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ABSTRACT 

Addi t iona l  hydrogen inc iden t  r e p o r t s  compiled dur ing  t h i s  q u a r t e r  have 

increased  t h e  s i z e  of t h e  computerized d a t a  base  t o  a c u r r e n t  t o t a l  of 280 in-  

c i d e n t s .  L i s t i n g s  of 165 i n c i d e n t s  t h a t  have occurred i n  i n d u s t r i a l  and t r ans -  

p o r t a t i o n  ope ra t ions  s i n c e  1968 are presented here .  

six d i f f e r e n t  cause c a t e g o r i e s  are provided toge the r  w i th  a d i scuss ion  of 

common s a f e t y  problems con t r ibu t ing  t o  t h e s e  inc iden t s .  

are inadequate  d e t e c t i o n  measures f o r  hydrogen l e a k s  and f i r e s  and i n e f f e c t i v e  

purging w i t h  i ne r t  gas .  

Sample case h i s t o r i e s  i n  

Some of t h e s e  problems 

A pre l iminary  comparison of l o s s e s  due t o  n a t u r a l  gas f i r e s / e x p l o s i o n s  

and hydrogen i n c i d e n t s  i n d i c a t e s  t h a t  hydrogen explosions have been, on t h e  

average,  four-to-six times as damaging as n a t u r a l  gas  explosion.  Some t en ta -  

t i v e  explana t ions  f o r  t h i s  r e s u l t  are presented but  await conf i rmat ion  from a 

more s o p h i s t i c a t e d  s t a t i s t i c a l  a n a l y s i s .  

I 

\ 
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FOREWORD 

This  r e p o r t  desc r ibes  work performed under Department of Energy, 

Contract  No. EE-77-C-02-4442 dur ing  t h e  three-month per iod ,  December 1, 1977 
t o  February 28, 1977. The o v e r a l l  o b j e c t i v e s  of t h e  s txdy are: 1) t o  con- 

duct  a comparative eva lua t ion  of t h e  s a f e t y  records  of hydrogen and n a t u r a l  

gas ;  2) t o  i d e n t i f y  hydrogen s a f e t y  a s p e c t s  r equ i r ing  f u r t h e r  r e sea rch  o r  

s tandard/code modi f ica t ion ;  and 3) t o  q u a n t i t a t i v e l y  assess t h e  r e l a t i v e  

hazards  of a l t e r n a t i v e  modes of hydrogen s to rage ,  t r a n s p o r t ,  u t i l i z a t i o n ,  

and d i sposa l .  

I n  t h e  f i r s t  q u a r t e r l y  r e p o r t ,  a v a i l a b l e  sources  of hydrogen and n a t u r a l  

gas acc ident  d a t a  were descr ibed ,  as w e l l  as s ta t is t ics  on hydrogen and n a t u r a l  

gas  product ion and use.  

I n  t h i s  second q u a r t e r l y  r e p o r t ,  a t a b u l a t i o n  of hydrogen i n c i d e n t s  i s  

A b r i e f  comparison of d i scussed  i n  terms of gene r i c  types  of acc iden t s .  

p roper ty  damage from hydrogen and n a t u r a l  gas  i n c i d e n t s  is  s l s o  presented .  

Future  r e p o r t s  w i l l  provide a more d e t a i l e d  comparison and a n a l y s i s  of t h e  

hydrogen l o s s e s .  

ii 
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I 

INCIDENT REPORT COMPILATION STATUS 

Addi t iona l  hydrogen acc ident  r e p o r t s  have been c o l l e c t e d  and r e p o r t  forms 

Curren t ly ,  t h e r e  completed dur ing  t h e  per iod covered by t h i s  Progress  Report. 

are 280 r e p o r t  forms completed and en tered  i n  t h e  computer d a t a  bank. A 

l i s t i n g  of t h e  sources  f o r  t h e s e  loss r e p o r t s  and t h e  pe r iods  covered i s  

given i n  Table  I. 

t h e  Fac tory  Mutual Loss F i l e s  f o r  t h e  per iod 1966-77. 

Approximately ha l f  of t h e  r e p o r t s  have been obtained from 

Besides  t h e  sources  l i s t e d  i n  Table I ,  many o t h e r  o rgan iza t ions  have 

Our e f f o r t s  to o b t a i n  a d d i t i o n a l  r e p o r t s  of hydrogen f i r e s  and explos ions .  

loss r e p o r t s  from t h e s e  o the r  o rgan iza t ions  have s o  f a r  been unsuccessfu l .  

The reasons  are: 

i n  a l a r g e  d a t a  bank of l o s ses ;  and 2) many companies regard t h e i r  acc iden t /  

loss r e p o r t s  as c o n f i d e n t i a l  information.  

c o n f i d e n t i a l i t y  problem by r eques t ing  anonymous r e p o r t s  no t  conta in ing  any 

p r o p r i e t a r y  information. Never the less ,  t h e  response has  been discouraging.  

1) it is  d i f f i c u l t  t o  i d e n t i f y  and e x t r a c t  hydrogen r e p o r t s  

W e  have attempted t o  d e a l  wi th  t h e  

A s  an  example of t h e  response t o  our i n q u i r i e s ,  cons ider  t h e  r e s u l t s  of 

our  survey of i n d u s t r i a l  hydrogen users. 

acc iden t  d a t a  were sen t  t o  ammonia and methanol manufacturers ,  e d i b l e  o i l  

hydrogenation p l a n t s ,  i r o n  o r e  r educ t ion  p l a n t s ,  and tungs ten  and molybdenum 

processors .  Only n i n e  r e p l i e s  (20-percent response) have been rece ived  s o  

f a r  conta in ing  a total of four i n c i d e n t  r e p o r t s .  

For ty  fou r  r e q u e s t s  f o r  hydrogen 

One problem wi th  t h e  set of reports we have obtained so  f a r  (Table  I) is  

that it i s  d i f f i c u l t  t o  e s t ima te  what f r a c t i o n  they  r ep resen t  of t h e  t o t a l  

i n d u s t r i a l  hydrogen u s e  populat ion.  

v o l u n t a r i l y  (API and MCA r e p o r t s )  o r  f o r  an insurance  claim exceeding t h e  

deduc t ib l e  va lue  of t h e  po l i cy  (FM and O I A  r e p o r t s ) .  

on ly  a small, unknown f r a c t i o n  of a l l  t h e  i n d u s t r i a l  hydrogen inc iden t s .  

Unless w e  can somehow estimate t h e  re la t ive  s i z e  of our  sample, i t  w i l l  be 

impossible  t o  estimate an abso lu te  occurrence frequency f o r  hydrogen inc iden t s .  

I n  o rde r  t o  make a meaningful comparison wi th  n a t u r a l  gas  i n c i d e n t s ,  only 

r e p o r t s  from t h e  same sample popula t ion  subse t  can be used. 

d i scussed  i n  Sec t ion  XI1 of t h i s  r e p o r t .  

Most of t h e  r e p o r t s  were submitted e i t h e r  

It is c l e a r  they  are  

This  approach i s  

1 
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TABLE I 

HYDROGEN LOSS REPORTS COMPILED AND ENTERED I N  COMPUTER DATA BANK 

Source Number of Reports 

Factory Mutual Loss F i l e s  1 4  7 

AEC - Nuclear Regulatory Commission 40 

American Petroleum I n s t i t u t e  31 

Department of Transpor ta t ion  - OHM 25 

B r i t i s h  F i r e  P r o t e c t i o n  Assoc ia t ion  1 2  

O i l  Insurance  Assoc ia t ion  10 
Miscellaneous* - 15 

T o t a l  28 0 

Per iod  Covered 

1966 - 77 

1962-66, 70-76 

1973 - 76 

1 9 7 1  - 75 

1965 - 74 

no d a t e s  

scattered 

*Miscellaneous sources  inc lude  case h i s t o r i e s  of major petrochemical  p l a n t  
f i r e s  and explos ions  publ ished by t h e  Nat iona l  F i r e  P r o t e c t i o n  Assoc ia t ion ,  
Manufacturing Chemists Assoc ia t ion ,  t h e  American I n s t i t u t e  of Chemical 
Engineers ,  and insurance  companies. 
i n  response t o  our m a i l  survey. 

I n  a d d i t i o n ,  fou r  r e p o r t s  were rece ived  

2 



FACTORY MUTUAL RESEARCH CORPORATION 

4A7NO. RG 

The 280 r e p o r t s  ind ica ted  i n  Table I do provide enough information t o  

perform an engineer ing a n a l y s i s  of t h e  causes  and e f f e c t s  of hydrogen f i r e s  

and explosions.  

1968-1977 i s  presented i n  Sec t ion  11. 

r e p o r t s  as computerized t a b u l a t i o n s  of our completed d a t a  bank become a v a i l a b l e .  

A pre l iminary  a n a l y s i s  based on 173 i n c i d e n t s  i n  t h e  per iod 

The a n a l y s i s  will be  updated i n  f u t u r e  

3 
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I1 

GENERIC TYPES OF INDUSTRIAL HYDROGEN ACCIDENTS 

Table  1I"contains  a chronologica l  l i s t i n g  of 145 hydrogen f i r e s  and ex- 

p los ions  t h a t  have occurred i n  i n d u s t r i a l  occupancies s i n c e  1968. 

f o r  each inc iden t  inc ludes  t h e  type  of acc iden t ,  i .e . ,  f i r e  o r  explosion,  and 

oxidant  involved, t h e  type  of p l a n t ,  t h e  i g n i t i o n  source,  t h e  ex ten t  of damage, 

and a comment on t h e  cause of t h e  inc iden t .  Although t h e  l i s t i n g  is  not  com- 

p l e t e ,  Table  I1 i s  a r e p r e s e n t a t i v e  sampling of hydrogen acc ident  experience 

i n  i n d u s t r i a l  ope ra t  ions.  

The l i s t i n g  

The acc iden t  d a t a  i n  Table  I1 provide  an  i n d i c a t i o n  of t h e  r e l a t i v e  f i r e  

and explosion hazards  of hydrogen. Of t h e  145 i n c i d e n t s  i n  Table 11, 84 (58%) 

were explos ions ,  53 (37%) were f i r e s ,  and t h e  remaining 8 ( 5 % )  were e i t h e r  

combined fire-explosions o r  unignited releases due t o  v e s s e l  rup tu re .  S i m i l a r l y ,  

of t h e  11 i n c i d e n t s  i n  which t h e  damage exceeded $1 m i l l i o n ,  6 (55%) were ex- 

p los ions ,  4 ( 3 6 % )  were f i r e s ,  and one (9%) w a s  a combined f i re -explos ion .  The 

re la t ive  s e v e r i t y  of t h e  hydrogen explosion hazard i s  even more pronounced i n  

terms of i n j u r i e s .  A l l  e i g h t  of t h e  m u l t i p l e  i n j u r y  i n c i d e n t s  i n  Table I1 were 

explosions.  

The causes  of t h e  acc iden t s  l i s t e d  i n  Table  I1 have been ca tegor ized  i n  

terms of t h e  reason f o r  t h e  hydrogen release and/or  t h e  formation of a flam- 

mable mixture .  The fol lowing seven gene r i c  cause c a t e g o r i e s  have been def ined:  

Category No. of I n c i d e n t s  

Undetected Leaks 32 

Hydrogen-Oxygen Off-Gas Explosions 25 

2 1  P ip ing  and P r e s s u r e  Vessel Ruptures 

Inadequate  I n e r t  Gas Purging 1 2  

Vent and Exhaust System I n c i d e n t s  10  

Hydrogen-Chlorine I n c i d e n t s  10 

Other I n c i d e n t s  - 35 

T o t a l  14 5 

Jc See Appendix A 

4 
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The c a t e g o r i e s :  Undetected Leaks, Inadequate Purging, and Hydrogen-Chlorine 

I n c i d e n t s  have i n  common t h e  undetected presence of hydrogen ( o r  an oxidant )  

a t  a concen t r a t ion  i n  t h e  flammable regime. The same is t r u e  f o r  s e v e r a l  of 

t h e  Vent/Exhaust I n c i d e n t s  and f o r  many "Other Inc iden t s "  caused by inadequate 

v e n t i l a t i o n  o r  by an  improperly c losed  o r  open va lve  allowing a combustible 

mixture  t o  form. Al toge ther ,  t h e s e  i n c i d e n t s  involving t h e  undetected presence  

of hydrogen account f o r  more than ha l f  of t h e  t o t a l  number of f i r e s  and ex- 

p los ions .  Thus, t h e r e  is a need t o  develop and/or implement improved hydrogen 

d e t e c t i o n  techniques .  Fu r the r  examples of t h e  l a c k  of adequate hydrogen de- 

t e c t i o n  are  g iven  i n  t h e  d i scuss ion  of i n d i v i d u a l  c a t e g o r i e s .  

2 . 1  UNDETECTED LEAK INCIDENTS 

Hydrogen l e a k s  t y p i c a l l y  o r i g i n a t e  from v a l v e s ,  f l a n g e s ,  diaphragms, 

gaske t s ,  and v a r i o u s  types  of seals and f i t t i n g s .  Usually,  t h e  l e a k s  are un- 

de tec t ed  because of t h e  absence of a continuous hydrogen monitor i n  t h e  area. 

When t h e  escaping hydrogen mixes wi th  a i r  o r  some o t h e r  ox idan t ,  i g n i t i o n  of 

the combustible mixture  w i l l  cause a f i r e  o r  explos ion ,  depending on t h e  

degree  of confinement. A s  an example of hydrogen's propens i ty  t o  l e a k  without 

being d e t e c t e d ,  cons ider  t h e  following synopsis of an explos ion  a t  a vege tab le  

o i l  hydrogenation p l a n t .  

Hydrogen w a s  s t o r e d  a t  t h e  p l a n t  i n  a 42 1 /2 - f t  (13 m) diameter sphere  made 

of 3/16-in. ( 4 . 8  mm) steel. The sphere  w a s  p a r t i t i o n e d  i n t o  two hemispheres by 

a neoprene diaphragm a t t ached  around the equator .  Hydrogen was s t o r e d  under t h e  

diaphragm whi le  t h e  upper hemisphere contained a i r .  An explosion-proof f a n  w a s  

s i t u a t e d  on top  of t h e  sphere  i n  o rde r  t o  provide  a s l i g h t  p o s i t i v e  p r e s s u r e  on 

top  of t h e  diaphragm. 

When t h e  p l a n t  w a s  shut  down f o r  t h e  Thanksgiving Holiday on November 2 7 ,  1 9 7 4 ,  

t h e  f a n  on top  of t h e  hydrogen sphere  w a s  also stopped. 

on November 29 ,  a v i o l e n t  explos ion  occurred in the sphere.  

w a s  t o r n  i n t o  many s e c t i o n s  by t h e  explosion and some of t h e  s e c t i o n s  were 

propel led  as f a r  as 1,200 f t  ( 3 6 6  m). Some of t h e s e  s e c t i o n s  s t r u c k  flammable 

l i q u i d  s t o r a g e  tanks  and cracked t h e  r o o f s  of ad jacen t  bu i ld ings .  

t h e  windows i n  t h e  surrounding bu i ld ings  were broken by t h e  b l a s t  wave. 

t u n a t e l y ,  t h e r e  were no s e r i o u s  i n j u r i e s .  

During p l a n t  s t a r t u p  

The sphere s h e l l  

Most of 

For- 

5 
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A loss i n v e s t i g a t i o n  ind ica t ed  t h a t  hydrogen had leaked pas t  t h e  diaphragm 

when t h e  f a n  was shut  down. 

be fo re  t h e  explosion as a replacement f o r  another  leaky diaphragm.) 

of t h e  r e s u l t i n g  hydrogen-air mix ture  was a t t r i b u t e d  t o  an e l e c t r o s t a t i c  

d i scharge  caused by t h e  motion of t h e  diaphragm when a compressor w a s  s t a r t e d  

downstream of t h e  sphere.  However, another  p o s s i b l e  i g n i t i o n  source w a s  t h e  

I n  any event ,  t h e  explos ion  

(The diaphragm had been i n s t a l l e d  about a year  

I g n i t i o n  

explosion-proof" f a n  a t  t h e  top  of t h e  sphere.  I 1  

could have been avoided e i t h e r  by us ing  an  i n e r t  gas  in s t ead  of a i r  a c r o s s  t h e  

diaphragm, o r  by monitoring t h e  hydrogen concent ra t ion  i n  t h e  upper hemisphere. 

S ince  a pure hydrogen-air f lame i s  v i r t u a l l y  i n v i s i b l e ,  undetected hydro- 

gen l e a k s  can sometimes l ead  t o  undetected o r  underestimated hydrogen f i r e s .  

An example of t h i s  s i t u a t i o n  has  been repor ted  as Case His to ry  No. 7 i n  t h e  

O i l  Insurance  Assoc ia t ion  brochure on l o s s  prevent ion  gu ide l ines  f o r  Hydro- 

r e f i n i n g  Process  Uni t s  . (1) 

The i n c i d e n t  occurred a t  an  o i l  r e f i n e r y  hydro t r ea t e r  used t o  d e s u l f e r i z e  

naphtha.  A small l e a k  developed i n  one of t h e  f inned tubes  of t h e  h e a t e r  f o r  

t h e  naphtha-hydrogen mixture .  The l e a k  r e s u l t e d  i n  a 2-f t  long t o r c h  flame 

which w a s  even tua l ly  not iced  by an employee. 

hydro t r ea t e r  w a s  shut  down by c u t t i n g  of f  t h e  f low of naphtha and t h e  flow of 

f u e l  t o  t h e  burners  i n  t h e  h e a t e r .  The hydrogen f low w a s  maintained i n  o rde r  

t o  cool  and sweep t h e  r e a c t o r  dur ing  t h e  shutdown opera t ion .  

Upon d iscover ing  t h e  f i r e ,  t h e  

The t o r c h  flame appeared t o  diminish s i g n i f i c a n t l y  whi le  only t h e  hydrogen 

w a s  f lowing. However, molten metal d r ipp ing  from t h e  hea te r  i nd ica t ed  t h a t  a 

much more severe f i r e  was s t i l l  i n  progress .  The f i r e  w a s  even tua l ly  con t ro l l ed  

by reducing t h e  hydrogen flow and i n j e c t i n g  steam i n t o  t h e  hea te r .  In spec t ion  

of t h e  damaged hea te r  revea led  t h a t  t h e  f i r e  had completely melted 12-f t  long 

s e c t i o n s  of 32 f inned tubes.  

The hydro t r ea t e r  i nc iden t  i l l u s t r a t e s  how a hydrogen f i r e  which appears  

t o  be " q u i t e  small" can a c t u a l l y  be only t h e  v i s i b l e  p o r t i o n  of a much l a r g e r  

f i r e .  

gen f i r e s  and/or a s ses s ing  t h e i r  s e v e r i t y .  

hydrogen l e a k  d e t e c t i o n  and i l l uminan t s  f o r  flame v i s u a l i z a t i o n  have been 

suggested(2)  but  t h e  necessary experimental  and f e a s i b i l i t y  s t u d i e s  have not  

y e t  been performed. 

Observation a lone  i s  not  a r e l i a b l e  technique f o r  d e t e c t i n g  pure  hydro- 

P o t e n t i a l  odorant a d d i t i v e s  f o r  

6 



FACTORY MUTUAL RESEARCH CORPORATION 

4A7NO. RG 

I 

2.2 HYDROGEN-OXYGEN OFF-GAS EXPLOSIONS 

The 25 off-gas  explosions l i s t e d  i n  Table I1 refer t o  i n c i d e n t s  involving 

hydrogen-oxygen mixtures  formed i n  t h e  cool ing  loop of boi l ing-water-reactor  (BWR) 

nuc lea r  power p l a n t s .  

decomposition of some of t h e  steam flowing through t h e  r e a c t o r .  When t h e  steam 

The hydrogen and oxygen are generated by t h e  r a d i o l y t i c  

1 i s  condensed, t h e  off-gas  is  e j ec t ed  i n t o  an  off-gas  t rea tment  system. Con- 

temporary off-gas  t reatment  u s u a l l y  c o n s i s t s  of 1) d i l u t i n g  t h e  s to i ch iomet r i c  

hydrogen-oxygen mixture  wi th  e i t h e r  steam o r  a i r ,  2) c a t a l y t i c a l l y  recombining 

t h e  hydrogen and oxygen and removing t h e  r e s u l t a n t  mois ture ,  3)  pass ing  t h e  gas  

through a cha rcoa l  bed and/or  a de lay  p i p e  t o  reduce t h e  r a d i o a c t i v i t y  leve l  
of t h e  noble  gases ,  4 )  flowing t h e  gas  through a h igh-ef f ic iency  p a r t i c u l a t e  

f i l t e r  t o  remove r a d i o a c t i v e  decay products ,  and 5) vent ing  t h e  gas  t o  t h e  

atmosphere through an e leva ted  s tack .  A t  some of t h e  o l d e r  BWR power p l a n t s ,  

t h e r e  are no d i l u t i o n ,  recombination, and charcoa l  adsorber  bed components i n  

t h e  off-gas  system . (3 )  

Explosions have occurred i n  va r ious  components of BWR off-gas  systems from 

t h e  condenser a i r  e j e c t o r  downstream t o  t h e  vent  s tack .  I g n i t i o n  sources  have 

included 1) mechanical sparks  from r a p i d l y  c los ing  va lves ,  2) e l e c t r o s t a t i c  

d i scha rges  i n  ungrounded p a r t i c u l a t e  f i l t e r s ,  3) sparks  from electr ical  equip- 

ment, 4) neg l igen t  welding and c u t t i n g  ope ra t ions ,  5) c a t a l y s t  p a r t i c l e s  en- 

counter ing  undi lu ted  mixtures ,  and 6) l i g h t n i n g  s t r i k e s  near  t h e  vent  s t ack .  

Equipment damage has  been minimal i n  most of t h e  off-gas  explos ions ,  probably 
because the Nuclear Regulatory Commission r e q u i r e s  the system upstream of t h e  

recombiner t o  be  designed t o  withstand hydrogen-oxygen explosions.* 

Most of t h e  repor ted  i n j u r i e s  i n  t h e s e  explos ions  are due t o  workers being 

exposed t o  r a d i o a c t i v e  gases  r e l eased  dur ing  o r  before  t h e  explosion.  

t h e  gases  are usua l ly  shor t - l ived  r ad ionuc l ides ,  contaminated workers have re- 

covered r a p i d l y ,  i .e . ,  w i th in  a day o r  two. The fol lowing n a r r a t i v e  i s  an  ex- 

ample of an  off-gas  explosion involving worker contamination. 

S ince  

*For s to i ch iomet r i c  H2-02 mix tures  s a t u r a t e d  w i t h  water vapor a t  100°C, t h e  
peak r e f l e c t e d  de tona t ion  p res su re  can exceed 30 times t h e  i n i t i a l  p re s su re  (4) . 
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An explosion i n  a s t a c k  f i l t e r  house on January 1 9 ,  1976'~)  w a s  preceded 

by anomalously high r a d i a t i o n  l e v e l  readings  from a monitor i n  t h e  vent  s t ack .  

When two p l a n t  employees entered t h e  f i l t e r  house t o  check t h e  t r o u b l e ,  they  

were exposed t o  a r a d i a t i o n  l e v e l  of 6 mR/hr. 

proper p r o t e c t i v e  c lo th ing  en tered  t h e  area a few hours la ter  and observed water 

on t h e  f l o o r  and a m i s t  overhead. H e  r e f i l l e d  t h e  off-gas  loop seals wi th  water 

and l e f t  t h e  f i l t e r  house. 

Another employee, o u t f i t t e d  wi th  

The explosion occurred fou r  hours l a te r .  

The off-gas  loop seals had been blown because of a back p res su re  generated 

by a p a r t i a l l y  blocked f i l t e r  i n  t h e  vent  s t ack .  

water t h a t  had bypassed an improperly i n s t a l l e d  demister .  

from t h e  blown loop seal accumulated i n  t h e  f i l t e r  house and was i g n i t e d  when a 

r e l a y  a c t i v a t e d  t o  i s o l a t e  t h e  loop seals. 

The f i l t e r  w a s  clogged by 

Hydrogen escaping 

I n c i d e n t s  s i m i l a r  t o  t h e  f i l t e r  house explosion have a l s o  occurred i n  o t h e r  

types  of i n d u s t r i a l  p l a n t s  handling hydrogen. H o w e v e r ,  the large number of 

hydrogen explos ions  i n  t h e  safety-conscious nuc lear  power indus t ry  is  evidence 

of t h e  need f o r  increased  d i l i g e n c e  i n  f u t u r e  i n d u s t r i a l  u s e s  of hydrogen. 

S p e c i a l  p recaut ions  w i l l  be needed i n  w a t e r - s p l i t t i n g  hydrogen product ion and 

f u e l  c e l l  p l a n t s  where s to i ch iomet r i c  p ropor t ions  of hydrogen and oxygen are 

s i t u a t e d  i n  c l o s e  proximity t o  each o the r .  

2 . 3  PIPING AND VESSEL RUPTURE INCIDENTS 

The 2 1  p ip ing  and vessel  r u p t u r e  i n c i d e n t s  l i s t e d  i n  Table I1 were caused 

by a v a r i e t y  of materials problems inc luding  hydrogen embri t t lement ,  stress 

co r ros ion ,  and weld f a i l u r e s .  

t h e  hydrogen fol lowing t h e  rup tu re .  

furnace  flame o r  some o the r  obvious h igh  temperature  source.  However, i n  many 

o t h e r  cases, spontaneous a u t o i g n i t i o n s  were repor ted .  

one spontaneous a u t o i g n i t i o n  i s  descr ibed  i n  t h e  fol lowing synopsis  of two 

r e l a t e d  p ipe  r u p t u r e  i n c i d e n t s  a t  an ammonia p l a n t .  

Most of t h e  damage was incur red  by i g n i t i o n  of 

I n  s e v e r a l  cases i g n i t i o n  was due t o  a 

An example of a t  least  

The r u p t u r e  occurred i n  a 24-in. (61-cm) s y n t h e s i s  gas  l i n e  connecting 

The p ipe  contained hydrogen and carbon t h e  primary and secondary reformers .  

monoxide a t  a p res su re  of about 400 p s i  and a temperature  of about 930°C. 

ruptured s e c t i o n  of p ipe  had a high-temperature a l l o y  s t ee l  ou te r  w a l l ,  a 

r e f r a c t o r y  l i n e r ,  and a s t a i n l e s s  s teel  i n t e r l i n e r .  The r e f r a c t o r y  l i n i n g  had 

The 
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been r epa i r ed  s e v e r a l  times be fo re  ( t h e  latest  t i m e  was October 1973) because 

of f o c a l i z e d  d e t e r i o r a t i o n  and hot  spo t s .  The r e p a i r  procedure cons i s t ed  of 

c u t t i n g  a s e c t i o n  of p ipe ,  repouring t h e  r e f r a c t o r y  l i n e r ,  and pa tch  welding 

t h e  o u t e r  w a l l .  

On January 30, 1974, t h e  42-in. long welded s e c t i o n  of t h e  p ipe  suddenly 

blew out .  P l a n t  employees heard a rumble and observed a flame above t h e  ruptured  

pipe.  
a t  t h e  r u p t u r e  s i te .  The hot c a t a l y s t  i g n i t e d  s e v e r a l  secondary f i r e s  i n  o i l  

d e p o s i t s  i n  t h e  area. 

A shower of c a t a l y s t  p e l l e t s  from t h e  secondary reformer was a l s o  emi t ted  

Before t h e  t o r c h  f i r e  a t  t h e  r u p t u r e  s i te  could be  ex t inguished ,  it eroded 

the r e f r a c t o r y  l i n i n g  i n  t h e  secondary reformer and most of t h e  remaining p ipe .  

In s t rumen ta t ion  i n  the secondary reformer w a s  damaged as was p ip ing  and v e s s e l  

i n s u l a t i o n  i n  t h e  v i c i n i t y  of t h e  rup tu re .  The expansion loop between t h e  p r i -  

mary and secondary re formers  dropped about 1 i n .  (2.5 cm) and c racks  were found 

i n  two e l l s  on t h e  loop. 

Repai rs  were completed and t h e  ammonia p l a n t  w a s  brought up t o  production 

temperature and p r e s s u r e  on February 18. 

s t a r t u p  no t i ced  flame coming from t h e  same s y n t h e s i s  gas  l i n e  t h a t  had j u s t  

been r e p a i r e d .  

a 10-in. (25-cm) c rack  w a s  discovered i n  t h e  i n s i d e  r a d i u s  of an e l l  i n  t h e  

expansion loop. 

s y n t h e s i s  g a s  t o  escape and a u t o i g n i t e .  

Employees t ak ing  r ead ings  a f t e r  

When t h e  re formers  were shut  down and t h e  flame ext inguished ,  

The e l l  had appa ren t ly  cracked on s t a r t u p  and allowed 

T h e  January  30 p i p e  r u p t u r e  w a s  caused by w e l d  f a i l u r e .  T h e  February 18 

f r a c t u r e  was appa ren t ly  caused by excess stress on t h e  e l l  as a r e s u l t  of t h e  

1-in. displacement of t h e  expansion loop dur ing  t h e  f i r s t  i nc iden t .  One i r o n i c  

r e s u l t  of t h e s e  i n c i d e n t s  w a s  p l a n t  management's r e t r o s p e c t i v e  d e c i s i o n  t o  

e l i m i n a t e  t h e  f r a c t u r e d  s y n t h e s i s  gas  expansion loop because it wasn't necessary  

i n  t h e  f i r s t  p lace .  

An important l e s son  t o  be der ived  from t h e  ammonia p l a n t  r u p t u r e  i n c i d e n t s  

is  t h e  need t o  c a r e f u l l y  engineer and test  a l l  r e p a i r s  and mod i f i ca t ions  t o  h igh  

p r e s s u r e  process  equipment. 

cyclohexane vapor cloud explosion a t  Flixborough, England i n  1974. The 

Flixborough explos ion  was caused by t h e  r u p t u r e  of an improperly designed and 

Th i s  l e s s o n  was re in fo rced  by t h e  devas t a t ing  

i n s t a l l e d  temporary bypass p ipe  needed whi le  a r e a c t o r  was being r e p a i r e d .  ( 6 )  

9 
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2.4  INADEQUATE INERT GAS PURGE INCIDENTS 

It is  common p r a c t i c e  t o  purge p ipes  and v e s s e l s  wi th  an i n e r t  gas  be fo re  

and a f t e r  u s ing  hydrogen i n  t h e  equipment. 

d u r a t i o n  o r  ex ten t  of mixing i s  too  low, r e s i d u a l  pockets  of hydrogen o r  a i r  

w i l l  remain i n  t h e  enclosure.  

a t o r s  are l u l l e d  i n t o  a f a l s e  sense  of s e c u r i t y  and are unaware t h a t  t h e r e  i s  a 

combustible hydrogen-air mix ture  i n  t h e  enc losure .  

explosion i n c i d e n t s  i n  Table I1 r e s u l t e d  from s i t u a t i o n s  of t h i s  na tu re .  

However, i f  t h e  purging r a t e  o r  

This  is  p a r t i c u l a r l y  dangerous when p l a n t  oper- 

Twelve of t h e  hydrogen f i r e /  

A t y p i c a l  hydrogen-air explosion caused by incomplete purging occurred a t  

a coa l - f i r ed  power p l an t  i n  1976. A 500-megawatt , hydrogen-cooled gene ra to r  

i s  d r iven  by steam t u r b i n e s  a t  t h e  power s t a t i o n .  

t h e  hydrogen cool ing  loop i n  t h e  genera tor  is  purged wi th  carbon d ioxide .  

Af t e r  C02 concent ra t ions  are measured wi th  a densi tometer  t o  v e r i f y  t h e  complete 

removal of hydrogen, t h e  genera tor  i s  purged w i t h  a i r ,  and t h e  maintenance is  

performed . 

During maintenance shutdowns, 

Th i s  purging procedure w a s  used p r i o r  t o  t h e  explosion.  The C 0 2  read ing  

w a s  r epor t ed  t o  be 100-percent C 0 2  a t  t h e  top  of t h e  genera tor .  

system w a s  then  purged wi th  a i r  and a 1/2-in.  (1.3-cm) p ipe  i n  t h e  cool ing  loop 

w a s  c u t  t o  i n s t a l l  some new ins t rumenta t ion .  When t h e  p ipe  was c u t ,  p re s su r i zed  

gas  w a s  emit ted a t  t h e  opening. 

ox ide  o r  a i r  and proceeded wi th  t h e  new instrument i n s t a l l a t i o n .  

t h e r e  w a s  s t i l l  a t  least  some hydrogen i n  t h e  p ipe  and t h e  rest of t h e  cool ing  

loop.  

and f l a shed  back i n t o  t h e  genera tor .  

t h e  genera tor  shroud. 

i l i a r y  equipment i n  t h e  genera tor  so  t h a t  i t  w a s  out  of s e r v i c e  f o r  2 6  days.  

The cool ing  

Workers assumed t h e  gas  w a s  e i t h e r  carbon d i -  

Unfortunately,  

When t h e  welder s t r u c k  an  a r c ,  a flame developed a t  t h e  p ipe  opening 

This  caused a low l e v e l  explosion wi th in  

The explosion damaged v e n t i l a t i o n  b a f f l e  p l a t e s  and aux- 

This  i n c i d e n t  i l l u s t r a t e s  how d i f f i c u l t  i t  i s  t o  completely purge hydrogen 

Uniform mixing and d i l u t i o n  i s  un- out  of a l a r g e ,  complex p i ece  of equipment. 

l i k e l y  i n  a l l  of t h e  p a r t i a l l y  enclosed spaces ,  c r e v i c e s ,  e tc .  I f  a hazardous 

ope ra t ion  such as welding must be performed wi th  an a i r  atmosphere ( in s t ead  of 

i n e r t  gas) i n  t h e  equipment, r e l i a b l e  gas  concent ra t ion  measurements should be 

obtained a t  s e v e r a l  d i f f e r e n t  l oca t ions .  I n  t h e  case of t h e  gene ra to r ,  a d i r e c t  

measurement of hydrogen concent ra t ion  may w e l l  have been more r e l i a b l e  than t h e  

100-percent C 0 2  reading on t h e  densi tometer .  Furthermore, t h e  gas  composition 

should have been determined a t  t h e  welding s i t e  as w e l l  as t h e  top  of t h e  gen- 

10 e r a t o r .  
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Another dangerous purging p r a c t i c e  that has  l e d  t o  explosion is  t h e  iso-  

l a t i o n  of a p o r t i o n  of a closed hydrogen loop i n  o rde r  t o  reduce t h e  purge 

time and volume. 

hydrogen's propens i ty  t o  leak .  

Complete i s o l a t i o n  usua l ly  cannot be assured  because of 

2.5 VENT AND EXHAUST SYSTEM INCIDENTS 

The 10 ven t  and exhaust system i n c i d e n t s  l i s t e d  i n  Table  I1 can be  d iv ided  

i n t o  two subca tegor ies .  I n  t h e  f i r s t  subcategory, t h e  vent /exhaus t  i s  designed 

t o  ope ra t e  wi th  d i l u t e d  hydrogen but an inadequate  v e n t i l a t i o n  rate causes  t h e  

hydrogen concen t r a t ion  t o  inc rease  above t h e  lower flammable l i m i t .  I n  t h e  

second subcategory, a i r  i s  inadve r t en t ly  admitted i n t o  a pure  hydrogen ven t  and 

a combustible mixture  is  formed. 

A t y p i c a l  i nc iden t  i n  t h e  inadequate  v e n t i l a t i o n  subcategory might be 

caused by exhaust f a n  f a i l u r e  o r  a clogged o r  f rozen  exhaust f i l t e r .  

c logged/frozen exhaust f i l t e r  i nc iden t  i n  a BWR off-gas  s t a c k  w a s  descr ibed  

previous ly .  I n c i d e n t s  of t h i s  na tu re  can be avoided by monitor ing t h e  v e n t i l a -  

t i o n  ra te  and t h e  hydrogen concent ra t ion  i n  t h e  exhaust .  

One 

I n c i d e n t s  i n  t h e  second subcategory a r i se  when 1) t h e r e  i s  a backflow o r  

d i f f u s i o n  of a i r  i n t o  t h e  ven t ,  o r  2) t h e r e  is  some type  of seal f a i l u r e  a t  t h e  

ven t  en t rance ,  o r  3) t h e  hydrogen i s  no t  adequately d ispersed  above t h e  vent  

o u t l e t .  

"flapper"-type d i s c s  ( r e f .  7 ,  p. 371) o r  molecular s e a l s ( * ) .  

hydrogen d i s p e r s a l  i n t o  t h e  atmosphere is  a more difficult problem that has 

Backflow or  d i f f u s i o n  of a i r  can be prevented by us ing  check v a l v e s ,  

Inadequate  

occurred wi th  r u p t u r e  d i s c  a c t i v a t i o n  as w e l l  as wi th  ven t  s t acks .  There are 
several i n c i d e n t s  of t h i s  type  l i s t e d  i n  Table III? - Transpor ta t ion  I n c i d e n t s ,  

and s e v e r a l  more were previous ly  i d e n t i f i e d  by Ordin i n  h i s  review of hydrogen 

i n c i d e n t s  i n  NASA ope ra t ions  ( 9 )  . I g n i t i o n s  are u s u a l l y  a t t r i b u t e d  t o  l i g h t n i n g  

o r  l o c a l  e l e c t r o s t a t i c  d i scharge .  

2.6 HYDROGEN-CHLORINE INCIDENTS 

Ten of t h e  hydrogen i n c i d e n t s  l i s t e d  i n  Table I1 were as soc ia t ed  wi th  t h e  

e l e c t r o l y t i c  manufacture of ch lo r ine .  

t r o l y s i s  of heated b r i n e ,  i . e . ,  a sodium c h l o r i d e  water s o l u t i o n .  Passage of a 

low-voltage, h igh  e l e c t r i c a l  cu r ren t  through t h e  e l e c t r o l y s i s  ce l l  produces 

c h l o r i n e  gas  a t  t h e  anode and sodium a t  t h e  cathode. 

The c h l o r i n e  i s  generated by t h e  elec- 

I n  a diaphragm type  c e l l ,  

* See Appendix A 11 
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t h e  sodium immediately reacts wi th  water t o  y i e l d  sodium hydroxide and hydrogen 

a t  t h e  cathode,  which is  coated wi th  a porous a sbes tos  diaphragm. 

cury amalgam type  ce l l ,  most of t h e  sodium reacts wi th  mercury a t  t h e  cathode 

t o  form amalgam, which i s  then  decomposed under t h e  inf luence  of water t o  form 

sodium hydroxide,  mercury, and hydrogen . 

I n  a mer- 

(10) 

The c h l o r i n e  o u t l e t  of each c e l l  is  connected t o  a c h l o r i n e  header p ipe  

which l e a d s  t o  coo le r s  and d r i e r s  o r  t o  f u r t h e r  chemical process  streams. The 

hydrogen output  from t h e  e l e c t r o l y s i s  ce l l s  goes t o  a hydrogen header which may 

l ead  t o  a compressor, a d r i e r ,  o r  a vent  depending upon t h e  end u s e  of t h e  

hydrogen. Most of t h e  hydrogen-chlorine f i r e s / e x p l o s i o n s  are due t o  hydrogen 

inadve r t en t ly  en te r ing  t h e  c h l o r i n e  header f o r  a v a r i e t y  of reasons  inc luding  

a l o c a l  o r  momentary r e v e r s a l  of c e l l  p o l a r i t y .  A s  t h e  c h l o r i n e  i s  g radua l ly  

cooled and l i q u e f i e d ,  t h e  concen t r a t ion  of hydrogen inc reases  i n  t h e  vapor m i x -  

t u r e .  

4.1 percent'''), i .e . ,  approximately t h e  same as it i s  i n  a i r  o r  oxygen.) 

most of t h e  i g n i t i o n s  have occurred i n  t h e  c h l o r i n e  processing equipment down- 

stream of t h e  e l e c t r o l y s i s  cells .  

(The lower flammable l i m i t  of hydrogen i n  c h l o r i n e  is  repor ted  t o  be 
Thus, 

Consider t h e  fol lowing example of an  explosion caused by an  increased  

hydrogen concen t r a t ion  i n  t h e  c h l o r i n e  gas  stream. Hydrogen and c h l o r i n e  con- 

c e n t r a t i o n s  a t  t h i s  p l a n t  are measured once each s h i f t .  

explos ion ,  t h e  hydrogen concen t r a t ion  i n  t h e  c h l o r i n e  header leav ing  t h e  c e l l  

bank was 0.47 percent .  

l i q u i d / g a s  s e p a r a t o r s ,  t h e  hydrogen concent ra t ion  of t h e  gas  streams increased  

t o  2.5-3.2 percent  H 2 ,  i .e . ,  61-78 percent  of t h e  lower flammable l i m i t .  

About 5 h r  a f t e r  those  measurements were made, t h e  d.c.  power t o  t h e  

e l e c t r o l y s i s  c e l l  bank was shut  down because of i n t e r m i t t e n t  power supply 

problems. A t  t h a t  t ime a low order  explosion w a s  heard from t h e  c h l o r i n e  d r i e r  

area of t h e  p l a n t .  T h i r t y  seconds l a t e r ,  c h l o r i n e  gas  began escaping from t h e  

c h l o r i n e  header pumps, and another  explosion occurred i n  t h e  e l e c t r o l y s i s  c e l l  

room. 

shear ing  of f  t h e  3/8-in. (0.95-cm) b o l t s  on t h e  cover.  The second explosion 

blew o f f  t h e  heads of two e l e c t r o l y s i s  c e l l s  and broke 108 g l a s s  connect ions 

between t h e  c h l o r i n e  header and t h e  c e l l  bank. 

t o  o the r  c h l o r i n e  processing equipment. 

On t h e  morning of t h e  

Af t e r  pass ing  through t h e  c h l o r i n e  c o o l e r s  and 

The f i r s t  explosion blew of f  t h e  s teel  p l a t e  cover on t h e  d r i e r  by 

There w a s  cons iderable  damage 
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A loss i n v e s t i g a t i o n  ind ica t ed  t h a t  t h e  hydrogen concen t r a t ion  i n  t h e  

c h l o r i n e  header probably increased when d.c.  power t o  t h e  c e l l s  w a s  c u t  of f  

without  completely s h u t t i n g  of f  t h e  c h l o r i n e  vacuum pumps. Thus, t h e  vacuum 

pumps probably drew a d d i t i o n a l  hydrogen i n t o  t h e  c h l o r i n e  header ,  and increased 

t h e  hydrogen concen t r a t ion  f u r t h e r  downstream where i g n i t i o n  occurred.  

Although most of t h e  i n c i d e n t s  seem t o  occur on t h e  c h l o r i n e  s i d e  of t h e  

c e l l  bank, a t  least one analogous inc iden t  occurred on t h e  hydrogen s i d e  of t h e  

cel ls ,  a t  a p l a n t  where poorly designed s a f e t y  i n t e r l o c k s  allowed t h e  hydrogen 

compressor t o  ope ra t e  a f t e r  d.c.  power t o  t h e  cells  w a s  au tomat ica l ly  shut  down. 

This  c r e a t e d  a s u f f i c i e n t  vacuum i n  t h e  hydrogen header t o  draw r e s i d u a l  c h l o r i n e  

i n  from t h e  c e l l  bank. 

feed ,  t hus  al lowing a i r  t o  e n t e r .  The hydrogen-chlorine-air  mix ture  exploded 

i n  t h e  hydrogen header causing cons iderable  damage t o  t h e  header and t h e  c e l l  

connect ions .  

It a l so  broke t h e  water seal  on t h e  hydrogen compressor 

The e l e c t r o l y t i c  c h l o r i n e  manufacturing process  i s  s i m i l a r  i n  many r e s p e c t s  

t o  water e l e c t r o l y s i s  hydrogen product ion processes .  

p l a n t  des igne r s  w i l l  b e n e f i t  from t h e s e  experiences and provide  more f a i l - s a f e  

p l a n t  shutdown procedures.  

Perhaps,  water e l e c t r o l y s i s  

2 . 7  TRANSPORTATION INCIDENTS 

A s e p a r a t e  l i s t i n g  (Table 111) of hydrogen i n c i d e n t s  during t r a n s p o r t a t i o n  

has  been prepared because many of t hose  i n c i d e n t s  occurred o u t s i d e  of i n d u s t r i a l  

p l a n t s .  

t i o n  and t h e  i n d u s t r i a l  p l a n t  i n c i d e n t s  (Table 11) is t h a t  most of t h e  t r ans -  

p o r t a t i o n  i n c i d e n t s  involve l i q u i d  hydrogen, probably because most "merchant 

hydrogen" is  t ranspor ted  i n  l i q u i d  form i n  cryogenic tank  t rucks .  

One n o t i c e a b l e  d i f f e r e n c e  between t h e  t r a n s p o r t a t i o n  inc iden t  compila- 

F i n a l l y ,  an  encouraging a spec t  of t h e  t r a n s p o r t a t i o n  inc iden t  compilat ion 

is t h a t  71 percent  of t h e  hydrogen releases d id  not  lead  t o  an  i g n i t i o n .  

has  observed a similar t r end  i n  a c c i d e n t a l  outdoor hydrogen releases during 

NASA  operation^'^). 
i g n i t i o n  sources  o r  t o  t h e  r ap id  d i s p e r s a l  of hydrogen i n t o  t h e  atmosphere. 

I n  any event ,  t h e  acc ident  d a t a  provide f u r t h e r  i ncen t ive  t o  t r a n s p o r t ,  t r ans -  

f e r  and s t o r e  hydrogen outdoors  away from occupied areas. 

Ordin - 

The r e l a t i v e l y  few i g n i t i o n s  may be due t o  e i t h e r  a l a c k  of 
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111 

PRELIMINARY COMPARISON OF HYDROGEN AND NATURAL GAS INCIDENTS 

Na tu ra l  gas  acc ident  d a t a  are  being c o l l e c t e d  t o  provide a benchmark f o r  

i n t e r p r e t i n g  t h e  hydrogen acc ident  da t a .  

as t o  i d e n t i f y  any new s a f e t y  problems t h a t  may arise when hydrogen begins  t o  

supplement t h e  dwindling n a t u r a l  gas  supply.  

s u b s t i t u t i o n s  are a n t i c i p a t e d  i n  i n d u s t r i a l  u ses  of n a t u r a l  gas ,  t h e  comparison 

w i l l  emphasize t h e  re la t ive  damage r epor t ed  f o r  i n c i d e n t s  i n  i n d u s t r i a l  opera- 

t ions .  

The comparison i s  being conducted so 

Since  t h e  f i r s t  supplements/ 

I f  t h e  comparison is  t o  be f a i r  and meaningful,  t h e  acc ident  d a t a  should 

be  r e s t r i c t e d  t o  r e p o r t s  from t h e  same sources .  

a b l e  f o r  both hydrogen and n a t u r a l  gas  i n c i d e n t s  is  t h e  Factory Mutual Loss 
F i l e s .  

on loss r e p o r t s  a t  FM insured  p l a n t s  during t h e  per iod 1971-76. 

The only common source avail- 

Therefore ,  the  pre l iminary  comparison presented i n  Table  I V  is based 

The monetary l o s s  f i g u r e s  i n  Table I V  are o r i g i n a l  estimates of proper ty  

damage p l u s  bus iness  i n t e r r u p t i o n .  

much l a r g e r  than  t h e  bus iness  i n t e r r u p t i o n  loss. 

t o  t h e  p o r t i o n s  of t h e  p l a n t  underwr i t ten  by Factory Mutual, and i n  some cases 

t h e r e  w a s  a d d i t i o n a l  damage incur red  by o t h e r  underwr i te rs .  

I n  most cases, t h e  proper ty  damage was 

The losses a l s o  r e f e r  only 

The average and median l o s s e s  l i s t e d  i n  Table  I V  provide  an  i n t e r e s t i n g  

measure of t h e  re la t ive damage produced i n  hydrogen and n a t u r a l  gas  f i r e s  

and explosions.  

s l i g h t l y  h igher  (14 percent  and 22 percent  r e spec t ive ly )  t han  t h e  correspond- 

ing  va lues  f o r  n a t u r a l  gas  f i r e s .  However, t h e  average and median l o s s e s  f o r  

hydrogen explos ions  are 5.9 times and 4.0 t imes ,  r e s p e c t i v e l y ,  t h e  correspond- 

ing values f o r  n a t u r a l  gas  explosions.  Thus, hydrogen explosions can be ex- 

pected,  on t h e  average,  t o  produce much more damage than n a t u r a l  gas  explosions.  

The average and median l o s s e s  f o r  hydrogen f i r e s  are only 

There are a t  least two p o s s i b l e  explana t ions  f o r  t h e  more damaging e f f e c t s  

of hydrogen explosions.  One explana t ion  i s  t h a t  t h e  overpressures  and r e s u l t -  

ing b r i sance  produced i n  most hydrogen explos ions  i n  i n d u s t r i a l  opera t ions  are 

g r e a t e r  than  those  produced i n  equiva len t  n a t u r a l  gas  explosions.  Hord 

has reached t h i s  conclusion f o r  explos ions  i n  a confined environment by com- 

par ing  t h e  r e l evan t  flammability/explosivity p r o p e r t i e s  (burning v e l o c i t y  and 

(12) 
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TABLE I V  

HYDROGEN AND NATURAL GAS LOSSES FOR THE PERIOD 1971-1976 

- Gas F i r  e/Exp 

H yd r og en F i r e  

Hydrogen Explosions 

Na tu ra l  Gas + F i r e  

Natura l  Gas ' Explosion 

Number of Median Loss Average Loss 
Losses ($  Thousand) ( $  Thousand) 

22 30 124 

2 9* 80 2 97 

26** 24.5 109 

100 20 50 

* Inc ludes  t h r e e  l a r g e  l o s s e s  f o r  a t o t a l  of $6.67 m i l l i o n  

**Includes one l a r g e  l o s s  f o r  $1.185 m i l l i o n  

The n a t u r a l  gas  l o s s e s  r e f e r  only t o  i n d u s t r i a l  occupancies and do not  t 
inc lude  l o s s e s  a t  commercial, i n s t i t u t i o n a l ,  and r e s i d e n t i a l  p r o p e r t i e s .  
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de tonable  l i m i t s )  of hydrogen and methane*. 

would reach by comparing t h e  explosion vent ing  requirements  f o r  t h e  two gases  

i n  order  t o  avoid s t r u c t u r a l  damage 

This  i s  a l s o  t h e  conclusion one 

(13 , 14) 
Another p o s s i b l e  explana t ion  f o r  t h e  l a r g e r  l o s s e s  incur red  by hydrogen 

explos ions  is  t h a t  t h e r e  may be more va luab le  equipment, p roper ty ,  e tc . ,  

a t  r i s k  i n  i n d u s t r i a l  occupancies where hydrogen i s  used than  i n  t h e  occupan- 

cies handling n a t u r a l  gas .  

gen explos ions  have occurred i n  l a r g e  chemical p l a n t s  which u s u a l l y  have a 

l a r g e r  insured  va lue  than  most o t h e r  types  of i n d u s t r i a l  p l a n t s .  

sured v a l u e  of t h e  equipment i s  high,  then  an  explosion wi th  a small o r  moder- 

a te  b r i sance  can produce high proper ty  damage and bus iness  i n t e r r u p t i o n .  

The b a s i s  f o r  t h i s  susp ic ion  is  t h a t  many hydro- 

I f  t h e  in-  

The au tho r s '  p re l iminary  eva lua t ion  i s  t h a t  t h e  damage d i f f e r e n c e s  are 

due more t o  t h e  explos ive  n a t u r e  of hydrogen than  t o  d i f f e r e n c e s  i n  insured  

v a l u e  between chemical p l a n t s  and o the r  i n d u s t r i a l  p l an t s .  Equipment a t  

chemical p l a n t s  i s  u s u a l l y  designed t o  withstand a more severe  environment 

than  i n  o the r  p l a n t s  and, consequent ly ,  should s u f f e r  less phys ica l  damage 

f o r  an  explosion of given s e v e r i t y .  

S imi l a r  explana t ions  can be hypothesized f o r  t h e  o the r  r e s u l t s  presented 

i n  Table  I V .  However, be fo re  present ing  t h e s e  deba tab le  explana t ions ,  it would 

be h e l p f u l  t o  have a more s o p h i s t i c a t e d  s t a t i s t i ca l  comparison of t h e  hydrogen 

and n a t u r a l  gas  l o s s e s .  

i n  t h e  form of a m u l t i p l e  r eg res s ion  a n a l y s i s  of l o s s  s e v e r i t y  as a func t ion  

of f u e l  type ,  occupancy ca tegory ,  insured va lue ,  and any o t h e r  p e r t i n e n t  

parameter l i k e l y  t o  have a s i g n i f i c a n t  e f f e c t  on t h e  r epor t ed  l o s s e s .  

This  a n a l y s i s  w i l l  be  conducted i n  t h e  coming months 

*Hord a l s o  compared t h e  explos ive  p o t e n t i a l  of hydrogen and methane on t h e  
b a s i s  of t h e o r e t i c a l  TNT equ iva len t ,  which is  a measure of t h e  energy p o t e n t i a l  
of an i d e a l  b l a s t  wave. On t h e  b a s i s  of t h e o r e t i c a l  TNT equiva len t  p e r  u n i t  
volume o r  per  u n i t  oflqpergy s t o r e d ,  he observes  t h a t  methane has t h e  g r e a t e r  
explos ive  p o t e n t i a l .  
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TABLE I1 

INDUSTRIAL HYDROGEN INCIDENTS 

Prope r ty  
I g n i t i o n  No. of Damage 

Date Type of Accident Mode of Operat ion Source I n j u r i e s  ($1000) Comments 

1-11-68 GH, and a i r  exploded dur- E l e c t r o l y s i s  of Grounding e l e c t r o d e  0 195  During shutdown feed  l ines back- 
sodium c h l o r i d e  f i l l e d  wi th  H2 and a i r  and i g n i t e d  

1-15-68 

1-23-68 

1-30-68 

2-7-68 

N - 
2-14-68 

3-14-68 

8-14-68 

9-13-68 

9-20-68 

10-4-68 

10-31-68 

in; shutdown of sodium 
c h l o r i d e  e l e c t r o l y s i s  
system 

Excess GH2 i n  system re- 
s u l t e d  i n  runaway r eac t ion  
which r e s u l t e d  i n  v e s s e l  
r u p t u r e  and f i r e  

Venting C 1 2  and H2 auto- 
i g n i t e d  when H2 conc. w a s  
al lowed t o  exceed 5 % ;  m i x -  
t u r e  i g n i t e d  when mixed 
wfair 

An explosion occurred i n  
scrubber  t a n k  due t o  an 
i n c r e a s e  of H2 i n  t h e  en- 
t ra inment  s e p a r a t o r  

Explosion i n  s p e c i a l  a t -  
mosphere annea l ing  furnace 
due t o  i n s u f f i c i e n t  purging 

GH2 f i r e  

GH2 exp los ion  and f i r e  

* 

Explosion occurred in  
s p e c i a l  atmosphere 
r e t o r t s  used t o  hea t  treat 
j e t  engines  

Explosion occured i n  
fu rnace  used i n  ore re- 
duc t  i o n  

Arcing from high capac i ty  
gene ra to r  through H feed 
l i n e  caused me l t ing  of 
l i n e  and f i r e  

H leaked from a va lve  re- 
s u l t i n g  i n  a f i r e ;  f i r e  
melted s o l d e r  connections 
which caused H a t  90 p s i  
t o  r e l e a s e  add$ng t o  f i r e  

GH, leaked i n t o  a n  area 
coi i ta ining e l e c t r i c a l  
equipment which r e s u l t e d  
i n  a f i r e  

2 

2 

Hydrogenation Spontaneous autoig-  
process-ethylene n i t i o n  
pur i f  icat  i o n  

E l e c t r o l y t i c  S pon t aneou s au to  ig-  
c h l o r i n e  p rocess  n i t i o n  
c h l o r i n e  and 
c a u s t i c  mfg. 

E l e c t r o n i c - s i l i c o n  Unknown 
c r y s t a l  growing 
r e a c t o r  

Metal p rocess ing ,  Spontaneous 
anneal ing of wire a u t o i g n i t i o n  

H gene ra t ion  P r e s s u r e  switch 

Chemical p l a n t  S t a t i c  e lectr ic  
cryogenic  separa-  d i s c h a r g e  
t i o n  of H f eed  gas  2 
Heat t r e a t i n g  of Unknown 
je t  engines  

2 

Tungsten oxide o r e  Hot spo t  on o r e  
r e f i n e r y  

Electric power, Electrical  spa rk  
equipment mfg. 

E l e c t r o n i c s  compon- Cnknown 
e n t s  mfg - e lec -  
t r o n i c  tubes  

Zirconium metal E l e c t r i c a l  
mfg equipment 

0 5 Reduction of f low of impure ethy- 
l e n e  caused vessel r u p t u r e  by extreme 
hea t  pe rmi t t i ng  a i r  i n t o  v e s s e l  which 
spontaneously i g n i t e d  

t$on al lowing H 2  t o  exceed 5% 
0 6 H monitors  were ou t  of c a l i b r a -  

' 

0 5 Scrubber shutdown wfout exhaust f a n  
shutdown caused i n c r e a s e  of H2 i n  
entrainment  s e p a r a t o r  

0 3.6 Excess Gzi r e s u l t e d  from i n s u f f i c i e n t  
and 4% CO) 

escaped from l eak ing  Bourdon valvc 

purge w i t i  monogas (96% N 

GH 

2 

2 0 39 

0 1900 Cracks i n  aluminum welds allowed 
H t o  c o l l e c t  i n  co ld  box 2 

0 4 Reto r t  w a s  not  purged wi th  n i t r o -  

2 gen be fo re  in t roduc ing  H 

1 7 H2 had no t  been vented completely 

0 159 I n s u l a t i o n  f a i l u r e  i n  starter c o i l  
caused a r c i n g  

0 5.5 Valves were r e p o r t e d l y  closed 

0 8 Leakage of GH2 was allowed when 
exhaust system f a i l e d  (H r e l e a s e d  i n  
zirconium mfg) 2 

'k GH2 denotes  hydrogen s t o r e d  and processed i n  t h e  easeous a t a t e .  



TABLE I1 (Continued) 

P rope r ty  
I g n i t i o n  No. of Damage 

Date Type of Accident Mode of Operat ion Source I n j u r i e s  ($1000) Comments 

1-16-69 Explosion occurred when Chem p lan t -  sodium 
c h l o r a t e  prod 

Unknown 0 

0 

0 

0 

0 

0 

0 

0 

0 

3 

0 

0 

4 

6 

17 5 

8 0  

50 

25 

5 

3 

15 

27000 

12500 

5.5 

25 

GH is  vented from a vapor space 
when given off  i n  p rocess ;  h igh  
H conc. exploded 

GH product  of ammonia mfg 

2 

2 

2 

GH; d i d  no t  ven t  p rope r ly  

1-31-69 

2-14-69 

GH2 i g n i t e d  when con tac t ed  
a i r  wh i l e  ven t ing  

F i r e  occurred when GH2 
l eak ing  from s y n t h e s i s  
conve r t e r  i g n i t e d  

GH2 r e l e a s e d  from l e a k  
i n  reformer tube  I g n i t e d  
causing f i r e  

GH2 en te red  duc t  and was 
i g n i t e d  by scrubber  f lame 
r e s u l t i n g  i n  f i r e  

GH2 en te red  c h l o r i n e  
header i g n i t i n g  spontan- 
eous ly  causing explosion 

Chemical p l a n t  
ammonia mfg 

Chemical p l a n t  
ammonia mfg 

Spontaneous auto- 
i g n i t e d  

Arc from welder Draped a r c  welding handle  s h i f t e d  
caus ing  arc which i g n i t e d  gas  

7-13-69 

12-21-69 

Chemical p l a n t  
ammonia mfg 

N a t u r a l  gas bu rne r s  
(used as i n d i r e c t  
h e a t e r s )  

Flame from scrubber  

Occurred du r ing  a p l a n t  shutdown 

Exhaust fan shutdown caused H2 
accumulation 

E p i t a x i a l  chamber 
semiconductor 
p l a n t  

Chemical p l a n t  
c h l o r i n e  product ion 
us ing  mercury 
amalgam 

Chemical p l a n t  
cadmiumsulfate mfg 

Ba t t e ry  mfg 

4-12-70 Spontaneous Did no t  ven t  p rope r ly ,  H ana lyze r  
provided no t  used 2 

N 7-8-70 
N 

9-22-70 

11-5-70 

GH2 i g n i t e d  wi th  explo- 
s i o n  r e s u l t i n g  

GH g iven  o f f  by b a t t e r -  
ies  exploded 

A qu ick  H purge seemed 
t o  s t a b i l 3 z e  hydrogena- 
t o r  but  explosion occurred 

A i r  mixed wi th  GH2 and 
exploded 

2 

Unknown GH is  r e l e a s e d  du r ing  d i s s o l v i n g  
p rocess  

F i l t e r s  of exhaust f a n  clogged re- 
s u l t i n g  i n  GH2 bu i ldup  

High p r e s s u r e  s i t u a t i o n  i n  bot tom, 
of hydrogenator;  r u p t u r e  d i s c  r e l i e f  
v a l v e  s u c c e s s f u l l y  vented explosion 

I n c o r r e c t  water s e a l i n g  procedures  
r e s u l t e d  i n  a i r  e n t e r i n g  H 2  hold& 
and metal spa rk  t o  develop 

Resu l t ing  explosion caused widespread 
damage t o  r e f i n e r y  and nearby p l a n t s  

2 

E l e c t r i c a l  arc 

Chemical p l a n t  
H gene ra t ion  2 

C a t a l y t i c  react ion  
o r  s t a t i c  spark 

12-27-70 Chemical p l a n t  
H gene ra t ion  2 

? fe t a l  spark 

12-5-70 Excess GH2 en te red  r e a c t o r  
r e s u l t i n g  i n  a runaway 
r e a c t  i on  w/explosion 

GH2 and super  heated 
naphtha i g n i t e d  r e s u l t -  
i ng  i n  f i r e  

GH2 l e a k  developed i n  
diaphragm wi th  f i r e  
r e s u l t i n g  

GH2 leaked i n  off  gas  
s y s t e m  w / f i r e  r e s u l t i n g  

Refinery 
hydrocr acker  

Runaway r e a c t i o n  

2-10-71 Refinery Hot process  l i n e  o r  
s t a t i c  spark 

Although p l a n t  w a s  shu t  down a f t e r  ig- 
n i t i o n  much of p ip ing  became super- 
heated and ruptured 

Vacuum t r a n s m i t t e r  diaphragm l e a k  
w/H r e l e a s e d  a t  300 p s i  

GH, l e a k  due t o  f a u l t y  gasket  ig-  
n i t i o n  occurred a t  l e a k ;  GH2 produced 
i n  r e a c t o r  

2 

4-13-71 

4-30-71 

Refining oil t o  
s o l i d  o i l  

Heat of r e a c t i o n  o r  
hea t  produced by H, 
t r a v e l i n g  through & i f  ice 

Unknown 0 Nuclear power 
p l a n t  

5-2 6-7 1 
2 in Excess ive  GH 

abso rbe r  
r e s u l t e d  i n  f i r e  

Chemical p l a n t  
c h l o r i n e  mfg 

Unknown 0 



3 .  I .  

TABLE I1 (Continued) 

Proper ty  
I g n i t i o n  No. of Damage 

Mode of Operat ion Source I n j u r i e s  ($1000) Type of Accident Date Comments 

6-19-71 GH leaked i n t o  furnace  
a n i  exploded when furnace 
s t a r t e d  

Chemical p l a n t  Furnace 
H and C 1  pro- 
duced then used t o  
form H C l  

Heat treatment of Furnace 
metals 

2 2 

0 14 

41 

H leaked as a r e s u l t  of l o s s  of 
water seal o r  ruptured  c e l l  2 

8-10-71 GH and n i t r o g e n  mixture  
c o l l e c t e d  i n  b u i l d i n g  and 
exploded 

R a d i o l y t i c  hydrogen and 
oxygen exploded 

GH2 l i n e  melted w i t h  
f i r e  r e s u l t i n g  

0 F a u l t y  purging procedure allowed 
f u r n a c e  g a s  t o  be r e l e a s e d  i n  
b u i l d i n g  

Improper grounding of f i l t e r s  
on of f -gas  system r e s u l t e d  i n  charge 

Copper d u s t  c o l l e c t e d  on i n s u l a t o r s  
causing s h o r t  which r e s u l t e d  i n  
a r c i n g  

F i r e  spread t o  involve  l u b r i c a t i n g  
and gas  and o i l :  l i n e s  feedjng  f i r e  

8-12-71 

9-14-71 

Xuclear  power S t a t i c  charge  0 

E l e c t r o n i c s  ; Arc from shor ted  0 

p l a n t  ; BWR 

c a p a c i t o r  mfg power c a b l e s  
7 

625 12-21-71 GH2 & N2 escaped from 
compressor s h a f t  and 
caught  f i r e  

GH2 exploded when l i n e  
w a s  c u t  

Chemical p l a n t  Spontaneous auto-  1 
ammonia mfg i g n i t i o n  

1971 Xuclear  power Acetylene t o r c h  0 
p l a n t ;  BWR 

H of f -gas  l i n e  c u t  w/acetylene 
t o r c h  p r i o r  t o  purging;  GH pro- 
duced i n  BWR 

GH produced i n  BWR, explos ion  
blew r u p t u r e  diaphragms 

2 
2 

2 
2 3-15-72 R a d i o l y t i c  hydrogen 

and oxygen exploded 
Yuclear  power Recombination of 0 
p l a n t ;  BWR r a d i o l y t i c  hydrogen 

and oxygen 

3-20-72 Methane mixed w/GH2 
and a i r  and exploded 

Chemical p l a n t  Unknown 
anmonia s y n t h e s i s  

0 13 0 Methane v a l v e  w a s  no t  completely 
c losed  a l lowing  methane seepage 
dur ing  shutdown 

GH i s  l i b e r a t e d  i n  process ,  

exceeded LEL 

S t a i n l e s s  s teel  tube  ruptured  
r e l e a s i n g  GH and d i s t i l l a t e  i n t o  
f i r e  box exploding 

Tube i n  d e s u l p h u r i z i n g  prehea tcr  
1eaked.Damage confined t o  prehea ter  

Weld in r e t o r t  chamber ruptured 
al lowing GH2 t o  escape  and cause f i r e  

Negat ive p r e s s u r e  drew a i r  i n t o  
degass i f  ier  through vent  

Leak i n  t h e  oxygen condenser 
allowed oxygen t o  e n t e r  argon 

Furnace c o i l  f r a c t u r e d  r e l e a s i n g  
naphtha and G H  i n t o  furnace ;  
f i r e  a f t e r  expfos ion  spread 

Erroneous steam f low i n d i c a t i o n  re-  
s u l t e d  in r e d u c t i o n  of f lov 
al lowing d e t o n a t i o n  

w a s  2 no t  v e n t i n g  f a s t  enough 

column mixing WIGH 2 

7-13-72 GH being vented 
backed up i n  system 
and exploded 

GH2 and cracked 
d i s t i l l a t e  exploded 

2 Chemical p l a n t  Unknown 
product ion  of 
c h l o r i n e  water  

0 90 

8-8-72 Oil r e f i n e r y  Heater f i r e  box 1 1875 

8-27-72 

8-29-72 

9-8-72 

10-23-7 2 

GH2 leaked r e s u l t i n g  
i n  explosion 

GH2 leaked wi th  f i r e  
r e s u l t i n g  

GH and a i r  m i x t u r e  
i n  degass i f  ier  exploded 

Oxygen was allowed t o  
mix w/GH2 causing 
explosion 

G H  and naphtha leaked 
ingo furnace  and exploded 

2 

Chemical p l a n t  Burner f lame i n  0 
prehea t  er 

elements 

Chemical p l a n t  Improper grounding o r  0 
sodium c h l o r a t e  a r c i n g  i n  c e l l  

argon p u r i f i c a t i o n  

E2 product ion  D i s s o c i a t o r  h e a t i n g  0 

Chemical p l a n t  S t a t i c  d i s c h a r g e  0 

200 

8 

1 5  

140 

11-30-72 O i l  r e f i n e r y  Flames in f u r n a c e  0 500 

1972 GH2 explosion S u c l e a r  power E l e c t r i c  p r e h e a t e r  o r  0 
p l a n t ;  BWR c a t a l y t i c  a c t i o n  i n  

recombiner 



TABLE I1 (Continued) 

P rope r ty  
I g n i t i o n  No. of Damage 

Date Type of Accident Mode of Operat ion Source I n j u r i e s  ($1000) Comments 

1-16-73 GH, l e a k  r e s u l t e d  i n  0 70 GH, leaked from v a l v e  f i i l i n a  Rare metals 
r e f i n i n g  

Unknown 

Lightning storm 

ex6 los ion  

Syn thes i s  g a s  (hydrogen & 
n i t rogen)  leaked causing 
exp los ion  

GH2 exp los ion  

b o f l e r  room and exploding - 
Syn thes i s  gas  leaked from s y n t h e s i s  
gas  compressor t o  coo l ing  tower 
when exp los ion  occurred 

1 0  Malfunct ioning p r e s s u r e  r e l i e f  v a l v e  
allowed t o o  much GH t o  e n t e r  b o i l e r  

A d i r e c t  s t r i k e  t o  off-gas  v e n t i l a -  
t i o n  r e s u l t e d  i n  exp los ion  

GH c o n c e n t r a t i o n  i n  GC12  piping 
w a s  al lowed t o  exceed 5% 

30 

2 

2 50 

2-9-73 Chemical p l a n t  
ammonia mfg 

0 

0 

0 

0 

0 

0 

0 

0 

0 

2 

6-8-73 

6-12-73 

8-1-73 

Chemical p l a n t  
c h l o r i n e  mfg 

Nuclear power 
p l a n t ;  BWR 

Chemical p l a n t  
H 2 ,  C 1 2  and 
c a u s t i c  soda mfg 

Nuclear power 
p l a n t ;  BWR 

I r o n  o r e  reforming 

B o i l e r  s t a r t u p  

Lightning 

Shor t  i n  c e l l s  

GH off-gas  exp los ion  2 

GH2 & C 1 2  mix tu re  
exploded 

9-3-73 

9-5-73 

9-6-73 

9-9-73 
N c- 

GH2 off-gas  exp los ion  Unknown Cause unknown, but  de tona t ion  
occurred i n  off-gas  s y s t e m  

Furnace g a s  (H2&CO) l eaking from 
bottom seal of fu rnace  i g n i t e d  

GH leaked from reformer 

27.5 

2 250 

GH2 & CO l e a k  r e s u l t e d  
i n  explosion 

GH l e a k  r e s u l t e d  i n  f i r e  2 

GH off-gas  explosion 2 

Hot p e l l e t s  o r  f i r e  
i n  pan conveyor 

Spontaneous auto-  
i g n i t e d  

Unknown 

Chemical p l a n t  
ammonia rnfg 

Nuclear power 
p l a n t ;  BWR Detonat ion i n  off-gas  system 

f r a c t u r e d  r u p t u r e  d i s c  

Lightning s t r i k e  caused explosion 
i n  off-gas  system 

GH 
welding a r c  w a s  s t r u c k  8 '  away dur ing  
shutdown 

A d i r e c t  l i g h t n i n g  s t r i k e  was observed 
a t  t h e  top  of t h e  p l a n t  v e n t i l a t i o n  
s t a c k  

Weld on reforming fu rnace  f a i l e d  and 
GH i g n i t e d  on fu rnace  

i n  f i l t e r  of o f f -gas  system when 

2 

1973 

1973 

GH off-gas  exp los ion  

GH off-gas  exp los ion  

2 

2 

Nuclear power 
p l a n t ;  BWR 

Nuclear power 
p l a n t ;  BWR 

Lightning 

Welding a rc  

1973 

1973 

1973 

1973 

1973 

1973 

GH off-gas  exp los ion  2 Nuclear power 
p l a n t ;  BWR 

Lightning 

GH2 f i r e  H gene ra t ion  
reforming of 
naphtha 

Refinery 

2 Reforming fu rnace  

GH2 f i r e  from l e a k  Autoignited Gasket l e a k  i n  r e c y c l e  gas  l i n e  auto- 
i g n i t e d  t h i s  caused ad jacen t  l i n e  t o  
r u p t u r e  

F i n  f a n  c o o l e r  t ube  pu l l ed  away from 
header r e l e a s i n g  GH2 a t  3000 l b  
f i r e  occurred when press. w a s  500 l b  

Carbon s t ee l  co r ros ion  r e s u l t e d  i n  
release of 500°C GH from hy!rogen 
reformer 

F a i l u r e  i n  hydrogen compressor u n i t  
caused f a i l u r e  of s u c t i o n  and d i s -  . 
cha rge  l i n e s  

2 

GH f i r e  when tube  
f ailed Unknown Refinery 

GH f i r e  when n e t a l  
2 f a i l e d  

Refinery;  reform- 
ing  of naphtha 

Autoignited 

GH un ign i t ed  release 2 Refinery None 



TABLE I1 (Continued) 

P rope r ty  
I g n i t i o n  No. of Damage 

Comments Date Type of Accident Mode of Operat ion Source I n j u r i e s  ($1000) 

GH, f i r e  P e t r o  chemical Expansion j o i n t  rup tu red  du r ing  1973 

1973 

1973 

1-10-74 

1-22-14 

1-25-74 

1-30-74 

h) 
cn 2 4 - 7 4  

4-23-14 

5-20-74 

5-29-74 

5-14-74 

7-2-74 

8 4 - 7 4  

8-6-74 

8-8-74 

Unknown 
L p l a n t  

Chemical p l a n t  

heatup of r e a c t o r s  

GH explosion due t o  2 r e a c t i o n  of water and 
NaBH4 

GH un ign i t ed  release 2 

Auto i g n i t e d  NaBH and H20 r e a c t e d  gene ra t ing  
GH2 and enough p r e s s u r e  and hea t  
f o r  exp los ion  t o  occur  

4 

Chemical p l a n t  None Attempt t o  bleed hydrogenator a t  
1000 lb r e s u l t e d  i n  chemis t ' s  arm 
i n f l a t e d  w/GH2 

Excessive p r e s s u r e  blew mercury 
seals al lowing release of hot  GH 

High c o n c e n t r a t i o n  of GH2 i n  t h e  
c h l o r i n e  c e l l  gas  p rocess  equipment 
r e s u l t e d  i n  an exp los ion  

2 

GH2 f i r e  

GH2 and GC1, 
explosion - 

Boron f i l i m e n t  
mfg 
Chemical p l a n t  
c h l o r i n e  mfg 

Autoigni ted 

Autoigni ted 

17 5 

05 

35 

2170 

75 

30 

350 

.e 5 

5 

35 

10 

156 

GH2 f i r e  E l e c t r o n i c s  p l a n t  Burners  GH escaped from a l o o s e  f i t t i n g  4 

a t  a so l eno id  v a l v e  gas  l i n e  
r e s u l t i n g  i n  f i r e  

2 

GH2 explosion due t o  
p i p e  r u p t u r e  in 
s y n t h e s i s  gas  l i n e  

GH explosion 2 

Ammonia mfg; steam 
reforming of 
n a t u r a l  gas  

Metal anneal ing 

Au to ign i t ed  Two exp los ions  occur red ,  t h e  f i r s t  
due t o  weld f a i l u r e ,  t h e  second due 
t o  o v e r s t r e s s  i n  elbow 

Furnace i g n i t i o n  A f a u l t y  r e l a y  allowed g a s  t o  e n t e r  
fu rnace  p r i o r  t o  s t a r t u p ;  mixture  
exploded a t  fu rnace  i g n i t i o n  

GH2, monomethylamine, 
cyclohexanone f i r e  

Chemical p l a n t  
cyclohexylamine 

React ion wi th  
c a t a l y s t  

Reagents leaked around s i g h t  g l a s s  
and i g n i t e d  i n  t h e  presence of 
t h e  c a t a l y s t  

0 

GH2 off-gas  explosion Nuclear power 
p l a n t  

Metal  spa rk  from 
c l o s i n g  v a l v e  

0 During s t a r t u p  of r e a c t o r  w f a  new 
off-gas  s y s t m  a spa rk  from a c l o s h g  
v a l v e  i c i t i a t e d  an explosion 

GH c y l i n d e r  un ign i t ed  
release 

Ref rac to ry  mfg None 0 No. 4 o i l  escaping from p ip ing  was 
i g n i t e d ;  t h e  hea t  caused p r e s s u r e  
bui ldup and r u p t u r e  of c y l i n d e r  

r.U, and c h l o r i n e  f i r e  phpmical p1 aRt 
c h l o r i n e  mfg 

Food processing 
( e d i b l e  oil and 
shor t en ings )  

GH gene ra t  ion 
by c rack ing  of 
anhydrous ammonia 

P u r i f i c a t i o n  of 
z i n c  

Chlorine, c a u s t i c  
soda p l a n t  pro- 
duced e l e c t r o -  
l y t i c a l l y  

2 

A l l  t o i y n i t e d  

Lightning 

n 

0 

W7 a-A p r l ,  mi? a u t o i g n i t e d  i n  an 
excerimentar  diaphragm c e l l  

GH, - f i r e  GH being vented from a r e l i e f  
va fve  was i g n i t e d  by l i g h t n i n g  

GH, f i r e  Autoigni ted 0 During s t o r a g e  of c y l i n d e r s  a t  
p l a n t  one of c y l i n d e r ' s  r u p t u r e  
d i s c s  rup tu re6  prematurely 

GH, f i r e  
L 

Unknown 

Unknown 

0 

0 

F i r e  i n  t h e  e x h m s t  s t a c k  of an 
a c i d  l each ing  tank 

GH explosion 2 A r a p i d  i n c r e a s e  i n  c u r r e n t  i n  
amalgam c e l l s  provided excess  GH 
which exploded 2 



TABLE I1 (Continued) 

P r o p e r t y  
I g n i t i o n  No. of Damage 

Mode of Operat ion Source I n j u r i e s  ($1000) Comments 

Chemical p l a n t  Hot steam l i n e s  0 710 S e a l  oil pump f a i l e d  blowing GH2 
ammonia mfg and oil out  which i g n i t e d  when 

it  came i n  c o n t a c t  w/steam l i n e s  

Metal annea l ing  Hot a i r  i n  furnace  0 20 GH l eaked  through rubber  s e a l  
ingo f u r n a c e  

Type of Accident 

GH2 and o i l  f i r e  

Date 

9-10-74 

9-24-74 

9-74 

GH2 f i r e  

GH explos ion  2 Ref inery  E l e c t r i c a l  0 10-100 Explosion occurred a t  s t a r t u p  
because GH had leaked  i n t o  motor 
e n c l o s u r e  a u r i n g  shutdown 

125 GH in fume scrubber  and a c i d  tanks  
was i g n i t e d  by a s i l a n e  f i r e  
w/explosion r e s u l t i n g  

product ion  equipment exploded 

2 0 

0 395 Mixture  i n  e l e c t r o l y t i c  c h l o r i n e  

10-22-74 Chemical p l a n t  S i l a n e  f i r e  
s i l i c o n e  products  

GH explos ion  2 

12-2-74 GH2 and G C 1  
mixture  explos ion  

Chemical p l a n t  Unknown 
c h l o r i n e ,  sodium 
hydroxide 

2- 20- 74 Nuclear  power Improper grounding @ 

Nuclear  power Improper grounding 0 

p l a n t ;  BWR 

p l a n t ;  BhT 

During s t a r t u p  explos ion  occurred 
i n  of f -gas  system 

While u n i t  o p e r a t i n g  a t  l e v e l  of 
2232 YWI a n  explos ion  occurred in 
off  -gas  f i l t e r  

With c o n s t r u c t i o n  underway in 
f i l t e r  b u i l d i n g  workers a c c i d e n t a l l y  
cu t  GH p i p e  2 

GH of f -gas  explos ion  2 

3- 2- 74 
(u 

0. 

1974 

GH of f -gas  explos ion  2 

GH of f -gas  explos ion  2 Nuclear power Sparks from p i p e  0 
p l a n t ;  PWR c u t t i n g  

1-75 GH2 f i r e  Ref inery  naphtha Fixed f lame i n  d r i e r s  0 1-10 Exchanger s h e l l  f o r  r e g e n e r a t i o n  
reforming g a s  h e a t e r  on H2 d r i e r  r u p t u r e d ,  

au tomat ic  shutdown f a i l e d  

3-7-75 GH2 explos ion  Chemical p l a n t  Unknown 0 1250 Flammable l i q u i d  and GH2 escaped 
from a r e a c t o r  when v a l v e  f a i l e d  
t o  c l o s e  completely 

3-11-75 GH2 explos ion  Copper product ion  Flame i n  monitoring 0 70 GH2 l e a k  f i l l e d  E'xE'xE' monitor- 
equipment ing  building.Flame in s u l f u r  d i o x i d e  

monitor  i g n i t e d  it 

3-20-75 GH explos ion  2 Glass  mfg Hot meta l  on f u r n a c e  0 60 O 2  v a l v e  was l e f t  open a l lowing  
e x p l o s i v e  m i x  t o  form i n  i d l e  
f u r n a c e  which exploded 

3-1 5 

6-3 0-7 5 

7-7-75 

2 Ref i n e r p ;  hydro- Spontaneous auto-  0 1-10 Flange opened up dur ing  H 
c racking  i g n i t i o n  sweep on hydrocracker  

GH2 f i r e  

E l e c t r o n i c s  p l a n t  Hot m a t e r i a l  
LED mfg (phosphide) 

Chemical p l a n t  Lance flame 
HC 1 

0 25 A molten p i e c e  of phosphide ig -  
n i t e d  a H -air m i x t u r e  2 

10  GH - a i r  mix ture  i n  hydrogen-chlor ine 2 0 
r e a c t o r  was i g n i t e d  w/explosion 
r e s u l t i n g  

GH2 f i r e  

GH explos ion  2 



TABLE 11 (Continued) 

P rope r ty  
I g n i t i o n  No. of Damage 

Mode of Operat ion Source I n j u r i e s  ($1000) 
7-13-75 200 

Comments Date Type of Accident 

GH exp los ion  2 I r o n  o r e  r educ t ion  S t a t i c  spa rk  3 P l a n t  w a s  s h u t t i n g  down and purg- 
i n g  was  i n  p rogres s  when t rapped 
GH and methane exploded 

Mechanical f a i l u r e  
2 

p l a n t  

7-75 

8-17-75 

GH2 f i r e  Ref ine ry  Fa i l ed  connect ing 
rod f r i c t i o n  

S t a t i c  cha rge  

0 

0 

0 

0 

0 

0 

0 

0 

0 

2 

0 

0 

0 

0 

0 

0 

10-100 

17 5 

100-500 

5 0  

360 

1-10 

100-500 

1000 

10-100 

7 5  

7 

55 

9 

350 

290 

GH2, a i r  and c h l o r i n e  
mixture  explosion 

Chemical p l a n t  
sodium c h l o r a t e  

I n s u f f i c i e n t  a i r  purge allowed 
exp los ive  mix tu re  t o  accumulate 
i n  head t ank  

Due t o  tube  r u p t u r e  i n  H hea te r  2 
a-75 

9-19-7 5 

GH2 f i r e  

G€12 f i r e  

Refinery Fixed f lame i n  
h e a t e r  

Unknown Chemical p l a n t  
ammonia mfg 

GH escaped from r e a c t o r  due t o  
f a u l t y  gasket  2 

9-29-75 GH explosion 

GH p r e s s u r e  r u p t u r e  

GH2 f i r e  . 

GH2 f i r e  

GH2 f i r e  

2 

2 

Chemical p l a n t  
ammonia mfg 

Chemical p l a n t  
ammonia mfg 

Ref inery-reform- 
i n g  of naphtha 

Refinery 

Cu t t ing  t o r c h  

None 

Syn thes i s  l i n e  w a s  c u t  p r i o r  t o  
purging 
Furnace t u b e  l e a k  caused excess ive  
hea t  on H 2  t u b e  causing r u p t u r e  

Flange l e a k  on hydrogen reformer 

9-75 
N 
4 

9-7 5 Spontaneous auto-  
i g n i t i o n  

Fixed flame in 
f i r e  box 

Spontaneous auto-  
i g n i t e d  

10-75 Furnace t u b e  rup tu red ,  u n i t  de- 
p re s su red  i n t o  f i r e  box 

Over insu la t ion  of hydroformer 
u n i t  caused b o l t  f a i l u r e  a t  
f l a n g e  l eak ing  GH 

Closed v a l v e  r e s u l t e d  i n  GH 
bu i ldup  i n  sump which explojed 

No purging allowed exp los ive  
mixture  t o  form i n  r e t o r t  

GH from a recha rg ing  b a t t e r y  
c o h e c t e d  i n  b a t t e r y  compartment; 
s h o r t  i n  b a t t e r y  c a b l e  caused spa rk  

C 1  t ank  ( r a i l r o a d  c a r )  ruptured 
an2 d e b r i s  broke Hq t ub ing  on 
c y 1  ind er bank 

GH2 hose leaked w / H  2 c o l l e c t i n g  
i n  e l e c t r i c a l  conve r t e r  

I n s u f f i c i e n t  purge allowed mixture  
of a i r ,  GH 2 and c h l o r i n e  t o  
c o l l e c t  i n  c e l l  l i q u o r  t anks  

Water leaked i n t o  a drum of Ca 

and energy f o r  explosion 

2 

chemical r e a c t i o n  r e l e a s e d  GH 2 

10-7 5 Ref inery-ref  orm- 
ing  of naphtha 

11-5-7 5 

11-5-75 

11-25-75 

GH2 explosion 

GH2 explosion 

GH2 f i r e  

Nuclear power 
p l a n t ;  BWR 

Heat t reat  ing 
metal annea l ing  

H 2 g e n e r a t i o n  by 
a r echa rg ing  
b a t t e r y  

c y l i n d e r s  
F i l l i n g  of H g  

Unknown 

Unknown 

Electric spark 

12-14-75 GH2 explosion Tramp metal spa rk  

12-17-75 

12-27-75 

GH2 f i r e  

GH2 explosion 

Foundry Spark i n  conve r t e r  

Chemical p l a n t  
sodium c h l o r a t e  
mf g 

Lead sme l t ing  

S t a t i c  cha rge  

12-29-75 GH2 explosion Chem r e a c t i o n  



1 

TABLE I1 (Continued) 

P rope r ty  
I g n i t i o n  No. of  Damage 
Source I n j u r i e s  ($1000) 

Spontaneous auto- 0 10-100 

Welding spark 0 

i g n i t i o n  

Mode of Operat ion Type of Accident 

GH2 f i r e  

Comments 

H2 leaked from 2 f l a n g e s  on 
r e a c t o r  r e s u l t e d  i n  f i r e  

GH c o l l e c t e d  i n  vapor space  
a d  w a s  i g n i t e d  by spa rk  from 
welder 

P e l l e t s  i n  t h e  recombiner v e s s e l s  
caused 2 exp los ions  be fo re  
problem w a s  discovered 

Recombiner was being c u t  i n t o  
o f f -gas  t r a i n  when exp los ion  
occurred i n  off-gas  system 

Improperly i n s t a l l e d  demis t e r  
caused back p r e s s u r e  t o  a c t u a t e  
r e l a y  which caused explosion of sump 

Scrap being a c i d  t r e a t e d  r e l e a s e d  
excess ive  amounts of GH2 which 
w a s  i g n i t e d  

Lead p i p e l i n e  f a i l e d  due t o  cold 

Date 

12-75 Refinery 

1975  GH exp los ion  2 Nuclear power 
p l a n t  

1975 GH o f f -gas  exp los ions  2 Nuclear power 
p l a n t ;  BWR 

C a t a l y s t  p e l l e t s  0 

1975 GH2 off-gas  exp los ion  Nuclear power 
p l a n t ;  BWR 

Unknown 0 

1-19-76 GH2 o f f e a s  exulosion Nuclear power 
p l a n t ;  BWR 

Relay a c t u a t i o n  2 

Platinum c a t a l y s t  0 147 .5  2-17-76 GH2 f i r e  P rec ious  metals 
recovery 

2-76 

4-7-76 

Petrochemical  
chem p l a n t  

Mic ro -e l ec t r i c  
c i r c u i t  f a b r i -  
c a t i o n  

Chemical p l a n t  
sodium c h l o r a t e  

Fixed flame 0 10-100 N 
m GH2 p r e s s u r e  

r u p t u r e ,  f i r e  

GH -C12 exp los ion  2 Unstable  gaseous 0 0 .4  
r e a c t i o n  

Lack of n i t r o g e n  purge allowed 
u n s t a b l e  gases  t o  react and 
i g n i t e  GH 

Lack of n i t r o g e n  purge i n  empty 
e l e c t r o l y t i c  c h l o r a t e  ce l l s  
allowed H2 t o  accumulate 

GH2 and a i r  formed an  exp los ive  
m i x  i n  e l e c t r o l y s i s  c e l l s  

Inadequate  n i t r o g e n  purge allowed 
exp los ive  mix (H2 a i r )  t o  form 
i n  cel ls  

Mistakes i n  t ak ing  t u r b i n e  gene ra to r  
o f f - l i n e  r e s u l t e d  i n  d e s t r u c t i o n  of 
t u r b i n e  and release of GH coo lan t  

Power su rge  a f f e c t e d  equipment re- 
s u l t i n g  i n  an  excess  of H 2  i n  c e l l s  

2 

2 

5-3-76 Spark from c e l l  p l a t e s  1 7 
( e l e c t r o s t a t i c )  

GH2 f i r e  

5-11-76 

6-9-7 6 

GH exp los ion  

GH2 exp los ion  

2 Chlo r ine  p l a n t  Sparks from welding 3 200 

Chemical p l a n t  
sodium c h l o r a t e  

E l e c t r o s t a t i c  spa rk  7 127 

6-12-76 GH2 f i r e  Power p l a n t  Heat of f r i c t i o n  0 20,000 

7-0-76 GH2 f i r e  Chemical p l a n t  
c h l o r i n e  p l a n t  

Shor t  i n  c e l l  0 69 



TABLE I1 (Continued) 

Date Type of Accident 

7-27-76 GH2 f i r e  

7-31-76 GH explosion 2 

7-76 GH2 f i r e  

10-26-76 GH2 explosion 

10-29-76 GH2 explosion 

12-2-76 GH explosion 2 

GH off  -gas explosion 

GH off-gas  explosion 

2 1976 

N 

2 a 1976 

1976 

1976 

1976 

1976 

1976 

1976 

GH2 off-gas  explosion 

GH2 o f f -gas  explosion 

GH off-gas  explosion 2 

GH off-gas  explosion 

GH off-gas  explosion 

2 

2 

GH explosion 2 

P rope r ty  
I g n i t i o n  No. of Damage 

Mode of Operat ion Source I n j u r i e s  ($1000) Comments 

Semiconductor mfg Motor b rush  spa rks  0 275 D r i l l  b i t  punctured copper tubing 

Chemical p l a n t  High temp. of mfg 0 75 Excess a c i d  was flowed i n t o  c h l o r i n e  
c h l o r  i n e  p rocess  ce l l s ,  t h i s  caused excess ive  H 

2 r e l e a s i n g  H 

2 l i b e r a t i o n  

Refinery Aut o i g n i t  ed ; 
h igh  temp 

Ammonia p l a n t  Autoigni ted;  

H2 ,  02, N and Unknown 
Argon pro%.' 

Power p l a n t  Welding spa rks  

h igh  temp 

Nuclear power C'nknown 
p l a n t ;  BWR 

0 1000-10000 Valve leakage permit ted hot  vapors  
t o  enter ven t  system when mixed 
w /a ir  a u t o  ign  i t  ed 

f r a c t u r e  from which H 2  leaked 

leaked 

0 3250 H 2  embri t t lement  caused weld 

0 15 H 2  l i n e  i n  e l e c t r o l y t i c  bu i ld ing  

0 150 Inadequate  H2 purge w / C 0 2  r e s u l t e d  
i n  exp los ive  mixture  when CO 
was later purged with a i r  2 .  

0 

Nuclear power E l e c t r o s t a t i c  spa rk  0 
p l a n t ;  BWR 

Nuclear power Cnknown 
p l a n t ;  BUR 

Nuclear power Cnknown 
p l a n t ;  BWR 

Nuclear power Unknown 
p l a n t ;  BWR 

Nuclear power Unknown 
p l a n t ;  BWR 

Nuclear power Cnknown 
p l a n t ;  BWR 

Chemical p l a n t  A r c  from switch 

0 

3 

0 

During s t eady- s t a t e  o p e r a t i o n s  
explosion occurred i n  off-gas  system 

Explosion occurred i n  off-gas  
system; f i l t e r s  were by-passed and 
ano the r  explosion occurred when 
power w a s  increased aga in  

2 Poor t r a i n i n g  r e s u l t e d  in high H 
conc. i n  system 

W/power a t  85X explosion occurred 
in s t a c k  f i l t e r  house 

I c e  blockage of d i l u t i o n  f an  caused 
high H 2  concen t r a t ion ;  explosion 
demolished f i l t e r  house 

Recombiner was being c u t  i n t o  
o f f -gas  t r a i n  when explosion occurred 

?fanhole t o  sump vas being removed 
b-hen H2 i gn i t ed  unauthorized wir ing 
change of valve ca3ised H 2  buildup 

P ip ing  l e a k  allowed H *  t o  c o l l e c t  
i n  a c o n t r o l  p a n e l  .Jhere LEL was 
reached 



TABLE I1 (Concluded) 

P r o p e r t y  
I g n i t i o n  No. of Damage 

Date Type of Accident Mode of Operat ion Source I n j u r i e s  ($1000) Comments 

1-5-1 7 GH, f i r e  Methanol p l a n t  High temp spon- 0 100 S y n t h e s i s  g a s  l i n e  r u p t u r e  re- 

1-27-77 

3-1-71 

3-22-11 

4-1-11 

4-16-7 7 

10-23-1 7 

w 
0 

11-11-11 

12-13-77 

1917 

L 

GH2 explos ion  

GH2 f i r e  

GH2 f i r e  and explos ion  

GH2 explos ion  

GH explos ion  

GH2 explos ion  

2 

GH2 f i r e  

GH of f -gas  explos ions  2 

GH u n i g n i t e d  r e l e a s e  2 

C a u s t i c  c h l o r i n e  
product ion  

Power p l a n t  

Chemical p l a n t ;  
sodium aluminum 
hydr ide  

Chemical p l a n t  
c h l o r i n e  

Metal h e a t  
t r e a t i n g  

Chemical p l a n t  
ammonia 

Electronics-semi-  
conductor  mfg 

Nuclear power 
p l a n t ;  BWR 

Chemical p l a n t  

taneous  a u t o i g n i t i o n  

Runaway chem r e a c t i o n  

Arc from g e n e r a t o r  

Unknown 

Runaway chem r e a c t i o n  

High temp spontan- 
eous a u t o i g n i t i o n  

Unknown 

Cnknown 

Welding a r c  

None 0 

1450 

625 

150 

315 

50 

225 

1 

100 

s u l t e d  i n  l e a k  which caused f i r e  

A i r  and c h l o r i n e  en tered  H2 
header mixing w i t h  H 2  t o  form 
explos ive  mixture  

Turbine v i b r a t i o n  caused r e l e a s e  
of H from genera tor  r e s u l t i n g  
in f Z r e  

H l e a k  a t  pump r e s u l t e d  i n  
f g r e  then  explos ion  

H en tered  C 1  header and reached 
proper  r a t i o  $or r e a c t i o n  

H2/air mixture  remained i n  furnace  
due t o  poor purge 

H l i n e  ruptured  admi t t ing  H2 i n t o  
distribution p i p e  where explos ion  
occurred 

H exhaust  gas  from e p i t a x i a l  
r e a c t o r  i g n i t e d  in t h e  exhaust  duc t  

Arc s t r u c k  H2 ins t rumenta t ion  
l i n e  caus ing  i n i t i a l  explos ion ,  
second and more v i o l e n t  explos ion  
occurred dur ing  shutdown cause  . 
unknown 

H under p r e s s u r e  was r e l e a s e d  when 
Bourdon t u b e  on H r e s e r v o i r  rup tured  2 

2 

2 

2 



TABLE I11 

INCIDENTS INVOLVING HYDROGEN TRANSPORT 

P r o p e r t y  
I g n i t i o n  NO.  of Damage 

Unknown 

D a t e  Locat ion  Type of Accident  Mode of Operat ion Source I n j u r i e s  ($1000) Comments 

0 During t r a n s f e r  of H, from t r u c k  t o  T r a n s f e r  a t  electronics 9-3-66 Chelmsford GH2 f i r e  
G . B .  

1-68 U.S.A. 

8-2-71 N.Y. ,U.S.A. 

p l a n t  

T r a n s f e r  from t a n k  t ra i le r  None 
t o  s t o r a g e  tank 

c y l i n d e r  banks l e a k  $nd f i r e  d e v e l o p d  
on d e l i v e r y  hose 

During t r a n s f e r  l e a k  developed r e s u l t -  
i n g  i n  an u n i g n i t e d  release 

Vacuum on t ra i le r  d e t e r i o r a t e d  causing 
p r e s s u r e  bui ldup  caus ing  r u p t u r e  d i s c  
t o  b u r s t  

Trailer over turned  wfone of t e n  t u b e s  
i g n i t i n g .  Hg i n  remaining tubes  re- 
l e a s e d  la ter  

S a f e t y  s l u g  i n  vent  tub ing  f a i l e d  
damaging tub ing  w/Hq f i r e  damaging 
s e v e r a l  o t h e r  t ra i lers  

H2 l e a k  from f i l l i n g  s t a t i o n  i g n i t e d  
enveloping t ra i le r  and r e s u l t i n g  i n  
release of H 2  from t ra i ler  

Car r a n  s t o p  s i g n  h i t t i n g  t r u c k ;  
ruptured  g a s o l i n e  t a n k ,  p i p i n g ,  inner  
and o u t e r  H t anks  t r a c t o r  t ra i le r  
completely 2es t royed  

Chain holding c y l i n d e r s  i n  p l a c e  on 
l o r r y  broke;  c y l i n d e r s  ruptured  wi th  
small f i r e  r e s u l t i n g  

Vacuum on t ra i le r  was l o s t  r e s u l t i n g i n  
H2 release both  manually and through 
b u r s t i n g  of ruptured  d i s c  

No release occurred a f t e r  t ra i ler  
h i t  by car because of s t u r d y  con- 
s t r u c t i o n  of t r a i l e r  

F a u l t y  r u p t u r e  d i s c  f a i l e d  prematurely 

Excess ive  d e l a y  i n  t r i p  r e s u l t e d  i n  
e x c e s s i v e  p r e s  s u r e  r e q u i r i n g  manual 
v e n t i n g  r e l e a s i n g  2750 cu f t  of H 2  

Dr iver  f a i l e d  t o  lower t ank  p r e s s u r e  
b e f o r e  l e a v i n g  p l a n t  so  h e  had t o  s t c p  
en r o u t e  and vent  4000 scf  

I n n e r  t a n k  leaked d e s t r o y i n g  vacuum 
in t ank  car; t h i s  caused LH 
r e v e r t  t o  GH 2 r e s u l t i n g  in p r e s s u r e  
bui ldup  and vent ing  through r e l i e f  
v a l v e  

r e l e a s i n g  7 5 0  cu f t  of H 2 

2 to 

LH2 unigni ted  r e l e a s e  0 

LH2 unigni ted  release T r a c t o r  t a n k  t ra i le r  i n  
transit  

None 0 .66 

70 

100 

22 

128 

0 

2.5 

1 5  

0 

0 

0 

0 

10-4-71 S . C . ,  U.S.A. GH2 f i r e  Tube t ra i ler  in t r a n s i t  Sparks from 2 
metal on 
pavement 

Tramp meta l  0 
s p a r k  

2-21-72 Texas,U.S.A. Tube trailer i n  f i l l i n g  
area 

6-18-72 AKlZ.,U.S.A. LH2 f i r e  Trac tor  t a n k  t ra i ler  i n  
f i l l i n g  area 

Unknown 0 

E 9-26-72 F l a . ,  U.S.A. T r a c t o r  tank  t ra i ler  
i n  t r a n s i t  

Tramp metal 
spark  

2 

6-11-73 Plymouth, 
G.B. 

GH2 f i r e  Lorry w l c y l i n d e r s  
in t r a n s i t  

Unknown 0 

6-15-73 Pa . ,  U.S.A. LH unigni ted  re- 2 lease 
Trac tor  t a n k  t ra i ler  
in t r a n s i t  

None 0 

9-10-73 C a l i f . ,  
U.S.A. 

GH no release OK 2 f i r e  
Trac tor  t a n k  t ra i ler  
i n  t r a n s i t  

None 1 

1-6-74 C a l i f . ,  
U.S.A.  

1-7-74 Pa. ,  U.S.A. 

LH unigni ted  re- 2 lease 

LH2 u n i g n i t e d  re- 
lease 

Trac tor  t a n k  t ra i ler  
in t r a n s i t  

Trac tor  tank  t ra i ler  
in t r a n s i t  

None 

None 

0 

0 

6-23-74 C a l i f . ,  
U.S.A. 

LH unigni ted  re- 2 l e a s e  
Trac tor  t a n k  t r a i l e r  
in t r a n s i t  

None 0 

9-25-74 A r k . ,  U.S.A. Tra in  tank  c a r  i n  
t r a n s i t  

LH u n i g n i t e d  re- 2 
l e a s e  

None 0 



TABLE 111 (Continued) 

P r o p e r t y  
No. of Damage 
I n j u r i e s  ($1000) 

I g n i t i o n  
Date  Locat  i o n  Type of Accident  Mode of Operat ion Source 

10-5-74 A l a . ,  U.S.A. LH2 u n i g n i t e d  re- Tractor t a n k  t ra i ler  None 
lease i n  t r a n s i t  

Comments 

0 0 Tank was s l i g h t l y  overloaded;  t h i s  
forced  d r i v e r  t o  v e n t  t a n k  manually 
r e l e a s i n g  5000 cu f t  

Unit  was r e t u r n i n g  t o  p l a n t  empty 
when p r e s s u r e  bui ldup  forced  d r i v e r  
t o  v e n t  manually 

A f t e r  LH2 t r a n s f e r  from t r a i l e r  
d r i v e r  f a i l e d  t o  w a i t  f o r  p r e s s u r e  
s t a b i l i z a t i o n  so  he had t o  s top  and 
v e n t  manually on way t o  p l a n t  

Vent v a l v e  on t r a i l e r  v i b r a t e d  open 
a l lowing  a s l i g h t  H2 d i s c h a r g e  

Unexplained l o s s  of vacuum r e s u l t e d  
i n  r e l e a s e  of a l l  H by manual vent i rg  
and r e l i e f  v a l v e  

P r i o r  t o  loading  t h e  t r a i l e r  had been 
purged wfni t rogen  f o r  maintenance w o r k  
a f t e r  loading  d r i v e r  f a i l e d  t o  a l low 
H t o  s t a b i l i z e  i n  warm t a n k  so he hrrl 
t o  v e n t  6000 cu f t  

P r e s s u r e  b u i l d i n g  v a l v e  v i b r a t e d  open 
a l lowing  p r e s s u r e  bui ldup;  d r i v e r s  
vented  t a n k ' s  c losed  v a l v e  

P r e s s u r e  bui ldup r e s u l t e d  i n  d r i v e r  
v e n t i n g  6000 cu f t  of H2 from t r a f l e r  

P r e s s u r e  bui ldup  in t a n k  was manually 
vented by d r i v e r  r e l e a s i n g  1000 cu f t  

Tank w a s  manually vented prematurely 
on i t s  empty r e t u r n  t r i p ;  9,000 cu f t  
r e l e a s e d  

T r a i l e r  was loaded and parked in t h e  
sun;  t h e  h e a t  caused a p r e s s u r e  build- 
up; a f r a n g i b l e  d i s c  f a i l e d  premature- 
l y  v e n t i n g  H2 which i g n i t e d ;  
13,360 cu f t  r e l e a s e d  

Tube t r a i l e r  was f i l l e d  and parked i n  
yard when a r u p t u r e  d i s c  on one of 
t h e  tubes  f a i l e d  wfescaping H 2  i g n i t -  
ing  9583 cu f t  r e l e a s e d  

Tank t r a i l e r  became detached f r o n  
t r a c t o r  due t o  equipment f a i l u r e ;  dur- 
ing LH2 t r a n s f e r  t o  another  t r a i l e r  
r e l e a s e  of 58,000 cu f t  occurred 

T r a c t o r  t r a i l e r  went o f f  roqd on re -  I '  

t u r n  t r i p  shear ing  o f f  r e a r  v a l v e s  ami 
mani fo lds  r e l e a s i n g  2000 cu f t  of  G H ,  

2 

2 

- 

10-13-74 C a l i f . ,  
U.S.A. 

LH u n i g n i t e d  re- 2 lease 
T r a c t o r  t a n k  trailer None 
i n  t r a n s i t  

0 0 

0 0 10-13-74 C a l i f . ,  
U.S.A. 

T r a c t o r  t a n k  t r a i l e r  None 
i n  t r a n s i t  

LH u n i g n i t e d  re- 2 l e a s e  

12-2-74 C a l i f . ,  

12-4-74 Pa . ,  U.S.A. 

U.S.A. 
T r a c t o r  t a n k  trailer None 
i n  t r a n s i t  

T r a c t o r  t a n k  t r a i l e r  None 
in t r a n s i t  

0 0 

0 1.7 

LH2 u n i g n i t e d  re- 
lease 

LH u n i g n i t e d  re -  2 
l e a s e  

12-23-74 C a l i f . ,  
U.S.A. 

T r a c t o r  t a n k  trailer None 
i n  t r a n s i t  

0 0 LH unigni ted  
r e 3 e a s e  

w N 
1-6-75 V a . ,  U .S .A .  LH, u n i g n i t e d  r e l e a s e  T r a c t o r  t a n k  t r u c k  None - 0 0 

LH u n i g n i t e d  r e l e a s e  T r a c t o r  t a n k  t r a i l e r  None 1-7-75 C a l i f . ,  

1-10-75 Va., U.S.A.  LH u n i g n i t e d  release T r a c t o r  tank  t r a i l e r  None 

9-21-75 Ala. ,  U .S .A .  LHZ u n i g n i t e d  r e l e a s e  T r a c t o r  tank  t r a i l e r  None 

2 i n  t r a n s i t  

2 

U.S.A. 

in t r a n s i t  

11-5-75 Ohi0,U.S.A. GH, f i r e  - T r a c t o r  tube  t r a i l e r  0 S t a t i c  e l e c -  
t r i c a l  d i s -  
charge 

0 

12-31-75 C a l i f . ,  
U.S.A. 

GH, f i r e  - T r a c t o r  tube  t r a i l e r  Spontaneous 0 

3-24-75 Conn., 
U .S .A .  

0 LE, u n i g n i t e d  release T r a c t o r  tank  t r a i l e r  - None 

None 0 5-10-75 A l b e r t a ,  
Canada 

GH, u n i g n i t e d  r e l e a s e  T r a c t o r  tube  t r a i l e r  
i n  t r a n s i t  
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