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I M P O RTAN T  N O T I C E S  AN D  D I S C L AI M E RS  C O N C E RN I N G  N FPA®  S TAN D ARD S

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 ” ) ,  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 .

Full document details: NFPA 77 2024

http://www.avadocuments.com/doc/nfpa-77-2024
http://www.avadocuments.com/doc/nfpa-77-2024


7 7 - 1

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 3  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®   7 7

Re c o m m e n d e d  P rac ti c e  o n

S tati c  E l e c tri c i ty

2 0 2 4  E d i ti o n

T h i s  e d i ti o n  o f N F PA 7 7 ,  Recommended Practice on Static Electricity,  wa s  p r e p a r e d  b y th e  Te c h n i c a l
C o m m i tte e  o n  S tati c  E l e c tr i c i ty.  I t wa s  i s s u e d  b y th e  S tan d ar d s  C o u n c i l  o n  Ap r i l  2 3 ,  2 0 2 3 ,  wi th  a n
e ffe c ti ve  d a te  o f M ay 1 3 ,  2 0 2 3 ,  a n d  s u p e r s e d e s  a l l  p r e vi o u s  e d i ti o n s .

T h i s  e d i ti o n  o f N F PA 7 7  was  ap p r o ve d  a s  a n  Am e r i c a n  N a ti o n al  S ta n d a r d  o n  M ay 1 3 ,  2 0 2 3 .

O ri gi n  an d  D e ve l o p m e n t o f N FPA 7 7

An  N F PA p r o j e c t ad d r e s s i n g  s tati c  e l e c tr i c i ty wa s  i n i ti a te d  i n  1 9 3 6 ,  an d  a  p r o gr e s s  r e p o r t wa s
p r e s e n te d  to  N F PA i n  1 9 3 7 .  A te n ta ti ve  e d i ti o n  o f N F PA 7 7  wa s  a d o p te d  i n  1 9 4 1 .  T h i s  te n ta ti ve
e d i ti o n  wa s  fu r th e r  r e vi s e d  an d  offcially a d o p te d  b y th e  N F PA i n  1 9 4 6 .  Re vi s i o n s  we r e  ad o p te d  i n
1 9 5 0 ,  1 9 6 1 ,  1 9 6 6 ,  1 9 7 2 ,  1 9 7 7 ,  1 9 8 2 ,  1 9 8 8 ,  an d  1 9 9 3 .

T h e  2 0 0 0  e d i ti o n  o f N F PA 7 7  p r e s e n te d  a to tal l y r e vi s e d  o ve r vi e w o f th e  s u b j e c t o f s ta ti c  e l e c tr i c i ty
an d  i ts  h az ar d s ,  i n c l u d i n g th e  l e ve l  o f u n d e r s ta n d i n g  o f s ta ti c  e l e c tr i c i ty at th a t ti m e  an d  c o n s i d e r a b l e
n e w i n fo r m a ti o n  e x p l ai n i n g th e  fu n d am e n tal  a s p e c ts  o f th e  p h e n o m e n o n  a n d  r e c o m m e n d a ti o n s  fo r
e va l u a ti n g a n d  c o n tr o l l i n g  p o te n ti a l  h az ar d s .  Al s o  i n c l u d e d  we r e  s e c ti o n s  a d d r e s s i n g  specifc  h az ar d s
o f fammable  ga s e s  a n d  va p o r s  an d  c o m b u s ti b l e  d u s ts ,  s e c ti o n s  o n  specifc  i n d u s tr i al  p r o c e s s e s  an d
o p e r ati o n s ,  a  d atab a s e  o f r e l e va n t p r o p e r ti e s  o f n u m e r o u s  c o m m e r c i al l y signifcant m a te r i al s ,  a
gl o s s ar y o f te r m s ,  a n d  d i ag r am s  s h o wi n g a c c e p ta b l e  m e th o d s  o f b o n d i n g  an d  g r o u n d i n g .

T h e  2 0 0 7  e d i ti o n  o f N F PA 7 7  i n c l u d e d  th e  fo l l o wi n g  c h a n ge s :

( 1 ) Re c o m m e n d ati o n s  fo r  th e  s e l f-c h e c ki n g  b o n d i n g c l a m p s  an d  b o n d  wi r e s  th at c o n ti n u o u s l y
m o n i to r  th e  r e s i s tan c e  to  g r o u n d  an d  ve r i fy th a t r e s i s tan c e  i s  m a i n tai n e d  wi th i n  a c c e p ta b l e
l e ve l s

( 2 ) C au ti o n ar y s ta te m e n ts  r e g ar d i n g  th e  u s e  o f a p p r o p r i ate  i n s tr u m e n ts  b as e d  o n  th e  e l e c tr i c a l
classifcation  o f th e  ar e a i n  wh i c h  th e  i n s tr u m e n ts  wi l l  b e  u s e d

( 3 ) C au ti o n ar y s ta te m e n ts  r e g ar d i n g  th e  u s e  o f h i gh -vo l tag e  s tati c  n e u tr al i z e r s  i n  e l e c tr i c al l y
classifed  a r e as  an d  th e  u s e  o f s u c h  s ta ti c  n e u tr a l i z e r s  as  i n d u c ti ve  n e u tr al i z e r s  wh e n  d e -
e n e r gi z e d  o r  at fa i l u r e

T h e  2 0 1 4  e d i ti o n  o f N F PA 7 7  i n c l u d e d  th e  fo l l o wi n g  c h a n ge s :

( 1 ) Re o r g an i z a ti o n  i n to  a m o r e  l o gi c a l  ar r a n ge m e n t,  wi th  s o m e  l ar g e  c h ap te r s  d i vi d e d  i n to
s e ve r al  s m a l l  c h ap te r s  th at fo c u s  o n  a s i n gl e  to p i c

( 2 ) Re vi s i o n  to  C h ap te r  5  fo r  c l ar i ty o n  th e  m e c h a n i s m s  o f s tati c  e l e c tr i c  c h a r gi n g a n d
d i s c h ar g i n g

( 3 ) Ad d i ti o n  o f i n fo r m ati o n  to  C h ap te r  9  o n  th e  h a z a r d s  o f s wi tc h  l o ad i n g
( 4 ) Re wr i ti n g  o f r e c o m m e n d a ti o n s  fo r  flling  s to r ag e  ta n ks
( 5 ) Re wr i ti n g  o f r e c o m m e n d a ti o n s  fo r  fexible  i n te r m e d i a te  b u l k c o n ta i n e r s
( 6 ) Re wr i ti n g  o f r e c o m m e n d a ti o n s  fo r  we b  p r o c e s s e s

T h e  2 0 1 9  e d i ti o n  i n c l u d e d  th e  fo l l o wi n g  c h an g e s :

( 1 ) C h an g e s  to  th e  defnitions  fo r  combustible dust an d  grounding to  refect th e  u s e  o f th e  te r m s
specifc  to  N F PA 7 7

( 2 ) C h an g e s  to  th e  c h ar a c te r i z a ti o n  o f l o w,  m e d i u m ,  an d  h i gh  r e s i s ti vi ty p o wd e r s  i n  C h a p te r  1 5
to  refect ge n e r a l l y ac c e p te d  i n te r n ati o n a l  s ta n d ar d s

T h e  2 0 2 4  e d i ti o n  i n c l u d e s  th e  fo l l o wi n g c h an g e s :

( 1 ) Re vi s i o n s  to  th e  e n ti r e  r e c o m m e n d e d  p r ac ti c e  fo r  r e ad a b i l i ty an d  c o n s i s te n c y,  a n d  th e
ad d i ti o n  o f clarifcations  fo r  u s e r s  n o t fa m i l i ar  wi th  s ta ti c  e l e c tr i c  c o n tr o l
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( 2 ) Ad d i ti o n  o f U S  u n i ts  th r o u gh o u t th e  d o c u m e n t an d  r e vi s i o n  o f Gr e e k s ym b o l
n o m e n c l a tu r e

( 3 ) C o r r e l ati o n  o f th e  defnitions  fo r  th e  te r m s  grounded (grounding) an d  grounding electrode
connector wi th  NFPA 70,  National Electrical Code,  a n d  ad d i ti o n  o f a  defnition  fo r  th e  te r m
verifed ground point

( 4 ) Ad d i ti o n  o f l i q u i d  c l as s e s  defnitions  fr o m  N F PA 3 0 ,  Flammable and Combustible Liquids
Code,  a n d  clarifcation  o f th e  i gn i ti b l e  l i q u i d  n o m e n c l a tu r e  to  c o r r e l ate  wi th  N F PA 3 0

( 5 ) Re vi s i o n s  to  C h a p te r  7 ,  i n c l u d i n g th e  fo l l o wi n g :

( a) Re o r g an i z i n g  th e  c h ap te r  s u c h  th at th e  s ta ti c  e l e c tr i c  c o n tr o l  p r ac ti c e s  a r e  p l a c e d
i n  th e  o r d e r  o f h o w th e y ar e  a p p r o a c h e d  i n  i n d u s tr y

( b ) E s ta b l i s h i n g th e  d i ffe r e n c e  b e twe e n  a  gr o u n d i n g  c o n d u c to r,  a b o n d i n g
c o n d u c to r,  an d  a n  a c ti ve  b o n d  m o n i to r i n g s ys te m

( c ) P r o vi d i n g  gu i d an c e  o n  r e s i s tan c e  m e as u r e m e n ts  fo r  b o n d i n g c o n n e c ti o n s  an d
to ta l  r e s i s tan c e  to  gr o u n d

( d ) Re c o m m e n d i n g  s e p ar a te  g r o u n d  s ys te m s  fo r  e l e c tr o s ta ti c  s ys te m s  an d  n o t
c o n n e c ti n g e l e c tr o s ta ti c  g r o u n d s  to  e i th e r  e l e c tr i c al  gr o u n d s  o r  l i gh tn i n g
p r o te c ti o n  s ys te m s

( 6 ) Ad d i ti o n  o f a  r e c o m m e n d ati o n  th at c o m b u s ti b l e  l i q u i d s  ( C l a s s  I I  o r  C l as s  I I I  l i q u i d s ,  as
d e s i g n ate d  b y N F PA 3 0 )  h e ate d  at o r  a b o ve  th e i r  fashpoints  b e  h an d l e d  a s  fammable
l i q u i d s  ( C l as s  I  l i q u i d s ,  a s  d e s i g n ate d  b y N F PA 3 0 )

( 7 ) Re vi s i o n  o f th e  s tr e am i n g c u r r e n t ax i s  i n  F i g u r e  1 0 . 7 . 1 ( a )  to  c o r r e l ate  wi th  n e w d a ta
( 8 ) P r o vi s i o n  o f a r e fe r e n c e  to  d ata o n  s a fe  fll  r ate s  fo r  tan ks  an d  c o n ta i n e r s
( 9 ) D e s c r i p ti o n  o f e l e c tr o s tati c  i g n i ti o n  r i s ks  wh e n  h a n d l i n g n o n c o n d u c ti ve  ve s s e l s  wi th

i gn i ti b l e  an d  n o n i gn i ti b l e  l i q u i d s
( 1 0 ) Re o r g an i z ati o n  o f C h ap te r s  1 3  an d  1 4  i n to  a s i n g l e  c h ap te r  b e c au s e  C h a p te r  1 4  was

vi e we d  as  a c o n ti n u ati o n  o f r e c o m m e n d ati o n s  fo r  p r o c e s s  ve s s e l s
( 1 1 ) P r o vi s i o n  o f r e fe r e n c e s  o n  p o wd e r  c h ar g e  r e l ax ati o n  ti m e  m e a s u r e m e n ts
( 1 2 ) Clarifcation  as  to  wh y b o n d i n g  a  h o s e  h e l i x  wi r e  m i gh t n o t b e  suffcient o n  i ts  o wn  to

p r o vi d e  s ta ti c  e l e c tr i c i ty p r o te c ti o n  ( i . e . ,  th e  p r i m ar y p u r p o s e  o f th e  h e l i x  wi r e  i s  to
p r o vi d e  s tr u c tu r a l  s tr e n g th )  an d  r e c o m m e n d e d  u s e  o f c o n d u c ti ve  o r  s tati c -d i s s i p a ti ve
h o s e s  i n s te a d

( 1 3 ) E x p an s i o n  o f th e  d e s c r i p ti o n  o f r i s ks  fr o m  i n tr o d u c i n g s o l i d s  i n to  ve s s e l s
( 1 4 ) E l a b o r a ti o n  o n  th e  r i s ks  o f i n d u c i n g  e l e c tr o s tati c  c h ar g e s  a t i n te r m e d i ate  b u l k c o n tai n e r s

( I B C s )  wi th  fu l l y o p e n  to p s
( 1 5 ) Ad d i ti o n  o f a  n e w s e c ti o n  o n  fexible  I B C s  ( F I B C s )  wi th o u t b o tto m  s p o u ts  an d  l ar g e  flter

b a gs
( 1 6 ) Signifcant e x p an s i o n  o f C h ap te r  1 7  o n  we b  a n d  s h e e t p r o c e s s e s  th at i n c l u d e s  n e w

s e c ti o n s  o n  i d e n ti fyi n g  s ta ti c  c h ar g i n g  s o u r c e s ,  s ta ti c  c o n tr o l  b e s t p r ac ti c e s ,  a n d
m a i n tai n i n g s tati c  c o n tr o l

( 1 7 ) E x te n s i ve  r e vi s i o n  o f An n e x  G th at i n c l u d e s  n e w fgures  s h o wi n g  s tate -o f-th e - ar t b o n d i n g
a n d  g r o u n d i n g s ys te m s
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This list represents the membership at the time the Committee was balloted on the fnal text of this edition.
Since that time,  changes in the membership may have occurred.  A key to classifcations is found at the
back of the document.

N O T E :  M e m b e r s h i p  o n  a  c o m m i tte e  s h al l  n o t i n  a n d  o f i ts e l f c o n s ti tu te  a n  e n d o r s e m e n t o f
th e  As s o c i a ti o n  o r  a n y d o c u m e n t d e ve l o p e d  b y th e  c o m m i tte e  o n  wh i c h  th e  m e m b e r  s e r ve s .

C o m m i tte e  S c o p e :  T h i s  C o m m i tte e  s h a l l  h a ve  p r i m a r y r e s p o n s i b i l i ty fo r  d o c u m e n ts  o n
s a fe g u a r d i n g  a g a i n s t th e  fre  an d  e x p l o s i o n  h a z a r d s  as s o c i ate d  wi th  s ta ti c  e l e c tr i c i ty,
i n c l u d i n g  th e  p r e ve n ti o n  a n d  c o n tr o l  o f th e s e  h a z a r d s .  T h i s  C o m m i tte e  s h a l l  a l s o  h ave
p r i m ar y r e s p o n s i b i l i ty fo r  c o n d u c ti ve  a n d  s ta ti c -d i s s i p ati ve  foors,  e x c e p t a s  th i s  s u b j e c t i s
a d d r e s s e d  b y th e  C o m m i tte e  o n  H e a l th  C ar e  F a c i l i ti e s .
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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
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or the “List of NFPA Codes & Standards” at www. nfpa. org/docinfo.

In addition to TIAs and Errata,  the document information pages also
include the option to sign up for alerts for individual documents and

to be involved in the development of the next edition.
N O T I C E :  An  as te r i s k ( * )  fo l l o wi n g th e  n u m b e r  o r  l e tte r

d e s i g n ati n g  a  p ar a gr a p h  i n d i c ate s  th at e x p l an a to r y m ate r i a l  o n
th e  p a r ag r ap h  c an  b e  fo u n d  i n  An n e x  A.

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

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

b e  fo u n d  i n  C h ap te r  2  a n d  An n e x  I .

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

1 . 1  S c o p e .

1 . 1 . 1    T h i s  r e c o m m e n d e d  p r a c ti c e  a p p l i e s  to  th e  identifca‐
tion,  as s e s s m e n t,  an d  c o n tr o l  o f s tati c  e l e c tr i c i ty fo r  p u r p o s e s  o f
p r e ve n ti n g fres  an d  e x p l o s i o n s .

1 . 1 . 2 *    T h i s  r e c o m m e n d e d  p r ac ti c e  d o e s  n o t a p p l y d i r e c tl y to
s h o c k h az ar d s  fr o m  s tati c  e l e c tr i c i ty.  H o we ve r,  ap p l i c ati o n  o f

th e  p r i n c i p l e s  s e t fo r th  i n  th i s  r e c o m m e n d e d  p r ac ti c e  c an
r e d u c e  s u c h  s h o c k h az ar d s  to  p e r s o n n e l .

1 . 1 . 3  Re s e r ve d .

1 . 1 . 4 *    T h i s  r e c o m m e n d e d  p r a c ti c e  d o e s  n o t ap p l y to  l i g h t‐
n i n g .

1 . 1 . 5 *    T h i s  r e c o m m e n d e d  p r a c ti c e  d o e s  n o t ap p l y to  s tr a y
e l e c tr i c al  c u r r e n ts  o r  to  i n d u c e d  c u r r e n ts  fr o m  r a d i o  fr e q u e n c y
( RF )  e n e r gy.

1 . 1 . 6 *    T h i s  r e c o m m e n d e d  p r ac ti c e  d o e s  n o t ap p l y to  fu e l i n g
o f m o to r  ve h i c l e s ,  m ar i n e  c r a ft,  o r  a i r c r aft.

1 . 1 . 7 *    T h i s  r e c o m m e n d e d  p r ac ti c e  d o e s  n o t ap p l y to  c l e an ‐
r o o m s .

1 . 1 . 8    T h i s  r e c o m m e n d e d  p r a c ti c e  d o e s  n o t ap p l y to  c o n tr o l  o f
s tati c  e l e c tr i c i ty a n d  i ts  h az ar d s  as  th e y m i gh t a ffe c t e l e c tr o n i c

c o m p o n e n ts  o r  c i r c u i ts ,  wh i c h  h ave  th e i r  o wn  r e q u i r e m e n ts .

1 . 2  P urp o s e .    T h e  p u r p o s e  o f th i s  r e c o m m e n d e d  p r ac ti c e  i s  to
a s s i s t th e  u s e r  i n  c o n tr o l l i n g th e  h az ar d s  a s s o c i a te d  wi th  th e

ge n e r a ti o n ,  a c c u m u l a ti o n ,  an d  d i s c h a r ge  o f s tati c  e l e c tr i c i ty b y
p r o vi d i n g th e  fo l l o wi n g :

( 1 ) B as i c  u n d e r s ta n d i n g  o f th e  n a tu r e  o f s ta ti c  e l e c tr i c i ty
( 2 ) Gu i d e l i n e s  fo r  i d e n ti fyi n g  a n d  as s e s s i n g th e  h az ar d s  o f

s tati c  e l e c tr i c i ty
( 3 ) Te c h n i q u e s  fo r  c o n tr o l l i n g th e  h az ar d s  o f s tati c  e l e c tr i c i ty
( 4 ) Gu i d e l i n e s  fo r  c o n tr o l l i n g s tati c  e l e c tr i c i ty i n  s e l e c te d

i n d u s tr i al  a p p l i c ati o n s

1 . 3  Ap p l i c ati o n .  ( Re s e r ve d )

1 . 4  E q ui val e n c y.    N o th i n g  i n  th i s  r e c o m m e n d e d  p r ac ti c 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 a l 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 afe ty o ve r  th o s e  p r e s c r i b e d  b y th i s
r e c o m m e n d e d  p r ac ti c e .

1 . 4 . 1    Te c h n i c al  d o c u m e n tati o n  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 r i s d i c ti o n  to  d e m o n s tr a te  e q u i va l e n c y.

1 . 4 . 2    T h e  s ys te m ,  m e th o d ,  o r  d e vi c e  s h o u l d  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  au th o r i ty h a vi n g j u r i s d i c ti o n .

1 . 5  S ym b o l s ,  U n i ts ,  an d  Fo r m ul as .    T h e  u n i ts  o f m e as u r e  an d
s ym b o l s  u s e d  i n  th i s  r e c o m m e n d e d  p r a c ti c e  ar e  a s  d e s c r i b e d  i n
C h ap te r   4 .

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  r e c o m m e n d e d  p r ac ti c e  an d

s h o u l d  b e  c o n s i d e r e d  p a r t o f th e  r e c o m m e n d ati o n s  o f th i s
d o c u m e n t.

Δ 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 atte r ym ar c h  P ar k,  Qu i n c y,  M A 0 2 1 6 9 -7 4 7 1 .

N F PA  3 0 ,   Flammable and Combustible Liquids Code,  2 0 2 4
e d i ti o n .

N F PA  3 3 ,   Standard for Spray Application Using Flammable or
Combustible Materials,  2 0 2 1  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 .
N F PA  4 9 5 ,   Explosive Materials Code,  2 0 2 3  e d i ti o n .
N F PA  4 9 8 ,   Standard for Safe Havens and Interchange Lots for

Vehicles Transporting Explosives,  2 0 2 3  e d i ti o n .
N F PA  6 5 2 ,   Standard on the Fundamentals of Combustible Dust,

2 0 1 9  e d i ti o n .
N F PA  6 5 4 ,   Standard for the Prevention of Fire and Dust Explosions

from the Manufacturing,  Processing,  and Handling of Combustible
Particulate Solids,  2 0 2 0  e d i ti o n .

N F PA  1 1 2 4 ,   Code for the Manufacture,  Transportation,  and Stor‐
age of Fireworks and Pyrotechnic Articles,  2 0 2 2  e d i ti o n .

N F PA  1 1 2 5 ,   Code for the Manufacture of Model Rocket and High-
Power Rocket Motors,  2 0 2 2  e d i ti o n .
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2 0 2 4  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 .

Ro b i n s o n ,  K.  “ As s e s s  S ta ti c  Ri s ks  U s i n g  E l e c tr i c  F i e l d s , ”  P F F C
O n l i n e ,  www.pffc-online.com/static-beat/15664-assess-static-
risks-using-electric-felds,  M a y 2 0 1 9  ( ac c e s s e d  Ap r i l  2 0 2 2 ) .

2 . 4  Re fe re n c e s  fo r E x trac ts  i n  Re c o m m e n d ati o n s  S e c ti o n s .

N F PA  3 0 ,   Flammable and Combustible Liquids Code,  2 0 2 4
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 .

NFPA  70®,  National Electrical Code®,  2 0 2 3  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  a p p l y
to  th e  te r m s  u s e d  i n  th i s  r e c o m m e n d e d  p r ac ti c e .  Wh e r e  te r m s

a r e  n o t defned  i n  th i s  c h a p te r  o r  wi th i n  a n o th e r  c h a p te r,  th e y
s h o u l d  b e  defned  u s i n g th e i r  o r d i n ar i l y ac c e p te d  m e a n i n g s
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 ,  i s  th e  s o u r c e  fo r  th e  o r d i n a‐
r 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 r g an i z a ti o n ,
offce,  o r  i n d i vi d u a l  r e s p o n s i b l e  fo r  e n fo r c i n g th e  r e q u i r e m e n ts
o f a  c o d e  o r  s tan d ar d ,  o r  fo r  a p p r o vi n g  e q u i p m e n t,  m ate r i a l s ,

a n  i n s ta l l ati o n ,  o r  a p r o c e d u r e .

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

au th o r i ty h avi n g  j u r i s d i c ti o n  a n d  c o n c e r n e d  wi th  e va l u ati o n  o f
p r o d u c ts  o r  s e r vi c e s ,  th at m ai n ta i n s  p e r i o d i c  i n s p e c ti o n  o f

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

s tan d ar d s  o r  h a s  b e e n  te s te d  a n d  fo u n d  s u i tab l e  fo r  a specifed
p u r p o s e .

3 . 2 . 4  Re c o m m e n d e d  P rac ti c e .    An  N F PA s ta n d a r d  s i m i l ar  i n
c o n te n t a n d  s tr u c tu r e  to  a  c o d e  o r  s tan d ar d  b u t th at c o n tai n s
o n l y n o n m a n d ato r y p r o vi s i o n s  u s i n g  th e  wo r d  “ s h o u l d ”  to  i n d i ‐

c a te  r e c o m m e n d ati o n s  i n  th e  b o d y o f th e  te x t.

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

3 . 3 *  G e n e ral  Defnitions.

3 . 3 . 1  An ti s tati c .    C ap ab l e  o f d i s s i p ati n g  a s tati c  e l e c tr i c  c h ar g e
a t an  a c c e p ta b l e  r ate  fo r  th e  i n te n d e d  p u r p o s e .

3 . 3 . 1 . 1 *  Antistatic Additive.    An  a d d i ti ve  u s e d  to  i n c r e as e  th e
s u r fac e  o r  vo l u m e  c o n d u c ti vi ty o f a l i q u i d  o r  s o l i d  m a te r i al .

3 . 3 . 2 *  B o n d i n g.    F o r  th e  p u r p o s e  o f c o n tr o l l i n g  s ta ti c  e l e c tr i c
h a z a r d s ,  th e  p r o c e s s  o f c o n n e c ti n g  two  o r  m o r e  c o n d u c ti ve

o b j e c ts  to g e th e r  b y m e a n s  o f a c o n d u c to r  s o  th a t th e y ar e  a t th e
s a m e  e l e c tr i c al  p o te n ti a l ,  b u t n o t n e c e s s ar i l y a t th e  s am e  p o te n ‐

ti a l  as  th e  e a r th .

3 . 3 . 3  B re akd o wn  S tre n gth .    T h e  m i n i m u m  e l e c tr i c  feld,  m e a s ‐
u r e d  i n  vo l ts  p e r  m e te r,  n e c e s s a r y to  c a u s e  a  s p ar k th r o u gh  a

m ate r i al  th at i s  h e l d  b e twe e n  e l e c tr o d e s  th at p r o d u c e  a
u n i fo r m  e l e c tr i c  feld  u n d e r  specifed  te s t c o n d i ti o n s .

3 . 3 . 4  B re akd o wn  Vo l tage .    T h e  m i n i m u m  vo l ta ge ,  n e c e s s ar y to
c a u s e  a s p ar k th r o u g h  a m ate r i a l  u n d e r  a  g i ve n  s e t o f c o n d i ‐
ti o n s .

3 . 3 . 5 *  C ap ac i tan c e .    T h e  am o u n t o f c h a r ge ,  m e as u r e d  i n
c o u l o m b s  p e r  vo l t o r  i n  far ad s ,  th at m u s t b e  s to r e d  o n  a s p e c i ‐
fed  b o d y o r  m ate r i al  to  r ai s e  th e  p o te n ti a l  d i ffe r e n c e  b y 1   vo l t.

3 . 3 . 6  C h arge .    A c o l l e c ti o n  o r  i m b a l an c e  o f e l e c tr o n s  o r  o f
p o s i ti ve  o r  n e g ati ve  i o n s  th a t c an  a c c u m u l a te  o n  b o th  c o n d u c ‐

to r s  an d  i n s u l a to r s  an d  th a t h as  b o th  m ag n i tu d e  an d  p o l a r i ty.
M o ve m e n t o f c h a r ge  c o n s ti tu te s  an  e l e c tr i c  c u r r e n t.  E x c e s s  o r
defciency o f e l e c tr o n s  i s  e x p r e s s e d  i n  c o u l o m b s .  An  e l e c tr o n

c a r r i e s  a c h ar g e  o f –1 . 6  ×  1 0 -1 9  c o u l o m b .

3 . 3 . 6 . 1  Charge Decay Time.    T h e  ti m e  fo r  s tati c  e l e c tr i c
c h a r ge  to  b e  r e d u c e d  to  a specifed  p e r c e n ta ge  o f th e  c h ar ‐

g e ' s  o r i g i n a l  m ag n i tu d e .

3 . 3 . 6 . 2  Charge Density.    T h e  c h a r ge  p e r  u n i t a r e a o n  a
s u r fac e  o r  th e  c h a r ge  p e r u n i t vo l u m e  i n  s p ac e .  S u r fa c e

c h a r ge  d e n s i ty i s  m e as u r e d  i n  c o u l o m b s  p e r  s q u ar e  m e te r.
Vo l u m e  c h a r ge  d e n s i ty,  al s o  c al l e d  space charge density o r

space charge,  i s  m e a s u r e d  i n  c o u l o m b s  p e r  c u b i c  m e te r.

3 . 3 . 6 . 3  Charge Relaxation.    T h e  p r o c e s s  b y wh i c h  s e p ar ate d
c h a r ge s  r e c o m b i n e  o r  b y wh i c h  e x c e s s  c h ar g e  i s  l o s t fr o m  a

s ys te m .

3 . 3 . 7  C h argi n g.

3 . 3 . 7 . 1  Induction Charging.    T h e  ac t o f c h a r gi n g a n  o b j e c t b y
b r i n gi n g i t n e a r  an o th e r  c h ar g e d  o b j e c t,  th e n  to u c h i n g  th e
frst o b j e c t to  gr o u n d ;  al s o  kn o wn  a s  induction.  C h a r ge  p o l ar ‐

i z a ti o n  i s  i n d u c e d  o n  a g r o u n d e d  o b j e c t i n  th e  vi c i n i ty o f a
c h a r ge d  s u r fa c e  d u e  to  th e  e l e c tr i c  feld  e x i s ti n g b e twe e n

th e  o b j e c t an d  th e  s u r fac e .  I f th e  gr o u n d  c o n n e c ti o n  i s
r e m o ve d  fr o m  th e  o b j e c t d u r i n g  th i s  p e r i o d ,  th e  i n d u c e d

c h a r ge  r e m ai n s  o n  th e  o b j e c t.  I n d u c ti o n  c h a r gi n g o c c u r s
wh e r e  a  p e r s o n  wa l ks  fr o m  a c o n d u c ti ve  foor  c o ve r i n g  o n to
a n  i n s u l ati n g  foor  i n  th e  p r e s e n c e  o f an  e l e c tr i c  feld.

3 . 3 . 7 . 2 *  Triboelectric Charging.    S tati c  e l e c tr i c  c h ar g i n g  th at
r e s u l ts  fr o m  c o n tac t o r  fr i c ti o n  b e twe e n  two  d i s s i m i l ar  m a te ‐
r i al s ;  al s o  kn o wn  as  fr i c ti o n a l  c h a r gi n g an d  c o n ta c t-

s e p ar a ti o n  c h ar g i n g .

3 . 3 . 8  C o m b u s ti b l e .    C ap a b l e  o f u n d e r go i n g c o m b u s ti o n .

3 . 3 . 9  C o m b u s ti b l e  D u s t.    F o r th e  p u r p o s e s  o f th i s  r e c o m m e n ‐
d e d  p r ac ti c e ,  a c o m b u s ti b l e  p ar ti c u l a te  s o l i d  th at p r e s e n ts  a fre

o r  defagration  h a z a r d  wh e n  s u s p e n d e d  i n  a i r  o r  o th e r  o x i d i z ‐
i n g m e d i u m  o ve r  a  r an g e  o f c o n c e n tr ati o n s ,  r e ga r d l e s s  o f p ar ti ‐
c l e  s i z e  o r  s h a p e .

3 . 3 . 1 0  C o m b u s ti o n .    A c h e m i c al  p r o c e s s  o f o x i d ati o n  th a t
o c c u r s  at a  r a te  fa s t e n o u g h  to  p r o d u c e  h e a t an d  u s u al l y l i g h t

i n  th e  fo r m  o f e i th e r  a  g l o w o r a fame.

3 . 3 . 1 1  C o n d u c ti ve .    P o s s e s s i n g  th e  a b i l i ty to  a l l o w th e  fow o f
an  e l e c tr i c  c h ar g e ;  typ i c al l y,  l i q u i d s  p o s s e s s i n g  a c o n d u c ti vi ty

g r e ate r  th a n  1 0 4  p i c o s i e m e n s  p e r  m e te r  ( p S / m )  o r  s o l i d s
h a vi n g a  r e s i s ti vi ty l e s s  th an  1 0 5  o h m -m e te r s  ( Ω - m ) .

3 . 3 . 1 2 *  C o n d u c ti vi ty (σL ) .    T h e  r e c i p r o c al  o f r e s i s ti vi ty,  th a t i s ,
1 / r e s i s ti vi ty.  An  i n tr i n s i c  p r o p e r ty o f a s o l i d  o r  l i q u i d  th at

g o ve r n s  th e  way e l e c tr i c al  c h a r ge s  m o ve  a c r o s s  i ts  s u r fac e  o r
th r o u g h  i ts  b u l k.
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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 a te r i a l . 2 0 2 4  E d i t i o n

3 . 3 . 1 3  C o n d uc to r.    A m ate r i a l  o r  o b j e c t th a t al l o ws  an  e l e c tr i c
c h a r ge  to  fow e as i l y th r o u gh  i t.

3 . 3 . 1 4  C ur re n t ( I ) .    A m e a s u r e  o f th e  r ate  o f tr an s p o r t o f e l e c ‐
tr i c  c h a r ge  p as t a specifed  p o i n t o r  a c r o s s  a specifed  s u r fa c e .

T h e  s ym b o l  I  i s  g e n e r al l y u s e d  fo r  c o n s tan t c u r r e n ts ,  an d  th e
s ym b o l  i  i s  u s e d  fo r  ti m e - va r i ab l e  c u r r e n ts .  T h e  u n i t o f c u r r e n t

i s  th e  am p e r e ;  1  a m p e r e  e q u al s  1  c o u l o m b / s e c  ( 6 . 2 4  ×  1 0 1 8

e l e c tr o n s / s e c ) .

3 . 3 . 1 4 . 1  Charging Current (Ic) .    T h e  r ate  o f fow o f c h ar g e
i n to  a g i ve n  s ys te m  p e r  u n i t o f ti m e ,  e x p r e s s e d  i n  am p e r e s .

3 . 3 . 1 4 . 2  Streaming Current (Is) .    T h e  c u r r e n t p r o d u c e d  b y
th e  fow o f a c h ar g e d  l i q u i d  o r s o l i d .

N 3 . 3 . 1 5  Defagration.    P r o p ag ati o n  o f a c o m b u s ti o n  z o n e  a t a
ve l o c i ty th a t i s  l e s s  th an  th e  s p e e d  o f s o u n d  i n  th e  u n r e a c te d

m e d i u m .  [ 6 8 ,  2 0 1 8 ]

3 . 3 . 1 6 *  D i e l e c tri c  C o n s tan t.    T h e  r a ti o  o f th e  p e r m i tti vi ty o f a
m a te r i al  to  th e  p e r m i tti vi ty o f a va c u u m  th at i n d i c a te s  a  m ate r i ‐
al ' s  ab i l i ty,  r e l ati ve  to  a vac u u m ,  to  s to r e  e l e c tr i c a l  e n e r g y o r

c h a r ge ,  wh e r e  th e  m ate r i a l  i s  p l ac e d  i n  a n  e l e c tr i c  feld.

3 . 3 . 1 7 *  D i e l e c tri c  S tre n gth .    T h e  m a x i m u m  e l e c tr i c al  p o te n ‐
ti a l  g r ad i e n t ( e l e c tr i c  feld)  th a t a  m ate r i a l  c an  wi th s tan d  wi th ‐

o u t e l e c tr i c  b r e a kd o wn ,  u s u al l y specifed  i n  vo l ts  p e r  m i l l i m e te r
o f th i c kn e s s ;  a l s o  kn o wn  as  electric strength o r  breakdown strength.

3 . 3 . 1 8  D i s c h arge .

3 . 3 . 1 8 . 1 *  Brush Discharge.    A h i g h e r  e n e r g y fo r m  o f c o r o n a
d i s c h ar g e  c h a r ac te r i z e d  b y l o w- fr e q u e n c y b u r s ts  o r  b y

s tr e am e r s ,  wh i c h  c an  fo r m  b e twe e n  c h ar g e d  n o n c o n d u c ti ve
s u r fac e s  an d  g r o u n d e d  c o n d u c to r s .

3 . 3 . 1 8 . 2 *  Bulking Brush Discharge.    A p ar ti a l  s u r fa c e
d i s c h ar g e  o ve r  th e  to p  o f s o l i d  p i l e s  th at i s  c r e a te d  d u r i n g

b u l ki n g  o f p o wd e r  i n  c o n ta i n e r s  an d  th at a p p e a r s  a s  a  l u m i ‐
n o u s ,  b r an c h e d  c h a n n e l  fashing  r ad i a l l y fr o m  th e  wa l l

to war d  th e  c e n te r  o f th e  p i l e .

3 . 3 . 1 8 . 3 *  Corona Discharge.    A l o w e n e r g y e l e c tr i c al
d i s c h ar g e  th at r e s u l ts  fr o m  a l o c a l i z e d  e l e c tr i c al  b r e a kd o wn

o f ga s e s  n e a r  s h a r p  c o n d u c ti ve  e d g e s ,  n e e d l e  p o i n ts ,  an d
wi r e s .

3 . 3 . 1 8 . 4 *  Propagating Brush Discharge.    An  e n e r g e ti c
d i s c h ar g e  c au s e d  b y e l e c tr i c al  b r e a kd o wn  ac r o s s  a  d i e l e c tr i c

l aye r  h avi n g  e q u a l  an d  o p p o s i te  c h ar g e s  o n  th e  o p p o s i te
s i d e s  o f th e  l aye r.

3 . 3 . 1 9 *  D i s s i p ati ve .    A m a te r i al  o r  a c o n s tr u c ti o n  th at wi l l
r e d u c e  s ta ti c  c h ar g e  to  ac c e p tab l e  l e ve l s .

3 . 3 . 2 0 *  D o u b l e  L aye r.    A p h e n o m e n o n  u s u al l y as s o c i ate d  wi th
a  s o l i d –l i q u i d  i n te r fa c e  wh e r e  i o n s  o f o n e  c h ar g e  typ e  a r e  fxed

to  th e  s u r fa c e  o f th e  s o l i d ,  an d  a n  e q u a l  n u m b e r  o f m o b i l e  i o n s
o f o p p o s i te  c h a r ge  ar e  d i s tr i b u te d  th r o u g h  th e  n e i g h b o r i n g

r e g i o n  o f th e  l i q u i d .

3 . 3 . 2 1  E l e c tro m e te r.    A d e vi c e  u s e d  to  m e as u r e  s tati c  e l e c tr i c
c h a r ge  wi th  h i g h -i n p u t i m p e d a n c e ,  typ i c a l l y g r e ate r  th an  1 0 1 3

o h m s ,  wh i c h  d r a ws  n e gl i g i b l e  c u r r e n t fr o m  th e  m e as u r e d
o b j e c t.

3 . 3 . 2 2  Fl am m ab l e  L i m i t.

3 . 3 . 2 2 . 1  Lower Flammable Limit (LFL) .    T h e  l o we s t m o l a r
( o r  vo l u m e )  c o n c e n tr ati o n  o f a c o m b u s ti b l e  s u b s ta n c e  i n  a n

o x i d i z i n g  m e d i u m  th at wi l l  p r o p a ga te  a fame.

3 . 3 . 2 2 . 2  Upper Flammable Limit (UFL) .    T h e  h i g h e s t m o l a r
( o r  vo l u m e )  c o n c e n tr ati o n  o f a c o m b u s ti b l e  s u b s ta n c e  i n  a n

o x i d i z i n g  m e d i u m  th at wi l l  p r o p a ga te  a fame.

Δ 3 . 3 . 2 3  G ro u n d e d  ( G ro u n d i n g) .    C o n n e c te d  ( c o n n e c ti n g )  to
gr o u n d  o r  to  a c o n d u c ti ve  b o d y th a t e x te n d s  th e  g r o u n d

c o n n e c ti o n .  [ 7 0 ,  2 0 2 3 ]

N 3 . 3 . 2 4  G ro u n d i n g E l e c tro d e  C o n d u c to r.    A c o n d u c to r  u s e d  to
c o n n e c t th e  s ys te m  gr o u n d e d  c o n d u c to r  o r  th e  e q u i p m e n t to  a

gr o u n d i n g  e l e c tr o d e  o r  to  a p o i n t o n  th e  g r o u n d i n g  e l e c tr o d e
s ys te m .  [ 7 0 ,  2 0 2 3 ]

3 . 3 . 2 5  I gn i ti b l e  M i x tu re .    A ga s –ai r,  va p o r –ai r,  m i s t–ai r,  o r
d u s t–ai r  m i x tu r e ,  o r  c o m b i n a ti o n s  o f s u c h  m i x tu r e s ,  th at c a n

b e  i gn i te d  b y a  suffciently s tr o n g  s o u r c e  o f e n e r g y,  s u c h  as  a
s tati c  e l e c tr i c  d i s c h a r ge .

3 . 3 . 2 6  I gn i ti o n  E n e rgy.    T h e  e n e r g y r e q u i r e d  to  e ffe c t i gn i ti o n
o f a specifed  fu e l  m i x tu r e  u n d e r  specifed  c o n d i ti o n s  o f te s t.

3 . 3 . 2 6 . 1  Minimum Ignition Energy (MIE) .    T h e  e n e r g y,
u s u al l y e x p r e s s e d  i n  m i l l i j o u l e s ,  s to r e d  i n  a c ap ac i to r  th at,

u p o n  d i s c h ar g e ,  i s  j u s t suffcient to  e ffe c t i gn i ti o n  o f th e
m o s t i g n i ti b l e  m i x tu r e  o f a g i ve n  fu e l  m i x tu r e  u n d e r  s p e c i ‐
fed  te s t c o n d i ti o n s .

3 . 3 . 2 7  I n c e n d i ve .    Ab l e  to  c a u s e  i g n i ti o n .

3 . 3 . 2 8  I n d u c ti o n .    T h e  p r o c e s s  b y wh i c h  c h a r ge s  ar e  m o ve d  to
n e w l o c a ti o n s  o n  a c o n d u c to r  b y th e  a c ti o n  o f an  e l e c tr i c  feld

o r  th e  m o ve m e n t o f a c o n d u c to r  i n to  th e  infuence  o f an  e x i s t‐
i n g e l e c tr i c  feld.

3 . 3 . 2 9 *  I n d u c ti o n  B ar.    A d e vi c e  th a t p r o d u c e s  a i r  i o n s  b y
m e a n s  o f c o r o n a d i s c h a r ge  wh e n  i n  c l o s e  p r o x i m i ty to  a

c h a r ge d  n o n c o n d u c ti ve  s u r fa c e .

3 . 3 . 3 0  I n e r t G as .    F o r  th e  p u r p o s e  o f c o n tr o l l i n g s tati c  e l e c tr i c
h a z a r d s ,  a  nonfammable,  n o n r e a c ti ve  ga s  th at r e n d e r s  th e
c o m b u s ti b l e  m a te r i al  i n  a s ys te m  i n c a p ab l e  o f s u p p o r ti n g

c o m b u s ti o n .

3 . 3 . 3 1  I o n i z ati o n .    A p r o c e s s  b y wh i c h  a  n e u tr al  ato m  o r  m o l e ‐
c u l e  l o s e s  o r  g ai n s  e l e c tr o n s ,  th e r e b y a c q u i r i n g a n e t c h ar g e

a n d  b e c o m i n g an  i o n .

N 3 . 3 . 3 2  L i q u i d .

N 3 . 3 . 3 2 . 1 *  Combustible Liquid.    An  i gn i ti b l e  l i q u i d  th at i s  c l as ‐
sifed  as  a C l as s   I I  o r  C l as s   I I I  l i q u i d .  [ 3 0 ,  2 0 2 4 ]

N 3 . 3 . 3 2 . 2 *  Flammable Liquid.    An  i gn i ti b l e  l i q u i d  th at i s  c l a s ‐
sifed  as  a C l as s   I  l i q u i d .  [ 3 0 ,  2 0 2 4 ]

N 3 . 3 . 3 2 . 3  Ignitible Liquid.    An y l i q u i d  o r  l i q u i d  m i x tu r e  th at
h as  a m e as u r a b l e  c l o s e d -c u p  fash  p o i n t.  [ 3 0 ,  2 0 2 4 ]

N 3 . 3 . 3 2 . 4  Liquid Class.    A u n i fo r m  s ys te m  o f c l as s i fyi n g i g n i ti ‐
b l e  l i q u i d s .  [ 3 0 ,  2 0 2 4 ]

N 3 . 3 . 3 2 . 4 . 1  Class I Liquid.    A l i q u i d  wi th  a  c l o s e d -c u p  fash
p o i n t b e l o w 3 7 . 8 ° C  ( 1 0 0 ° F ) .
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2 0 2 4  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 3 . 3 . 3 2 . 4 . 2  Class IA Liquid.    A l i q u i d  th at h a s  a fash  p o i n t
b e l o w 2 2 . 8 ° C  ( 7 3 ° F )  a n d  a  b o i l i n g p o i n t b e l o w 3 7 . 8 ° C

( 1 0 0 ° F ) .

N 3 . 3 . 3 2 . 4 . 3  Class IB Liquid.    A l i q u i d  th at h a s  a fash  p o i n t
b e l o w 2 2 . 8 ° C  ( 7 3 ° F )  a n d  a  b o i l i n g  p o i n t a t o r  ab o ve  3 7 . 8 ° C

( 1 0 0 ° F ) .

N 3 . 3 . 3 2 . 4 . 4  Class IC Liquid.    A l i q u i d  th a t h a s  a  fash  p o i n t at
o r  a b o ve  2 2 . 8 ° C  ( 7 3 ° F ) ,  b u t b e l o w 3 7 . 8 ° C  ( 1 0 0 ° F ) .

N 3 . 3 . 3 2 . 4 . 5  Class II Liquid.    A l i q u i d  wi th  a c l o s e d -c u p  fash
p o i n t at o r  ab o ve  3 7 . 8 ° C  ( 1 0 0 ° F )  b u t b e l o w 6 0 ° C  ( 1 4 0 ° F ) .

N 3 . 3 . 3 2 . 4 . 6  Class III Liquid.    A l i q u i d  wi th  a  c l o s e d - c u p  fash
p o i n t a t o r  ab o ve  6 0 ° C  ( 1 4 0 ° F ) .

N 3 . 3 . 3 2 . 4 . 7  Class IIIA Liquid.    A l i q u i d  th a t h as  a  fash  p o i n t
at o r  ab o ve  6 0 ° C  ( 1 4 0 ° F ) ,  b u t b e l o w 9 3 ° C  ( 2 0 0 ° F ) .

N 3 . 3 . 3 2 . 4 . 8  Class IIIB Liquid.    A l i q u i d  th at h as  a  fash  p o i n t
at o r  ab o ve  9 3 ° C  ( 2 0 0 ° F ) .

3 . 3 . 3 3  M e go h m e te r.    A m e te r  u s e d  to  m e as u r e  h i g h  r e s i s ta n c e
va l u e s  th a t typ i c al l y o p e r ate s  a t h i g h e r  te s t vo l tag e s  th an  s tan d ‐
ar d  o h m m e te r s ,  u s u a l l y i n  th e  r a n ge  o f 1 0 0   vo l ts  to  1 0 0 0   vo l ts .

3 . 3 . 3 4  M i n i m u m  E x p l o s i b l e  C o n c e n trati o n  ( M E C ) .    T h e
l o we s t c o n c e n tr a ti o n  o f a c o m b u s ti b l e  d u s t i n  ai r,  e x p r e s s e d  i n

g r am s  p e r  c u b i c  m e te r,  th at wi l l  p r o p a ga te  a fame.

3 . 3 . 3 5  N o n c o n d u c to r ( I n s u l ato r) .    A m ate r i a l  th at h a s  th e  a b i l ‐
i ty to  ac c u m u l ate  c h ar g e ,  e ve n  wh e n  i n  c o n tac t wi th  gr o u n d .

3 . 3 . 3 6  O h m s  p e r S q u are .    A u n i t o f s u r fac e  r e s i s ti vi ty d e te r ‐
m i n e d  b y u s e  o f a  s q u a r e  e l e c tr o d e  confguration  to  m e as u r e

th e  r e s i s tan c e .

3 . 3 . 3 7  Re l ax ati o n  T i m e  C o n s tan t (τ) .    T h e  ti m e ,  i n  s e c o n d s ,
fo r  c h ar g e  to  d e c ay b y O h m ' s  l aw to  e –1  ( 3 6 . 7  p e r c e n t)  o f i ts

i n i ti a l  val u e .  F o r  a c ap ac i to r,  th e  r e l ax ati o n  ti m e  c o n s tan t i s  th e
p r o d u c t o f r e s i s tan c e  ( o h m s )  a n d  c ap a c i tan c e  ( fa r ad s ) .

3 . 3 . 3 8  Re s i s tan c e  (R) .    T h e  o p p o s i ti o n  th at a  m a te r i al  o ffe r s  to
th e  fow o f c u r r e n t,  e x p r e s s e d  i n  o h m s ,  an d  wh i c h  i s  e q u a l  to

th e  vo l ta ge  ( V,  i n  vo l ts )  b e twe e n  two  p o i n ts  d i vi d e d  b y th e
c u r r e n t ( I,  am p e r e s )  th at fows  b e twe e n  th o s e  p o i n ts .

3 . 3 . 3 9  Re s i s ti vi ty.    T h e  i n tr i n s i c  p r o p e r ty o f a h o m o ge n e o u s
m a te r i al  th at o p p o s e s  th e  fow o f e l e c tr i c  c u r r e n t.  A l o w r e s i s ti v‐

i ty ( h i gh  c o n d u c ti vi ty)  i n d i c ate s  a m ate ri a l  th a t r e a d i l y al l o ws
th e  m o ve m e n t o f e l e c tr i c a l  c h ar g e .  T h e  r e s i s ti vi ty a c r o s s  th e
s u r fac e  o f a m a te r i al  wi l l  d i ffe r  fr o m  th e  r e s i s ti vi ty th r o u g h  a

vo l u m e  o f th e  s a m e  m a te r i al .  Al s o ,  th e  resistance o f a  m a te r i al
d e p e n d s  o n  i ts  r e s i s ti vi ty a n d  i ts  g e o m e tr y.  Re s i s ti vi ty i s  th e
r e c i p r o c al  o f c o n d u c ti vi ty.

3 . 3 . 3 9 . 1  Surface Resistivity.    T h e  e l e c tr i c  r e s i s tan c e  o f th e
s u r fac e  o f an  i n s u l ato r,  i n  o h m s  p e r  s q u ar e ,  a s  m e a s u r e d

b e twe e n  th e  o p p o s i te  s i d e s  o f a s q u a r e  o n  th e  s u r fac e ,  an d
wh o s e  val u e  i n  o h m s  i s  i n d e p e n d e n t o f th e  s i z e  o f th e
s q u a r e  o r  th e  th i c kn e s s  o f th e  s u r fa c e  flm.

3 . 3 . 3 9 . 2 *  Volume Resistivity.    T h e  i n tri n s i c  p r o p e r ty o f a
m a te r i al  th at o ffe r s  r e s i s ta n c e  to  th e  fow o f e l e c tr i c  c u r r e n t
th r o u g h  th e  m ate r i a l ,  e x p r e s s e d  i n  o h m -m e te r s  ( o h m -m )  o r

o h m -c e n ti m e te r s  ( o h m -c m ) .

3 . 3 . 4 0  S e m i c o n d u c ti ve  ( S tati c  D i s s i p ati ve ) .    L i q u i d s  th at typ i ‐
c a l l y p o s s e s s  a  c o n d u c ti vi ty b e twe e n  1 0 2  p S / m  an d  1 0 4  p S / m  o r

s o l i d s  th at typ i c a l l y p o s s e s s  a  r e s i s ti vi ty b e twe e n  1 0 5  Ω -m  an d  1 0 9

Ω -m .

3 . 3 . 4 1  S p ark.    A s h o r t-d u r a ti o n  e l e c tr i c  d i s c h ar g e  d u e  to  a
s u d d e n  b r e akd o wn  o f ai r  o r  s o m e  o th e r  i n s u l ati n g  m a te r i al
s e p ar a ti n g two  c o n d u c to r s  at d i ffe r e n t e l e c tr i c  p o te n ti a l s ,
ac c o m p a n i e d  b y a m o m e n ta r y fash  o f l i g h t;  al s o  kn o wn  as  elec‐
tric spark,  spark discharge,  an d  sparkover.

3 . 3 . 4 2  S tati c  E l e c tri c  D i s c h arge .    A r e l e as e  o f s ta ti c  e l e c tr i c i ty
i n  th e  fo r m  o f a s p ar k,  c o r o n a d i s c h a r ge ,  b r u s h  d i s c h ar g e ,  b u l k‐
i n g  b r u s h  d i s c h ar g e ,  o r  p r o p ag ati n g  b r u s h  d i s c h a r ge  th at
m i gh t b e  c a p ab l e  o f c a u s i n g  i gn i ti o n  o f a fammable  atm o s ‐
p h e r e  u n d e r  a p p r o p r i a te  c i r c u m s tan c e s .

3 . 3 . 4 3  S tati c  E l e c tri c i ty.    T h e  b r an c h  o f e l e c tr i c a l  s c i e n c e  d e a l ‐
i n g  wi th  th e  e ffe c ts  o f th e  ac c u m u l ati o n  o f e l e c tr i c  c h a r ge .

3 . 3 . 4 4 *  S ur fac e  S tre am e r.    A s u r fa c e -to -wal l  d i s c h a r ge
o b s e r ve d  o n  c h ar g e d  l i q u i d s  d u r i n g ta n ke r  flling,  a p p e ar i n g  a s
a fash  u p  to  3 0   c m  ( 1 1 . 8   i n . )  l o n g  an d  a c c o m p a n i e d  b y a c r ac k‐
l i n g  s o u n d .

3 . 3 . 4 5 *  Tri b o e l e c tri c  S e ri e s .    A r an ki n g  o f m a te r i al s  a c c o r d i n g
to  th e i r  affnity to  a c c e p t o r  d o n ate  e l e c tr o n s .

N 3 . 3 . 4 6  Verifed  G ro u n d  P o i n t.    A gr o u n d  r o d  o r  g r o u n d  g r i d
wi th  a r e s i s ta n c e  o f l e s s  th an  1  ×  1 0 6  o h m s .

C h ap te r 4    U n i ts  an d  S ym b o l s  o f M e as ure

4 . 1  U n i ts .  ( Re s e r ve d )

4 . 2  S ym b o l s .    T h e  fo l l o wi n g  s ym b o l s  a r e  u s e d  th r o u g h o u t th i s
r e c o m m e n d e d  p r ac ti c e  an d  a r e  defned  as  fo l l o ws :

Δ C = c a p ac i ta n c e  ( far a d s )
D = th i c kn e s s  ( m e te r s )

d = d i a m e te r  [ m e te r s  ( fe e t) ]
E = e l e c tr i c  feld  s tr e n g th  ( vo l ts  p e r  m e te r )

e = b a s e  o f N a p i e r i an  ( n a tu ral )  l o ga r i th m s  =  2 . 7 1 8
ℇ = e l e c tr i c a l  p e r m i tti vi ty o f a  m a te r i al  ( fa r ad s  p e r  

m e te r )
ℇ0 = e l e c tr i c a l  p e r m i tti vi ty o f a  va c u u m  ( 8 . 8 4 5  ×  

1 0 -1 2 far a d s  p e r  m e te r )
ℇr = r e l ati ve  d i e l e c tr i c  c o n s ta n t o f a  m a te r i al  

( d i m e n s i o n l e s s )
F = vo l u m e tr i c  fow [ c u b i c  m e te r s  p e r  h o u r  ( g al l o n s  

p e r  m i n u te ) ]
I = e l e c tr i c  c u r r e n t ( am p e r e s )

Is = s tr e am i n g  c u r r e n t ( am p e r e s )
m A = m i l l i am p e r e s  =  1  ×  1 0 -3  am p e r e s
σL = l i q u i d  c o n d u c ti vi ty ( s i e m e n s  p e r  m e te r )
σq = s u r fac e  c h a r ge  d e n s i ty ( c o u l o m b s  p e r  s q u ar e  

m e te r )
μ = i o n  m o b i l i ty ( s q u a r e  m e te r s  p e r  vo l t-s e c o n d )

μ A = m i c r o a m p e r e s  =  1  ×  1 0 -6  a m p e r e s
μ m = m i c r o m e te r s  ( m i c r o n s )  =  1  ×  1 0 -6  m e te r

Ω = e l e c tr i c  r e s i s tan c e  ( o h m s )
Ω - m = e l e c tr i c a l  r e s i s ti vi ty ( o h m -m e te r s )

Q = q u an ti ty o f e l e c tr i c a l  c h ar g e  ( c o u l o m b s )
R = e l e c tr i c a l  r e s i s tan c e  ( o h m s )
ρq = s u r fac e  c h a r ge  d e n s i ty ( c o u l o m b s  p e r  c u b i c  m e te r )
ρv = vo l u m e tr i c  r e s i s ti vi ty ( o h m -m e te r s )

(continues)
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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  a n d  fgure/table  r e vi s i o n s .  •  =  S e c ti o n  d e l e ti o n s .  N  =  N e w m a te r i a l . 2 0 2 4  E d i t i o n

S = e l e c tr i c a l  c o n d u c tan c e  ( s i e m e n s )
t = e l ap s e d  ti m e  ( s e c o n d s )
t = c h a r ge  r e l a x a ti o n  ti m e  c o n s tan t ( s e c o n d s )

U = we b  s p e e d  ( m e te r s  p e r  s e c o n d )
ν = fow ve l o c i ty [ m e te r s  p e r  s e c o n d  ( fe e t p e r  s e c o n d ) ]

V = e l e c tr i c a l  p o te n ti al  d i ffe r e n c e  ( vo l ts )
W = e n e r g y o r  wo r k d o n e  ( j o u l e s )

C h ap te r  5       Fu n d am e n tal s  o f S tati c  E l e c tri c i ty

5 . 1  G e n e ral .

5 . 1 . 1    T h e  m o s t c o m m o n  e x p e r i e n c e s  o f s tati c  e l e c tr i c i ty a r e
th e  c r ac kl i n g a n d  c l i n g i n g  o f fab r i c s  a s  th e y ar e  r e m o ve d  fr o m

a  c l o th e s  d r ye r  o r  th e  e l e c tr i c  s h o c k fe l t wh e n  to u c h i n g a m e tal
o b j e c t afte r  wal ki n g  a c r o s s  a c a r p e te d  foor  o r  s te p p i n g  o u t o f
an  au to m o b i l e .  N e a r l y e ve r yo n e  r e c o g n i z e s  th at th e s e  p h e n o m ‐

e n a  o c c u r  m a i n l y wh e n  th e  a tm o s p h e r e  i s  ve r y d r y,  p ar ti c u l ar l y
i n  wi n te r.  To  m o s t p e o p l e ,  s ta ti c  e l e c tr i c i ty i s  s i m p l y a n  an n o y‐
an c e .  I n  m an y i n d u s tr i e s ,  p a r ti c u l a r l y th o s e  wh e r e  c o m b u s ti b l e

m ate r i al s  ar e  h a n d l e d ,  s tati c  e l e c tr i c i ty c an  c au s e  fres  o r  e x p l o ‐
s i o n s .

5 . 1 . 2    T h e  wo r d  electricity i s  d e r i ve d  fr o m  elektron,  th e  a n c i e n t
Gre e k wo r d  fo r  amber.  T h e  p h e n o m e n o n  o f electrifcation  wa s
frst n o ti c e d  wh e n  p i e c e s  o f a m b e r  we r e  r u b b e d  b r i s kl y.  F o r

c e n tu r i e s ,  th e  wo r d  electricity h ad  n o  m e a n i n g  o th e r  th an  th e
ab i l i ty o f s o m e  s u b s ta n c e s  to  a ttr ac t o r  r e p e l  l i g h twe i gh t o b j e c ts
afte r  b e i n g  r u b b e d  wi th  a  m a te r i al  s u c h  a s  s i l k o r  wo o l .  S tr o n ‐

g e r  electrifcation  a c c o m p a n i e d  b y l u m i n o u s  e ffe c ts  a n d  s m a l l
s p ar ks  was  frst o b s e r ve d  a b o u t 3 0 0  ye a r s  a go  b y O tto  vo n
Gu e r i c ke .

5 . 1 . 3    I n  c o m p ar ati ve l y r e c e n t ti m e s ,  wh e n  th e  p r o p e r ti e s  o f
fowing  ( c u r r e n t)  e l e c tr i c i ty we r e  d i s c o ve r e d ,  th e  te r m  static

c a m e  i n to  u s e  to  d i s ti n gu i s h  a c h a r ge  th at wa s  a t r e s t fr o m  o n e
th at was  i n  m o ti o n .  To d ay th e  te r m  i s  u s e d  to  d e s c r i b e  p h e n o m ‐
e n a th at o r i g i n a te  fr o m  a n  e l e c tr i c  c h a r ge ,  r e g ar d l e s s  o f

wh e th e r  th e  c h a r ge  i s  at r e s t o r  i n  m o ti o n .

5 . 1 . 4    Al l  m a te r i al s ,  wh e th e r  s o l i d  o r  fuid,  ar e  c o m p o s e d  o f
vari o u s  a r r an g e m e n ts  o f ato m s .  Ato m s  a r e  c o m p o s e d  o f p o s i ‐

ti ve l y c h ar g e d  n u c l e ar  c o m p o n e n ts ,  wh i c h  gi ve  th e m  m as s ,
s u rr o u n d e d  b y n e g ati ve l y c h ar g e d  e l e c tr o n s .  Ato m s  c a n  b e

c o n s i d e r e d  e l e c tr i c al l y n e u tr a l  i n  th e i r  n o r m al  s tate ,  m e an i n g
th at th e r e  ar e  e q u al  am o u n ts  o f p o s i ti ve  a n d  n e g ati ve  c h ar g e .
T h e y c an  b e c o m e  c h ar g e d  wh e r e  th e r e  i s  an  e x c e s s  o r  a  def‐
ciency o f e l e c tr o n s  r e l ati ve  to  th e  n e u tr a l  s ta te .  E l e c tr o n s  ar e

m o b i l e  an d  o f insignifcant m as s  an d  ar e  th e  c h a r ge  c ar r i e r s
m o s t a s s o c i a te d  wi th  s tati c  e l e c tr i c i ty.

5 . 1 . 5    I n  m a te r i al s  th a t ar e  c o n d u c to r s  o f e l e c tr i c i ty,  s u c h  a s
m e tal s ,  e l e c tr o n s  c a n  m o ve  fr e e l y.  I n  m a te r i al s  th at ar e  i n s u l a‐

to rs ,  e l e c tr o n s  ar e  m o r e  ti gh tl y b o u n d  to  th e  n u c l e i  o f th e
ato m s  an d  ar e  n o t fr e e  to  m o ve .  E x a m p l e s  o f m ate r i a l s  th at
o fte n  a r e  i n s u l a to r s  i n c l u d e  gl as s ,  r u b b e r,  p l a s ti c s ,  ga s e s ,  p ap e r,

a n d  p e tr o l e u m  p r o d u c ts .

5 . 1 . 6    T h e  m o b i l i ty o f e l e c tr o n s  i n  m a te r i al s  kn o wn  a s  s e m i c o n ‐
d u c to r s  i s  fr e e r  th an  i n  i n s u l ato r s  b u t i s  s ti l l  l e s s  th an  i n

c o n d u c to r s .  S e m i c o n d u c ti ve  m ate r i a l s  ar e  c o m m o n l y c h a r ac te r ‐
i z e d  b y th e i r  h i g h  e l e c tr i c a l  r e s i s ta n c e ,  wh i c h  c an  b e  m e as u r e d
wi th  a m e go h m m e te r.

5 . 1 . 7    I n  o th e r wi s e  i n s u l ati n g  fuids,  a n  e l e c tr o n  c an  s e p a r ate
fr o m  o n e  ato m  an d  m o ve  fr e e l y o r  atta c h  to  a n o th e r  a to m  to

fo r m  a  n e ga ti ve  i o n .  T h e  a to m  l o s i n g th e  e l e c tr o n  th e n
b e c o m e s  a  p o s i ti ve  i o n .  I o n s  a r e  c h a r ge d  ato m s  an d  m o l e c u l e s .

5 . 1 . 8    U n l i ke  c h a r ge s  a ttr ac t e a c h  o th e r,  an d  th e  attr ac ti ve
fo r c e  c an  d r a w th e  c h a r ge s  to g e th e r  i f th e  c h a r ge s  ar e  m o b i l e .
T h e  e n e r gy s to r e d  i s  th e  r e s u l t o f th e  wo r k d o n e  to  s e p ar a te  th e

c h a r ge s .

5 . 2  S e p arati o n  o f C h arge  b y C o n tac t o f M ate ri al s .    S e p ar a ti o n
o f c h a r ge  c an n o t b e  p r e ve n te d  a b s o l u te l y,  b e c a u s e  th e  o r i g i n  o f

th e  c h ar g e  l i e s  at th e  i n te r fac e  o f m ate r i al s .  Wh e r e  m ate r i al s
ar e  p l ac e d  i n  c o n tac t,  s o m e  e l e c tr o n s  m o ve  fr o m  o n e  m a te r i al

to  th e  o th e r  u n ti l  a b al a n c e  ( e q u i l i b r i u m  c o n d i ti o n )  i n  e n e r g y
i s  r e ac h e d .  T h i s  c h ar g e  s e p ar a ti o n  i s  m o s t n o ti c e a b l e  i n  l i q u i d s
th a t a r e  i n  c o n tac t wi th  s o l i d  s u r fa c e s  a n d  i n  s o l i d s  th a t ar e  i n

c o n tac t wi th  o th e r  s o l i d s .  T h e  fow o f c l e an  g as  o ve r  a  s o l i d
s u r fac e  p r o d u c e s  n e g l i gi b l e  c h a r gi n g.

5 . 2 . 1    T h e  e n h a n c e d  c h a r gi n g th at r e s u l ts  fr o m  m a te r i al s
b e i n g r u b b e d  to g e th e r  ( tr i b o e l e c tr i c  c h ar g i n g )  i s  th e  r e s u l t o f
s u r fac e  e l e c tr o n s  b e i n g  e x p o s e d  to  a b r o ad  var i e ty o f e n e r gi e s

i n  an  ad j a c e n t m ate r i a l ,  s o  th at c h a r ge  s e p a r ati o n  i s  m o r e  l i ke l y
to  take  p l a c e .  T h e  b r e aku p  o f l i q u i d s  b y s p l as h i n g an d  m i s ti n g
r e s u l ts  i n  a s i m i l ar  c h ar g e  s e p a r ati o n .  I t i s  n e c e s s a r y to  tr an s fe r

o n l y a b o u t o n e  e l e c tr o n  fo r  e a c h  5 0 0 , 0 0 0  a to m s  to  p r o d u c e  a
c o n d i ti o n  th a t c a n  l e a d  to  a s tati c  e l e c tr i c  d i s c h a r ge .  S u r fa c e
c o n tam i n a n ts  at ve r y l o w c o n c e n tr ati o n s  c a n  p l a y a  signifcant

r o l e  i n  c h a r ge  s e p ar a ti o n  at th e  i n te r fa c e  o f m a te r i al s .  [See
Figure 5. 2. 1 (a) and Figure 5. 2. 1 (b). ]

5 . 2 . 2    C h a r ge  c an  a l s o  b e  i n j e c te d  i n to  a  s tr e am  o f n o n c o n d u c ‐
ti ve  fuid  b y s u b m e r g i n g  wi th i n  th e  s tr e a m  a p o i n te d  e l e c tr o d e
o n  wh i c h  a  h i g h  vo l tag e  h as  b e e n  i m p r e s s e d .

I n t e r f a c e  w i t h  n o
n e t  c h a rg e

C h a r g e s  f i x e d  o n
m a t e r i a l

M o v e m e n t

+ + + + + + + + +

– – – – – – – – –

+ + + + + + + + +

– – – – – – – – –

FI G U RE  5 . 2 . 1 ( a)   Typ i c al  C h arge  G e n e rati o n  b y Re l ati ve
M o ve m e n t o f I n s u l ati n g M ate ri al s .  (Source: H.  L.  Walmsley,
“Avoidance of Electrostatic Hazards in the Petroleum Industry, ” p.
1 9. )

D o u b l e  l a y e r
o f  c h a rg e  i n
l i q u i d

D r o p l e t  f o rm s  f r o m
o u t e r  p a rt  o f  d o u b l e
l a y e r

G a s

L i q u i d

–

–

–

– – – – –

+ + + + + +

+ +

+ + + + + + +

– – – – – – –

FI G U RE  5 . 2 . 1 ( b )   Typ i c al  C h arge  G e n e rati o n  b y
Ato m i z ati o n .  (Source: H.  L.  Walmsley,  “Avoidance of Electrostatic
Hazards in the Petroleum Industry, ” p.  1 9. )
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Δ 5 . 3  C h argi n g b y I n d u c ti o n .

5 . 3 . 1  T h e o r y o f I n d u c ti o n  C h argi n g.    C o n d u c ti ve  m ate r i al s
c a n  b e c o m e  c h a r ge d  wh e n  b r o u g h t n e a r  a  h i g h l y c h a rg e d

s u r fac e .  As s u m e  a c h ar g e d  i n s u l ato r,  a s  s h o wn  i n  F i g u r e
5 . 3 . 1 ( a ) .  An  u n gr o u n d e d  c o n d u c to r  i s  b r o u g h t c l o s e  to  th e
c h a r ge d  i n s u l ato r,  as  s h o wn  i n  F i g u r e  5 . 3 . 1 ( b ) .  E l e c tr o n s  i n  th e

c o n d u c to r  ar e  e i th e r  d r a wn  to wa r d  o r  fo r c e d  away fr o m  th e
r e gi o n  o f c l o s e s t ap p r o ac h  to  th e  c h a r ge d  i n s u l a to r ’ s  s u r fac e ,
d e p e n d i n g  o n  th e  n atu r e  o f th e  c h ar g e  o n  th at s u r fa c e .  I f th e

u n gr o u n d e d  c o n d u c to r  i s  th e n  to u c h e d  to  g r o u n d  o r  to  a th i r d
o b j e c t,  e l e c tr o n s  c a n  fow to  o r  fr o m  g r o u n d  o r  th e  o b j e c t,
c h a n gi n g th e  n e t c h a r ge  o n  th e  c o n d u c to r.  T h i s  i s  s h o wn  i n

F i g u r e  5 . 3 . 1 ( c ) .  I f,  as  s h o wn  i n  F i g u r e  5 . 3 . 1 ( d ) ,  c o n ta c t i s  th e n
b r o ke n  an d  th e  c o n d u c to r  an d  c h a r ge d  s u r fac e  ar e  s e p ar a te d ,
th e  c h a r ge  o n  th e  n o w i s o l ate d  c o n d u c to r  r e m a i n s  th e  s am e  a s

wh e n  c o n tac t i s  b r o ke n .  T h e  n e t c h a r ge  th at was  tr a n s fe r r e d
d u r i n g c o n ta c t i s  c al l e d  induced charge.

Insulator

+ + + + + + + + + + + +

FI G U RE  5 . 3 . 1 ( a)   C h arge d  I n s u l ato r wi th  Fi e l d  L i n e s  S h o wn .
(Source: T.  H.  Pratt,  Electrostatic Ignitions of Fires and Explosions,
p.  29. )

– – – – – – – – – – – –

Conductor

+ + + + + + + + + + + +

Insulator

+ + + + + + + + + + + +

FI G U RE  5 . 3 . 1 ( b )   C h arge  Re d i s tri b u ti o n  o n  a C o n d uc to r as
I t N e ars  a C h arge d  S u r fac e  C h arge  re m ai n s  o n  c o n d uc to r  as
c o n d u c to r i s  re m o ve d  fro m  c o n tac t wi th  i n s u l ato r.  (Source: T.  H.
Pratt,  Electrostatic Ignitions of Fires and Explosions,  p.  29. )

– – – – – – – – – – – –

Conductor

Insulator

+ + + + + + + + + + + +

+

FI G U RE  5 . 3 . 1 ( c )   N e t C h arge  Tran s fe r to  o r fro m
C o n d uc to r as  a Re s u l t o f C o n tac t o r D i s c h arge .  (Source: T.  H.
Pratt,  Electrostatic Ignitions of Fires and Explosions,  p.  29. )

5 . 3 . 1 . 1    T h e  s e p a r ati o n  o f c h a r ge  o n  a n e u tr a l  i s o l ate d  c o n d u c ‐
to r  an d  i ts  d i s tr i b u ti o n  n e ar  a  c h a r ge d  i n s u l ati n g  s u r fa c e

p r o d u c e s  e l e c tr i c al  s tr e s s e s  n e ar  th e  p o i n t o f c l o s e s t a p p r o a c h .
S h a r p  e d g e s  o n  th e  c o n d u c to r  c a n  yi e l d  a  l o c al i z e d  e l e c tr i c al
b r e a kd o wn  o f th e  ga s  s tr e a m ,  kn o wn  a s  corona,  o r  a n  e l e c tr i c

s p ar k a c r o s s  th e  g ap .  E i th e r  o f th e s e  e ve n ts  c a n  tr an s fe r  c h a r ge
b e twe e n  th e  m ate r i a l s ,  l e avi n g  th e  i s o l ate d  c o n d u c to r  c h a r ge d .
S u c h  a tr an s fe r  o c c u r s ,  fo r  e x a m p l e ,  wh e r e  a p e r s o n  we a r i n g

n o n c o n d u c ti ve  s h o e s  r e c e i ve s  a s ta ti c  e l e c tr i c  s h o c k b y c o n ta c t‐
i n g  th e  m e ta l  fr am e  s u p p o r ti n g a  h i g h l y c h a r ge d  we b .  As  a
r e s u l t,  th e  p e r s o n  a c q u i r e s  a n e t s ta ti c  e l e c tr i c  c h a r ge  a n d  c a n

r e c e i ve  a s e c o n d  s h o c k afte r  l e avi n g  th e  ar e a b y to u c h i n g  a
gr o u n d e d  m e ta l  o b j e c t,  th e r e b y al l o wi n g  th e  ac q u i r e d  c h ar g e
to  fow to  e a r th .

5 . 3 . 1 . 2    C h ar g e  c a n  a l s o  b e  i m p ar te d  to  a  s u r fac e  o r  i n to  th e
b u l k o f a m a te r i al  b y d i r e c ti n g  a s tr e am  o f e l e c tr o n s  o r  i o n s

a ga i n s t th e  s u r fa c e  o r  th e  m ate r i a l .  I f th e  s u r fac e  o r  m ate r i al  i s
n o t c o n d u c ti ve  o r  i s  c o n d u c ti ve  b u t i s o l a te d  fr o m  g r o u n d ,  th e
c h a r ge  d e l i ve r e d  b y th e  b o m b a r d i n g  s tr e a m  r e m ai n s  a fte r  th e

s tr e am  s to p s .

5 . 3 . 2  I n d uc ti o n  C h argi n g o f P e rs o n n e l .

5 . 3 . 2 . 1    I f a  p e r s o n  wal ks  ab o u t,  th e r e  i s  a r e d i s tr i b u ti o n  o f
s tati c  e l e c tr i c  c h ar g e  o n  th e  b o d y as  h e  o r  s h e  a p p r o a c h e s  an d

l e ave s  p l a c e s  wh e r e  th e r e  i s  c h ar g e .  H e r e ,  th e  te r m  person
i n c l u d e s  th e  b o d y,  c l o th i n g ,  to o l s ,  fashlights,  p e n s ,  an d  an y

o th e r  a r ti c l e s  c ar r i e d  a l o n g ,  as  we l l  as  th e  n a tu r e  o f th e  e l e c tr i ‐
c a l  c o n n e c ti o n s  a m o n g  th e m .  T h e  to ta l  c h ar g e  o n  th e  p e r s o n
d o e s  n o t c h an g e  as  h e  wa l ks  ar o u n d ,  u n l e s s  th e r e  i s  p as s ag e  o f

c h a r ge  fr o m  th e  p e r s o n  to  th e  e n vi r o n m e n t,  fo r  e x a m p l e ,  a
c h a r ge d  o b j e c t,  th e  foor,  th e  ai r,  o r  an yth i n g  e l s e  i n  th e
s u r r o u n d i n gs  th at b e c o m e s  a  p ath  fo r  c h ar g e  r e d i s tr i b u ti o n .

5 . 3 . 2 . 2    I n d u c ti o n  c h ar g i n g  o f a p e r s o n  c an  o c c u r  i n  a var i e ty
o f ways :

( 1 ) The person touches the charged object.  I n  th i s  c a s e  c h ar g e
fows  b e twe e n  th e  o b j e c t an d  th e  p e r s o n ,  an d  th e
p e r s o n ’ s  c o n d u c ti vi ty gi ve s  c h ar g e  th e  p o s s i b i l i ty o f b e i n g

d i s tr i b u te d  far th e r  fr o m  th e  o b j e c t.

( a) I f th e  o b j e c t i s  a c o n d u c to r,  c h a r ge  fr o m  i ts  e n ti r e ty
wi l l  b e  r e d u c e d  b y th e  am o u n t tr an s fe r r e d  to  th e
p e r s o n ,  s o  th a t b o th  wi l l  e n d  u p  wi th  th e  s a m e  vo l t‐
ag e  ( p o te n ti a l ) .

( b ) I f th e  o b j e c t i s  a n  i n s u l ato r,  l o c al  d i s c h ar g e  wi l l
o c c u r  an d  th at c h ar g e  wi l l  b e  d i s tr i b u te d  to  th e
p e r s o n .  A m o vi n g we b  wo u l d  b e  o n e  c as e  i n  wh i c h

th e  l o c a l  d i s c h ar g e s  to  th e  p e r s o n  wo u l d  a d d  u p  o n
th e  p e r s o n  to  p r o d u c e  n e t c h ar g i n g  th a t i s  s i m i l ar  to
th a t fr o m  a c o n d u c to r.  T h e  p e r s o n  wo u l d  e n d  u p

wi th  th e  ave r ag e  vo l tag e  ( p o te n ti al )  o f th e  we b .
( 2 ) An electrical discharge occurs between the person and the charged

object.  T h e  r e s u l t wi l l  b e  ve r y s i m i l ar  to  wh at h ap p e n s  wi th
d i r e c t c o n tac t,  an d  i n  fac t,  a  d i s c h ar g e  p r o b ab l y wi l l  o c c u r

a s  th e  p e r s o n  ap p r o ac h e s  an d  to u c h e s  th e  c h ar g e d

Conductor

– – – – – –

– – – – – –

FI G U RE  5 . 3 . 1 ( d )   I s o l ate d  C o n d u c to r  C ar r yi n g a C h arge
( Afte r B e i n g S e p arate d  fro m  I n s u l ato r) .
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o b j e c t.  T h e  e l e c tr i c al  d i s c h ar g e  ge n e r a l l y o c c u r s  fr o m
wh e r e  th e r e  i s  a h i g h  c o n c e n tr a ti o n  o f c h ar g e  — n e ar b y
r e gi o n s  o n  th e  p e r s o n  o r  o b j e c t th a t a r e  p o i n te d  o r  s h ar p
( e . g. ,  p o i n ts ,  c o r n e r s ,  o r  e d ge s ) .  T h e r e  wi l l  b e  a  s p ar k o r

s o m e  fo r m  o f c o r o n a d i s c h ar g e .  (See Section 5. 5 for descrip‐
tions of electrical discharges. )

( 3 ) Current is conducted through shoes to the foor.  I f th e r e  i s
c o n d u c ti o n  th r o u g h  th e  s h o e s ,  c h ar g e  wi l l  d i s tr i b u te
b e yo n d  th e  p e r s o n ,  a n d  a n  e q u a l  a m o u n t o f c h ar g e  wi l l

b e  c o n d u c te d  to  th e  p e r s o n  to  b e  d r awn  c l o s e r  to  th e
c h a r ge d  o b j e c t.  I f th e  s h o e s  o r  foor  ar e  n o t g o o d  c o n d u c ‐
to r s ,  i t wi l l  take  ti m e  fo r  th e  n e t c h a r ge  o n  th e  p e r s o n  to

gr o w an d  b e  l o s t as  th e  p e r s o n  wal ks  fr o m  th e  a r e a.
( 4 ) The person touches others,  structural steel,  tool boxes in the area,

etc. ,  or provides other paths for charge to redistribute.  E ac h  o f
th e s e  a c ti o n s  g i ve s  a l ar g e r  ar e a  fo r  c h ar g e  r e d i s tr i b u ti o n ,

a n d  wh e n  th o s e  p ath s  a r e  b r o ke n  l e ave s  a n e t c h a r ge  o n
th e  p e r s o n .  I f s h o e s  an d  foor  a r e  n o n c o n d u c ti ve ,  th e

c h a r ge  wi l l  r e m ai n  o n  th e  p e r s o n  wh e n  h e  o r  s h e  l e ave s
th e  c h ar g e d  o b j e c t.

( 5 ) There is an electrical discharge between the person and something
— typically grounded — in the environment.  T h e  d i s c h a r ge
c a n  c o m e  fr o m  th e  h ai r,  r i n g s ,  fnger  n ai l s ,  c o n d u c ti ve

c l o th i n g,  an d  s o  fo r th .  I n  th e  c as e  o f c o r o n a,  th e
d i s c h ar g e  c an  b e  i n to  th e  ai r  wi th o u t a n e a r b y g r o u n d e d
s u r fac e .

5 . 3 . 2 . 3    T h e  ac tu a l  r e d i s tr i b u ti o n  o f c h a r ge  i s  c o m p l e x  an d
d yn am i c ,  an d  th e  n e t c h a r ge  o n  th e  p e r s o n  c h a n ge s  wi th  ti m e .
O n e  m u s t b e  c a r e fu l  i n  h an d l i n g to o l s  a n d  ac ti o n s  p e r fo r m e d

wh i l e  wo r ki n g  wi th  c h ar g e d  o p e r ati o n s  i n  i n d u s tr y.  Gr avu r e
p r i n ti n g ,  c o a ti n g,  a n d  fnishing  wi th  s o l ve n t-b as e d  m a te r i al s  a r e
p ar ti c u l ar l y h a z a r d o u s  as  a  r e s u l t o f i n d u c ti o n  c h ar g i n g .  Wi th ‐

o u t g o o d  e l e c tr o s tati c  c h ar g e  e l i m i n ati o n ,  p o i n ti n g a  fnger  a t
p r o c e s s  l i n e s  a n d  wo r ki n g wi th  c o n d u c ti ve  to o l s  c an  b e  h az ar d ‐
o u s .  T h e r e  a r e  n u m e r o u s  o p p o r tu n i ti e s  fo r  s p a r k d i s c h ar g e s

b r o u gh t o n  b y p r o x i m i ty o f wo r ke r s  an d  c h a r ge d  o b j e c ts .

5 . 3 . 2 . 4    P n e u m ati c  c o n ve yi n g o f b u l k s o l i d s  i n  n o n c o n d u c ti ve
h o s e s  p o s e s  s p e c i a l  p r o b l e m s ,  b e c au s e  c h ar g i n g  a n d  d i s c h a r g‐

i n g  a l o n g  th e  l i n e s  i n d u c e s  c o m p l e x  c h ar g e s  a n d  c u r r e n ts  i n
th e  wo r k a r e a.  T h e  i n d u c e d  c h ar g e s  a n d  c u r r e n ts  c an  b e

h a z a r d o u s  to  wo r ke r s  a n d  e l e c tr o n i c  e q u i p m e n t.

5 . 3 . 2 . 5    O n e  ar e a o fte n  o ve r l o o ke d  i s  th e  p i c ku p  o f c h a r ge  b y
i n d u c ti o n  at o n e  wo r ks tati o n ,  p o s s i b l y i n  a  n o n h az ar d o u s  ar e a ,

th a t i s  c a r r i e d  to  a h a z a r d o u s  l o c ati o n .  Ap p r o p r i a te  fo o twe a r
an d  fooring  i s  a d vi s e d  i n  th e  h az ar d o u s  a r e a.

5 . 4  Ac c u m u l ati o n  an d  D i s s i p ati o n  o f C h arge .

5 . 4 . 1    A s ta ti c  e l e c tr i c  c h a r ge  wi l l  ac c u m u l ate  wh e r e  th e  r ate  at
wh i c h  c h a r ge s  s e p ar ate  e x c e e d s  th e  r a te  at wh i c h  c h ar g e s

r e c o m b i n e .  Wo r k m u s t b e  d o n e  to  s e p ar a te  c h ar g e s ,  a n d  th e r e
i s  a te n d e n c y fo r  th e  c h a r ge s  to  r e tu r n  to  a n e u tr a l  s tate .  T h e
p o te n ti a l  d i ffe r e n c e ,  th at i s ,  th e  vo l tag e ,  b e twe e n  a n y two

p o i n ts  i s  th e  wo r k p e r  u n i t c h ar g e  th at wo u l d  h ave  to  b e  d o n e
to  m o ve  th e  c h ar g e s  fr o m  o n e  p o i n t to  th e  o th e r.  T h i s  wo r k
d e p e n d s  o n  th e  p h ys i c al  c h a r ac te r i s ti c s  ( th at i s ,  s h ap e ,  s i z e ,  an d

n a tu r e  o f m ate r i a l s  an d  l o c ati o n  o f o b j e c ts )  o f th e  p ar ti c u l ar
s ys te m  an d  c a n  b e  e x p r e s s e d  b y th e  fo l l o wi n g  e q u ati o n :

C
Q

V
=

wh e r e :
C = c a p ac i ta n c e  ( far a d s )

Q = c h a r ge  th at h as  b e e n  s e p a r ate d  ( c o u l o m b s )
V = p o te n ti a l  d i ffe r e n c e  ( vo l ts )

5 . 4 . 2    Typ i c al  e x am p l e s  o f ac c u m u l ati o n  ar e  i l l u s tr ate d  i n
F i g u r e  5 . 4 . 2 .  (See also Table A. 3. 3. 5. )

5 . 4 . 3    S e p a r ati o n  o f e l e c tr i c  c h ar g e  m i gh t n o t i n  i ts e l f b e  a
p o te n ti a l  fre  o r  e x p l o s i o n  h a z a r d .  T h e r e  m u s t b e  a  d i s c h ar g e
o r  s u d d e n  r e c o m b i n ati o n  o f th e  s e p ar a te d  c h ar g e s  to  p o s e  an
i g n i ti o n  h az ar d .  O n e  o f th e  b e s t p r o te c ti o n s  fr o m  s ta ti c  e l e c tr i c
d i s c h ar g e  i s  a c o n d u c ti ve  o r  s e m i c o n d u c ti ve  p ath  th at al l o ws
th e  c o n tr o l l e d  r e c o m b i n a ti o n  o f th e  c h ar g e s .

5 . 4 . 4    I n  s tati c  e l e c tr i c  p h e n o m e n a ,  c h ar g e  i s  g e n e r al l y s e p a r a‐
te d  b y a r e s i s ti ve  b a r r i e r,  s u c h  as  an  a i r  g ap  o r  i n s u l a ti o n
b e twe e n  th e  c o n d u c to r s ,  o r  b y th e  i n s u l ati n g  p r o p e r ty o f th e
m a te r i al s  b e i n g h a n d l e d  o r  p r o c e s s e d .  I n  m an y ap p l i c ati o n s ,
p ar ti c u l ar l y th o s e  i n  wh i c h  th e  m ate r i al s  b e i n g  p r o c e s s e d  ar e
c h a r ge d  i n s u l a to r s  ( n o n c o n d u c to r s ) ,  i t i s  n o t e as y to  m e as u r e
th e  c h ar g e s  o r  th e i r  p o te n ti al  d i ffe r e n c e s .

5 . 4 . 5    Wh e r e  r e c o m b i n i n g  o f c h ar g e s  o c c u r s  th r o u gh  a  p ath
th a t h a s  e l e c tr i c al  r e s i s tan c e ,  th e  p r o c e s s  p r o c e e d s  a t a fnite
ra te ,  1 /τ,  an d  i s  d e s c r i b e d  b y th e  charge relaxation time o r  charge

 
[ 5 . 4 . 1 ]
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FI G U RE  5 . 4 . 2   E x am p l e s  o f C h arge  Ac c u m u l ati o n .  (Source:
H.  L.  Walmsley,  “Avoidance of Electrostatic Hazards in the
Petroleum Industry, ” p.  37. )
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2 0 2 4  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 .

decay time,  τ.  T h i s  r e l ax ati o n  p r o c e s s  i s  typ i c a l l y e x p o n e n ti al
an d  i s  e x p r e s s e d  b y th e  fo l l o wi n g  e q u ati o n :

Q Q et

t
=

−

0

τ

wh e r e :
Qt = c h a r ge  r e m ai n i n g  at e l ap s e d  ti m e  t ( c o u l o m b s )

Q0 = c h a r ge  o r i g i n a l l y s e p a r ate d  ( c o u l o m b s )
e = b a s e  o f n atu r al  l o ga r i th m s  =  2 . 7 1 8

t = e l ap s e d  ti m e  ( s e c o n d s )
τ = c h a r ge  r e l ax ati o n  ti m e  c o n s ta n t ( s e c o n d s )

5 . 4 . 6    T h e  r ate  o f c h ar g e  r e c o m b i n a ti o n  d e p e n d s  o n  th e
c a p a c i ta n c e  o f th e  m ate r i al  a n d  i ts  r e s i s ta n c e  an d  i s  e x p r e s s e d

a s  fo l l o ws :

τ = RC

wh e r e :
τ = c h ar g e  r e l ax ati o n  ti m e  c o n s ta n t ( s e c o n d s )

R = r e s i s ta n c e  ( o h m s )
C = c ap a c i tan c e  ( fa r ad s )

5 . 4 . 7    F o r  b u l k m ate r i a l s ,  th e  r e l a x a ti o n  ti m e  i s  o fte n  e x p r e s s e d
i n  te r m s  o f th e  vo l u m e  r e s i s ti vi ty o f th e  m ate r i a l  an d  i ts  e l e c tr i ‐
c a l  p e r m i tti vi ty as  fo l l o ws :

τ ε ε ρ=
r o v

wh e r e :
τ = c h a r ge  r e l a x a ti o n  ti m e  c o n s tan t ( s e c o n d s )
ℇr = r e l ati ve  d i e l e c tr i c  c o n s ta n t o f th e  m a te r i al
ℇo = e l e c tr i c a l  p e r m i tti vi ty o f a  va c u u m  ( 8 . 8 4 5  ×  1 0 -1 2  far a d s  p e r

m e te r )
ρv = vo l u m e tr i c  r e s i s ti vi ty ( o h m -m e te r s )

 
[ 5 . 4 . 5 ]

 
[ 5 . 4 . 6 ]

 
[ 5 . 4 . 7 ]Δ

5 . 4 . 8    T h e  e x p o n e n ti a l  d e c ay m o d e l  d e s c r i b e d  i n  5 . 4 . 5  i s  h e l p ‐
fu l  i n  e x p l a i n i n g  th e  r e c o m b i n ati o n  p r o c e s s  b u t i s  n o t n e c e s s a‐

r i l y ap p l i c ab l e  to  al l  s i tu ati o n s .  I n  p ar ti c u l ar,  n o n e x p o n e n ti al
d e c ay i s  o b s e r ve d  wh e r e  th e  m a te r i al s  s u p p o r ti n g  th e  c h ar g e
ar e  c e r tai n  l o w-c o n d u c ti vi ty l i q u i d s  o r  p o wd e r s  c o m p o s e d  o f

c o m b i n ati o n s  o f i n s u l ati n g ,  s e m i c o n d u c ti ve ,  an d  c o n d u c ti ve
m a te r i al s .  T h e  d e c a y i n  s u c h  c a s e s  i s  fa s te r  th an  th e  e x p o n e n ‐
ti al  m o d e l  p r e d i c ts .

5 . 4 . 9    D i s s i p a ti o n  o f s tati c  e l e c tr i c  c h ar g e s  c a n  b e  ac h i e ve d  b y
o n e  o r  m o r e  o f th e  fo l l o wi n g  m e th o d s :  m o d i fyi n g  th e  vo l u m e

o r  s u r fac e  r e s i s ti vi ty o f i n s u l ati n g  m ate r i a l s  wi th  a n ti s ta ti c  ad d i ‐
ti ve s ,  b y g r o u n d i n g i s o l ate d  c o n d u c to r s ,  o r  b y i o n i z i n g th e  ai r
n e ar  i n s u l ati n g  m a te r i al s  o r  i s o l ate d  c o n d u c to r s .  Ai r  i o n i z a ti o n

i n vo l ve s  i n tr o d u c i n g m o b i l e  e l e c tr i c  c h ar g e s  ( p o s i ti ve ,  n e g ati ve ,
o r  b o th )  i n to  th e  ai r  ar o u n d  th e  c h ar g e d  o b j e c ts .  T h e  i o n s  a r e
attr a c te d  to  th e  c h a r ge d  o b j e c ts  u n ti l  th e  c h ar g e s  o n  th e

o b j e c ts  a r e  n e u tr a l i z e d .  T h e  i o n  c u r r e n t i n  th e  ai r  s e r ve s  a s  th e
m e c h a n i s m  th at b r i n g s  th e  n e u tr al i z i n g c h ar g e  to  th e  o th e r wi s e
b o u n d  o r  i s o l ate d  c h ar g e .

5 . 5  D i s c h arge  o f S tati c  E l e c tri c i ty an d  I gn i ti o n  M e c h an i s m s .

5 . 5 . 1  G e n e ral .    As  e l e c tr i c  c h a r ge  ac c u m u l ate s  th r o u g h  s e p a r a‐
ti o n ,  th e r e  i s  a n  i n c r e as e  i n  th e  e l e c tr i c a l  fo r c e s  tr yi n g  to
r e s to r e  a  n e u tr a l  c o n d i ti o n  b y r e u n i ti n g  th o s e  c h ar g e s  i n  th e

fo r m  o f a  s ta ti c  e l e c tr i c  d i s c h a r ge .  M an y typ e s  o f d i s c h a r ge s  c an
o c c u r  a n d  ar e  i l l u s tr ate d  b r o ad l y i n  F i g u r e  5 . 5 . 1 .  F o r  a s ta ti c
e l e c tr i c  d i s c h ar g e  to  b e  a s o u r c e  o f i gn i ti o n ,  th e  fo l l o wi n g  fo u r

c o n d i ti o n s  m u s t b e  m e t:

( 1 ) An  e ffe c ti ve  m e a n s  o f s e p ar ati n g  c h ar g e  m u s t b e  p r e s e n t.
( 2 ) A m e an s  o f ac c u m u l ati n g  th e  s e p ar a te d  c h a r ge s  an d

m a i n tai n i n g a d i ffe r e n c e  o f e l e c tr i c al  p o te n ti al  m u s t b e
avai l ab l e .

( 3 ) A d i s c h ar g e  o f th e  s ta ti c  e l e c tr i c i ty o f a d e q u a te  e n e r g y
m u s t o c c u r.

( 4 ) T h e  d i s c h ar g e  m u s t o c c u r  i n  an  i g n i ti b l e  m i x tu r e .

5 . 5 . 2  C o ro n a D i s c h arge .    As  defned  i n  3 . 3 . 1 8 . 3 ,  c o r o n a
d i s c h ar g e  i s  a l o w e n e r gy e l e c tr i c al  d i s c h ar g e  th at r e s u l ts  fr o m
l o c al i z e d  e l e c tr i c al  b r e akd o wn  o f ga s e s  n e a r  s h ar p  c o n d u c ti ve

e d ge s ,  n e e d l e  p o i n ts ,  an d  wi r e s .  (See Figure 5. 5. 2. )
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FI G U RE  5 . 5 . 1   Ap p ro x i m ate  E n e rgi e s  o f Typ e s  o f D i s c h arge s  C o m p are d  wi th  M i n i m um  I gn i ti o n
E n e rgi e s  ( M I E s )  o f Typ i c al  C o m b us ti b l e  M ate ri al s .  (Adapted from H.  L.  Walmsley,  “Avoidance of
Electrostatic Hazards in the Petroleum Industry, ” p.  26. )
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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  a n d  fgure/table  r e vi s i o n s .  •  =  S e c ti o n  d e l e ti o n s .  N  =  N e w m a te r i a l . 2 0 2 4  E d i t i o n

5 . 5 . 2 . 1    I n  m o s t c as e s ,  th e  e n e r gy d e n s i ty o f c o r o n a  d i s c h ar g e
i s  ve r y l o w.  C o n s e q u e n tl y,  th e  h az ar d  fr o m  c o r o n a d i s c h a r ge  i s

s m a l l .  Wh e r e  c o r o n a d i s c h ar g e  i s  m o r e  i n te n s e ,  p r e -b r e a kd o wn
s tr e am e r s  c al l e d  brush discharges o c c u r.  T h e s e  ap p e ar  as  r an d o m
flaments  o f l i g h t th at m a ke  fai n t h i s s i n g  o r  fr yi n g  s o u n d s .
B r u s h  d i s c h ar g e s  th a t o r i gi n ate  o n  n e e d l e l i ke  ti p s  wi th  r ad i i

s m al l e r  th a n  1  m m  ( 0 . 0 4  i n . )  d o  n o t,  i n  g e n e r al ,  l e ad  to  i g n i ‐
ti o n .  D i s c h ar g e s  fr o m  b l a d e s ,  h o we ve r,  c a n  i g n i te  m i x tu r e s  th at
h ave  ve r y l o w i gn i ti o n  e n e r g i e s ,  s u c h  a s  h yd r o g e n –ai r  o r  c ar b o n
disulfde–air  m i x tu r e s .  Gas –a i r  an d  vap o r –a i r  m i x tu r e s  c an  b e

i gn i te d  i f b r u s h  d i s c h a r ge s  o r i gi n ate  fr o m  e l e m e n ts  wi th  e d ge
d i a m e te r s  g r e ate r  th an  5  m m  ( 0 . 2 0  i n . )  o r  fr o m  a r o d  wi th  a
h e m i s p h e r i c a l  e n d ,  s u c h  as  a h u m an  fnger.  (See Figure 5. 5. 2. 1 . )

5 . 5 . 2 . 2    S h ar p  e d g e s ,  c o r n e r s ,  an d  p r o j e c ti o n s  [ e . g. ,  th o s e  wi th
an  e d g e  d i am e te r  o f 5  m m  ( 0 . 2 0  i n . )  o r  l e s s ]  th at p o i n t to war d

c h a r ge d  s u r fa c e s  n e e d  to  b e  identifed  b e c a u s e  th e y c an
c o n c e n tr ate  th e  c h a r ge ,  p r o vi d i n g i n te n s e ,  l o c al i z e d  s tr e s s e s
th a t c an  l e a d  to  e l e c tr i c a l  c o r o n a  a n d  s p a r ks .

+ + + + + + + + + + + + + + + + +

FI G U RE  5 . 5 . 2   C o ro n a D i s c h arge .  (Source: T.  H.  Pratt,
Electrostatic Ignitions of Fires and Explosions,  p.  32. )
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FI G U RE  5 . 5 . 2 . 1   B r u s h  D i s c h arge .  (Adapted from H.  L.
Walmsley,  “Avoidance of Electrostatic Hazards in the Petroleum
Industry, ” p.  27. )

5 . 5 . 3  S p ark s  B e twe e n  C o n d u c to rs .

5 . 5 . 3 . 1    S p a r ks  fr o m  u n gr o u n d e d  c h a r ge d  c o n d u c to r s ,  i n c l u d ‐
i n g  th e  h u m an  b o d y,  a r e  r e s p o n s i b l e  fo r  m o s t fres  an d  e x p l o ‐

s i o n s  i g n i te d  b y s ta ti c  e l e c tr i c i ty.  S p ar ks  a r e  typ i c a l l y i n te n s e
c a p a c i ti ve  d i s c h a r ge s  th a t o c c u r  i n  th e  g ap  b e twe e n  two
c h a r ge d  c o n d u c ti n g  b o d i e s ,  u s u a l l y m e tal .  T h e  e n e r gy o f a

s p ar k d i s c h ar g e  i s  h i g h l y c o n c e n tr a te d  i n  s p ac e  an d  i n  ti m e .

5 . 5 . 3 . 2    T h e  ab i l i ty o f a s p ar k to  p r o d u c e  i g n i ti o n  i s  g o ve r n e d
l ar g e l y b y i ts  e n e r gy,  wh i c h  i s  s o m e  fr ac ti o n  o f th e  to tal  e n e r g y

s to r e d  i n  th e  s ys te m .

5 . 5 . 3 . 3    T h e  e n e r gy o f a  s p ar k c an  b e  d e te r m i n e d  fr o m  th e
c a p a c i ta n c e  o f th e  c o n d u c ti ve  s ys te m  a n d  th e  e l e c tr i c al  p o te n ‐
ti al  o r  fr o m  th e  q u an ti ty o f c h ar g e  s e p ar ate d  fr o m  th e  c o n d u c ‐

to r s .  T h i s  d e te r m i n ati o n  i s  e x p r e s s e d  b y th e  e q u a ti o n s  th a t
fo l l o w,  an d  th e  r e l a ti o n s h i p s  ar e  s h o wn  g r ap h i c al l y i n  F i gu r e
5 . 5 . 3 . 3 .

W CV=

1

2

2

wh e r e :
W = e n e r gy ( j o u l e s )

C = c ap a c i tan c e  ( fa r ad s )
V = p o te n ti al  d i ffe r e n c e  ( vo l ts )

W QV=

1

2

wh e r e :
Q = c h a r ge  ( c o u l o m b s )

W
Q

C
=











1

2

2

Q CV=

5 . 5 . 3 . 4 *    To  b e  c a p a b l e  o f c au s i n g i g n i ti o n ,  th e  e n e r g y r e l e as e d
i n  th e  d i s c h ar g e  m u s t b e  a t l e a s t e q u a l  to  th e  m i n i m u m  i g n i ‐
ti o n  e n e r g y ( M I E )  o f th e  i gn i ti b l e  m i x tu r e .  O th e r  fac to r s ,  s u c h
as  th e  s h ap e  o f th e  c h ar g e d  e l e c tr o d e s  a n d  th e  fo r m  o f
d i s c h ar g e ,  infuence  c o n d i ti o n s  fo r  th e  s ta ti c  e l e c tr i c  d i s c h ar g e
an d  i ts  l i ke l i h o o d  o f c au s i n g i g n i ti o n .

5 . 5 . 3 . 5    M o s t ga s e s  an d  va p o r s  o f h yd r o c a r b o n s  r e q u i r e  ab o u t
0 . 2 5  m J  o f e n e r gy fo r  s p ar k d i s c h a r ge  i g n i ti o n ,  as s u m i n g  o p ti ‐
m u m  m i x tu r e s  wi th  ai r.  T h e r e  ar e  s o m e  th at r e q u i r e  l e s s  e n e r g y
fo r  i g n i ti o n .  D i s c u s s i o n  o f th e  m i n i m u m  i g n i ti o n  e n e r gy fo r
specifc  m ate r i a l s  c an  b e  fo u n d  i n  9 . 2 . 3 ,  9 . 2 . 4 ,  an d  1 5 . 1 0 . 1 .  (See
Table B. 1 . )

5 . 5 . 3 . 6    M i s ts ,  d u s ts ,  an d  fbers  u s u al l y r e q u i r e  an  M I E  th at i s
o n e  o r  two  o r d e r s  o f m ag n i tu d e  gr e a te r  th a n  th a t fo r  g as e s  an d
va p o r s .  I t s h o u l d  b e  n o te d  th at,  fo r  a n y gi ve n  p a r ti c u l a te  m a te ‐
ri al ,  th e  M I E  d i m i n i s h e s  r ap i d l y wi th  d e c r e as i n g  p ar ti c l e  s i z e .

 
[ 5 . 5 . 3 . 3 a]Δ

 
[ 5 . 5 . 3 . 3 b ]

 
[ 5 . 5 . 3 . 3 c ]

 
[ 5 . 5 . 3 . 3 d ]
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2 0 2 4  E d i t i o n S h a d e d  te x t =  Re vi s i o n s .  Δ  =  Te x t d e l e ti o n s  a n d  fgure/table  r e vi s i o n s .  •  =  S e c ti o n  d e l e ti o n s .  N  =  N e w m a te r i a l .

5 . 5 . 3 . 7    T h e  i g n i ti o n  e n e r gi e s  fo r  ga s e s ,  va p o r s ,  an d  d u s ts  ar e
r e d u c e d  b y a n  i n c r e as e  i n  th e  o x yge n  c o n c e n tr a ti o n  r e l ati ve  to
th a t fo r  a i r.  L i ke wi s e ,  i gn i ti o n  e n e r g i e s  a r e  i n c r e a s e d  b y a
d e c r e as e  i n  o x yge n  c o n c e n tr a ti o n .

5 . 5 . 4  H yb ri d  M i x tu re s .    Wh e r e  two  o r  m o r e  fammable  m ate r i ‐
al s  o f d i ffe r e n t p h a s e s  ( e . g . ,  a d u s t a n d  a vap o r )  ar e  p r e s e n t i n
th e  s a m e  m i x tu r e ,  th e  m i x tu r e  i s  r e fe r r e d  to  as  a  hybrid.  Te s ts
h ave  s h o wn  th at ad d i n g a fammable  ga s  to  a d u s t s u s p e n s i o n
c a n  gr e a tl y l o we r  th e  i g n i ti o n  e n e r g y o f th e  d u s t.  T h i s  p h e n o m ‐
e n o n  i s  e s p e c i al l y tr u e  wh e r e  th e  ga s  i s  p r e s e n t at a c o n c e n tr a‐
ti o n  b e l o w i ts  l o we r  fammable  l i m i t ( L F L )  o r  th e  d u s t i s  b e l o w
i ts  m i n i m u m  e x p l o s i b l e  c o n c e n tr ati o n  ( M E C ) .  S u c h  h yb r i d
m i x tu r e s  c an  s o m e ti m e s  b e  i g n i te d  e ve n  i f b o th  c o m p o n e n ts
ar e  b e l o w th e i r  l o we r  l i m i ts .  A h yb r i d  m i x tu r e  c an  b e  fo r m e d  b y
th e  fo l l o wi n g:

( 1 ) Vap o r  d e s o r p ti o n  fr o m  p a r ti c u l a te s  ( s u c h  as  i n  r e s i n
p r o d u c t r e c e i ve r s )

( 2 ) Re a c ti o n  o f p a r ti c u l a te s  wi th  atm o s p h e r i c  m o i s tu r e  th at
p r o d u c e s  a fammable  g as

( 3 ) I n tr o d u c ti o n  o f a  d u s t i n to  a  fammable  va p o r  atm o s ‐
p h e r e  [ s u c h  a s  a d d i n g  a d u s t o r  p o wd e r  to  a fammable
l i q u i d  ( C l as s  I  l i q u i d ,  as  d e s i g n ate d  b y N F PA  3 0 ) ]

5 . 5 . 5  S tati c  E l e c tri c  D i s c h arge  fro m  th e  H um an  B o d y.

5 . 5 . 5 . 1    T h e  h u m an  b o d y i s  a  g o o d  e l e c tr i c al  c o n d u c to r  an d
h a s  b e e n  r e s p o n s i b l e  fo r  n u m e r o u s  i n c i d e n ts  o f s tati c  e l e c tr i c
d i s c h ar g e .

5 . 5 . 5 . 2    A p e r s o n  i n s u l ate d  fr o m  gr o u n d  c an  ac c u m u l ate  a
signifcant c h a r ge  b y wa l ki n g  o n  an  i n s u l a ti n g s u r fac e ,  b y
to u c h i n g a c h ar g e d  o b j e c t,  b y b r u s h i n g s u r fa c e s  wh i l e  we a r i n g
n o n c o n d u c ti ve  c l o th i n g,  o r  b y m o m e n ta r i l y to u c h i n g a g r o u n ‐
d e d  o b j e c t i n  th e  p r e s e n c e  o f c h ar g e s  i n  th e  e n vi r o n m e n t.
D u r i n g n o r m a l  ac ti vi ty,  th e  p o te n ti a l  o f th e  h u m a n  b o d y c a n
re a c h  1 0  kV to  1 5  kV.  At a c a p ac i ta n c e  o f 2 0 0  p F  (see Table

1 0 4

1 0 0

1 0

1

0 . 1

0 . 0 1

1 0 –3

1 0 – 4

1 0 4

1 0 3

1 0 0

1 0

1

0 . 1

0 . 0 1

1 0 –3

1 0 – 4

1 0 – 5

1 0 4

1 0 3 1 0 3

1 0

1 0 0

1

0 . 1

1 0 4

1 0 3

1 0

1 0 0

1

0 . 1

W =  ¹ ⁄₂CV ² W =  ¹ ⁄₂QV W =  ¹ ⁄₂Q²/C Q =  CV

C ( p F ) V ( kV )

W ( m J )

Q (mC )

N o t e :  O n e  s t ra i g h t  l i n e  t h r o u g h  t h e  s c a l e s  s i m u l t a n e o u s l y  s o l ve s  t h e  r e l a t i o n s h i p s :

Δ FI G U RE  5 . 5 . 3 . 3   N o m o grap h  fo r E s ti m ati n g E n e rgy i n  a
C ap ac i ti ve  S p ark D i s c h arge .  (Source: T.  H.  Pratt,  Electrostatic
Ignitions of Fires and Explosions,  p.  1 1 3. )

A. 3. 3. 5),  th e  a c c u m u l a te d  e n e r g y avai l ab l e  fo r  a s p ar k c a n
r e a c h  1 0  to  2 2 . 5  m J .  A c o m p ar i s o n  o f th e s e  va l u e s  to  th e  M I E s

o f ga s e s  o r  va p o r s  m a ke s  th e  h a z a r d  r e ad i l y ap p a r e n t.

5 . 5 . 6  D i s c h arge s  B e twe e n  C o n d u c to rs  an d  I n s u l ato rs .

5 . 5 . 6 . 1    S p ar ks  o fte n  o c c u r  b e twe e n  c o n d u c to r s  an d  i n s u l ato r s .
E x am p l e s  o f s u c h  o c c u r r e n c e s  i n c l u d e  s i tu ati o n s  i n  wh i c h  p l a s ‐
ti c  p ar ts  a n d  s tr u c tu r e s ,  i n s u l a ti n g flms  a n d  we b s ,  l i q u i d s ,  an d

p ar ti c u l ate  m ate r i al  ar e  h a n d l e d .  T h e  c h a r gi n g o f th e s e  m ate r i ‐
al s  c an  r e s u l t i n  s u r fac e  d i s c h a r ge s  an d  s p ar ks ,  d e p e n d i n g  o n
th e  ac c u m u l ate d  c h a r ge  an d  th e  s h ap e  o f n e ar b y c o n d u c ti ve

s u r fac e s .  T h e  va r i ab l e  c h ar g e  d e n s i ty ( b o th  i n  m ag n i tu d e  an d
p o l a r i ty)  o b s e r ve d  o n  i n s u l a ti n g s u r fa c e s  i s  th e  e ffe c t o f th e s e
d i s c h ar g e s  s p r e a d i n g  o ve r  a l i m i te d  p ar t o f th e  i n s u l ati n g

s u r fac e .

5 . 5 . 6 . 2    E ve n  wi th  th e  u s e  o f s ta ti c  e l e c tr i c i ty n e u tr a l i z e r s ,  s o m e
c h a r ge s  wi l l  r e m ai n  i n  c e r ta i n  a r e as  b u t typ i c a l l y a r e  n o t

h az ar d o u s  i f th e r e  i s  n o  m e c h a n i s m  b y wh i c h  th e y c a n  ac c u m u ‐
l ate .  H o we ve r,  a d an g e r o u s  ( i . e . ,  i g n i ti o n -c ap ab l e )  s ta ti c  e l e c tr i c

c h a r ge  c a n  r e s u l t b e c au s e  o f c o n c e n tr ati o n  o f i n d i vi d u al
c h a r ge s .  E x a m p l e s  o f h o w s u c h  c o n c e n tr a ti o n  o f c h a r ge  c a n
o c c u r  i n c l u d e  s tac ki n g  o r  n e s ti n g  o f e m p ty p l as ti c  c o n ta i n e r s ,

wi n d i n g flm  o n to  a r o l l  o r  d r u m ,  a n d  flling  a ve s s e l  wi th  a
n o n c o n d u c ti ve  l i q u i d  o r  p o wd e r.

5 . 5 . 7  D i s c h arge  o n  th e  S u r fac e  o f an  I n s u l ato r B ac ke d  b y a
C o n d uc to r.    A s u r fac e  c o ate d  wi th  a  th i n  [ l e s s  th an  8  m m
( 0 . 3 1  i n . ) ]  l a ye r  o f an  i n s u l ati n g  m a te r i al  wi l l  a c t a s  a  c ap ac i to r

to  s to r e  c h a r ge .  At suffciently h i gh  c h a r ge  l e ve l s  ( i . e . ,  gr e a te r
th a n  2 5 0  μ C / m 2 ) ,  a  b r an c h i n g  d i s c h a r ge  wi l l  b e  o b s e r ve d  o n

th e  s u r fa c e  o f th e  c o ati n g .  T h i s  b r a n c h i n g  d i s c h a r ge  i s  r e fe r r e d
to  as  a propagating brush discharge.  Al te r n a ti ve l y,  an  e l e c tr i c al

b r e a kd o wn  th r o u gh  th e  l a ye r  c an  o c c u r.  T h e  e n e r g y s to r e d  i n
th e  c o a ti n g c a n  b e  as  h i gh  as  s e ve r al  j o u l e s  p e r  s q u ar e  m e te r,  s o
th e  e n e r gy o f th e  d i s c h ar g e ,  h o we ve r  d i s tr i b u te d  i n  s p ac e ,  c a n

b e  suffcient to  i gn i te  ga s –ai r,  vap o r –a i r,  an d  d u s t–a i r  m i x tu r e s .
(See Figure 5. 5. 7. )

I n s u l a t i v e  l a y e r C o n d u c t i v e  b a c ki n g

+

–

+

–

+

–

+

–

+

–

+

–

+

–

+

–

+

–

FI G U RE  5 . 5 . 7   P ro p agati n g B r u s h  D i s c h arge .  (Source: T.  H.
Pratt,  Electrostatic Ignitions of Fires and Explosions,  p.  35. )
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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  a n d  fgure/table  r e vi s i o n s .  •  =  S e c ti o n  d e l e ti o n s .  N  =  N e w m a te r i a l . 2 0 2 4  E d i t i o n

C h ap te r 6    E val u ati n g S tati c  E l e c tri c i ty H az ard s

6 . 1  G e n e ral .

6 . 1 . 1    T h e  two  b as i c  s te p s  i n  e val u a ti n g s tati c  e l e c tr i c i ty h az ar d s
ar e  as  fo l l o ws :

( 1 ) Identifcation  o f l o c ati o n s  wh e r e  c h ar g e  s e p ar ate s  an d
a c c u m u l a te s

( 2 ) As s e s s m e n t o f th e  i g n i ti o n  h az ar d s  a t th e  l o c a ti o n s  wh e r e
c h a r ge  s e p a r ate s  a n d  ac c u m u l ate s

6 . 1 . 2    T h e  e val u ati o n  p r o c e s s  specifed  i n  6 . 1 . 1  i s  o u tl i n e d  i n
F i g u r e  6 . 1 . 2 .

Δ 6 . 1 . 3    O n -s i te  e va l u a ti o n  o r  s u r ve y o f th e  p r o c e s s  s h o u l d  b e
d o n e  to  i d e n ti fy a n y u n g r o u n d e d  c o n d u c ti ve  o b j e c ts ,  i n c l u d i n g
p e r s o n n e l ,  an d  an y m ate r i a l s  th at c o u l d  s e r ve  a s  e l e c tr i c al  i n s u ‐
l ato r s  a n d  i n te r fe r e  wi th  p r o p e r  b o n d i n g  an d  g r o u n d i n g .

N 6 . 1 . 3 . 1    T h e  s u r ve y s h o u l d  i d e n ti fy th o s e  l o c ati o n s  th a t m i g h t
p o s e  a s ta ti c  e l e c tr i c i ty h a z a r d ,  e ve n  i f th e r e  i s  n o  e vi d e n c e  o f

a c c u m u l a ti o n  o f c h a r ge  a t th e  ti m e  o f th e  e va l u a ti o n .

6 . 1 . 3 . 2    S p e c i a l  a tte n ti o n  s h o u l d  b e  gi ve n  to  i n s u l ati n g  m ate r i ‐
a l s  th a t a r e  h a n d l e d  o r  p r o c e s s e d ,  i n c l u d i n g i n s u l a ti n g m ate r i ‐

al s  th at m i gh t b e  wo r n  b y p e r s o n n e l .

6 . 1 . 3 . 2 . 1 *    E a c h  p r o c e s s  o p e r a ti o n  s h o u l d  b e  c o n s i d e r e d  s e p a‐
r ate l y,  wi th  atte n ti o n  g i ve n  to  th e  l i ke l y r a n ge  o f e x p o s u r e  o f
th e  m ate r i a l s  to  e x te r n al  infuences.

6 . 1 . 3 . 3    A d e s i gn  r e vi e w o f th e  o p e r ati o n ,  p r o c e s s ,  e q u i p m e n t,
m a te r i al s ,  a n d  o p e r ato r  i n te r ac ti o n ,  i n c l u d i n g a vi s u al  s u r ve y o f
th e  ar e a ,  s h o u l d  b e  c o m p l e te d  frst.  O n -s i te  te s ti n g  s h o u l d  b e
c o n d u c te d  d u r i n g  n o r m al  an d  fo r e s e e ab l e  o p e r ati n g  c o n d i ‐

ti o n s  a n d  p r o c e s s  u p s e ts  to  d e te r m i n e  th e  n atu r e  a n d  m ag n i ‐
tu d e  o f an y s ta ti c  e l e c tr i c i ty h az ar d s  p r e s e n t.

I s  t h e re
p o t e n t i a l  t o  c r e a t e

i g n i t i b l e  m i x t u r e ?

M a t e r i a l  o r
p r o c e s s  c h a n g e

N o t e  1 :  D o e s  p r o c e s s  i n c l u d e

•   M o v i n g ,  p o u ri n g ,  s l i d i n g ,
   f l o w i n g  o r  s p ra y i n g  o f  m a t e ri a l s
   o r l i q u i d s ?

•   M o v i n g  p a rt s  ( g e a r s ,  b e l t s ,
   p u l l e y s ,  s h a f t s ) ?

•   A g i t a t i o n  o r  a t o m i z a t i o n ?
•   L i q u i d s ,  p o w d e rs  o r  s o l i d s ?
•   I n t e ra c t i o n  w i t h  p e r s o n n e l ?
•   F i l t ra t i o n ?
•   S e t t l i n g ?
•   B u b b l e s  ri s i n g ? B o n d  a n d  g r o u n d  a l l

c o n d u c t i v e  e q u i p m e n t
a n d  p e rs o n n e l  (Note 3) 

Ye s

N o

Yes

N o

N o

N o

Ye s

Ye s

Ye s

S t a t i c  c o n t r o l
o r e q u i p m e n t

c h a n g e

C a n
m a t e r i a l ,

p ro c e s s ,  e q u i p m e n t ,
o r  s t a t i c  c o n t ro l

c h a n g e s  b e
m a d e ?

N o

D a n g e r:  I g n i t i o n
i s  a n t i c i p a t e d

C o n t r o l  i g n i t i b l e
m i x t u re s

( s e e  N o t e  4 )

C a n
e l e c t r o s t a t i c  e n e r g y

a c c u m u l a t e ?
( N o t e  2 )

C a n
d i s c h a rg e  e n e rg y

e x c e e d  m i n i m u m
i g n i t i o n  e n e r g y ?

I g n i t i o n  i s  n o t
a n t i c i p a t e d

S t a t i c  i g n i t i o n
h a z a r d  i s

c o n t ro l l e d

S t a t i c  i g n i t i o n
h a z a r d  i s

c o n t r o l l e d

S t a t i c  i g n i t i o n
h a z a r d  i s

c o n t r o l l e d

I g n i t i o n
i s  n o t

a n t i c i p a t e d

N o t e  2 :  D o e s  p r o c e s s  i n c l u d e

N o t e  3 :  F o r r e c o m m e n d a t i o n s  o n  b o n d i n g  a n d  g ro u n d i n g ,  s e e  S e c t i o n  7 . 3 . 1

N o t e  4 :  F o r i n f o r m a t i o n  o n  c o n t ro l l i n g  i g n i t i b l e  m i x t u r e s ,  s e e  N F P A  6 9

•   I n s u l a t e d  e q u i p m e n t ?
•   I n s u l a t i n g  m a t e r i a l s ?
•   I s o l a t e d  c o n d u c t i v e  e q u i p m e n t ?
•   I n t e r a c t i o n  w i t h  p e rs o n n e l ?
•   N o n c o n d u c t i v e  l i q u i d s ?
•   M i s t s  o r  c l o u d s ?

•   D e l i b e r a t e  o r  i n t e n t i o n a l  
 g e n e r a t i o n  o f  e l e c t r o s t a t i c  
 c h a r g e ,  e . g . ,  a n  e l e c t r o s t a t i c  
 c o a t i n g  p ro c e s s ?

•   I s o l a t e d  c o n d u c t i v e  l i q u i d s ,  e . g . ,  a  c o n d u c t i v e  
 l i q u i d  i n  a n  e l e c t r o s t a t i c  s y s t e m  w h e r e  t h e  e n t i re  
 s y s t e m  i s  i s o l a t e d  f ro m  g ro u n d ?

C a n
e l e c t r o s t a t i c  e n e r g y

b e  g e n e r a t e d ?
(Note 1 )

Δ FI G U RE  6 . 1 . 2   Fl o w C h ar t fo r D e te r m i n i n g S tati c  E l e c tri c  I gn i ti o n  H az ard .
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2 0 2 4  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 .

WARN I N G :  D u r i n g  th e  o n -s i te  r e vi e w an d  te s ti n g,  p r e c au ‐
ti o n s  s h o u l d  b e  take n  to  a vo i d  c r e ati n g  a s ta ti c  e l e c tr i c
d i s c h ar g e  an d  a n y te s ti n g s h o u l d  b e  c o n d u c te d  i n  a  s a fe

m an n e r  to  avo i d  i g n i ti o n  o f a fammable  a tm o s p h e r e .  Al l  te s t
e q u i p m e n t s h o u l d  b e  s u i tab l e  fo r  th e  ap p l i c a ti o n ,  fo r  th e  ar e a
i n  wh i c h  i t i s  u s e d ,  an d  fo r  th e  typ e  o f o b j e c t b e i n g  e val u a te d .

T h e  p r i m ar y i g n i ti o n  h az ar d  c o m e s  fr o m  i n tr o d u c i n g  a gr o u n ‐
d e d  e l e c tr o d e ,  s u c h  as  th e  h o u s i n g  o f an  e l e c tr o s tati c  feld
m e te r  (see Section 6. 4),  i n to  th e  vi c i n i ty o f a c h ar g e d  s u r fa c e ,

th u s  p r o vi d i n g a r o u te  fo r  a  s ta ti c  e l e c tr i c  d i s c h ar g e .  T h e
s u r fac e  o f o b j e c ts  b e i n g  m e as u r e d  s h o u l d  al ways  b e
a p p r o a c h e d  s l o wl y d u r i n g o b s e r vati o n  o f th e  m e te r ' s  r e s p o n s e .

E x tr e m e  c ar e  s h o u l d  b e  ta ke n  s o  th a t n e i th e r  i n s tr u m e n ts  n o r
te s ti n g te c h n i q u e s  c a u s e  i gn i ti o n  o f fammable  atm o s p h e r e s .
Ap p r o p r i ate  s a fe  wo r k p r ac ti c e s  s h o u l d  b e  e m p l o ye d  wh e r e

m e a s u r e m e n ts  ar e  b e i n g  take n  i n  an d  ar o u n d  h az ar d s  i n c l u d ‐
i n g,  b u t n o t l i m i te d  to ,  l i ve  e l e c tr i c al  c i r c u i ts ,  h o t s u r fac e s ,
l as e r s ,  a n d  m o vi n g p a r ts .

6 . 2  M e as u ri n g a S tati c  E l e c tri c  C h arge .    A m e an i n gfu l  e val u a‐
ti o n  s h o u l d  b e  d o n e  u s i n g a n  ap p r o p r i ate  i n s tr u m e n t,  u s i n g

th e  i n s tr u m e n t ac c o r d i n g  to  th e  m an u fa c tu r e r ' s  i n s tr u c ti o n s ,
m ai n tai n i n g c a l i b r a ti o n  o f th e  i n s tr u m e n t,  an d  i n te r p r e ti n g  th e
m e a s u r e m e n ts  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 a‐

ti o n s .

6 . 3  M e as u ri n g th e  C h arge  o n  a C o n d uc to r.

6 . 3 . 1    T h e  vo l ta ge  o n  a c o n d u c to r  i s  p r o p o r ti o n al  to  th e
c h ar ge  i t s u p p o r ts  an d  i s  e x p r e s s e d  b y th e  fo l l o wi n g e q u a ti o n :

V
Q

C
=

wh e r e :
V = p o te n ti a l  d i ffe r e n c e  ( vo l ts )

Q = c h a r ge  s u p p o r te d  b y th e  c o n d u c to r  ( c o u l o m b s )
C = c a p a c i ta n c e  o f th e  c o n d u c to r  ( fa r ad s )

6 . 3 . 2    T h e  vo l ta ge  o n  a  c o n d u c to r  c an  b e  m e as u r e d  b y d i r e c t
c o n tac t u s i n g a vo l tm e te r  i f th e  i m p e d a n c e  o f th e  vo l tm e te r  i s
h i gh  e n o u g h  s o  th at i t d o e s  n o t d i s c h ar g e  th e  c o n d u c to r  an d
th e  c ap ac i tan c e  i s  s m al l  e n o u g h  s o  th at i t d o e s  n o t c o l l e c t a
signifcant c h ar g e  fr o m  th e  c o n d u c to r.  An  e l e c tr o s tati c  vo l tm e ‐
te r  wi th  i n p u t i m p e d a n c e  g r e ate r  th an  1  ×  1 0 1 2  o h m s  c an  b e

u s e d  fo r  m e a s u r i n g  vo l ta ge s  o n  m o s t u n gr o u n d e d  c o n d u c to r s .
B e c au s e  c o n d u c to r s  h ave  th e  s a m e  vo l ta ge  a t e ve r y p o i n t o n

th e i r  s u r fa c e ,  th e  l o c ati o n  a t wh i c h  th e  te s t p r o b e  o f th e  vo l t‐
m e te r  to u c h e s  th e  s u r fac e  o f th e  c o n d u c to r  i s  n o t i m p o r tan t.

6 . 4  M e as u ri n g th e  C h arge  o n  a N o n c o n d u c to r.

6 . 4 . 1    B e c au s e  th e  c h ar g e  o n  a  n o n c o n d u c to r  c an n o t b e  m e as ‐
u r e d  u s i n g  a  d i r e c t c o n ta c t e l e c tr o s tati c  vo l tm e te r ,  a n o n c o n ‐
ta c t e l e c tr o s tati c  vo l tm e te r  o r  a n  e l e c tr o s tati c  feld  m e te r

s h o u l d  b e  u s e d .

N 6 . 4 . 2    A n o n c o n ta c t e l e c tr o s ta ti c  vo l tm e te r  s e n s e s  th e  s tr e n g th
o f th e  s tati c  e l e c tr i c  feld  fr o m  th e  n e t c h a r ge  o n  o r  i n  th e

n o n c o n d u c to r.  T h e  feld  s tr e n gth ,  wh i c h  i s  p r o p o r ti o n al  to  th e
s tati c  e l e c tr i c  fo r c e  p e r  u n i t c h ar g e ,  d e s c r i b e s  th e  e l e c tr i c

fo r c e s  p r e s e n t n e ar  a c h ar g e d  o b j e c t.  F o r  p r a c ti c al  p u r p o s e s ,  an
e l e c tr i c  feld  i s  th e  fo r c e  th a t a p e r s o n  e x p e r i e n c e s  o r  m e as u r e s
ar o u n d  a  c h a r ge d  o b j e c t.

 
[ 6 . 3 . 1 ]

6 . 4 . 3    E l e c tr o s tati c  feld  m e te r s  m e as u r e  th e  fo r c e  b e twe e n  th e
i n d u c e d  c h a r ge s  i n  a  s e n s o r  an d  th e  c h ar g e  p r e s e n t o n  th e
s u r fac e  o f an  o b j e c t a n d  a r e  c al i b r ate d  to  m e as u r e  th e  e l e c tr i c
feld  i n  u n i ts  o f vo l ts  p e r  u n i t d i s tan c e ,  typ i c a l l y ki l o vo l ts  p e r

m e te r.  I n  m o s t c as e s ,  th e  m e as u r e m e n ts  ar e  p r o p o r ti o n a l  to  th e
n e t s ta ti c  e l e c tr i c  c h a r ge  o n  th e  o b j e c t b e i n g  m e as u r e d .  E l e c ‐

tr o s ta ti c  feld  m e te r s  ar e  s o m e ti m e s  r e fe r r e d  to  a s  feld mills,
static meters,  static locators,  o r  charge locators.  B e c au s e  th e  c h ar g e
d e n s i ty o n  o r  i n  a n o n c o n d u c to r  typ i c al l y i s  n o t u n i fo r m ,  m e a s ‐

u r e m e n ts  s h o u l d  b e  take n  a t s e ve r al  l o c a ti o n s .

6 . 4 . 4    C h ar g e d  n o n c o n d u c to r s  e x i s t i n  m an y fo r m s ,  s u c h  a s
s h e e ts ,  flms,  we b s ,  p o wd e r s ,  l i q u i d s ,  p r o c e s s  r o l l s ,  a n d  e x tr u ‐

s i o n s .  C h ar g e s  o n  th e s e  m a te r i al s  a n d  o b j e c ts  m i g h t p r o d u c e
e l e c tr i c  felds  th at ar e  infuenced  b y th e  te s t i n s tr u m e n t,  b y th e

i n d i vi d u a l  c o n d u c ti n g  th e  te s t ,  an d  b y o th e r  n e a r b y c o n d u c ti ve ,
s e m i c o n d u c ti ve ,  o r  i n s u l ati n g  m ate r i a l s .  As  a  r e s u l t,  th e  e l e c tr o ‐
s tati c  feld  m e a s u r e d  b y th e  i n s tr u m e n t ge n e r a l l y i s  d i ffe r e n t

fr o m  th e  e l e c tr o s ta ti c  feld  p r e s e n t b e fo r e  th e  i n s tr u m e n t wa s
i n tr o d u c e d .  T h i s  p h e n o m e n o n  i s  d u e  to  a c h a n ge  i n  c ap ac i ‐
tan c e  o f th e  n o n c o n d u c to r  b e i n g  te s te d .

6 . 4 . 5    T h e  fo r c e s  b e twe e n  e l e c tr i c  c h ar g e s  e x h i b i t th e m s e l ve s
a t a d i s ta n c e .  F o r  th a t r e a s o n ,  th e  e ffe c ts  o f ac c u m u l ate d

c h a r ge  c an  b e  o b s e r ve d  as  th e  c h a r ge d  o b j e c ts  a r e  a p p r o a c h e d .
F o r  e x a m p l e ,  th e  h an d s  a n d  a r m s  o f a p e r s o n  wh o  a p p r o a c h e s
a  h i g h l y c h ar g e d  o b j e c t wi l l  ti n g l e  a n d  m i g h t e ve n  d r aw a s p a r k

as  th e  s u r fa c e  o f th e  s ki n  an d  th e  h ai r  b e c o m e  “ c h a r ge d . ”
S o m e ti m e s  th e s e  o b s e r vati o n s  an d  s p ar ks  p r o vi d e  th e  frst i n d i ‐
c a ti o n  th a t a  p o te n ti al l y h az ar d o u s  c o n d i ti o n  e x i s ts .  C h a r gi n g

o f th e  h u m an  b o d y c an  h ap p e n  e ve n  i f th e  p e r s o n  i s  we l l
g r o u n d e d .

6 . 5  G e n e ral  P rac ti c e s .

Δ 6 . 5 . 1    T h e  p r i m ar y i n s tr u m e n t fo r  l o c a ti n g a c h ar g e  o n  e i th e r
a  c o n d u c to r  o r  a n o n c o n d u c to r  i s  th e  n o n c o n tac t vo l tm e te r  o r
th e  e l e c tr o s ta ti c  feld  m e te r.  T h e  i n s tr u m e n t d o e s  n o t c o n tac t

th e  c h a r ge d  s u r fac e  d i r e c tl y.  Ra th e r,  i t s e n s e s  th e  m ag n i tu d e
a n d  th e  p o l a r i ty o f th e  e l e c tr i c  feld  th at e x i s ts  at i ts  s e n s i n g
a p e r tu r e .  T h e  i n s tr u m e n t a n d  i ts  s e n s i n g  ap e r tu r e  m i g h t

d i s tu r b  th e  e l e c tr i c  feld  ar o u n d  th e  c h ar g e  to  b e  m e a s u r e d ,  s o
th e  m e te r  r e ad i n g  m i gh t n o t ac c u r a te l y i n d i c a te  th e  a c tu al
m a gn i tu d e  o f th e  feld  wh e r e  th e  m e te r  i s  n o t p r e s e n t.  As i d e

fr o m  th i s  i s s u e ,  th e  m e te r s  ar e  e ffe c ti ve  to o l s  fo r  l o c a ti n g a
s tati c  e l e c tr i c  c h a r ge .

6 . 5 . 2    I n  s o m e  c a s e s ,  p r i m ar i l y c a s e s  i n vo l vi n g fowing  l i q u i d s
a n d  fowing  b u l k s o l i d s ,  i t i s  e as i e r  to  c o l l e c t a s am p l e  o f th e
c h a r ge d  m a te r i al  i n  an  i s o l a te d  ve s s e l  o r  c u p ,  r e fe r r e d  to  as  a

Faraday cup,  an d  to  u s e  a n  e l e c tr o m e te r  to  m e a s u r e  th e  s tr e a m ‐
i n g c u r r e n t o r  n e t c h ar g e  fowing  to  th e  c u p  r e c e i vi n g th e
c h a r ge d  m a te r i al .

6 . 6  M e as u ri n g th e  Ac c um ul ati o n  an d  Re l ax ati o n  o f C h arge .

6 . 6 . 1    M e a s u r i n g  th e  r a te  o f a c c u m u l a ti o n  an d  r e l ax ati o n  o f
s tati c  e l e c tr i c  c h a r ge  i n vo l ve s  m e as u r i n g  c h an g i n g  p o te n ti al

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

6 . 6 . 2    E l e c tr o s tati c  feld  m e te r s  an d  d e d i c a te d  c h ar g e  d e c a y
m o n i to r s  c a n  b e  u s e d  to  o b s e r ve  c h ar g e  r e l ax ati o n  o n  c o n d u c ‐

to r s  an d  n o n c o n d u c to r s  u n d e r  c o n d i ti o n s  o f p r e s c r i b e d  i n i ti al
vo l tag e s .
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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  a n d  fgure/table  r e vi s i o n s .  •  =  S e c ti o n  d e l e ti o n s .  N  =  N e w m a te r i a l . 2 0 2 4  E d i t i o n

6 . 6 . 3    L e akag e  c u r r e n ts  d o wn  to  a b o u t 1  ×  1 0 –1 3  a m p e r e s  c a n
b e  m e as u r e d  fr o m  i s o l a te d  c o n d u c to r s  u s i n g  c o m m e r c i al l y

avai l ab l e  e l e c tr o m e te r s .  T h e  i s o l ate d  c o n d u c to r  c an  b e  a  F ar a‐
d ay c u p  c o n ta i n i n g a b u l k s o l i d  o r  fuid.

Δ 6 . 7  M e as u ri n g th e  Re s i s ti vi ty o f M ate ri al s .

N 6 . 7 . 1    E l e c tr i c al  r e s i s ti vi ty o f m ate r i a l s  o fte n  c o n s i s ts  o f vo l u m e
( b u l k)  a n d  s u r fac e  c o m p o n e n ts .  I n  e l e c tr o s tati c  p r o c e s s e s ,  th e

a p p r o x i m a te  r an g e s  o f r e s i s ti vi ti e s  th at defne  m ate r i a l s  as  i n s u ‐
l ati n g ,  s e m i c o n d u c ti ve  ( an ti s ta ti c ) ,  o r  c o n d u c ti ve  a r e  s u m m ar ‐
i z e d  i n  F i gu r e  6 . 7 . 1 .

N 6 . 7 . 1 . 1    N o te  th a t th e r e  a r e  o ve r l ap p i n g  r an g e s  i n  F i g u r e  6 . 7 . 1 .
D i s s i p ati n g  e l e c tr i c al  c h a r ge  i s  o n e  e ffe c ti ve  way to  m i ti g ate

s tati c  i gn i ti o n  r i s ks .  O fte n ,  c h ar g e  d i s s i p a te s  e x p o n e n ti a l l y wi th
a ti m e  c o n s ta n t τ  kn o wn  a s  th e  c h a r ge  r e l ax ati o n  ti m e  i n  E q u a‐
ti o n s  5 . 4 . 6  an d  5 . 4 . 7  th a t i s  p r o p o r ti o n al  to  th e  vo l u m e tr i c  r e s i s ‐

ti vi ty.

N 6 . 7 . 1 . 2    T h e  m ax i m u m  vo l u m e tr i c  r e s i s ti vi ty n e e d e d  to  m i ti ‐
g ate  s tati c  d i s c h a r ge  r i s ks  d e p e n d s  g r e atl y o n  th e  s p e e d  o f th e

p r o c e s s .  Vo l u m e  r e s i s ti vi ti e s  l e s s  th a n  th e  m ax i m u m  ar e  c o n s i d ‐
e r e d  c o n d u c ti ve .  M i ti g ati n g  s tati c  r i s ks  i n  te n s  o f s e c o n d s  m ay

b e  ap p r o p r i ate  fo r  a s l o w p r o c e s s ,  s u c h  a s  flling  a l a r ge  s to r a ge
ta n k,  wh i l e  m i ti ga ti n g th e  r i s k i n  m i l l i s e c o n d s  i s  re q u i r e d  fo r  a
fa s t p r o c e s s  s u c h  as  a p r i n ti n g  o p e r ati o n .

6 . 7 . 2    E l e c tr i c  c h a r ge s  c a n  b e  c o n d u c te d  fr o m  a s o l i d ,  l i q u i d ,
o r  p o wd e r,  e i th e r  a c r o s s  th e  s u r fa c e  o r  th r o u gh  th e  m a te r i al .

6 . 7 . 3    T h e  vo l u m e tr i c  r e s i s ti vi ty o f a  m ate r i al  c an  b e  d e te r ‐
m i n e d  b y ap p l yi n g  a  p o te n ti al  d i ffe r e n c e  ac r o s s  a s am p l e  o f

kn o wn  c r o s s  s e c ti o n  a n d  m o n i to r i n g th e  c u r r e n t th r o u g h  th e
c r o s s  s e c ti o n .

Δ 6 . 7 . 4    Ad s o r b e d  m ate r i a l ,  p ar ti c u l ar l y wa te r  va p o r,  an d
c o m p a c ti o n  o f m a te r i al s  ar e  kn o wn  to  l o we r  th e  r e s i s ti vi ty o f
m a te r i al s .  T h e  r e s i s ti vi ty o f m a n y m ate r i a l s  a l s o  h as  b e e n  fo u n d

to  va r y wi th  th e  ap p l i e d  p o te n ti a l  d i ffe r e n c e  a n d  wi th  th e  d u r a‐
ti o n  o f th e  te s t.  Va r i o u s  d e s i g n s  o f c e l l s  u s e d  to  m e as u r e  r e s i s ti v‐

C o n d u c t i v e  m a t e r i a l s

S e m i c o n d u c t i v e  m a t e ri a l s

N o n c o n d u c t i v e  m a t e r i a l s

( a )  V o l u m e  r e s i s t i v i t y

C o n d u c t i v e  m a t e ri a l s

S e m i c o n d u c t i v e  m a t e ri a l s

N o n c o n d u c t i v e  m a t e ri a l s

1           1 0          1 0           1 0          1 0          1 0           1 0          1 02 4 6 8 1 0 1 2 1 4

o h m - m

1 0           1 0          1 0          1 0          1 0          1 0          1 06 8 1 0 1 2 1 4 1 6 1 8

o h m s  p e r s q u a re

1 0 4

( b )  S u r f a c e  r e s i s t i v i t y

FI G U RE  6 . 7 . 1   Ran ge s  o f Vo l u m e  an d  S ur fac e  Re s i s ti vi ti e s .
(Source: H.  L.  Walmsley,  “Avoidance of Electrostatic Hazards in the
Petroleum Industry, ” p.  1 38. )

i ty h ave  b e e n  d e ve l o p e d  i n to  s tan d ar d  te s t confgurations  th a t
a r e  ap p l i c a b l e  to  specifc  ki n d s  o f s am p l e s .  Ap p r o p r i ate  te s t

p r o c e d u r e s  i n c l u d e  th e  fo l l o wi n g :

( 1 ) AS T M  D 2 5 7 ,  Standard Test Methods for DC Resistance or
Conductance of Insulating Materials

( 2 ) I S O / I E C  8 0 0 7 9 -2 0 -2 ,  Explosive atmospheres — Part 20-2:
Material characteristics — Combustible dusts test methods

( 3 ) J I S  B  9 9 1 5 ,  Measuring Methods for Dust Resistivity (with
Parallel Electrodes)

6 . 8  As s e s s m e n t o f C o n d u c ti o n  P ath s .

Δ 6 . 8 . 1    As  defned  i n  3 . 3 . 2 ,  bonding i s  a  p r o c e s s  wh e r e b y two  o r
m o r e  c o n d u c ti ve  o b j e c ts  ar e  c o n n e c te d  b y m e an s  o f a c o n d u c ‐

to r  s o  th at th e y ar e  a t th e  s a m e  e l e c tr i c al  p o te n ti al ;  th a t i s ,  th e
vo l tag e  d i ffe r e n c e  b e twe e n  th e  o b j e c ts  i s  z e r o .  T h e  o b j e c ts

m i gh t o r  m i g h t n o t b e  at th e  s am e  p o te n ti al  a s  th e  e ar th .  I n
fa c t,  a c o n s i d e r a b l e  p o te n ti al  d i ffe r e n c e  b e twe e n  th e  o b j e c ts
an d  th e  e ar th  c o u l d  e x i s t.

Δ 6 . 8 . 2    As  defned  i n  3 . 3 . 2 3 ,  grounding i s  th e  p r o c e s s  o f b o n d i n g
o n e  o r  m o r e  c o n d u c ti ve  o b j e c ts  to  th e  e ar th  s o  th at th e y a r e  a l l

a t z e r o  e l e c tr i c a l  p o te n ti al .

Δ 6 . 8 . 3    T h e  p u r p o s e  o f b o n d i n g  an d  g r o u n d i n g i s  to  e l i m i n ate
th e  o c c u r r e n c e  o f a  s tati c  e l e c tr i c  s p ar k.

6 . 8 . 4    An  e val u ati o n  an d  o n - s i te  s u r ve y o f th e  ar e a s h o u l d  b e
d o n e  to  i d e n ti fy c o n d u c ti ve  o b j e c ts  a n d  ve r i fy th e y ar e  p r o p e r l y

b o n d e d  an d  g r o u n d e d .  P e r i o d i c  i n s p e c ti o n  an d  te s ti n g o f
b o n d i n g  an d  g r o u n d i n g  s ys te m s  ar e  e q u a l l y i m p o r tan t to

e n s u r e  th at th e  a c c u m u l a ti o n  o f s tati c  e l e c tr i c  c h a r ge s  ar e  m i n i ‐
m i z e d .  S e l f- te s ti n g  b o n d i n g  c l a m p s  c an  b e  u s e d  to  c o n ti n u o u s l y

te s t th e  r e s i s tan c e  to  g r o u n d  a n d  ve r i fy a c c e p ta b l e  l e ve l s  i n
b o n d i n g an d  g r o u n d i n g i n s tal l ati o n s  th at ar e  s u b j e c t to  m o ve ‐

m e n t,  h ave  i n s u l a ti n g c o ati n g s ,  o r  ar e  p r o n e  to  c o r r o s i o n .

Δ 6 . 8 . 5    T h e  r e s i s tan c e  to  g r o u n d  o f th e  b o n d i n g  o r  g r o u n d i n g
p ath  i s  i m p o r tan t n o t o n l y to  e n s u r e  r e l a x a ti o n  o f th e  s ta ti c
e l e c tr i c  c h ar g e  b u t a l s o  to  m a i n tai n  wo r ke r  s afe ty a n d  s a ti s fy

o th e r  p u r p o s e s ,  s u c h  a s  fo r  l i g h tn i n g p r o te c ti o n  a n d  e l e c tr i c al
s ys te m  s h o c k p r o te c ti o n .  P r ac ti c e s  th at c o n s ti tu te  p r o p e r  r e s i s t‐
an c e  to  gr o u n d  var y fr o m  ap p l i c ati o n  to  ap p l i c ati o n .  C h a p te r s

7  th r o u g h  1 6  p r o vi d e  e x a m p l e s  o f ac c e p tab l e  g r o u n d i n g  p r ac ti ‐
c e s .

6 . 8 . 6    T h e  r e s i s ta n c e  to  gr o u n d  i s  m e as u r e d  wi th  an  o h m m e te r
o r  a m e g o h m m e te r.  C ar e  s h o u l d  al ways  b e  ta ke n  to  a vo i d  i g n i ‐
ti o n  o f a  fammable  a tm o s p h e r e .  T h e  te s t e q u i p m e n t s h o u l d  b e

s u i tab l e  fo r  th e  a p p l i c a ti o n ,  fo r  th e  classifcation  o f th e  ar e a  i n
wh i c h  i t i s  u s e d ,  an d  fo r  th e  typ e  o f o b j e c t b e i n g  e va l u ate d .

6 . 9  M e as u ri n g S p ark D i s c h arge  E n e rgi e s .

6 . 9 . 1    T h e  s p ar k d i s c h a r ge  e n e r g y fo r  c o n d u c to r s  i s  d e te r ‐
m i n e d  fr o m  th e  vo l tag e  o n  th e  c o n d u c to r  an d  i ts  c a p a c i ta n c e
an d  i s  e x p r e s s e d  b y th e  fo l l o wi n g e q u ati o n s  ( wh i c h  we r e  a l s o

g i ve n  i n  5 . 5 . 3 . 3 ) :

W CV

W
Q

C

=

=

1

2

1

2

2

2







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S TAT I C  E L E C T RI C I T Y7 7 - 2 0

2 0 2 4  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 .

wh e r e :
W = e n e r gy ( j o u l e s )

C = c ap a c i tan c e  ( fa r ad s )
V = p o te n ti al  d i ffe r e n c e  ( vo l ts )

Q = c h ar g e  ( c o u l o m b s )

6 . 9 . 2    A c a p ac i ta n c e  m e te r  o fte n  c a n  b e  u s e d  to  m e as u r e  e l e c ‐
tr o s ta ti c  c h a r ge  s to r a ge  c a p ac i ty wh e r e  th e  c h a r ge  i s  s to r e d  o n
a c o n d u c ti ve  e l e m e n t.  C ar e  s h o u l d  al ways  b e  take n  to  avo i d
i gn i ti o n  o f a  fammable  atm o s p h e r e .  T h e  te s t e q u i p m e n t
s h o u l d  b e  s u i ta b l e  fo r  th e  ap p l i c a ti o n ,  fo r  th e  classifcation  o f
th e  a r e a i n  wh i c h  i t i s  u s e d ,  an d  fo r  th e  typ e  o f o b j e c t b e i n g
e val u a te d .

6 . 1 0  M e as u ri n g I gn i ti o n  E n e rgi e s .

Δ 6 . 1 0 . 1    An y c o m b u s ti b l e  s o l i d  ( d u s t) ,  l i q u i d  ( vap o r ) ,  o r  ga s
s h o u l d  b e  e val u ate d  fo r  i ts  p o te n ti al  as  an  i gn i ti b l e  atm o s p h e r e
i n  th e  p r e s e n c e  o f d i s c h ar g e s  o f s tati c  e l e c tr i c i ty.  T h i s  e val u a‐
ti o n  r e q u i r e s  d e te r m i n i n g th e  M I E  o f th e  m a te r i al .  (See Table
B. 1  for the MIEs of typical gases and vapors. )

6 . 1 0 . 2    S tan d ar d i z e d  te s t e q u i p m e n t an d  p r o c e d u r e s  h ave
b e e n  d e ve l o p e d  fo r  m e as u r i n g th e  M I E s  o f p a r ti c u l a te  an d
ga s e o u s  m ate r i al s .  T h e  e q u i p m e n t i s  h i gh l y s p e c i a l i z e d  an d
r e q u i r e s  tr ai n e d  te c h n i c i a n s  fo r  i ts  o p e r ati o n .  Typ i c a l l y,  th e
e q u i p m e n t i s  o p e r ate d  an d  m ai n ta i n e d  b y s p e c i al i z e d  te s ti n g
frms.

C h ap te r 7    C o n tro l  o f S tati c  E l e c tri c i ty an d  I ts  H az ard s  b y
P ro c e s s  Modifcation  an d  G ro un d i n g

7 . 1  G e n e ral .

7 . 1 . 1 *    T h e  o b j e c ti ve  o f c o n tr o l l i n g  a s ta ti c  e l e c tr i c  h a z a r d  i s  to
p r o vi d e  a m e a n s  wh e r e b y s e p a r ate d  c h a r ge s  c a n  d i s s i p ate
b e fo r e  h ar m fu l  d i s c h a r ge s  c an  o c c u r.

Δ 7 . 1 . 2    I g n i ti o n  h az ar d s  fr o m  s ta ti c  e l e c tr i c i ty c an  b e  c o n tr o l l e d
b y th e  fo l l o wi n g m e th o d s :

( 1 ) Re m o vi n g  th e  i gn i ti b l e  m i x tu r e  fr o m  th e  ar e a  wh e r e
s tati c  e l e c tr i c i ty c o u l d  c au s e  a n  i gn i ti o n -c ap a b l e  d i s c h a r ge

( 2 ) N e u tr a l i z i n g th e  c h ar g e s ,  th e  p r i m a r y m e th o d s  o f wh i c h
ar e  gr o u n d i n g  i s o l a te d  c o n d u c to r s  an d  a i r  i o n i z ati o n

( 3 ) Re d u c i n g  c h ar g e  ge n e r a ti o n ,  c h ar g e  ac c u m u l ati o n ,  o r
b o th  b y m e a n s  o f p r o c e s s  o r  p r o d u c t modifcations

( 4 ) O p e r a ti n g o u ts i d e  th e  fammable  r an g e ,  wh i c h  c o u l d
i n c l u d e  d i l u ti n g  o r  i n e r ti n g th e  m i x tu r e

Δ 7 . 2  Re l o c ati o n .    Wh e r e  e q u i p m e n t th at c an  ac c u m u l ate  a
s tati c  e l e c tr i c  c h a r ge  i s  u n n e c e s s a r i l y l o c a te d  i n  a  h az ar d o u s
ar e a,  i t s h o u l d  b e  m o ve d  to  a  s a fe  l o c a ti o n  r a th e r  th an  r e l y o n
an o th e r  m e an s  o f h a z a r d  c o n tr o l .

7 . 3 *  C h arge  D i s s i p ati o n .

7 . 3 . 1  B o n d i n g an d  G ro u n d i n g.    B o n d i n g  i s  u s e d  to  m i n i m i z e
th e  p o te n ti al  d i ffe r e n c e  b e twe e n  c o n d u c ti ve  o b j e c ts ,  e ve n
wh e r e  th e  r e s u l ti n g  s ys te m  i s  n o t g r o u n d e d .  G r o u n d i n g ( i . e . ,
e a r th i n g) ,  o n  th e  o th e r  h a n d ,  e q u al i z e s  th e  p o te n ti al  d i ffe r ‐
e n c e  b e twe e n  th e  o b j e c ts  a n d  th e  e ar th .  S e e  C h ap te r  3  fo r  th e
defnitions  o f bonding,  verifed ground point,  grounding,  an d
grounding electrode conductor.  E x am p l e s  o f b o n d i n g  a n d  g r o u n d ‐
i n g  a r e  i l l u s tr ate d  i n  F i gu r e  7 . 3 . 1 .

N 7 . 3 . 1 . 1    A gr o u n d i n g  c o n d u c to r  c o n n e c ts  th e  g r o u n d i n g e l e c ‐
tr o d e  s ys te m  to  c o n d u c ti ve  o b j e c ts .

N 7 . 3 . 1 . 2    A b o n d i n g  c o n d u c to r  c o n n e c ts  e q u i p m e n t to  o th e r
c o n d u c ti ve  o b j e c ts .

N 7 . 3 . 1 . 3    An  a c ti ve  b o n d  m o n i to r i n g  s ys te m  p r o vi d e s  a l o w
r e s i s ta n c e  m o n i to r e d  b o n d  c o n n e c ti o n  b e twe e n  th e  o b j e c t an d

th e  verifed  g r o u n d  p o i n t.

7 . 3 . 1 . 4    A c o n d u c ti ve  o b j e c t c a n  b e  gr o u n d e d  b y a d i r e c t
c o n d u c ti ve  p ath  to  e a r th  o r  b y b o n d i n g i t to  an o th e r  c o n d u c ‐

ti ve  o b j e c t th a t i s  al r e ad y c o n n e c te d  to  th e  g r o u n d .  S o m e
o b j e c ts  ar e  i n h e r e n tl y b o n d e d  o r  i n h e r e n tl y g r o u n d e d  b e c au s e

o f th e i r  c o n tac t wi th  th e  gr o u n d .  E x am p l e s  o f i n h e r e n tl y
gr o u n d e d  o b j e c ts  ar e  u n d e r gr o u n d  m e ta l  p i p i n g a n d  l ar g e
m e tal  s to r ag e  ta n ks  r e s ti n g o n  th e  g r o u n d .

7 . 3 . 1 . 5 *    T h e  to tal  r e s i s tan c e  b e twe e n  a g r o u n d e d  o b j e c t an d
th e  s o i l  i s  th e  s u m  o f th e  i n d i vi d u a l  r e s i s tan c e s  o f th e  g r o u n d

wi r e ,  i ts  c o n n e c to r s ,  o th e r  c o n d u c ti ve  m ate r i a l s  al o n g  th e
i n te n d e d  g r o u n d i n g p ath ,  a n d  th e  r e s i s tan c e  o f th e  g r o u n d
e l e c tr o d e  ( i . e . ,  g r o u n d  r o d )  to  th e  s o i l .  M o s t o f th e  r e s i s ta n c e

i n  a  gr o u n d  c o n n e c ti o n  e x i s ts  b e twe e n  th e  gr o u n d  e l e c tr o d e
an d  th e  s o i l .  T h i s  g r o u n d  r e s i s ta n c e  i s  q u i te  va r i a b l e  b e c au s e  i t
d e p e n d s  o n  th e  a r e a o f c o n tac t,  th e  r e s i s ti vi ty o f th e  s o i l ,  an d

th e  am o u n t o f m o i s tu r e  p r e s e n t i n  th e  s o i l .

Δ 7 . 3 . 1 . 6 *    To  p r e ve n t th e  a c c u m u l a ti o n  o f s tati c  e l e c tr i c i ty i n
c o n d u c ti ve  e q u i p m e n t,  th e  to tal  r e s i s tan c e  o f th e  g r o u n d  p a th

to  e a r th  s h o u l d  b e  suffcient to  d i s s i p ate  c h ar g e s  th a t a r e  o th e r ‐
wi s e  l i ke l y to  b e  p r e s e n t.  A r e s i s tan c e  o f 1  m e go h m  ( 1  ×  1 0 6

o h m s )  o r  l e s s  i s  c o n s i d e r e d  ad e q u ate  fo r  fxed  e q u i p m e n t
i n s ta l l ati o n s .  F o r  fuids  wi th  ve r y l o w c o n d u c ti vi ty ( <  4 5  p S / m ) ,
s u c h  a s  h e p ta n e ,  a ti m e  p e r i o d  fo r  r e l ax ati o n  o f th e  c h ar g e s

s h o u l d  b e  i n  p l ac e  (see 5. 4. 7).

7 . 3 . 1 . 6 . 1    Wh e r e  th e  b o n d i n g/ gr o u n d i n g  s ys te m  i s  a l l  m e tal ,
r e s i s tan c e  i n  c o n ti n u o u s  gr o u n d  p ath s  i s  m e a s u r e d  to  ve r i fy

m e c h a n i c al  i n te gr i ty.  (See A. 3. 3. 2. ) S u c h  s ys te m s  i n c l u d e  th o s e
h avi n g  m u l ti p l e  c o m p o n e n ts .  Gr e ate r  r e s i s tan c e  u s u a l l y i n d i ‐

c a te s  th at th e  m e tal  p a th  i s  n o t c o n ti n u o u s ,  u s u a l l y b e c a u s e  o f
l o o s e  c o n n e c ti o n s  o r  c o r r o s i o n .  A p e r m a n e n t o r  fxed  g r o u n d ‐
i n g  s ys te m  th a t i s  ac c e p tab l e  fo r  p o we r  c i r c u i ts  o r  fo r  l i g h tn i n g

p r o te c ti o n  i s  m o r e  th an  a d e q u a te  fo r  a s ta ti c  e l e c tr i c i ty g r o u n d ‐

B o n d i n g

G r o u n d i n g

B o n d i n g  a n d  g r o u n d i n g

Δ FI G U RE  7 . 3 . 1   B o n d i n g an d  G ro u n d i n g.
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C O N T RO L  O F  S TAT I C  E L E C T RI C I T Y AN D  I T S  H AZ ARD S  B Y P RO C E S S  M O D I F I C AT I O N  AN D  GRO U N D I N G 7 7 - 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  a n d  fgure/table  r e vi s i o n s .  •  =  S e c ti o n  d e l e ti o n s .  N  =  N e w m a te r i a l . 2 0 2 4  E d i t i o n

i n g s ys te m .  S tati c  g r o u n d s  s h o u l d  b e  m ad e  to  th e  b u i l d i n g
s te e l ,  i f p o s s i b l e .  Gr o u n d i n g  to  p o we r  g r o u n d s  o r  l i g h tn i n g
p r o te c ti o n  s ys te m s  i s  n o t r e c o m m e n d e d .

Δ 7 . 3 . 1 . 6 . 1 . 1    I n  feld-based  s i tu ati o n s  s u c h  a s  H AZ M AT  r e s p o n s e
o p e r ati o n s  o r  fammable/combustible  m ate r i a l  s p i l l  c o n tr o l

a n d  tr an s fe r,  i t m i g h t b e  n e c e s s ar y to  e s tab l i s h  a te m p o r ar y o r
e m e r g e n c y g r o u n d i n g  s ys te m  i n  a r e m o te  l o c ati o n  i n  o r d e r  to

d i s s i p ate  e l e c tr o s tati c  c h ar g e s .  I n  s u c h  s i tu ati o n s ,  va r i o u s  typ e s
o f c o n d u c ti ve  gr o u n d i n g  e l e c tr o d e s  c a n  b e  u s e d ,  s u c h  as  r o d s ,
p l a te s ,  an d  wi r e s ,  wh i c h  a r e  s o m e ti m e s  u s e d  i n  c o m b i n ati o n  to

i n c r e as e  s u r fac e  a r e a c o n tac t wi th  th e  e ar th .  I f th e  p u r p o s e  o f
th e  te m p o r ar y gr o u n d i n g  s ys te m  i s  to  d i s s i p ate  s tati c  e l e c tr i c i ty,
a  to ta l  r e s i s ta n c e  o f u p  to  1  Ki l o o h m  ( 1 0 0 0  o h m s )  i n  th e

gr o u n d  p ath  to  e ar th  i s  c o n s i d e r e d  a d e q u a te .  T h i s  c a n  b e  m e as ‐
u r e d  u s i n g  s ta n d a r d  g r o u n d  r e s i s ta n c e  te s ti n g  i n s tr u m e n ts  an d

i s  r e al i s ti c al l y an d  q u i c kl y a c h i e vab l e  i n  m o s t typ e s  o f te r r ai n
a n d  we a th e r  c o n d i ti o n s .

7 . 3 . 1 . 6 . 2    An n e x  G c o n tai n s  d i a gr a m s  o f va r i o u s  b o n d i n g an d
g r o u n d i n g  d e vi c e s ,  c o n n e c ti o n s ,  an d  e q u i p m e n t.

7 . 3 . 1 . 7    Wh e r e  wi r e  c o n d u c to r s  ar e  u s e d ,  th e  m i n i m u m  s i z e  o f
th e  b o n d i n g o r  g r o u n d i n g  wi r e  i s  d i c ta te d  b y m e c h an i c al

s tr e n g th ,  n o t b y i ts  c u r r e n t-c ar r yi n g c a p ac i ty.  S tr an d e d  o r  b r ai ‐
d e d  wi r e s  s h o u l d  b e  u s e d  fo r  b o n d i n g  wi r e s  th at wi l l  b e  c o n n e c ‐
te d  an d  d i s c o n n e c te d  fr e q u e n tl y.  (See Annex G for additional

information. )

7 . 3 . 1 . 8    Al th o u g h  g r o u n d i n g c o n d u c to r s  c a n  b e  i n s u l ate d
( e . g. ,  a  j a c ke te d  o r  p l as ti c -c o ate d  c a b l e )  o r  u n i n s u l ate d  ( i . e . ,

b a r e  c o n d u c to r s ) ,  u n i n s u l a te d  c o n d u c to r s  s h o u l d  b e  u s e d
b e c au s e  d e fe c ts  a r e  e as i e r  to  d e te c t.

7 . 3 . 1 . 9    P e r m a n e n t b o n d i n g o r  gr o u n d i n g  c o n n e c ti o n s  c an  b e
m a d e  b y b r az i n g  o r  we l d i n g .  Te m p o r ar y c o n n e c ti o n s  c an  b e

m a d e  u s i n g  b o l ts ,  p r e s s u r e -typ e  b o n d i n g  c l am p s ,  b o n d i n g b al l s ,
o r  o th e r  s p e c i al  c l a m p s  o r  m e an s  o f c o n n e c ti o n .  P r e s s u r e -typ e

b o n d i n g c l a m p s  s h o u l d  h a ve  suffcient p r e s s u r e  to  p e n e tr a te
a n y p r o te c ti ve  c o ati n g ,  r u s t,  o r  s p i l l e d  m a te r i al  to  e n s u r e

c o n tac t wi th  th e  b a s e  m e tal .  Wh e n  m a ki n g c o n n e c ti o n s
th r o u g h  an y s u r fac e  th at i s  c o m p r o m i s e d  ( e . g. ,  b y d e b r i s ,  b y
c o r r o s i o n ) ,  th e  c o n n e c ti o n  s h o u l d  b e  verifed  wi th  a l o w vo l t‐

ag e  o h m m e te r  o r  s i m i l ar  d e vi c e  (see A. 3. 3. 2).

7 . 3 . 1 . 1 0    Wo r ke r s  s h o u l d  b e  g r o u n d e d  o n l y th r o u g h  a r e s i s t‐
an c e  th a t l i m i ts  th e  c u r r e n t to  g r o u n d  to  l e s s  th a n  3  m A fo r  th e

r a n ge  o f vo l tag e s  e x p e r i e n c e d  i n  th e  ar e a.  T h i s  m e th o d ,  r e fe r ‐
r e d  to  a s  soft grounding,  i s  u s e d  to  p r e ve n t i n j u r y fr o m  a n  e l e c ‐

tr i c  s h o c k fr o m  l i n e  vo l tag e s  o r  s tr ay c u r r e n ts .

7 . 4  C o n tro l  o f G e n e rati o n  o f S tati c  E l e c tri c  C h arge .    E l e c tr i c
c h a r ge s  s e p a r ate  wh e r e  m a te r i al s  a r e  p l a c e d  i n  c o n tac t an d

th e n  p u l l e d  ap ar t.  Re d u c i n g p r o c e s s  s p e e d s  a n d  fow r ate s
r e d u c e s  th e  r ate  o f c h ar g e  g e n e r ati o n .  S u c h  c h ar g e  s e p ar a ti o n

i s  fo u n d  wh e r e  p l a s ti c  p a r ts  an d  s tr u c tu r e s ,  i n s u l a ti n g flms  an d
we b s ,  l i q u i d s ,  an d  p ar ti c u l ate  m ate r i a l  a r e  h an d l e d .  I f th e  m a te ‐

r i al  fows  a t a s l o w e n o u gh  r ate ,  a  h a z a r d o u s  l e ve l  o f e x c e s s
c h a r ge  d o e s  n o t n o r m al l y ac c u m u l ate .  T h i s  m e a n s  o f s ta ti c
e l e c tr i c i ty c o n tr o l  m i gh t n o t b e  p r a c ti c a l  d u e  to  p r o c e s s i n g

r e q u i r e m e n ts .  (See Chapters 9 through 1 6 for recommended practices
in specifc applications. )

7 . 4 . 1  Humidifcation.

Δ 7 . 4 . 1 . 1    T h e  s u r fa c e  r e s i s ti vi ty o f m an y m ate r i a l s  c an  b e
c o n tr o l l e d  b y th e  h u m i d i ty o f th e  s u r r o u n d i n g s .  At h u m i d i ti e s
o f 6 5  p e r c e n t an d  h i g h e r,  th e  s u r fa c e s  o f s o m e  m a te r i al s  a d s o r b

e n o u gh  m o i s tu r e  to  e n s u r e  a s u r fa c e  c o n d u c ti vi ty suffcient to
p r e ve n t a c c u m u l a ti o n  o f s tati c  e l e c tr i c i ty.  Wh e n  h u m i d i ty fa l l s
b e l o w 3 0  p e r c e n t,  th e s e  s a m e  m a te r i al s  c o u l d  b e c o m e  go o d

i n s u l ato r s ,  i n  wh i c h  c as e  ac c u m u l ati o n  o f c h ar g e  o c c u r s .

7 . 4 . 1 . 2    Wh i l e  humidifcation  d o e s  i n c r e as e  th e  s u r fa c e
c o n d u c ti vi ty o f th e  m ate r i a l ,  th e  c h ar g e  wi l l  d i s s i p ate  o n l y i f

th e r e  i s  a c o n d u c ti ve  p ath  to  g r o u n d .

7 . 4 . 1 . 3    Humidifcation  i s  a n o t a c u r e -al l  fo r  s ta ti c  e l e c tr i c i ty
p r o b l e m s .  S o m e  i n s u l a to r s  d o  n o t a d s o r b  m o i s tu r e  fr o m  th e
a i r ;  th e r e fo r e ,  h i g h  h u m i d i ty wi l l  n o t n o ti c e ab l y d e c r e a s e  th e i r

s u r fac e  r e s i s ti vi ty.  E x a m p l e s  o f s u c h  i n s u l ato r s  a r e  u n c o n tam i ‐
n a te d  s u r fa c e s  o f s o m e  p o l ym e r i c  m ate r i a l s ,  s u c h  a s  p l a s ti c
p i p i n g ,  c o n tai n e r s ,  an d  flms,  a n d  th e  s u r fac e s  o f p e tr o l e u m

l i q u i d s .  T h e s e  s u r fa c e s  c an  ac c u m u l ate  a s ta ti c  e l e c tr i c  c h ar g e
e ve n  wh e n  th e  a tm o s p h e r e  h as  a h u m i d i ty o f 1 0 0   p e r c e n t.

7 . 4 . 2  C h arge  Re l ax ati o n  an d  An ti s tati c  Tre atm e n ts .

7 . 4 . 2 . 1    B a s e d  o n  th e i r  p r o p e r ti e s ,  l i q u i d  an d  s o l i d  m ate r i al s
c a r r yi n g  a s tati c  e l e c tr i c  c h a r ge  n e e d  ti m e  to  d i s s i p ate ,  o r
“ r e l ax , ”  th e  c h ar g e .  I n  s o m e  c a s e s ,  th e  m a te r i al s  c an  b e  al l o we d
suffcient ti m e  fo r  th e  c h ar g e s  to  r e l ax  b e fo r e  b e i n g  m o ve d  a n d
u s e d  i n  a  h a z a r d o u s  ar e a  o r  p r o c e s s .

7 . 4 . 2 . 2    C h a r ge  r e l ax ati o n  c a n  o c c u r  o n l y i f a p a th  to  g r o u n d
fo r  c o n d u c ti o n  o f th e  c h ar g e  i s  avai l ab l e .  I n c r e a s i n g  th e

c o n d u c ti vi ty o f th e  m ate r i a l  wi l l  n o t e l i m i n ate  h az ar d s  i f th e
m a te r i al  r e m ai n s  i s o l ate d  fr o m  g r o u n d .

7 . 4 . 2 . 3    A n o n c o n d u c ti ve  m ate r i al  o fte n  c an  b e  m a d e  suff‐
ciently c o n d u c ti ve  to  d i s s i p ate  s tati c  e l e c tr i c  c h ar g e ,  e i th e r  b y

ad d i n g  c o n d u c ti ve  i n gr e d i e n ts  to  i ts  c o m p o s i ti o n  o r  b y a p p l y‐
i n g h ygr o s c o p i c  ag e n ts  to  i ts  s u r fac e  to  attr a c t atm o s p h e r i c
m o i s tu r e .

7 . 4 . 2 . 4    C a r b o n  b l a c k c an  b e  ad d e d  to  s o m e  p l as ti c s  o r  r u b b e r s
to  i n c r e as e  c o n d u c ti vi ty.  Carbon-flled  p l a s ti c s  an d  r u b b e r  ar ti ‐

c l e s  ar e  s o m e ti m e s  suffciently c o n d u c ti ve  to  b e  g r o u n d e d  l i ke
m e tal  o b j e c ts .  H o we ve r,  a  m a te r i al  b e i n g b l a c k d u e  to  c ar b o n

l o ad i n g d o e s  n o t n e c e s s a r i l y m e an  i t i s  c o n d u c ti ve .  An ti s ta ti c
ad d i ti ve s  c an  al s o  b e  m i x e d  wi th  l i q u i d  an d  p ar ti c u l ate  s tr e am s
to  fo s te r  c h a r ge  r e l a x a ti o n .

7 . 4 . 2 . 5    I n  s o m e  c a s e s ,  p ar ti c u l ar l y wi th  p l as ti c  flms  o r  s h e e t‐
i n g ,  a m ate r i a l  i s  ad d e d  to  a ttr ac t atm o s p h e r i c  m o i s tu r e  to  th e

s u r fac e ,  th u s  i n c r e as i n g s u r fa c e  c o n d u c ti vi ty.  C a r e  s h o u l d  b e
ta ke n  wh e r e  a n ti s ta ti c  p l as ti c  flm  o r  s h e e ti n g  i s  u s e d  i n  l o w-
h u m i d i ty c o n d i ti o n s .  I n  e n vi r o n m e n ts  wi th  l e s s  th an  3 0  p e r c e n t

h u m i d i ty,  flm  o r  s h e e ti n g  c a n  b e c o m e  n o n c o n d u c ti ve  an d
ac c u m u l ate  s tati c  e l e c tr i c  c h ar g e .  T h e s e  m a te r i al s  h a ve  a  fnite
s h e l f l i fe  an d  c an  b e  i m p ac te d  b y s o l ve n ts ,  s u n l i g h t,  o r  U V

e x p o s u r e  o r  o th e r wi s e  l o s e  e ffe c ti ve n e s s  o ve r ti m e .

7 . 4 . 2 . 6    To p i c a l  h ygr o s c o p i c  c o a ti n gs  a ttr ac t a tm o s p h e r i c  m o i s ‐
tu r e  an d  m ake  th e  s u r fac e  o f th e  c o ate d  m a te r i al  c o n d u c ti ve .

H o we ve r,  s u c h  c o ati n g s  c an  b e  e as i l y wa s h e d  awa y o r  r u b b e d  o ff
o r  c an  l o s e  e ffe c ti ve n e s s  o ve r  ti m e .  T h i s  typ e  o f c o a ti n g s h o u l d
b e  c o n s i d e r e d  o n l y a s  a te m p o r ar y m e as u r e  to  r e d u c e  ac c u m u ‐

l ati o n  o f s ta ti c  e l e c tr i c  c h ar g e .

7 . 4 . 2 . 7    C o n d u c ti ve  p o l ym e r s ,  l a m i n ate s  wi th  c o n d u c ti ve
e l e m e n ts ,  a n d  m e tal l i z e d  flms,  al o n g  wi th  p e r m an e n t,  i n h e r ‐

e n tl y d i s s i p a ti ve  p o l ym e r  ( I D P )  a d d i ti ve s  th at d o  n o t d e p e n d
o n  m o i s tu r e  to  i m p ar t d i s s i p a ti ve  p r o p e r ti e s ,  h ave  b e e n  d e ve l ‐

o p e d  fo r  i m p r o ve d  d i s s i p a ti o n  o f s tati c  e l e c tr i c  c h ar g e .
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2 0 2 4  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 . 5  C o n tro l  o f I gn i ti b l e  M i x tu re s  i n  E q u i p m e n t.

Δ 7 . 5 . 1  G e n e ral .    D e s p i te  e ffo r ts  to  p r e ve n t ac c u m u l ati o n  o f
s tati c  e l e c tr i c  c h ar g e s  th r o u g h  g o o d  d e s i gn ,  m an y o p e r ati o n s
th a t i n vo l ve  th e  h a n d l i n g o f n o n c o n d u c ti ve  m ate r i a l s  o r
n o n c o n d u c ti ve  e q u i p m e n t d o  n o t l e n d  th e m s e l ve s  to  e n g i ‐
n e e r e d  s o l u ti o n s .  I t th e n  b e c o m e s  d e s i r a b l e  o r  e s s e n ti al ,
d e p e n d i n g  o n  th e  n atu r e  o f th e  m a te r i al s  i n vo l ve d ,  to  p r o vi d e
o th e r  m e a s u r e s ,  s u c h  a s  o n e  o f th e  fo l l o wi n g :

( 1 ) I n e r ti n g  o f th e  e q u i p m e n t
( 2 ) Ve n ti l a ti o n  o f th e  e q u i p m e n t o r  th e  ar e a i n  wh i c h  i t i s

l o c a te d

7 . 5 . 2  I n e r ti n g.

7 . 5 . 2 . 1 *    Wh e r e  a n  i g n i ti b l e  m i x tu r e  i s  c o n tai n e d ,  s u c h  as  i n  a
p r o c e s s i n g  ve s s e l ,  th e  atm o s p h e r e  s h o u l d  b e  m ad e  o x yg e n  def‐
cient b y i n tr o d u c i n g e n o u gh  i n e r t g as  ( e . g . ,  n i tr o g e n ,  c o m b u s ‐
ti o n  fue  g as )  to  m ake  th e  m i x tu r e  n o n i gn i ti b l e .  T h i s  te c h n i q u e
i s  kn o wn  as  inerting.  (See NFPA 69 for more information on inerting
systems. )

7 . 5 . 2 . 2    Wh e r e  o p e r ati o n s  ar e  n o r m a l l y c o n d u c te d  i n  an
atm o s p h e r e  c o n ta i n i n g a  m i x tu r e  ab o ve  th e  u p p e r  fammable
l i m i t ( U F L ) ,  i t m i g h t b e  p r a c ti c a l  to  i n tr o d u c e  th e  i n e r t ga s
o n l y d u r i n g  th o s e  p e r i o d s  wh e n  th e  m i x tu r e  p as s e s  th r o u g h  i ts
fammable  r a n ge .

7 . 5 . 3  Ve n ti l ati o n .    M e c h an i c a l  ve n ti l a ti o n  c a n  b e  u s e d  to  d i l u te
th e  c o n c e n tr ati o n  o f a  c o m b u s ti b l e  m ate r i a l  to  a p o i n t we l l
b e l o w i ts  l o we r  fammable  l i m i t ( L F L ) ,  i n  th e  c a s e  o f a ga s  o r
vap o r,  o r  b e l o w i ts  m i n i m u m  e x p l o s i b l e  c o n c e n tr a ti o n  ( M E C ) ,
i n  th e  c a s e  o f a d u s t.  U s u a l l y,  s u c h  a r e d u c ti o n  m e a n s  d i l u ti o n
to  a c o n c e n tr ati o n  at o r  b e l o w 2 5  p e r c e n t o f th e  l o we r  l i m i t.
Al s o ,  b y p r o p e r l y d i r e c ti n g  th e  ai r  m o ve m e n t,  i t m i g h t b e  p r ac ‐
ti c a l  to  p r e ve n t th e  m a te r i al  fr o m  a p p r o a c h i n g an  a r e a o f o p e r ‐
ati o n  wh e r e  a n  o th e r wi s e  u n c o n tr o l l a b l e  s tati c  e l e c tr i c i ty
h a z a r d  e x i s ts .

C h ap te r 8    C o n tro l  o f S tati c  E l e c tri c i ty an d  I ts  H az ard s  b y
S tati c  E l i m i n ato rs  an d  P e rs o n n e l  Fac to rs

8 . 1  C h arge  N e utral i z ati o n  b y I o n i z ati o n  o f Ai r.

8 . 1 . 1  G e n e ral .    C h ar g e s  o n  n o n c o n d u c ti ve  s u r fac e s  c an  b e
n e u tr a l i z e d  b y d e vi c e s  th at p r o d u c e  o p p o s i te l y c h ar g e d  a i r  i o n s
vi a  c o r o n a  d i s c h ar g e .  I f s u c h  ai r  i o n i z e r s  ar e  u s e d ,  c e r tai n
fa c to r s  infuence  th e i r  e ffe c ti ve n e s s  an d  m u s t b e  c o n s i d e r e d .
T h e s e  fac to r s  m i gh t b e  e n vi r o n m e n tal  c o n d i ti o n s  ( e . g . ,  d u s t
an d  te m p e r a tu r e )  an d  p o s i ti o n i n g  o f th e  d e vi c e  i n  r e l ati o n  to
th e  m a te r i al  p r o c e s s e d ,  m ac h i n e  p ar ts ,  an d  p e r s o n n e l .  I t i s
i m p o r ta n t to  n o te  th a t th e s e  c o n tr o l  d e vi c e s  d o  n o t p r e ve n t th e
ge n e r ati o n  o f s ta ti c  e l e c tr i c  c h ar g e .  T h e y p r o vi d e  i o n s  o f o p p o ‐
s i te  p o l ar i ty to  n e u tr al i z e  th e  ge n e r a te d  s tati c  e l e c tr i c  c h ar g e .

8 . 1 . 2  I n d u c ti ve  N e u tral i z e rs .

8 . 1 . 2 . 1    I n d u c ti ve  n e u tr al i z e r s  i n c l u d e  th e  fo l l o wi n g :

( 1 ) N e e d l e  b a r s ,  wh i c h  ar e  m e ta l  b ar s  e q u i p p e d  wi th  a s e r i e s
o f n e e d l e l i ke  e m i tte r s

( 2 ) M e tal  tu b e s  wr ap p e d  wi th  m e tal  ti n s e l
( 3 ) C o n d u c ti ve  s tr i n g
( 4 ) B r u s h e s  m a d e  wi th  m e ta l  fbers  o r  c o n d u c ti ve  fbers

8 . 1 . 2 . 2    T h e  d e s i g n  o f e a c h  typ e  o f i n d u c ti ve  n e u tr al i z e r  i s
b a s e d  o n  o r  c o n s i s ts  o f s h a r p l y p o i n te d  e l e m e n ts  ar r an g e d  fo r
p l a c e m e n t i n  th e  s tati c  e l e c tr i c  feld  n e a r  th e  c h ar g e d  s u r fac e s .

8 . 1 . 2 . 3    A c h a r ge  d r awn  fr o m  gr o u n d  to  th e  n e e d l e l i ke  ti p s  o f
an  i n d u c ti ve  n e u tr a l i z e r  p r o d u c e s  a  c o n c e n tr ate d  e l e c tr i c  feld

a t th e  ti p s .  I f th e  ti p s  ar e  s h a r p l y p o i n te d ,  th e  e l e c tr i c a l  feld
wi l l  b e  suffcient [ i . e . ,  g r e ate r  th a n  3  kV/ m m  ( 7 6  kV/ i n . ) ]  to
p r o d u c e  a  l o c a l i z e d  e l e c tr i c a l  b r e akd o wn  o f th e  ai r.  T h i s  e l e c tr i ‐
c a l  b r e a kd o wn ,  kn o wn  as  c o r o n a ,  i n j e c ts  i o n s  i n to  th e  ai r  th at

a r e  fr e e  to  m o ve  to  d i s tan t c h ar g e s  o f o p p o s i te  p o l ar i ty.  T h e
fow o f i o n s  p r o d u c e d  i n  c o r o n a c o n s ti tu te s  a  n e u tr al i z i n g
c u r r e n t.  (See Figure 8. 1 . 2. 3. )

8 . 1 . 2 . 4    Al th o u g h  i n e x p e n s i ve  a n d  e a s y to  i n s tal l ,  i n d u c ti ve
n e u tr al i z e r s  r e q u i r e  a  m i n i m u m  p o te n ti al  d i ffe r e n c e  b e twe e n

th e  o b j e c t a n d  th e  n e e d l e  ti p  to  i n i ti a te  c o r o n a  an d  th e  n e u tr al ‐
i z i n g p r o c e s s .  I n  th e  a b s e n c e  o f th i s  m i n i m u m  c h ar g e ,  n e u tr al i ‐

z a ti o n  wi l l  n o t o c c u r,  a n d  a  r e s i d u a l  p o te n ti al  o f a  fe w th o u s an d
vo l ts  wi l l  b e  l e ft o n  th e  m ate r i a l  wh e r e  s h ar p  i n d u c ti ve  p o i n ts

a r e  wi th i n  ab o u t 1 2   m m  ( 0 . 4 7   i n . )  o f th e  s u r fac e .

8 . 1 . 2 . 5    I t i s  c r i ti c a l l y i m p o r tan t th at i n d u c ti ve  n e u tr al i z e r s  a r e
c o n n e c te d  to  a s e c u r e  g r o u n d .  I f th e  i n d u c ti ve  n e u tr a l i z e r  i s

n o t gr o u n d e d ,  s p a r ks  fr o m  th e  i n d u c ti o n  b ar  c an  o c c u r.

8 . 1 . 3  Ac ti ve  E l e c tri c  S tati c  N e u tral i z e rs .

8 . 1 . 3 . 1    E l e c tr i c al l y p o we r e d  e l e c tr o s tati c  c h a r ge  n e u tr al i z e r s
u s e  a h i g h -vo l ta ge  p o we r  s u p p l y to  p r o d u c e  c o r o n a fr o m  s h ar p
e l e c tr o d e s .  T h e  c h ar g e  o n  an y o b j e c t n e ar  th e  d e vi c e  a ttr ac ts

o p p o s i te l y c h ar g e d  ai r  i o n s  p r o d u c e d  b y th e  d e vi c e  to  a c h i e ve
n e u tr a l i z a ti o n .  T h e  u s e  o f a  h i g h -vo l ta ge  p o we r  s u p p l y e l i m i ‐

n ate s  th e  l i m i tati o n  o f i n d u c ti ve  n e u tr al i z e r s  i n  c o n tr o l  o f
c h a r ge s  h avi n g  felds  b e l o w th e  c o r o n a o n s e t th r e s h o l d .

8 . 1 . 3 . 2    An  e l e c tr i c al l y p o we r e d  s tati c  n e u tr al i z e r  c an  c r e ate
s p ar ks  an d  m u s t b e  ap p r o ve d  fo r  th e  l o c a ti o n  i n  wh i c h  i t i s
u s e d .  I t m u s t n o t c o n s ti tu te  a s o u r c e  o f i gn i ti o n .  F o r  e x am p l e ,

wh e n  n o t e n e r g i z e d  o r  i n  c as e  o f fai l u r e ,  i t c an  b e  d e s i g n e d  to
fu n c ti o n  as  an  i n d u c ti o n  n e u tr al i z e r.

8 . 1 . 3 . 3    E l e c tr i c al l y p o we r e d  s tati c  n e u tr al i z e r s  u s i n g  al te r n a t‐
i n g c u r r e n t u s e  a  h i gh -vo l tag e  p o we r  s u p p l y to  e n e r g i z e  th e
c o r o n a e l e c tr o d e s  a t 5 0  H z  to  6 0  H z .  T h e  u s e  o f an  al te r n a ti n g
feld  s tr e s s e s  th e  e l e c tr o d e s  to  p r o d u c e  b o th  p o s i ti ve  an d  n e g a‐

ti ve  i o n s  fo r  u s e  i n  th e  n e u tr al i z i n g  p r o c e s s .  C u r r e n t fr o m  th e
p o we r  s u p p l y i s  c a p ac i ti ve -c o u p l e d  to  e a c h  o r  to  s e ve r a l  o f th e

s h a r p  e l e c tr o d e s  to  l i m i t s p ar k e n e r g y i n  th e  e ve n t o f a  s h o r t
c i r c u i t.  An  e l e c tr i c  s tati c  n e u tr al i z e r  m u s t b e  s u i tab l e  fo r  th e
l o c a ti o n  i n  wh i c h  i t i s  u s e d  an d  m u s t n o t c o n s ti tu te  a s o u r c e  o f

i g n i ti o n .

8 . 1 . 3 . 4    E l e c tr i c  s tati c  n e u tr al i z e r s  th a t u s e  p u l s e d  o r  s te ad y-
s tate  d o u b l e - p o l a r i ty d i r e c t c u r r e n t u s e  a  p u l s e d  o r  s te ad y feld

to  s tr e s s  th e  e l e c tr o d e s  to  p r o d u c e  i o n s  fo r  u s e  i n  th e  n e u tr a l i z ‐

C h a rg e d  s u rf a c e
+ + + + + + + + + + + +

+

+
+

+

–

– –
–

–
–

– – –

FI G U RE  8 . 1 . 2 . 3   E x am p l e  o f an  I n d uc ti o n  N e e d l e .
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S h a d e d  te x t =  Re vi s i o n s .  Δ  =  Te x t d e l e ti o n s  a n d  fgure/table  r e vi s i o n s .  •  =  S e c ti o n  d e l e ti o n s .  N  =  N e w m a te r i a l . 2 0 2 4  E d i t i o n

i n g p r o c e s s .  I n  th e  e ve n t o f a s h o r t c i r c u i t,  th e  s p a r k e n e r gy i s
c o n tr o l l e d  b y c u r r e n t-l i m i ti n g  r e s i s to r s .  P u l s e d  o r  d o u b l e -
p o l a r i ty d c  i o n i z e r s  m u s t b e  s u i tab l e  fo r  th e  l o c ati o n  i n  wh i c h

th e y a r e  u s e d  an d  m u s t n o t c o n s ti tu te  a s o u r c e  o f i g n i ti o n .

8 . 1 . 4 *  Ac ti ve  Rad i o ac ti ve  S tati c  N e utral i z e rs .    Rad i o ac ti ve
( n u c l e a r )  i o n i z e r s  u s e  i o n i z i n g  r ad i ati o n  to  p r o d u c e  i o n s  fo r

n e u tr al i z a ti o n  o f s ta ti c  e l e c tr i c  c h a r ge s .  T h e  m o s t c o m m o n
r ad i o ac ti ve  i o n i z e r s  d e p e n d  o n  al p h a p a r ti c l e  g e n e r ati o n  fr o m

th e  d e c ay o f p o l o n i u m -2 1 0  ( 2 1 0 P o ) .

8 . 1 . 4 . 1    P e r fo r m a n c e  o f r ad i o ac ti ve  i o n i z e r s  d e te r i o r a te s  wi th
th e  d e c ay o f th e  r a d i o a c ti ve  m ate r i al .  T h e  n e u tr a l i z e r s  m u s t b e

r e gi s te r e d  an d  i n s ta l l e d  i n  ac c o r d an c e  wi th  N u c l e ar  Re g u l ato r y
C o m m i s s i o n  r e gu l ati o n s  an d  r e p l ac e d  p e r i o d i c a l l y ( a t l e as t

a n n u a l l y) ,  b e c au s e  i o n i z ati o n  c ap ab i l i ty d i m i n i s h e s  wi th  r a d i o ‐
ac ti ve  d e c a y.  Rad i o ac ti ve  i o n i z e r s  a r e  o fte n  u s e d  i n  c o n j u n c ti o n
wi th  i n d u c ti ve  n e u tr al i z e r s  to  c o n tr o l  h i g h  c h a r ge  d e n s i ti e s .

8 . 1 . 4 . 2    Al th o u g h  c o s t a n d  r e g u l ato r y c o m p l i a n c e  i s s u e s  a r e
as s o c i ate d  wi th  r a d i o a c ti ve  i o n i z e r s ,  th e y ar e  n o n i n c e n d i ve ,

r e q u i r e  n o  wi r i n g,  an d  c a n  r e d u c e  s ta ti c  e l e c tr i c  c h ar g e s  to  th e
l o we s t l e ve l s .

8 . 2 *  C o n tro l  o f S tati c  E l e c tri c  C h arge  o n  P e rs o n n e l .    T h e
h u m an  b o d y i s  an  e l e c tr i c a l  c o n d u c to r  a n d  c an  a c c u m u l a te  a
s tati c  c h ar g e  i f i n s u l a te d  fr o m  g r o u n d .  T h i s  c h a r ge  c a n  b e

g e n e r ate d  b y c o n ta c t a n d  s e p a r ati o n  o f fo o twe a r  wi th  foor
c o ve r i n g s ,  b y i n d u c ti o n ,  o r  b y p ar ti c i p ati o n  i n  va r i o u s  m an u fa c ‐
tu r i n g  o p e r ati o n s .  Wh e r e  i gn i ti b l e  m i x tu r e s  e x i s t,  th e  p o te n ti al

fo r  i g n i ti o n  fr o m  th e  c h ar g e d  h u m a n  b o d y e x i s ts ,  a n d  m e an s  to
p r e ve n t ac c u m u l ati o n  o f s tati c  e l e c tr i c  c h ar g e  o n  th e  h u m a n
b o d y m i g h t b e  n e c e s s a r y.

8 . 2 . 1  P re ve n ti o n  o f C h arge  Ac c u m u l ati o n .    S te p s  to  p r e ve n t
c h a r ge  a c c u m u l a ti o n  i n c l u d e  u s e  o f th e  fo l l o wi n g:

( 1 ) C o n d u c ti ve  o r  s tati c  d i s s i p ati ve  fooring  an d  fo o twe a r
( 2 ) P e r s o n n e l -g r o u n d i n g d e vi c e s
( 3 ) An ti s tati c  o r  c o n d u c ti ve  c l o th i n g

8 . 2 . 2  C o n d u c ti ve  an d  S tati c  D i s s i p ati ve  Fl o o ri n g an d  Fo o twe ar.

8 . 2 . 2 . 1    C o n d u c ti ve  o r  s tati c  d i s s i p a ti ve  fooring  c a n  p r o vi d e
e ffe c ti ve  d i s s i p a ti o n  o f s tati c  e l e c tr i c i ty fr o m  p e r s o n n e l  wh o  a r e

a d e q u a te l y b o n d e d  to  th e  foor.  M ate r i a l s  c an  b e  s o l i d  o r  c an
b e  c o ati n g s  th at a r e  s e l e c te d  o n  th e  b as i s  o f we a r  c h ar a c te r i s ‐
ti c s ,  c h e m i c al  r e s i s tan c e ,  an d  th e  foor  ar e a th at n e e d s  to  b e

c o ve r e d .  S m a l l  a r e as  c an  b e  h an d l e d  wi th  a  gr o u n d e d  m e tal
p l a te .  Re s i s ta n c e  to  g r o u n d  fo r fooring  s ys te m s  s h o u l d  b e  l e s s
th a n  1  ×  1 0 8  o h m s .  C l e an  u n c o a te d  c o n c r e te  foors  typ i c al l y

h a ve  a r e s i s tan c e  to  g r o u n d  o f 1  ×  1 0 6  to  1  ×  1 0 8  o h m s .  I f s ta ti c
p r o te c ti o n  i s  d e p e n d e n t o n  th e  r e s i s tan c e  to  gr o u n d  o f th e
fooring,  th e  fooring  s h o u l d  b e  m e a s u r e d  r e g u l ar l y p e r  AS T M

F 1 5 0 ,  Standard Test Method for Electrical Resistance of Conductive
and Static Dissipative Resilient Flooring.  Ac c u m u l ati o n  o f d e b r i s ,
wax ,  an d  o th e r  h i g h -r e s i s ti vi ty m ate r i a l s  wi l l  c o m p r o m i s e  th e

c o n d u c ti vi ty o f th e  foor.  F l o o r s  s h o u l d  b e  r o u ti n e l y m e a s u r e d
to  confrm  th at th e y h a ve  a c c e p ta b l e  r e s i s ta n c e  to  g r o u n d .

8 . 2 . 2 . 2 *    S tati c  d i s s i p a ti ve  ( S D )  fo o twe ar  u s e d  i n  c o n j u n c ti o n
wi th  c o n d u c ti ve  o r  s tati c  d i s s i p a ti ve  fooring  p r o vi d e s  a m e a n s
to  c o n tr o l  an d  d i s s i p ate  s tati c  e l e c tr i c  c h a r ge s  fr o m  th e  h u m a n

b o d y.  Re s i s ta n c e  to  e ar th  th r o u g h  s tati c  d i s s i p ati ve  fo o twe ar
an d  c o n d u c ti ve  o r  s tati c  d i s s i p ati ve  fooring  s h o u l d  b e  b e twe e n
1  ×  1 0 6  o h m s  a n d  1  ×  1 0 8  o h m s .  F o r  m a te r i al s  wi th  ve r y l o w i g n i ‐
ti o n  e n e r gi e s ,  th e  r e s i s ta n c e  to  e ar th  th r o u g h  fo o twe ar  an d
fooring  s h o u l d  b e  l e s s  th an  1  ×  1 0 6  o h m s .  Re s i s ta n c e  s h o u l d  b e

m e a s u r e d  wi th  c o m m e r c i a l l y avai l ab l e  fo o twe ar  c o n d u c ti vi ty
te s te r s .

8 . 2 . 2 . 3    Re s i s ta n c e  o f fo o twe ar  c a n  i n c r e as e  wi th  a c c u m u l a ti o n
o f d e b r i s  s u c h  a s  wa x  o r  o th e r  n o n c o n d u c ti ve  d e p o s i ts  o n  th e

s o l e  o f th e  fo o twe ar  o r  o n  th e  fooring  i ts e l f,  th e  u s e  o f o r th o ‐
p e d i c  fo o t b e d s  o r  o r th o ti c  d e vi c e s ,  a n d  r e d u c e d  foor  c o n tac t
a r e a.  Re s i s ta n c e  o f fo o twe a r  s h o u l d  b e  te s te d  o n  a p e r i o d i c

b a s i s  to  confrm  fu n c ti o n al i ty.

8 . 2 . 2 . 4    C o n d u c ti ve  fo o twe ar  i s  fo o twe ar  d e s i g n e d  to  h ave  a
r e s i s ta n c e  to  g r o u n d  th r o u gh  th e  fo o twe ar  a n d  th e  foor  o f l e s s

th an  1  ×  1 0 6  o h m s .  I t i s  typ i c a l l y u s e d  wh e r e  m ate r i a l s  o f l o w
i gn i ti o n  e n e r g y,  s u c h  as  e x p l o s i ve s  a n d  p r o p e l l an ts ,  ar e

h an d l e d .  C o n d u c ti ve  fo o twe ar  s h o u l d  n o t b e  u s e d  wh e r e  a
p o s s i b i l i ty fo r e l e c tr o c u ti o n  b y l i n e  vo l ta ge s  e x i s ts .

8 . 2 . 3 *  P e rs o n n e l  G ro u n d i n g D e vi c e s .

8 . 2 . 3 . 1    Wh e r e  s ta ti c  d i s s i p ati ve  fo o twe a r  wi l l  n o t p r o vi d e
a d e q u a te  p e rs o n n e l  gr o u n d i n g ,  s u p p l e m e n ta r y d e vi c e s  s h o u l d
b e  u s e d .  S u c h  d e vi c e s  i n c l u d e  wr i s t s tr ap s ,  h e e l / to e  gr o u n d e r s ,

an d  c o n d u c ti ve  o ve r s h o e s .

8 . 2 . 3 . 2    S u p p l e m e n tar y d e vi c e s  s h o u l d  b e  s e l e c te d  s o  th at ac c u ‐
m u l a ti o n  o f h a z a r d o u s  s tati c  e l e c tr i c  c h a r ge  i s  p r e ve n te d ,  wh i l e

th e  r i s k o f e l e c tr o c u ti o n  i s  n o t i n c r e a s e d .  I n  m o s t p r ac ti c al
s i tu ati o n s ,  gro u n d i n g  o f p e r s o n n e l  i s  ac h i e ve d  b y e n s u r i n g  th a t

th e  r e s i s tan c e  fr o m  th e  s ki n  to  g r o u n d  i s  ap p r o x i m ate l y 1  ×  1 0 8

o h m s  o r  l e s s .  T h e  n e e d  to  p r o te c t a ga i n s t e l e c tr o c u ti o n  vi a  a
g r o u n d i n g  d e vi c e  i m p o s e s  a m i n i m u m  r e s i s tan c e  fr o m  s ki n  to

gr o u n d  o f 1  ×  1 0 6  o h m s .  B as e d  o n  s ki n  c o n tac t an d  c o n tac t
wi th  th e  foor,  e s p e c i a l l y d u r i n g  a c ti vi ti e s  wh e r e  th e  e n ti r e  s o l e
o f th e  fo o twe ar  i s  n o t i n  c o n tac t wi th  th e  foor  ( e . g . ,  kn e e l i n g) ,

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 .

8 . 2 . 3 . 3    T h e  s i m p l e s t typ e  o f c o m m e r c i al  d e vi c e  i s  a  g r o u n d i n g
b r a c e l e t wi th  a  b u i l t-i n  r e s i s to r  typ i c a l l y g i vi n g  a  r e s i s tan c e  to

g r o u n d  o f ab o u t 1  ×  1 0 6  o h m s  fo r  s h o c k p r o te c ti o n .  Wr i s t s tr ap s
o f th i s  typ e  h a ve  th e  g r e ate s t u ti l i ty at ve n ti l ati o n  h o o d s  an d  a t
o th e r  l o c a ti o n s  wh e r e  l i m i ta ti o n  o n  th e  o p e r ato r ' s  m o b i l i ty c an

b e  to l e r a te d .  B r e akawa y wr i s t te th e r  s ys te m s  c o u l d  b e  n e c e s s ar y
wh e r e  e m e r g e n c y e g r e s s  i s  n e e d e d .  A h o o d  c an  b e  e q u i p p e d
wi th  two  e x te r n al  c o i l e d  g r o u n d i n g  c o r d s  wi th  c u ff a ttac h m e n ts

th a t c an  b e  r e m o ve d  an d  ke p t b y i n d i vi d u a l  u s e r s .

8 . 2 . 3 . 4    P e r s o n n e l  r e s i s ta n c e  to  gr o u n d  s h o u l d  b e  c h e c ke d
p e r i o d i c al l y to  e n s u r e  i t m e e ts  th e  m an u fa c tu r e r ' s  specifed

l i m i ts .  T h e  c h o s e n  te s ti n g i n s tr u m e n t s h o u l d  b e  c ap a b l e  o f
m e a s u r i n g  an  o r d e r  o f m ag n i tu d e  g r e ate r  th a n  th e  l i m i t val u e .

8 . 2 . 4  An ti s tati c  o r C o n du c ti ve  C l o th i n g.

8 . 2 . 4 . 1    Al th o u g h  s i l k an d  m o s t s yn th e ti c  fbers  a r e  e x c e l l e n t
i n s u l a to r s  an d  u n d e r ga r m e n ts  m a d e  fr o m  th e s e  m a te r i al s

e x h i b i t e l e c tr o s tati c  p h e n o m e n a,  n o  c o n c l u s i ve  e vi d e n c e  e x i s ts
to  i n d i c ate  th at we ar i n g s u c h  u n d e r ga r m e n ts  c o n s ti tu te s  a
h a z a r d .  H o we ve r,  r e m o va l  o f o u te r  g ar m e n ts  i s  p ar ti c u l ar l y

h az ar d o u s  i n  wo r k ar e as ,  s u c h  a s  i n  h o s p i ta l  o p e r a ti n g r o o m s ,
e x p l o s i ve s  m a n u fac tu r i n g  fac i l i ti e s ,  an d  s i m i l a r  o c c u p an c i e s
a n d  wh e r e  c l o th i n g  i s  c o n tam i n ate d  b y fammable  l i q u i d s

( C l as s  I  l i q u i d s ,  as  d e s i g n ate d  b y N F PA 3 0 ) .  O u te r  g ar m e n ts
u s e d  i n  s u c h  a r e as  s h o u l d  b e  s u i tab l e  fo r  th e  wo r k ar e a  an d
s h o u l d  b e  an ti s ta ti c .

8 . 2 . 4 . 2 *    Al th o u gh  th e  l i ke l i h o o d  o f i gn i ti o n  b y a gr o u n d e d
p e r s o n  d u e  to  an y typ e  o f c l o th i n g  i s  u s u a l l y ve r y l o w,  th e  c h ar g ‐
i n g o f p e r s o n n e l  ( e . g. ,  wh e r e  p e r s o n n e l  ar e  ge tti n g  o u t o f a
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2 0 2 4  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 .

fo r kl i ft tr u c k)  i s  g r e atl y i n c r e a s e d  b y c l o th i n g  th at h as  h i g h
r e s i s ti vi ty.

8 . 2 . 4 . 3 *    I n  o x yge n - e n r i c h e d  a tm o s p h e r e s ,  s u c h  a s  th o s e  th at
c o u l d  b e  p r e s e n t i n  l i q u i d  o x yg e n  flling  p l an ts ,  va p o r  fr o m  th e
c o o l e d  g as  c an  p e r m e ate  a n  e m p l o ye e ' s  c l o th i n g ,  i n c r e as i n g i ts
c o m b u s ti b i l i ty.  A s ta ti c  e l e c tr i c  c h ar g e  th a t ac c u m u l ate s  o n  th e
e m p l o ye e  an d  th e n  s u d d e n l y d i s c h ar g e s  c a n  i g n i te  th e  c l o th ‐
i n g.

8 . 2 . 5  G l o ve s .    Gl o ve s  s h o u l d  b e  an ti s ta ti c  o r  c o n d u c ti ve  wi th
th e  s a m e  r e s i s ti vi ty as  p r e s c r i b e d  fo r  fo o twe a r.  Gl o ve s  s h o u l d  b e
te s te d  i n  c o n j u n c ti o n  wi th  th e  fo o twe ar.

8 . 2 . 6  C l e an i n g o r Wi p i n g C l o th s .

8 . 2 . 6 . 1    S yn th e ti c  fa b r i c s  u s e d  i n  c l e an i n g  o r  wi p i n g c l o th s  c an
d e ve l o p  suffcient s ta ti c  e l e c tr i c  c h ar g e  to  p r o d u c e  d i s c h ar g e s
c a p a b l e  o f i gn i ti n g s o l ve n t vap o r s .  I gn i ti b l e  (fammable  an d
c o m b u s ti b l e )  l i q u i d s  u s e d  at te m p e r a tu r e s  a b o ve  th e i r  fash
p o i n ts ,  wh e r e  u s e d  wi th  s yn th e ti c  c l e a n i n g  o r  wi p i n g  c l o th s ,
i n c r e as e  th e  r i s k o f fre.  Typ i c al l y,  c h ar g e  ge n e r a ti o n  i n c r e as e s
wi th  th e  s p e e d  a n d  vi go r  o f th e  wi p i n g ac ti o n .  T h e  m a te r i al
b e i n g c l e an e d  o r  wi p e d ,  i f n o n c o n d u c ti ve ,  al s o  c an  ac c u m u l ate
a c h ar g e ,  wh i c h  m i gh t b e  c ap ab l e  o f c a u s i n g  i g n i ti o n .

8 . 2 . 6 . 2    C o tto n  o r  s yn th e ti c  fab r i c  tr e a te d  wi th  an  an ti s ta ti c
c o m p o u n d  s h o u l d  b e  u s e d  i f s tati c  e l e c tr i c  c h ar g e  ge n e r a ti o n
n e e d s  to  b e  c o n tr o l l e d ,  e s p e c i a l l y i f fammable  l i q u i d  ( C l as s  I
l i q u i d ,  as  d e s i g n ate d  b y N F PA 3 0 )  s o l ve n ts  a r e  u s e d  fo r  c l e an ‐
i n g  o r  wi p i n g .  C o n d u c ti ve  s o l ve n ts  s h o u l d  b e  u s e d .

8 . 3  M ai n te n an c e  an d  Te s ti n g.    Al l  p r o vi s i o n s  fo r  c o n tr o l  o f
p e r s o n n e l  s tati c  e l e c tr i c i ty s h o u l d  b e  m a i n tai n e d  a n d  te s te d  to
re m a i n  e ffe c ti ve .

8 . 4  D i s c o m fo r t an d  I n j u r y.    E l e c tr o s tati c  s h o c k c a n  r e s u l t i n
d i s c o m fo r t a n d ,  u n d e r  s o m e  c i r c u m s tan c e s ,  i n j u r y.  Wh i l e  th e
d i s c h ar g e  i ts e l f typ i c a l l y i s  n o t d an g e r o u s  to  h u m a n s ,  i t c a n
c a u s e  a n  i n vo l u n ta r y r e ac ti o n  th at r e s u l ts  i n  a  fal l  o r  e n tan g l e ‐
m e n t wi th  m o vi n g m a c h i n e r y.  I f c h ar g e  a c c u m u l a ti o n  c an n o t
b e  avo i d e d  an d  n o  fammable  ga s e s  o r  va p o r s  a r e  p r e s e n t,
c o n s i d e r ati o n  s h o u l d  b e  g i ve n  to  th e  var i o u s  m e th o d s  b y wh i c h
c o n tac t wi th  m e tal  p a r ts  c an  b e  e l i m i n ate d .  S u c h  m e th o d s
i n c l u d e  u s e  o f n o n m e tal  h an d r a i l s ,  i n s u l ate d  d o o r kn o b s ,  an d
o th e r  n o n c o n d u c ti ve  s h i e l d s .  An y s p a r k o r  s h o c k to  p e r s o n n e l
s h o u l d  b e  i n ve s ti g ate d .

C h ap te r  9       I gn i ti b l e  ( Fl am m ab l e  an d  C o m b us ti b l e )  L i q ui d s
an d  T h e i r Vap o rs

9 . 1  G e n e ral .    T h i s  c h a p te r  d i s c u s s e s  th e  as s e s s m e n t an d
c o n tr o l  o f s ta ti c  e l e c tr i c i ty h az ar d s  i n vo l ve d  wi th  th e  s to r ag e ,
h an d l i n g ,  a n d  u s e  o f i gn i ti b l e  (fammable  a n d  c o m b u s ti b l e )
l i q u i d s  an d  th e i r  vap o r s  an d  m i s ts .  Wh i l e  fo c u s e d  o n  i g n i ti b l e
(fammable  an d  c o m b u s ti b l e )  l i q u i d s ,  th e  p r i n c i p l e s  o f th i s
c h a p te r  a l s o  ap p l y to  n o n c o m b u s ti b l e  l i q u i d s  an d  vap o r s  ( e . g . ,
we t s te am )  wh e r e  th e i r  s to r ag e ,  u s e ,  a n d  h a n d l i n g  c an  c a u s e  a
s tati c  e l e c tr i c i ty i gn i ti o n  h az ar d .  T h e  c h ap te r  b e g i n s  wi th  a
d i s c u s s i o n  o f th e  c o m b u s ti o n  c h a r ac te r i s ti c s  o f l i q u i d s  an d  th e i r
va p o r s  an d  m i s ts ,  fo l l o we d  b y a  d i s c u s s i o n  o f c h a r ge  ge n e r a ti o n
an d  d i s s i p a ti o n  i n  l i q u i d s .  E m p h a s i s  i s  th e n  gi ve n  to  p r o c e s s e s
i n vo l vi n g th e  fo l l o wi n g :

( 1 ) F l o w i n  p i p e ,  h o s e ,  an d  tu b i n g
( 2 ) S to r a ge  tan ks
( 3 ) L o ad i n g  a n d  u n l o ad i n g o f tan k ve h i c l e s

( 4 ) Vac u u m  tr u c ks
( 5 ) Ra i l r o a d  ta n k c ar s
( 6 ) M ar i n e  ve s s e l  an d  b a r ge  c ar g o  tan ks
( 7 ) P r o c e s s  ve s s e l s
( 8 ) G au g i n g  an d  s a m p l i n g
( 9 ) Tan k c l e an i n g

( 1 0 ) P o r ta b l e  ta n ks  an d  c o n tai n e r s
( 1 1 ) Vac u u m  c l e a n i n g

Δ 9 . 1 . 1    S ta ti c  c o n tr o l  m e as u r e s  n e e d  to  b e  take n  wh e r e ve r  i g n i ti ‐
b l e  m i x tu r e s  m i g h t p r e s e n t.  C o n ve r s e l y,  i f i gn i ti b l e  m i x tu r e s

c a n  b e  r u l e d  o u t,  th e s e  m e as u r e s  ar e  n o t r e q u i r e d .  H o we ve r,
c a r e fu l  e val u ati o n  i s  r e q u i r e d  to  r u l e  o u t th e  p o s s i b i l i ty o f i g n i ‐
ti b l e  m i x tu r e s  u n d e r  al l  c o n d i ti o n s  (see Section 9. 2).  Gr o u n d i n g

a n d  b o n d i n g  s h o u l d  c o r r e c t p r o b l e m s  wi th  e l e c tr o s ta ti c  s h o c k,
wh i c h  c a n  r e s u l t i n  d i s c o m fo r t an d ,  u n d e r  s o m e  c i r c u m s tan c e s ,
i n j u r y (see Section  8. 4).

9 . 2  C o m b u s ti o n  C h arac te ri s ti c s  o f L i q u i d s ,  Vap o rs ,  an d  M i s ts .
T h e  fo l l o wi n g  c o m b u s ti o n  p r o p e r ti e s  o f l i q u i d s  n e e d  to  b e

u n d e r s to o d  to  p r o p e r l y as s e s s  th e  s tati c  e l e c tr i c i ty i gn i ti o n
h az ar d :

( 1 ) F l a s h  p o i n t
( 2 ) F l a m m a b l e  l i m i t an d  va p o r  p r e s s u r e
( 3 ) I g n i ti o n  e n e r g y
( 4 ) O x i d an t c o n c e n tr a ti o n

9 . 2 . 1  Fl as h  P o i n t.

9 . 2 . 1 . 1 *    F l a s h  p o i n t i s  th e  m i n i m u m  te m p e r atu r e  at wh i c h  a
l i q u i d  g i ve s  o ff suffcient vap o r  to  fo r m  a n  i gn i ti b l e  m i x tu r e

wi th  a i r  n e ar  th e  s u r fa c e  o f th e  l i q u i d ,  as  d e te r m i n e d  u s i n g
s tan d ar d  fash  p o i n t ap p ar a tu s  d e s c r i b e d  i n  AS T M  E 5 0 2 ,  Stand‐
ard Test Method for Selection and Use of ASTM Standards for the

Determination of Flash Point of Chemicals by Closed Cup Methods.
S e l e c ti o n  o f te s t p r o c e d u r e s  an d  a p p ar atu s  d e p e n d s  o n  o th e r
p h ys i c al  c h ar a c te r i s ti c s  o f th e  l i q u i d .  F o r  r e a s o n s  d i s c u s s e d  i n

A. 9 . 2 . 1 . 2 ,  i gn i ti o n  m i gh t o c c u r  a t te m p e r atu r e s  l o we r  th an  th e
r e p o r te d  fash  p o i n t.

9 . 2 . 1 . 2 *    I f th e  fash  p o i n t o f a l i q u i d  i s  at o r  b e l o w typ i c al
am b i e n t te m p e r atu r e s ,  i t i s  l i ke l y to  e vo l ve  a n  i g n i ti b l e  va p o r.
T h e  l o we r  th e  fash  p o i n t,  th e  h i g h e r  th e  va p o r  p r e s s u r e  an d

th e  m o r e  l i ke l y th at a n  i g n i ti b l e  vap o r  c o n c e n tr ati o n  wi l l  b e
p r e s e n t.  B e c au s e  o f th e  i n h e r e n t e r r o r s  i n  s tan d ar d  fash  p o i n t
m e a s u r e m e n ts ,  an  a l l o wan c e  o f a t l e as t 5 ° C  to  1 1 ° C  ( 9 ° F  to

2 0 ° F )  b e l o w th e  p u b l i s h e d  fash  p o i n t s h o u l d  b e  m ad e  i n  th e
e va l u a ti o n  o f an  i gn i ti o n  h a z a r d .  A m i n i m u m  s afe ty fac to r  o f
5 ° C  ( 9 ° F )  i s  ap p r o p r i ate  fo r  s i n gl e -c o m p o n e n t l i q u i d s  h avi n g
well-defned  fash  p o i n ts .  T h e  h i g h e r  m i n i m u m  s afe ty fa c to r  o f

1 1 ° C  ( 2 0 ° F )  i s  ap p r o p r i ate  fo r  m i x e d  l i q u i d s  o f l e s s  c e r tai n
c o m p o s i ti o n ,  s u c h  as  fu e l s .

N 9 . 2 . 1 . 3    P r o c e s s i n g  an d  h an d l i n g  o f c o m b u s ti b l e  l i q u i d s
( C l as s  I I  an d  C l as s  I I I  l i q u i d s ,  as  d e s i gn a te d  b y N F PA 3 0 )

h e a te d  at o r  ab o ve  th e i r  fash  p o i n t s h o u l d  fo l l o w th e  r e q u i r e ‐
m e n ts  fo r  fammable  l i q u i d s  ( C l a s s  I  l i q u i d s ,  as  d e s i g n ate d  b y
N F PA 3 0 ) ,  u n l e s s  a n  e n g i n e e r i n g e va l u a ti o n  justifes  fo l l o wi n g

th e  r e q u i r e m e n ts  fo r  s o m e  o th e r  l i q u i d  c l as s .

9 . 2 . 1 . 4    O p e r a ti o n s  at h i gh  e l e vati o n s ,  s u c h  as  m i n i n g  o p e r a‐
ti o n s ,  r e q u i r e  a n  a d d i ti o n al  s afe ty fac to r,  d e p e n d i n g  o n  th e

e l e vati o n .  T h e  r e c o m m e n d e d  a d d i ti o n al  s a fe ty fa c to r  fo r  e a c h
1 0 0 0  m  ( 3 2 8 0  ft)  ab o ve  s e a  l e ve l  i s  2 . 6 ° C  ( 4 . 7 ° F )  fo r  c o m p l e x

fu e l s ,  s u c h  as  d i e s e l  fu e l s ,  a n d  1 . 9 ° C  ( 3 . 4 ° F ) ,  fo r  p u r e  l i q u i d s ,
s u c h  as  to l u e n e  a n d  e th an o l .  E l e vati o n s  b e l o w 1 0 0 0  m  ( 3 2 8 0   ft)
c a n  b e  n e g l e c te d ,  b e c a u s e  th e  ad d i ti o n a l  c o r r e c ti o n  fac to r  i s  n o
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