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Examination of  uranium h e x a f l u o r i d e  release i n c i d e n t s  o c c u r r i n g  over  
t h e  p a s t  t h r e e  decades of ORGDP expe r i ence  has  i d e n t i f i e d  o n l y  f o u r  
which a p p a r e n t l y  involved  an exp los ion  of  a c o n t a i n e r  r e s u l t i n g  from 
r e a c t i o n  between uranium h e x a f l u o r i d e  and a n  impur i ty .  These f o u r  
i n c i d e n t s  e x h i b i t  a c e r t a i n  degree  of commonality. Each h a s  involved  
( a )  condensed phase uranium h e x a f l u o r i d e ,  (b)  a modera te ly  e l e v a t e d  
t empera tu re ,  ( c )  a s u f f i c i e n t  q u a n t i t y  of  uranium h e x a f l u o r i d e  f o r  a 
s i g n i f i c a n t  p a r t i a l  p r e s s u r e  to  be mainta ined  independen t ly  above t h a t  
which can be consumed by chemical  r e a c t i o n ,  and (d)  a n  o r g a n i c  l i q u i d  
(probably  hydrocarbon o i l )  a c c i d e n t a l l y  p r e s e n t  i n  t h e  c o n t a i n e r  as a 
contaminant  . 
The purpose of t h i s  i n v e s t i g a t i v e  s e a r c h  was t o  e s t a b l i s h  some condi-  
t i o n a l  p a t t e r n  f o r  t h e s e  f o u r  i n c i d e n t s  t o  which t h e i r  v i o l e n t  
consequences could be  a t t r i b u t e d .  F o r t u n a t e l y ,  t h e  number of such 
i n c i d e n t s  is r e l a t i v e l y  small, which emphasizes even more p o i n t e d l y  
t h e  u n f o r t u n a t e  f a c t  t h a t  documentation ranges  from thorough t o  ve ry  
l i m i t e d .  Documented s o u r c e s  of  i n fo rma t ion  are g iven  i n  t h e  b i b l i o g -  
raphy. Copies of t hose  which are n o t  r e a d i l y  a v a i l a b l e  are con ta ined  

. i n  s i x  append ices .  D e s c r i p t i v e l y ,  t h e  i n c i d e n t s  are i d e n t i f i e d  chro- 
n o l o g i c a l l y  a s  fo l lows :  

1949 
This  i n c i d e n t  of  March 7 involved  exp los ion  of a l a b o r a t o r y  co ld  t r a p  
i n  which a q u a n t i t y  of UF6 apparent ly  ,had been c o l l e c t e d .  The e x p l o s i o n  
took p l a c e  as t h e  t r a p  w a s  be ing  h e a t e d  p r e p a r a t o r y  t o  vapor  t r a n s f e r r i n g  
i t s  accoun tab le  c o n t e n t s  t o  a l a r g e r  t r a p  f o r  condensed LJFg. Material 
recovered  a f t e r  t h e  release c o n s i s t e d  of a b l a c k  carbonaceous smoke 

1 which s e t t l e d  r a p i d l y  t o  g i v e  m a x i m u m  s u r f a c e  r e a d i n g s  of 20,000 cpm. 

1953 
On May 25, pe r sonne l  were us ing  a h o t  water b a t h  i n  K-413 t o  h e a t  a c o l d  
t r a p p i n g  c y l i n d e r  (300-lb c a p a c i t y )  c o n t a i n i n g  123  l b  of  LJF6 p r e p a r a t o r y  
t o  making a vapor t r a n s f e r  of t h e  c o n t e n t s  t o  a l a r g e r  c y l i n d e r .  S h o r t l y  
a f t e r  t h e  c y l i n d e r  w a s  p l aced  i n  t h e  h o t  water i t  r u p t u r e d  e x p l o s i v e l y .  
Ana lys i s  r evea led  carbon and reduced uranium i n  t h e  r e s i d u e  found a t  
t h e  exp los ion  scene .  

2 

3 

1955 
On March 10 ,  a type  12A feed  c y l i n d e r  of UFg exploded as i t  was be ing  
hea ted  i n  t h e  v a p o r i z a t i o n  room of K-33 a l lowing  ove r  500 l b  of  UFg t o  
b e  r e l e a s e d  from t h i s  and a n o t h e r  c y l i n d e r .  About 100 l b  of t h e  released 

A 

4j FA3 DISTRIBUTION OF THIS DOCUMENT is UNLIMITED 



K/GD-1631, Rev. 1 
Page 3 

material w a s  recovered .  Analyses  of samples of v a r i o u s  r e s i d u e s  found 
i n  t h e  room a f t e rward  showed p a r t  o f  t h e  uranium i n  t h e  reduced s t a t e  
and an  e l e v a t e d  carbon con ten t .  9 

1975 
On September 1 7 ,  s h o r t l y  a f t e r  be ing  f i l l e d  w i t h  l i q u i d  UF6 a t  K-1423, 
a 3 0 A  c y l i n d e r  (Nukem-8) s u f f e r e d  d e t o n a t i o n  which caused bo th  concave 
ends  of t h e  c y l i n d e r  t o  bulge .  Cracks w e r e  developed i n  bo th  t h e  v a l v e  
body and t h e  c y l i n d e r  w a l l  a t  t h e  o p p o s i t e  end r e s u l t i n g  i n  t h e  release 
of 18 l b  of UF6. 
UF6 had been f e d  t o  t h e  gaseous d i f f u s i o n  cascade  c o n s i s t e d  of  B UF5 con- 
t a i n i n g  about  4% U2Fg i n  a s s o c i a t i o n  w i t h  a s m a l l  amount of f l u o r i n a t e d  
carbonaceous material .6 About 200 l b  of  U were recovered  from t h e  resi- 
dues .  

S o l i d  r e s i d u e s  found i n  t h e  c y l i n d e r  a f t e r  t h e  un reac ted  

Although t h e  f o u r  e lements  of  commonality a r e  n o t  s o  r e a d i l y  a p p a r e n t ,  
one would be  remiss should  he  f a i l  t o  cons ide r  a f i f t h  e x p l o s i v e  release 
i n c i d e n t  which p reda ted  t h e s e  f o u r .  On May 8 ,  1947 a t  K - 1 3 1  du r ing  a 
t r a n s f e r  of l i q u i d  UF6 from a 12A c y l i n d e r  t o  one w i t h  a c a p a c i t y  of 
4500 l b ,  a p i e c e  of h e a t e d ,  f l e x i b l e  m e t a l  hose  be ing  used f o r  p r e s s u r e  
e q u a l i z a t i o n  exploded wh i l e  supposedly i n  c o n t a c t  w i t h  o n l y  t h e  vapor  
phase i n  a hea ted  c y l i n d e r  f i l l e d  w i t h  l i q u i d  UF6. 
was r e l e a s e d  b e f o r e  t h e  c y l i n d e r  valves could  be c l o s e d .  The i n v e s t i -  
g a t i o n  which fol lowed t h e  i n c i d e n t  r evea led  ev idence  t h a t  t h e  f l e x i b l e  
hose  w a s  contaminated w i t h  h’ydrocarbon o i l .  The p resence  of a copious  
r e s i d u e  of reduced uranium f l u o r i d e  i n d i c a t e d  l i q u i d  UF6 may have been 
involved  i n  t h e  e x p l o s i v e  ox ida t ion - reduc t ion  r eac t ion ’ .  

S e v e r a l  pounds of UF6 

ExDerimental and R e l a t e d  I n c i d e n t s  

That a s i g n i f i c a n t  q u a n t i t y  of an o r g a n i c  contaminant  w a s  p r e s e n t  and 
c o n t r i b u t e d  t o  t h e  exp los ion  i s  i n d i c a t e d  i n  each of t h e s e  i n c i d e n t s  by 
t h e  carbonaceous r e s i d u e s .  Because i t s  i n t r o d u c t i o n  w a s  u n i n t e n t i o n a l ,  
i t s  p resence  remained unsuspec ted  u n t i l  t h e  exp los ion .  I n  t h e  l a s t  and 
most comple te ly  documented i n c i d e n t  a t e s t  w a s  conducted t o  s i m u l a t e  
t h e  Kinney pump f a i l u r e  which occur red  du r ing  evacua t ion  of t h e  30A 
c y l i n d e r  a f t e r  a new valve w a s  i n s t a l l e d .  This  test  d r a m a t i c a l l y  demon- 
s t r a t e d  t h a t  over  1300 g of hydrocarbon o i l  could  have backed up i n t o  
t h e  c y l i n d e r  from t h e  f a i l e d  pump.6 Although no such demonst ra t ion  w a s  
conducted t o  s i m u l a t e  c o n d i t i o n s  which p r e v a i l e d  b e f o r e  any of t h e  o t h e r  
exp los ion  i n c i d e n t s ,  t h e  ve ry  f a c t  t h a t  a hydrocarbon o i l  pump had been 
used p r e p a r a t o r y  t o  f i l l i n g  each  of t h e  c o n t a i n e r s  provided  a necessa ry  
o p p o r t u n i t y  f o r  o r g a n i c  contaminat ion  of t h e  c o n t a i n e r .  

S e v e r a l  expe r imen ta l  r e a c t i o n s  w i t h  UF6 and hydrocarbon o i l s  were con- 
duc ted  re la t ive t o  two o f  t h e s e  i n c i d e n t s .  A s e p a r a t e  non-explosive 
release i n c i d e n t  was brought  to l i g h t  d u r i n g  t h i s  survey  and i s  d i s -  
cussed h e r e  because o f  t h e  i n s i g h t  i t  p rov ides  t o  t h e  fundamental  
r e a c t i o n  between UF6 and hydrocarbon o i l .  



UGD-1631, Rev. 1 
Page 4 

t' 

The exper iments  performed by A. V. Faloon and t h e  a u t h o r  t o  which Rhees 
a l l u d e s  i n  h i s  a n a l y s i s  of t h e  r e s i d u e s  from t h e  1953 i n c i d e n t 3  i n d i -  
c a t e d  t h a t  " r e a c t i o n  between uranium h e x a f l u o r i d e  and hydrocarbon o i l  
becomes v igorous  a t  70-90°C, forming UF4, carbon,  and low molecular  
weight  f l u o r i n a t e d  compounds (CF4, C2F6, C3F8, C4F10)." These e x p e r i -  
ments were c a r r i e d  o u t  i n  a h igh  p r e s s u r e  r e a c t o r  w i th  l i q u i d  hydrocarbon 
o i l  and i n i t i a l l y  condensed ( s o l i d )  W6. The tempera ture  and p r e s s u r e  
were observed remotely behind a b a r r i c a d e  wh i l e  h e a t  w a s  a p p l i e d  t o  t h e  
r e a c t o r  a t  a c o n s t a n t  rate.  When a n  i n c r e a s e  i n  t h e  r e a c t i o n  ra te  became 
obvious from t h e  a c c e l e r a t e d  rates of tempera ture  and p r e s s u r e  r ise,  t h e  
r e a c t o r  h e a t e r  w a s  tu rned  o f f ,  and water coo l ing  w a s  a p p l i e d .  A mass spec- 
t rome te r  s can  of t h e  gaseous p roduc t s  of t h e  r e a c t i o n  i n d i c a t e d  complete 
f l u o r i n a t i o n  of t h e  fragmented hydrocarbon cha in .  The r e s i d u e  i n  t h e  
r e a c t o r  c o n s i s t e d  of LJF4 and carbon.  Had t h e  UFg been p r e s e n t  i n  s u f f i -  
c i e n t  supp ly ,  t h e  r e a c t i o n  could probably have been r e p r e s e n t e d  by t h e  
fo l lowing  s i m p l i f i e d  equa t ion :  

H-(CH2)n-H + [2(n  + 1 )  + x ]  UF6 

+ F-(CF2)m-F + 2(n + 1) HF 

-f [2(n  + 1 )  + x ]  UF4 

where x r e p r e s e n t s  t h e  number of C-C bonds broken and f l u o r i n a t e d  du r ing  
t h e  r e a c t i o n  t o  produce t h e  mixture  of low molecular  weight  f luo roca rbons  
r ep resen ted  by F-(CF2),-F. Where excess  UFg i s  involved t h e  reduced ura- 
nium most probably would c o n s i s t  of some UF5, U2Fg and/or  UqF17 i n  amounts 
s t o i c h i o m e t r i c a l l y  e q u i v a l e n t  t o  t h e  UF4 shown. 

On December 29, 1974 a K-33 e l e c t r i c a l  t r ans fo rmer  and s u b s t a t i o n  f a i l u r e  
occurred .  I n  connec t ion  wi th  t h e  subsequent  i n v e s t i g a t i o n  of t h e  i n c i d e n t  
a s l u g g i s h l y  o p e r a t i n g  s e a l  exhaus t  pump was d iscovered . '  
pump was n o t  r e s p o n s i b l e  f o r  t h e  e l e c t r i c a l  f a u l t ,  t h e  r e l a t e d  a n a l y t i c a l  
f i n d i n g s  seem t o  confirm t h e  smooth r e a c t i o n  p r o j e c t e d  abo1.e. A compara- 
t i v e l y  h igh  seal l e a k  r a t e  a p p a r e n t l y  escaped d e t e c t i o n  u n t i l  t h e  t r a p s  
p r o t e c t i n g  t h e  hydrocarbon o i l  pumps became s a t u r a t e d  w i t h  UF6. The gas  
t h e n  p a s s e d  unchecked i n t o  t h e  o i l .  There i t  w a s  i n t i m a t e l y  mixed by t h e  
pump a c t i o n  and r e a c t e d  smoothly a t  t h e  normally e l e v a t e d  o p e r a t i n g  t e m -  
p e r a t u r e  of t h e  pump. Continued unobserved r e a c t i o n  w a s  f avored  by t h e  
c o n s t a n t  removal of gaseous r e a c t i o n  p roduc t s  - v i a  t h e  pump exhaus t  t o  t h e  
r o o f .  

Although t h e  

By way of c o n t r a s t ,  n e g l i g i b l e  r e a c t i o n  w a s  observed i n  t h e  two l a b o r a t o r y  
s t u d i e s  desc r ibed  i n  t h e  a n a l y t i c a l '  r e s u l t s  s e c t i o n  of t h e  1975 release 
i n c i d e n t  r e p o r t . 6  I n  t h e s e  exper iments  uF6 vapor  a t  a m a x i m u m  p r e s s u r e  
of 500 t o r r  i n  c o n t a c t  w i th  t h e  s u r f a c e  of hydrocarbon o i l  a t  200°F w a s  
i n s u f f i c i e n t  t o  i n i t i a t e  a s u s t a i n e d  r e a c t i o n  even though t h e  o i l  w a s  
t h i n l y  d i s t r i b u t e d  t o  expose a r e l a t i v e l y  h igh  s u r f a c e  area t o  t h e  gas .  

Conclusions and Recommendations 

I n  each of t h e  f o u r  e x p l o s i v e  release i n c i d e n t s  t h e  hand l ing  o f  UF6 as a 
condensed phase w a s  i n t e n t i o n a l  and i n  t h r e e  of them t h e  a p p l i c a t i o n  was 
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a necessa ry  p a r t  of t h e  o p e r a t i o n  be ing  performed. The c o n t a i n e r  involved  
i n  t h e  f o u r t h  i n c i d e n t  would normally have been hea ted  a t  a l a t e r  d a t e  had 
d e t o n a t i o n  n o t  occur red  when i t  d i d .  I n  t h i s  sense t h e  f o u r t h  e x p l o s i v e  , 

r e l e a s e  f o r t u n a t e l y  took p l a c e  premature ly ,  where t h e  f a c i l i t i e s  and s k i l l  
t o  d i spose  of t h e  unreac ted  UF6 s a f e l y  were more r e a d i l y  a v a i l a b l e  than  
might have been t h e  c a s e  l a t e r .  The only  c o n d i t i o n  p r e v a i l i n g  i n  a l l  
t h e s e  i n c i d e n t s  which w a s  n e i t h e r  i n t e n t i o n a l  no r  a necessa ry  p a r t  of t h e  
o p e r a t i o n  w a s  t h e  i n t r o d u c t i o n  of hydrocarbon o i l .  It i s  s i g n i f i c a n t  t h a t  
r e c o g n i t i o n  of t h e  exp los ion  p o t e n t i a l  demonstrated i n  t h r e e  o r  f o u r  i n c i -  
d e n t s  o c c u r r i n g  over  a n  8-year p e r i o d  r e s u l t e d  i n  t h e  development of p r e -  
c a u t i o n a r y  measures which proved e f f e c t i v e  f o r  t h e  next  20 y e a r s .  Obviously 
t h e  scrupulous  exc lus ion  of such contaminat ion  i n  t h e  f u t u r e  o f f e r s  t h e  
most r e l i a b l e  way of avo id ing  a r ecu r rence  of t h e s e  hazardous and p o t e n t i a l l y  
c o s t l y  i n c i d e n t s .  I n  a d d i t i o n  t o  t h e  normal c a r e  e x e r c i s e d  t o  ma in ta in  
condensed UF6 c o n t a i n e r s  f r e e  of contaminat ion ,  i t  i s  recommended t h a t  t h e  
fo l lowing  p r e c a u t i o n s  be taken  i r r e s p e c t i v e  of t h e  s c a l e  of t h e  o p e r a t i o n :  

(A)  A hydrocarbon o i l  pump used t o  evacua te  a c o n t a i n e r  p r i o r  
t o  t h e  admission of mg should  be connected t o  t h e  con- 
t a i n e r  through a c o l d  t r a p  of s u f f i c i e n t  volume t h a t  t h e  
e n t i r e  hydrocarbon o i l  i nven to ry  of t h e  pump can be  con- 
t a i n e d .  A co ld  t r a p  is  s p e c i f i e d  because i t  w i l l  p r even t  
back d i f f u s i o n  of  o i l  vapor t o  t h e  c o n t a i n e r .  A n  uncooled 
t r a p  may s u f f i c e  when only  a r a p i d  pump down o p e r a t i o n  i s  
involved .  

( B )  I n  any t r a n s f e r  system s u b j e c t  t o  a p o s s i b l e  t r a n s f e r  of 
UF6 vapor which can be condensed i n  t h e  evacua t ion  equip-  
ment, a means of evacuat ion  should  b e  employed which avoids  
use of hydrocarbon o i l  o r  o t h e r  r e a c t a n t  f l u i d ,  e . g . ,  an  
a i r  e j e c t o r  o r  a Krytox f i l l e d  mechanical  vacuum pump. 

(C) Whenever and wherever t h e  p o s s i b i l i t y  ex is t s  t h a t  condensed 
UF6 may have i n a d v e r t e n t l y  become contaminated w i t h  a reac-  
t i ve  m a t e r i a l  such as hydrocarbon o i l ,  a vapor  phase t r a n s f e r  
of t h e  UFg should  be  made a t  room tempera ture  from t h e  poten-  
t i a l l y  contaminated c o n t a i n e r .  

Karl E. Rapp 



K/GD-1631, Rev. 1 
Page 6 

Bibl iography 

. 
1. LaGraf f , J. , Foreman’s Accident Report, Explosion and Material 

Release, K-l004A, Room 19, March 7, 2949, Carbide and Carbon 
Chemicals Corpora t ion ,  Oak Ridge, Tennessee, March 11, 1949. 
( O f f i c i a l  Use Only) (Appendix A). 

2. Dyer, R. H. , Arendt,  J. W. , Sabin ,  A. S . ,  and Henry, H.  F . ,  
Report of Property Damage Incident No. 11, Carbide and Carbon 
Chemicals Company, Oak Ridge, Tennessee,  June 9,  1953, 
(KS-379). ( O f f i c i a l  Use Only) (Appendix B) . 

3. Rhees, R. C . ,  Analysis of Residue from C y l i n d e r  Explosion i n  
K-413, Carbide and Carbon Chemicals Company, Oak Ridge, 
Tennessee, June 9 ,  1953 (KLI-2310) ( O f f i c i a l  Use Only) 
(Appendix C) . 

4. Henry, H. F., Investigating Committee Report of an E q l o s w n  a t  
K-25, Carbide and Carbon Chemicals Company, Oak Ridge, 
Tennessee, March 18, 1955 (KS-478) ( U n c l a s s i f i e d )  (Appendix D) 

5 .  Mottem, J.  T . ,  and Kwasnoski, T . ,  Analysis of Residue from 
Cylinder Explosion i n  K-33, Carbide and Carbon Chemicals 
Company, Oak Ridge, Tennessee, A p r i l  6 ,  1955 (KLI-3451) 
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( U n c l a s s i f i e d )  (Appendix F).  

8. Monk, T. H . ,  Ch., !l?ansformer and Substation Failure, 
December 29, 1947, Union Carbide Corpora t ion ,  Nuclear 
D iv i s ion ,  Oak Ridge Gaseous D i f f u s i o n  P l a n t ,  Oak Ridge, 
Tennessee, A p r i l  2 1 ,  1974 (K-P-6146) ( U n c l a s s i f i e d ) .  



K/GD-1631, Rev. 1 
Page 7 

c 

. 
Oak Ridge Gaseous Di f fus ion  P l a n t  

L. W. Anderson R.  B.  Neal 
J. W. Arendt R .  L. Newton 
B.  I. V. Ba i l ey  J .  H. Pashley 
J. C.  Ba i l ey  C.  H. Pe t e r son  
E. J.  Barber K.  E .  Rapp 
0. L. C a l v e r t  W. L .  Richardson 
P. S .  Cates J. E. Shoemaker 
H. J. Cu lbe r t  L. A. Smith 
L. A. Dean S .  S. S t i e f  
J .  0. Dodson H. E .  Trammel1 
J. Dykstra  R. J .  Wertz 
I. C. F l ande r s  H.  D. Whitehead, Jr .  
J. F. Jamison W.  J. Wilcox, J r .  
A. J. Legeay L .  C .  Wil lson 
R. W. Levin R. A. Winkel 
W. D.  McCluen K. T. Z ieh lke  
J. 0. McCullough L i b r a r y  
M. E .  M i t c h e l l  P l a n t  Records 
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i. 

'. . CARBIDE AND CARBON CHEMICALS COW. I.. 
OAK RlDcL TMNEPSEE 

- 
FOREMAN'S ACCIDENT REPORT 

EMPLOYEE'S NAME PAYROLL NUMBER- A G E S =  R A C E - -  - 

OCCUPATION Cb.'lrt DIVISION Lbm;t4QI DEPARThlFNT- 
'ookr k b  

:.-l?X-t -19 
DATE OF ACCIDENT 3-7-49 TlMF 3'a fi BUILDING OR LOCATION - 

DESCRIPTION OF ACCIDENT 

75 porc+aC 3-1 CAUSE OF ACCIDENT 
25 porosnt 3-2 

w sttschsont. .  WHAT HAS BEEN DONE TO PREVENT A RECURRENCE' 

TYPE OF INJURY ~x,zbure to U F ~ ,  wrnium w i n ,  o t u i r ,  t u r w  end r-rion ..)I.- 
l o f t  r0rou-m 8nd l: .f ler.ation of right eye. 

PART OF BODY AFFECTED 

3-U-49 
Date 

Foreman 

Thu Report to be submitted for all Accident. resardleu OF extent of InjurJ and For all Occupatsonrl D lrau . .  

?TIIS COPY FOR DlVlSlONAl F11 5 
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. 
K-l!Y&-A 19 ;br& 7, 1949 

m D t i o o  of Accident 

hnd bun napl ing  on the s;Jstes shorn i n  figure 1. During 
Thinking that t r a p  2 ullplkrg tbe ey8b. hrd been av8cruting mluggiahly. 

10 getting fUl of U&, ba closed valva 9 ,  removed tb dryice-trichlorethylene 
slurh, and started .arm- tho trap dth a pyrofax-o~gan torch t o  transfer 
th8 m6 t o  t r a p  1. 
halfway to tbr bottom &on it rxploded dth a flash and a loud noiw. 

fram hi8  a i s t  up with a wtg matorid. 
th. r ight  fore- and hia face and appeared to haw 80- particles imbedded in  
his skin. 
ghswe,  but nome d i r t  did go v o u r d  tbe glasses and c a d  a alight inflnmn- 
t i on  of his r lght  eye. 

The t u b  p u t  of tho trap blam loom fiom the top and 980 driven dornrvd 
d t h  considarable for-. 
t o  have buckled a6 it struck a four legged stand that  had been used t o  support 
the dewar of cooling mdiw. 

s piece of half inch thick p m  n s  drlwn conpletelJ through the plywood, 

Ha had st@ed r s r m l n g  tbe t rap a t  ths top and w s  about 

. a s  st.oalng about two feet from tho-explosion and was covered 
ih incurred slight thermal burns on 

Hi8 egos u r o  protected from tho ruU. force of the blast ky safety 

It 8 p p v e d  to have stretched i n  diameter and then 

It was found against the wall aa shorn i n  Fig. 2. 

The logs of the dewar atand n r o  buckled. One leg which was reeting on 

cutting out a plug. 

A heavy black dust set t led rapldlJ over two thirds of the  room with maxi- 
ma surface reading8 of 20,OOO c.p.n. the material being seepled was 
approximately normal. 
sponges. 

The duet m a  readily cloanod up rith d6mp nops and 
Surfaces s h o d  no count after cleaning. 

Threo other people -re in  the room a t  the tino os shorn on Figure 2. 
None of these suffered MY injury. One 
duet and smoke ae he made hla way to the mont door and rraay &VQ bean expsed. 

had to pas8 through the 

left i d l a t e l y  through the front door a d  iwro not exposed 

An electrician, .os in the a t t i c  of the building ixLd said he 
paseed through some slsoke a8 he Eade hie may to the t r a p  door 
electrician, 

c + t .  Another , mas in the elevator p i t  i n  the basesent. 

The evacustlon alarm wunded within ten seconds after the  oxplosion at 
3129 Ps#. 
that exhaust a i r  into the hoesent  and opened soms windows. 

dauned an asmult mask i d i a t e l y ,  covered the floor vente 

Air samples lwre taken in the besemnt, room 70, and i n  roon 19 b k ~  
auyone retintmod without o ma8k. These samples takon 30-40 sinutcs after tho 
explosion shomed the air contamination to be below tolerance. 
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Caueegr 

1. The black sooty dust  tbst covered the  room after the explosion 
ind ica tes  that an imcomplete combustion of p u p  o i l  occurred. 
Pump o i l  could have diff’used into the t rap  while the pump was 
running or  could have been sucked i n t o  the t r a p  after  the p u p  
war stopped if  Boaeone bed fa i led  to  beak the vacuum bp opening 
valve 10 i n  Figure 1. 

2, The reac t ion  probablp took place between the pump o i l  and f luorbe  
or born compound of fluorine. The P a t e r i a l  being mapled was m6 
manufactured a t  K-1301. 
fluorine, li? and poselbl~ cbrdps  oxyfluoride. A sample taken 
from one of tbe  cylinders previous to  the  explorrion was about 508 
l i qu id  a t  m o m  temperature. 
volatile compouade u e  present i n  mlatlmly large amounts in the  
i i r e t  gar  that comets off. 

It l e  born that th i s  material contains 

In  v a p ~  ampl ing  such material these 

3 0  Beating the t r a p  probably started the react ion.  However, the 
teaperatwe a t  &ob ruah a reaotion would s t a r t  i a  not known 
although it is known that  hydrocuubons and f luor ine  may react 
vio len t ly  a t  liquid nitrogen temperature. 

Remediee: 

The following precautione am under m e i d e r a t i o n :  

1. 

2,  Use a f luorinated oil .  

Find some fool-proof my to preterit 011 from get t ing  into the  t rap.  

3. Install shielding around qulpaent. 

4 .  Purify fluorinated material before sampling. 

5 . Liquid sample there cyllndere. 
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U - -  

liquid nitrogen dry  Ice. pump o i l .  L rap 

This one exploded. 

U 
Cylinder t o  
be sampled 

0 

'' valm 

Operator wa~) standing 
about two feet i n  front 
of this trap and was 
looking a t  gauge #2 
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I#bEs r IGATING COHHITTEE REPORT 

OF EXPLOSION AT K-25 

Es-379 

Desc-ription of Damaged Property: One cold-trap type cylinder, capacity 
300 lb. "6 a t  3W0F., completely 
destroyed. 
End of water bath, 3 f t .  x & f t .  x 5 f t . ,  
knocked off. 
One wooden door knocked off i t s  hinges. 
Glass i n  one door removed and door it- 
self damaged. 
One set of chemical balances demolished. 
Damage t o  miscellaneous measuring in- 
struwnts. 
S t e p  knocked out o f  expanded s t e e l  stairs 
a d  other dannge done t o  stairs. 
Hole broken in  cyclone fencing. 
Five window frames denwlished. 
Miscellaneous damge dons t o  piping and 
in t e r io r  walls of building. 

A m o u n t  of Material Released: 

Extent of Damage t o  Govermnt  Property: 

123 lb. O f  n o d  m6. 

Estimated $2,650. 

Tiw of Incident: 11:&5 a.m. , May 25, 1953. 

Location of Incident I Building lf-U3, Carbide and Carbon Chemicals Company, 
K-25 Plant, Oak Ridge, Tennessee. 

Description of Incident: A cylinder, presumably containing only m6, was 
placed i n  a hot water bath f o r  t he  purpose of transferring i t s  contents to 
a larger container. 
it t o  the  system, they noted t h a t  the cylinder wall was expading and ran 
f r o m  t h e  building. As they reached the door, a violent explosion occurred 
which ruptured the cylinder, blew out the building windows, and urecked 
items of equipment i n  the room. Other than a ruptured eardrum sustained 
ty 1 of the employees, injuries vere confined t o  cu ts  and bruises but it 
was necessary to remove small imbedded par t ic les  from both men. A t h i rd  
employee vorking outside the building received a cut on h i s  head from 
f ly ing  debris. 

A few moments later, as 2 employees were connecting 
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Findings : 

1. The contents  of s eve ra l  small cy l inde r s  which had 
s i n c e  having been obtained f r o m  va r ious  l o c a t i o n s  
p l a n t  over an extended per iod of time, we= being 
l a r g e  cy l inde r ,  The transfer was accomplished i n  
manner of vaporizing t h e  UFb by h e a t i n g  t h e  small 

been i n  s t o r a g e  
throughout t he  
combined i n  1 
t h e  normal 
cy l inde r ,  pass- 

ing  t h e  m6 through-a condenser, ami t h e n  f r eez ing  it out aga in  
i n  t h e  l a r g e r  unit. 

p rev ious ly  been emptied i n  t h i s  manner. 
According t o  t h e  s ta tements  of t h e  employees concerned as  we l l  

2. Ten cy l inde r s  of the same t ype  as the  cne which exploded had 

3. 
a s  
as 

a. 

b. 

C. 

d. 

o t h e r  evidence, t h e  even t s  l ead ing  up t o  the acc iden t  were 
fol lows : 

T h i s  cy l inde r  was the second of 2 such c y l i n d e r s  placed i n  
t h e  hot water bath. 
The first cy l inde r  had not been connected t o  t h e  t r a n s f e r  
manifold, it being normal p r a c t i c e  t o  place both c y l i n d e r s  
i n  the  bath before connecting e i t h e r  one. 
The employees were connecting t h e  second c y l i n d e r  t o  t h e  
manifold when they  heard a small i n t e r n a l  explosion and 
noted t h a t  the cy l inde r  had expanded s u f f i c i e n t l y  t o  rise 
t o  t h e  su r face  of t h e  water. 
The 2 employees had reached t h e  door and turned t o  observe 
t h e  cy l inde r  when t h e  p r i n c i p a l  explosion occurred, Although 
t h e y  uere knocked t o  t h e  ground, t h e y  escaped from the h i l d -  
i ng  unaided. 

4. A t h i r d  employee was working about 30 ft .  from t h e  o u t s i d e  w a l l  
of t h e  bui lding,  He heard t h e  explosion and s imultaneously was 
hit by f l y i n g  debr i s .  
The violence of t he  explosion is a t t e s t e d  by t h e  a t t ached  photo- 
graphs which are i d e n t i f i e d  a s  fol lows:  

5. 

A. 

b. 

C. 

de 

e. 

f. 

Photograph No. 1. Outside of t h e  bui lding.  The third 
employee was uorking at a po in t  beyond t h e  loner l e f t  edge 
of t h e  photograph. 
Photograph No. 2. Broken windows i n  t he  i n t e r i o r  of  the 
bui lding,  taken f r o m  t h e  overhead pipe g a l l e r y .  
Photographs Nos. 3 and h. General views of  room. 
Photograph No. 5. Damage done t o  s ta i rway by piece o f  metal. 
Metal had broken a hole i n  a l e n g t h  of  cyclone fencing before 
s t r i k i n g  these  stairs which were about 30 ft.  from the  heat-  
i n g  bath. 
Photograph No. 6. La rges t  piece of cy l inde r  found; it had 
looped i t se l f  i n  t h e  i n s u l a t e d  piping as  shown. 
Photograph No. 7. Damage done t o  t r a n s f e r  piping. The feed 
b a t h  is  a l s o  shown; t h e  c y l i n d e r  which d i d  not explode was 
immediately f rozen  down with dry ice .  
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7. 

8. 

9. 

10. 

n. 
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The water i n  the  feed bath was at  a temperature of about 2009. 
The h i s t o r y  of t h e  cy l inde r  i n  t h e  p lan t  i s  as fol lows:  

a. 

b. 

C. 

d. After being s tored,  it was sent t o  the Bar r i e r  P i l o t  P l a n t  

P r i o r  t o  199, it was used for miscel laneous UF6 t r app ing  
i n  t h e  cascade. 
I n  September, 1951, t h e  cy l inde r  was decontaminated and a 
r ev i sed  va lve  arrangement was welded t o  it. 
On October 1, 1951, it received a hydros t a t i c  tes t  at  l.lO0 psig. 
and an air tes t  a t  100 p i g .  

i n  K-UOl on June 111 1952, and was i n s t a l l e d  i n  a f reeze-out  
system t h e r e  on July 17, 1952. 
I n  s e r v i c e ,  t h e  cy l inde r  w a s  normally kept  a t  a temperature 
of  about -309. i n  a mechanically r e f r i g e r a t e d  system. A t  
one time dur ing  i ts  use, t he  mechanical r e f r i g e r a t i o n  system 
f a i l e d ,  but the  cy l inde r  had been valved from the  remainder 
o f  the systen a t  the  time and t h e  system temperature had been 
reduced with dry  i c e .  
A Beach-Russ pump using hydrocarbon o i l  was a part of the  
freeze-out  system; however, a co ld  t r a p  was i n s t a l l e d  between 
the  pump and this p a r t i c u l a r  cyl inder .  
Pa r t  of t h e  time t h a t  t h i s  c y l i n d e r  was i n  se rv ice ,  it was 
used a s  a part  o f  a system sepa ra t ing  freon-l l l r  and m6. 
On August 29, 1952, the cy l inde r  was removed from the  system 
and re turned  t o  s torage  with approximately 125 1b.of  UF6 
repor ted  a s  being contained the re in .  
On Apr i l  28, 1953, t h i s  cy l inde r  was one of more t h a n  a 
score sent to the  K - L l 3  Bui ld ing  f o r  t r a n s f e r  o f  t h e i r  
conten ts  to a l a r g e  cyl inder .  Th j s  transfer procedure was 
also used a s  a pas t  of experiments t o  determine #e hea t ing  
and cool ing  cyc le  of UF6 i n  these  p a r t i c u l a r  conta iners ,  
The t r a n s f e r  s t a r t e d  on May 21, and 10 cy l inde r s  had been 
emptied before t h i s  unit  was placed i n  t h e  system, 

e. 

f. 

g. 

h. 

i. 

j. 

The cy l inder ,  m a d e  of l/b-in. monel, had a r a t e d  capac i ty  of 

Ca lcu la t ions  indicate t h a t  a pressure  of approximately 1,250 psig. 
i n s ide  t h e  cy l inde r  would be necessary t o  produce the  rupture  
obse Ned.  
Analysis of  t h e  m a t e r i a l  spread throughout t h e  bu i ld ing  ind ica t ed  
#at most of the uranium found was i n  t h e  t e t r a v a l e n t  s t a t e ,  t h i s  
i n d i c a t i n g  s t rong  reduct ion  of t h e  o r i g i n a l l y  hexavalent uranium. 
I n  add i t ion ,  s i g n i f i c a n t  amounts o f  carbon and i r o n  were f o u d .  
Although t h e  i n t e r i o r  of t h e  bu i ld ing  was heav i ly  contaminated, 
no significant problem *om contamination was  noted outs ide.  

300 lb. O f  uF6 a t  3000F. 

Conclusions : 

The committee could reach  no d e f i n i t e  conclusion of the cause of the 
explos ion  o t h e r  than t h a t  it r e s u l t e d  from the reac t ion  of m6 and some 
unknown substance. It i s  suspected t h a t  t h i s  substance was hydrocarbon 
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o i l  which had got ten  i n t o  the  cy l inder  i n  some way. 

Recommendations: 

Although it is  obviously d i f f i c u l t  t o  e s t a b l i s h  pmcedures f o r  pre- 
vent ing similar inc idents  when the cause of t h e  accident  i n  ques t ion  i s  
unknown and no s i g n i f i c a n t  operat ing f a u l t s  are apparent, t h e  implemen- 
t a t i o n  of t h e  fol lowing recommendations of the inves t iga t ing  cornnittee 
appears t o  encompass the  major prac t icabie  ac t ions  which the  p l an t  should 
take i n  a t tempting t o  prevent s i m i l a r  occurrences i n  t h e  fu tu re :  

1. 

2. 

3. 

4. 

5. 

I n  iden t i fy ing  the  contents  of UF6 cy l inders  s en t  t o  s torage,  
employees should l i s t  possible  contaninants. 
Permanent barricaded f a c i l i t i e s  should be e s t ab l i shed  for t r a n s f e r  
or sampling operat ions and t h e i r  use should be spec i f ied  for those 
cases  where the  p o s s i b i l i t y  o f  a dargerous r eac t ion  i s  suspected 
or t he  employees concerned are unfamil iar  with t h e  pawpert ies  of 
t h e  materials being handled. 
Locations where miscellaneous sampling throughout the  p lan t  i s  
done should be reduced and sampling opera t ions  thus be more 
cent ra l ized .  
A thorough inves t iga t ion ,  both of t h e  l i t e r a t u r e  and by experiment 
if necessary, shouid be made of the  po ten t i a l  explosion hazards 
of mixtures o f  mater ia l s  ava i lab le  a t  K-25. 
All systems used to  fill cyl inders  with UFg should use f luoro-  
carbon c i l  i n  t h e i r  vacuum pumps r a t h e r  than hydrocarbon o i l .  

B- 
H. F. Henry:lja 
June 9 ,  1953 

INVESTIGATING CppPrITTEE 

J,/y &, L e  
Arendt, Member, .SF-Faterials 

$?C,l Supervisor, Production Divis ion 

f . c  q / !  e- 2-?cz / \  

A. S,. Sabini  Member, Associate De- 
ve 10- ne e r, - Laboratory Divis i o  n 

Rediat ion Hazards 
Safety and 
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A W K M T 1 0 1  
ro W. J. W. Arendt 

Hr. J. C. Barton 
Dr. A. E. Cameron 
W. R. E. Dyer 
Kr. I. C. Fhndere 
Dr. E. F. Henry 

W. A. P. Euber 
Etr. W. B. E W E  

Dr. F. W. W d  
Etr. E. C. Johneon 

Kr. D. M. Ltmg 
Kr. R. W. Levin 
Kr. C. E. Mahoney 
Kr. J. A. MushaU 

Mr. J. A. Pareons 
D r .  R. C. Rhees 
Mr. W. L. Richarbon 
Mr. R .  D. Shaffer 
Kr. M. Schueeler 
Kr. E. G. P. Snyder 
Mr. S. S. Stief 
Hr. B. E. Thontpeon 
Laboratory Central File6 ( W R C )  

Hr. R e  G. Jordan 

Mr. J. P. Mulay 

KLI-2310 

1 
: I  

The grey povd.er fonacd by the erploeion of a cy inder con ai- uranium 
hexafluoride in K-413 ha6 been analyzed with the-hope of eecurlng infor- 
mation concerning the cause of the explosion. 
obtained: 

The foolloving resu l t s  were 

Chemical Analyeis, $ 
Reduced uranilrm (U+’) 57 -7 
Soluble uranium (0.U HC1 eokr.) 4.7 
Total uraniun! 61.4 
Tota l  carbon 2.1 
T o t a l  fluoride 20.4 
Chloride none found 
Iron 3.1 
licke. - .o 
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Mr. M. F. Schvcnn -2- 

Spectrographic Analysis, 4 

A l  0.1 
Ca 0.5 
cu 0.1 
Fe 5 .  
Mg 0.2 
Mn 0.1 
si 1. 
U Strong 

X-ray analysis showed the -le t.2 t e  prird.pally IT+. 

The h is tmy cf the cylinder and the nature cf the  explosim indicate that 
the reactizn between UFa and the reducing agent is negligLble a t  ordinary 
storage temperatures (255-35' C.), yet became v'r2ient a t  A!enperatu-res 
attainable in a water bath. Experiments perfs& by A. V. Falcxn and 
X. E. Rapp showed that the r e a c t l a  between uranPm kewflu3ride and hydro- 
carbon o i l  becomes vigorous a t  70-90" C., forming LT,, earbzzi, and low 
molecular =ight fluorinated carbon compounds ( 3 4 ,  fzFe., Cga, c'+F~o). 

The findings of tbe labmatory s+;rongly irdScate 4.%5 t L i  cyl'lnder wliich 
exploded contained hydrocarbon c i l  as veil as LTe. 

We uwlcretand tihat precautions are being 'taken t b  greatiy decrease the 
psssStili+.y cf getting pump oil into cylinders wbi-5 coztaia xranium hem- 
fluoride. 

RCR : ae 

Special Analysis Laboratory 
Works Laboratory Department 
Laboratcry Division 
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L'nited States Atomic Energy Commission 
Post Office Box E 
Oak Ridge, Tennessee 

Attention: Mr. Ray C. Armetrong, Director, Production Division 

Gentlemen : 

Report of Explosion at K-25 

The attached report of the formal investigation of an explosion 
occurring while a cylinder was being heated to feed its contents to the 
K-25 cascade has been prepared in accordance with Bulletin OR-3FP-5 
(Serial No. 88). The investigating committee was composed of H. G. P. 
Snyder, J. A. Parsons, and L. L. Anthony of the Production Division, 
E. C. Johnson of the Technical Division, and H. F. Henry of the Safety 
and Protection Division. 
of t h e  ccmmittee which appears to encompass the major practicable steps 
for the prevention of a similar incident in the future. 

Action is being taken upon the reccmmendations 

Very truly youre, 

CARBIDE AND CARBON CHEMICALS COME'ANY 

lant Superintendent 

HJ?H :mh :ved 

Attachment 

cc: M r .  C. E. Center 
MI-. L. B. W e t  
MI-. W. L. Richardson 
Yr.  M. F. Schwenn 
Safety Department - K25RC c/ 
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INVESTIGATING COMMITTi33 REPORT 

OF AN MPLOGION AT K-25 

KS- 478 

Dzscri7ticn of DarcaRod Propertx: One feed furnace, demolished. 
Minor damage t o  another feed furnace. 
Two platform sca les  heavi ly  damaged. 
h e  12" I.D. x 40" feed cy l inder  destroyed. 
Miscellaneous damage t o  l i gh t ing  system. 

k c x  of  Damage t o  Government Property: $5800 

tcins-i.r,t of Material  Released: * 547 lb. of normal Up6 maXimum; Of t h i s ,  it 
is estimated t h a t  over 100 lb. W i l l  be 
recovered . 

Valse cf Ytterials Lost: * 
Time cf Iccident  : 

$5000 

10:40 P.M., March 10, 1955 

L o t a t i m  of Incident : Feed Vaporization Room in Building K-902-5, 
Carbide and Carbon Chemicals Company, 
K-25 Plant,  Oak Ridge, Tennessee 

D e z c r i p t i m  of Incident:  

MLle a p r t i a l l y  emptied cyl inder  from which m6 had been f ed  t o  t h e  
czscade was  c o o l b g  down, it vio len t ly  exploded without warning, severely 
dazagirg nearby equipment and releasing i ts  contents t o  t h e  atmosphere. 
Althougn t h e r e  were 5 Bnployees in the  room a t  t h e  time of t h e  explosion, 
Eone were injured in any way, e i t h t r  by f ly ing  debr i s  o r  by t h e  UF 

ha2 occurred a t  4:03 P.M. of t h e  same day in t h e  same room when a connection 
suddenly rJptured during t h e  n o m 1  feeding cycle. 

released. 
A previous re lease  of mater ia l  from a similar cyl inder  i n  another F urnace 

1. Both t h e  cyl inder  which exploded and the  one from which a mater ia l  
re lease  had occurred e a r l i e r  had been placed in t h e  vaporization 
furnaces e a r l i e r  i n  t h e  day,, and, a f t e r  noma1 handling, were 
t-dved into t h e  cascade f o r  feeding t o  t h e  cascade a t  about 2:OO 
?.E. during the  afternoon. 

2. As a re su l t  of t he  material release which occurred a t  4:03 P.M. 
and which was  quickly brought under cont ro l  by t h e  use of dry ice ,  
it, ifas decided t o  turn off t h e  furnaces, allow t h e  second cyl inder  
t o  cool  down, and then t o  remove it from t h e  feed bath; however, 

* These f igu res  apply both t o  t h i s  pa r t i cu la r  re lease  and a previous release 
described i n  t h e  report. 
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5 .  
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7. 

K/GD-1631, Rev. 1 
Page 32 

t?.& cylinder cormectiun tu the cascade xae  left open while it 
was cooling. "hue, when thie cylinder exploded, it had been 
cooling and venting for over 5 hours. 

At the time of the explosion, the building operator wae in the 
feed room along with 4 other employeee who were cleaning up the 
area contaminated by the earlier releaee. 
suepicioue circum~tance which would have led him to believe the 
f e e d  operation wae abnormal i n  any way prior to the explosion. 

Xone of the employeee were struck by debrie, and, despite the 
heavy yellowish "fog" which almoet immediately filled the room, 
all quickly left the room. 

No one recall8 any 

The violence of the exploeion ie indicated by the photographe 
attached. 
where a eimilar undamaged one may be noted at the eide of the 
photograph. 
a similar undemaged one. 

. 
No. 1 ehows the feed bat4 shortly after the exploeion 

No. 2 ehowe the remain8 of the cylinder compared to 

Pertinent item8 in the hietory of the cylinder are a8 followe: 

a. 

b. 

C .  

d. 

e. 

Both thie cylinder and the one from which the earlier material 
releaee had occurred were units of a group of 33 similar 
cylindere from the K-1401 Barrier Pilot Plant, one of which 
had exploded on May 25, 1953, after 10 had been eucceeefully 
emptied. 
Huber to M r .  R. C. Armetrong dated June 24, 1953.) 

(See KS-379, attached to a letter from W. A. P. 

Since the previous incident, all of these cylinders had been 
etored pending a final decieion on the diepoeition of the 
POUP - 
As a result of a decision to reduce the inventory of etored 
UF6 (approximately 300 cylinders) in the plant, the 2 cylin- 
ders concerned were inadvertently included in the group which 
was selected for emptying. 

Although adequate recorda of cylinder hietory were maintained, 
theee recorda were not traced beyond the paet year, and the 
eignificance of thie pair of cylindere eacaped detection. 

The potential hazards inherent in handling cylinders of this group 
were not identified except by the SF transfer record noted above. 

Since it has been euepected that the previoue exploeion of I&y 25, 
1953, wae the result of hydrocarbon oil being nixed with the UF6, 
experiments had been initiated t o  indicate the exploeivity of such 
mixtures, and these had indicated that they would explode at temper- 
atures in the range of 70" - 90°C. At the time of this ex-ploeion, 
it is estimated that at leaet eome of the content8 of the cylinder 
were probably well within thie range. 

C I -  
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8. As a result of the previous incident, the following eteps had been 
taker, in accord with the recommendetions of the investigating 
cornittee and their later modifications: 

a. Standard Reference Information had been prepared and distributed 
on practically all of the potentially hazardous chemicals at K-25. 

A barricaded facility had been provided for UF6 transfer opera- 
tione; however, the committee doubts if the present facility 
would have withstood an explosion as violent as the one involved 
:n this instance. 

b. 

c .  A review of vacuum pumpe used in UF6 transfer systems was made 
and, where practicable, fluorocarbon oil was specified for use 
in those not already using it. 

d. The cylindere immediately ccncerned in the original exploeion 
were removed to a separate storage location; however, as indi- 
cated above, they were not 60 marked that Immediate ldentlflca- 
tion of their hazardrr would be possible. 

Conclusions : 

Although the results of the exploeion made poeitive identification of its cause 
dlfficult, it v a s  the rather definite opinion of the committee that it did re- 
sult from hydrocarbon oil having gotten into the cylinder of UF6 during its 
usage in the K-1401 Barrier Pilot Plant. 

Recornenhatione: 

Ia addition to continued follow-up on the recommendations made at the time of the 
previous incident, the investigating committee suggests that: 

1. i: more positive method for immediate Identification of container 
content8 with specific attention given to potentially hazardous 
materials be developed and employed. 

2. Pending a laboratory investigation to develop a method of safely 
dispoeing of cylinders from the involved facility, the subject 
cylinders ehould be segregated and individually identified until 
tne ultimate method of dieposal can be formulated. 

3. It is recommended that a review be made of the adequacy of the 
existing sampling facility to determine whether the present barri- 
cades can be strengthened to provide adequate'personnel protection 
in the event of an Incident similar to this one. 

4. Additional experimental investigation of the explosive properties 
of mteriale fed to the K-25 cascade be made where the advisability 
of such action is Indicated. 

H. F. Henry:mh:ved 
3-18-55 
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TO 
LOCATION 

ATTENTION 

COPY TO 

Mr. M. P. Bchwenn 
K-303-8 

! L  ; 
I 

. I  

E 

Hr. A. P. Euber ~ W ~ J E C T  Analysis of Residue from 
Production & Chemicals Divisions 
Central F i l e  

Cylinder Explosion i n  K-33 

Mr. R. E. Dyer gLI-3451 
Mr. J. A. Marahall 
Mr. J. A. Parrona 
Mr. R. D. 8 4 f f e r  
Mr. E. G. P. 8-r 
Mr. E. 0. Sternberg 
Mr. S. S. S t i e f  
Mr. B. E. Thoqson 

D r .  E. F. Henry 
Mr. W. L. Richardson 

Miss H. E. A d a m 8  (IC25RC)d 
Nr. J. C .  Barton 
Mr. I. C .  Flanders 
Hr. E. C .  Johnson 
Mr. T. Krasnoski 
Wr. D. M. Lang 
Mr. C .  E. wahoneg 
Mra J. T. Mottern Uranium Control Department 
D r .  R .  C .  Rhees Central  F i l e  
Mr. M. Schusaler Mr. J. W. Arendt 

Safety and Protection Division 
Central  F i l e  

Technical Division, K-1005 P i l e  

\ 

Four samples of material  collected from the K-33 vaporization room 
a f t e r  the  March 10th explosion of a cylin&er containing uranium hexa- 
f luoride have been analyzed in an attempt t o  determine t h e  cause of 
the explosion. Three different  types of = t e r I a l  vere collected.  The 
first YBE a f ine ly  divided, grey p a r  removed from equipment adjacent 
t o  the  point of explosion; the second vas  Imp8 or green and black material 
taken from the  f loor  In the area of maximum damage; the t h i r d  vas a 
resinous, black residue adhering t o  t h e  menifold housing after the loose 
powder bad been removed. 
from the body of tbc valve from the ruptured c j l iader .  
the 6- appearance ae the  grey pwder  mentioned above. 
analyt ical  results vere obtaimd: 

The f o e  -le received vas a parder removed 
This material  bad 
Thd follaving 

. 
0 

WCX-163 (3-11) 
Tn19 FORM FOR INTER-COMPANY CORRESPOND8NCX ONLY 
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L 

9 

e 

f 

KLI-3451 
2 

CBEnrCAL AEfiysEs ($1 
Black M t e r i a l  

Resinous frm Body 
Grey Powder Lump Material Material* of Valve 

Total uranium +4 65.8 70.1 ---- 
Reduced uranium (U ) 45.3 

Tutal carbon 2.85 2.46 ---- 1.86 
Iron 1.H 

---- ---- 48.0 
~atd fluoride 22.0 24.7 ---- ---- 

---- ---- ---- ---- 31.3 ---- Weight loee on Ignition ---- 
m e  oater ia l  ign i ted  and sustained a flame v h n  b a t e d .  The resid= 
a f t e r  ignition vas impure uraulum oxides. 

Al 
B 
C r  
cu 
Fe 
h3 
Ik 
Ba 
si 
2n 

Grey Pwder Lump Material 

300 
20 
40 

100 
2oooo 
2Ooo 

40 
2000 
100 

2Ooo 

80 

--- 
l o  

100 
10 

--- 
*Spectrochemical analysis was made only on the f i r s t  two samples above. 

The grey powder produced by this explosion l e  similar in appearance and 
analysis t o  that produced by the explosion of a cylinder i n  K-413 two 
years ago (KLI-2310). ALL samples +ped  indicate tbe uranium 
hexafluoride i n  the exploding cylinder was in contact with an organic 
substance, probably hydrocarbon o i l ,  vhich resulted in violent reducing 
action on the uranium betsiluorlda when the cylinder was heated. 

"u T. Kwasnos i 

Y 
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