y th e  j u r i s d i c ti o n  s h al l  n o t b e  i s s u e d  u n l e s s
p r o o f o f r e q u i r e d  fnancial  r e s p o n s i b i l i ty i s  fu r n i s h e d .

[ 1 : 1 . 1 2 . 2 . 4 ]

B . 8 . 3  C o n d i ti o n s  o f Ap p ro val .

B . 8 . 3 . 1    An y c o n d i ti o n s  o f th e  i n i ti al  a p p r o val  b y th e  AH J  o f a
u s e ,  o c c u p a n c y,  p e r m i t,  o r  c o n s tr u c ti o n  s h al l  r e m ai n  wi th  th e

u s e ,  o c c u p a n c y,  p e r m i t,  o r  c o n s tr u c ti o n  u n l e s s  modifed  b y th e
AH J .  [ 1 : 1 . 1 2 . 3 . 1 ]

B . 8 . 3 . 2    T h e  AH J  s h al l  b e  p e r m i tte d  to  r e q u i r e  c o n d i ti o n s  o f
a p p r o val  b e  m e m o r i al i z e d  vi a r e c o r d i n g  i n  th e  p u b l i c  r e c o r d s ,

as  p ar t o f th e  p l at,  p e r m i t,  o r  o th e r  m e th o d  as  ap p r o ve d  b y th e
AH J .  [ 1 : 1 . 1 2 . 3 . 2 ]

B . 8 . 4  Ap p ro val s  b y O th e r AH J s .

B . 8 . 4 . 1    T h e  AH J  s h al l  h a ve  th e  au th o r i ty to  r e q u i r e  e vi d e n c e
to  s h o w th at o th e r  r e g u l ato r y a ge n c i e s  h avi n g  j u r i s d i c ti o n  o ve r
th e  d e s i gn ,  c o n s tr u c ti o n ,  a l te r ati o n ,  r e p ai r,  e q u i p m e n t,  m ai n te ‐

n an c e ,  p r o c e s s ,  an d  r e l o c a ti o n  o f s tr u c tu r e s  h ave  i s s u e d  a p p r o ‐
p r i a te  ap p r o val s .  [ 1 : 1 . 1 2 . 4 . 1 ]

B . 8 . 4 . 2    T h e  AH J  s h al l  n o t b e  h e l d  r e s p o n s i b l e  fo r  e n fo r c e ‐
m e n t o f th e  r e gu l ati o n s  o f s u c h  o th e r  r e gu l a to r y a ge n c i e s
u n l e s s  specifcally m a n d ate d  to  e n fo r c e  th o s e  ag e n c i e s ’  r e g u l a‐

ti o n s .  [ 1 : 1 . 1 2 . 4 . 2 ]

B . 8 . 5  M i s re p re s e n tati o n .

Δ B . 8 . 5 . 1    An y a tte m p t to  m i s r e p r e s e n t o r  o th e r wi s e  d e l i b e r a te l y
o r  kn o wi n g l y d e s i gn ;  i n s tal l ;  s e r vi c e ;  m ai n ta i n ;  o p e r ate ;  s e l l ;

r e p r e s e n t fo r  s al e ;  fal s i fy r e c o r d s ,  r e p o r ts ,  o r  a p p l i c ati o n s ;  o r
o th e r  r e l a te d  ac ti vi ty i n  vi o l a ti o n  o f th e  r e q u i r e m e n ts  p r e s c r i ‐

b e d  b y th i s  Code s h a l l  b e  a vi o l a ti o n  o f th i s  Code.  [ 1 : 1 . 1 2 . 5 . 1 ]
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B . 8 . 5 . 2    S u c h  vi o l ati o n s  s h a l l  b e  c a u s e  fo r  i m m e d i a te  s u s p e n ‐
s i o n  o r  r e vo c ati o n  o f an y r e l ate d  a p p r o val s ,  certifcates,  o r
p e r m i ts  i s s u e d  b y th i s  j u r i s d i c ti o n .  [ 1 : 1 . 1 2 . 5 . 2 ]

B . 8 . 5 . 3    S u c h  vi o l ati o n s  s h al l  b e  s u b j e c t to  a n y o th e r  c r i m i n al
o r  c i vi l  p e n a l ti e s  as  a va i l a b l e  b y th e  l a ws  o f th i s  j u r i s d i c ti o n .
[ 1 : 1 . 1 2 . 5 . 3 ]

B . 8 . 6  P e r m i ts .

Δ B . 8 . 6 . 1    A p e r m i t s h al l  b e  p r e d i c a te d  u p o n  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  Code a n d  s h a l l  c o n s ti tu te  wr i tte n
au th o r i ty i s s u e d  b y th e  AH J  to  m a i n tai n ,  s to r e ,  u s e ,  o r  h a n d l e
m a te r i al s ;  to  c o n d u c t p r o c e s s e s  th at c o u l d  p r o d u c e  c o n d i ti o n s
h a z a r d o u s  to  l i fe  o r  p r o p e r ty;  o r  to  i n s ta l l  e q u i p m e n t u s e d  i n
c o n n e c ti o n  wi th  s u c h  a c ti vi ti e s .  [ 1 : 1 . 1 2 . 6 . 1 ]

Δ B . 8 . 6 . 2    An y p e r m i t i s s u e d  u n d e r  th i s  Code s h a l l  n o t take  th e
p l a c e  o f an y o th e r  ap p r o va l ,  certifcate,  l i c e n s e ,  o r  p e r m i t
r e q u i r e d  b y o th e r  r e g u l ati o n s  o r  l a ws  o f th i s  j u r i s d i c ti o n .
[ 1 : 1 . 1 2 . 6 . 2 ]

B . 8 . 6 . 3    Wh e r e  a d d i ti o n al  p e r m i ts ,  a p p r o val s ,  certifcates,  o r
l i c e n s e s  ar e  r e q u i r e d  b y o th e r  ag e n c i e s ,  ap p r o va l  s h a l l  b e
o b tai n e d  fr o m  th o s e  o th e r  ag e n c i e s .  [ 1 : 1 . 1 2 . 6 . 3 ]

B . 8 . 6 . 4    T h e  AH J  s h al l  h a ve  th e  a u th o r i ty to  r e q u i r e  an  i n s p e c ‐
ti o n  p r i o r  to  th e  i s s u an c e  o f a p e r m i t.  [ 1 : 1 . 1 2 . 6 . 4 ]

Δ B . 8 . 6 . 5    A p e r m i t i s s u e d  u n d e r  th i s  Code s h al l  c o n ti n u e  u n ti l
r e vo ke d  o r  fo r  th e  p e r i o d  o f ti m e  d e s i gn a te d  o n  th e  p e r m i t.
[ 1 : 1 . 1 2 . 6 . 5 ]

B . 8 . 6 . 6    T h e  p e r m i t s h al l  b e  i s s u e d  to  o n e  p e r s o n  o r  b u s i n e s s
o n l y a n d  fo r  th e  l o c a ti o n  o r  p u r p o s e  d e s c r i b e d  i n  th e  p e r m i t.
[ 1 : 1 . 1 2 . 6 . 6 ]

B . 8 . 6 . 7    An y c h an g e  th at a ffe c ts  an y o f th e  c o n d i ti o n s  o f th e
p e r m i t s h a l l  r e q u i r e  a n e w o r  a m e n d e d  p e r m i t.  [ 1 : 1 . 1 2 . 6 . 7 ]

B . 8 . 6 . 8    T h e  AH J  s h a l l  h a ve  th e  a u th o r i ty to  g r an t an  e x te n s i o n
o f th e  p e r m i t ti m e  p e r i o d  u p o n  p r e s e n ta ti o n  b y th e  p e r m i tte e
o f a  s a ti s fa c to r y r e a s o n  fo r  fai l u r e  to  s ta r t o r  c o m p l e te  th e  wo r k
o r  a c ti vi ty a u th o r i z e d  b y th e  p e r m i t.  [ 1 : 1 . 1 2 . 6 . 8 ]

B . 8 . 6 . 9    A c o p y o f th e  p e r m i t s h al l  b e  p o s te d  o r  o th e r wi s e  r e ad ‐
i l y a c c e s s i b l e  at e a c h  p l ac e  o f o p e r a ti o n  an d  s h al l  b e  s u b j e c t to
i n s p e c ti o n  a s  specifed  b y th e  AH J .  [ 1 : 1 . 1 2 . 6 . 9 ]

Δ B . 8 . 6 . 1 0    An y ac ti vi ty a u th o r i z e d  b y an y p e r m i t i s s u e d  u n d e r
th i s  Code s h a l l  b e  c o n d u c te d  b y th e  p e r m i tte e  o r  th e  p e r m i tte e ’ s
age n ts  o r  e m p l o ye e s  i n  c o m p l i an c e  wi th  al l  r e q u i r e m e n ts  o f
th i s  Code a p p l i c ab l e  th e r e to  a n d  i n  ac c o r d an c e  wi th  th e
ap p r o ve d  p l a n s  a n d  specifcations.  [ 1 : 1 . 1 2 . 6 . 1 0 ]

Δ B . 8 . 6 . 1 1    N o  p e r m i t i s s u e d  u n d e r  th i s  Code s h a l l  b e  i n te r p r e te d
to  j u s ti fy a  vi o l ati o n  o f an y p r o vi s i o n  o f th i s  Code o r  an y o th e r
ap p l i c a b l e  l a w o r  r e g u l ati o n .  [ 1 : 1 . 1 2 . 6 . 1 1 ]

B . 8 . 6 . 1 2    An y ad d i ti o n  o r  al te r ati o n  o f ap p r o ve d  p l a n s  o r  s p e c i ‐
fcations  s h al l  b e  a p p r o ve d  i n  a d van c e  b y th e  AH J ,  as  e vi d e n c e d
b y th e  i s s u a n c e  o f a n e w o r  a m e n d e d  p e r m i t.  [ 1 : 1 . 1 2 . 6 . 1 2 ]

B . 8 . 6 . 1 3    P e r m i ts  s h a l l  b e  i s s u e d  b y th e  AH J  an d  s h al l  i n d i c ate
th e  fo l l o wi n g :

( 1 ) O p e r a ti o n ,  a c ti vi ti e s ,  o r  c o n s tr u c ti o n  fo r  wh i c h  th e
p e r m i t i s  i s s u e d

( 2 ) Ad d r e s s  o r  l o c ati o n  wh e r e  th e  o p e r ati o n ,  ac ti vi ty,  o r
c o n s tr u c ti o n  i s  to  b e  c o n d u c te d

( 3 ) N a m e ,  a d d r e s s ,  an d  p h o n e  n u m b e r  o f th e  p e r m i tte e

( 4 ) P e r m i t n u m b e r
( 5 ) P e r i o d  o f va l i d i ty o f th e  p e r m i t
( 6 ) I n s p e c ti o n  r e q u i r e m e n ts
( 7 ) N a m e  o f th e  ag e n c y a u th o r i z i n g th e  p e r m i t ( AH J )
( 8 ) D ate  o f i s s u a n c e
( 9 ) P e r m i t c o n d i ti o n s  a s  d e te r m i n e d  b y th e  AH J

[ 1 : 1 . 1 2 . 6 . 1 3 ]

Δ B . 8 . 6 . 1 4    An y ap p l i c a ti o n  fo r,  o r  ac c e p tan c e  o f,  an y p e r m i t
r e q u e s te d  o r  i s s u e d  p u r s u a n t to  th i s  Code s h al l  c o n s ti tu te  a gr e e ‐

m e n t an d  c o n s e n t b y th e  p e r s o n  m aki n g  th e  ap p l i c ati o n  o r
ac c e p ti n g  th e  p e r m i t to  al l o w th e  AH J  to  e n te r  th e  p r e m i s e s  at
an y r e as o n ab l e  ti m e  to  c o n d u c t s u c h  i n s p e c ti o n s  as  r e q u i r e d  b y

th i s  Code.  [ 1 : 1 . 1 2 . 6 . 1 4 ]

B . 8 . 7  Re vo c ati o n  o r S u s p e n s i o n  o f P e r m i ts .

Δ B . 8 . 7 . 1    T h e  AH J  s h al l  b e  p e r m i tte d  to  r e vo ke  o r  s u s p e n d  a
p e r m i t o r  a p p r o val  i s s u e d  i f a n y vi o l ati o n  o f th i s  Code i s  fo u n d

u p o n  i n s p e c ti o n  o r  i n  c as e  a n y fa l s e  s ta te m e n ts  o r  m i s r e p r e s e n ‐
ta ti o n s  h a ve  b e e n  s u b m i tte d  i n  th e  ap p l i c a ti o n  o r  p l a n s  o n

wh i c h  th e  p e r m i t o r  ap p r o va l  was  b as e d .  [ 1 : 1 . 1 2 . 7 . 1 ]

B . 8 . 7 . 2    Re vo c a ti o n  o r  s u s p e n s i o n  s h al l  b e  c o n s ti tu te d  wh e n
th e  p e r m i tte e  i s  d u l y notifed  b y th e  AH J .  [ 1 : 1 . 1 2 . 7 . 2 ]

Δ B . 8 . 7 . 3    An y p e r s o n  wh o  e n g ag e s  i n  a n y b u s i n e s s ,  o p e r ati o n ,  o r
o c c u p ati o n ,  o r  u s e s  a n y p r e m i s e s ,  a fte r  th e  p e r m i t i s s u e d  th e r e ‐

fo r e  h as  b e e n  s u s p e n d e d  o r  r e vo ke d  p u r s u a n t to  th e  p r o vi s i o n s
o f th i s  Code,  an d  b e fo r e  s u c h  s u s p e n d e d  p e r m i t h as  b e e n  r e i n ‐

s tate d  o r  a n e w p e r m i t i s s u e d ,  s h a l l  b e  i n  vi o l a ti o n  o f th i s  Code.
[ 1 : 1 . 1 2 . 7 . 3 ]

B . 8 . 7 . 4    P e r m i ts  s h al l  b e  r e q u i r e d  wh e n  th e  am o u n t o f G H 2

e x c e e d s  2 0 0  ft3  ( 5 . 7  m 3 )  o r  L H 2  e x c e e d s  1  g al  ( 3 . 8  L )  i n s i d e  a
b u i l d i n g  o r  6 0  g al  ( 2 3 0  L )  o u ts i d e  a b u i l d i n g .

B . 9  P l an  Re vi e w.

B . 9 . 1    Wh e r e  r e q u i r e d  b y th e  AH J  fo r  n e w c o n s tr u c ti o n ,  m o d i ‐
fcation,  o r  r e h ab i l i tati o n ,  c o n s tr u c ti o n  d o c u m e n ts  an d  s h o p

d r awi n g s  s h al l  b e  s u b m i tte d ,  r e vi e we d ,  an d  a p p r o ve d  p r i o r  to
th e  s ta r t o f s u c h  wo r k a s  p r o vi d e d  i n  S e c ti o n  B . 9 .  [ 1 : 1 . 1 4 . 1 ]

B . 9 . 2    T h e  a p p l i c an t s h al l  b e  re s p o n s i b l e  to  e n s u r e  th at th e
fo l l o wi n g  c o n d i ti o n s  a r e  m e t:

( 1 ) T h e  c o n s tr u c ti o n  d o c u m e n ts  i n c l u d e  al l  o f th e  fre
p r o te c ti o n  r e q u i r e m e n ts .

( 2 ) T h e  s h o p  d r awi n g s  ar e  c o r r e c t an d  i n  c o m p l i an c e  wi th
th e  ap p l i c ab l e  c o d e s  an d  s tan d ar d s .

( 3 ) T h e  c o n tr a c to r  m ai n ta i n s  an  ap p r o ve d  s e t o f c o n s tr u c ti o n
d o c u m e n ts  o n  s i te .  [ 1 : 1 . 1 4 . 2 ]

B . 9 . 3    I t s h al l  b e  th e  r e s p o n s i b i l i ty o f th e  AH J  to  p r o m u l ga te
r u l e s  th a t c o ve r  th e  fo l l o wi n g :

( 1 ) C r i te r i a  to  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  B . 9
( 2 ) Re vi e w o f d o c u m e n ts  a n d  c o n s tr u c ti o n  d o c u m e n ts  wi th i n

e s tab l i s h e d  ti m e  fr am e s  fo r th e  p u r p o s e  o f a c c e p ta n c e  o r
p r o vi d i n g r e as o n s  fo r  n o n ac c e p tan c e

[ 1 : 1 . 1 4 . 3 ]

Δ B . 9 . 4    Re vi e w a n d  a p p r o val  b y th e  AH J  s h al l  n o t r e l i e ve  th e
ap p l i c a n t o f th e  r e s p o n s i b i l i ty o f c o m p l i an c e  wi th  th i s  Code.

[ 1 : 1 . 1 4 . 4 ]

B . 9 . 5    Wh e r e  r e q u i r e d  b y th e  AH J ,  r e vi s e d  c o n s tr u c ti o n  d o c u ‐
m e n ts  o r  s h o p  d r awi n gs  s h o u l d  b e  p r e p ar e d  an d  s u b m i tte d  fo r

r e vi e w an d  a p p r o val  to  i l l u s tr ate  c o r r e c ti o n s  o r  modifcations
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2 0 2 3  E d i t i o n S h a d e d  te x t =  Re vi s i o n s .  Δ  =  Te x t d e l e ti o n s  a n d  fgure/table  r e vi s i o n s .  •  =  S e c ti o n  d e l e ti o n s .  N  =  N e w m a te r i a l .

n e c e s s i tate d  b y feld  c o n d i ti o n s  o r  o th e r  r e vi s i o n s  to  ap p r o ve d
c o n s tr u c ti o n  d o c u m e n ts .

B . 1 0  Te c h n i c al  As s i s tan c e .

B . 1 0 . 1    T h e  AH J  s h al l  b e  p e r m i tte d  to  r e q u i r e  a  r e vi e w b y a n
ap p r o ve d  i n d e p e n d e n t th i r d  p ar ty wi th  e x p e r ti s e  i n  th e  m atte r
to  b e  r e vi e we d  at th e  s u b m i tte r ’ s  e x p e n s e .

B . 1 0 . 2    T h e  i n d e p e n d e n t r e vi e we r  s h a l l  p r o vi d e  an  e va l u a ti o n
an d  r e c o m m e n d  n e c e s s ar y c h a n ge s  o f th e  p r o p o s e d  d e s i g n ,
o p e r ati o n ,  p r o c e s s ,  o r  n e w te c h n o l o gy to  th e  AH J .  [ 1 : 1 . 1 5 . 2 ]

B . 1 0 . 3    T h e  AH J  s h al l  b e  au th o r i z e d  to  r e q u i r e  d e s i g n  s u b m i t‐
ta l s  to  b e a r  th e  s ta m p  o f a r e g i s te r e d  d e s i g n  p r o fe s s i o n al .
[ 1 : 1 . 1 5 . 3 ]

Δ B . 1 0 . 4    T h e  AH J  s h a l l  m a ke  th e  fnal  d e te r m i n ati o n  as  to
wh e th e r  th e  p r o vi s i o n s  o f th i s  Code h a ve  b e e n  m e t.  [ 1 : 1 . 1 5 . 4 ]

B . 1 1  N o ti c e  o f Vi o l ati o n s  an d  P e n al ti e s .

Δ B . 1 1 . 1  Wh e re  Re q ui re d .    Wh e n e ve r  th e  AH J  d e te r m i n e s  vi o l a‐
ti o n s  o f th i s  Code,  a  wr i tte n  n o ti c e  s h al l  b e  i s s u e d  to  confrm
s u c h  fndings.  [ 1 : 1 . 1 6 . 1 ]

B . 1 1 . 2  S e r vi n g N o ti c e  o f Vi o l ati o n .

Δ B . 1 1 . 2 . 1    An y o r d e r  o r  n o ti c e  o f vi o l a ti o n  i s s u e d  p u r s u a n t to
th i s  Code s h al l  b e  s e r ve d  u p o n  th e  o wn e r,  o p e r a to r,  o c c u p an t,
r e gi s te r e d  ag e n t,  o r  o th e r  p e r s o n  r e s p o n s i b l e  fo r  th e  c o n d i ti o n
o r  vi o l a ti o n  b y o n e  o f th e  fo l l o wi n g  m e an s :

( 1 ) P e r s o n al  s e r vi c e
( 2 ) M ai l  to  l as t kn o wn  ad d r e s s  o f th e  o wn e r,  o p e r a to r,  o r

r e gi s te r e d  a ge n t

[ 1 : 1 . 1 6 . 2 . 1 ]

B . 1 1 . 2 . 2    F o r  u n atte n d e d  o r  ab an d o n e d  l o c a ti o n s ,  a  c o p y o f
s u c h  o r d e r  o r  n o ti c e  o f vi o l ati o n  s h al l  b e  p o s te d  o n  th e  p r e m ‐
i s e s  i n  a c o n s p i c u o u s  p l ac e  a t o r  n e a r  th e  e n tr an c e  to  s u c h
p r e m i s e s ,  an d  th e  o r d e r  o r  n o ti c e  s h a l l  b e  d i s s e m i n a te d  i n
ac c o r d an c e  wi th  o n e  o f th e  fo l l o wi n g:

( 1 ) M ai l e d  to  th e  l as t kn o wn  ad d r e s s  o f th e  o wn e r,  o c c u p an t,
o r  r e g i s te r e d  ag e n t

( 2 ) P u b l i s h e d  i n  a  n e ws p ap e r  o f ge n e r a l  c i r c u l ati o n  wh e r e i n
th e  p r o p e r ty i n  vi o l ati o n  i s  l o c ate d

[ 1 : 1 . 1 6 . 2 . 2 ]

B . 1 1 . 2 . 3    Re fu s al  o f a n  o wn e r,  o c c u p a n t,  o p e r a to r,  o r  o th e r
p e r s o n  r e s p o n s i b l e  fo r  th e  vi o l a ti o n  to  ac c e p t th e  vi o l a ti o n
n o ti c e  s h a l l  n o t b e  c a u s e  to  i n val i d a te  th e  vi o l ati o n  o r  th e
n o ti c e  o f vi o l a ti o n .  Wh e n  ac c e p tan c e  o f a n o ti c e  o f vi o l a ti o n  i s
re fu s e d ,  va l i d  n o ti c e  s h al l  h a ve  d e e m e d  to  h ave  b e e n  s e r ve d
u n d e r  th i s  s e c ti o n  p r o vi d e d  th e  m e th o d s  o f s e r vi c e  i n  B . 1 1 . 2 . 1
o r  B . 1 1 . 2 . 2  h ave  b e e n  fo l l o we d .  [ 1 : 1 . 1 6 . 2 . 3 ]

Δ B . 1 1 . 3  D e s tr u c ti o n  o r Re m o val  o f N o ti c e .    T h e  m u ti l ati o n ,
d e s tr u c ti o n ,  o r  r e m o va l  o f a  p o s te d  o r d e r  o r  vi o l a ti o n  n o ti c e
wi th o u t au th o r i z a ti o n  b y th e  AH J  s h al l  b e  a s e p a r ate  vi o l a ti o n
o f th i s  Code an d  p u n i s h ab l e  b y th e  p e n al ti e s  e s tab l i s h e d  b y th e
AH J .  [ 1 : 1 . 1 6 . 3 ]

B . 1 1 . 4  P e n al ti e s .

Δ B . 1 1 . 4 . 1    An y p e r s o n  wh o  fa i l s  to  c o m p l y wi th  th e  p r o vi s i o n s  o f
th i s  Code,  fa i l s  to  c ar r y o u t a n  o r d e r  m ad e  p u r s u a n t to  th i s  Code,
o r  vi o l ate s  an y c o n d i ti o n  atta c h e d  to  a  p e r m i t,  a p p r o val ,  o r

certifcate  s h a l l  b e  s u b j e c t to  th e  p e n al ti e s  e s ta b l i s h e d  b y th e
AH J .  [ 1 : 1 . 1 6 . 4 . 1 ]

B . 1 1 . 4 . 2    Wh e r e  th e  AH J  h a s  n o t ad o p te d  a s e p ar ate  p e n a l ty
s c h e d u l e ,  o r  i f s tate  l aws  o r  r u l e s  d o  n o t s p e c i fy a p e n a l ty,  vi o l a‐

ti o n s  o f th i s  c o d e  c a n  b e  s u b j e c t to  a  $ 1 0 0 . 0 0  p e n a l ty p e r  d ay
fo r  e ac h  vi o l ati o n .

B . 1 1 . 4 . 3    F a i l u r e  to  c o m p l y wi th  th e  ti m e  l i m i ts  o f an  o r d e r  o r
n o ti c e  o f vi o l ati o n  i s s u e d  b y th e  AH J  c a n  r e s u l t i n  e ac h  d a y th a t
th e  vi o l a ti o n  c o n ti n u e s  b e i n g  r e ga r d e d  as  a s e p a r ate  o ffe n s e

an d  c an  b e  s u b j e c t to  a s e p a r ate  p e n al ty.

B . 1 1 . 4 . 4    A s e p ar a te  n o ti c e  o f vi o l ati o n  s h o u l d  n o t b e  r e q u i r e d
to  b e  s e r ve d  e ac h  d ay fo r  a vi o l a ti o n  to  b e  d e e m e d  a s e p a r ate

o ffe n s e .

B . 1 1 . 4 . 5  Ab ate m e n t.    Wh e r e  a  vi o l a ti o n  c r e ate s  an  i m m i n e n t
d an g e r,  th e  AH J  i s  au th o r i z e d  to  ab ate  s u c h  h a z a r d  i n  ac c o r d ‐
a n c e  wi th  B . 5 . 1 5 .  [ 1 : 1 . 1 6 . 5 ]

An n e x  C    S am p l e  O rd i n an c e  Ad o p ti n g N FPA 2

This annex is not a part of the requirements of this NFPA document
but is included for informational purposes only.

C . 1    T h e  fo l l o wi n g  s a m p l e  o r d i n a n c e  i s  p r o vi d e d  to  as s i s t a
j u r i s d i c ti o n  i n  th e  ad o p ti o n  o f th i s  Code an d  i s  n o t p ar t o f th i s

C o d e .

O RD I N AN C E  N O . __________________

An  o r d i n an c e  o f th e  [jurisdiction] ad o p ti n g  th e  [year] e d i ti o n
o f N F PA 2 ,  Hydrogen Technologies Code,  an d  d o c u m e n ts  l i s te d  i n
C h ap te r  2  o f th at c o d e ;  p r e s c r i b i n g  r e gu l a ti o n s  go ve r n i n g

c o n d i ti o n s  h a z a r d o u s  to  l i fe  an d  p r o p e r ty fr o m  fre  o r  e x p l o ‐
s i o n ;  p r o vi d i n g  fo r  th e  i s s u an c e  o f p e r m i ts  a n d  c o l l e c ti o n  o f

fe e s ;  r e p e al i n g  O r d i n a n c e  N o . ______ o f th e  [jurisdiction] an d
a l l  o th e r  o r d i n a n c e s  an d  p ar ts  o f o r d i n an c e s  i n  confict th e r e ‐
wi th ;  p r o vi d i n g a p e n al ty;  p r o vi d i n g a s e ve r ab i l i ty c l au s e ;  an d

p r o vi d i n g fo r  p u b l i c a ti o n ;  a n d  p r o vi d i n g a n  e ffe c ti ve  d a te .

B E  I T  O RD AI N E D  B Y T H E  [governing body] O F  T H E  [juris‐
diction]:

S E C T I O N  1  T h a t th e  N F PA 2 ,  Hydrogen Technologies Code,  an d
d o c u m e n ts  ad o p te d  b y C h a p te r  2 ,  th r e e  ( 3 )  c o p i e s  o f wh i c h  a r e
o n  fle  a n d  ar e  o p e n  to  i n s p e c ti o n  b y th e  p u b l i c  i n  th e  offce  o f

th e  [jurisdiction’s keeper of records] o f th e  [jurisdiction],  ar e  h e r e b y
a d o p te d  an d  i n c o r p o r ate d  i n to  th i s  o r d i n an c e  a s  fu l l y a s  i f s e t

o u t at l e n g th  h e r e i n ,  an d  fr o m  th e  d a te  o n  wh i c h  th i s  o r d i ‐
n an c e  s h al l  ta ke  e ffe c t,  th e  p r o vi s i o n s  th e r e o f s h al l  b e  c o n tr o l ‐

l i n g  wi th i n  th e  l i m i ts  o f th e  [jurisdiction].  T h e  s a m e  ar e  h e r e b y
ad o p te d  a s  th e  c o d e  o f th e  [jurisdiction] fo r  th e  p u r p o s e  o f
p r e s c r i b i n g  r e gu l ati o n s  go ve r n i n g  c o n d i ti o n s  h a z a r d o u s  to  l i fe

a n d  p r o p e r ty fr o m  fre  o r  e x p l o s i o n  a n d  p r o vi d i n g fo r  i s s u a n c e
o f p e r m i ts  an d  c o l l e c ti o n  o f fe e s .

S E C T I O N  2  An y p e r s o n  wh o  s h al l  vi o l a te  an y p r o vi s i o n  o f
th i s  c o d e  o r  s tan d ar d  h e r e b y ad o p te d  o r  fai l  to  c o m p l y th e r e ‐

wi th ;  o r  wh o  s h a l l  vi o l ate  o r  fa i l  to  c o m p l y wi th  a n y o r d e r  m ad e
th e r e u n d e r ;  o r  wh o  s h al l  b u i l d  i n  vi o l a ti o n  o f an y d e ta i l e d  s ta te ‐
m e n t o f specifcations  o r  p l an s  s u b m i tte d  a n d  a p p r o ve d  th e r e ‐
u n d e r ;  o r  fai l e d  to  o p e r a te  i n  ac c o r d a n c e  wi th  an y certifcate  o r
p e r m i t i s s u e d  th e r e u n d e r ;  an d  fr o m  wh i c h  n o  ap p e a l  h as  b e e n

take n ;  o r  wh o  s h al l  fai l  to  c o m p l y wi th  s u c h  an  o r d e r  a s
affrmed  o r  modifed  b y o r  b y a c o u r t o f c o m p e te n t j u r i s d i c ‐
ti o n ,  wi th i n  th e  ti m e  fxed  h e r e i n ,  s h a l l  s e ve r al l y fo r  e ac h  an d

e ve r y s u c h  vi o l ati o n  an d  n o n c o m p l i a n c e ,  r e s p e c ti ve l y,  b e  g u i l ty
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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  re 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 3  E d i t i o n

o f a m i s d e m e an o r,  p u n i s h ab l e  b y a  fne  o f n o t l e s s  th an  $
_________ n o r  m o r e  th an  $ _________ o r  b y i m p r i s o n m e n t fo r
n o t l e s s  th a n _________ d a ys  n o r  m o r e  th an __________ d ays  o r
b y b o th  s u c h  fne  an d  i m p r i s o n m e n t.  T h e  i m p o s i ti o n  o f o n e
p e n al ty fo r  an y vi o l ati o n  s h al l  n o t e x c u s e  th e  vi o l a ti o n  o r
p e r m i t i t to  c o n ti n u e ;  an d  al l  s u c h  p e r s o n s  s h al l  b e  r e q u i r e d  to
c o r r e c t o r  r e m e d y s u c h  vi o l a ti o n s  o r  d e fe c ts  wi th i n  a r e as o n a‐
b l e  ti m e ;  an d  wh e n  n o t o th e r wi s e  specifed  th e  a p p l i c a ti o n  o f
th e  a b o ve  p e n a l ty s h a l l  n o t b e  h e l d  to  p r e ve n t th e  e n fo r c e d
r e m o val  o f p r o h i b i te d  c o n d i ti o n s .  E ac h  d a y th a t p r o h i b i te d
c o n d i ti o n s  a r e  m a i n tai n e d  s h al l  c o n s ti tu te  a  s e p ar a te  o ffe n s e .

S E C T I O N  3  Ad d i ti o n s ,  i n s e r ti o n s ,  a n d  c h an g e s  — th at th e
[year] e d i ti o n  o f N F PA 2 ,  Hydrogen Technologies Code,  i s  a m e n d e d
an d  c h an g e d  i n  th e  fo l l o wi n g  r e s p e c ts :

L i s t Am e n d m e n ts

S E C T I O N  4  T h a t o r d i n an c e  N o . ____________ o f [jurisdic‐
tion] e n ti tl e d  [fll in the title of the ordinance or ordinances in effect at
the present time] a n d  a l l  o th e r  o r d i n a n c e s  o r  p ar ts  o f o r d i n a n c e s
i n  confict h e r e wi th  a r e  h e r e b y r e p e a l e d .

S E C T I O N  5  T h at i f an y s e c ti o n ,  s u b s e c ti o n ,  s e n te n c e ,  c l a u s e ,
o r  p h r a s e  o f th i s  o r d i n a n c e  i s ,  fo r  a n y r e as o n ,  h e l d  to  b e  i n val i d
o r  u n c o n s ti tu ti o n al ,  s u c h  d e c i s i o n  s h al l  n o t a ffe c t th e  va l i d i ty
o r  c o n s ti tu ti o n a l i ty o f th e  r e m a i n i n g p o r ti o n s  o f th i s  o r d i ‐
n an c e .  T h e  [governing body] h e r e b y d e c l ar e s  th at i t wo u l d  h ave
p as s e d  th i s  o r d i n a n c e ,  a n d  e a c h  s e c ti o n ,  s u b s e c ti o n ,  c l au s e ,  o r
p h r as e  h e r e o f,  i r r e s p e c ti ve  o f th e  fac t th at an y o n e  o r  m o r e
s e c ti o n s ,  s u b s e c ti o n s ,  s e n te n c e s ,  c l au s e s ,  an d  p h r as e s  b e
d e c l ar e d  u n c o n s ti tu ti o n a l .

S E C T I O N  6  T h a t th e  [jurisdiction’s keeper of records] i s  h e r e b y
o r d e r e d  a n d  d i r e c te d  to  c au s e  th i s  o r d i n an c e  to  b e  p u b l i s h e d .
[ N O T E :  An  ad d i ti o n al  p r o vi s i o n  m ay b e  r e q u i r e d  to  d i r e c t th e
n u m b e r  o f ti m e s  th e  o r d i n a n c e  i s  to  b e  p u b l i s h e d  a n d  to  s p e c ‐
i fy th at i t i s  to  b e  i n  a  n e ws p a p e r  i n  ge n e r a l  c i r c u l ati o n .  P o s ti n g
m a y a l s o  b e  r e q u i r e d . ]

S E C T I O N  7  T h at th i s  o r d i n an c e  a n d  th e  r u l e s ,  r e g u l ati o n s ,
p r o vi s i o n s ,  r e q u i r e m e n ts ,  o r d e r s ,  an d  m atte r s  e s tab l i s h e d  an d
ad o p te d  h e r e b y s h a l l  take  e ffe c t an d  b e  i n  fu l l  fo r c e  a n d  e ffe c t
[time period] fr o m  an d  a fte r  th e  d ate  o f i ts  fnal  p as s ag e  an d
ad o p ti o n .

An n e x  D    P h ys i c al  P ro p e r ti e s  o f H yd ro ge n

This annex is not a part of the requirements of this NFPA document
but is included for informational purposes only.

Δ D . 1  P h ys i c al  P ro p e r ti e s  ( I n fo r m ati ve ) .    H yd r o ge n  i s  a  famma‐
ble  g as .  I t i s  c o l o r l e s s ,  o d o r l e s s ,  tas te l e s s ,  an d  n o n to x i c .  I t i s  th e
l i g h te s t g as  kn o wn ,  h avi n g  a  specifc  g r avi ty o f 0 . 0 6 9 5  ( ai r  =
1 . 0 ) .  H yd r o g e n  d i ffu s e s  r ap i d l y i n  a i r  an d  th r o u gh  m a te r i al s
n o t n o r m a l l y c o n s i d e r e d  p o r o u s .

Δ D . 1 . 1    H yd r o g e n  b u r n s  i n  ai r  wi th  a p al e  b l u e ,  al m o s t i n vi s i b l e
fame.  At a tm o s p h e r i c  p r e s s u r e  th e  i gn i ti o n  te m p e r a tu r e  o f
h yd r o g e n –ai r  m i x tu r e s  h as  b e e n  r e p o r te d  b y th e  U . S .  B u r e au
o f M i n e s  to  b e  as  l o w as  9 3 2 ° F  ( 5 0 0 ° C ) .  T h e  fammable  l i m i ts  o f
h yd r o g e n –ai r  m i x tu r e s  d e p e n d  o n  p r e s s u r e ,  te m p e r a tu r e ,  an d
wate r- va p o r  c o n te n t.  At atm o s p h e r i c  p r e s s u r e ,  th e  fammable
ra n ge  i s  a p p r o x i m a te l y 4  p e r c e n t to  7 5  p e r c e n t b y vo l u m e  o f
h yd r o g e n  i n  ai r.

Δ D . 1 . 2    H yd r o g e n  r e m a i n s  a g as  e ve n  at h i g h  p r e s s u r e s .  I t i s
liquefed  wh e n  c o o l e d  to  i ts  b o i l i n g  p o i n t o f − 4 2 3 ° F  ( − 2 5 3 ° C ) .

Δ D . 1 . 3    H yd r o g e n  i s  n o n to x i c ,  b u t i t c an  c a u s e  a n o x i a ( as p h yx ‐
i ati o n )  wh e n  i t d i s p l ac e s  th e  n o r m al  2 1  p e r c e n t o x yg e n  i n  a
confned  a r e a wi th o u t ve n ti l a ti o n  th at wi l l  m a i n tai n  a n  o x yge n

c o n te n t e x c e e d i n g  1 9 . 5  p e r c e n t.  B e c au s e  h yd r o g e n  i s  c o l o r l e s s ,
o d o r l e s s ,  a n d  tas te l e s s ,  i ts  p r e s e n c e  c an n o t b e  d e te c te d  b y th e

h u m an  s e n s e s .

Δ D . 2  P h ys i c al  P ro p e r ti e s .    Liquefed  h yd r o g e n  i s  tr a n s p ar e n t,
o d o r l e s s ,  a n d  n o t c o r r o s i ve o r  n o ti c e ab l y r e a c ti ve .  T h e  b o i l i n g

p o i n t a t atm o s p h e r i c  p r e s s u r e  i s  − 4 2 3 ° F  ( − 2 5 3 ° C ) .  I t i s  o n l y 1 ∕1 4

as  h e a vy as  wate r.  Liquefed  h yd r o ge n  c o n ve r te d  to  ga s e o u s
h yd r o g e n  a t s ta n d ar d  c o n d i ti o n s  e x p an d s  ap p r o x i m a te l y 8 5 0
ti m e s .

•

An n e x  E    E x p l an ati o n  o f M e th o d o l o gy U ti l i z e d  to  D e ve l o p
S e p arati o n  D i s tan c e s

This annex is not part of the requirements of this NFPA document but
is included for informational purposes only.

E . 1  S e p arati o n  D i s tan c e s  Tab l e s  M e th o d o l o gy H i s to r y.    T h e
e val u a ti o n  o f s e p ar a ti o n  d i s ta n c e s  fo r  b u l k g as e o u s  h yd r o ge n

s ys te m s  wa s  th e  s u b j e c t o f s tu d y o f a j o i n t tas k gr o u p  th at
c o m p r i s e d  m e m b e r s  o f N F PA’ s  H yd r o ge n  Te c h n o l o g y Te c h n i ‐

c a l  C o m m i tte e  a n d  th e  I n d u s tr i a l  an d  M e d i c al  Ga s e s  Te c h n i c al
C o m m i tte e .  T h e  tas k o f th e  g r o u p  wa s  to  e x am i n e  th e  e x p o s u r e
d i s tan c e s  p u b l i s h e d  i n  Ta b l e  1 0 . 3 . 2 . 2 . 1  o f th e  2 0 0 5  e d i ti o n  o f
N F PA 5 5  fo r  th e  p u r p o s e  o f val i d ati o n  o r  r e vi s i o n  b as e d  o n  a
scientifc  ap p r o ac h  th at c o u l d  b e  s u b s ta n ti ate d  e i th e r  th r o u gh

te s ti n g  o r  th r o u g h  ge n e r a l l y ac c e p te d  scientifc  m e an s  fo r  th e
2 0 1 0  e d i ti o n  o f N F PA 5 5 .

I n  th e  2 0 1 6  e d i ti o n  o f N F PA 2 ,  e x p o s u r e s  we r e  g r o u p e d  i n
Tab l e  7 . 4 . 3 . 2 . 3 . 1 . 1 ( A) ( a )  b as e d  u p o n  th e  r a ti o n al e  fo r  d e te r ‐

m i n i n g  th e  as s o c i ate d  h az ar d ,  as  s h o wn  i n  Tab l e  E . 1 ( a)  an d
Tab l e  E . 1 ( b ) .  Tab l e  E . 1 ( a )  i s  c r o s s -r e fe r e n c e d  to  Tab l e
7 . 4 . 3 . 2 . 3 . 1 . 1 ( A) ( a)  b y e x p o s u r e  g r o u p  n u m b e r  an d  r o w l e tte r.

N o te s  a r e  p r o vi d e d  to  i n d i c ate  th e  specifc  r ati o n a l e  c o n s i d e r e d
fo r e ac h  o f th e  e x p o s u r e s  l i s te d .  T h e  n o te s  ar e  th e n  c r o s s -

r e fe r e n c e d  to  specifc  h a z a r d  s c e n ar i o s  fu r th e r  defned  i n
Tab l e  E . 1 ( b ) .  T h e  p e r fo r m a n c e  c r i te r i a  a n d  d e s i g n  s c e n ar i o s

h ave  b e e n  e x tr ac te d  fr o m  N F PA 1  a s  i n d i c a te d  i n  th e  e x tr ac ts
p r o vi d e d .  [ 1 ]  F o r  e a c h  e x p o s u r e ,  th e  e ffe c ts  o f a r e l e as e  we r e
c o n s i d e r e d  wi th i n  th e  c o n te x t o f h a z a r d  s c e n a r i o s  d e ve l o p e d  i n

th e  p e r fo r m an c e  ap p r o ac h  fo u n d ati o n a l  to  d e te r m i n i n g th e
d e s i g n  s c e n ar i o s  o u tl i n e d  i n  th e  p e r fo r m a n c e - b a s e d  o p ti o n  i n
N FPA 1 .

I n  th e  e ve n t a l te r n ati ve  m ate r i a l s  o r  m e th o d s  a r e  to  b e
e m p l o ye d  wh e n  b u l k s ys te m s  ar e  i n s ta l l e d ,  c o d e  u s e r s  s h o u l d

b e  awar e  o f th e  specifc  h a z a r d  s c e n a r i o s  u s e d  to  a n al yz e  e a c h
e x p o s u r e .

S tu d i e s  b y H o u f an d  S c h e fe r  o f S a n d i a  N a ti o n al  L ab o r ato r i e s
( S an d i a )  p r e d i c te d  th e  r a d i a ti ve  h e at fux  at var i o u s  d i s ta n c e s

r e s u l ti n g  fr o m  th e  i g n i ti o n  o f tu r b u l e n t j e t r e l e a s e s  o f h yd r o ‐
g e n  fr o m  s ys te m s  at var i o u s  p r e s s u r e s .  I n  ad d i ti o n ,  th e  c o n c e n ‐
tr ati o n s  o f a n  u n i g n i te d  h yd r o g e n  j e t i n  th e  s u r r o u n d i n g  ai r

an d  th e  e n ve l o p e  wh e r e  th e  c o n c e n tr ati o n  fa l l s  b e l o w th e  l o we r
fammability l i m i t fo r  h yd r o ge n  we r e  d e te r m i n e d .  [ 2 ]  U n d e r ‐
s tan d i n g  th e  c o n s e q u e n c e s  o f r e l e as e  i n  te r m s  o f th e r m al  fux

o r  th e  b o u n d ar i e s  o f th e  u n i g n i te d  c l o u d  we r e  th e n  u s e d  to
d e te r m i n e  d i s tan c e s  th at we r e  b e l i e ve d  to  b e  a p p r o p r i ate  b as e d
o n  th e  c o n s e q u e n c e  o f a  r e l e as e .  T h e  c o n s e q u e n c e  ap p r o ac h  i s

r e fe r r e d  to  a s  a d e te r m i n i s ti c  ap p r o ac h  b e c a u s e  d i s tan c e s  a r e
d e te r m i n e d  b as e d  o n  c o n s e q u e n c e  a l o n e .  An o th e r
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c o n s e q u e n c e -b as e d  ap p r o ac h ,  fo u n d  i n  a  p r o j e c t s p o n s o r e d  b y
N F PA’ s  F i r e  Re s e ar c h  F o u n d ati o n ,  to  d e te r m i n e  ap p r o p r i ate
s e p ar ati o n  d i s tan c e s  fo r  c e r tai n  i n s ta l l ati o n s  o f b u l k ga s e o u s
h yd r o g e n  s ys te m s  was  al s o  r e vi e we d  b y th e  tas k g r o u p ,  an d
c o m p a r i s o n s  we r e  m ad e  to  th e  e x i s ti n g  r e q u i r e m e n ts  i n  th e
2 0 0 5  e d i ti o n  o f N F PA 5 5 . [ 3 ]

As  th e  g r o u p  e val u ate d  th e  i m p ac t o f th e  d e te r m i n i s ti c
ta b l e s ,  i t b e c am e  a p p a r e n t th a t th e  p r o b ab i l i ty o f o c c u r r e n c e  o f
e ve n ts  s h o u l d  h ave  a b e ar i n g o n  d e te r m i n i n g  a r e a s o n a b l e  l e ve l
o f s a fe ty.

T h e  wo r k o f th e  ta s k gr o u p  i n te g r ate d  th e  e ffo r ts  o f S a n d i a ’ s
r i s k a n d  r e l i ab i l i ty d e p a r tm e n t,  a s  p ar t o f th e  U S  D e p a r tm e n t
o f E n e r g y H yd r o g e n ,  F u e l  C e l l s  &  I n fr as tr u c tu r e  Te c h n o l o gi e s
P r o gr a m .

Re s e a r c h e r s  a t S an d i a d e ve l o p e d  b e n c h m ar k e x p e r i m e n ts
an d  a d e fe n s i b l e  a n al ys i s  s tr a te g y fo r  r i s k an d  c o n s e q u e n c e
as s e s s m e n t o f u n i n te n d e d  r e l e a s e s  fr o m  ga s e o u s  h yd r o ge n
s ys te m s .  T h i s  wo r k i n c l u d e d  e x p e r i m e n ta ti o n  a n d  m o d e l i n g to
u n d e r s tan d  th e  fuid  m e c h a n i c s  a n d  d i s p e r s i o n  o f h yd r o ge n  fo r
d i ffe r e n t r e l e a s e  s c e n ar i o s ,  i n c l u d i n g i n ve s ti g ati o n s  o f h yd r o ‐
ge n  c o m b u s ti o n  a n d  s u b s e q u e n t h e a t tr an s fe r  fr o m  h yd r o ge n
fames.  T h e  r e s u l ti n g  te c h n i c al  i n fo r m ati o n  wa s  i n c o r p o r a te d
i n to  e n g i n e e r i n g  m o d e l s  th at we r e  u s e d  fo r  as s e s s m e n t o f
d i ffe r e n t h yd r o ge n  r e l e as e  s c e n a r i o s  a n d  fo r  i n p u t i n to  q u an ti ‐
ta ti ve  r i s k as s e s s m e n ts  ( QRA)  o f h yd r o g e n  fac i l i ti e s .

T h e  QRAs  we r e  u s e d  to  i d e n ti fy an d  q u an ti fy s c e n a r i o s  fo r
th e  u n i n te n d e d  r e l e a s e  o f h yd r o g e n ,  i d e n ti fy th e  signifcant
ri s k c o n tr i b u to r s  at d i ffe r e n t typ e s  o f h yd r o ge n  fac i l i ti e s ,  an d  to
i d e n ti fy p o te n ti al  ac c i d e n t p r e ve n ti o n  a n d  m i ti g ati o n  s tr ate gi e s
to  r e d u c e  th e  r i s k to  a c c e p ta b l e  l e ve l s .  [ 4 ]

To  e val u ate  r i s k,  th e  h i s to r y o f l e a ka ge  d ata fr o m  h i gh -
p r e s s u r e  c o m p r e s s e d  g as  s ys te m s  was  n e e d e d .  Hydrogen-
specifc  l e ak d ata we r e  p r o vi d e d  b y o n e  o f th e  m a j o r  s u p p l i e r s
th r o u g h  th e  u s e  o f a  5 -ye ar  d o c u m e n te d  c o l l e c ti o n  o f l e ak d ata
fr o m  b o th  i n d u s tr i a l  an d  fu e l i n g u s e s .  T h e s e  d ata we r e
au g m e n te d  wi th  d ata fr o m  o th e r  s o u r c e s  a fte r  b e i n g  r e vi e we d
fo r  ap p l i c ab i l i ty,  an d  r e p r e s e n tati ve  va l u e s  we r e  s e l e c te d .  T h e
s o u r c e  d o c u m e n ts  c o n s i d e r e d  i n  a u g m e n tati o n  o f hydrogen-
specifc  d ata i n c l u d e d  th e  fo l l o wi n g p u b l i c a ti o n s :

( 1 ) “ D e te r m i n ati o n  o f S afe ty D i s ta n c e s , ”  E u r o p e an  I n d u s tr i al
Gas e s  As s o c i ati o n ,  I GC  D o c  7 5 / 0 7 / E ,  2 0 0 7 .

( 2 ) A.  W.  C o x ,  F.  P.  L e e s ,  an d  M .  L .  An g,  “Classifcation  o f
H az ar d o u s  L o c ati o n s , ”  I n s ti tu ti o n  o f C h e m i c al  E n gi n e e r s ,
M ay 2 0 0 3 .

( 3 ) C .  H .  B l a n to n  a n d  S .  A.  E i d e ,  “ S avan n a h  Ri ve r  S i te
Ge n e r i c  D ata B a s e  D e ve l o p m e n t, ”  WS RC -T R-9 3 - 2 6 2 ,  We s t‐
i n g h o u s e  S avan n a h  Ri ve r  C o m p an y,  J u n e  3 0 ,  1 9 9 3 .

( 4 ) J .  S p o u ge ,  “ N e w Ge n e r i c  L e a k F r e q u e n c i e s  fo r  P r o c e s s
E q u i p m e n t, ”  Process Safety Progress ( Vo l .  2 4 ,  N o .  4 ) ,  D e c e m ‐
b e r  2 0 0 5 .

A h i e r ar c h y wa s  d e ve l o p e d  th at ga ve  hydrogen-specifc  d a ta
th e  h i g h e s t p r i o r i ty,  fo l l o we d  b y non-gas-specifc  d a ta  wh e r e
ava i l ab l e  fo r  h i g h -p r e s s u r e  c o m p o n e n ts .  P i p i n g  a n d  i n s tr u m e n ‐
ta ti o n  d r a wi n g s  ( P & I D s )  we r e  th e n  p r e p a r e d  to  defne  a s tan d ‐
ar d  b u l k s u p p l y s ys te m  i n  te r m s  o f m o d u l e s  th at m i gh t b e
fo u n d  i n  th e  typ i c a l  s ys te m .  T h e  P & I D s  c an  b e  fo u n d  i n
A. 3 . 3 . 9 5 . 9 . 1  o f N F PA 5 5 .  T h e  P & I D s  we r e  r e vi e we d  b y s u p p l i e r s
an d  th e  typ i c a l  n atu r e  verifed.

F r e q u e n c y a n d  s i z e  o f l e aks  e n c o u n te r e d  we r e  e val u ate d
ac r o s s  a n u m b e r  o f s ys te m s ,  i n c l u d i n g b o th  i n d u s tr i al  a n d  fu e l ‐

i n g  o p e r ati o n s .  T h e  l e ak/ fai l u r e  d a ta  we r e  th e n  a p p l i e d  to
“ typ i c a l ”  ftting  c o u n ts  ( i . e . ,  c o m p o n e n ts )  i n te g r al  to  e ac h  o f

th e  m o d u l e s  identifed  i n  th e  P & I D s  fo r  e ac h  o f th e  c o m p o ‐
n e n ts .  T h e  fai l u r e  d ata we r e  b as e d  o n  th e  m o s t r e c e n t 5 - ye a r

h i s to r y fo r  h i g h -p r e s s u r e  s ys te m s .  Hydrogen-specifc  d a ta  we r e
p r o vi d e d  b y C o m p r e s s e d  G as  As s o c i a ti o n  ( C GA)  r e p r e s e n ta‐
ti ve s .  T h e s e  d a ta  we r e  au g m e n te d  b y fai l u r e  d ata fr o m  o th e r

r e s o u r c e s  o b tai n e d  b y r e s e a r c h e r s  fr o m  S an d i a  a n d  c o m b i n e d
to  q u an ti fy a  p r o b a b i l i ty fo r  fai l u r e  o n  a  c o m p o n e n t-b y-
c o m p o n e n t b as i s  [ e . g . ,  h o s e s  ( p i gtai l s ) ,  va l ve s ,  i n s tr u m e n ts ,

j o i n ts ,  p i p e ] .  T h e  a n al ys i s  r e s u l te d  i n  a p r o b a b i l i ty fo r  fai l u r e
b e i n g d e ve l o p e d  fo r  e ac h  c o m p o n e n t,  wh i c h  c o u l d  th e n  b e
wr ap p e d  i n to  fa i l u r e s  e x p e c te d  a c r o s s  th e  s p e c tr u m  o f th e  var i ‐

o u s  m o d u l e s  i n c l u d e d  i n  th e  ar r a y o f P & I D s  d e ve l o p e d .

A B aye s i a n  a p p r o a c h  to  th e  d e te r m i n a ti o n  o f p r o b ab i l i ty wa s
u s e d  i n  th e  a n al ys i s  o f d a ta  b y r e s e a r c h e r s  at S a n d i a.  T h e  te c h ‐
n i c al  a p p r o a c h  an d  s u p p o r ti n g  d e tai l s  c a n  b e  fo u n d  i n  th e  ar ti ‐

c l e s  l i s te d  i n  An n e x  H  o f N F PA 5 5  a n d  i n fo r m ati o n a l  ar ti c l e s
fo u n d  i n  S e c ti o n  I . 2  o f N F PA 5 5 .  T h e  ad va n ta ge  o f th e  B aye s i a n
ap p r o ac h  i s  th at i t c an  c o m b i n e  d ata fr o m  d i ffe r e n t s o u r c e s  to
i n c l u d e  u n c e r ta i n ty.  T h i s  ap p r o ac h  i s  c o n tr a r y to  wh a t h as  b e e n

d o n e  i n  o th e r  s o u r c e s .  F o r  e x am p l e ,  j u d g m e n t c an  b e  u s e d  as  a
m e a n s  to  d e te r m i n e  r i s k;  h o we ve r,  th at m e th o d  d o e s  n o t
p r o vi d e  fo r  u n c e r tai n ty.  S u c h  m e th o d s  ar e  q u a l i ta ti ve  a t b e s t.

B y c o m p a r i s o n ,  th e  u s e  o f specifc  l e ak d ata r e s u l ts  i n  a  q u an ti ‐
ta ti ve  ap p r o ac h .

T h e  tab l e s  d e ve l o p e d  fo r  i n c l u s i o n  i n  C h a p te r  1 0  o f th e  2 0 1 0
e d i ti o n  o f N F PA 5 5  ar e  s ai d  to  b e  risk informed,  n o t risk based,
th e  d i ffe r e n c e  b e i n g  th a t i n te g r al  to  th e  r i s k tab l e s  i s  a s e r i e s  o f

d e c i s i o n s  b a s e d  o n  th e  a p p l i c ab i l i ty o f va r i o u s  fac to r s .  F o r
e x am p l e ,  wi th  r e s p e c t to  th e r m al  fux,  o n e  c o u l d  u s e  a s e r i e s  o f
e x p o s u r e s  fr o m  no harm to  fatality,  a n d  th o s e  e x p o s u r e s  c o u l d

th e n  b e  ta ke n  fr o m  th e  p o i n t o f var i o u s  r e c e p to r s  ( wo r ke r s ,
p e o p l e  o n  th e  p r o p e r ty wh e r e  th e  i n s tal l a ti o n  i s  l o c a te d ,  p e o p l e
o ff th e  p r o p e r ty,  e tc . ) .  O n e  o f th e  p r i m a r y d e c i s i o n s  m ad e  b y
th e  g r o u p  was  th at i n  th e  fnal  an a l ys i s  th e  r i s k p r e s e n te d  fo r

th e  typ i c al  G H 2  i n s tal l a ti o n  ( e i th e r  i n d u s tr i a l  o r  fu e l i n g  ap p l i c a ‐
ti o n s )  s h o u l d  p r e s e n t n o  gr e a te r  r i s k to  th e  p u b l i c  i n  te r m s  o f
fatal i ti e s  o r  i n j u r i e s  th an  d o e s  a n  e x i s ti n g  g as o l i n e  s e r vi c e

s tati o n .  T h e  a ve r a ge  fr e q u e n c y o f a fatal i ty as s o c i ate d  wi th  th e
o p e r ati o n  o f a  s i n gl e  ga s o l i n e  s ta ti o n  h a s  b e e n  r e p o r te d  to  b e
a p p r o x i m a te l y 2 E -5 / yr.  [ 5 ]  O th e r  ke y d e c i s i o n s  o f th e  g r o u p

i n c l u d e d  th e  p ar a m e te r s  gi ve n  i n  S e c ti o n s  E . 2  th r o u gh  E . 5 .

E . 2  L o we r Fl am m ab l e  L i m i t — 4  P e rc e n t H 2  b y Vo l u m e .    I n
s c e n a r i o s  wh e r e  th e  c o n c e r n  i s  th a t a p l u m e  o f u n i gn i te d  GH 2

fr o m  a  r e l e as e  m i g h t r e ac h  an  i g n i ti o n  s o u r c e ,  th e  s e p ar a ti o n
d i s tan c e  was  d e te r m i n e d  u s i n g a c o m p u tati o n a l  fuid  d yn a m i c s

( C F D )  m o d e l  to  d e te r m i n e  th e  d i s ta n c e  r e q u i r e d  to  r e d u c e  th e
G H 2  c o n c e n tr ati o n  to  4  p e r c e n t b y vo l u m e .  A c o n c e n tr a ti o n  o f

4  p e r c e n t h yd r o ge n  i n  a i r  h as  b e e n  s h o wn  to  b e  th e  l o we r
b o u n d s  o f an  i g n i ti b l e  m i x tu r e  u n d e r  i d e a l  c o n d i ti o n s  fo r  b u r n ‐
i n g .  As  s u c h ,  4  p e r c e n t i s  th e  e s tab l i s h e d  l o we r  fammable  l i m i t
fo r  h yd r o ge n  m i x tu r e s  i n  ai r.

E . 3  U s e  o f 3  P e rc e n t o f I n te r n al  Are a as  L e ak S i z e .    A d e tai l e d
d e s c r i p ti o n  o f th e  p r o c e s s  u s e d  an d  th e  r e s u l ts  ac h i e ve d  ar e

p r o vi d e d  i n  a  te c h n i c a l  ar ti c l e  i n c l u d e d  i n  An n e x  H  o f
N F PA 5 5 .  [ 6 ]  T h i s  p r o c e s s  fo l l o ws  gu i d an c e  b y th e  F i r e  P r o te c ‐
ti o n  Re s e ar c h  F o u n d a ti o n  p u b l i s h e d  i n  M ar c h  2 0 0 7  th a t

e n c o u r ag e s  N F PA Te c h n i c a l  C o m m i tte e s  to  u s e  r i s k c o n c e p ts  i n
th e i r d e c i s i o n -m aki n g  p r o c e s s .  [ 7 ]  T h e  r i s k-i n fo r m e d  a p p r o a c h
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i n c l u d e d  two  c o n s i d e r a ti o n s :  th e  fr e q u e n c y o f h yd r o ge n  s ys te m
l e akag e  an d  th e  r i s k fr o m  l e akag e  e ve n ts .

C o m p o n e n t l e ak fr e q u e n c i e s  as  a  fu n c ti o n  o f l e a k s i z e  we r e
ge n e r ate d  fo r  s e ve r al  h yd r o g e n  c o m p o n e n ts .  T h e  hydrogen-
specifc  l e a ka ge  r a te s  we r e  u s e d  to  e s ti m a te  th e  l e akag e
fr e q u e n c y fo r  fo u r  e x am p l e  s ys te m s  u s e d  a s  th e  b as i s  fo r  th e
ri s k e val u ati o n  u s e d  i n  th e  s tu d y.  T h e  c u m u l ati ve  p r o b ab i l i ty
fo r  d i ffe r e n t l e a k s i z e s  was  th e n  c al c u l a te d  to  d e te r m i n e  wh at
r an g e  o f l e a ks  r e p r e s e n ts  th e  m o s t l i ke l y l e ak s i z e s .  T h e  r e s u l ts
o f th i s  a n al ys i s  i n d i c ate d  th at l e aks  l e s s  th an  0 . 1  p e r c e n t o f th e
c o m p o n e n t fow a r e as  r e p r e s e n t 9 5  p e r c e n t o f th e  l e akag e
fr e q u e n c y fo r  th e  e x a m p l e  s ys te m s .  L e a k ar e a s  l e s s  th a n
1 0  p e r c e n t o f th e  fow ar e a ar e  e s ti m ate d  to  r e s u l t i n
9 9  p e r c e n t o f th e  l e aks  th at c o u l d  o c c u r  b a s e d  o n  th e  r e s u l ts  o f
th e  an a l ys i s .

T h e  r i s ks  r e s u l ti n g fr o m  d i ffe r e n t s i z e  l e aks  we r e  al s o  e val u ‐
ate d  fo r  fo u r  s tan d ar d  g as  s to r ag e  confgurations.  T h e  r i s k e va l ‐
u ati o n s  i n d i c a te  th at th e  u s e  o f 0 . 1  p e r c e n t o f th e  c o m p o n e n t
fow ar e a as  th e  b a s i s  fo r  d e te r m i n i n g s e p a r ati o n  d i s ta n c e s

r e s u l ts  i n  r i s k e s ti m ate s  th at signifcantly e x c e e d  th e  2  ×  1 0 -5 / yr
r i s k g u i d e l i n e  s e l e c te d  b y th e  N F PA s e p ar a ti o n  d i s tan c e  wo r k‐

i n g g r o u p ,  p ar ti c u l ar l y fo r  th e  7 5 0 0  p s i g  an d  1 5 , 0 0 0  p s i g
s ys te m s .  O n  th e  o th e r  h an d ,  u s e  o f a  l e ak s i z e  e q u a l  to  b e twe e n

1  p e r c e n t an d  1 0  p e r c e n t o f th e  c o m p o n e n t fow a r e a r e s u l ts  i n
r i s k e s ti m ate s  th at a r e  r e as o n ab l y c l o s e  to  th e  r i s k g u i d e l i n e .
T h e  fac t th at th e  r i s k e s ti m a te s  ar e  a  fac to r  o f 2  h i gh e r  th an  th e

r i s k g u i d e l i n e  fo r  th e  7 5 0 0  p s i g an d  1 5 , 0 0 0  p s i g e x am p l e
s ys te m s  was  we i g h e d  ag ai n s t th e  u n c e r ta i n ti e s  i n  th e  QRA
m o d e l s ,  m o s t o f wh i c h  r e s u l t i n  c o n s e r va ti ve  r i s k e s ti m a te s .

B as e d  o n  th e  r e s u l ts  o f b o th  th e  s ys te m  l e akag e  fr e q u e n c y
e va l u a ti o n  a n d  th e  as s o c i ate d  r i s k as s e s s m e n t,  a  d i a m e te r  o f

3  p e r c e n t o f th e  fow a r e a c o r r e s p o n d i n g to  th e  l a r ge s t i n te r n al
p i p e  d o wn s tr e a m  o f th e  h i gh e s t p r e s s u r e  s o u r c e  i n  th e  s ys te m  i s
u s e d  i n  th e  m o d e l .  T h e  u s e  o f a  3  p e r c e n t l e a k a r e a r e s u l ts  i n

c a p tu r i n g  a n  e s ti m a te d  9 8  p e r c e n t o f th e  l e a ks  th at h ave  b e e n
d e te r m i n e d  to  b e  p r o b a b l e  b a s e d  o n  d e ta i l e d  a n al ys i s  o f th e
typ i c a l  s ys te m s  e m p l o ye d .

Tab l e  E . 1 ( a)  H az ard  S c e n ari o

Ro w G ro u p  1  E x p o s u re s  gre ate r o f a o r b H az ard  S c e n ari o  Rati o n al e c

( a) L o t l i n e s 1 ,  2 ,  3 ,  4 ,  5
( b ) Ai r  i n take s  ( H VAC ,  c o m p r e s s o r s ,  o th e r ) 1

( c ) O p e r ab l e  o p e n i n gs  i n  b u i l d i n g s  a n d  s tr u c tu r e s 1 ,  2
( d ) I gn i ti o n  s o u r c e s  s u c h  a s  o p e n  fames  an d  we l d i n g 3 ,  5

Ro w G ro up  2  E x p o s u re s d H az ard  S c e n ari o  Rati o n al e c

( a) E x p o s e d  p e r s o n s  o th e r  th an  th o s e  i n vo l ve d  i n  
s e r vi c i n g  o f th e  s ys te m

4

( b ) P a r ke d  c a r s 4

Ro w G ro u p  3  E x p o s u re s e H az ard  S c e n ari o  Rati o n al e c

( a) B u i l d i n g s  o f n o n c o m b u s ti b l e  non-fre-rated  
c o n s tr u c ti o n

2

( b ) B u i l d i n g s  o f c o m b u s ti b l e  c o n s tr u c ti o n 2
( c ) F l a m m a b l e  ga s  s to r ag e  s ys te m s  ab o ve  o r  b e l o w 

gr o u n d
2

( d ) H a z a r d o u s  m ate r i a l s  s to r ag e  s ys te m s  ab o ve  o r  
b e l o w gr o u n d

6 ,  7 ,  8 ,  9

( e ) H e a vy ti m b e r,  c o a l ,  o r  o th e r  s l o w-b u r n i n g 
c o m b u s ti b l e  s o l i d s

2

( f) O r d i n a r y c o m b u s ti b l e s ,  i n c l u d i n g  fa s t-b u r n i n g  
s o l i d s  s u c h  as  o r d i n ar y l u m b e r,  e x c e l s i o r,  p a p e r,  
o r  c o m b u s ti b l e  was te  an d  ve ge tati o n  o th e r  th an  
th a t fo u n d  i n  m a i n tai n e d  l an d s c a p e d  a r e as

2

( g ) U n o p e n a b l e  o p e n i n g s  i n  b u i l d i n gs  an d  s tr u c tu r e s 1 ,  2
( h ) E n c r o ac h m e n t b y o ve rh e ad  u ti l i ti e s  ( h o r i z o n tal  

d i s tan c e  fr o m  th e  ve r ti c al  p l a n e  b e l o w th e  
n e ar e s t o ve rh e ad  e l e c tr i c a l  wi r e  o f b u i l d i n g  
s e r vi c e )

2 ,  1 0

( i ) P i p i n g  c o n tai n i n g  o th e r  h az ar d o u s  m a te r i al s 6 ,  7 ,  8 ,  9
( j ) F l a m m a b l e  ga s  m e te r i n g  an d  r e g u l ati n g  s tati o n s  

s u c h  as  n atu r al  ga s  o r  p r o p a n e
6 ,  7 ,  8 ,  9

aU n i g n i te d  j e t c o n c e n tr a ti o n  d e c a y d i s ta n c e  to  4  p e r c e n t m o l e  fr ac ti o n  ( vo l u m e  fr a c ti o n )  h yd r o g e n .
b D r a d  – r a d i a ti o n  h e a t fux  l e ve l  o f 1 5 7 7  W/ m 2 .
c S e e  Ta b l e  E . 1 ( b )  o f N F PA 5 5  fo r  e x p l an a ti o n  o f n o te s .
d D r a d  fo r  h e a t fux  l e ve l  o f 4 7 3 2  W/ m 2  e x p o s u r e  to  e m p l o ye e s  fo r  a  m a x i m u m  o f 3  m i n u te s .
e T h e  g r e a te r  o f D r a d  fo r  c o m b u s ti b l e  h e a t fux  l e ve l  o f 2 0 , 0 0 0  W/ m 2  o r  th e  vi s i b l e  fame  l e n g th .
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2 0 2 3  E d i t i o n S h a d e d  te x t =  Re vi s i o n s .  Δ  =  Te x t d e l e ti o n s  a n d  fgure/table  r e vi s i o n s .  •  =  S e c ti o n  d e l e ti o n s .  N  =  N e w m a te r i a l .

Δ Tab l e  E . 1 ( b )  H az ard  S c e n ari o  Rati o n al e  N o te s  to  Tab l e  E . 1 ( a)  o f N FPA 5 5

N o te
N u m b e r S tate m e n t P e r fo r m an c e  C ri te ri a H az ard o us  M ate ri al s  D e s i gn  S c e n ari o

1 Ga s  r e l e a s e  a n d  s u b s e q u e n t 
e n tr a i n m e n t o r  ac c u m u l ati o n  b y 
th e  r e c e p to r

E xp l o s i o n  C o n d i ti o n s .  T h e  fa c i l i ty d e s i g n  
s h a l l  p r o vi d e  a n  a c c e p ta b l e  l e ve l  o f 
s a fe ty fo r  o c c u p a n ts  a n d  fo r  i n d i vi d u a l s  
i m m e d i a te l y a d j a c e n t to  th e  p r o p e r ty 
fr o m  th e  e ffe c ts  o f u n i n te n ti o n al  
d e to n a ti o n  o r  defagration.  [ 1 : 5 . 2 . 2 . 2 ]

H az ard o u s  M ate ri al s  D e s i gn  S c e n ari o  1 .  
H a z a r d o u s  M a te r i a l s  D e s i g n  S c e n a r i o  1  
i n vo l ve s  a n  u n a u th o r i z e d  r e l e a s e  o f 
h a z a r d o u s  m a te r i a l s  fr o m  a s i n g l e  
c o n tr o l  ar e a .  T h i s  d e s i g n  s c e n a r i o  s h al l  
a d d r e s s  th e  c o n c e r n  r e g a r d i n g  th e  
s p r e ad  o f h a z a r d o u s  c o n d i ti o n s  fr o m  th e  
p o i n t o f r e l e a s e .  [ 1 : 5 . 4 . 4 . 1 ]

2 F i r e  s p r e a d  to  o r  fr o m  a d j a c e n t 
e q u i p m e n t o r  s tr u c tu r e

P ro p e r ty P ro te c ti o n .  T h e  fa c i l i ty d e s i g n  
s h a l l  l i m i t th e  e ffe c ts  o f al l  r e q u i r e d  
d e s i g n  s c e n a r i o s  fr o m  c a u s i n g  an  
u n a c c e p ta b l e  l e ve l  o f p r o p e r ty d a m a g e .  
[ 1 : 5 . 2 . 2 . 4 ]

H az ard o u s  M ate ri al s  D e s i gn  S c e n ari o  2 .  
H a z a r d o u s  M a te r i a l s  D e s i g n  S c e n a r i o  2  
i n vo l ve s  a n  e x p o s u r e  fre  o n  a  l o c a ti o n  
wh e r e  h a z a r d o u s  m a te r i a l s  ar e  s to r e d ,  
u s e d ,  h an d l e d ,  o r  d i s p e n s e d .  T h i s  d e s i g n  
s c e n a r i o  s h a l l  a d d r e s s  th e  c o n c e r n  
r e g a r d i n g  h o w a  fre  i n  a fa c i l i ty a ffe c ts  
th e  s afe  s to r ag e ,  h a n d l i n g ,  o r  u s e  o f 
h a z a r d o u s  m a te r i a l s .  [ 1 : 5 . 4 . 4 . 2 ]

3 Ga s  e x p l o s i o n  h a z a r d  o n  s i te  o r  
a ffe c ti n g  a d j a c e n t p r o p e r ty

E xp l o s i o n  C o n d i ti o n s .  T h e  fa c i l i ty d e s i g n  
s h a l l  p r o vi d e  a n  a c c e p ta b l e  l e ve l  o f 
s a fe ty fo r  o c c u p a n ts  a n d  fo r  i n d i vi d u a l s  
i m m e d i a te l y a d j a c e n t to  th e  p r o p e r ty 
fr o m  th e  e ffe c ts  o f u n i n te n ti o n al  
d e to n a ti o n  o r  defagration.  [ 1 : 5 . 2 . 2 . 2 ]

H az ard o u s  M ate ri al s  D e s i gn  S c e n ari o  1 .  
H a z a r d o u s  M a te r i a l s  D e s i g n  S c e n a r i o  1  
i n vo l ve s  a n  u n a u th o r i z e d  r e l e a s e  o f 
h a z a r d o u s  m a te r i a l s  fr o m  a s i n g l e  
c o n tr o l  ar e a .  T h i s  d e s i g n  s c e n a r i o  s h al l  
a d d r e s s  th e  c o n c e r n  r e g a r d i n g  th e  
s p r e ad  o f h a z a r d o u s  c o n d i ti o n s  fr o m  th e  
p o i n t o f r e l e a s e .  [ 1 : 5 . 4 . 4 . 1 ]

4 T h r e at o f i n j u r i e s  o n  s i te  o r  a d j ac e n t 
p r o p e r ty

H az ard o us  M ate ri al s  E xp o s ure .  T h e  
fa c i l i ty d e s i g n  s h a l l  p r o vi d e  a n  
ac c e p tab l e  l e ve l  o f s a fe ty fo r  o c c u p an ts  
an d  fo r  i n d i vi d u a l s  i m m e d i ate l y 
ad j a c e n t to  th e  p r o p e r ty fr o m  th e  
e ffe c ts  o f a n  u n au th o r i z e d  r e l e a s e  o f 
h az ar d o u s  m a te r i a l s  o r  th e  
u n i n te n ti o n a l  r e a c ti o n  o f h a z a r d o u s  
m a te r i a l s .  [ 1 : 5 . 2 . 2 . 3 ]

H az ard o u s  M ate ri al s  D e s i gn  S c e n ari o  2 .  
H a z a r d o u s  M a te r i a l s  D e s i g n  S c e n a r i o  2  
i n vo l ve s  a n  e x p o s u r e  fre  o n  a  l o c a ti o n  
wh e r e  h a z a r d o u s  m a te r i a l s  ar e  s to r e d ,  
u s e d ,  h an d l e d ,  o r  d i s p e n s e d .  T h i s  d e s i g n  
s c e n a r i o  s h a l l  a d d r e s s  th e  c o n c e r n  
r e g a r d i n g  h o w a  fre  i n  a fa c i l i ty a ffe c ts  
th e  s afe  s to r ag e ,  h a n d l i n g ,  o r  u s e  o f 
h a z a r d o u s  m a te r i a l s .  [ 1 : 5 . 4 . 4 . 2 ]  

H az ard o u s  M ate ri al s  D e s i gn  S c e n ari o  4 .  
H a z a r d o u s  M a te r i a l s  D e s i g n  S c e n a r i o  4  
i n vo l ve s  a n  u n a u th o r i z e d  d i s c h a r g e  wi th  
e a c h  p r o te c ti o n  s ys te m  i n d e p e n d e n tl y 
r e n d e r e d  i n e ffe c ti ve .  T h i s  s e t o f d e s i g n  
h a z a r d o u s  m a te r i a l s  s c e n a r i o s  s h a l l  
a d d r e s s  c o n c e r n  r e g a r d i n g  e a c h  
p r o te c ti o n  s ys te m  o r  p r o te c ti o n  fe a tu r e ,  
c o n s i d e r e d  i n d i vi d u a l l y,  b e i n g  u n r e l i ab l e  

o r  b e c o m i n g  u n a va i l ab l e .  [ 1 : 5 . 4 . 4 . 4 . 1 ]

5 I g n i ti o n  o f a n  u n i g n i te d  r e l e as e /
ve n te d  h yd r o g e n

E xp l o s i o n  C o n d i ti o n s .  T h e  fa c i l i ty d e s i g n  
s h a l l  p r o vi d e  a n  a c c e p ta b l e  l e ve l  o f 
s a fe ty fo r  o c c u p a n ts  a n d  fo r  i n d i vi d u a l s  
i m m e d i a te l y a d j a c e n t to  th e  p r o p e r ty 
fr o m  th e  e ffe c ts  o f u n i n te n ti o n al  
d e to n a ti o n  o r  defagration.  [ 1 : 5 . 2 . 2 . 2 ]

H az ard o u s  M ate ri al s  D e s i gn  S c e n ari o  1 .  
H a z a r d o u s  M a te r i a l s  D e s i g n  S c e n a r i o  1  
i n vo l ve s  a n  u n a u th o r i z e d  r e l e a s e  o f 
h a z a r d o u s  m a te r i a l s  fr o m  a s i n g l e  
c o n tr o l  ar e a .  T h i s  d e s i g n  s c e n a r i o  s h al l  
a d d r e s s  th e  c o n c e r n  r e g a r d i n g  th e  
s p r e ad  o f h a z a r d o u s  c o n d i ti o n s  fr o m  th e  
p o i n t o f r e l e a s e .  [ 1 : 5 . 4 . 4 . 1 ]

(continues)
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Δ Tab l e  E . 1 ( b )   Continued

N o te
N u m b e r S tate m e n t P e r fo r m an c e  C ri te ri a H az ard o u s  M ate ri al s  D e s i gn  S c e n ari o

6 D a m a g e  to  e x p o s e d  c o m p o n e n ts  o f 
u n d e r g r o u n d  s ys te m  th a t a r e  
e x p o s e d  a b o ve  g r o u n d

P ro p e r ty P ro te c ti o n .  T h e  fa c i l i ty d e s i g n  
s h a l l  l i m i t th e  e ffe c ts  o f a l l  r e q u i r e d  
d e s i g n  s c e n a r i o s  fr o m  c a u s i n g  a n  
u n ac c e p tab l e  l e ve l  o f p r o p e r ty d a m ag e .  
[ 1 : 5 . 2 . 2 . 4 ]

H az ard o u s  M ate ri al s  D e s i gn  S c e n ari o  1 .  
H az ar d o u s  M ate r i a l s  D e s i g n  S c e n ar i o  1  
i n vo l ve s  a n  u n a u th o r i z e d  r e l e a s e  o f 
h a z a r d o u s  m a te r i a l s  fr o m  a  s i n g l e  
c o n tr o l  a r e a.  T h i s  d e s i g n  s c e n a r i o  s h a l l  
a d d r e s s  th e  c o n c e r n  r e g a r d i n g  th e  
s p r e a d  o f h a z a r d o u s  c o n d i ti o n s  fr o m  th e  
p o i n t o f r e l e as e .  [ 1 : 5 . 4 . 4 . 1 ]

7 D a m a g e  to  a b o ve g r o u n d  s ys te m  d u e  
to  fu n c ti o n  o f e x p l o s i o n  c o n tr o l  
s ys te m  u s e d  to  ve n t u n d e r g r o u n d  
va u l t o r  s tr u c tu r e

P ro p e r ty P ro te c ti o n .  T h e  fa c i l i ty d e s i g n  
s h a l l  l i m i t th e  e ffe c ts  o f a l l  r e q u i r e d  
d e s i g n  s c e n a r i o s  fr o m  c a u s i n g  a n  
u n ac c e p tab l e  l e ve l  o f p r o p e r ty d a m ag e .  
[ 1 : 5 . 2 . 2 . 4 ]  

E xp l o s i o n  C o n d i ti o n s .  T h e  fa c i l i ty d e s i g n  
s h a l l  p r o vi d e  a n  a c c e p tab l e  l e ve l  o f 
s a fe ty fo r  o c c u p a n ts  a n d  fo r  i n d i vi d u a l s  
i m m e d i a te l y a d j a c e n t to  th e  p r o p e r ty 
fr o m  th e  e ffe c ts  o f u n i n te n ti o n a l  
d e to n a ti o n  o r  defagration.  [ 1 : 5 . 2 . 2 . 2 ]

H az ard o u s  M ate ri al s  D e s i gn  S c e n ari o  3 .  
H az ar d o u s  M ate r i a l s  D e s i g n  S c e n ar i o  3  
i n vo l ve s  th e  a p p l i c ati o n  o f a n  e x te r n a l  
fac to r  to  th e  h az ar d o u s  m a te r i a l  th at i s  
l i ke l y to  r e s u l t i n  a fre,  e x p l o s i o n ,  to x i c  
r e l e a s e ,  o r  o th e r  u n s a fe  c o n d i ti o n .  T h i s  

d e s i g n  s c e n ar i o  s h a l l  a d d r e s s  th e  
c o n c e r n  r e g a r d i n g  th e  i n i ti ati o n  o f a  
h a z a r d o u s  m a te r i a l s  e ve n t b y th e  
a p p l i c a ti o n  o f h e a t,  s h o c k ,  i m p a c t,  o r  
wa te r  o n to  a  h a z a r d o u s  m ate r i a l  b e i n g  
s to r e d ,  u s e d ,  h a n d l e d ,  o r  d i s p e n s e d  i n  
th e  fa c i l i ty.  [ 1 : 5 . 4 . 4 . 3 ]

8 F i r e  o r  e x p l o s i o n  i n  o th e r  h a z a r d o u s  
m a te r i al s  r e s u l ti n g  i n  r e l e as e  o f 
h yd r o g e n

H az ard o u s  M ate ri al s  E xp o s ure .  T h e  
fa c i l i ty d e s i g n  s h a l l  p r o vi d e  a n  
ac c e p tab l e  l e ve l  o f s a fe ty fo r  o c c u p an ts  
an d  fo r  i n d i vi d u a l s  i m m e d i ate l y 
ad j a c e n t to  th e  p r o p e r ty fr o m  th e  
e ffe c ts  o f an  u n au th o r i z e d  re l e a s e  o f 
h az ar d o u s  m a te r i a l s  o r  th e  
u n i n te n ti o n a l  r e a c ti o n  o f h a z a r d o u s  
m a te r i a l s .  [ 1 : 5 . 2 . 2 . 3 ]

H az ard o u s  M ate ri al s  D e s i gn  S c e n ari o  3 .  
H az ar d o u s  M ate r i a l s  D e s i g n  S c e n ar i o  3  
i n vo l ve s  th e  a p p l i c ati o n  o f a n  e x te r n a l  
fac to r  to  th e  h az ar d o u s  m a te r i a l  th at i s  
l i ke l y to  r e s u l t i n  a fre,  e x p l o s i o n ,  to x i c  
r e l e a s e ,  o r  o th e r  u n s a fe  c o n d i ti o n .  T h i s  

d e s i g n  s c e n ar i o  s h a l l  a d d r e s s  th e  
c o n c e r n  r e g a r d i n g  th e  i n i ti ati o n  o f a  
h a z a r d o u s  m a te r i a l s  e ve n t b y th e  
a p p l i c a ti o n  o f h e a t,  s h o c k ,  i m p a c t,  o r  
wa te r  o n to  a  h a z a r d o u s  m ate r i a l  b e i n g  
s to r e d ,  u s e d ,  h a n d l e d ,  o r  d i s p e n s e d  i n  
th e  fa c i l i ty.  [ 1 : 5 . 4 . 4 . 3 ]

9 F i r e  o r  e x p l o s i o n  i n  h yd r o g e n  s ys te m  
r e s u l ti n g  i n  r e l e a s e  o f o th e r  
h a z a r d o u s  m a te r i a l s

H az ard o u s  M ate ri al s  E xp o s u re .  T h e  
fa c i l i ty d e s i g n  s h a l l  p r o vi d e  a n  
ac c e p tab l e  l e ve l  o f s a fe ty fo r  o c c u p an ts  
an d  fo r  i n d i vi d u a l s  i m m e d i ate l y 
ad j a c e n t to  th e  p r o p e r ty fr o m  th e  
e ffe c ts  o f an  u n au th o r i z e d  re l e a s e  o f 
h az ar d o u s  m a te r i a l s  o r  th e  
u n i n te n ti o n a l  r e a c ti o n  o f h a z a r d o u s  
m a te r i a l s .  [ 1 : 5 . 2 . 2 . 3 ]

H az ard o u s  M ate ri al s  D e s i gn  S c e n ari o  2 .  
H az ar d o u s  M ate r i a l s  D e s i g n  S c e n ar i o  2  
i n vo l ve s  a n  e x p o s u r e  fre  o n  a  l o c a ti o n  
wh e r e  h a z a r d o u s  m a te r i a l s  a r e  s to r e d ,  
u s e d ,  h a n d l e d ,  o r  d i s p e n s e d .  T h i s  d e s i g n  
s c e n ar i o  s h a l l  a d d r e s s  th e  c o n c e r n  
r e g ar d i n g  h o w a  fre  i n  a  fa c i l i ty a ffe c ts  
th e  s a fe  s to r a g e ,  h a n d l i n g ,  o r  u s e  o f 
h a z a r d o u s  m a te r i a l s .  [ 1 : 5 . 4 . 4 . 2 ]

1 0 F a i l u r e  o f e q u i p m e n t e x p o s i n g  
h yd r o g e n  s ys te m  to  e l e c tr i c a l  
h a z a r d ,  p h ys i c a l ,  o r  h e a l th  h a z a r d ;  
fa i l u r e  o f s ys te m  e x p o s i n g  u ti l i ti e s  
to  fa i l u r e

P ro p e r ty P ro te c ti o n .  T h e  fa c i l i ty d e s i g n  
s h a l l  l i m i t th e  e ffe c ts  o f al l  r e q u i r e d  
d e s i g n  s c e n a r i o s  fr o m  c a u s i n g  an  
u n a c c e p ta b l e  l e ve l  o f p r o p e r ty d a m a g e .  
[ 1 : 5 . 2 . 2 . 4 ]

H az ard o u s  M ate ri al s  D e s i gn  S c e n ari o  3 .  
H az ar d o u s  M ate r i a l s  D e s i g n  S c e n ar i o  3  
i n vo l ve s  th e  a p p l i c ati o n  o f a n  e x te r n a l  
fac to r  to  th e  h az ar d o u s  m a te r i a l  th at i s  
l i ke l y to  r e s u l t i n  a fre,  e x p l o s i o n ,  to x i c  
r e l e a s e ,  o r  o th e r  u n s a fe  c o n d i ti o n .

P ub l i c  We l fare .  F o r  fa c i l i ti e s  th a t s e r ve  a  
p u b l i c  we l fa r e  r o l e  a s  defned  i n  4 . 1 . 5  
o f N F PA 1 ,  th e  fa c i l i ty d e s i g n  s h al l  l i m i t 

th e  e ffe c ts  o f a l l  r e q u i r e d  d e s i g n  
s c e n a r i o s  fr o m  c a u s i n g  an  
u n a c c e p ta b l e  i n te r r u p ti o n  o f th e  
fa c i l i ty' s  m i s s i o n .  [ 1 : 5 . 2 . 2 . 5 ]

T h i s  d e s i g n  s c e n a r i o  s h a l l  a d d r e s s  th e  
c o n c e r n  r e g a r d i n g  th e  i n i ti ati o n  o f a  
h a z a r d o u s  m a te r i a l s  e ve n t b y th e  
a p p l i c a ti o n  o f h e a t,  s h o c k ,  i m p a c t,  o r  
wa te r  o n to  a  h a z a r d o u s  m ate r i a l  b e i n g  
s to r e d ,  u s e d ,  h a n d l e d ,  o r  d i s p e n s e d  i n  
th e  fa c i l i ty.  [ 1 : 5 . 4 . 4 . 3 ]
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E . 4  S e l e c te d  H e at Fl ux  Val ue s .    T h e  val u e s  fo r  h e a t fux  u s e d
i n  d e ve l o p m e n t o f th e  s e p a r ati o n  d i s tan c e  tab l e s  ar e  as  fo l l o ws :

( 1 ) 1 , 5 7 7  W/ m 2  ( 5 0 0  B tu / h r- ft2 )
( 2 ) 4 , 7 3 2  W/ m 2  ( 1 , 5 0 0  B tu / h r-ft2 )
( 3 ) 2 0 , 0 0 0  W/ m 2  ( 6 , 3 4 0  B tu / h r- ft2 )
( 4 ) 2 5 , 2 3 7  W/ m 2  ( 8 , 0 0 0  B tu / h r- ft2 )

T h e  b as i s  fo r  u s i n g e a c h  val u e  i s  as  fo l l o ws :

( 1 ) 1 , 5 7 7  W/ m 2  ( 5 0 0  B tu / h r-ft2 )  i s  u s e d  a s  th e  “ n o  h a r m ”
va l u e .  T h i s  h e at fux  i s  defned  b y AP I  5 2 1 ,  Pressure Reliev‐
ing and Depressuring Systems,  as  th e  h e at fux  th r e s h o l d  to
wh i c h  p e r s o n n e l  wi th  a p p r o p r i a te  c l o th i n g  c an  b e  c o n ti n ‐

u o u s l y e x p o s e d .  [ 1 0 ]  T h i s  val u e  i s  s l i g h tl y l e s s  th an  wh a t
th e  S o c i e ty o f F i r e  P r o te c ti o n  E n gi n e e r s  d e te r m i n e d  to  b e

th e  “ n o  h ar m ”  h e at fux  th r e s h o l d  ( 5 4 0  B tu / h r-ft2 ) ,  th at
i s ,  th e  m a x i m u m  h e a t fux  to  wh i c h  p e o p l e  c an  b e

e x p o s e d  fo r  p r o l o n g e d  p e r i o d s  o f ti m e  wi th o u t e x p e r i ‐
e n c i n g p a i n .  [ 1 1 ]

( 2 ) 4 , 7 3 2  W/ m 2  ( 1 , 5 0 0  B tu / h r-ft2 )  i s  defned  b y AP I  5 2 1  a s
th e  h e at fux  th r e s h o l d  i n  ar e as  wh e r e  e m e r g e n c y ac ti o n s
l as ti n g  s e ve r al  m i n u te s  m i gh t b e  r e q u i r e d  b y p e r s o n n e l
wi th o u t s h i e l d i n g b u t wi th  a p p r o p r i a te  c l o th i n g.  [ 1 0 ]  I t i s

a l s o  defned  b y th e  I n te r n ati o n al  F i r e  C o d e  as  th e  th r e s h ‐
o l d  fo r  e x p o s u r e  to  e m p l o ye e s  fo r  a  m ax i m u m  o f

3  m i n u te s .  [ 1 2 ]
( 3 ) 2 0 , 0 0 0  W/ m 2  ( 6 , 3 4 0  B tu / h r- ft2 )  i s  g e n e r al l y c o n s i d e r e d

th e  m i n i m u m  h e at fux  fo r  th e  n o n p i l o te d  i gn i ti o n  o f
c o m b u s ti b l e  m ate r i al s ,  s u c h  as  wo o d .  [ 1 3 ]

( 4 ) 2 5 , 2 3 7  W/ m 2  ( 8 , 0 0 0  B tu / h r-ft 2 )  i s  th e  th r e s h o l d  h e at fux
i m p o s e d  b y th e  International Fire Code fo r  n o n c o m b u s ti b l e

m a te r i al s .  [ 1 2 ]

E . 5  P re s s u re  as  a C o n tro l l i n g P aram e te r i n  L i e u  o f Vo l u m e .
T h e  tr a d i ti o n a l  ap p r o ac h  o f u s i n g  vo l u m e  as  a  d e te r m i n an t i n
th e  e s ta b l i s h m e n t o f d i s tan c e  wa s  r e vi s e d  i n  favo r  o f u s i n g  p r e s ‐

s u r e  as  th e  d e te r m i n a te  fa c to r.  T h e  wo r k o f H o u f an d  S c h e fe r
d e m o n s tr ate d  th a t th e  fame  r ad i ati o n  h e at fux  a n d  fame
l e n gth  va r i e d  wi th  th e  p r e s s u r e  o f gas  r e l e as e d  a c r o s s  a gi ve n
orifce.  [ 2 ]  I n  c as e s  wh e r e  th e  h i g h -p r e s s u r e  l e ak o f h yd r o g e n

was  u n i g n i te d ,  a tu r b u l e n t j e t i s  fo rm e d  an d  th e  a r e a o f th e
fammable  e n ve l o p e  c a n  b e  c al c u l a te d .

P e ak fows  we r e  u s e d  a s  a m e an s  to  d e te r m i n e  ac c e p tab l e
d i s tan c e s ,  a n d  c o m p a r i s o n s  we r e  m ad e  to  c o n te n ts .  I t wa s

d e te r m i n e d  th a t o n c e  th e  th r e s h o l d  fo r  a b u l k s u p p l y h ad  b e e n
e x c e e d e d ,  ga s  p r e s s u r e ,  n o t vo l u m e ,  wa s  th e  d e te r m i n i n g  fac to r
i n  e s tab l i s h i n g  th e  r a d i an t fux  o r  th e  u n i g n i te d  j e t c o n c e n tr a‐

ti o n .  D e tai l e d  a n al ys i s  o ve r  a  s e r i e s  o f tan k p r e s s u r e s  o f 1 8 . 2 5
b a r  ( 2 5 0  p s i g ) ,  2 0 7 . 8 5  b ar  ( 3 0 0 0  p s i g) ,  5 1 8 . 1 1  b ar  ( 7 5 0 0  p s i g ) ,
an d  1 0 3 5 . 2 1  b a r  ( 1 5 , 0 0 0  p s i g)  o ve r  a r a n ge  o f l e ak d i am e te r s

we r e  e x am i n e d .

Tr an s i e n t e ffe c ts  var yi n g th e  q u an ti ty a n d  p r e s s u r e  d e c a y
o ve r  ti m e  we r e  r u l e d  o u t as  c o n tr o l l i n g p ar a m e te r s .  Vo l u m e

was  th e n  c o n s i d e r e d  to  b e  a t i ts  wo r s t c as e ,  wh i c h  as s u m e d  th a t
p r e s s u r e  wa s  c o n s tan t d u e  to  th e  vo l u m e  c o n tai n e d .  T h i s  i s

e s p e c i al l y tr u e  fo r  l ar g e  s ys te m s  typ i c al l y e n c o u n te r e d  i n
c o m m e r c i al  ap p l i c ati o n s .  S m a l l  s ys te m s  u s i n g  s m a l l -d i am e te r
tu b i n g we r e  ac c o u n te d  fo r  b y th e  u s e  o f ta b l e s  th a t al l o w th e

u s e r  to  c a l c u l ate  th e  beneft fr o m  th e  u s e  o f s m al l -d i am e te r
s ys te m s .

E . 6  U p d ate s  to  th e  S e p arati o n  D i s tan c e s  Tab l e s .    S i n c e  th e
p u b l i c ati o n  o f th e  two  c o d e s ,  s e ve r al  h yd r o g e n  s to r a ge  s ys te m s
h a ve  b e e n  i n s ta l l e d  i n  a c c o r d a n c e  wi th  th e  r i s k-i n fo r m e d  s e p a‐

r ati o n  d i s ta n c e s .  T h e s e  r e c e n t i n s tal l ati o n s  h a ve  p r o vi d e d  a n

o p p o r tu n i ty to  e x a m i n e  h o w th e s e  r e q u i r e m e n ts  wo r k i n  a c tu al
p r o j e c t ap p l i c ati o n s .  T h e  p r o j e c t a p p l i c a ti o n s  h a ve  b e e n

r e vi e we d  an d  fo u n d  to  m e e t a n  a c c e p ta b l e  l e ve l  o f s afe ty s u c h
th at c o n s e r vati ve  as s u m p ti o n s  m ad e  i n  th e  p r e vi o u s  an al ys i s
c o u l d  b e  r e e x am i n e d .  I n  a d d i ti o n ,  th e r e  wa s  i n te r e s t fr o m  th e

c o m m i tte e s  to  p e r fo r m  a s i m i l ar  r i s k- b a s e d  p r o c e s s  to  c a l c u l ate
s e p ar ati o n  d i s tan c e s  fo r  l i q u i d  b u l k h yd r o g e n  s to r ag e  s ys te m s .
I n  2 0 1 4 ,  th e  N F PA 2  an d  N F PA 5 5  Te c h n i c a l  C o m m i tte e s

c r e a te d  a ta s k g r o u p  wi th  th e  fo l l o wi n g  o b j e c ti ve s :

( 1 ) E val u ate  th e  r i s k c r i te r i a u s e d  to  d e ve l o p  th e  s e p ar a ti o n
d i s tan c e s  fo r  b u l k ga s e o u s  h yd r o ge n  s to r ag e  a n d  m a ke
r e c o m m e n d ati o n s  fo r  c h an g e s  i n  th e s e  d i s ta n c e s  b as e d
o n  th e  r e vi s e d  c r i te r i a.

( 2 ) D e ve l o p  r e vi s e d  s e p a r ati o n  d i s ta n c e s  fo r  b u l k liquefed
h yd r o g e n  s to r ag e  b a s e d  o n  a r i s k-i n fo r m e d  m e th o d o l o g y
p ar a l l e l  to  th e  p r o c e s s  u s e d  i n  th e  p r e vi o u s  u p d ate  o f th e

g as e o u s  r e q u i r e m e n ts .
O b j e c ti ve  1  i s  d i s c u s s e d  i n  S e c ti o n  E . 7 ,  a n d  o b j e c ti ve  2  i s

d i s c u s s e d  i n  S e c ti o n  E . 8 .

E . 7  U p d ate s  to  th e  G as e o u s  H yd ro ge n  S e p arati o n  D i s tan c e
Tab l e s .    F o r  e a c h  o f th e  e x p o s u r e s  l i s te d  i n  Ta b l e  E . 1 ( a ) ,
p o te n ti a l  h a z a r d  s c e n ar i o s  a s s o c i a te d  wi th  i g n i te d  an d  u n i g n i ‐
te d  h yd r o g e n  j e ts  we r e  identifed.  H ar m  c r i te r i a,  i n c l u d i n g h e at
fux  l e ve l s  an d  a 4  p e r c e n t m o l e  fr ac ti o n  o f h yd r o ge n  wh i c h

r e p r e s e n ts  th e  p o te n ti al  fo r  a fash  fre  gi ve n  d e l aye d  i g n i ti o n ,
we r e  c h o s e n  d e p e n d i n g  o n  th e  s c e n ar i o .  T h r e e  r i s k c r i te r i a
th r e s h o l d s  th a t we r e  u s e d  i n  th e  2 0 1 0  e d i ti o n  o f N F PA 5 5  we r e

r e e x a m i n e d :  l o we r  fammable  l i m i t,  l e ak s i z e ,  an d  h e at fux
l e ve l s .

Lower Flammable Limit — 8 Percent H2 by Volume.

T h e  tas k g r o u p  r e vi e we d  th e  h yd r o ge n  c o n c e n tr ati o n  th r e s h ‐
o l d .  B as e d  o n  wo r k d o n e  at S an d i a N ati o n al  L a b o r a to r i e s

C o m b u s ti o n  Re s e a r c h  F ac i l i ty,  th e  ta s k g r o u p  c o n c l u d e d  th at
th e r e  wo u l d  n o t b e  s u s tai n e d  i gn i ti o n  a t h yd r o g e n  c o n c e n tr a‐
ti o n s  o f 8  p e r c e n t o r  l e s s .  [ 1 6 ]  T h e r e  c o u l d  b e  l o c al i z e d  h yd r o ‐

ge n  i g n i ti o n ,  b u t i t wo u l d  n o t d e ve l o p  i n to  s u s ta i n e d
c o m b u s ti o n .

Use of 1  Percent of Internal Pipe Diameter (ID) as Leak Size

T h e  c u m u l a ti ve  p r o b a b i l i ty fo r  d i ffe r e n t l e a k s i z e s  wa s  c a l c u ‐
l ate d  to  d e te r m i n e  wh a t r a n ge  o f l e a ks  r e p r e s e n ts  th e  m o s t
l i ke l y l e a k s i z e s ,  as  d i s c u s s e d  i n  S e c ti o n  E . 3 .  T h e  s ys te m  l e akag e

fr e q u e n c y c o r r e s p o n d s  to  th e  l ar g e s t i n te r n a l  p i p e  d o wn s tr e a m
o f th e  h i gh e s t p r e s s u r e  s o u r c e  i n  th e  s ys te m .  T h e  r e s u l ts  o f th i s
an al ys i s  i n d i c ate d  th a t l e aks  l e s s  th a n  0 . 1  p e r c e n t o f th e  c o m p o ‐

n e n t fow ar e a s  r e p r e s e n t 9 5  p e r c e n t o f th e  l e akag e  fr e q u e n c y
fo r  th e  e x am p l e  s ys te m s ,  h o we ve r  th e  r i s k r e s u l ti n g  fr o m  th i s
s m a l l  l e a k s i z e  signifcantly e x c e e d e d  th e  2  ×  1 0 -5 / yr  r i s k gu i d e ‐

l i n e  s e t b y th e  tas k g r o u p .  At th e  s am e  ti m e ,  th e  u s e  o f a l e a k
s i z e  b e twe e n  1  p e r c e n t a n d  1 0  p e r c e n t o f th e  c o m p o n e n t fow
ar e a r e s u l ts  i n  r i s k e s ti m ate s  th a t a r e  r e as o n ab l y c l o s e  to  th e

r i s k g u i d e l i n e .

B as e d  o n  th e  r e s u l ts  o f b o th  th e  s ys te m  l e akag e  fr e q u e n c y
e va l u a ti o n  a n d  th e  as s o c i ate d  r i s k as s e s s m e n t,  th e  tas k g r o u p
d e c i d e d  th at ad j u s ti n g  to  a  d i a m e te r  o f 1  p e r c e n t va l u e ,  i n s te ad

o f a 3  p e r c e n t,  wo u l d  r e m o ve  e x c e s s  c o n s e r vati s m  fr o m  th e
i n p u t as s u m p ti o n  to  th e  m o d e l .  T h e  1  p e r c e n t va l u e  s ti l l
ac c o u n ts  fo r  9 5  p e r c e n t o f th e  l e a kage  fr e q u e n c y fr o m  th e

e x am p l e  s ys te m s  an d  d o e s  n o t e x c e e d  th e  2  ×  1 0 -5 / ye ar  r i s k
gu i d e l i n e  e s tab l i s h e d  i n  th e  p r e vi o u s  a n al ys i s .  T h i s  r e s u l ts  i n
m o r e  p e r m i s s i ve  s e p ar a ti o n  d i s tan c e  r e q u i r e m e n ts  wi th  n o

c h a n ge  i n  r i s k.
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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  re 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 3  E d i t i o n

Selected Heat Flux Values

T h e  tas k g r o u p  r e vi e we d  th e  h e at fux  va l u e s  d i s c u s s e d  i n
S e c ti o n  E . 4  a n d  d e te r m i n e d  th at th e  u s e  o f a  “ n o  h ar m ”  c r i te r i a
was  o ve r l y c o n s e r vati ve .  T h i s  h e a t fux  as s u m e s  e x p o s e d

p e rs o n s  wi l l  n o t take  p r o te c ti ve  ac ti o n s ,  s u c h  as  m o vi n g  awa y
fr o m  th e  fre  s c e n e .  T h e  tas k gr o u p  d e e m e d  i t r e a s o n a b l e  to
as s u m e  th a t e x p o s e d  p e r s o n n e l  wi l l  r e l o c ate  away fr o m  a fre

s c e n e  wi th i n  a  fe w m i n u te s  a n d  th e r e fo r e  th e  “ n o  h ar m ”  c r i te ‐
r i a i s  n o t a p p r o p r i ate  fo r  e s tab l i s h i n g  s e p ar a ti o n  d i s tan c e s .
E x p o s u r e s  th a t we r e  an a l yz e d  b a s e d  o n  th i s  h e at fux  va l u e

we r e  u p d ate d  to  refect th e  h a r m  d i s tan c e  fo r  a  r ad i ati o n  h e a t
fux  l e ve l  o f 4 . 7  kW/ m 2 .  T h e  tas k gr o u p  d e c i d e d  n o t to  c h a n ge
th e  th r e e  o th e r  h e at fux  va l u e s .

Ta b l e  E . 7  s h o ws  th e  re vi s e d  s e p ar a ti o n  d i s ta n c e s  fo r  th e  fo u r
s to r ag e  p r e s s u r e  r a n ge s  b as e d  o n  th e  ta s k gr o u p ’ s  r e c o m m e n ‐
d e d  c h an g e s  i n  r i s k c ri te r i a  a n d  e x p o s u r e s  g r o u p e d  b y th e

h ar m  c r i te r i a th at th e  d i s tan c e  i s  b as e d  u p o n .  T h e  s afe ty d i s tan ‐
c e s  i n  th e  tab l e  a r e  r o u n d e d  to  th e  n e a r e s t wh o l e  n u m b e r  an d
a  s afe ty fa c to r  o f 1 . 5  h as  b e e n  ad d e d  to  th e  val u e s .  T h e  signif‐
cance  o f th e s e  p o te n ti al  c h an g e s  c a n  b e  s h o wn  i n  th e  h i gh -

p r e s s u r e  c o l u m n  fo r  th e  Gr o u p  1  E x p o s u r e s .  T h e  r e d u c ti o n  i n
s e p ar ati o n  d i s ta n c e s  fr o m  3 4  fe e t to  1 6  fe e t fo r  b u l k ga s e o u s

s ys te m s  wo u l d  al l o w th e s e  s ys te m s  to  b e  p l ac e d  i n  m o r e  l o c a‐
ti o n s ,  i n c l u d i n g  e x i s ti n g ga s o l i n e  fu e l i n g  s tati o n s  an d  o th e r
s p ac e  c o n s tr ai n e d  l o c ati o n s .

Δ E . 8  S e p arati o n  D i s tan c e s  fo r B u l k Liquefed  H yd ro ge n  S to rage
B as e d  o n  a Ri s k - I n fo r m e d  M e th o d o l o gy.    T h e  s te p s  b as e d  o n  a
r i s k- i n fo r m e d  m e th o d o l o g y ar e  a s  fo l l o ws :

( 1 ) Defne  a r e p r e s e n tati ve  b u l k liquefed  h yd r o ge n  s to r ag e
s ys te m .

( 2 ) P e r fo r m  a r i s k an a l ys i s  o n  th e  s ys te m  to  d e te r m i n e  th e
r e l e as e  s c e n a r i o s  wi th  th e  h i g h e s t r i s k.

( 3 ) E val u ate  th e  r i s k c r i te r i a  fo r  e a c h  o f th e  h i g h e s t r i s k
r e l e as e  s c e n a r i o s  b y u s i n g  a  scientifc  m o d e l  th a t p r e d i c ts

th e  e x te n t o f specifc  h yd r o g e n  c o n c e n tr ati o n s  an d  h e at
fuxes.

( 4 ) Ac q u i r e  l e ak fr e q u e n c y d a ta  fr o m  th e  d i s c h a r ge  p o i n ts
fr o m  th e  h i g h e s t ri s k r e l e as e  s c e n ar i o s .

( 5 ) P e r fo r m  an  i n te g r ate d  a n al ys i s  o f r e l e as e s  a n d  l e a k
fr e q u e n c i e s  to  e s ti m ate  th e  s ys te m  s e p ar a ti o n  d i s ta n c e s

u s i n g  th e  r i s k th r e s h o l d  o f 2  ×  1 0 -5  fatal i ti e s / yr.

T h e  tas k g r o u p  d e c i d e d  to  u s e  th e  liquefed  h yd r o g e n  s ys te m
d e s c r i b e d  i n  th e  C o m p r e s s e d  Gas  As s o c i ati o n ,  I n c .  ( C GA)  P - 2 8 ,

OSHA Process Safety Management and EPA Risk Management Plan
Guidance Document for Bulk Liquid Hydrogen Systems,  a s  th e  r e p r e ‐
s e n tati ve  s ys te m .  T h e  r e p r e s e n tati ve  s ys te m  c o n tai n s  a l i q u i d

h yd r o g e n  s to r a ge  tan k,  a p r e s s u r e  b u i l d u p  c i r c u i t an d  e c o n o ‐
m i z e r,  vap o r i z e r,  an d  p u m p .  C G A P -2 8  al s o  c o n tai n e d  a r e p r e ‐
s e n tati ve  h az ar d  an d  o p e r ab i l i ty s tu d y ( H AZ O P )  th at wa s

p e r fo r m e d  o n  th e  r e p r e s e n ta ti ve  b u l k l i q u i d  h yd r o g e n  s ys te m .
T h e  p r o c e s s  was  d i vi d e d  i n to  s e ve n  s e g m e n ts ,  c a l l e d  n o d e s ,
wh i c h  we r e  as  fo l l o ws :

( 1 ) D e l i ve r y tr ai l e r,  h o s e ,  an d  fll  l i n e  to  th e  s to r a ge  ve s s e l
( 2 ) S to r ag e  tan k
( 3 ) P r e s s u r e  b u i l d u p  c i r c u i t an d  e c o n o m i z e r
( 4 ) H yd r o g e n  l i n e  — l i q u i d  th r o u gh  th e  va p o r i z e r  to  th e

fnal  l i n e
( 5 ) H yd r o g e n  p u m p
( 6 ) Ve n t s tac ks
( 7 ) Ge n e r al  i te m s

I n  C GA P -2 8 ,  e ac h  n o d e  wa s  e x a m i n e d  b as e d  o n  d e vi ati o n s
fr o m  n o r m al  o p e r ati n g  p ar a m e te r s  th at c o u l d  h a ve  p o te n ti al l y

h az ar d o u s  c o n s e q u e n c e s .  T h e  tas k gr o u p  s ta r te d  wi th  th i s  d i vi ‐
s i o n  o f th e  s ys te m  a n d  an a l yz e d  e ac h  n o d e  d e vi ati o n  to  c o m e

u p  wi th  e ve n t l i ke l i h o o d  an d  h a z a r d  s e ve r i ty.  E ve n t l i ke l i h o o d
was  th e  a n n u al  p r o b a b i l i ty th at th e  d e vi a ti o n  m ay o c c u r  fo r
e ac h  n o d e ,  wi th  th e  h i g h e s t l e ve l  e x p e c ti n g  th e  d e vi ati o n  to

o c c u r  o n c e  p e r  ye ar  o r  m o r e  a n d  th e  l o we s t l e ve l  e x p e c te d  to
o c c u r  o n c e  p e r  1 0 , 0 0 0  ye a r s ,  d o c u m e n te d  i n  Ta b l e  E . 8 ( a ) .
H a z a r d  s e ve r i ty classifed  th e  c o n s e q u e n c e  fr o m  th e  n o d e  d e vi ‐

a ti o n .  T h e  h a z a r d  s e ve r i ty r a n ge d  fro m  n e g l i g i b l e  to  c ata‐
s tr o p h i c ,  d o c u m e n te d  i n  Ta b l e  E . 8 ( b ) .  T h e  tas k g r o u p
e s ti m a te d  th e  e ve n t l i ke l i h o o d  a n d  s e ve r i ty b as e d  o n  i n d u s tr y

e x p e r i e n c e  an d  s u b j e c t m a tte r  e x p e r ti s e  an d  h a d  to  a gr e e  wi th
th e  l e ve l s  g i ve n  to  e ac h  n o d e  d e vi ati o n .

Δ Tab l e  E . 7  U p d ate d  Val u e s  to  2 0 1 6  N FPA 2  an d  N FPA 5 5  Tab l e s  wi th  1 . 5  S afe ty Fac to r

  S e p arati o n  D i s tan c e

E x p o s u re s
> 0 . 1 0  to  1 . 7  M P a

( > 1 5  to  2 5 0  p s i g)
> 1 . 7  to  2 0 . 7  M P a

( > 2 5 0  to  3 0 0 0  p s i g)
> 2 0 . 7  to  5 1 . 7  M P a

( > 3 0 0 0  to  7 5 0 0  p s i g)
5 1 . 7  to  1 0 3 . 4  M P a

( 7 5 0 0  to  1 5 0 0 0  p s i g)

Gr o u p  1 2 0 1 0  e d i ti o n 1 2  m  ( 4 0  ft) 1 4  m  ( 4 6  ft) 9  m  ( 2 9  ft) 1 0  m  ( 3 4  ft)
2 0 1 9  e d i ti o n 5  m  ( 1 6  ft) 6  m  ( 2 0  ft) 4  m  ( 1 3  ft) 5  m  ( 1 6  ft)

Gr o u p  2 2 0 1 0  e d i ti o n 6  m  ( 2 0  ft) 7  m  ( 2 4  ft) 4  m  ( 1 3  ft) 5  m  ( 1 6  ft)
2 0 1 9  e d i ti o n 5  m  ( 1 6  ft) 6  m  ( 2 0  ft) 3  m  ( 1 0  ft) 4  m  ( 1 3  ft)

Gr o u p  3 2 0 1 0  e d i ti o n 5  m  ( 1 7  ft) 6  m  ( 1 9  ft) 4  m  ( 1 2  ft) 4  m  ( 1 4  ft)
2 0 1 9  e d i ti o n 4  m  ( 1 3  ft) 5  m  ( 1 6  ft) 3  m  ( 1 0  ft) 4  m  ( 1 3  ft)

N o te s :

( 1 ) Gr o u p  1  E x p o s u r e s  i n c l u d e :  l o t l i n e s ,  a i r  i n ta ke s ,  o p e r a b l e  o p e n i n g s  i n  b u i l d i n g s  a n d  s tr u c tu r e s ,  a n d  i g n i ti o n  s o u r c e s .  G r o u p  1  s e p a r a ti o n
d i s ta n c e s  ar e  b as e d  o n  th e  h i g h e r  va l u e  o f r ad i a ti o n  h e a t fux  o f 4 . 7  kW/ m 2  o r  th e  u n i g n i te d  j e t c o n c e n tr a ti o n  d e c ay d i s tan c e  o f 8 p e r c e n t
h yd r o g e n  vo l u m e  fr ac ti o n  c o n c e n tr a ti o n .  I n  th i s  i n s ta n c e ,  th e  s e p a r ati o n  d i s ta n c e  i s  h i g h e r  fo r  th e  c o n c e n tr ati o n  va l u e  th a n  th e  h e a t fux
val u e .

( 2 ) G r o u p  2  E x p o s u r e s  i n c l u d e  p a r ke d  c a r s ,  e x p o s e d  p e r s o n s  o th e r  th a n  th o s e  s e r vi c i n g  th e  s ys te m .  G r o u p  2  s e p a r ati o n  d i s ta n c e s  ar e  b as e d  o n  th e
h i g h e r  va l u e  o f th e  i n c i d e n t r a d i a ti o n  h e a t fux  o f 4 . 7  kW/ m 2  e x p o s u r e  to  e m p l o ye e s  fo r  a  m a x i m u m  o f 3  m i n u te s  o r  th e  vi s i b l e  fame  l e n g th .

( 3 ) G r o u p  3  E x p o s u r e s  i n c l u d e  e ve r yth i n g  e l s e  ( e . g . ,  b u i l d i n g s  o f c o m b u s ti b l e  c o n s tr u c ti o n ,  o r d i n a r y c o m b u s ti b l e s ,  o p e n i n g s  i n  b u i l d i n g s  a n d
s tr u c tu r e s ,  e tc . ) .  Gr o u p  3  s e p a r a ti o n  d i s ta n c e s  a r e  b a s e d  o n  th e  h i g h e r  va l u e  o f th e  r ad i a n t h e a t fux  fo r  n o n c o m b u s ti b l e  e q u i p m e n t o f
2 5 . 2  k W/ m 2  o r  th e  vi s i b l e  fame  l e n g th .
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2 0 2 3  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 .

B as e d  o n  th e  l e ve l  o f l i ke l i h o o d  an d  s e ve r i ty,  th e  n o d e  d e vi a‐
ti o n  was  gi ve n  a r i s k r an ki n g ,  d o c u m e n te d  i n  F i gu r e  E . 8 .  A fe w
a s s u m p ti o n s  we r e  m ad e  fo r  th i s  a n al ys i s .  F i r s t,  th e  ta s k g r o u p

as s u m e d  a n  N F PA 5 5  an d  a C GA H - 5  c o d e -c o m p l i an t s ys te m .
T h e  s c e n ar i o s  wo u l d  o n l y h ave  a s i n gl e  fa i l u r e ,  an d  c as c ad i n g

fai l u r e s  wo u l d  n o t b e  a n al yz e d .  T h e  c u r r e n t s e tb ac k d i s ta n c e s
d i d  n o t p r o vi d e  an y c r e d i t d u r i n g th i s  an al ys i s  a n d  to r n a d o e s
we r e  n o t i n c l u d e d  i n  th e  n atu r a l  d i s as te r  c o n s i d e r a ti o n s .

Afte r  th e  tas k g r o u p  h ad  p r i o r i ti z e d  al l  1 0 2  n o d e  d e vi ati o n s ,
th e  r i s k-r a n ke d  r e s u l ts  we r e  r e vi e we d  a n d  d i s c u s s e d .  Two

s c e n a r i o s  we r e  ad d e d ,  b as e d  o n  fe e d b ac k fr o m  th e  tas k gr o u p ,
wh i c h  an al yz e d  h i g h  an d  n o r m al  fow fr o m  a  tr ai l e r  ve n t s tac k.
I n  to ta l ,  th e  tas k gr o u p  c h o s e  n i n e  s c e n a r i o s  wi th  th e  h i g h e s t

r i s k to  an al yz e  fu r th e r.  T h e  frst s i x  s c e n ar i o s  l i s te d  o c c u r
d u r i n g l i q u i d  h yd r o g e n  ( L H 2 )  tr an s fe r  o p e r a ti o n s  fr o m  a
tan ke r  tr u c k to  th e  b u l k L H 2  s to r ag e  tan k.  T h e  two  s c e n a r i o s
th at th e  tas k gr o u p  ad d e d  ar e  i n c l u d e d  i n  th i s  l i s t.  T h e  o th e r
th r e e  s c e n a r i o s  o c c u r  d u r i n g n o r m al  s ys te m  o p e r ati o n s .  F o r

e ac h  o f th e  s c e n a r i o s ,  th e  tas k g r o u p  d e c i d e d  u p o n  th e  i n p u ts
to  l i q u i d  h yd r o g e n  m o d e l s  a n d  th e  r i s k c r i te r i a  fo r  an al ys i s .

S an d i a  d e ve l o p e d  a  c r yo ge n i c  h yd r o ge n  i n te g r al  j e t an d
p l u m e  m o d e l ,  c a l l e d  C O L D P L U M E ,  wh i c h  i s  i n te n d e d  to  b e
u s e d  to  p r e d i c t r e l e a s e  c h a r ac te r i s ti c s  fr o m  var i o u s  r e al -wo r l d

h yd r o g e n  s to r ag e  s ta te s .  [ 1 7 ]  S a n d i a  i s  al s o  d e ve l o p i n g  a
n e two r k fow m o d e l  th at ac c o u n ts  fo r  i n te r n al  s ys te m  fows
fr o m  th e  s to r ag e  ve s s e l  to  th e  r e l e a s e  p l an e ,  c al l e d  N E T F L O W,

wh i c h  wi l l  b e  s u i tab l e  fo r  l i q u i d  a n d  m u l ti p h as e  c r yo g e n  fows.
[ 1 8 ]  T h e s e  m o d e l s  ar e  c u rr e n tl y u n d e r  d e ve l o p m e n t an d
e x p e r i m e n ta l  va l i d ati o n .  O n c e  m o d e l i n g r e s u l ts  a r e  avai l a b l e ,

th e  h yd r o g e n  e x p o s u r e  r i s k c r i te r i a u s e d  fo r  th e  b u l k ga s e o u s
s e p ar a ti o n  d i s ta n c e s  wi l l  b e  u s e d  to  d e ve l o p  th e  n e w l i q u i d
s e p ar a ti o n  d i s ta n c e  tab l e .  [See Table E. 8(c). ]

N E . 9  D e te r m i n ati o n  o f S e p arati o n  D i s tan c e s  fo r B u l k  G as e o u s
H yd ro ge n  S ys te m s .    T h i s  s e c ti o n  i s  a p ap e r  b y Wi l l i a m  H o u f
a n d  Ro b e r t S c h e fe r  ti tl e d  “ D e s c r i p ti o n  o f H a z a r d  M o d e l s  U s e d

i n  th e  D e ve l o p m e n t o f S e p ar ati o n  D i s tan c e  Tab l e s  fo r  N F PA 5 5
an d  N F PA 2 ”  ( S an d i a N ati o n al  L ab o r ato r i e s ,  P. O .  B o x  9 6 9 ,

L i ve r m o r e ,  C A 9 4 5 5 1 -0 9 6 9 ) .

T h i s  p ap e r  h as  b e e n  p r o vi d e d  fo r  h i s to r i c a l  r e fe r e n c e  to  h o w
th e  s e p ar a ti o n  d i s ta n c e  tab l e s  fo r  b u l k ga s e o u s  h yd r o g e n

s ys te m s  we r e  c a l c u l ate d .

Tab l e  E . 8 ( a)  E ve n t L i k e l i h o o d Classifcation  Tab l e

L e ve l An n u al  P ro b ab i l i ty P ro b ab i l i ty D e s c ri p ti o n

1 F r e q u e n t >  1 . 0 E x p e c te d  to  o c c u r  o n c e  
p e r  ye ar  o r  m o r e  
fr e q u e n tl y.

2 Re as o n ab l y p r o b ab l e  
1 . 0  to  0 . 1

E x p e c te d  to  o c c u r  o n c e  
p e r  1 0  ye ar s .

3 O c c a s i o n al  0 . 0 1  to  0 . 1 E x p e c te d  to  o c c u r  o n c e  
p e r  1 0 0  ye a r s .

4 Re m o te  0 . 0 0 1  to  0 . 0 1 E x p e c te d  to  o c c u r  o n c e  
p e r  1 0 0 0  ye ar s .

5 E x tr e m e l y r e m o te  
0 . 0 0 0 1  to  0 . 0 0 1

E x p e c te d  to  o c c u r  o n c e  
p e r  1 0 , 0 0 0  ye a r s .

6 I m p r o b ab l e  <  0 . 0 0 0 1 E x p e c te d  to  o c c u r  l e s s  
th a n  o n c e  p e r  1 0 , 0 0 0  
ye a r s .  E x tr e m e l y u n l i ke l y 
to  o c c u r.

N E . 9 . 1  I n tro d u c ti o n .    S e p ar a ti o n  d i s ta n c e s  i n  N F PA 5 5  an d
N F PA 2  ar e  b as e d  o n  th e  p r e d i c ti o n  o f th e  c h a r ac te r i s ti c s  o f

u n i g n i te d  j e ts  o r  i gn i te d  j e t fames  fr o m  h yd r o g e n  l e aks .
B e c au s e  th e  c h a r ac te r i s ti c s  o f h yd r o g e n  j e ts  an d  j e t fames
d e p e n d  o n  th e  s o u r c e  p r e s s u r e  an d  e ffe c ti ve  d i a m e te r  o f th e

l e ak,  th e  s e p ar a ti o n  d i s tan c e  tab l e  was  b r o ke n  i n to  fo u r  p r e s ‐
s u r e  r an g e s .  T h e  e ffe c ti ve  l e ak d i a m e te r  fo r  e ac h  p r e s s u r e
r an g e  was  b as e d  o n  a  c h ar a c te r i s ti c  p i p e  d i am e te r  ( I . D .  =  i n s i d e

d i a m e te r ) ,  wh e r e  th e  l e a k fow a r e a was  take n  to  b e  3  p e r c e n t
o f th e  fow a r e a o f th e  p i p e  ( b as e d  o n  I . D .  o f th e  p i p e ) .  F o r  a
r o u n d  l e a k th e  e ffe c ti ve  d i am e te r  o f th e  l e a k i s :

dleak =  ( 0 . 0 3 ) 1 / 2 dpipe(I. D. )

wh e r e  dleak i s  th e  e ffe c ti ve  l e a k d i am e te r  an d  dpipe(I. D. ) i s  th e
i n s i d e  d i am e te r  o f th e  p i p e .  Ta b l e  E . 9 . 1 ( a)  l i s ts  th e  p r e s s u r e

r an g e s  fo r  th e  s e p ar a ti o n  d i s tan c e s  tab l e  a n d  th e  a s s o c i a te d
i n s i d e  p i p e  d i am e te r  o f th e  c h ar a c te r i s ti c  p i p e  u s e d  to  d e te r ‐
m i n e  th e  l e a k e ffe c ti ve  d i a m e te r  fo r  e ac h  p r e s s u r e  r an ge .

Wh e n  u s i n g  th e  s e p a r ati o n  d i s ta n c e  ta b l e  o n e  m u s t frst
d e te r m i n e  th e  s to r ag e  p r e s s u r e .  T h e  s to r ag e  p r e s s u r e  d e te r ‐

m i n e s  wh a t p r e s s u r e  r an g e  i n  th e  ta b l e  i s  to  b e  u s e d  i n  th e
d e te r m i n ati o n  o f s e p ar ati o n  d i s ta n c e s .  T h e  s to r ag e  p r e s s u r e  i s
defned  a s  th e  m a x i m u m  p r e s s u r e  o f a s to r ag e  ar r a y wi th

vo l u m e  g r e ate r  th a n  4 0 0  s c f ( s tan d a r d  c u b i c  fe e t)  i n  th e  s ys te m .
I f th e  s ys te m  h a s  m o r e  th an  o n e  s to r ag e  a r r ay wi th  a vo l u m e

gr e a te r  th a n  4 0 0  s c f th e n  a  s to r ag e  p r e s s u r e  m u s t b e  d e te r ‐
m i n e d  fo r  e a c h  a r r ay.  T h e  n e x t p a r am e te r  th a t m u s t b e  d e te r ‐

m i n e d  i s  th e  l ar g e s t d i am e te r  ( I . D . )  o f th e  p i p i n g wi th i n  th e
s ys te m  o r  p o r ti o n  o f th e  s ys te m  d o wn s tr e am  o f th e  s to r e d
vo l u m e .  I f th e  l a r ge s t p i p e  d i am e te r  as s o c i ate d  wi th  th e  s to r ag e

p r e s s u r e  i s  l e s s  th an  th e  c h a r ac te r i s ti c  p i p e  d i am e te r  l i s te d  i n
Ta b l e  E . 9 . 1 ( a)  fo r  th at p r e s s u r e  r an g e ,  th e n  th e  va l u e s  l i s te d  i n
th e  s e p ar a ti o n  d i s ta n c e  tab l e  c a n  b e  u s e d ,  o r  al te r n a te l y th e

fo r m u l a s  at th e  b o tto m  o f th e  tab l e  c an  b e  ap p l i e d  u s i n g  th e
d e te r m i n e d  val u e  o f l a r ge s t p i p e  d i a m e te r  ( I . D . ) .

I f th e  val u e  o f th e  l a r ge s t p i p e  d i a m e te r  ( I . D . )  i s  gr e ate r  th a n
th e  c h ar ac te r i s ti c  p i p e  d i a m e te r  fo r  th e  s to r ag e  p r e s s u r e  r an g e

o f i n te r e s t,  th e n  th e  fo r m u l a s  at th e  b o tto m  o f th e  s e p ar a ti o n
d i s tan c e  ta b l e  m u s t b e  u s e d  to  d e te r m i n e  s e p a r ati o n  d i s tan c e s .
T h e s e  fo r m u l as  r e p r o d u c e  th e  n u m e r i c  va l u e s  i n  th e  s e p ar a‐

ti o n  d i s tan c e  ta b l e s  fo r  th e  p i p e  d i am e te r s  s h o wn  i n  Tab l e
E . 9 . 1 ( a ) .

Tab l e  E . 8 ( b )  H az ard  S e ve ri ty Classifcation  Tab l e

L e ve l D e s c ri p ti o n P o te n ti al  C o n s e q u e n c e s

1 C atas tr o p h i c C o u l d  c a u s e  fa ta l i ty to  n o n as s o c i ate d  
m e m b e r s  o f th e  p u b l i c

2 C r i ti c a l C o u l d  c a u s e  s e ve r e  i n j u r y to  
n o n a s s o c i a te d  m e m b e r s  o f th e  
p u b l i c ,  fatal i ty o r  s e r i o u s  i n j u r y to  
wo r ks  o f th e  p u b l i c ,  fatal i ty o r  
s e r i o u s  i n j u r y to  wo r ke r s  o f p e r s o n s  
c o n d u c ti n g b u s i n e s s  at a re fu e l i n g 
s i te  o r  signifcant d am ag e  to  
e q u i p m e n t/ fac i l i ti e s

3 M ar g i n a l C o u l d  c a u s e  m i n o r  i n j u r y,  o r  m i n o r  
s ys te m  d a m a ge

4 N e g l i gi b l e Wi l l  n o t r e s u l t i n  i n j u r y o r  s ys te m  
d am ag e
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Tab l e  E . 8 ( c )  H AZ O P  S c e n ari o s  an d  M o d e l i n g N o te s

 H AZ O P  N u m b e r an d  D e s c ri p ti o n M o d e l i n g N o te s S e p arati o n  D i s tan c e  D ri ve r

Re l e a s e  s c e n a r i o s  
d u r i n g  l i q u i d  
tr an s fe r  to  b u l k  
s to r a g e  tan k

1 . 1 8 High-fow g a s e o u s  h yd r o g e n  fr o m  tr a i l e r  
ve n t s ta c k d u e  to  ve n ti n g  e x c e s s  
p r e s s u r e  a fte r  L H 2  tr a n s fe r

S a n d i a’ s  N E T F L O W a n d  C O L D P L U M E  
m o d e l s  wi l l  c h a r a c te r i z e  th e  
te m p e r atu r e  a n d  c o n c e n tr a ti o n  fr o m  
th e  tr a i l e r  ve n t s ta c k.  T h e  ta s k  g r o u p  
wo u l d  l i ke  to  m o d e l  a n  e s ti m a te  o f u p  to  
5 0  kg  o f c o l d ,  g as e o u s  h yd r o g e n .

1 . 1 9 N o r m al  fow fr o m  tr ai l e r  ve n t s tac k d u e  
to  ve n ti n g  e x c e s s  p r e s s u r e  a fte r  L H 2  
tr a n s fe r

S a n d i a’ s  N E T F L O W a n d  C O L D P L U M E  
m o d e l s  wi l l  c h a r a c te r i z e  th e  
te m p e r atu r e  a n d  c o n c e n tr a ti o n  fr o m  
th e  tr a i l e r  ve n t s ta c k.  T h e  ta s k  g r o u p  
wo u l d  l i ke  to  m o d e l  a n  e s ti m a te  o f u p  to  
5 0  kg  o f c o l d ,  g as e o u s  h yd r o g e n .

M o d e l i n g  r e s u l ts  wi l l  b e  
u s e d  to  c a l c u l a te  
s e p a r ati o n  d i s ta n c e  fr o m  
a i r  i n tak e s  a n d  o ve rh e a d  
u ti l i ti e s  b e c a u s e  th i s  i s  
th e  h i g h e s t fr e q u e n c y 
r e l e a s e  a n d  th e  r e l e a s e  
p o i n t i s  i n  c l o s e s t 
p r o x i m i ty to  th e s e  
e x p o s u r e s .

1 . 6 H i g h  fow fr o m  l i n e  r u p tu r e ,  val ve  o r  
c o m p o n e n t fa i l u r e  d u r i n g  tr a n s fe r  
p r o c e s s

S a n d i a’ s  N E T F L O W a n d  C O L D P L U M E  
m o d e l s  wi l l  c h a r a c te r i z e  th e  
te m p e r atu r e  a n d  c o n c e n tr a ti o n  fr o m  
th e  r e l e as e  to  th e  a i r.  A m o d e l  i s  n e e d e d  
to  c h a r a c te r i z e  p o o l i n g  a n d  e va p o r a ti o n  
e ffe c ts .

1 . 4 H i g h  te m p e r a tu r e  c a u s e d  b y e x te r n al  
fre  wi l l  c a u s e  h i g h  fow ve n ti n g  
th r o u g h  ta n k ve n t s ta c k

S a n d i a’ s  N E T F L O W a n d  C O L D P L U M E  
m o d e l s  wi l l  c h a r a c te r i z e  th e  
te m p e r atu r e  a n d  c o n c e n tr a ti o n  fr o m  
th e  tr a i l e r  ve n t s ta c k.  T h i s  i s  th e  wo r s t 
c as e  ve n ti n g  s c e n a r i o  fr o m  th e  p r e s s u r e  
r e l i e f d e vi c e  to  a  h i g h  a m b i e n t 
te m p e r atu r e .

1 . 8 Re ve r s e  fow d u r i n g  tr a n s fe r  p r o c e s s  
c a u s e d  b y h u m a n  e r r o r  a n d  p r e s s u r e  
m i s m a n a g e m e n t

S a n d i a’ s  N E T F L O W a n d  C O L D P L U M E  
m o d e l s  wi l l  c h a r a c te r i z e  th e  
te m p e r atu r e  a n d  c o n c e n tr a ti o n  fr o m  
th e  r e l e as e  to  th e  a i r.  A m o d e l  i s  n e e d e d  
to  c h a r a c te r i z e  p o o l i n g  a n d  e va p o r a ti o n  
e ffe c ts .

1 . 1 6 L o s s  o f c o n ta i n m e n t fr o m  e x te r n al  
i m p a c ts ,  c o n s i d e r  a l l  c a u s e s

T h e  ta s k g r o u p  p o s tu l a te d  a  ve h i c l e  c r a s h  
i n to  th e  ta n ke r  d u r i n g  tr a n s fe r.  T h i s  
c au s e s  a  tr an s fe r  h o s e  r u p tu r e  wi th  
N E T F L O W a n d  C O L D P L U M E  m o d e l s  
c h ar a c te r i z i n g  th e  r e l e a s e  to  th e  a i r.  A 
m o d e l  i s  n e e d e d  to  c h ar a c te r i z e  p o o l i n g  
a n d  e va p o r ati o n  e ffe c ts .

Re l e a s e  s c e n a r i o s  
d u r i n g  n o r m a l  
s ys te m  o p e r a ti o n

4 . 1 5 L o s s  o f c o n ta i n m e n t fr o m  p i p e  l e a d i n g  
fr o m  ta n k to  va p o r i z e r  o r  va p o r i z e r  
i ts e l f c au s e d  b y th e r m a l  c yc l e s  o r  i c e  
fa l l i n g  fr o m  va p o r i z e r s

S a n d i a’ s  N E T F L O W a n d  C O L D P L U M E  
m o d e l s  wi l l  c h a r a c te r i z e  th e  
te m p e r atu r e  a n d  c o n c e n tr a ti o n  fr o m  
th e  r e l e as e  to  th e  a i r.  A m o d e l  i s  n e e d e d  
to  c h a r a c te r i z e  p o o l i n g  a n d  e va p o r a ti o n  
e ffe c ts .

M o d e l i n g  r e s u l ts  o f 
h yd r o g e n  c o n c e n tr a ti o n  
p l u m e  a n d  h e a t fux  
fr o m  a  s u b s e q u e n t fre  
wi l l  b e  u s e d  fo r  a l l  o th e r  
s e p a r ati o n  d i s ta n c e  
e x p o s u r e s  b e c a u s e  th i s  i s  
th e  h i g h e s t r i s k p r i o r i ty 
d u r i n g  n o r m a l  
o p e r a ti o n s .

6 . 1 5 M i s d i r e c te d  fow c a u s e d  b y o p e r ato r  
e r r o r  r e s u l ti n g  i n  l a r g e  l o w-l e ve l  
r e l e as e  o f c o l d  g as e o u s  h yd r o g e n  
th r o u g h  b o tto m  d r a i n  va l ve  o f ve n t 
s tac k d u r i n g  n o r m a l  tan k  ve n ti n g  
p r o c e s s

S a n d i a’ s  N E T F L O W m o d e l  wi l l  c ap tu r e  
h o w m u c h  g a s  i s  g o i n g  o u t o f th e  d r a i n  
ve n t a n d  ve n t s ta c k .  S a n d i a ’ s  
C O L D P L U M E  m o d e l  c a n  c h a r a c te r i z e  
th e  te m p e r a tu r e  a n d  c o n c e n tr a ti o n s  
fr o m  th e  r e l e as e s  to  th e  a i r.  A m o d e l  i s  
n e e d e d  to  c h a r a c te r i z e  p o o l i n g  an d  
e va p o r a ti o n  e ffe c ts .

2 . 1 H i g h  p r e s s u r e  b e c a u s e  o f a  l e ak  i n  i n n e r  
ve s s e l  al l o wi n g  h yd r o g e n  i n to  th e  
va c u u m  a r e a

S a n d i a’ s  N E T F L O W a n d  C O L D P L U M E  
m o d e l s  c an  c h ar a c te r i z e  th e  fow o u t o f 
th e  c a s i n g  ve n t ( a  l a r g e  h o l e  i n s te a d  o f a  
p i p e  orifce) .



H YD RO G E N  T E C H N O L O GI E S  C O D E2 - 1 8 0

2 0 2 3  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 .

T h e  fo r m u l as  a r e  b as e d  o n  p e r fo r m i n g curve-fts  to  h az ar d
d i s tan c e  c a l c u l ati o n s  p e r fo r m e d  o ve r  a r an g e  o f p i p e  d i am e te r s

( as s u m i n g  3  p e r c e n t fow ar e a l e ak)  an d  p r e s s u r e s  u s i n g  th e
h az ar d  m o d e l s  d i s c u s s e d  i n  S e c ti o n  E . 9 . 2 .  T h e  fo r m u l as  a r e
s i m p l e  e n o u gh  th a t th e y c an  e a s i l y b e  e n te r e d  i n to  a n  E x c e l

s p re ad s h e e t p r o gr a m  o r  p r o g r am m ab l e  c al c u l a to r  fo r  c o m p u ta‐
ti o n  o f s e p ar a ti o n  d i s ta n c e s  fo r  an y va l u e  o f p i p e  d i am e te r

( I . D . ) .  An  E x c e l  s p r e ad s h e e t b as e d  o n  th e s e  fo r m u l as  wa s
d e ve l o p e d  an d  d i s tr i b u te d  to  th e  N F PA H yd r o ge n  Te c h n o l o g y

C o m m i tte e  m e m b e r s  as  p ar t o f th e  d e ve l o p m e n t o f s e p ar a ti o n
d i s tan c e  ta b l e s .

I f a s ys te m  c o n tai n s  m u l ti p l e  s to r ag e  ar r a ys  ( g r e ate r  th a n
4 0 0  s c f)  at d i ffe r e n t p r e s s u r e s ,  th e n  s to r a ge  p r e s s u r e s  an d  l a r g‐
e s t p i p e  d i am e te r s  m u s t b e  d e te r m i n e d  fo r  e ac h  s to r a ge  ar r a y

i n  th e  s ys te m .  T h e  s e p a r ati o n  d i s tan c e  ta b l e  an d  fo r m u l a  p r o c e ‐
d u r e  o u tl i n e d  a b o ve  i s  th e n  ap p l i e d  to  e a c h  s to r a ge  ar r a y i n  th e

s ys te m ,  an d  th e  l ar g e s t s e p a r ati o n  d i s ta n c e  fo r  e ac h  s to r a ge
a r ray defnes  th e  val u e  o f th e  s e p ar ati o n  d i s ta n c e  fo r  th e  o ve r a l l
s ys te m .

A d e s c r i p ti o n  o f th e  m o d e l s  u s e d  to  d e te r m i n e  th e  val u e s  o f
th e  s e p a r ati o n  d i s ta n c e s  a r e  d i s c u s s e d  i n  th e  s e c ti o n s  th at

fo l l o w.  M o r e  d e tai l e d  d e s c r i p ti o n s  o f th e  m o d e l s  an d  th e
e x p e r i m e n ts  u s e d  i n  th e i r  d e ve l o p m e n t a n d  va l i d ati o n  c an  b e
fo u n d  i n  th e  p u b l i c ati o n s  H o u f a n d  S c h e fe r,  2 0 0 7 ,  2 0 0 8 ,  an d

S c h e fe r  e t a l . ,  2 0 0 6 ,  2 0 0 7 .  T h e  m o d e l s  c o n s i d e r  e i th e r  th e
c o n c e n tr ati o n  d e c ay o f a n  u n i g n i te d  h i g h -m o m e n tu m  h yd r o ‐
ge n  l e a k o r  i n  th e  c a s e  wh e r e  th e  m i x tu r e  i g n i te s ,  a  h i gh -

m o m e n tu m  h yd r o g e n  j e t fame,  i ts  vi s i b l e  l e n g th ,  a n d  th e
r ad i ati o n  h e a t fux  fr o m  th e  fame.  Ta b l e  E . 9 . 1 ( b )  l i s ts  th e
h az ar d  c r i te r i a th a t we r e  u s e d  wi th  th e  u n i gn i te d  j e t an d  j e t
fames  m o d e l s  to  c r e a te  a  r i s k i n fo r m e d  c o n s e q u e n c e -b as e d

s e p ar a ti o n  d i s ta n c e  tab l e  fo r  N F PA 5 5  a n d  N F PA 2 .

Likelihood

S
e
v
e
ri
ty

1 2 3 4 5 6

1 1 1 2 3 4

1 1 2 3 3 4

2 2 3 3 4 4

4 4 4 4 4 4

1

2

3

4

1 :  H i g h  r i s k
2 :  M o d e ra t e  r i s k
3 :  L o w  r i s k
4 :  R o u t i n e  r i s k

FI G U RE  E . 8   Ri s k Ran ki n g Tab l e .

N Tab l e  E . 9 . 1 ( a)  P re s s u re  Ran ge s  fo r S e p arati o n  D i s tan c e s  Tab l e
an d  th e  As s o c i ate d  S ys te m  C h arac te ri s ti c  P i p e  D i am e te r

S to rage  P re s s ure  Ran ge  
C h arac te ri s ti c  P i p e

D i am e te r ( I . D . )

kP a ( gau ge ) p s i g  m m i n .

> 1 0 3  to  ≤  1 7 2 4 > 1 5  to  ≤ 2 5 0 5 2 . 5 0 2 . 0 6 7
> 1 7 2 4  to  ≤  2 0 6 8 4 > 2 5 0  to  ≤ 3 0 0 0 1 8 . 9 7 0 . 7 5

> 2 0 6 8 4  to  ≤  5 1 7 1 1 > 3 0 0 0  to  ≤ 7 5 0 0 7 . 9 2 0 . 3 1 2
> 5 1 7 1 1  to  ≤  1 0 3 4 2 1 > 7 5 0 0  to  ≤ 1 5 0 0 0 7 . 1 6 0 . 2 8 2

N E . 9 . 2  D e s c ri p ti o n  o f E n gi n e e ri n g H az ard  M o d e l s :  N o m e n c l a‐
tu re .    S e e  Tab l e  E . 9 . 2  fo r  specifcation  o f th e  p ar a m e te r s  u s e d
i n  e n gi n e e r i n g  h a z a r d  m o d e l s .

T h e  d e ve l o p m e n t o f a n  i n fr as tr u c tu r e  fo r  h yd r o ge n  u ti l i z a‐
ti o n  r e q u i r e s  s a fe ty c o d e s  a n d  s tan d ar d s  th a t e s ta b l i s h  gu i d e ‐

l i n e s  fo r  b u i l d i n g th e  c o m p o n e n ts  o f th i s  i n fr a s tr u c tu r e .  B as e d
o n  a  r e c e n t wo r ks h o p  o n  u n i n te n d e d  h yd r o ge n  r e l e as e s ,  o n e

r e l e as e  c as e  o f i n te r e s t i n vo l ve s  l e aks  fr o m  p r e s s u r i z e d
h yd r o g e n -h an d l i n g e q u i p m e n t ( S c h e fe r  e t al . ,  2 0 0 4 ) .  T h e s e
l e aks  r an g e  fr o m  s m a l l -d i am e te r,  s l o w-r e l e a s e  l e a ks  o r i g i n a ti n g

fr o m  h o l e s  i n  d e l i ve r y p i p e s  to  l ar g e r,  h i g h -vo l u m e  r e l e as e s
r e s u l ti n g  fr o m  ac c i d e n ta l  b r e aks  i n  th e  tu b i n g fr o m  h i gh -
p r e s s u r e  s to r a ge  ta n ks .  I n  a l l  c as e s ,  th e  r e s u l ti n g  h yd r o g e n  j e t

r e p r e s e n ts  a p o te n ti a l  fre  h az ar d ,  a n d  th e  b u i l d u p  o f a
c o m b u s ti b l e  c l o u d  p o s e s  a h az ar d  i f i g n i te d  d o wn s tr e am  o f th e
l e ak.

A c as e  i n  wh i c h  a  h i g h -p r e s s u r e  l e a k o f h yd r o g e n  i s  i g n i te d  at
th e  s o u r c e  i s  b e s t d e s c r i b e d  a s  a c l as s i c  tu r b u l e n t-j e t fame,

s h o wn  s c h e m a ti c a l l y i n  F i g u r e  E . 9 . 2 .  T h e  d i s tan c e s  o f i m p o r ‐
tan c e  a r e  th e  r a d i al  d i s tan c e  fr o m  th e  ge o m e tr i c al  fame
c e n te r l i n e ,  r,  a n d  th e  d i s tan c e  d o wn s tr e am  o f th e  j e t e x i t,  x .

O th e r  var i a b l e s  o f i n te r e s t a r e  th e  j e t e x i t d i am e te r,  d j ,  an d  th e
j e t e x i t ve l o c i ty an d  d e n s i ty,  u j  an d  ρ j ,  r e s p e c ti ve l y.  S c h e fe r  e t al .
( 2 0 0 6 ,  2 0 0 7 )  r e p o r te d  e x p e r i m e n tal  m e a s u r e m e n ts  o f l a r ge -

s c a l e  h yd r o ge n  j e t fames  an d  verifed  th a t m e a s u r e m e n ts  o f
fame  l e n g th ,  fame  wi d th ,  r a d i a ti ve  h e at fux,  an d  r ad i a n t fr a c ‐

ti o n  ar e  i n  ag r e e m e n t wi th  n o n d i m e n s i o n a l  fame  c o r r e l a ti o n s
r e p o r te d  i n  th e  l i te r a tu r e .  T h i s  wo r k verifes  th at s u c h  c o r r e l a‐
ti o n s  c an  b e  u s e d  to  p r e d i c t th e  r ad i ati ve  h e at fux  fr o m  a  wi d e

var i e ty o f h yd r o g e n  fames.  T h e  p r e s e n t an a l ys i s  b u i l d s  u p o n
th i s  wo r k b y i n c o r p o r ati n g  th e  e x p e r i m e n tal l y verifed  c o r r e l a‐
ti o n s  i n to  an  e n gi n e e r i n g  m o d e l  th at p r e d i c ts  fame  l e n gth ,
fame  wi d th ,  an d  th e  r ad i ati ve  h e at fux  at a n  a x i al  p o s i ti o n ,  x ,

an d  r ad i al  d i s ta n c e ,  r.  T h e  e n g i n e e ri n g m o d e l  i s  th e n  u s e d  to
p r e d i c t r ad i a ti ve  h e at fuxes  fo r  h yd ro g e n  fames.

N Tab l e  E . 9 . 1 ( b )  H az ard  P aram e te rs  fo r S e p arati o n  D i s tan c e s
Tab l e s

H yd r o g e n  u n i g n i te d  j e t D i s ta n c e  to  p o i n t wh e r e  
c o n c e n tr a ti o n  h a s  d e c a ye d  to  
4  p e r c e n t m o l e  fr ac ti o n  h yd r o g e n  
i n  a i r

H yd r o g e n  j e t fame Vi s i b l e  fame  l e n g th
H yd r o g e n  j e t fame D i s ta n c e  to  r a d i ati o n  h e at fux  l e ve l  

o f 1 5 7 7  W/ m 2  ( 5 0 0  B tu / h r  ·  ft2 )
H yd r o g e n  j e t fame D i s ta n c e  to  r a d i ati o n  h e at fux  l e ve l  

o f 4 7 3 2  W/ m 2  ( 1 5 0 0  B tu / h r  ·  ft2 )  
e x p o s u r e  to  e m p l o ye e s  fo r  a 
m ax i m u m  o f 3  m i n u te s

H yd r o g e n  j e t fame D i s ta n c e  to  c o m b u s ti b l e  h e at fux  
l e ve l  o f 2 0 , 0 0 0  W/ m 2  
( 6 3 4 0  B tu / h r  ·  ft2 )

H yd r o g e n  j e t fame D i s ta n c e  to  n o n -c o m b u s ti b l e  
e q u i p m e n t h e a t fux  l e ve l  o f 
2 5 , 2 3 7  W/ m 2  ( 8 0 0 0  B tu / h r  ·  ft2 )



AN N E X  E 2 - 1 8 1

S h a d e d  te x t =  Re vi s i o n s .  Δ  =  Te x t d e l e ti o n s  an d  fgure/table  re 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 3  E d i t i o n

F o r  c as e s  wh e r e  th e  h i gh - p r e s s u r e  l e ak o f h yd r o ge n  i s  u n i g‐
n i te d ,  a c l as s i c  h i gh -m o m e n tu m  tu r b u l e n t j e t i s  fo r m e d  th at

c a n  b e  d e s c r i b e d  u s i n g th e  s a m e  c o o r d i n a te  s ys te m  s h o wn  i n
F i gu r e  E . 9 . 2 .  T h e  h yd r o g e n  c o n c e n tr ati o n  wi th i n  th e  j e t var i e s
wi th  ax i al  an d  r ad i al  p o s i ti o n  d u e  to  e n tr a i n m e n t a n d  tu r b u ‐

l e n t m i x i n g wi th  th e  am b i e n t ai r.  T h e  c o n c e n tr ati o n  c o n to u r
b e yo n d  wh i c h  th e  h yd r o ge n -a i r  m i x tu r e  i s  n o  l o n ge r  i g n i tab l e
i s  o f i m p o r tan c e  to  h yd r o ge n  i gn i ti o n  s tu d i e s .  T h e  p r e s e n t

s tu d y d e ve l o p s  a n  e n gi n e e r i n g  m o d e l  fo r  th e  c o n c e n tr a ti o n
d e c ay o f a  h i g h -m o m e n tu m  tu r b u l e n t j e t b as e d  o n
e x p e r i m e n ta l l y-m e a s u r e d  e n tr a i n m e n t r a te s  an d  s i m i l a r i ty s c al ‐

i n g l aws  fo r  tu r b u l e n t j e ts .  T h e  m o d e l  i s  th e n  verifed  b y
c o m p a r i n g  s i m u l a ti o n s  fo r  h i gh - p r e s s u r e  n atu r a l  ga s  l e aks  wi th
th e  e x p e r i m e n tal  d ata o f B i r c h  ( 1 9 8 4 )  fo r  th e  c o n c e n tr a ti o n

d e c ay o f h i gh - p r e s s u r e  n atu r a l  ga s  j e ts .  T h e  e n g i n e e r i n g m o d e l
i s  th e n  ap p l i e d  to  h yd r o ge n  an d  u s e d  to  p r e d i c t u n i gn i te d  j e t
m e a n  ( ti m e -ave r ag e d  o ve r  tu r b u l e n t fuctuations)  c o n c e n tr a‐

ti o n  c o n to u r s  fo r  h i gh -p r e s s u r e  h yd r o g e n  l e a ks .

N E . 9 . 2 . 1  Fl am e  Rad i ati o n  H e at Fl u x  an d  Fl am e  L e n gth  M o d e l .
Gas e o u s  fame  r a d i ati o n  i s  th e  p r i m ar y h e a t tr an s fe r  m e c h a‐
n i s m  fr o m  h yd r o g e n  fames.  T h e  fame  r ad i a ti o n  h e a t fux

m o d e l  fo l l o ws  th e  ap p r o ac h  o f S i vath an u  a n d  Go r e  ( 1 9 9 3 )
wh e r e  th e  fame  p r o p e r ti e s  o f i m p o r tan c e  ar e  th e  vi s i b l e  fame
l e n g th ,  L vi s ,  to tal  r a d i a ti ve  p o we r  e m i tte d  fr o m  th e  fame,  S r ad ,

a n d  to tal  h e a t r e l e a s e d  d u e  to  c h e m i c al  r e ac ti o n ,  m fu e l Δ H c

wh e r e  m fu e l  an d  Δ H c  a r e  th e  to ta l  fu e l  m a s s  fow r ate  an d  th e
h e a t o f c o m b u s ti o n ,  r e s p e c ti ve l y.  T h e  r a d i an t fr ac ti o n ,  X r ad ,  i s
defned  as  th e  fr a c ti o n  o f th e  to tal  c h e m i c al  h e at r e l e as e  th at i s
r a d i ate d  to  th e  s u r r o u n d i n g s  an d  i s  g i ve n  b y a n  e x p r e s s i o n  o f

th e  fo l l o wi n g fo r m :

X S m H
rad rad fuel c

= / ∆

F o r  tu r b u l e n t-j e t fames,  th e  r ad i ati ve  h e at fux  a t an  a x i al
p o s i ti o n  x an d  r a d i al  p o s i ti o n  r c an  b e  e x p r e s s e d  i n  te r m s  o f

th e  n o n -d i m e n s i o n a l  r ad i a n t p o we r,  C * ,  a n d ,  S r ad ,  th e  to tal
e m i tte d  r ad i ati ve  p o we r.  T h e  r a d i ati ve  h e at fux  i s  gi ve n  b y an
e x p r e s s i o n  o f th e  fo l l o wi n g  fo r m  ( S i va th a n u  an d  Go re ,  1 9 9 3 ) :

q x ,  r C * x / L S rr ad vi s r ad( ) = ( ) / 4 2
π

wh e r e  q r ad ( x ,  r )  i s  th e  r ad i an t h e at fux  m e a s u r e d  a t a  p ar ti c ‐
u l a r  ax i a l  l o c ati o n ,  x ,  an d  r ad i a l  l o c a ti o n ,  r.  E x p e r i m e n ta l  d ata

fu r th e r  s h o w th a t C *  c an  b e  e x p r e s s e d  i n  n o n -d i m e n s i o n a l i z e d
fo r m  a s  a  fu n c ti o n  o f b u r n e r  d i am e te r,  fow r ate ,  a n d  fu e l  typ e
a n d  fo r  tu r b u l e n t-j e t fames  i s  d e p e n d e n t o n l y o n  th e  n o r m a l ‐

i z e d  ax i al  d i s tan c e .  F i g u r e  E . 9 . 2 . 1 ( a)  s h o ws  typ i c a l  profles  o f
C *  m e a s u r e d  i n  s i x  d i ffe r e n t tu r b u l e n t-j e t fames  u s i n g  C H 4 ,
C 2 H 2  a n d  C 2 H 4  as  th e  fu e l  ( S i van th an u  an d  Go r e ,  1 9 9 3 )  as  we l l
a s  th e  m e as u r e m e n ts  o f S c h e fe r  et al.  ( 2 0 0 6 ,  2 0 0 7 )  fo r  l a r ge -

s c a l e  H 2  j e t fames.

T h e  u s e  o f E q u ati o n  E . 9 . 2 . 1 b  to  c al c u l a te  fame  r ad i a ti o n
h e at fux  l e ve l s  r e q u i r e s  kn o wl e d g e  o f th e  fame  r ad i an t fr a c ‐
ti o n .  Tu r n s  an d  M yh r  ( 1 9 9 1 )  m e as u r e d  th e  r a d i a n t fr ac ti o n

fr o m  tu rb u l e n t j e t fames  u s i n g  fo u r  h yd r o c a r b o n  fu e l s  wi th  a
wi d e  va ri e ty o f s o o ti n g te n d e n c i e s .  T h e s e  fu e l s  i n c l u d e d  m e th ‐
an e ,  e th yl e n e ,  p r o p a n e ,  an d  a  5 7  p e r c e n t C O / 4 3  p e r c e n t H 2

m i x tu r e .  A p l o t o f th e  r ad i an t fr ac ti o n  d a ta  fr o m  Tu r n s  an d
M yh r  ( 1 9 9 1 )  al o n g  wi th  th e  r ad i a n t fr ac ti o n  d ata fo r  l ar g e -s c al e

 
[ E . 9 . 2 . 1 a]

 
[ E . 9 . 2 . 1 b ]

N Tab l e  E . 9 . 2  P aram e te rs  U s e d  i n  H az ard  M o d e l s

b Coeffcient fo r  h yd r o g e n  i n  th e  Ab e l - N o b e l  
e q u ati o n  o f s ta te  ( 7 . 6 9 1  ×  1 0 -3  m 3 / kg )

B tu B r i ti s h  th e r m a l  u n i t
C * N o n -d i m e n s i o n a l  r ad i a n t p o we r

C H 4 M e th a n e
C 2 H 2 Ac e tyl e n e
C 2 H 4 E th yl e n e
C 3 H 8 P r o p a n e

d e ff T h e  e ffe c ti ve  d i a m e te r,  m
d j J e t e x i t d i a m e te r,  m

d * J e t m o m e n tu m  d i am e te r,  m
D r ad Ra d i a ti o n  d i s ta n c e ,  m

F rf F r o u d e  n u m b e r  ( d i m e n s i o n l e s s  p ar a m e te r  b a s e d  
o n  th e  r ati o  o f m o m e n tu m  e ffe c ts  to  b u o ya n c y 
e ffe c ts )

fs M as s  fr a c ti o n  o f fu e l  a t s to i c h i o m e tr i c  c o n d i ti o n s
g Ac c e l e r a ti o n  d u e  to  g r a vi ty ( 9 . 8  m / s e c 2 )

H 2 M o l e c u l a r  h yd r o g e n
h r H o u r

K T h e  e n tr a i n m e n t c o n s ta n t
Kc T h e  e n tr a i n m e n t c o n s ta n t fo r  a  r o u n d  j e t

L vi s Vi s i b l e  fame  l e n g th ,  m
L * N o n -d i m e n s i o n al  fame  l e n g th

L F L L o we r  fammability l i m i t
L F L D P F L o we r  fammability l i m i t fo r  a  d o wn wa r d  

p r o p ag ati n g  fame
L F L U P F L o we r  fammability l i m i t fo r  a n  u p wa r d  

p r o p ag ati n g  fame
m fu e l To ta l  fu e l  m a s s  fow r a te ,  kg / s e c

m fu e l Δ H c To ta l  h e a t r e l e as e d  d u e  to  c h e m i c al  r e a c ti o n ,  W
p j T h e  j e t e x i t p r e s s u r e ,  b a r

p s u p p l y T h e  p r e s s u r e  i n  th e  s u p p l y,  b a r
p tan k T h e  p r e s s u r e  i n  th e  ta n k,  b a r

p ∞ T h e  a m b i e n t p r e s s u r e ,  b a r
q r ad ( x , r ) T h e  r ad i a n t h e at fux  m e as u r e d  a t a  p a r ti c u l a r  

a x i al  l o c a ti o n ,  x ,  a n d  r a d i a l  l o c ati o n ,  r,  W/ m 2

r Ra d i a l  p o s i ti o n ,  m
RH 2 Ga s  c o n s ta n t fo r  h yd r o g e n  ( 4 1 2 4 . 1 8  J / kg / K)

Ru U n i ve r s a l  g as  c o n s tan t ( 8 3 1 4 . 3 4  J / km o l / K)
Rm ax T h e  m ax i m u m  r a d i a l  p o s i ti o n  fr o m  th e  fame  

c e n te r l i n e  fo r  th e  g i ve n  h e at fux  l e ve l ,  m
S r ad T h e  to ta l  e m i tte d  r a d i a ti ve  p o we r,  W

T ad Ad i a b a ti c  fame  te m p e r a tu r e  o f h yd r o g e n  i n  a i r  
( 2 3 9 0  K)

u j J e t e x i t ve l o c i ty,  m / s e c
u e ff T h e  e ffe c ti ve  ve l o c i ty a t th e  e n d  o f e x p a n s i o n ,  

m / s e c
x Ax i a l  p o s i ti o n ,  m

x o T h e  vi r tu a l  o r i g i n  o f th e  j e t,  m
X ( Rm ax ) T h e  a x i a l  l o c a ti o n  a t wh i c h  th e  m a x i m u m  h e a t 

fux  l e ve l  o c c u r s ,  m
X r ad T h e  r a d i a n t fr a c ti o n  o r  th e  fr a c ti o n  o f th e  to ta l  

c h e m i c a l  h e a t r e l e a s e  th a t i s  r ad i a te d  to  th e  
s u r r o u n d i n g s

Wf F l a m e  wi d th ,  m
Wm i x M e an  m o l e c u l a r  we i g h t o f th e  p r o d u c ts  o f 

s to i c h i o m e tr i c  c o m b u s ti o n  o f h yd r o g e n  i n  a i r  
( 2 4 . 5 4  kg / km o l )

Z T h e  c o m p r e s s i b i l i ty fa c to r  [ Z  =  p / ( ρ RT ) ]
Δ H c H e a t o f c o m b u s ti o n ,  J / kg

Δ T f P e ak  fame  te m p e r a tu r e  r i s e  d u e  to  c o m b u s ti o n  
h e a t r e l e a s e ,  K

(continues)



H YD RO G E N  T E C H N O L O GI E S  C O D E2 - 1 8 2

2 0 2 3  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 .

H 2  fames  i s  s h o wn  i n  F i g u r e  E . 9 . 2 . 1 ( b ) .  T h e  r ad i a n t fr a c ti o n
d ata,  X r ad ,  i s  p l o tte d  ve r s u s  th e  gl o b a l  fame  r e s i d e n c e  ti m e
wh e r e  th e  r e s i d e n c e  ti m e  i s  g i ve n  b y an  e x p r e s s i o n  o f th e

fo l l o wi n g  fo r m :

τ ρ ρf f f vis s j j jW L f d u= ( ) ( )2 2
3/

wh e r e  ρ f,  Wf,  a n d  L vi s  ar e  th e  fame  d e n s i ty,  wi d th ,  an d
l e n gth ,  a n d  fs  i s  th e  m as s  fr ac ti o n  o f h yd r o g e n  i n  a  s to i c h i o m e t‐
r i c  m i x tu r e  o f h yd r o ge n  a n d  a i r.  F o r  tu r b u l e n t-j e t fames,  th e
fame  wi d th ,  Wf,  i s  a p p r o x i m ate l y e q u al  to  0 . 1 7  L vi s  ( S c h e fe r  e t
a l . ,  2 0 0 6 ) .  T h i s  defnition  o f r e s i d e n c e  ti m e  ta ke s  i n to  ac c o u n t

th e  a c tu al  fame  d e n s i ty an d  m o d e l s  th e  fame  as  a c o n e .  T h e
fame  d e n s i ty,  ρ f,  i s  c al c u l a te d  fr o m  th e  e x p r e s s i o n  ρ f =

p ∞ Wm i x / ( Ru T ad ) ,  wh e r e  p ∞  i s  th e  a m b i e n t p r e s s u r e ,  Wm i x  i s  th e
m e a n  m o l e c u l a r  we i g h t o f th e  s to i c h i o m e tr i c  p r o d u c ts  o f
h yd r o g e n  c o m b u s ti o n  i n  ai r,  Ru  i s  th e  u n i ve r s a l  g as  c o n s tan t,

a n d  T ad  i s  th e  a d i ab ati c  fame  te m p e r atu r e  fo r  h yd r o g e n .  T h e
fgure  s u g ge s ts  th a t fo r  fames  wi th  a  l o we r  s o o ti n g te n d e n c y,
th e r e  i s  a well-defned  r e l ati o n s h i p  b e twe e n  r ad i an t fr ac ti o n

a n d  g l o b al  fame  r e s i d e n c e  ti m e .  B o th  m e th a n e  a n d  th e

 
[ E . 9 . 2 . 1 c ]

N Tab l e  E . 9 . 2   Continued

π P i
ρ f F l a m e  d e n s i ty,  kg / m 3

ρ g as T h e  d e n s i ty o f th e  e x i ti n g  g a s  e val u a te d  a t 
a m b i e n t te m p e r atu r e  a n d  p r e s s u r e ,  kg / m 3

ρ j J e t e x i t d e n s i ty,  kg / m 3

( ρ j / ρ ∞ ) Ra ti o  o f j e t g a s  d e n s i ty to  a m b i e n t g as  d e n s i ty
ρ ∞ D e n s i ty o f th e  am b i e n t fuid,  kg / m 3

η

Vo l u m e  fr a c ti o n  ( m o l e  fr a c ti o n )  a l o n g  th e  
c e n te r l i n e  o f th e  j e t

τ f Gl o b a l  fame  r e s i d e n c e  ti m e ,  s e c

H y d ro g e n  
f l o w

J e t  e x i t r 

x 

F l a m e  
e n ve l o p e

N FI G U RE  E . 9 . 2   C o o rd i n ate  S ys te m  fo r Turb u l e n t J e t Fl am e
an d  U n i gn i te d  J e t.

C O / H 2  m i x tu r e  s h o w a  we l l -b e h ave d  d e p e n d e n c e  o n  r e s i d e n c e
ti m e  an d  n e ar l y c o l l a p s e  o n to  th e  s am e  c u r ve  o ve r  th e  r an g e  o f

c o n d i ti o n s  s tu d i e d .  Val u e s  fo r  th e  l ar g e -s c a l e  h yd r o g e n  j e t
fames  ar e  a p p r o x i m ate l y a  fac to r  o f two  l o we r  th an  th e  h yd r o ‐
c a r b o n  fames  fo r  th e  s am e  fame  r e s i d e n c e  ti m e .

T h e  vi s i b l e  fame  l e n g th ,  L vi s ,  i s  r e q u i r e d  fo r  c o m p u ti n g  th e
g l o b al  fame  r e s i d e n c e  ti m e ,  τ f,  to  d e te r m i n e  th e  fame  r a d i an t
fr ac ti o n .  B as e d  o n  a n  an al ys i s  o f th e  tr an s i ti o n  fr o m
m o m e n tu m -c o n tr o l l e d  to  b u o yan c y-c o n tr o l l e d  tu r b u l e n t j e t
fame  d yn a m i c s ,  D e l i c h a ts i o s  ( 1 9 9 3 )  d e ve l o p e d  a u s e fu l  c o r r e ‐

l ati o n  fo r  tu r b u l e n t fame  l e n gth s .  T h e  c o r r e l ati o n  i s  b a s e d  o n
a  n o n -d i m e n s i o n al  F r o u d e  n u m b e r  th at m e a s u r e s  th e  r a ti o  o f

b u o ya n c y to  m o m e n tu m  fo r c e s  i n  j e t fames.  U s i n g  th e  n o m e n ‐
c l atu r e  o f Tu r n s  ( 2 0 0 0 )  th e  F r o u d e  n u m b e r  i s  defned  a s
fo l l o ws :

Fr
u f

T

T
gd

f

j s

j

f

j

=

( )
∞









∞

3 2

1 4
1 2

/

/
/

/ρ ρ
∆

wh e r e  u j  i s  th e  j e t e x i t ve l o c i ty,  fs  i s  th e  m as s  fr ac ti o n  o f fu e l
a t s to i c h i o m e tr i c  c o n d i ti o n s ,  ( ρ j / ρ ∞ )  i s  th e  r ati o  o f j e t ga s
d e n s i ty to  am b i e n t ga s  d e n s i ty,  d j  i s  th e  j e t e x i t d i am e te r,  an d

Δ T f i s  th e  p e a k fame  te m p e r atu r e  r i s e  d u e  to  c o m b u s ti o n  h e a t
r e l e as e .  S m a l l  va l u e s  o f F r f c o r r e s p o n d  to  b u o yan c y- d o m i n ate d
fames  wh i l e  l ar g e  va l u e s  o f F r f c o r r e s p o n d  to  m o m e n tu m -

d o m i n ate d  fames.  N o te  th at th e  p ar am e te r s  kn o wn  to  c o n tr o l
tu r b u l e n t fame  l e n g th  s u c h  a s  j e t d i am e te r,  fow r ate ,  s to i c h i ‐

o m e tr y,  an d  ( ρ j / ρ ∞ )  a r e  i n c l u d e d  i n  F r f.  F u r th e r,  a n o n -
d i m e n s i o n al  fame  l e n gth ,  L * ,  c a n  b e  defned  as  fo l l o ws :

L
L f

d

L f

d

vis s

j j

vis s*

/ *
/

=
∞( )

=
ρ ρ

1 2

wh e r e  L vi s  i s  th e  vi s i b l e  fame  l e n g th  a n d  d *  i s  th e  j e t m o m e n ‐
tu m  d i a m e te r.  F i g u r e  E . 9 . 2 . 1 ( c ) s h o ws  th e  r e s u l ti n g c o r r e l a ti o n

o f fame  l e n g th  d ata fo r  a  r an g e  o f fu e l s  ( H 2 ,  C 3 H 8  a n d  C H 4 )
a n d  i n l e t fow c o n d i ti o n s .  I n  th e  b u o yan c y-d o m i n a te d  r e gi m e ,

L *  i s  c o r r e l ate d  b y th e  fo l l o wi n g  e x p r e s s i o n :

L
Fr

Fr
Fr

f

f

f*
.

.

/

/
=

+( )
<

1 3 5

1 0 0 7
5

2 5

2
1 5

fo r  

a n d  i n  th e  m o m e n tu m - d o m i n ate d  r e g i m e  b y th e  fo l l o wi n g
e x p r e s s i o n :

L Frf* = >2 3 5 fo r  

T h e  fame  l e n g th  d ata o f S c h e fe r  e t a l .  ( 2 0 0 6 ,  2 0 0 7 )  fo r
l arg e -s c al e  h yd r o g e n  fames  i s  s h o wn  o n  th e  p l o t an d  i s  fo u n d

to  b e  i n  go o d  ag r e e m e n t wi th  th e  L *  c o r r e l a ti o n s  g i ve n  b y
E q u a ti o n s  E . 9 . 2 . 1 f an d  E . 9 . 2 . 1 g .  F o r  c h o ke d  fow c o n d i ti o n s ,
th e  c o n c e p t o f a n o ti o n a l  e x p a n s i o n  an d  e ffe c ti ve  s o u r c e  d i am ‐

e te r  (see E. 9. 2. 2) wa s  u s e d  to  r e d u c e  th e  h yd r o g e n  fame  l e n g th

 
[ E . 9 . 2 . 1 d ]

 
[ E . 9 . 2 . 1 e ]

 
[ E . 9 . 2 . 1 f]

 
[ E . 9 . 2 . 1 g]
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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  re 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 3  E d i t i o n

m e a s u r e m e n ts  fo r  p l o tti n g i n  te r m s  o f L *  i n  F i g u r e  E . 9 . 2 . 1 ( c ) .
T h e  s i m u l ati o n  al s o  u s e s  th i s  s am e  e ffe c ti ve  d i am e te r  a p p r o a c h
to  r e c o ve r  th e  vi s i b l e  fame  l e n gth ,  L vi s ,  fr o m  th e  val u e s  o f L *

c o m p u te d  fr o m  E q u a ti o n s  E . 9 . 2 . 1 f a n d  E . 9 . 2 . 1 g.

I f th e  j e t e x i t ve l o c i ty an d  d e n s i ty o f a h yd r o g e n  fame  a r e
kn o wn ,  th e n  E q u ati o n  E . 9 . 2 . 1 d  c an  b e  u s e d  to  c a l c u l ate  th e
fame  F r o u d e  n u m b e r  a n d  E q u ati o n  E . 9 . 2 . 1 e  an d  b o th  E q u a‐

ti o n  E . 9 . 2 . 1 f a n d  E q u a ti o n  E . 9 . 2 . 1 g c a n  th e n  b e  u s e d  to
c o m p u te  th e  vi s i b l e  l e n g th  o f th e  fame,  L vi s .  T h e  fame  wi d th ,

Wf,  c a n  b e  c o m p u te d  fr o m  th e  e x p r e s s i o n  Wf =  0 . 1 7 L vi s  an d
u s e d  i n  E q u ati o n  E . 9 . 2 . 1 c  to  c o m p u te  th e  g l o b al  fame  r e s i ‐
d e n c e  ti m e ,  τ f.  Kn o wi n g  th e  fame  r e s i d e n c e  ti m e ,  a curve-ft to

th e  h yd r o ge n  r a d i an t fr a c ti o n  d a ta  i n  F i gu r e  E . 9 . 2 . 1 ( b )  c a n  b e
u s e d  to  d e te r m i n e  th e  r ad i a n t fr ac ti o n  o f th e  h yd r o g e n  fame.
Kn o wi n g th e  r a d i an t fr ac ti o n  an d  u s i n g  a  curve-ft to  th e  C *

c u r ve  s h o wn  i n  F i gu r e  E . 9 . 2 . 1 ( a) ,  E q u ati o n  E . 9 . 2 . 1 b  c an  b e
u s e d  to  c o m p u te  th e  r ad i an t h e at fux  fr o m  th e  h yd r o ge n
fame  at an y ax i al  p o s i ti o n ,  x ,  an d  r a d i a l  p o s i ti o n  r.

N E . 9 . 2 . 2  U n i gni te d  J e t C o n c e n trati o n  D e c ay M o d e l .    F o r  c a s e s
wh e r e  th e  h i gh -p r e s s u r e  l e ak o f h yd r o g e n  i s  u n i gn i te d ,  a c l a s s i c

h i g h -m o m e n tu m  tu r b u l e n t j e t i s  fo r m e d  th at c an  b e  d e s c r i b e d
u s i n g  th e  s am e  c o o r d i n ate  s ys te m  s h o wn  i n  F i g u r e  E . 9 . 2 .  T h e
h yd r o g e n  c o n c e n tr ati o n  wi th i n  th e  j e t va r i e s  wi th  a x i al  p o s i ‐

ti o n ,  x ,  a n d  r ad i al  p o s i ti o n ,  r,  d u e  to  e n tr a i n m e n t an d  tu r b u ‐
l e n t m i x i n g  wi th  th e  a m b i e n t ai r.

T h e  n a tu re  o f th e  c o n c e n tr a ti o n  feld  o f s u b s o n i c ,
m o m e n tu m -d o m i n a te d  i n c o m p r e s s i b l e  tu r b u l e n t fr e e  j e ts  i s
we l l  d o c u m e n te d  i n  th e  l i te r atu r e  ( C h e n  an d  Ro d i ,  1 9 8 0 ) .  T h e

d e c ay o f th e  m e a n  vo l u m e  fr ac ti o n ,  ηcl,  ( o r  m e a n  m o l e  fr ac ‐
ti o n )  al o n g th e  c e n te r l i n e  o f th e  j e t i s  g i ve n  b y a n  e x p r e s s i o n  o f
th e  fo l l o wi n g fo r m :

η
ρ
ρcl

j

o gas

x
Kd

x x
( ) =

+
∞









1 2/

wh e r e  K i s  th e  e n tr ai n m e n t c o n s tan t,  ρ ∞  i s  th e  d e n s i ty o f th e
am b i e n t fuid,  ρgas,  i s  th e  d e n s i ty o f th e  e x i ti n g g as  e val u ate d  at

 
[ E . 9 . 2 . 2 a]
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3 . 02 . 52 . 01 . 5

x/Lvis

C
*

1 . 00 . 5 00 . 0

C 2 H 4  1 1 . 2

C 2 H 4  2 0 . 2

C H 4  1 2 . 5

C H 4  6 . 4

C 2 H 2  1 8 . 1

C 2 H 2  5 6 . 5

F i t  t o  d a t a

d =  7 . 9 3 8  m m  ( 5  s e c )

( 1 0  s e c )

( 2 0  s e c )

D a t a  f r o m  l a r g e - s c a l e  H 2  
t e s t s  l i s t e d  b e l o w :

F u e l  S ra d  ( kW )

N FI G U RE  E . 9 . 2 . 1 ( a)   Ax i al  Vari ati o n  o f N o r m al i z e d  Rad i ati ve
H e at Fl u x .

am b i e n t te m p e r a tu r e  an d  p r e s s u r e ,  an d  x o  i s  th e  vi r tu a l  o r i gi n
o f th e  j e t ( C h e n  an d  Ro d i ,  1 9 8 0 ) .

F o r  h i g h -p r e s s u r e  l e aks  o f h yd r o ge n ,  th e  e x i t fow c h o ke s  a t
th e  s o n i c  ve l o c i ty i f th e  p r e s s u r e  r ati o  ac r o s s  th e  l e ak i s  g r e ate r

th an  th e  c r i ti c al  p r e s s u r e  r ati o  ( ap p r o x i m ate l y 1 . 9  fo r  h yd r o ‐
g e n ) .  At p r e s s u r e  r ati o s  h i g h e r  th an  th e  c ri ti c al  va l u e ,  th e  e x i t

ve l o c i ty r e m a i n s  l o c al l y s o n i c .  F o r  th e s e  s u p e r c r i ti c al  r e l e as e s ,
th e  fow l e a ve s  th e  e x i t to  fo r m  an  u n d e r e x p a n d e d  j e t th a t
q u i c kl y e x p a n d s  to  am b i e n t p r e s s u r e  th r o u gh  a c o m p l e x  fow

s tr u c tu r e  i n vo l vi n g o n e  o r  m o r e  s h o c ks .  As  a r e s u l t,  th e  c o n c e n ‐
tr ati o n  feld  b e h a ve s  a s  i f i t we r e  p r o d u c e d  b y a  l a r ge r  s o u r c e
th an  th e  a c tu al  e x i t d i a m e te r,  a n d  th e  d i am e te r  o f th i s  e ffe c ti ve

s o u r c e  i s  r e fe r r e d  to  as  th e  e ffe c ti ve  d i a m e te r,  deff.  T h e  wo r k o f
B i r c h  ( 1 9 8 4 ,  1 9 8 7 )  fo r  n a tu r al  g as  j e ts  i n d i c a te s  th at th e  c l as s i ‐
c a l  l aws  fo r  c o n c e n tr ati o n  d e c a y fo r  tu r b u l e n t j e ts  i n  p r e s s u r e

e q u i l i b r i u m  ( i . e . ,  E q u ati o n  E . 9 . 2 . 2 a )  c an  b e  a p p l i e d  to  u n d e r ‐

C O /H 2  ( Tu r n s  &  M y h r,  1 9 9 1 )
C H 4   ( Tu r n s  &  M y h r,  1 9 9 1 )

C H 4   (d =  1 . 9 1  m m )
H 2   (d =  1 . 9 1  m m )

H 2   (d =  7 . 9 4  m m )
H 2   (d =  7 . 9 4  m m )
H 2   (d =  5 . 0 8  m m )

0 . 3

0 . 2

0 . 1

0 . 0 5

0 . 1 5

0 . 2 5

0
1 0 0 01 0 0
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N FI G U RE  E . 9 . 2 . 1 ( b )   Rad i an t Frac ti o n  as  a Fun c ti o n  o f Fl am e
Re s i d e n c e  T i m e  ( L ab  H 2  Fl am e  D ata fo r D i am e te rs  o f
1 . 9 0 5  m m  an d  3 . 7 5  m m ,  L arge - S c al e  H 2  Fl am e  Te s t D ata at
D i am e te r o f 7 . 9 4  m m ) .
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L*  =  –––––––––––– L *  =  2 3

L
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0

H 2  @ 1 7 2  b a r,  c h o ke d  ( d =  7 . 9 4  m m )
H 2  @ 1 7 2  b a r,  u n c h o ke d  ( d =  7 . 9 4  m m )
C H 4   ( d =  1 . 9 1  m m )

H 2   ( d =  1 . 9 1  m m )
C H 4   K a l g h a t g i

C 3 H 8   K a l g h a t g i
H 2   K a l g h a t g i

H 2  @ 4 1 3  b a r  ( d =  5 . 0 8  m m )

N FI G U RE  E . 9 . 2 . 1 ( c )   Vari ati o n  o f D i m e n s i o n l e s s  Vi s i b l e
Fl am e  L e n gth  wi th  Fl am e  Fro ud e  N u m b e r.



H YD RO G E N  T E C H N O L O GI E S  C O D E2 - 1 8 4

2 0 2 3  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 .

e x p an d e d  j e ts  r e s u l ti n g  fr o m  s u p e r c r i ti c al  r e l e a s e s  p r o vi d e d
th a t th e  j e t e x i t d i am e te r,  d j ,  i s  r e p l ac e d  b y th e  e ffe c ti ve  d i a m e ‐
te r  deff.  T h e  r e p o r ts  o f B r i tte r  ( 1 9 9 4 ,  1 9 9 5 )  d i s c u s s  var i o u s

ap p r o ac h e s  fo r  c o m p u ti n g  e ffe c ti ve  d i am e te r  s o u r c e  m o d e l s
fo r  u n d e r e x p an d e d  j e ts .

T h e  e ffe c ti ve  s o u r c e  d i a m e te r  m o d e l  u s e d  i n  th i s  wo r k i s
fo r m u l a te d  b y c o n s i d e r i n g a n o ti o n al  e x p a n s i o n  ( B i r c h ,  1 9 8 7 )

th a t c o n s e r ve s  b o th  m as s  an d  m o m e n tu m  wh i l e  r e tai n i n g  th e
as s u m p ti o n  th at th e  p r e s s u r e  i s  r e d u c e d  to  a m b i e n t p r e s s u r e  at

th e  e n d  o f th e  e x p a n s i o n .  B as e d  o n  th e  wo r k o f B i r c h  ( 1 9 8 7 ) ,
th e  e q u a ti o n  fo r  th e  e ffe c ti ve  s o u r c e  d i am e te r  i s  a s  fo l l o ws :

d
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u
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j j

gas eff
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1 2/

wh e r e  ρ j i s  th e  j e t e x i t d e n s i ty,  uj i s  th e  j e t e x i t ve l o c i ty,  ρ gas i s
th e  d e n s i ty o f th e  e x i ti n g  g as  e val u ate d  at am b i e n t p r e s s u r e  an d
te m p e r a tu r e ,  dj i s  th e  j e t e x i t d i a m e te r,  a n d  ueff i s  th e  ve l o c i ty at
th e  e n d  o f th e  e x p an s i o n .  T h e  e ffe c ti ve  ve l o c i ty a t th e  e n d  o f

th e  e x p an s i o n  i s  g i ve n  b y an  e x p r e s s i o n  o f th e  fo l l o wi n g fo r m :

u u P P ueff j j j j= + − ∞( ) ( )/ ρ

wh e r e  pj i s  th e  j e t e x i t p r e s s u r e  an d  p∞  i s  th e  am b i e n t p r e s ‐
s u r e .  E q u a ti o n s  E . 9 . 2 . 2 b  an d  E . 9 . 2 . 2 c  c an  b e  u s e d  to  c o m p u te

th e  e ffe c ti ve  s o u r c e  d i am e te r  fo r  s u p e r c r i ti c a l  r e l e as e s  an d  a r e
val i d  fo r  r e a l  g as  a s  we l l  as  i d e al  g as  m o d e l s  as  l o n g as  th e  j e t
e x i t c o n d i ti o n s  a r e  c o m p u te d  p r o p e r l y.  F o r  h yd r o ge n  at 2 0 0

b a r  a n d  3 0 0 K th e  c o m p r e s s i b i l i ty fac to r  Z ( wh e r e  Z =  p/ ( ρ RT)  i s
a p p r o x i m ate l y 1 . 1 2 ;  at a p r e s s u r e  o f 8 0 0  b a r  an d  th e  s a m e

te m p e r a tu re  th e  c o m p r e s s i b i l i ty fac to r  i s  ap p r o x i m ate l y 1 . 5 1 .
F o r  a n  i d e al  g as ,  Z i s  e q u a l  to  u n i ty.

F o r  s u p e r c r i ti c a l  r e l e as e s  th e  e ffe c ti ve  s o u r c e  d i am e te r  r e p l a‐
c e s  th e  j e t d i am e te r  i n  E q u a ti o n  E . 9 . 2 . 2 a  an d  c e n te r l i n e

c o n c e n tr ati o n  d e c ay e q u ati o n  b e c o m e s  th e  fo l l o wi n g:
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At e ac h  a x i al  p o s i ti o n ,  x ,  th e  r a d i al  va r i ati o n  o f th e  c o n c e n ‐
tr ati o n  i s  c o m p u te d  fr o m  th e  fo l l o wi n g  e x p r e s s i o n :

η ηx r x e
cl

K r x x
c o,

/( ) = ( ) − +( )
2

wh e r e  th e  val u e  o f Kc  =  5 7  fo r  a  r o u n d  j e t ( C h e n  a n d  Ro d i ,
1 9 8 0 ) .  E q u ati o n s  E . 9 . 2 . 2 b ,  E . 9 . 2 . 2 c ,  E . 9 . 2 . 2 d ,  an d  E . 9 . 2 . 2 e  c an

b e  u s e d  to  c o m p u te  th e  c o n c e n tr a ti o n  feld  fr o m  a h i gh -
m o m e n tu m  tu r b u l e n t j e t r e s u l ti n g  fr o m  th e  s u p e r c r i ti c al
r e l e as e  o f h yd r o g e n .  F o r th e  s tu d i e s  p e r fo r m e d  i n  th i s  p ap e r,  a

va l u e  o f th e  e n tr ai n m e n t coeffcient e q u a l  to  K =  5 . 4 0  ( B i r c h ,
1 9 8 7 )  was  u s e d  fo r  th e  s i m u l ati o n s .  T h e  val u e  o f th e  vi r tu al
o r i gi n ,  x o ,  i s  typ i c al l y a s m al l  m u l ti p l e  ( l e s s  th a n  5 )  o f th e  j e t
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e x i t d i am e te r  a n d  was  s e t to  z e r o  fo r  th e s e  s tu d i e s  i n  ac c o r d ‐
an c e  wi th  th e  wo r k o f B i r c h  ( 1 9 8 7 ) .

N E . 9 . 3  C o m p ari s o n  o f M o d e l s  wi th  E x p e ri m e n tal  D ata.

N E . 9 . 3 . 1  Fl am e  Rad i ati o n  H e at Fl u x  an d  Fl am e  L e n gth  M o d e l .
T h e  h yd r o g e n  fame  r a d i a ti o n  an d  fame  l e n g th  m o d e l s  we r e

c o m p a r e d  a ga i n s t th e  l ar g e -s c al e  h yd r o g e n  j e t fame  e x p e r i ‐
m e n ts  o f S c h e fe r  e t al .  ( 2 0 0 6 ,  2 0 0 7 ) .  I n  th e s e  e x p e r i m e n ts ,
h yd r o g e n  g as  wa s  r e l e a s e d  fr o m  a  “ s i x -p a c k”  o f h i g h -p r e s s u r e

c yl i n d e r s ,  e ac h  c o n n e c te d  to  a c e n tr al  m an i fo l d  wi th  a
c o m m o n  o u tl e t.  Typ i c al  p r e s s u r e  i n  th e  fu l l  c yl i n d e r s  was  1 3 7 . 9

b a r  ( 2 0 0 0  p s i a)  to  1 7 2 . 3  b ar  ( 2 5 0 0  p s i a ) .

To  o b tai n  j e t e x i t c o n d i ti o n s ,  a n e two r k fow m o d e l  o f th e
p i p i n g  an d  h i gh -p r e s s u r e  c yl i n d e r s  u s e d  i n  th e  e x p e r i m e n t wa s

d e ve l o p e d  u s i n g  th e  S an d i a d e ve l o p e d  To p a z  c o d e  ( Wi n te r s ,
1 9 8 4 ) .  T h e  n e two r k fow m o d e l  c o n s i d e r s  th e  n o n -i d e a l  ga s

b e h a vi o r  o f h yd r o g e n  th r o u g h  a n  Ab e l -N o b e l  e q u ati o n  o f s ta te
( C h e n o we th ,  1 9 8 3 )  o f th e  fo l l o wi n g  fo r m :

p
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wh e r e  th e  val u e s  o f RH2 =  4 , 1 2 4 . 1 8  J / kg -K an d  b =  7 . 6 9 1  ×  1 0 -3

m 3 / kg  we r e  u s e d  fo r  h yd r o g e n .  T h e  m o d e l  c an  al s o  b e  u s e d
wi th  an  i d e al -ga s  e q u ati o n  o f s tate  b y s e tti n g  th e  val u e  b e q u al
to  z e r o .

T h e  tan k b l o w-d o wn  an d  n e two r k fow m o d e l  was  u s e d  to
p r e d i c t th e  fow a n d  p r e s s u r e  d r o p  th r o u g h  th e  p i p i n g  l e ad i n g

to  th e  j e t e x i t.  T h e s e  j e t e x i t c o n d i ti o n s  we r e  th e n  u s e d  wi th  th e
fame  l e n gth  an d  r ad i an t fr ac ti o n  c o r r e l ati o n s  d e s c r i b e d  i n  th e

p r e vi o u s  s e c ti o n  to  p r e d i c t th e  h yd r o g e n  j e t fame  c h ar a c te r i s ‐
ti c s .  C o m p a r i s o n s  o f th e  m e as u r e d  an d  p r e d i c te d  p r e s s u r e

h i s to r y c u r ve s  i n  th e  h i gh -p r e s s u r e  c yl i n d e r s  we r e  u s e d  to  val i ‐
d ate  th e  ta n k b l o w-d o wn  n e two r k fow m o d e l  ( S c h e fe r  e t al . ,

2 0 0 6 ) .  S i m u l a ti o n s  wi th  th e  n e two r k fow m o d e l  i n d i c ate d  th at
signifcant p r e s s u r e  d r o p  o c c u r r e d  i n  th e  p i p i n g  o f th e  e x p e r i ‐
m e n t wi th  th e  to ta l  p r e s s u r e  at th e  j e t e x i t b e i n g ap p r o x i m a te l y

1 6 . 4  b ar  ( 2 2 6  p s i g )  o r  a s ta ti c  p r e s s u r e  o f a p p r o x i m a te l y 1 3 . 6
b a r ( 1 8 2  p s i g)  a t 0 . 1  s e c o n d  i n to  th e  b l o w-d o wn .

F i g u r e  E . 9 . 3 . 1 ( a )  s h o ws  a c o m p ar i s o n  o f th e  fame  l e n g th
p r e d i c ti o n s  fr o m  th e  m o d e l  wi th  th e  l ar g e -s c al e  h yd r o g e n  j e t
fame  l e n gth  d ata.  B e c au s e  a n  ap p r o x i m a te  ± 1 0  p e r c e n t s c atte r

o c c u r s  i n  th e  d ata ar o u n d  th e  L *  c o r r e l ati o n  [see Figure
E. 9. 2. 1 (c)] u s e d  i n  th e  m o d e l ,  an  u n c e r tai n ty an al ys i s  wa s
p e r fo r m e d  wh e r e  th e  L *  c o r r e l ati o n  was  i n c r e a s e d  a n d  th e n

d e c r e as e d  b y 1 0  p e r c e n t fr o m  i ts  n o m i n a l  val u e .  C al c u l a ti o n s
ar e  s h o wn  i n  F i g u r e  E . 9 . 3 . 1 ( a)  fo r  th e  n o m i n a l  L *  c o r r e l ati o n ,
an d  an  i n c r e a s e  i n  L *  o f 1 0  p e r c e n t an d  a d e c r e as e  i n  L *  o f –

1 0  p e r c e n t.  P r e d i c ti o n s  fr o m  th e  m o d e l  ar e  fo u n d  to  b e  i n
go o d  ag r e e m e n t wi th  th e  m e a s u r e d  h yd r o g e n  fame  l e n g th s .

Fi g u r e  E . 9 . 3 . 1 ( b )  s h o ws  a c o m p ar i s o n  o f s i m u l ati o n s  an d
m e a s u r e d  r ad i ati o n  h e a t fux  d ata al o n g  th e  a x i s  o f a  h yd r o g e n
j e t fame  a t a  r a d i a l  d i s tan c e  o f 1 . 8 2  m  ( 6  ft)  fr o m  th e  fame
c e n te r l i n e  at a ti m e  5  s e c o n d s  i n to  th e  b l o w-d o wn  o f th e  h i gh -

p r e s s u r e  h yd r o ge n  c yl i n d e r s .  An  ap p r o x i m ate  ± 1 0  p e r c e n t s c a t‐
te r o c c u r s  i n  th e  d ata a r o u n d  th e  L *  c o r r e l ati o n  [see Figure
E. 9. 2. 1 (c)],  th e  C *  c o r r e l a ti o n  [see Figure E. 9. 2. 1 (a)],  a n d  th e

r ad i an t fr ac ti o n  c o r r e l ati o n  [see Figure E. 9. 2. 1 (b)],  X r ad .  H e n c e ,
an  u n c e r tai n ty an a l ys i s  wa s  p e r fo r m e d  wh e r e  m o d e l  c al c u l a‐
ti o n s  we r e  p e r fo r m e d  wi th  th e  n o m i n al  va l u e s  o f th e s e  c o r r e l a‐
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