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ABSTRACT 

I n  o r d e r  t o  es lab1 i s h  requ i remen ts  f o r  emergency preparedness p l a n s  a t  
f a c i  1  i t i  es l i c e n s e d  by t h e  O f f i c e  o f  N u c l e a r  M a t e r i a l s  S a f e t y  and Safeguards,  
t h e  Nuc1,ear R e g u l a t o r y  Commi s s i  on ( N K C )  needs t o  deve lop  sou rce  te rms  ( t h e  
amount of m a t e r i a l  made a i r b o r n e )  i n  a c c i d e n t s .  These sou rce  te rms  a r e  used t o  
e s t i m a t e  t h e  p o t e n t i a l  p u b l i c  doses f rom t h e  even ts ,  wh ich ,  i n  t u r n ,  w i l l  be 
used t o  j udge  whether  emergency preparedness p l a n s  a r e  needed f o r  a  p a r t i c u l a r  
t y p e  o f  f a c i l i t y .  P a c i f i c  Nor thwes t  L a b o r a t o r y  i s  p r o v i d i n g  t h e  NRC w i t h  
sou rce  terms by d e v e l o p i n g  s e v e r a l  a c c i d e n t  s c e n a r i o s  f o r  e l e v e n  t y p e s  o f  f u e l  
c y c l e  and b y - p r o d u c t  o p e r a t i o n s .  Severa l  s c e n a r i  os a r e  deve loped f o r  each 
o p e r a t i o n ,  l e a d i n g  t o  t h e  i d e n t i f i c a t i o n  of t h e  maximum r e l e a s e  c o n s i d e r e d  f o r  
emergency preparedness p l  ann i  ng  (MREPP) s c e n a r i o .  

The MKEPP s c e n a r i o s  p o s t u l a t e d  were of  t h r e e  t y p e s :  f i r e ,  t o rnado ,  and 
c r i t i c a l i t y .  F i r e  was s i g n i f i c a n t  a t  o x i d e  f u e l  f a b r i c a t i o n ,  UF6 p r o d u c t i o n ,  

. r a d i o p h a r m a c e u t i c a l  manu fac tu r ing ,  rad iopharmacy,  s e a l e d  sou rce  m a n u f a c t u r i n g ,  
waste  warehousing,  and u n i v e r s i t y  r e s e a r c h  and development f a c i l i t i e s .  
Tornadoes were MREPP e v e n t s  f o r  u r a n i  um m i  11 s  and p l  u t o n i  urn con tamina ted  
f a c i  1  i t i e s ,  and c r i t i c a l  i t i e s  were s i g n i f i c a n t  a t  nonox ide f u e l  f a b r i c a t i o n  and 
n u c l e a r  r e s e a r c h  and development f a c i l i t i e s .  Techn iques f o r  a d j u s t i n g  t h e  
MREPP r e l e a s e  t o  d i f f e r e n t  f a c i l i t i e s  a r e  a l s o  d e s c r i b e d .  
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1.0 IiXECUTIVE SUMMARY 

D u r i n g  t h e  p a s t  y e a r ,  P a c i f i c  Nor thwes t  L a b o r a t o r y  conducted s t u d i e s  t o  
p r o v i d e  t h e  N u c l e a r  R e g u l a t o r y  Commission (NRC) w i t h  sou rce  terms ( f r a c t i o n a l  
r e l e a s e s )  f o r  a c c i d e n t  c o n d i t i o n s .  T h i s  was accompl i shed by d e v e l o p i n g  s e v e r a l  
a c c i d e n t  s c e n a r i o s  f o r  each o p e r a t i o n  c a t e g o r y ,  l e a d i n g  t o  t h e  i d e n t i f i c a t i o n  
o f  t h e  maximum r e l e a s e  c o n s i d e r e d  f o r  emergency preparedness p l a n n i n g  (MREPP) 
s c e n a r i o .  . T h i s  r e s e a r c h  w i  11 a i d  i n d i  v i d u a l  s  charged w i t h  e v a l u a t i n g  s a f e t y  
r e v i e w s  and emergency preparedness p l a n s  a t  f a c i  1  i t i e s  1  i c e n s e d  by t h e  O f f i c e  
o f  N u c l e a r  M a t e r i a l s  S a f e t y  and Safeguards  (NMSS) . 

E l e v e n  d i f f e r e n t  t y p e s  o f  NMSS-1 i censed o p e r a t i o n s  were i n v e s t i g a t e d  and 
a c c i d e n t - g e n e r a t e d  r a d i o a c t i v e  a i r b o r n e  r e l e a s e  sou rce  te rms deve loped.  These 
o p e r a t i o n s  c a t e g o r i e s  a r e  as f o l l o , ~ s :  

uraniurn f u e l  f a b r i c a t i o n  ( o x i d e  f u e l  ) -  
uran ium f u e l  f a b r i c a t i o n  ( n o n ~ x i d e  f u e l  ) 
u r a n i  urn h e x a f l  u o r i  de (UF6) p r o d u c t i o n  f r o m  ye1  1  owcake 
u ran ium m i l l i n g  

5. p l u t o n i u m  (Pu) con tamina ted  f 3 c i  li t y  
6. r a d i o p h a r m a c e u t i c a l  m a n u f a c t u r i n g  
7. r a d i  opharrnacy 
8. s e a l e d  sou rce  m a n u f a c t u r i n g  
9. r e s e a r c h  and development o f  n , ~ c l e a r  f u e l s  

10. waste  warehous ing  
11. u n i  v e r s i  t y  r e s e a r c h  and deve l l~pmen t .  

I n d i v i d u a l  f a c i l i t i e s  w i t h i n  a  c a t l l g o r y  were i d e n t i f i e d  f o r  i n v e s t i g a t i o n  by  
t h e  NRC. These were l o c a t e d  i n  nonagreement s t a t e s  and i n c l u d e  l i c e n s e e s  
o r d e r e d  on F e b r u a r y  11, 1981, t o  sr lbmit  r a d i o 1  o g i  c a l  c o n t i n g e n c y  p l a n s .  

E s t i m a t e d  r e l e a s e s  from t h e  p o t e n t i  a1 a c c i d e n t  s c e n a r i o s  a r e  summarized i n  
T a b l e  1.1. The maximum r a d i o n u c l i l i e  r e l e a s e  even ts  were o f  t h r e e  t y p e s :  f i r e ,  
t o rnado ,  and c r i t i c a l  i t y .  The cor l -espond ing f a c i  1  i t y  t y p e s  a r e  as f o l  l ows :  

e F i  r e  - r a d i  opharmaceut i  c a l  m a n u f a c t u r i n g ,  r a d i  opharmacy, was te  
warehous ing,  s e a l e d  sou rce  mar iu fac tu r ing ,  u n i v e r s i t y  r e s e a r c h  and 
d e v e l  oprnent, u r a n i  um f u e l  fabl - i  c a t i o n  ( o x i d e ) ,  and UF6 p r o d u c t i o n .  

B Tornado - uran ium mi 11 and p l  u t o n i  um con tamina ted  f a c i  1  i ty .  

a C r i t i c a l i t y  - u r a n i  um f u e l  f a l ~ r i c a t i o n  ( n o n o x i d e )  and r e s e a r c h  and 
development o f  m c l  e a r  f u e l  s. 

W i t h  
wh ich  

"0zF2 
amou n  

a  f i r e ,  t h e  maximum p o s t u l a t e d  r e l e a s e s  were i n  t h e  fo rm o f  gaseous 'H, 
i s  d i s p e r s e d  as w a t e r  vapor,  o r  as UF6, wh ich  c o n v e r t s  t o  p a r t i c u l a t e  
. W h i l e  t h e s e  may be t h e  maximum r e l e a s e s  i n  t e  o f  c u r i e s ,  s i g n i f i c a n t  
t s  o f  i s o t o p e s  o f  r a d i o l o g i c a l  concern ,  such as "'I, can become a i r b o r n e  

i n  a  f i r e .  These i s o t o p e s  a r e  d i s c u s s e d  and fi r e - g e n e r a t e d  r e l e a s e  f a c t o r s  
were deve loped f o r  a  range o f  t h o s e  p r e p a r e d  as r a d i o p h a r i n a c e u t i c a l  and s e a l e d  
sources.  
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I t i 5 0  k g  u f  9.5 y u f  
y6?l 1  OWCdrP y e 1  l o w c d k e  

0.13 k g  o f  o r e  ( c o n v e y u r  
f d l l u r e )  33 k y  ( s l u r r y  
r e s u s p e n s i o n )  

1.4 u l l i - '  g  

of i'u 

= t o r n a d o  7.5 x  g o f  Pu 
r e l e a s e  ( e x t e r n a l  e v e n t )  

= t o r ~ a d o  
r e l e a s e  

= t o r n a d o  
r e l e a s e  

2.3 x 1 ~ - '  g 1.9 x l!TH g l s e c  0.011 g o f  1.2 x  l u 5  C i  

of  f ~ s s i l e  o f  11 f i s s i l e  o f  HFP 

6.7 x l o 2  C i  o f  n o b l e  

gases  ( f u e l  hand1 i n g  
e v e n t )  

q e s e a r c n  dnc! 

i l e v e l o p l a e n t  of  
n u c l e a r  f i l e i s  

0.13 g o f  

powders  

IUU Ki  o f  3 ~ ,  1 4 c  
( w a s t e  i n c i n e r a t o r  e r r o r )  

I I n l v e r s l  t y  r e s  
and deve lo~nen tT ' rch  

( a )  S t a n d a r d  NRC c r i t l c a l l t y .  
! a )  HFP - r n l x e ~ l  fission p r o d u c t s .  
( c )  NS - n o t  significant. 
(6) Accidents i n v o l v e  o t h e r  Isoto1,es i n  a d d i t i o n  t o  t h o s e  l i s t e d .  



Tornado r e l e a s e s  were p a r t i c ~ l  a t e  ye1 lowcake o r  resuspended p l u t o n i  urn 
s u r f a c e  c o n t a m i n a t i o n .  The p r o b a o i l i t y  t h a t  t h e s e  r e l e a s e s  wou ld  occu r  i s  
dependent on t h e  t o r n a d o  r e g i o n  where a  f a c i l i t y  i s  l o c a t e d .  Tornado d i  s p e r -  
s i o n  o f  t h e  r e l e a s e  reduces t h e  i nmedi a t e  r a d i o l o y i  c a l  concern  t o  an 
i n d i  v i  d u a l  . 

I 
C r i t i c a l i t y  r e l e a s e s  a r e  p r i n a r i  l y  f i s s i o n  p r o d u c t  gases. The NRC s t a f f  

has deve loped methods f o r  a n a l y z i n g  c r i t i c a l i t y  even ts .  These NRC gu ides  
(USNRC, 1977a, 1979a) a r e  t h e  s t a n d a r d  r e f e r e n c e  t h a t  s h o u l d  be used when 
e s t i m a t i n g  c r i t i c a l i t y  re leases .  



2.0 INTRODUCTION 

The NRC i s  examin ing  t h e  p o s s i  b i  1  i t y  of r a d i o l o g i c a l  a c c i d e n t s  o c c u r r i n g  
i n  NMSS-1 i censed o p e r a t i o n s  t h a t  c o u l d  r e s u l t  i n  s e r i o u s  r a d i a t i o n  doses o f f  
s i t e .  P a c i f i c  Nor thwes t  L a b o r a t o r y  has deve loped source terms f o r  p o t e n t i a l  
a c c i d e n t  s c e n a r i o s  t o  a i d  i n  t h e  examina t ion .  They w i l l  be used f o r  s a f e t y  
r e v i e w s  and f o r  a s s e s s i n g  t h e  needed scop-e and e x t e n t  of emergency preparedness 
a t  NMSS-1 i c e n s e d  f a c i  1  i t i e s .  T h i s  work i s  sponsored by t h e  NRC, Uranium F u e l  
L i c e n s i n g  Branch, D i v i s i o n  o f  Fue l  C y c l e  and M a t e r i a l  S a f e t y .  T h i s  r e p o r t  
p r o v i d e s  t e c h n i  c a l  a s s i  s t a n c e  t o  i t s  s t a f f  i n  d e v e l  o p i  ng and i mpl ement i  ng t h e  
emergency preparedness program. 

The o b j e c t i v e  o f  t h i s  s tudy  i s  t o  deve lop  source terms f o r  a c c i d e n t -  
genera ted  a i  r b o r n e  r e 1  eases f o r  v a r i o u s  g e n e r i  c  t y p e s  o f  NMSS-1 i censed a c t i  v i  - 
t i e s .  Real i s t i c  rnaxi~ni  zed s t a n d a r d  a c c i d e n t s  f o r  each o p e r a t i o n  t y p e  a r e  
i d e n t i f i e d  and t h e  a i r b o r n e  r e l e a s e  f r a c t i o n s  a r e  e s t i m a t e d .  F a c i l i t i e s  con- 
s i d e r e d  a r e  u ran ium f u e l  f a b r i c a t i o n  ( b o t h  o x i d e  and nonox ide ) ,  u ran ium hexa- 
f l u o r i d e  (UF6 )  p r o d u c t i o n  f rom ye1 lowcake,  u ran ium m i  11 i n g ,  p l u t o n i u m  (Pu)  
con tamina ted  f a c i  1  i t i e s ,  r a d i o p h a r m a c e u t i c a l  manu fac tu r ing ,  radiopharmacy,  
s e a l e d  sou rce  m a n u f a c t u r i n g ,  waste warehousing,  and r e s e a r c h  and development 
( n u c l e a r  f u e l  and u n i v e r s i t y ) .  The s p e c i f i c  f a c i l i t i e s  c o n s i d e r e d  were 
i d e n t i f i e d  by t h e  NRC and i n c l u d e  some of t h e  l i c e n s e e s  t h a t  were o r d e r e d  on 
F e b r u a r y  11, 1981, t o  submi t  r a d i  01 o g i  c a l  c o n t i n g e n c y  p lans .  E l  ements maki ng  
up t h e  sou rce  te rms a r e  d e s c r i b e d  and deve loped.  These c o n s i s t  o f  an i n i t i a l  
d i s p e r s i n g  even t ,  maximun q u a n t i t i e s  and c h a r a c t e r i s t i c s  of  p o t e n t i a l  a i r b o r n e  
r e l e a s e s ,  and p o s s i b l e  s p e c i f i c  m i t i g a t i n g  a c t i o n s .  Gener i c  sou rce  te rms a r e  
deve loped and can be modi f i e d  f o r  use i n  a  range o f  c i r cums tances .  

A d i v e r s e  range o f  o p e r a t i o n s  a r e  covered i n  t h i s  r e p o r t ;  however, a  u s e r  
may be i n t e r e s t e d  i n  o n l y  one. T h i s  document, t h e r e f o r e ,  has been c o n s t r u c t e d  
t o  h e l p  t h e  u s e r  i n  f i n d i n g  p e r t i n e n t  i n f o r m a t i o n .  The summary s e c t i o n  
( S e c t i o n  1 )  c o n t a i n s  a  t a b l e  o f  c a l c u l a t e d  r e l e a s e s  and a  l i s t i n g  o f  MREPP 
s c e n a r i o s  f o r  each f a c i l i t y  t ype .  A  d i r e c t o r y ,  T a b l e  2.1, l i s t s  t h e  o p e r a t i o n  
t y p e  and r e f e r s  t h e  u s e r  t o  t h e  r e p o r t  s e c t i o n  where r e l e v a n t  i n f o r m a t i o n  f o r  
t h a t  c a t e g o r y  i s  found.  

A mi x  o f  b o t h  m e t r i c  and E n g l i s h  u n i t s  have been i n c l u d e d  i n  t h i s  
r e p o r t .  The most common u n i t  o f  measure was s e l e c t e d  i n  each case t o  f u r t h e r  
a s s i s t  e n g i n e e r s  and s c i e n t i s t s  i n  u s i n g  t h i s  r e p o r t .  

A c c i d e n t  s c e n a r i o s  a r e  deve loped by s t u d y i n g  t h e  p l a n t  and processes,  and 
by i d e n t i f y i n g  r a d i o a c t i v e  m a t e r i  a1 h o l d i n g s ,  o p e r a t i o n a l  p rocedures ,  room 
d imens ions,  HVAC system, e t c .  T h i s  l e a d s  t o  t h e  i d e n t i f i c a t i o n  o f  s p e c i f i c  
p o t e n t i a l  a c c i d e n t  s c e n a r i o s  t h a t  wou ld  i n v o l v e  s i g n i f i c a n t  r a d i o n u c l  i d e  
r e l e a s e s .  S e c t i o n  3 d i s c u s s e s  t y p i c a l  p l a n t  and p rocesses  f o r  each f a c i l i t y  
c a t e g o r y ,  and S e c t i o n  4, p r e s e n t s  a  range o f  p o t e n t i a l  a c c i d e n t s  l e a d i n g  t o  t h e  
s e l e c t i o n  o f  a  MREPP s c e n a r i o .  These two s e c t i o n s  have been numbered t o  a i d  
t h e  use r ;  t h e  second d i g i t  o f  t h e  h e a d i n g  i d e n t i f i e s  a  f a c i l i t y  t y p e .  F o r  



TABLE 2.1. D i r e c t o r y  o f  t h e  O f f i c e  o f  Nuc lea r  M a t e r i a l s  S a f e t y  and Safeguards  
F a c i  1  i t y  Re lease I n f o r r n a t i  on  

P l d n t  dnii P rocess  HRCPP 
I l e s c r i p t i o n  t d c i  I I t g C d t e q o r y  MHEI'I' K ~ l r d s e  - - - - - -. - -- - - - - -- C a l c ~ r l a t ~ o n  l ) ~ s c ~ r s s i o n  

R e p o r t  Append lx  F d c i l i t y  E s t l ~ n a t e r i  He l )o r t  R e p o r t  
i ~ p e r d t i  ons S e c t i o n  S e c t l o n  Even t  MHEPP He ledse  S e c t i o n  -. - - .- -. -- - - - -. --. - . -. . . - . - - - -. - - - - - -- - - - -- -- - - - -- - - - - - - - Event  I D e s c r i p t i o n  S e c t i o n  - - - -- - - - -- -- Comments 

I. l l r d i l l ~ l ~ ~ l  f u e l  f d h r l i d t l O n  3.1 4.1 F l r e  1.3 x l o 3  k g  4.1.1, Loading dock f i r e ,  5 . 1 .  l n i t i a t l n g  e v e n t ,  t r u c k  
( o x l d r  f u e l )  o f  UFb 4.1.2 r e 1  ease f  roin h e a t e d  a c c i d e n t  a t  dock, g a s o l i n e  

30A UFb cy  I i n d e r  spill ignites 

7. Urar11u111 f u e l  f a b r l c a t l o n  3.2 A.2 C r i t i c a l i t y  1.2 x  ill5 Ci 4.2.1.3, S o l l r t i o n  c r i t i c a l i t y  5.3.2 NRC s t d n d a r d  c r i t i c a l i t y  r e l e a s e  
j n o n o x i d e  f u e l )  o f  MFP 4.2.2 

1 .  I l l h  p r o d ~ i c t i o n  3.3 A.3 F i r e  3.11 x  l o 3  kg 4.3.1.1. L o a d i n g  ~ i i ~ c k  f i r e ,  5.1.2.2 P r o d u c t  UF6 f r o m  y e l l o w c a k e  
o f  lJFh 4.3.2 r e l ~ a s ~  f rom hea ted  sdine a c c i d e n t  as 1 above, 

147 UF6 c y l l n d e r  l d r g e r  UF6 c y l i n d e r s  

3 .4  None Tornado 2.9 x  1113 k q  4.4.1.1, Tornado b reaches  5.2.1 Assumes 252 o f  y e l l o w c a k e  i s  
o f  y e l l o w c d k e  4.4.2 f a c i l i t y ,  l i f t s  i n  r e s p i r a b l e  s i z e  range  

y e l l o w c a k e  

3.5 A.3 Torndi io 1.4 x  l ~ l - ~  g 4.5.1.1, Tornado b reaches  5.2.2 Re lease  f r o m  c o n t a m i n a t e d  
4.5.2 f d c l  l i t y ,  d e s t r o y s  s u r f a c e s  of  c rushed  g l o v e  boxes 

g l o v e  boxes 

P3 6. K a d l o p h a r i ~ l d c e ~ l t l  c a l  3.6 A.5 F i r e  2.8 x  l o 4  Ci 4.6.1.6, F i r e  d e s t r o y s  wooden 5.1.1.1 E n t i r e  3~ i n v e n t o r y  r e l e a s e d .  

IU m a n ~ i f a c t ~ r r i n y  o f  3~ 4.6.2 f a c i l i t y  Re lease  i s  f a c i l i t y  dependent ,  
o t h e r  r e l e a s e s  d i s c u s s e d  i n  t e x t  

7. Kadiophdr lndcy 3.7 A.6 F l r f  7 5 ~ i  o f  1 3 3 ~ e  4.7.1.5, F i r e  d e s t r o y s  f a c i l i t y  5.1.1.2 Re lease  i s  dependent  on t y p e s  
4.7.2 o f  n u c l i d e s  p rocessed ,  o t h e r  

r e l e a s e s  d i s c u s s e d  i n  t e x t  

3.8 A.7 F i r e  1  x l u 5  Ci  o f  4.8.1.6, F i r e  d e s t r o y s  f a c i l i t y  5.1.1.3 E n t i r e  3~ l i c e n s e  l i m ~ t ,  

3~ 4.8.2 
o t h e r  r e l e a s e s  d i s c u s s e d  i n  t e x t  

9. Kesedrch  and development 3.9 A.8 Criticality 1.2 x Ill5 CI 4.9.1.1 S o l u t i o n  c r i t i c a l i t y  5.3.2 F u e l  h a n d l i n g  i n c i d e n t s  can a l s o  
o f  n u c l e a r  f u e l s  o f  MFP 4.9.2 p roduce  s i g n i f i c a n t  r e l e a s e s  

10. Waste w a r e h o ~ l s i r i y  3.10 A.9 F i r e  6.2 x  l o 3  kg 4.10.1.4 Propane f r o n t - e n d  5.1.1.4 Re legses  f ro in  drummed w a s t e  
o f  3~ 4.4.2 l o a d e r  i n i t i a t e s  and H c y l i n d e r s  

f a c i l i t y  f i r e  

11. U n i v e r s i t y  r e s e d r c h  3.11 A.10 F i r e  1.5 x  Ci 4.11.1.4 F i r e  i n  was te  s t o r a g e  5.1.1.5 E n t i r e  3~ i n v e n t o r y  i n  s t o r a g e  

and deve lopment  o f  3~ 4.11.2 a r e a  a r e a  r e l e a s e d  



exarnple, S e c t i o n  3.3 i s  t h e  d i s c u s s i o n  o f  UF6 p l a n t s  and processes;  S e c t i o n  4.3 
i s  t h e  c o r r e s p o n d i n g  s e c t i o n  t h a t  d i s c u s s e s  a c c i d e n t  s c e n a r i o s .  

The MREPP c a l c u l a t i o n s  a r e  found i n  S e c t i o n  5. One o f  t h r e e  genera l  
s c e n a r i o s - - f i r e ,  t o r n a d o ,  o r  c r i t i c a l i t y - - w a s  t h e  MREPP a c c i d e n t  f o r  a l l  
f a c i l i t i e s  cons ide red .  T h e r e f o r e ,  t h i s  s e c t i o n  p r e s e n t s  i n f o r m a t i o n  on t h e  
a c c i d e n t  t y p e ,  f o l l o w e d  by d e t a i l s  r e l a t i n g  t o  t h e  s p e c i f i c  f a c i l i t y  c a t e g o r y  
where i t  was t h e  MREPP even t .  

The NRC i d e n t i f i e d  s p e c i f i c  f a c i l i t i e s  t o  be used f o r  ou r  r e l e a s e  c a l -  
c u l a t i o n  development.  D e t a i l s  on p l a n t  and process d e s c r i p t i o n s  f o r  t h e s e  
f a c i l i t i e s  a r e  i n  Appendices A t h r o u g h  J. 

I n f o r m a t i o n  i n  t h i s  r e p o r t  was deve loped u s i n g  a  l i t e r a t u r e  r e v i e w  and 
p l a n t  v i s i t s .  The l i t e r a t u r e  r e v i e w  i n c l u d e d  NRC docke t  i n f o r m a t i o n ,  s a f e t y  
assessments, j o u r n a l  a r t i c l e s ,  e n v i r o n m e n t a l  r e p o r t s ,  s t a n d a r d  a c c i d e n t  
c r i t e r i a ,  r e s e a r c h  r e p o r t s ,  e x p e r i m e n t a l  da ta ,  and symposia p roceed ings .  P l a n t  
v i s i t s  were made \vhen p o s s i b l e .  

Because a l a r g e  range o f  f a c i l i t y  t y p e s  i s  covered,  t h e  i n f o r m a t i o n  ava i  1-  
a b l e  i s  n o t  a t  t h e  same l e v e l  o f  d e t a i l  and completeness f o r  a l l  c a t e g o r i e s .  
T h e r e f o r e ,  t h e  number o f  d e s c r i p t i v e  s u b s e c t i o n s  d e s c r i b i n g  t h e  p l a n t s  and 
processes v a r i e s  w i t h  f a c i l i t y  t ype .  



3.0 PLANT AND PROCESS DESCRIPTION 

T h i s  s e c t i o n  d e s c r i b e s  t h e  p l a n t s  and processes f o r  t h e  11 o p e r a t i o n s  
c a t e g o r i e s  o f  NMSS-l icensed f a c i l i t i e s .  S p e c i f i c  f a c i l i t i e s  w i t h i n  t h e  c a t e -  
g o r i e s  were i d e n t i f i e d  by t h e  NRC f o r  s tudy .  A genera l  d e s c r i p t i o n  o f  each 
f a c i l i t y  t y p e  has been deve loped and i s  p r e s e n t e d  i n  t h i s  s e c t i o n .  D e t a i l s  on 

I s p e c i f i c  f a c i l i t i e s  a r e  found i n  Appendices A t h r o u g h  J. 
I 

Because o f  t h e  w ide  range o f  c a t e g o r i e s ,  t h e  same l e v e l  o f  i n f o r m a t i o n  was 
n o t  a v a i l a b l e  f o r  a l l  o p e r a t i o n s .  F o r  example, f u e l  m a n u f a c t u r i n g  p l a n t s  have 
had d e t a i l e d  p u b l i c  s a f e t y  assessments and t h e r e  i s  vo luminous d o c k e t  m a t e r i a l  
a v a i l a b l e  t o  use. On t h e  o t h e r  hand, l i t t l e  i n f o r m a t i o n  i s  a v a i l a b l e  i n  t h e  
l i t e r a t u r e  on rad iopharmac ies .  Docket  m a t e r i a l  on rad iopharmac ies  i s  sparse.  
T h i s  l e a d s  t o  d i f f e r e n t  l e v e l s  o f  i n f o r m a t i o n  a v a i l a b l e  f o r  i n c l u s i o n  i n  t h i s  
r e p o r t .  

F o r  a l l  o p e r a t i o n s  c a t e g o r i e s ,  we have t r i e d  t o  i n c l u d e  p l a n t s  s t u d i e d ;  
p rocess  d e s c r i p t i o n s ;  b u i l d i n g  d e s c r i p t i o n  i n c l u d i n g  s t r e n g t h  o f  m a t e r i a l s ,  
HVAC, and eng i  neered s a f e t y  systems ; and i n v e n t o r i  es o f  r a d i  o a c t  i ve and 
hazardous m a t e r i a l s .  Our sources i n c l u d e  docke t  m a t e r i a l ,  e n v i r o n m e n t a l  impac t  
s ta temen ts ,  j o u r n a l  a r t i c l e s ,  s a f e t y  assessments, r e p o r t s  on a c c i d e n t  
s c e n a r i o s ,  and s t a n d a r d  r e f e r e n c e s .  We v i s i t e d  one r e p r e s e n t a t i v e  f a c i  1  i t y  f o r  
some c a t e g o r i e s  o r  s e v e r a l ,  i n  t h e  case o f  r a d i o p h a r m a c e u t i c a l  m a n u f a c t u r i n g .  
P i c t u r e s ,  o b s e r v a t i o n s ,  and d i s c u s s i o n s  w i t h  f a c i  1  i t y  s t a f f ,  t h e r e f o r e ,  
augmented o u r  i n f o r m a t i o n .  

The number ing sys tem used f o r  t h e  t e x t  p e r t a i n i n g  t o  t h e  o p e r a t i o n  and t h e  
r e l a t e d  a c c i d e n t  i s  des igned  t o  h e l p  t h e  u s e r  f i n d  each one e a s i l y .  F o r  
example, S e c t i o n  3.1 i s  a  f a c i l i t y  d e s c r i p t i o n ,  and S e c t i o n  4.1 i s  t h e  
c o r r e s p o n d i n g  a c c i d e n t  s c e n a r i o .  The append ices  do n o t  f o l l o w  t h i s  sequence 
because t h e r e  i s  no d e t a i l e d  p l a n t  d e s c r i p t i o n  f o r  u ran ium m i l l s ,  s i n c e  no 
s p e c i f i c  p l a n t  was desi ,gnated i n  t h i s  s tudy .  

URANIUM FUEL FABRICATION PLANTS (OXIDE FUEL) 

The s i x  f a c i l i t i e s  l i s t e d  be low were s t u d i e d  t o  deve lop  i n f o r m a t i o n  t o  
c h a r a c t e r i z e  t h e  u r a n i  um o x i d e  f u e l  f a b r i c a t i o n  p l a n t s .  

1. Babcock and W i  1  cox, Lynchburg,  V i  r g i  n i  a (commerci a1 n u c l e a r  f u e l  
p l a n t )  

2. Combustion E n g i n e e r i n g ,  Hemat i t e ,  M i s s o u r i  
3. Combustion Eng i  neer i 'ng,  W i  ndsor ,  C o n n e c t i c u t  
4. Exxon Nuc lea r ,  R i  ch land,  Washington 
5. General  E l e c t r i c ,  W i  l m i  ng ton,  N o r t h  Car'ol i na 
6. West i  nghouse, Columbia, South C a r o l i n a .  



3.1.1 Process D e s c r i p t i o n  

3.1.1.1 O p e r a t i o n  

Most u ran ium f u e l  f a b r i c a t i o n  p l a n t s  use t h e  ammonium d i u r a n a t e  (ADU- 

(NH ) U 0 7 )  p roces3  o  c o n v e r t  UF6 t o  U02 powder. The UF , a t  an e n r i c h m e n t  
o f  f 2  ess 2 han 5% of 31U, i s  t r a n s p o r t e d  i n  c y l i n d e r s  o f  2.8-ton c a p a c i t y  and 
p l a c e d  i n  a  steam c h e s t .  The UF6 i s  v a p o r i z e d  i n  a  steam o r  e l e c t r i c  h e a t  
c h e s t  and i s  h y d r o l y z e d  w i t h  d e i o n i z e d  w a t e r  t o  fo rm an u r a n y l  f l u o r i d e  s o l u -  
t i o n .  Ammonium h y d r o x i d e  i s  added t o  t h e  s o l u t i o n  t o  p r e c i p i t a t e  ammonium 
d i u r a n a t e ,  wh ich  i s  f i l t e r e d  o r  c e n t r i f u g e d .  The p r e c i p i t a t e  i s  reduced t o  U02 
i n  a  c a l c i n e r  o p e r a t i n g  a t  h i g h  t e m p e r a t u r e s  i n  a  hyd rogen- reduc ing  
atmosphere. 

A  v a r i a t i o n  on t h e  c o n v e r s i o n  p rocess  i s  t h e  d r y  p rocess  i n  wh ich  UF6 i s  
v a p o r i z e d  i n  a  steam c h e s t  and i s  t h e n  s e n t  t h r o u g h  a  s e r i e s  o f  f l u i d i z e d  bed 
r e a c t o r s  o p e r a t i n g  under  a  r e d u c i n g  atmosphere t o  comple te  t h e  c o n v e r s i o n  t o  
UO2 powder. 

I n  t h e  p e l l e t i z i n g  process,  U02 powder i s  b lended  t o  fo rm a  u n i f o r m  com- 
p o s i t i o n .  The powder i s  compacted i n t o  wafers ,  t h e n  g r a n u l a t e d  t o  f o r m  a  u n i -  
fo rm s i z e .  An o r g a n i c  l u b r i c a n t  may be added, and t h e  powder i s  p ressed  i n t o  
p e l  1  e t s .  

P e l l e t s  a r e  s i n t e r e d  i n  f u r n a c e s  a t  h i g h  tempera tu res  i n  a  r e d u c i n g  
atmosphere t o  g i v e  them h i g h  d e n s i t y .  The s i n t e r e d  p e l l e t s  a r e  ground down t o  
a  s p e c i f i e d  d i a m e t e r ,  i n s p e c t e d  f o r  c racks ,  and loaded  i n t o  meta l  tubes.  The 
t u b e s  a r e  s e a l  welded and i n s p e c t e d  b e f o r e  b e i n g  bund led  i n t o  f u e l  e lements .  

3.1.1.2 Waste D i  sposa l  -..- 

Combus t ib le  con tamina ted  wastes a r e  f r e q u e n t l y  burned i n  i n c i n e r a t o r s  i n  
b a t c h  q u a n t i t i e s .  The ashes a r e  s e n t  t o  sc rap  r e c o v e r y  o p e r a t i o n s .  Low-1 eve1 
noncombus t ib le  waste  such 3 s  f i l t e r  e lements ,  m e t a l ,  and g l a s s  sc rap  i s  com- 
p ressed  when p o s s i b l e  f o r  sL:ipment o f f  s i t e  t o  a  l i c e n s e d  d i s p o s a l  s i t e .  
L i q u i d  wastes may be t r e a t c i  by many methods such as f i l t r a t i o n ,  f l o c c u l a t i o n ,  
l i m e  a d d i t i o n ,  d i s t i l l a t i o r : ,  o r  p r e c i p i t a t i o n  i n  h o l d i n g  ponds t o  remove 
con taminan ts  p r i o r  t o  d i ~ p o - ~ a l  i n  a  waterway. 

3.1.1.3 Scrap Recox;,. 

Many o f  t h e  p l a n t s  haw, s o l v e n t  e x t r a c t i o n  systems t o  r e c o v e r  u ran ium f r o m  
sc rap  m a t e r i a l s .  The sc rap  ' s  d i s s o l v e d  i n  n i t r i c  a c i d  and f e d  t h r o u g h  e x t r a c -  
t i o n  c o l  umns c o u n t e r - c u r r e r ~  t o  an o r g a n i c  s o l  vent .  The s o l  v e n t  e x t r a c t s  
u ran ium f r o m  t h e  feed;  t h e n  i t  i s  s t r i p p e d  o f  u ran ium by d i l u t e  n i t r i c  a c i d  i n  
a  s t r i p p i n g  column. The p r r d u c t ,  u ran ium n i t r a t e ,  i s  c o n c e n t r a t e d  by evapora-  
t i o n .  The ADU i s  p r e c i p i t a r o d ,  f i l t e r e d ,  d r i e d ,  and reduced t o  U02 f e e d s t o c k  
m a t e r i  a1 . 



I n  some p l a n t s  t h e  s o l v e n t  e x t r a c t i o n  p u r i f i c a t i o n  s t e p  i s  d e l e t e d .  Scrap 
i s  d i s s o l v e d  i n  n i t r i c  a c i d ,  and t h e  ADU i s  p r e c i p i t a t e d  w i t h  t h e  a d d i t i o n  o f  
ammonia. The ADU i s  separa ted  f r o m  s o l u t i o n  w i t h  a  f i l t e r  o r  c e n t r i f u g e  and 
c a l c i n e d  t o  U02 o r  U308. 

I 

I ~ Some p l a n t s  may have an i o n  exchange column t o  s e p a r a t e  u ran ium f r o m  waste  
s t reams c o n t a i n i n g  sma l l  q u a n t i t i e s  o f  uranium. 

C lean sc rap  may be recove red  by o x i d a t i o n  t o  U3U8 i n  a  f u r n a c e .  It i s  
t h e n  r e c y c l e d  back t o  t h e  m a n u f a c t u r i n g  area.  

! 3.1.2 F a c i l i t y  D e s c r i p t i o n  

~ 3.1.2.1 B u i l d i n g s  

Most  f u e l  f a b r i c a t i o n  p l a n t s  a r e  l o c a t e d  on l a r g e  p a r c e l s  o f  l a n d .  The 
f a b r i c a t i o n  b u i l d i n g  s i z e s  range f r o m  under  20,000 t o  s e v e r a l  hundred thousand  
square  f e e t ,  and o p e r a t i o n s  may be h e l d  on one o r  s e v e r a l  f l o o r s .  P r o c e s s i n g  
o p e r a t i o n s  a r e  g e n e r a l l y  d i v i d e d .  C e i l i n g  h e i g h t s  range f rom 25 t o  35 f t  h i g h ;  
an average h e i g h t  i s  about  30 f t .  

Some o f  t h e  b u i l d i n g s  have c a s t  c o n c r e t e  o r  c o n c r e t e  w a l l s ,  c o n c r e t e  
f l o o r s ,  and a  gypsum r o o f  deck. S t e e l  beams may be used f o r  s u p p o r t .  Most 
b u i  1  d i  ngs a r e  d e s i  gned t o  w i t h s t a n d  ea r thquakes  and w i  nd 1  oad i  ngs a c c o r d i  ng t o  
l o c a l  b u i l d i n g  codes. 

3.1.2.2 H e a t i n g ,  V e n t i l a t i n g ,  and Air C o n d i t i o n i n g  Systems 

Fue l  f a b r i c a t i o n  p l a n t s  use s c r u b b e r s  and /o r  h i g h - e f f  i c i e n c y  p a r t i c u l a t e  
a i r  (HEPA) f i l t e r s  t o  reduce r e l e a s e  o f  a i r b o r n e  p a r t i c l e s  t o  t h e  atmosphere.  
Scrubbers  a r e  commonly used i n  t h e  UF6 c o n v e r s i o n  and s c r a p  r e c o v e r y  opera-  
t i o n s .  P r e f i  l t e r s  may be employed p r i o r  t o  f i n a l  f i l t e r s  i n  areas o f  heavy 
d u s t .  Process areas a r e  k e p t  a t  n e g a t i v e  p ressu re .  A i  r f l o w  i s  p r o v i d e d  t o  
g i v e  7 t o  2 4  a i r  changes p e r  hou r .  Air may be r e c i r c u l a t e d  t h r o u g h  p r o c e s s  
areas.  

3.1.2.3 Eng ineered  S a f e t y  Systems 

F i r e  p r o t e c t i o n  systems c o n s i s t  m a i n l y  o f  manual d r y - t y p e  f i r e  e x t i n -  
g u i  she rs  i n  areas where c r i t i c a l  i t y  m i  g h t  be p o s s i b l e .  Overhead s p r i  n k l  e r s  may 
be p r o v i d e d  i n  some areas o f  t h e  p l a n t  t h a t  have a  h i g h  c o m b u s t i b l e  l o a d i n g .  

P o t e n t i a l  hazards  such as hydrogen o r  propane gas l i n e s  a r e  equ ipped  w i t h  
i n t e r l o c k i n g  c o n t r o l s  and a u t o m a t i c  s h u t o f f  c a p a b i l i t i e s  t o  p r e v e n t  b u i l d u p  o f  
t h e  gases. Excess hydrogen i s  burned o f f  a t  a reas where i t  i s  r e l e a s e d  t o  t h e  
a i  r. R a d i a t i o n  a larms a r e  l o c a t e d  t h r o u g h o u t  t h e  p l a n t s .  



S u r r o u n d i  ng Area r 
Most o f  t h e  u ran ium f u e l  f a b r i c a t i o n  p l a n t s  a r e  l o c a t e d  i n  a  r u r a l  w 

s e t t i n g ,  away f r o m  heavy i n d u s t r y .  O p e r a t i o n s  o t h e r  t h a n  f u e l  m a n u f a c t u r i n g  a t  
some o f  t h e  p l a n t s  i n c l u d e  r e s e a r c h  f a c i l i t i e s ,  chemica l  r e c o v e r y  o p e r a t i o n s ,  
and f u e l  component manu fac tu re .  

3.1.3 I n v e n t o r y  

3.1.3.1 R a d i o a c t i v e  I n v e n t o r y  

The l i c e n s e d  posse on l i m i t s  f o r  t h e  o p e r a t i o n s  s t u d i e d  range f r o m  
10,000 t o  50,000 kg o f  '"U. However, t h e  maximum amount o f  m a t e r i a l  i n v e n t o r y  
a t  t h e  p l a n t  i s  u s u a l l y  w e l l  be low t h e  l i c e n s e  l i m i t  and may be as l i t t l e  as 
h a l f  o f  t h e  l i m i t .  The m a j o r  p a r t  o f  t h e  i n v e n t o r y  i s  s t o r e d  as comple ted f u e l  
assemb l i es ,  wh ich  may compose 25 t o  35% o f  t h e  t o t a l .  O t h e r  forms can compr i se  
up t o  t h i s  f r a c t i o n  of t h e  t o t a l  i n v e n t o r y :  f u e l  rods ,  30%; U O  powder, 15%; 
U F ~ ,  29%; c o n t a m i n a t e d  waste,  5%; U308, 3%; and UNH, l e s s  t h a n  ? %. 

3.1.3.2 Hazardous and Cornbusti b l e  I n v e n t o r y  

Chemica ls  a r e  u s u a l l y  s t o r e d  i n  t a n k s  and c y l i n d e r s  i n  some c e n t r a l  l o c a -  
t i o n  o u t s i d e  o f  t h e  p rocess  b u i l d i n g s  and p i p e d  i n t o  v a r i o u s  l o c a t i o n s  i n  t h e  
p l a n t .  Ammoniiim h y d r o x i d e ,  l i q u i d  anhdyrous ammonia, and h y d r o f l u o r i c  a c i d  a r e  
used i n  c o n v e r s i o n  of UF6 t o  UO2 and a r e  s t o r e d  i n  5000- t o  20,000-gal t a n k s  i n  
an o u t s i d e  s t o r a g e  area.  N i t r i c  a c i d  may be used i n  t h e  s o l v e n t  e x t r a c t i o n  
r e c o v e r y  sys tem o r  as a  c l e a n i n g  o r  p i c k l i n g  agen t .  N i t r i c  a c i d  i s  s t o r e d  
o u t s i d e  i n  l a r g e - c a p a c i t y  t a n k s .  

Smal l  q u a n t i t i e s  o f  p o l y v i n y l  a l c o h o l  may be used as a  b i n d e r  b e f o r e  t h e  
p e l l e t i z i n g  o p e r a t i o n .  A l u b r i c a n t  such as z i n c  s t e a r a t e  i s  used t o  e n s u r e  
t h a t  p e l l e t s  s l i p  o u t  o f  t h e  mold. Smal l  q u a n t i t i e s  (100 g a l )  may be s t o r e d  i n  
t h e  p l a n t .  H y d r a u l i c  f l u i d  i s  used i n  t h e  p l a n t  t o  o p e r a t e  p resses .  
F i f t y - g a l l o n  q u a n t i t i e s  o f  t h i s  m a t e r i a l  may be s t o r e d  i n  t h e  p l a n t  a l s o .  

The s c r a p  r e c o v e r y  system g e n e r a l  l y  i n v o l  ves f lammable  o r  p o t e n t i  a1 l y  
e x p l o s i v e  o r g a n i c s .  So l  v e n t  e x t r a c t i o n  systems use t r i  b u t y l  phosphate  ( T B P )  as 
an e x t r a c t i o n  agen t  w i t h  an o r g a n i c  s o l  v e n t  such as kerosene o r  p e r c h l o r e -  
t h y l e n e .  I o n  exchange columns c o n t a i n  an o r g a n i c  r e s i n .  

N o n r e a c t i v e  gases such as n i t r o g e n  and argon a r e  used i n  p o t e n t i a l l y  haz-  
a rdous o p e r a t i o n s .  H e l i u m  i s  used i n  l e a k  t e s t i n g  of f i n i s h e d  f u e l  rods .  
Gases a r e  s t o r e d  as a  l i q u i d  i n  500- t g  10,000-gal i n s u l a t e d  t a n k s  o r  as com- 
p ressed  gases i n  35,000- t o  220,000-f t  q u a n t i t i e s  i n  an o u t s i d e  s t o r a g e  area 
and p i p e d  i n t o  t h e  p l a n t .  

Hydrogen i s  used as a  r e d u c i n g  gas i n  p rocess  equipment such as f u r n a c e s ,  
c a l c i n e r s ,  and f l u i d i z e d  bed r e a c t o r s .  Excess hydrogen i s  burned o f f  a t  



l o c a t i o n s  where i t  e n t e r s  o r  e x i t s  a  system t o  p r e v e n t  b u i l d u p  o f  t h e  
p o t e n t i a l l y  e x p l o s i v e  gas. Hydrogen gas may be s t o r e d  o u t s i d e  o r  may be 
p r o v i d e d  by c r a c k i n g  ammonia. 

Chemica ls  such as acetone,  i s o p r o p y l  a l c o h o l ,  t r i c h l o r o e t h y l e n e  used f o r  
c l e a n i n g ,  and d e t e r g e n t  a r e  s t o r e d  i n  sma l l  q u a n t i t i e s  (50  t o  100 g a l )  w i t h i n  
t h e  p l a n t .  These chemica ls  may a l s o  be found i n  1 -ga l  d i s p e n s e r s  i n  v a r i o u s  
l o c a t i o n s  i n  t h e  p l a n t .  

Hydrogen p e r o x i d e ,  c a l c i u m  o x i d e ,  and po tass ium h y d r o x i d e  a r e  used f o r  
e f f l u e n t  t r e a t m e n t  and may be s t o r e d  o u t s i d e  t h e  f a c i  1  i t y .  H y d r o c h l o r i c  a c i d  
and c a u s t i c  a r e  used t o  r e g e n e r a t e  r e s i n s .  f o r  d e m i n e r a l i z i n g  w a t e r  f o r  UF6 
h y d r o l y s i s .  These two chemica ls  may be s t o r e d  i n  100- t o  7000-gal  t a n k s .  

3.2 URANIUM FUEL FABRICATION PLANTS (NONOX ID€  FUEL) 

These u ran ium f u e l  f a b r i c a t i o n  p l a n t s  make f u e l  f o r  t e s t  r e a c t o r s .  To 
deve lop  a  d e s c r i p t i o n  o f  nonox ide  f u e l  f a b r i c a t i o n  p l a n t s ,  e n v i r o n m e n t a l  
r e p o r t s ,  1  i cense app l  i c a t i o n s  , r a d i  01 o g i  c a l  c o n t i  ngency p lans ,  and o t h e r  docke t  
m a t e r i a l  was o b t a i n e d  f o r  t h e  f o l l o w i n g  p l a n t s :  

1. General  Atomic,  San Diego, C a l i f o r n i a  
2. Rockwel l  I n t e r n a t i o n a l ,  Canoga Park ,  C a l i f o r n i a .  

3.2.1 Process D e s c r i p t i o n  

O p e r a t i o n  

Me ta l  and mixed c a r b i d e  f u e l s  a r e  made f o r  r e s e a r c h  r e a c t o r s .  The 
nonox ide  f u e l  f a b r i c a t i o n  process s t a r t s  w i t h  h i g h l y  e n r i c h e d  u r a n i  um meta l  
wh ich  may be mixed w i t h  an a l l o y i n g  me ta l  i n  an i n d u c t i o n  fu rnace .  The meta l  
may be r o l l e d ,  punched, d r i l l e d ,  o r  c rushed and compacted. The f u e l  i s  
machined and shaped, t h e n  enc losed  i n  a  me ta l  such as aluminum o r  s t a i n l e s s  
s t e e l .  The e n c l o s i n g  p rocess  may i n c l u d e  p l a c i n g  t h e  f u e l  i n  a  frame, c o v e r i n g  
i t  w i t h  s i d e  p l a t e s  and r o l l i n g  t h e  m e t a l s  t o g e t h e r ,  o r  t h e  f u e l  may be 
i n j e c t i o n  c a s t  i n t o  me ta l  t u b e s  o r  l o a d e d ' i n t o  a  can o r  mold. Fue l  e lemen ts  
may be i n s p e c t e d ,  c leaned,  and p i c k l e d  i n  a  HN03-HF m i x t u r e  b e f o r e  b e i n g  
combi ned i n t o  f u e l  assembl i es. 

M ixed  c a r b i d e  f u e l  i s  made by m i x i n g  h i g h l y  e n r i c h e d  U02-Tho2 w i t h  
g r a p h i t e  f l o u r  and h e a t i n g  t h e  m i x t u r e  t o  form UC2-ThC2 k e r n e l s .  These k e r n e l s  
a r e  shaped i n t o  spheres by h e a t i n g  t o  a  t e m p e r a t u r e  i n  e x c e s s - o f  t h e  k e r n e l  
m e l t i n g  tempera tu re ,  t h e n  c o a t i n g  w i t h  ca rbon  and s i l i c o n  l a y e r s  i n  f l u i d i z i n g  
fu rnaces.  Coated k e r n e l s  a r e  i n j e c t e d  i n t o  a  h o t  mold w i t h  a  m a t r i x  m a t e r i a l  
t o  form a  rod.  Rods a r e  i n s e r t e d  i n t o  a  g r a p h i t e  b l o c k .  

3.2.1.2 Waste ~i sposa l  

Contaminated s o l i d  waste  i s  u s u a l l y  packaged f o r  d i s p o s a l  a t  a  l i c e n s e d  
b u r i a l  ground. Some c o m b u s t i b l e  waste  may be i n c i n e r a t e d  on s i t e .  L i q u i d  
waste  i s  g e n e r a l l y  t r e a t e d  and r e t a i n e d  on s i t e  b e f o r e  r e l e a s e .  

3.5 



3.2.1.3 Scrap Recovery 

Scrap r e c o v e r y  o p e r a t i o n s  u s u a l l y  i n v o l v e  d i s s o l u t i o n  o f  t h e  sc rap  i n  a c i d  
f o l l o w e d  by f i l t r a t i o n  and p u r i f i c a t i o n  o f  u ran ium by s o l  vent  e x t r a c t i o n .  
U r a n i  um i s  then  p r e c i  p i  t a t e d  and c a l  c i  ned. 

3.2.2 F a c i  1  i t y  D e s c r i p t i o n  

3.2.2.1 B u i l d i n g s  

M a n u f a c t u r i n g  b u i l d i n g s  range f om l e s s  t h a n  7,000 t o  ove r  20,000 ft2. 5 Room s i z e s  range f r o m  300 t o  2500 f t  . F a b r i c a t i o n  areas a r e  separa ted  f r o m  
o t h e r  areas o f  t h e  p l a n t  by c o n c r e t e  o r  d o u b l e - w a l l  c o n s t r u c t i o n .  

M a n u f a c t u r i n g  a reas  a r e  g e n e r a l l y  o f  s u b s t a n t i a l  c o n s t r u c t i o n .  F l o o r s  a r e  
made o f  poured c o n c r e t e .  Wa l l s  a r e  c o n c r e t e  o r  c o n c r e t e  b l o c k  w i t h  s t r u c t u r a l  
s t e e l  suppor t s .  The r o o f  may be p r e s t r e s s e d  c o n c r e t e .  S to rage  v a u l t s  o f  much 
more s u b s t a n t i a l  c o n s t r u c t i o n  may be p r o v i d e d  f o r  t h e  s t o r a g e  o f  n u c l e a r  
m a t e r i  a1 s. 

3.2.2.2 Hea t ing ,  V e n t i l a t i n g ,  and A i r  C o n d i t i o n i n g  Systems 

P i c k l i n g  o p e r a t i o n s  may be equ ipped w i t h  fume sc rubbers  t o  remove a i r b o r n e  
contarni nan ts .  Most areas have H E P A  f i  1  t e r s  t o  reduce r a d i  o a c t i  ve erni s s i  ons t o  
t h e  atmosphere. Process areas a r e  k e p t  a t  n e g a t i v e  p r e s s u r e  and a i r f l o w  i s  
genera l  l y  f r o m  a reas  o f  1  e a s t  t o  g r e a t e s t  p o t e n t i  a1 contarni n a t i o n .  M i  nimum 
a i  r f l o w  i s  usua l  l y  s i x  changes p e r  hour  f r o m  each room. 

Me ta l  m a c h i n i n g  equipment o r  o t h e r  p rocess  equipment g e n e r a t i n g  d u s t s  and 
powders a r e  o p e r a t e d  i n  i n e r t  atmospheres t h a t  may use f i r e p r o o f  fume hoods t o  
p r e v e n t  f i r e  o r  e x p l  o s i  on hazards.  

3.2.2.3 Eng ineered  S a f e t y  Systems 

Manual fi r e  e x t i n g u i s h e r s  a r e  usua l  l y  p r o v i d e d  i n  v a r i o u s  l o c a t i o n s  
t h r o u g h o u t  t h e  p l a n t .  Au tomat i c  d e t e c t i o n  systems and s p r i n k l e r s  may be p r o -  
v i d e d  i n  c r i t i c a l l y  s a f e  areas.  Weld ing o p e r a t i o n s  and p rocess  s t e p s  g e n e r a t -  
i n g  p y r o p h o r i c  me ta l  d u s t s  a r e  pe r fo rmed  i n  an i n e r t  atmosphere. E x p l o s i v e  gas 
d e t e c t o r s  a r e  l o c a t e d  i n  areas where f l a p a b l e  s o l v e n t s  may be used. Com- 
b u s t i  b l e  waste  i s  k e p t  i n  covered c o n t a i  n e r s  . 

3.2.2.4 S u r r o u n d i n g  Area 

The p l a n t s  a r e  l o c a t e d  i n  l i g h t  i n d u s t r i a l  a reas.  Many s i t e s  a l s o  c o n t a i n  
r e s e a r c h  f a c i l i t i e s  and t e s t  r e a c t o r s  as w e l l  as t h e  f u e l  f a b r i c a t i o n  process.  



3.2.3 I n v e n t o r y  

3.2.3.1 R a d i o a c t i v e  I n v e n t o r y  

Less u ran ium i s  possessed i n  nonox ide  f u e l  a n t s  t h a n  i n  o x i d e  p l a n t s .  
L i c e n s e  l i m i t s  range f r o m  1,500 t o  2,500 kg o f  29kU. 

N u c l e a r  m a t e r i a l s  can be found i n  t h e  form of U02 o r  Tho2 powder; u ran ium 
meta l  i n g o t s ,  c h i p s ,  o r  b u t t o n s ;  ADU and UNH s o l u t i o n s ;  and u ran ium encased i n  
a1 umi num, z i  r c o n i  um, s t a i n l e s s  s t e e l ,  o r  ca rbon  and s i  1  i c o n  spheres .  Each 
s t a t i o n  may h a n d l e  f r o m  350 o  13 kg  of n u c l e a r  m a t e r i a l  w h i l e  v a u l t  s t o r a g e  
may c o n t a i n  o v e r  1000 kg of j3'u i n  v a r i o u s  forms.  

3.2.3.2 Hazardous and Combus t i b le  I n v e n t o r y  

U r a n i  urn and z i  r c o n i  um meta l  c h i p s  and f i n e s  a r e  p y r o p h o r i  c ;  t h e r e f o r e ,  
m a c h i n i n g  o p e r a t i o n s  u s i n g  t h e s e  m a t e r i a l s  a r e  f r e q u e n t l y  pe r fo rmed  i n  i n e r t  
atmospheres.  Z i r c o n i u m  c h i p s  and f i n e s  may be l i m i t e d  t o  1 l b  o r  l e s s  a t  each 
machine. M a t e r i a l s  may be c o l l e c t e d  i n  5 - l b  cans, s e a l e d  w i t h  i n e r t  gas, t h e n  
s t o r e d  i n  c o n c r e t e  s t o r a g e  areas.  P i c k 1  i ng o p e r a t i o n s  r e q u i  r e  HN03 and HF 
s o l u t i o n s ,  wh ich  may be s t o r e d  i n  l a r g e  t a n k s .  

Scrap r e c o v e r y  o p e r a t i o n s  use n i  t r i  c  a c i d ,  f o r m i  c  a c i d ,  p o l y v i  n y l  a1 coho1 , 
o r  t e t r a f u r f u r a l  a l c o h o l  f o r  d i s s o l u t i o n  o f  m a t e r i a l s .  An o r g a n i c  s o l  v e n t  i s  
used as a  p u r i f y i n g  agent  i n  s o l  v e n t  e x t r a c t i o n  systems. The o r g a n i c  s o l  v e n t  
used i n  me ta l  u ran ium f u e l  f a b r i c a t i o n  p l a n t s  i s  n o t  i d e n t i f i e d  i n  t h e  open 
l i t e r a t u r e .  

N a t u r a l  gas, f u e l  o i l ,  and propane may be used as h e a t i n g  f u e l s  i n  t h e  
p l a n t .  Fue l  o i l  and propane may be s t o r e d  i n  l a r g e  t a n k s  b o t h  under -  and 
aboveground.  N a t u r a l  gas may be p i p e d  i n  f r o m  o u t s i d e  t h e  p l a n t .  F u e l  i s  used 
t o  p r o v i d e  power and space h e a t  v i a  steam p l a n t s ,  and t o  h e a t  c a l c i n e r s ,  f u r -  
naces,  and i n c i n e r a t o r s .  

C l  ean i  ng cherni c a l  s  such as d e t e r g e n t ,  t r i  c h l  o r o e t h y l  ene, and s o l  v e n t s  a r e  
used i n  t h e  p l a n t .  These chemica l s  may be s t o r e d  i n  55-ga l  drums b u t  a r e  
l i m i t e d  t o  1 - g a l  o r  l e s s  s a f e t y  cans around p rocess  equipment.  

Lab c o a t s ,  p l a s t i c  shoe covers , -  and o t h e r  p r o t e c t i v e  c l o t h i n g  may be found  
a t  e n t r a n c e s  t o  con tamina ted  areas .  These c o m b u s t i b l e s  c o n t r i b u t e  t o  t h e  f u e l  
l o a d i n g  o f  an area.  

Compressed o r  l i q u i f i e d  gases such as n i t r o g e n  and argon a r e  used t o  
p r o v i d e  i n e r t  atmospheres f o r  p rocesses  i n v o l  v i  ng p y r o p h o r i  c  m e t a l  s. 

3.3 URANIUM HEXAFLOURIOE PRODUCTION PLANTS 
. . 

Uran ium h e x a - f l u o r i d e  p r o d u c t i o n  p l a n t s  d e s i  gna ted  f o r  i n c l u s i o n  i n  t h i s  
s t u d y  produce UF6 f r o m  y e l l o w c a k e .  T h i s  can be done u s i n g  e i t h e r  wet o r  d r y  
processes.  



The two p l a n t s  i n  t h e  U n i t e d  S t a t e s  p r o d u c i n g  UF6 f r o m  ye1 lowcake were 
used t o  c h a r a c t e r i z e  t h i s  t y p e  o f  f a c i l i t y .  They a r e :  

1. A1 1  i ed Chemi c a l  C o r p o r a t i o n ,  Met r o p o l  i s, I 1  1  i n o i  s  
2. Kerr-McGee Nuc lea r  C o r p o r a t i o n ,  Gore, Oklahoma. 

U n i t  o p e r a t i o n s  f o r  b o t h  p l a n t s  i n c l u d e  sampl ing,  f eed  p r e p a r a t i o n ,  con- 
v e r s i o n ,  p u r i f i c a t i o n ,  condensat ion ,  and packag ing.  However, t h e  Kerr-McGee 
p l a n t  uses t h e  "wet "  p rocess t o  p u r i f y  urani 'um p r i o r  t o  c o n v e r s i o n  t o  UF6 w h i l e  
t h e  A1 1 i e d  p l a n t  uses a  " d r y "  process and has t h e  p u r i f i c a t i o n  process a f t e r  
t h e  c o n v e r s i o n  s tep.  

3.3.1 Process D e s c r i p t i o n  

3.3.1.1 Opera t i ons  

Ye l lowcake r e c e i v e d  i n  55-gal  drums i s  empt ied  i n t o  a  hopper o r  f a l l i n g  
s t ream u n i t ,  weighed, and sampled i n  a  samp l ing  system. The y e l l o w c a k e  i s  
checked f o r  sod i  um and o t h e r  i m p u r i t i e s .  

I n  t h e  d r y  process,  feed w i t h  a  h igh-sod ium c o n t e n t  goes t h r o u g h  a  sodium- 
removal p rocess c o n s i  s t i  ng of  a  f o u r - s t a g e  c o u n t e r - c u r r e n t  d e c a n t a t i o n  sys tem 
u s i n g  ammonium s u l f a t e  s o l u t i o n .  Feed i s  t h e n  c a l c i n e d  t o  u3O8, b lended,  
agg lomerated,  d r i e d ,  c rushed,  and s i z e d  t o  a  u n i f o r m - p a r t i c l e  s i z e .  Feed 
p r e p a r a t i o n  i n  t h e  wet process c o n s i s t s  of d i g e s t i n g  y e l l o w c a k e  i n  n i t r i c  a c i d  
t o  fo rm u r a n y l  n i t r a t e .  

I n  t h e  wet process,  u r a n y l  n i t r a t e  s o l u t i o n  i s  p u r i f i e d  i n  a  s o l v e n t  
e x t r a c t i o n  process u s i n g  t r i  b u t y l  phosphate i n  hexane as t h e  s o l v e n t .  The 
u r a n i  urn-1 oaded s o l  ven t  i s  washed w i t h  d i  1  u t e  s o l  u t i  ons o f  ammoni um s u l  f a t e  and 
sodium h y d r o x i d e  t o  remove i m p u r i t i e s ,  t h e n  s t r i p p e d  o f  u ran ium i n  a  p u l s e d  
s t r i p p i n g  column. P roduc t  s o l u t i o n  i s  evapora ted  and d e n i t r a t e d  i n  a  s t i r r e d  
r e a c t o r  t o  Uo3, wh ich  i s  m i l l e d  t o  a  a  u n i f o r m  s i z e .  

Convers ion  t o  UF6 f o r  b o t h  t h e  wet and d r y  processes t a k e s  p l a c e  i n  a  
s e r i e s  o f  f l u i d i z e d  bed r e a c t o r s .  The f i r s t  r e a c t o r  uses r e d u c i n g  gases f rom 
d i s s o c i a t e d  ammonia t o  c o n v e r t  U03 and U308 t o  U0 powder. The n e x t  two 
r e a c t o r s  use HF as t h e  f l u i d i z i n g  gas t o  c o n v e r t  60 t o  UF4. F l u o r i n e  p r o v i d e d  

VertS UF4 t o  UF6. 
2 by t h e  e l e c t r o l y s i s  of HF i s  t h e  f l u i d i z i n g  gas i n  he f l u o r i n a t o r  t h a t  con- 

The d r y  process now goes t h r o u g h  p u r i f i c a t i o n  w i t h  h i g h -  and l o w - b o i l i n g  
d i  s t i  1  l a t i o n  colu~nr is  remov ing i m p u r i t i e s  such as molybdenum and vanadium. 

Purl f i e d  gaseous UF6 i s  condensed i n  c o l d  t r a p s .  Condensed s o l i d  i s  
rehea ted  i n t e r m i t t e n t l y  s o . t h a t  l i q u i d  UF6 i s  d r a i n e d  o f f  i n t o  c y l i n d e r s .  



Waste D i s p o s a l  

w L i q u i d  wastes may be t r e a t e d  w i t h  l i m e  i n  s e t t l i n g  ponds and h e l d  p r i o r  t o  
r e l e a s e  t o  a  waterway. Combus t ib le  wastes may be i n c i n e r a t e d  o r  drummed f o r  
b u r i a l  a t  a  l i c e n s e d  b u r i a l  s i t e .  

The A1 l i e d  p l a n t  has a  sc rap  r e c o v e r y  system t h a t  uses sodium ca rbona te  
s o l u t i o n  t o  l e a c h  u ran ium f r o m  f i n e l y  ground scrap.  The leached  m a t e r i a l  i s  
drummed as low-1 eve1 waste, and t h e  recove red  u r a n i  um i s  p r e c i p i t a t e d  w i t h  t h e  
a d d i t i o n  o f  sodium h y d r o x i d e  and s e n t  t o  t h e  sodium removal f a c i l i t y .  

3.3.1.3 O the r  O p e r a t i o n s  

Bo th  p l a n t s  have an e l e c t r o l y s i s  system t h a t  s u p p l i e s  f l u o r i n e  t o  p l a n t  
o p e r a t i o n s .  The A l l i e d  p l a n t  a l s o  produces s u l f u r  h e x a f l u o r i d e ,  i o d i n e  
p e n t a f  1  u o r i d e ,  and ant imony p e n t a f l  u o r i d e .  

3.3.2 F a c i l i t y  D e s c r i p t i o n  

3.3.2.1 B u i l d i n g s  

The p l a n t s  a r e  l o c a t e d  w i t h i n  a  54- to..75-acre f e n c e d - i n  area i n  an 860- 
t o  2100-asre t r a c t  of l a n d .  The main p rocess  areas may cove r  12,000 t o  
26,000 f t  . The A l l i e d  p l a n t ' s  main process b u i l d i n g  i s  s i x  s t o r i e s  h igh .  
Uranium h e x a f l u o r i d e  c y l i n d e r  s t o r a g e  areas cove r  f rom 25,000 t o  200,UOO f t  . 

Most o f  t h e  A1 l i e d  p l a n t  b u i l d i n g s  a r e  c o n c r e t e  b l o c k ,  excep t  f o r  t h e  main 
p r o c e s s i n g  b u i l d i n g ,  wh ich  i s  s t e e l  framed w i t h  sheet  me ta l  s i d i n g .  The 
Kerr-McGee p l a n t  s t r u c t u r e s  a r e  a l l  s t e e l  framed w i t h  some w a l l s  c o n s t r u c t e d  t o  
o b t a i n  a  4-h f i r e  r a t i n g .  

3.3.2.2 H e a t i n g ,  V e n t i l a t i n g ,  and A i r  C o n d i t i o n i n g  Systems 

Dust  c o l l e c t o r s  a r e  used i n  d u s t - g e n e r a t i n g  areas,  such as t h e  samp l ing  
area.  

Sc rubbers  p rocess  gases from t h e  d i g e s t i o n  and s o l v e n t  e x t r a c t i o n  areas o f  
t h e  Kerr-McGee p l a n t  and f r o m  v a r i o u s  p a r t s  o f  t h e  c o n v e r s i o n  o p e r a t i o n  i n  b o t h  
p l a n t s .  Less c a r e  i s  t a k e n  t o  c o n t a i n  a i r b o r n e  p a r t i c l e s  f r o m  UF p l a n t s  t h a n  

r a d i o a c t i v i t y .  
8 f rom u r a n i  um f u e l  f a b r i c a t i o n  p l a n t s  because t h e  rna te r i  a l s  hand le  have l e s s  

3.3.2.3 S u r r o u n d i n g  Area .' 

Both  p l a n t s  a r e  l o c a t e d  i n  r u r a l  a reas w i t h  low p o p u l a t i o n  d e n s i t i e s .  No 
obv ious  impac ts  can be seen t h a t  m i g h t  impac t  on t h e  f a c i l i t i e s  f r o m  o u t s i d e  
sources.  



3.3.2.4 Eng ineered S a f e t y  Systems 

F i r e  p r o t e c t i o n  i s  p r o v i d e d  w i t h  manual f i r e  e x t i n g u i s h e r s  and w a t e r  
hoses. Au tomat i c  e x t i n g u i s h i n g  systems a r e  p r o v i d e d  i n  e x t r e m e l y  hazardous 
a reas  such as t h e  s o l v e n t  e x t r a c t i o n  area and s u b s t a t i o n s .  

Alarms t h a t  d e t e c t  abnormal o p e r a t i o n s  i n  t h e  p l a n t  s i g n a l  a r e  l o c a t e d  i n  
t h e  o p e r a t i n g  rooms. A manual a l a r m  a c t i v a t e d  by pe rsonne l  can be s e t  o f f  t o  
a l e r t  t h e  p l a n t  t o  r e l e a s e s .  

3.3.3 I n v e n t o r y  

3.3.3.1 R a d i o a c t i v e  I n v e n t o r y  

P l a n t  c a p a c i t i e s  range f r o m  10,000 t o  14,000 t o n s  o f  UF6 p e r  y e a r .  
Uranium a t  t h e s e  f a c i l i t i e s  can be found as :  

a Uran ium h e x a f l u o r i d e  s t o r e d  o u t d o o r s  i n  10- and 1 4 - t o n  c y l i n d e r s .  may 
t o t a l  1000 t o  11,000 t o n s  o f  u ran ium.  

e Ye l lowcake  i n  55-gal  drums w i t h  700 l b  of u ran ium drum t o t a l s  1000 t o  
7000 t o n s  o f  uranium. 

e Uranium i n  o t h e r  forms i n  t h e  p l a n t  may t o t a l  100 t o  250 t o n s  o f  
u r a n i  urn. 

3.3.3.2 Hazardous and Combus t ib le  I n v e n t o r y  

The chemica l  , hazardous,  and c o m b u s t i b l e  m a t e r i  a1 s  t h a t  m i  g h t  be found a t  
a  UF6 p r o d u c t i o n  p l a n t  a r e  l i s t e d  i n  T a b l e  3.1. 

3.4 URANIUM MILLING 

Uran ium mi 11s e x t r a c t  and p a r t i a l l y  r e f i n e  u ran ium f r o m  u ran ium o re ,  and 
t h e  m a t e r i a l  i s  t h e n  p repared  f o r  sh ipment  t o  a  UF6 o r  UOZ f a c i l i t y  f o r  
a d d i t i o n a l  f r o n t - e n d  f u e l  c y c l e  p r o c e s s i n g .  The u ran ium i s  sh $!led 2 j 5 a  s o l i d  

i n  powder form2cj f j l led y e l l o w c a k e ,  wh ich  c o n t a i n s  t h e  i s o t o p e s  U, U, and 

p r e d o m i n a t e l y  U  (Ge f fen ,  198, l ) .  

No s p e c i f i c  m i l l s  were i d e n t i f i e d  by t h e  NRC f o r  i n c l u s i o n  i n  t h i s  s tudy .  
T h e r e f o r e ,  t h i s  r e p o r t  i s  d e r i  ved f r o m  i n f o r m a t i o n  o b t a i n e d  f r o m  Env i  ronmenta l  
Impact  Sta tements  (USAEC, 1974; USNRC, 1977b, 1980) and f r o m  documents d e s c r i  b- 
i n g  r e f e r e n c e  u ran ium m i  11s (Schne ide r  and Kabele,  1979; Schne ider ,  1982).  No 
s i t e  v i s i t s  were conducted,  n o r  was s p e c i f i c  i n f o r m a t i o n  a v a i l a b l e  f r o m  
r a d i  01 o g i  c a l  c o n t i  ngency p l a n s .  



TABLE 3.1. Chemical  and Fue l  M a t e r i a l s  Found a t  UF6 P r o d u c t i o n  P l a n t s  
f \  

hd M a t e r i  a1 D e s c r i p t i o n  

Ammoni a S t o r e d  i n  15,000- t o  25,000-gal  t a n k s  and used t o  p r o v i d e  
r e d u c i n g  gases t o  v a r i o u s  processes.  

Ammonium s u l f a t e  Used t o  p r e t r e a t  impure  feed.  

E t h y l e n e  g l y c o l  May be used t o  c o o l  t h e  c o l d  t r a p s  i n  t h e  c o n d e n s a t i o n  
p rocess .  

F l  u o r s p a r  

F u e l s  

May be used as t h e  bed m a t e r i a l  i n  t h e  f l u i d i z e d  bed 
r e a c t o r s .  

N a t u r a l  gas, f u e l  o i  l , 2 _ 1 i q u i d  p e t  ~ o l e u m  gas (LPG) a r e  
used i n  t h e  p lar ;cs  f o ;  ;ct o r  backup h e a t i n g  and t o  
o p e r a t e  p rocess  6 - i umen t .  N a t u r a l  gas nay be p i p e d  i n  
f r o m  c i t y  1  i nes (5 f u e l  o i l  qnd LPG a r e  u s u a l l y  s t o r e d  
o u t s i d e  i n  t a n k s  1 c l i  -0,000- t o  ?2,000-gal c a p a c i t y .  

H y d r o f  1 u o r i  c  a c i d  S t o r e d  i n  30,000-gal t a n k s  and used as a  f l u i d i z i n g  gas 
and t d  produce f l u o r i d e  f o r  t h e  f l u o r i n a t o r s  i n  t h e  
c o n v e r s i  on p rocess .  

L ime Used t o  t r e a t  l i q u i d  was ic .  

N i t r i c  a c i d  Used t o  d i s s o l v e d  f e e d  i n  t h e  wet p rocess  and s t o r e d  i n  a  
15,000-gal t a n k .  

Po tass ium h y d r o x i d e  Used i n  t h e  s c r u b b i n g  system. 

Sodium c a r b o n a t e  May be used t o  wash empty u ran ium c y l i n d e r s  and used i n  
t h e  u r a n i  urn r e c o v e r y  process.  

Sodi  um h y d r o x i  de Used i n  s c r a p  r e c o v e r y .  

S u l f u r i c  a c i d  May be used i n  chemica l  manu fac tu re  and t o  t r e a t  l i q u i d  
waste.  

3.4.1 Process D e s c r i p t i o n  

3.4.1.1 O p e r a t i o n s  

Ore i s  sh ipped  by t r u c k  f r o m  t h e  mi.nes t o  u ran ium m i  11s. The m a j o r i t y  of 
u ran ium mi 11s use an a c i d  l e a c h  p rocess  t o  e x t r a c t  u ran ium f r o m  t h e  o r e ;  how- 
eve r ,  a  few m i  l l s  use an a1 k a l  i n e  l e a c h  sys tem.  



The mi 11 s  r e c e i v e  t h e  o r e  f r o m  nearby  mines v i a  t r u c k  on a  d a i l y  b a s i s ,  
dnd t h e  o r e  i s  s t o r e d  on pads a w a i t i n g  p r o c e s s i n g .  Most m i l l s  o p e r a t e  on a  
365 d a y l y r  c o n t i n u a l  b a s i s ,  and t h r o u g h p u t  may v a r y  f r o m  1000 t o  2000 t o n s  o f  
o r e  p e r  day, p r o d u c i n g  400 t o  7U00 MT o f  y e l l o w c a k e  p e r  y e a r .  The o r e  i s  f e d  
by conveyor  i n t o  a  b u i l d i n g  where a  c r u s h i n g  and w e t - g r i n d i n g  o p e r a t i o n  i s  
per fo rmed.  I n  an a c i d  l each ,  t h e  s l u r r y  f r o m  t h e  p rocess  i s  t r e a t e d  w i t h  
s u l f u r i c  a c i d  t o  l e a c h  uranium. I n  t h e  a l k a l i n e  system, sodium c a r b o n a t e  i s  
mixed w i t h  sodium c h l o r a t e  and steam i n  l e a c h i n g  t a n k s .  I n  e i t h e r  p rocess ,  t h e  
l e a c h  s o l u t i o n  i s  t h e n  passed t o  a  c o u n t e r - c u r r e n t  d e c a n t a t i o n  o p e r a t i o n  u s i n g  
a  s e r i e s  o f  wash ing t a n k s  where t h e  sand and s l i m e s  a r e  removed and t r a n s f e r r e d  
t o  t h e  t a i  1  i n g s  impoundment. The r e s u l t a n t  c l a r i f i e d  s o l u t i o n  i s  t h e n  u s u a l l y  
passed t o  a  s o l v e n t  e x t r a c t i o n  p rocess  where t h e  u ran ium i s  c o n c e n t r a t e d  and 
p u r i  f i  ed i n  a  s e r i e s  o f  r e a c t o r  and s e t t l  i ng v e s s e l s  u s i n g  k e r o s e n e - c a r r y i  ng  
amine- type o r g a n i c  s o l v e n t s .  The aqueous r a f f i n a t e  f r o m  t h i s  p rocess  i s  t r a n s -  
f e r r e d  t o  t h e  t a i  1  i ngs r e t e n t i  on area.  The concen t  r a t e d  u r a n i  um rernai n i  ng i n  
s o l u t i o n  i s  p r e c i p i t a t e d  as ammonium d i u r a n a t e  by a d d i t i o n  o f  ammonia. The 
p r e c i p i t a t e  i s  c o n c e n t r a t e d  and washed i n  t h i c k e n e r s  and d r i e d  i n  a  d r y e r  a t  up 
t o  120U°F. The d r i e d  c o n c e n t r a t e  i s  t h e n  c rushed  t o  s i z e s  l e s s  t h a n  6 mm and 
packed i n  55-ga l  s t e e l  drums f o r  s t o r a g e  and sh ipment .  

3.4.1.2 Waste D i s p o s a l  

The p r i m a r y  forrns o f  r a d i o a c t i v e  w a s t e ' f r o m  t h e  m i l l i n g  o p e r a t i o n  c o n s i s t  
o f  t h e  s o l i d  and l i q u i d  e f f l u e n t s  f r o m  t h e  d e c a n t a t i o n  c i r c u i t ,  t h e  s o l v e n t  
e x t r a c t i o n  p rocess ,  and t h e  u ran ium p r e c i p i t a t i o n  s tep .  These wastes  a r e  
pumped i n t o  t h e  t a i l i n g s  a r e a  a t  a  r a t e  o f  a p p r o x i m a t e l y  1 t o n  o f  s o l i d  was te  
p e r  t o n  o f  o r e  processed.  The s o l i d s ,  l i q u i d s ,  and s l i m e s  remain  i n  t h e  
t a i l i n g s  pond and a r e  h e l d  i n  p l a c e  by an e a r t h e n  and c l a y  dam. T a i l i n g s  ponds 
may c o v e r  s e v e r a l  hundred a c r e s  and s t a n d  100 t o  200 f t  h i g h .  

A secondary  sou rce  o f  r a d i o a c t i v e  waste  i s  t h e  o r e  d u s t  and y e l l o w c a k e  
d u s t  gene ra ted  t h r o u g h o u t  t h e  m i l l i n g  o p e r a t i o n .  Most  of t h e  y e l l o w c a k e  d u s t  
i s  rernoved by t h e  wet s c r u b b e r  systems i n  t h e  p rocess  b u i l d i n g s .  

Nonrad i  o a c t i  ve wastes c o n s i  s t  o f  mi s c e l  1  aneous s o l  i d s ,  such as chemi c a l  
c o n t a i n e r s ,  ca rdboard  c o n t a i n e r s ,  and o t h e r  paper  t r a s h .  L i q u i d  e f f l u e n t s  
o t h e r  t h a n  t h o s e  d i s c h a r g e d  t o  t h e  t a i l i n g s  area,  a r e  o r g a n i c  s o l u t i o n s  used 
d u r i  ny t h e  s o l  ven t  e x t r a c t i o n  phase and rernoved p e r i o d i c a l  l y .  

3.4.2 F a c i l i t y  D e s c r i p t i o n  

3.4.2.1 B u i l d i n g s  

I n f o r m a t i o n  on t y p i c a l  u ran ium m i l l  o p e r a t i o n s  i s  shown i n  T a b l e  3.2. 

The c r u s h i n g  b u i l d i n g  houses t h e  o r e - c r u s h i n g  d e v i c e s  and has a  f a i r l y  
open i n t e r i o r .  The main m i  11 b u i l d i n g  c o n t a i n s  t h e  g r i n d i n g  and a c i d  l e a c h  
o p e r a t i o n s ,  as w e l l  as t h e  y e l l o w c a k e  d r y i n g  and packag ing  a reas .  The c o u n t e r -  
c u r r e n t  d e c a n t a t i o n  pump house c o n t a i n s  t h e  pumps used t o  t r a n s f e r  s o l u t i o n s  
and s l u r r i e s  t o  and f rom t h e  t h i c k e n e r  t a n k s .  The s o l v e n t  e x t r a c t i o n  b u i l d i n g  
houses t h e  s e t t l  i ng t a n k s  and p r e c i  p i  t a t i  on equipment.  



/'\ 
TABLE 3.2. 

v Area 

C r u s h i n g  

Conveyor 

Ore b i n s  

M i l l  b u i l d i n g  

C o u n t e r - c u r r e n t  
d e c a n t a t i  on 

So l  v e n t  e x t r a c t i o n  
b u i  1  d i  ng 

T h i c k e n e r  t a n k s  

Mai n tenance 

Change house 

O f f  i ces 

I n f o r m a t i o n  on T y p i c a l  U ran i  um M i  11 O p e r a t i o n s  

Dimension,  m  C o n s t r u c t i o n  F e a t u r e  

16 x  12 x  20 S t e e l  I n s u l a t e d  w a l l  s, 
Conc re te  f l o o r  

41 x  9 x  18 S t e e l  

25 x  9 x 26 . S t e e l  

Wood f l o o r  a 

54 x '  42 x 15 S t  ee 1  Conc re te  f l o o r  

40 x  15 x  10 S t e e l ,  c o n c r e t e  Conc re te  f l o o r  

62 x  27 x 13 S t e e l  

34 x  4.3 Wood 

30 x  18 x 8  S t e e l  

30 x 18 x  8 S t e e l  

38 x  15 x  3  S t e e l  

3.4.2.2 Hea t ing ,  V e n t i l a t i n g ,  and A i r  C o n d i t i o n i n g  System 

Dust  f rom c r u s h i n g ,  g r i n d i n g ,  d r y i n g ,  and s t o r a g e  o p e r a t i o n s  i s  c o l l e c t e d  
by wet sc rubbers .  Fumes genera ted  by 1  each i  ng and s o l  vent  e x t r a c t i o n  systems 
may be d i s c h a r g e d  t o  t h e  a i r  w i t h o u t  t r e a t m e n t .  

3.4.2.3 Eng ineered S a f e t y  Systems 

Most p rocess  areas a t  u ran ium m i l l s  have f i r e  a larms and s p r i n k l e r s .  
Water o r  foam s u p p r e s s i o n  i s  s t o r e d  on s i t e  f o r  t h e  f i r e - s u p p r e s s i o n  system. 

S u r r o u n d i n g  Area 

Uranium m i l l s  t e n d  t o  be l o c a t e d  i n  v e r y  r u r a l  a reas w i t h i n  c o n v e n i e n t  
d i s t a n c e s  o f  t h e  u ran ium mines.  Most m i l l s  a r e  l o c a t e d  i n  t h e  w e s t e r n  
U n i t e d  S t a t e s  i n  Wyoming, Co lorado,  Utah, New Mexico, and Texas. No o t h e r  
f a c i l i t i e s  t h a t  m i g h t  pose a  t h r e a t  f r o m  an a c c i d e n t  s t a n d p o i n t  a r e  l o c a t e d  
n e a r  t h e  m i l l s .  

3.4.3 I n v e n t o r y  

3.4.3.1 R a d i o a c t i v e  I n v e n t o r v  

Radi o a c t i  ve i n v e n t o r i e s  a t  u r a n i  um mi 11 s  c o n s i  s t  of 2 3 8 ~  and2 j k s  daugh te r  

p r o d u c t s  ( p r i m a r i l y  t h o r i u m ,  radium, and radon) .  The amounts o f  U  a r e  
sma l l .  



A t y p i c a l  mi 11 w i l l  process  1000 t o  2000 t o n s  o f  o r e  p e r  day c o n t a i n i n g  
a p p r o x i m a t e l y  0.2% o f  U  O8 p e r  t o n ,  o r  2 t o n s  o f  U308/day. Assuming an 
a c t i v i t y  l e v e l  o f  515 l~ 8 i p e r  t o n  o f  ore,  and c o n t j g g o u s  t u r n o v e r  o f  t h e  ore,  
2000 t o n s  o f  o r e  r e p r e s e n t s  a p p r o x i m a t e l y  1 C i  o f  U t h r o u g h p u t  p e r  day. 
Assuming f u r t h e r  t h a t  95% o f  t h e  u ran ium i s  recove red  as ye l l owcake ,  r o u g h l y  
3.8 t o n s  o f  y e l l o w c a k e  a r e  produced p e r  day f o r  a  2000-ton t h r o u g h p u t  o f  o re .  
Because as much as 200 t o n s  o f  y e l l o w c a k e  may be s t o r e d  p r i o r  t o  shipment,  
t o t a l '  a c t i v i t y  i n  s t o r e d  U308 may be 5  C i  . 

A c o n s e r v a t i v e  e s t i m a t e  o f  r a d i o a c t i  v i  t y  l e v e l s  i n  t h e  t a i  1  i ngs pond area 
wou ld  be as f o l l o w s :  

A t y p i c a l  t a i l i n g s  p i l e  m i g h t  c o n t a i n  r o u g h l y  1.5 x l o 7  t o n s  o f  t a i l i n g s ,  
y i e l d i n g  t h e  f o l l o w i n g  l e v e l s  o f  a c t i v i t y :  

5700 C i .  

3.4.3.2 Hazardous and Combus t ib le  I n v e n t o r y  

P o t e n t i a l l y  hazardous m a t e r i a l s  used d u r i n g  t h e  u ran ium o r e  p rocess  s t e p s  
a r e  shown i n  T a b l e  3.3. 

M i s c e l l a n e o u s  c o m b u s t i b l e s  wou ld  i n c l u d e  paper,  cardboard ,  and wooden 
f u r n i t u r e .  The a c i d  l e a c h  t a n k s  ( s i x  1 8 - f t - d i a m  x  1 8 - f t - h i g h  t a n k s )  may be 
c o n s t r u c t e d  o f  wood, as w e l l  as t h e  c l a r i f i e r  t a n k  ( 6 5 - f t  d iam)  and t h e  
t h i c k e n e r  t a n k s  ( f i v e  1 0 5 - f t - d i a m  x  1 7 - f t - h i  gh t a n k s ) .  

Propane ( o r  n a t u r a l  gas)  i s  used t o  genera te  p rocess  heat .  The u ran ium 
p r e c i p i t a t e  d r y e r s  use propane o r  n a t u r a l  gas a l s o  and may c o n t a i n  1600 l b  o r  
more ye1 1  owcake a t  any one t i  me. 

Emergency power i s  f r e q u e n t l y  p r o v i d e d  by a  d i e s e l  g e n e r a t o r  u s i n g  f u e l  
o i l  s t o r e d  i n  an underground t a n k  (3000 g a l  ). A d d i t i o n a l l y ,  t h e  f u e l  o i l  may 
be burned i n  steam b o i l e r s  t o  p r o v i d e  b u i l d i n g  h e a t  and /o r  h o t  w a t e r  used i n  
v a r i o u s  s tages  o f  t h e  o r e  p r o c e s s i n g .  



TABLE 3.3. M a t e r i a l s  Used i n  Uranium Ore P r o c e s s i n g  

M a t e r i  a1 Q u a n t i t y  

Ami nes ( o r g a n i  c s )  

Ammoni um s u l f a t e  

Anhydrous ammonia 

Fue l  o i l  

Kerosene 

L i q u i d  g l u e  

Organ ics  s t o r a g e  

P o l y m e r i c  f 1  o c c u l  a n t s  

Propane ( n a t u r a l  gas) 

Sodi  um c h l  o r a t e  

S u l f u r i c  a c i d  

62 l b l d a y  

250 l b / d a y  

10,000 1  b l d a y  

3000 g a l  i n  s t o r a g e  

170,000 g a l l d a y  

320 g a l l d a y  

217,000 g a l l s t o r a g e  t a n k s  

6  I b l d a y  

q u a n t i t y  unknown 

2000 1  b/day 

2600 g a l l d a y  

3.5 PLUTONIUM CONTAMINATED FACILITIES 

The p l u t o n i u m  con tamina ted  f a c i l i t i e s  a r e  p l a n t s  f o r m e r l y  used as mixed 
o x i d e  o r  rnixed c a r b i d e  f u e l  f a b r i c a t i o n  p l a n t s ,  wh ich  a r e  now b e i n g  decon- 
t a m i  n a t e d  and decommi s s i  oned. 

F o u r  p l a n t s  a r e  used t o  c h a r a c t e r i z e  t h i s  t y p e  of f a c i l i t y :  

1. Babcock and W i  l c o x  P l u t o n i u m  F a c i  1  i t y ,  Parks Township, P e n n s y l v a n i a  
2. Genera l  E l e c t r i c  Nuc lea r  Cen te r ,  Val  l e c i  t o s ,  C a l i f o r n i a  
3. Kerr-McGee P l u t o n i u m  F u e l  P l a n t ,  C imarron,  Oklahoma 
4. West inghouse P l u t o n i u m  Fue l  Development L a b o r a t o r y ,  Cheswick, 

Pennsy l  van i  a. 

3.5.1 Process D e s c r i p t i o n  

3.5.1.1 O p e r a t i o n  

D u r i n g  p l a n t  o p e r a t i o n ,  t h e  f a c i l i t i e s  made mixed o x i d e  o r  mixed c a r b i d e  
f u e l  u s i n g  t h e  p rocess  d i s c u s s e d  below. . 

B l e n d i n g  was done by mi x i  ng  Pu02 and Uo2 powders, o r  m i x i n g  Pu02, U02, and 
C powders i n  a  r e d u c i n g  atmosphere i n  h i g h  t e m p e r a t u r e s  and m i l l i n g  t h e  
r e s u l t a n t  p r o d u c t ,  o r  m i x i n g  p l u t o n i u m  and u ran ium n i t r a t e  s o l u t i o n s  and 
c o p r e c i p i t a t i n g  t h e  m i x t u r e  f r o m  s o l u t i o n  w i t h  t h e  a d d i t i o n  o f  ammonia and 
d r y i n g  and c a l c i n i n g  t h e  p r e c i p i t a t e  t o  fo rm mixed o x i d e .  The powder was t h e n  
compacted, broken i n t o  g r a n u l e s ,  p ressed  i n t o  p e l l e t s ,  and s i n t e r e d  i n  a  
r e d u c i n g  atmosphere. S i n t e r e d  p e l  l e t s  were ground t o  a  s p e c i f i e d  s i z e  i n  a  
c e n t e r l e s s  g r i n d e r  and loaded  i n t o  tubes .  



3.5.1.2 Scrap Recovery n 

Scrap r e c o v e r y  o p e r a t i o n s  i n v o l v e d  s o l v e n t  e x t r a c t i o n  and /o r  i o n  exchange 
systems. Scrap was d i s s o l v e d  i n  n i t r i c  a c i d ;  u ran ium and p l u t o n i u m  were 

w 
s e p a r a t e d  o u t  o n t o  t h e  o r g a n i c  s o l  v e n t  o r  r e s i n ;  t h e n  u ran ium and p l u t o n i u m  
were recove red  f r o m  t h e  o r g a n i c  s t a t e  and c o n v e r t e d  t o  a  u s a b l e  form. 

D u r i n g  d e c o n t a m i n a t i o n ,  p rocess  equipment i s  t a k e n  a p a r t ,  c leaned,  and 
p repa red  f o r  sh ipment  t o  a  l i c e n s e d  b u r i a l  s i t e .  

3.5.2 F a c i l i t y  D e s c r i p t i o n  

3.5.2.1 B u i l d i n g s  

P l u t o n i u m  con tamina ted  f a c i l i t i e s  a r e  l o c a t e d  on 60- t o  o v e r  1000-acre  
s i t e s  o f  wh ich  about  60 a c r e s  i s  used t o  house p roces2  b u i l d i n g s .  The f a b r i c a -  
t i o n  p l a n t  i t s e l f  may range f rom 10,000 t o  100,000 f t  i n  f l o o r  space. 
O p e r a t i o n s  a r e  u s u a l l y  l o c a t e d  on t h e  ground f l o o r ,  a l t h o u g h  a  basement may 
a l s o  c o n t a i n  r a d i o a c t i v e  m a t e r i a l .  I f  t h e  f a c i l i t y  has a  second f l o o r ,  i t  i s  
u s u a l  l y  used f o r  h e a t i n g ,  v e n t i  1  a t i  ng, and a i r  c o n d i t i o n i n g  (HVAC) equ ipment .  

2  
I n d i v i d u a l  room s i z e s  range f rom 200 t o  3500 ft i n  a rea  w i t h  c e i  1 i n g  

h e i g h t s  o f  12  t o  o v e r  30 f e e t .  O p e r a t i o n s  a r e  c o n t a i n e d  w i t h i n  g l o v e  boxes. 
An average room has about  1400 f t  w i t h  17 g l o v e  boxes. 

C o n s t r u c t i o n  m a t e r i a l s  a r e  g e n e r a l l y  c o n c r e t e  and s t e e l .  The basement, i f  
p r o v i d e d ,  i s  r e i n f o r c e d  c o n c r e t e  l i k e  t h e  f l o o r  s l a b s .  W a l l s  a r e  u s u a l l y  
r e i n f o r c e d  c o n c r e t e  b l o c k ,  a l t h o u g h  one of t h e  p l a n t s  has c o r r u g a t e d  s t e e l  
s i d i n g  e x t e r i o r  w a l l s  and cement p l a s t e r  i n t e r i o r  w a l l s  w i t h  s t e e l  s tuds .  The 
r o o f  may be rnetal d e c k i n g  s u p p o r t e d  by s t r u c t u r a l  s t e e l  columns, o r  s t e e l  
d e c k i n g  w i t h  c o n c r e t e  s l a b .  

P l a n t s  may c o n t a i n  a  v a u l t  and /o r  a  h o t  c e l l  a rea ,  wh ich  a r e  b u i  1  t o f  much 
more s u b s t a n t i a l  c o n s t r u c t i o n  t h a n  t h e  r e s t  o f  t h e  p l a n t .  Hot  c e l l s  may have 
2-  t o  3 - f t - t h i c k  h i g h - d e n s i t y  c o n c r e t e  w a l l s .  

3.5.2.2 H e a t i n g ,  V e n t i l a t i n g ,  and A i r  C o n d i t i o n i n g  Systems 

P l u t o n i u m  c o n t a m i n a t e d  f a c i l i t i e s  use f rom one t o  t h r e e  s tages  o f  HEPA 
f i l t e r s  t o  f i l t e r  exhaus t  a i r .  A i r f l o w  i s  a lways  t o w a r d  areas  o f  g r e a t e r  
p o t e n t i  a1 contami n a t i o n  and g l o v e  boxes a r e  g e n e r a l  l y  k e p t  a t  n e g a t i  ve p r e s s u r e  
w i t h  r e s p e c t  t o  t h e  room. Room a i r  may be r e c y c l e d .  

3.5.2.3 Eng inee red  S a f e t y  Systems 

P l  u t o n i  um con tamina ted  p l a n t s  have a u t o m a t i c  fi r e  d e t e c t i o n  systems t h a t  
a l a r m  a t  v a r i o u s  l o c a t i o n s  i n  t h e  p l a n t .  Manual d r y  chemica l  f i r e  e x t i n -  
g u i s h e r s  a r e  p r o v i d e d  i n  most l o c a t i o n s .  Some areas  may have a u t o m a t i c  d r y  
chemica l  e x t i  n g u i  s h i  ng systems o r  a u t o m a t i c  s p r i n k l e r s .  Backup power i s  
p r o v i d e d  as we1 1  as redundant  v e n t i l a t i o n  systems t o  p r o t e c t  t h e  f i n a l  f i l t e r s  
f r o m  f i r e .  

n 



3.5.2.4 S u r r o u n d i n g  Area 

Most p l u t o n i u m  con tamina ted  f a c i l i t i e s  a r e  l o c a t e d  i n  r u r a l  a reas o u t s i d e  
o f  sma l l  towns.  The Kerr-McGee p l a n t  i s  i n  an o i l - p r o d u c i n g  area;  t h e  
West inghouse p l a n t  has s e v e r a l  gas s t a t i o n s  l o c a t e d  nearby.  O the r  t h a n  t h a t ,  
no p o t e n t i a l  a c c i d e n t  impac ts  a r e  seen on t h e  p l a n t s  f r o m  t h e i r  s u r r o u n d i n y s .  

3.5.3 I n v e n t o r y  

3.5.3.1 R a d i o a c t i v e  I n v e n t o r y  

Mixed o x i d e  f u e l  p l a n t s  may have had f rom 5  t o  100 kg o f  p l u t o n i  um and 
[n ixed o x i d e  i n  j eopardy  d u r i n g  p l a n t  o p e r a t i o n s .  However, ve ry  l i t t l e  remains  
a f t e r  decontami n a t i o n .  

To p r o v i d e  a  r e f e r e n c e  p o i n t  f o r  t h e  source te rm,  f a c i l i t i e s  a r e  assumed 
t o  have been empt ied  of  t h e i r  i n v e n t o r y  and i n i t i a l l y  c leaned  so t h a t  o n l y  
g round- i  n  c o n t a m i n a t i o n  o f  g l o v e  boxes, b u i  1  d i  ng s u r f a c e s ,  and ductwork  
remains.  Heasurelnent o f  m  ximum r e s i d u a l  g r o y n d - i n  c o n t a m i n a t i o n  a t  a  f u e l  E! 
c y c l e  f a c i l i t y  was 5  x  10- g  o f  p lu ton ium/cm (Mishima and Ayer,  1981).  
Because o f  u n c e r t a i n t y  about  t h e 2 1 e v e l  o f  contain i  n a t i o n  as a  c o n s e r v a t i  ve 
va lue ,  1 x  10- g  o f  p lu ton ium/m was used t o  e s t i m a t e  g round- in  c o n t a m i n a t i o n  
(Mishima and Ayer ,  1981).  T h i s  v a l u e  has been s e l e c t e d  f o r  use he re .  

P l a n t s  c o n t a i n  f r o m  50 t o  80 g l o v e  boxes. A t  an average,  g l o v e  box s i z e  
of  7 f t  x  3 f t ,  t o t a l  c o j t a m i n a t e d  areas i n  t h e  p l a n t s  ( i n s i d e  o f  g l o v e  boxes)  
ranges frorn 57U t o  760 m . T h e r e f o r e ,  about  47 t o  76 Ing o f  p l u t o n i u m  a r e  
p r e s e n t  as m a t e r i a l s  a t  r i s k  i n  t h e  f a c i l i t y .  

3.5.3.2 Hazardous and Combus t ib le  I n v e n t o r y  

D u r i n g  p l a n t  o p e r a t i o n s ,  chemica ls  such as n i t r i c  a c i d ,  ammoni a, acetone,  
h y d r a u l i c  f l u i d ,  t r i  b u t y l  phosphate,  and o r g a n i c  s o l  ven ts  were used f o r  v a r i o u s  
processes.  Reduci ng  gases, commonly hydrogen,  were r e q u i  r e d  f o r  s i  n t e r i  ng  and 
c a l  c i  n i  ng s teps .  

S i x  b a s i c  groups o f  c o m b u s t i b l e  m a t e r i a l s  were cornrnonly used i n  mixed 
o x i d e  (MOX)  p l a n t s .  An e s t i m a t e  was made o f  t h e  q u a n t i t y  o f  each t y p e  o f  
m a t e r i a l  based on t h e  number o f  g l o v e  boxes and g l o v e  box c o n s t r u c t i o n  and 
use. T a b l e  3.4 l i s t s  t h e s e  m a t e r i a l s  a l o n g  w i t h  t h e i r  use and t h e  range o f  
q u a n t i t i e s  found. 

D u r i n g  d e c o n t a m i n a t i o n  and decommiss ion ing o p e r a t i o n s ,  t h e  p l a n t s  may 
c o n t a i n  more c e l l u l o s i c s  and some s o l  v e n t s  for-  c l e a n i n g .  A f t e r  decontarni na- 
t i o n ,  o n l y  t h e  g l o v e  boxes themselves  a r e -  assumed t o  be l e f t .  V i e w i n g  windows, 
rubber  gaske t ing ,  and p l a s t i c  c o v e r s - r e m a i n .  



TABLE 3.4. T y p i c a l  Combus t ib les  i n  Mixed Oxide P l a n t s  

Ma ten i  a1 Form Q u a n t i t y ,  l b  
Q 

C e l l  u l  o s i  cs  Papers,  rags ,  w ipes 1600 - 2250 

E l a s t o m e r s  Rubber g loves ,  gaske ts  900 - 12,175 

H y d r a u l i c  f l u i d  L u b r i  c a n t s  16 - 70 

Po lymethy l  m e t h a c r y l  a t e  Glove box v i  ewi ng w i  ndows 4800 - 6900 

P o l y s t y r e n e  I o n  exchange r e s i n  50 - 225 

P o l y v i  n y l  c h l o r i d e  Wrappi ng, bagg i  ng, c o v e r s  650 - 920 

RADIOPHARMACEUTICAL MANUFACTURING 

R a d i o p h a r m a c e u t i c a l  m a n u f a c t u r i n g  p l a n t s  produce r a d i o n u c l i d e  l a b e l e d  
compounds f o r  med ica l  d i a g n o s t i c s  and t r a c e r s .  They can produce many o r  o n l y  a  
few i s o t o p e s .  Four  r a d i o p h a r m a c e u t i c a l  m a n u f a c t u r i n g  f a c i l i t i e s  were 
i n v e s t i g a t e d  i n  t h i s  s t u d y :  

1. A b b o t t  L a b o r a t o r y ,  N o r t h  Chicago,  I l l i n o i s  
2. New England N u c l e a r  (NEN), Boston,  Massachuset ts  
3. New Eng land N u c l e a r  (NEN) , N o r t h  B i  11 e r i  c a y  Massachuset ts  
4. E. R .  Squ ibb and Sons, New Brunswick ,  New J e r s e y .  

Each s i t e  was v i s i t e d  d u r i n g  t h i s  i n v e s t i g a t i o n .  

3.6.1 Process D e s c r i p t i o n  

3.6.1.1 O p e r a t i o n  

A l l  f o u r  p l a n t s  l a b e l  o r g a n i c  compounds w i t h  r a d i o i s o t o p e s  f o r  use by 
h o s p i t a l s  and resea  k f i l i t i e s  f o r  p a t i e n t  d i a g n o s i s  and t r e a t m e n t .  Two 
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p l a n t s  manufac ture  Mo/ Tc g e n e r a t o r s  ( N E N - B i l l e r i c a  and Squ ibb )  and two 
p e r f o r m  r a d i  o i  o d i  n a t i o n  (Squ i  bb and A b b o t t )  o f  d i a g n o s t i c  substances.  A t  
p r e s e n t ,  t h e  o n l y  work a t  t h e  A b b o t t  f a c i l i t y  i s  r a d i o i o d i n a t i o n .  Squ ibb 
p r o d u c t i o n  i s  about  equa l  l y  d i v i d e d  between r a d i o i o d i  n a t i o n  and g e n e r a t o r  
p r o d u c t i o n .  B o t h  NEN s i t e s  a r e  i n v o l v e d  w i t h  a  v a r i e t y  o f  p rocesses.  

A t  t h e  NEN-Boston s i t e ,  3 ~ ,  14c, 3 2 ~ ,  and 3 5 ~  c o n s t i t u t e  t k c b u 3 $  o f  
35otopes hand led;  i t  i s  t h e  o n l y  f a ~ i l i t y  o f  t h e  f o u r  h a n d l i n g  , P, and 

S. Large q u a n t i t i e s  o f  t r i t i u m ,  H, a r e  a l s o  hand led a t  t h i s  s i t e .  Produc- 
t i o n ,  p r e c u r s o r ,  and s y n t h e s i s  l a b s  f o r  t r i t i u m  p r o d u c t s  r e p r e s e n t  a  s i z a b l e  
p o r t i o n  o f  t h e  o p e r a t i o n .  i g 3 a d d i b j o n  t o  ger)6fators, B i l l e r i c a  produces 
p h a r m a c e u t i c a l s  c o n t a i n i n g  Xe, Ga, and T I .  B i l l e r i c a  a l s o  o p e r a t e s  a  
sou rce  d i v i s i o n ,  wh ich  hand les  a  v a r i e t y  o f  i s o t o p e s ,  many produced by t h e i r  
own c y c l o t r o n s  . 



L a b e l i n g  o r g a n i c  p r o d u c t s  i s  u s u a l l y  a  wet c h e m i s t r y  p rocess  conducted i n  @ fume hoods o r  g l o v e  boxes. A b b o t t  and Squ ibb have sma l l  l a b o r a t o r i e s  c o n t a i n -  
i n g  one o r  two hoods o r  g l o v e  boxes f o r  l a b e l i n g  o p e r a t i o n s .  New Eng land 
Nuc lea r  uses l a r g e  areas c o n t a i n i n g  many hoods and g l o v e  boxes. Packag ing and 
s h i p p i n g  i s  g e n e r a l l y  an assembly l i n e  o p e r a t i o n  a t  a1 1  s i t e s  e x c e p t  A b b o t t ,  
whose sma l l  s i z e  p r e c l u d e s  t h i s  approach.  A l l  o f  t h e  p l a n t s  have q u a l i t y  
c o n t r o l  1  abs. 

Genera to rs  a r e  g ~ o d u c e d  i n  an assembly l i n e  t y p e  o f  o p e r a t i o n .  B i l l e r i c a  
and Squ ibb l o a d  t h e  Mo g e n e r a t o r s  i n  a  remote c e l l .  Genera to rs  a r e  t r a n s -  
f e r r e d  by conveyors .  

R a d i o p h a r ~ n a c e u t i c a l  m a n u f a c t u r e r s  can purchase i s o t o p e s  f r o m  vendors.  A t  
a1 1  s i t e s ,  r a d i  o a c t i  ve m a t e r i  a1 s  a r r i  ve by t r u c k  t o  a  warehouse/ l  oad i  ng dock 
t y p e  area.  The l a r g e s t  c o n c e n t r a t i o n  o f  a c t i v i t y  i n  t h e s e  areas i s  u s u a l l y  on 
r e c e i v i n g  days, wh ich  may be one t o  t h r e e  t i m e s  a  week. A t  B i l l e r i c a  and 
Squ ibb sh ipments  l e a v e  t h r o u g h  t h i s  area.  

C u r i e  amounts o f  i s o t o p e s  may be r e c e i v e d  i n  b u l k  sh ipments  and a r e  
d i spensed  f o r  p r o d u c t i o n .  The r a d i o p h a r m a c e u t i c a l s  produced by t h e s e  p l a n t s  
a r e  g e n e r a l l y  i n  t h e  m i c r o c u r i e  t o  m i  l l i c u r i e  range.  Genera to rs  may each 
c o n t a i n  a  maximum o f  about  2 C i .  

3.6.1.2 Waste D i s p o s a l  

A l l  s i t e s  produce s i m i l a r  waste  p r o d u c t s ,  a l t h o u g h  b o t h  q u a n t i t i e s  and 
a c t i v i t y  l e v e l s  o f  wastes vary .  Lab t r a s h - - p a p e r ,  g lassware,  and c l o t h i n g - - i  s  
a  colnmon waste  form. R e j e c t e d  p r o d u c t s ,  g e n e r a t o r s ,  and v i  a1 s  o f  compounds, 
f o r  example, a r e  d i s p o s e d  o f  as r a d i o a c t i v e  waste. L i q u i d  waste  can be 
s o l i d i f i e d  and drummed ( N E N )  o r  h e l d  f o r  decay and d i s c h a r g e  a f t e r  s l u d g e  
removal (Squ i  bb and A b b o t t ) .  New Eng land Nuc lea r -Bos ton  s h i p s  i t s  waste  t o  
B i l l e r i c a .  The o t h e r  t h r e e  f a c i l i t i e s  have s e p a r a t e  waste  warehouse areas.  
F o r k 1  i f t s  f u e l e d  by LPG o r  e l e c t r i c i t y  can be used t o  move drums. 

3.6.2 F a c i l i t y  D e s c r i p t i o n  

B u i l d i n g s  

F a c i  1 i t i  es u s u a l  l y  have b u i  1  d i  ngs spec i  f i  c a l  l y  d e s i  gned f o r  r a d i  opharma- 
c e u t i c a l  o p e r a t i o n s .  Concre te ,  c o n c r e t e  b l o c k ,  b r i c k ,  and s t e e l  a r e  used i n  
c o n s t r u c t i o n .  R a d i o a c t i v e  a reas  a r e  i s o l a t e d  f rom n o n r a d i o a c t i v e  a reas  and 
b u i l d i n g s  can be i s o l a t e d  t o  m i n i m i z e  t h e  r i s k  o f  s p r e a d i n g  c o n t a m i n a t i o n .  
However, t h e  NEN-Boston p r o d u c t i o n  b u i l d i n g  i s  a  c o n v e r t e d  wood and b r i c k  
warehouse t h a t  was c o n s t r u c t e d  abou t  1890. T h i s  b u i l d i n g  i s  a d j a c e n t  t o  
a n o t h e r  p r o d u c t i o n  b u i l d i n g  des igned  f o r  hand1 i ng r a d i o a c t i v i t y ,  and because 
t h e y  a r e  c l o s e ,  a  m a j o r  f i r e  i n  one c o u l d  spread q u i c k l y  t o  t h e  o t h e r .  

Waste warehouses a s s o c i a t e d  w i t h  t h e s e  f a c i l i t i e s  a r e  c o n c r e t e  and s t e e l  
b u i l d i n g s  w i t h  c o n c r e t e  f l o o r s .  



3.6.2.2 Heating,,  V e n t i l a t i n g ,  and A i r  C o n d i t i o n i n g  Systems 9 
A1 1  s i t e s  have c e n t r a l  h e a t i n g  and a i  r c o n d i t i o n i n g .  H i  g h - e f f i c i e n c y  

p a r t i c u l a t e  a i r  and c h a r c o a l  f i l t e r s  a r e  commonly used f o r  a i r  c l e a n i n g .  
Ductwork  i s  sheet  me ta l  e x c e p t  a t  NEN-Boston, wh ich  has some p o l y v i n y l  c h l o r i d e  
(PVC) d u c t i n g .  Warehouse areas  a r e  u s u a l l y  hea ted  w i t h  gas o r  e l e c t r i c  space 
h e a t e r s .  

Eng inee red  S a f e t y  Systems 

S p r i n k l e r s ,  f i  r e  a la rms,  exhaus t  a i  r m o n i t o r s ,  and r a d i a t i o n  d e t e c t o r s  a r e  
used a t  a l l  t h e  f a c i l i t i e s .  C o n s t r u c t i o n  m a t e r i a l s  a t  t h e  B i l l e r i c a ,  Squ ibb,  
and A b b o t t  b u i  l d i  ngs promote  f i  r e  supp ress ion .  

3.6.2.4 S u r r o u n d i n g s  

New Eng land Nuc lea r -Bos ton  i s  l o c a t e d  i n  downtown South  Boston i n  a  
commercial d i s t r i c t .  The o t h e r  s i t e s  a r e  i n  r u r a l  o r  s p a r s e l y  p o p u l a t e d  
r e s i d e n t i a l  a reas .  Squi  bb and A b b o t t  r a d i o p h a r m a c e u t i c a l  l a b s  a r e  a  s m a l l  p a r t  
o f  l a r g e r  f a c i  1  i t i e s .  

3.6.3 I n v e n t o r y  

3.6.3.1 R a d i o a c t i v e  I n v e n t o y  

T a b l e  3.5 l i s t s  t h e  l i c e n s e  i n v e n t o r y  range o f  some o f  t h e  more s i g n i f i -  
c a n t  i s o t o p e s  found  a t  r a d i o p h a r m a c e u t i c a l  m a n u f a c t u r e r s .  

O f  t h e  f o u r  p l a n t s ,  b o t h  NEN f a c i l i t i e s  h a n d l e  by f a r  t h e  g g e a t e s t  l e v e l s  
o f  a c t i v i t y .  The l a r g e s t  ~ e r m i s ~ i b l ~ ~ f c t i v i t y  l e v e l  i s  1.0 x 10  C i  o f  t r i t i u m  
a t  YEN. A b b o t t ' s  l i m i t  of 75 C i  of I i s  one o f  t h e  s m a l l e r  h o l d i n g s .  

A1 though  a1 1  t h e  1  i censes perrni t p o s s e s s i o n  o f  i so topes  w i t h  atorni c  
numbers i n  t h e  range o f  3  t o  83, o n l y  NEN possesses a  w ide  varietyylg!d t h e s e  
a r e  p r i m a r i l y  a13 the  sou e  d '  i s i o n  a t  B i l l e r i c a .  A b b o t t  h a n d l e s  I o n l y ;  
Squ ibb hand les  I and '5Mo/4gmTc o n l y .  

Washe i n v e n t o r i e s  range f r o m  1 t o  10 C i  a t  a1 1  s i t e s  e x c e p t  B i  1  l e r i c a  
where 10 C i  o f  t r i t i u m  waste  may be s t o r e d .  

3.6.3.2 Hazardous and Combus t i b le  I n v e n t o r y  

O r g a n i c  c h e m i s t r y  o p e r a t i o n s  r e q u i  r e  t h e  use o f  hazardous cornbusti  b l e  . 

1  i q u i d  s o l  ven ts .  A1 1  f a c i  1- i  t i e s  use t h e s e  m a t e r i a l s ,  a l t h o u g h  a g a i n  t h e  amount 
on hand v a r i e s  w i t h  t h e  s i z e  o f  t h e  o p e r a t i o n .  S o l v e n t s  and o t h e r  c h e m i c a l s  
a r e  g e n e r a l l y  s t o r e d  i n  g l a s s  b o t t l e s  w i t h  a  c a p a c i t y  o f  1 ga l  o r  l e s s .  

Lab paper,  ca rdboard  s h i p p i n g  c o n t a i n e r s ,  p l a s t i c  c o n t a i n e r s ,  PVC p i p i n g ,  
a c o u s t i c  t i l e s ,  and s i m i l a r  m a t e r i a l s  a r e  found  a t  a l l  s i t e s .  G love boxes can 



TABLE 3.5. 

Carbon 

Cesi  urn 

Chromi urn 

Hydrogen 

Go1 d  

I o d i n e  

I r o n  

K r y p t o n  

Molybdenum 

N i c k e l  

Phosphorous 

S e l e n i  urn 

S t r o n t i  um 

S u l f u r  

Xenon 

S i  gn i  f i c a n t  I n v e n t o r i e s  o f  I s o t o p e s  L i censed  
f o r  Radi opharmaceut i  c a l  M a n u f a c t u r e r s  

I n v e n t o r y  o r  
I s o t o p e  P o s s i b l e  Form Range, C i  

2 4 1 ~ r n  Sealed source 350 

4~ Gas, l a b e l e d  ba r ium 500 
ca rbona te ,  l a b  t r a s h  

13'cs Lab t r a s h ,  HC1 1 t o  5 U O  
s o l u t i o n  

5 1 ~ r  HCI s o l u t i o n  0.001 t o  100 

3~ Gas i n  c y l i n d e r s  10 to  1 l o 5  

l g 8 ~ u  HCl - HN03 s o l u t i o n  200 

1251 
1311 

Lab t r a s h ,  NaI 2  t o  100 
Lab t r a s h ,  l i q u i d  10 t o  150 

5~ e  HC1 s o l u t i o n  2UO 

8 5 ~ r  Gas . 1 l o 4  

99~10 Genera to r ,  NH40H 2  l o 3  
s o l  u t i  on 

63~ i  S o l i d ,  HC1 s o l u t i o n  1 x l o 3  

3 2 ~  H3P04, l a b  t r a s h  50 t o  500 

7 5 ~ e  HC1 s o l u t i o n  5 t o  100 

9 0 ~ r  S o l i d ,  encapsu la ted ,  100 t o  5U0 
HC.1' s o l u t i o n  

3 5 ~  H2S04, s o d i  urn 100 to 1 l o 3  
s u l f a t e ,  e lemen ta l  
s u l f u r ,  i n  benzene 

1 3 3 ~ e  Gas i n  v i a l s  1 l o 3  



be P l e x i g l a s s @ ,  as used a t  NEN. Some o r  a l l  o f  t h e  f o l l o w i n g  combus t ib les  a r e  
used a t  a l l  b u t  t h e  A b b o t t  l a b :  oxygen, hydrogen, propane, and n a t u r a l  gas. 

B i l l e r i c a  has a  sma l l  s u r f a c e  t a n k  f a r m  f o r  s t o r i n g  d i e s e l  and g a s o l i n e  
f u e l  f o r  v e h i c l e s .  Squ ibb and NEN-Boston have underground d i e s e l  f u e l  t a n k s  t o  
s t o r e  f u e l  f o r  emergency genera to rs .  

3.7 RADIOPHARMACY 

Kadi  opharmaci es r e c e i  ve r a d i  opharmaceut i  c a l  s  and d i  s t  r i  b u t e  them f o r  use 
by h o s p i t a l s  and medi c a l  r e s e a r c h  f a c i  1  i t i e s .  They a r e  n o t  p r o d u c t i o n  f a c i  1  i - 
t i e s  and t h u s  do m in ima l  h a n d l i n g  of t h e  i s o t o p e s .  A h o s p i t a l  w i l l  e i t h e r  have 
i t s  own radiopharmacy o r ,  as i s  becoming common i n  l a r g e  m e t r o p o l i t a n  areas,  
o r d e r  r a d i  opharmaceut i  c a l  s  f rom one o r  more p r i  v a t e  r a d i  opharmacy f i  rms s e r v i  ng 
as c e n t r a l  d i s t r i b u t i o n  p o i n t s  f o r  a l l  h o s p i t a l s  and r e s e a r c h  f a c i  l i t i e s  i n  t h e  
area.  I n  t h e  l a t t e r  case, c e n t r a l i z i n g  t h e  f i r m s  i n c r e a s e s  t h e  t r a n s p o r t a t i o n  
requ i remen ts  because a  s i n g l e  f i r m  s e r v i n g  a  number o f  c l i e n t s  must p r o v i d e  f o r  
d i  s t r i  b u t i  on o f  t h e  r e q u i  r e d  m a t e r i  a1 . 

I n f o r m a t i o n  i n  t h i s  s e c t i o n  was t a k e n  f r o m  t h e  Ohio  S t a t e  U n i v e r s i t y  
R a d i o l o g i c a l  Con t ingency  P lan  f o r  i t s  h o s p i t a l  and n u c l e a r  pharmacy, and f r o m  a  
s i t e  v i s i t  t o  a  p r i v a t e  radiopharmacy i n  S e a t t l e ,  Washington. Data  on r a d i o -  
a c t i v e  i n v e n t o r i e s  were deve loped f r o m  a  number o f  NRC l i c e n s e s  f o r  p r i v a t e  
r a d i  opharmaci es. 

3.7.1 Process D e s c r i p t i o n  

O p e r a t i  on 

A r a d i  opharmacy r e c e i  ves sh ipments  o f  r a d i  opharmaceut i  c a l  s  f r o m  vendors 
e i t h e r  i n  b u l k  q u a n t i t i e s  o r  as prepackaged d i a g n o s t i c  k i t s .  I n  t h e  l a t t e r  
case, t h e  pharmacy m e r e l y  h o l d s  t h e  t e r '  1  u n t i l  i t  i s  r e q u i r e d  f o r  use by 
t h e  h o s p i t a l .  B u l k  m a t e r i a l  can be " M o / ~ ' ~ T c  g e n e r a t o r s .  The r a d i  opharmacy 
p r e p a r e s  i n d i v i d u a l  doses by l o a d i n g  t h e  r e q u i r e d  a c t i v i t y  i n t o  a  s y r i n g e ,  a  
p rocess  u s u a l l y  conducted i n  a  fume hood. If o t h e r  b u l k  m a t e r i a l s  a r e  hand led  
(e.g., i o d i n e - l a b e l e d  compounds), t h e y  may be d i spensed  i n  g l o v e  boxes. A f t e r  
i n d i v i d u a l  doses a r e  prepared,  t h e y  a r e  t r a n s p o r t e d  e l  sewhere f o r  use. 

3.7.1.2 Waste D i s p o s a l  

Waste genera ted  a t  a  rad iopharmacy can i n c l u d e  used g e n e r a t o r s  and s t o r a g e  
packs and m i s c e l l a n e o u s  1  a b o r a t o r y  equ i  pment such as paper,  g lassware,  and used 
s y r i n g e s .  These m a t e r i a l s  a r e  c o l l e c t e d  i n  a c e n t r a l  a rea  and h e l d  f o r  s h i p -  
ment t o  a d i s p o s a l  s i t e  o r  s t o r e d  u n t i l  decayed s u f f i c i e n t l y  f o r  d i s p o s a l  w i t h  
n o n r a d i o a c t i v e  m a t e r i a l s .  M a t e r i a l  can be uncon ta ined  ( g e n e r a t o r s )  o r  con- 
t a i n e d  i n  ca rdboard  boxes o r  i n  drums. 

-- 
@ P l e x i g l a s  i s  a  tradernark o f  Kohm and Haas, P h i l a d e l p h i a ,  PA 19105 
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3.7.2 F a c i l i t y  D e s c r i p t i o n  

3.7.2.1 B u i l d i n g s  

B u i l d i n g  d e s i g n  and c o n s t r u c t i o n  i s  n o t  s t a n d a r d i z e d .  A f i r m  i n  S e a t t l e ,  
Washington, occup ies  a  c o n c r e t  - b l o c k  b u i l d i n g  c o n s i s t i n g  o f  a  sma l l  l a b o r a -  
t o r y ,  a  waste  s t o r a g e  area,  a  5 9 ~ o  g e n e r a t o r  s t o r a g e  area i s o l a t e d  by c o n c r e t e -  
b l o c k  c u b i c l e s ,  o f f i c e s ,  and a  s h i p p i n g  and r e c e i v i n g  area.  The Ohio  S t a t e  
U n i v e r s i t y  n u c l e a r  pharmacy i s  l o c a t e d  i n  a  h o s p i t a l  b u i l d i n g  and i s  a  s i n g l e  
l a r g e  room h o u s i n g  a  fume hood, g l o v e  box, c o n c r e t e  and l e a d  i s o t o p e  s t o r a g e  
area,  and work space. A s e p a r a t e  room a d j a c e n t  t o  t h e  pharmacy houses t h e  
waste  s t o r a g e .  

3.7.2.2 H e a t i n g ,  V e n t i l a t i n g ,  and Air C o n d i t i o n i n g  Syste~ns 

Rad iopharmac ies  u s u a l l y  have s t a n d a r d  h e a t i n g  and v e n t i l a t i n g  systems 
found i n  b u s i n e s s  l o c a t i o n s .  E l e c t r i c  baseboard h e a t i n g  o r  c e n t r a l l y  s u p p l i e d  
h e a t i n g  and a i  r c o n d i t i o n i n g  a r e  b o t h  i d e n t i f i e d  f o r  r a d i  opharmaci es. Fume 
hoods and g l o v e  boxes have t h e i r  own a i r  d i s c h a r g e  systems, and s p e c i a l  
f i l t r a t i o n  i s  n o t  i d e n t i f i e d .  

3.7.2.3 Eng ineered  S a f e t y  Systems 

F i  r e  e x t i  ngu i  she rs  and /o r  s p r i  n k l  e r  systems a r e  used a t  r a d i  opharmaci  es. 
Exhaust  a i r  d i s c h a r g e  f r o m  hoods o r  g l o v e  boxes may be m o n i t o r e d  and a larmed t o  
n o t i f y  pe rsonne l  o f  an emergency. 

I n v e n t o r y  

3.7.3.1 K a d i o a c t i v e  I n v e n t o r y  

T y p i c a l  r a d i  opharmacy i n v e n t o r i e s  a  55 g i g g n i n  T a b l e  3.6. Not a l l  f i r m s  
h a n d l e  a l l  o f  t h e  l i s t e d  i s o t o p e s .  The Mo/ m ~ c  g e n e r a t o r  k i t s  a r e  t h e  most  
cornmon, f o l  1  owed by i o d i  ne-1 a b e l  ed  compounds. A c t u a l  i n v e n t o r i  es  on hand may 
be l o w e r  t h a n  t h e  t a b u l a t e d  v a l u e s .  S h o r t  h a l f - l i v e s  of  many o f  t h e  i s o t o p e s  
i n d i c a t e d  t h a t  t h e r e  i s  e i t h e r  a  f a i r l y  r a p i d  t u r n  around o f  i n v e n t o r i e s ,  o r  
i s o t o p e s  a r e  o r d e r e d  o n l y  as needed on an i n t e r m i t t e n t  b a s i s .  

3.7.3.2 Hazardous and Combus t ib le  I n v e n t o r y  

Rad iopharmac ies  may use l i m i t e d  amounts of s o l v e n t s  such as methanol  f o r  
c l e a n i n g  equipment.  Combus t ib les  i n c l u d e  b u i  1g4ng q g k e r i a l s  and m i s c e l l a n e o u s  
paper  and ca rdboard  s h i p p i n g  c o n t a i n e r s .  The Mo/ Tc g e n e r a t o r s  can be 
s h i e l d e d  by a  1 0 - l b  cask f i l l e d  w i t h  d e p l e t e d  uranium. 

3.8 SEALED SOURCE MANUFACTURING 

F a c i l i t i e s  i n  t h i s  c a t e g o r y  produce s e a l e d  sou rces  and s e l f - l u m i  r ~ o u s  
d e v i  ces. The t y p e s  o f  p rocesses,  r a d i  o a c t i  ve m a t e r i  a1 i n v e n t o r i e s  and 
bus inesses  v a r y  w i d e l y .  N i n e  s e a l e d  sou rce  m a n u f a c t u r i n g  f a c i  1  i t i e 5  were 
i n v e s t i g a t e d  i n  t h i s  s t u d y :  



TABLE 3.6. R e p r e s e n t a t i v e  Radiopharmacy I n v e n t o r i e s  

I n v e n t o r y  o r  
E 1  ement I so tope  Poss i  b l  e  Form Range, C i  

B a r i  urn 13395 Sea led source 3  

Carbon 14c I n  v i t r o  t e s t  k i t s  5  l o - 3  

Chrorni urn 5 1 ~  r Sodi um chromate 0.013 t o  0.02 
1  abe l  ed serum 

Ces i  um 1 3 7 ~ s  Seal  ed source 2.0 t o  l o - 4  t o  
1 x 10- 

C o b a l t  5 7 ~ 0  Cyanocobal ami n  1.4 x l o m 4  
( v i t a m i n  B12) 

58c0 Labe led cyanocoba la~n in  5  x 

6 0 ~ o  Sea led sou rce  2  t o  3  

G a l l i u m  6 7 ~ a  G a l l i u m  1.2 

Go1 d  l g 8 ~ u  Col 1  o i  d a l  0.5 

Hydrogen 3~ I n  v i t r o  t e s t  k i t s  0.01 t o  0.5 

I n d i u m  l l 1 1 n  I n d i  urn 0.049 

1 1 3 ~ n  I n d i  urn c h l o r i d e  0.5 
1231 

I o d i n e  Sodium i o d i d e  U.19 
1251 Sodium i o d i d e ,  f i b r o g e n  2.5 x 

d i a g n o s t i c  k i t s  t o  0.1 
1311 Sodium i o d i d e ,  l a b e l e d  0.1 t o  4.5 

o r g a n i c  compounds 

I r o n  5 9 ~ e  0.01 t o  0.02 

Molybdenum 9 9 ~ o / Y 9 m ~ c  Genera to rs  (1 i q u i d )  20 t o  426 

Sel  e n i  um 7 5 ~ e  Labe led compound 1'1.05 

S t r o n t i  urn 9 0 ~ r  N i t r a t e  o r  c h l o r i d e  0.01 t o  0.5 

T h a l l  i urn 2 0 1 ~ 1  T h a l l  i urn 2.1 

T i  n  '13sn 1 1 3 ~ n / 1 1 3 m ~ n  g e n e r a t o r s  0.06 t o  U.5 

U r a n i  um 
238" S h i e l d i n g  f o r  g e n e r a t o r s  91 k g  

Xenon 1 3 3 ~ e  Gas o r  s a l i n e  0.5 t o  75  



1. Amersham C o r p o r a t i  on, A r l i n g t o n  He igh ts ,  I 1  1  i n o i  s  
2. Au tomat ion  I n d u s t r i e s ,  Phoeni x v i  1  l e ,  Pennsy lvan ia  
3. M i  c r o  D i  s p l a y  Systems, Inc., N o r r i  stown, Pennsyl  van i  a  
4. Minneso ta  M i n i n g  and M a n u f a c t u r i n g  (3M), New B r i  ghton,  M inneso ta  
5. Monsanto Research C o r p o r a t i o n ,  Dayton, Oh io  
6. Pan American Wor ld  A i rways,  Kennedy Space Center ,  F l o r i d a  
7. S a f e t y  L i g h t  C o r p o r a t i o n ,  B l  oomsburg, Pennsy lvan ia  
8. S t o c k e r  and Yale,  Inc. ,  B e v e r l y ,  Massachuset ts  
9. T e c h n i c a l  Opera t i ons ,  B u r l  i ng ton ,  Massachuset ts.  

I n f o r m a t i o n  used f o r  d e s c r i p t i o n s  o f  s e a l e d  sou rce  m a n u f a c t u r e r s  was 
deve loped f r o m  NRC docke ts  f o r  a l l  f i r m s  and R a d i o l o g i c a l  Con t ingency  P l a n s  f o r  
3M, Monsanto, and t h e  Sa fe ty  L i g h t  C o r p o r a t i o n .  

3.8.1 Process D e s c r i p t i o n  

3.8.1.1 O p e r a t i o n  

Sea led-source p r o d u c t i o n  may be d i v i d e d  i n t o  two areas:  1) p r o d u c t i o n  o f  
d o u b l y  e n c a p s u l a t e d  a lpha ,  be ta ,  and gamma r a d i a t i o n  sources;  and 2 )  p r o d u c t i o n  
o f  s e l  f - 1  umi nous d e v i  ces f o r  use i n  watches, compasses, and a i  r c r a f t  i n s t r u -  
m e n t a t i o n .  A l t h o u g h  w i t h i n  t h e  f i r s t  c a t e g o r y  n o t  a l l  sources w i l l  be d o u b l y  
encapsu la ted ,  t h i s  i s  t h e  most p r e v a l e n t  means t o  ensu re  s a f e  h a n d l i n g  o f  t h e  
i s o t o p e s .  Such sources may be used i n  i n s t r u m e n t s ,  as r e f e r e n c e  sources,  as 
c a l  i b r a t i  on sources,  o r  i n  smoke d e t e c t o r s .  Sel  f - 1  umi nous d e v i c e s  usua l  l y  a r e  
gaseous t r i t i u m  s e a l e d  i n  a  phosphor -coated g l a s s  ampule. 

Sea led -sou rce  p r o d u c t i o n  methods vary ,  b u t  i n  genera l  c o n s i s t  o f  r e c e i v i n g  
t h e  b u l k  i s o t o p e  i n  an approved s h i p p i n g  c o n t a i n e r ,  d i s p e n s i n g  t h e  m a t e r i a l  i n  
t h e  r e q u i r e d  amounts i n  an a p p r o p r i a t e  conta inment ,  p l a c i n g  t h e  m a t e r i a l  i n  an 
i n n e r  c a p s u l e  t h a t  i s  welded o r  brazed,  t h e n  s e a l i n g  t h e  i n n e r  c a p s u l e  i n  an 
o u t e r  c a p s u l e  t h a t  i s  a l s o  welded o r  brazed c losed .  Thus l i t t l e  a c t u a l  chemi- 
c a l  p r o c e s s i n g  occu rs ;  r a t h e r ,  t h e  o p e r a t i o n s  a r e  more a  repackag ing  and 
r e d i s t r i b u t i o n  process.  The 3M f a c i l i t y  goes t h r o u g h  a  s e r i e s  o f  s t e p s  t o  
c o n v e r t  t h e  raw i s o t o p e  t o  m ic rospheres  p r i o r  t o  e n c a p s u l a t i o n ,  and t h i s  opera-  
t i o n  i n v o l v e s  some chemica l  p r o c e s s i n g .  T r i t i u m  l i g h t  sou rce  p r o d u c t i o n  
u s u a l l y  r e q u i r e s  t h a t  t h e  gaseous t r i t i u m  be t r a n s f e r r e d  t o  a  g l a s s  ampule, 
a l t h o u g h  i n  some cases a  t r i t i a t e d  p a i n t  i s  produced f o r  a p p l i c a t i o n  t o  watch 
o r  compass d i  a1 s. 

3.8.1.2 Waste D i s p o s a l  

S o l i d  waste  i s  u s u a l l y  produced by t h e s e  f i r m s .  L i q u i d  waste  may be h e l d  
f o r  decay b e f o r e  d i s c h a r g e  t o  sewer systems, b u t  more f r e q u e n t l y  i s  s o l i d i f i e d  
and t h e n  t r e a t e d  as s o l i d  waste. Most  f a c i l i t i e s  have a  s p e c i a l  waste  s t o r a g e  
a rea  where 55-gal  s t e e l  drums a r e  h e l d  a w a i t i n g  d i s p o s a l  a t  an approved s i t e .  
Because much o f  t h e  waste  can have a  h i g h  s p e c i f i c  a c t i v i t y ,  i t  i s  f r e q u e n t l y  
c o l l e c t e d  i n s i d e  a  h o t  c e l l  o r  g l o v e  box and s t o r e d  t h e r e  i n  s p e c i a l  con- 
t a i n e r s .  The waste  i s  removed f r o m  t h e  con ta inmen t  p e r i o d i c a l l y  and t r a n s -  
f e r r e d  t o  t h e  waste  s t o r a g e  area f o r  f i n a l  packag ing  and d i s p o s a l .  



3.8.2 F a c i  1  i t y  D e s c r i p t i o n  

3.8.2.1 B u i l d i n a s  

B u i l d i n g  d e s i g n  and m a t e r i a l s  show some c o n s i s t e n c y .  Most r a d i a t i o n  a reas  
a r e  separa ted  f r o m  o t h e r  b u i l d i n g s ,  o r ,  i f  i n  a  main b u i l d i n g ,  a r e  s e p a r a t e d  by 
s p e c i a l  w a l l s .  Work a reas  t e n d  t o  be d i v i d e d  i n t o  s m a l l e r  modules f o r  l a b s ,  
g l o v e  box areas,  h o t  c e l l s ,  s to rage ,  and s e r v i c e s .  C o n s t r u c t i o n  m a t e r i a l s  a r e  
most o f t e n  r e i n f o r c e d  c o n c r e t e  o r  c o n c r e t e  b l o c k  on a  c o n c r e t e  s l a b .  R o o f i n g  
m a t e r i  a1 s  a r e  f r e q u e n t l y  me ta l  pane l  i ng w i t h  an a s p h a l t  ( t a r )  s u r f a c e .  
I n t e r i o r  w a l l s  a r e  u s u a l l y  s t a n d a r d  d r y  w a l l .  A  few f a c i l i t i e s  have wood 
p a n e l i n g  f o r  o u t s i d e  w a l l s .  Sometimes work areas o r  s t o r a g e  areas f o r  sou rces  
a r e  i n  c o n c r e t e  below grade s h e l t e r e d  areas o r  bunkers.  

3.8.2.2 Hea t ing ,  V e n t i l a t i n g ,  and A i r  C o n d i t i o n i n g  Systems 

V e n t i l a t i o n  i n  r a d i a t i o n  areas a lmos t  a lways c o n s i s t s  o f  a i r  i n f l o w  f r o m  a  
c e n t r a l  sys tem e x h a u s t i n g  t h r o u g h  fume hoods o r  g l o v e  boxes o p e r a t i n g  a t  nega- 
t i  ve p ressu re .  Ho t  c e l l  s  u s u a l l y  have t h e i  r own n o n r e c i  r c u l a t o r y  v e n t i l a t i o n  
systems. D i s c h a r g e  i s  u s u a l l y  t h r o u g h  two h i g h - e f f i c i e n c y  f i l t e r s  i n  s e r i e s :  
one a t  t h e  con ta inmen t  exhaus t  p o r t  and t h e  o t h e r  a t  t h e  d i s c h a r g e  s tack .  

Eng ineered  S a f e t y  System 

B u i l d i n g s  can be made o f  r e i n f o r c e d  c o n c r e t e  c o n s t r u c t i o n  t o  p r o v i d e  a  
s t r o n g  f a c i l i t y .  S i t e s  may have below grade bunkers  f o r  s t o r a g e  o f  l a r g e  
r a d i o a c t i v e  i n v e n t o r i e s .  

V e n t i l a t i o n  and o t h e r  s e r v i c e s  can be m o n i t o r e d  u s i n g  a larmed systems t o  
warn o f  c o n t a m i n a t i o n  spread.  B u i l d i n g s  have s p r i n k l e r  systems, and f i r e  
e x t i n g u i s h e r s  can be p r o v i d e d .  

S u r r o u n d i n g  Area 

Most  s i t e s  a r e  l o c a t e d  i n  u rban  i n d u s t r i a l i z e d  areas.  A number of 
p o t e n t i a l  p rob lem a reas  a r e  l o c a t e d  near  t h e  3M s i t e :  p ropane s t o r a g e ,  f u e l  
o i  1  s to rage ,  ammuni t ion,  and gun powder s to rage .  

3.8.3 I n v e n t o r y  

3.8.3.1 R a d i o a c t i v e  I n v e n t o r y  

Thp3qumbe of i 3 i t o p 6 2  han&ed i 2 1 8 u i t e , $ y t e n s i v e ,  t t h e  mos ommon a r e  
2 4 1 ~ m ,  CS,  "CO, , I r ,  K r ,  PO, Pm, and lk'Yb. The E4$ P m i s  
u s u a l l y  used i n  p l a c e  of t r i t i u m  i n  s e l f - l u m i n o u s  dev i ces ,  and t h e  2 4 1 ~ m  i s  
most o f t e n  used i n  smoke d e t e c t o r s .  The o t h e r  i s o t o p e s  a r e  used t o  p roduce  
a lpha ,  be ta ,  and gamma doub le  encapsu la ted  sources.  I s o t o p e s  f r e q u e n t l y  
r e q u i r e  h a n d l i n g  i n  h o t  c e l l s .  O the r  i s o t o p e s  a r e  hand led o n l y  i n  g l o v e  boxes. 

Most  o f  t h e  r a d i o a c t i v e  m a t e r i  a1 s . ~ . z r i $  i n  s o l  i d  forms: gauzes, me ta l  1  i c  
wafers  o r  f o i l s ,  o r  powders. T r i t i u m  i s  hand led as a  gas. 

9 



R a d i o a c t i v e  i n v e n t o r i e s  va ry  w i d e l y  among t h e  1  i censees .  Some a r e  permi t-  
t e d  o n l y  m i l l i c u r i e  amounts o f  a  p a r t i c u l a r  i s o t o p e ,  u s u a l l y  as a  purchased 
s e a l e d  sou rce  f o r  r e f e r e n c e  c a l  i b r a t i  ons, whi l e  o t h e r s  may be p e r m i t t e d  t o  
possess s e v e r a l  thousands o f  r i e s  o f  t h a t  i s o t o p e .  F o r  example, 3M i s  
a l l o w e d  t o  possess 200 C i  o f  "Co, w h i l e  Tech lops,  I n c .  i s  p e r m i t  ed 5 
15,000 C i .  The l a r g e s t  s i n g l e  possess ion  l i m i t  i s  100,000 C i  o f  H  by t h e  
S a f e t y  L i  g h t  C o r p o r a t i  on. S i  g n i  f i c a n t  maxi mum 1  i cense i n v e n t o r i  es a t  s e a l e d  
sou rce  m a n u f a c t u r e r s  a r e  l i s t e d  i n  T a b l e  3.7. 

3.8.3.2 Hazardous and Combus t ib le  M a t e r i a l  

Hazardous m a t e r i a l s  a r e  g e n e r a l l y  k e p t  t o  a  minimum i n  any a reas  where 
i s o t o p e s  a r e  hand led.  Some. s o l  ven ts  such as i s o p r o p y l  a l c o h o l  may be used t o  
c l e a n  encapsu la ted  sources.  M inneso ta  M i n i n g  and M a n u f a c t u r i n g  uses some HN03, 
NaOH s o l u t i o n s ,  and o t h e r  p o t e n t i a l l y  hazardous m a t e r i a l s  d u r i n g  m i c r o s p h e r e  
p r o d u c t i o n ,  b u t  q u a n t i t i e s  a r e  l i m i t e d .  Because most capsu les  a r e  welded o r  
brazed,  t u n g s t e n  o r  a c e t y l e n e  w e l d e r s  a r e  used i n s i d e  g l o v e  boxes o r  h o t  c e l l s .  

RESEARCH AND DEVELOPMENT OF NUCLEAR FUELS 

P l a n t s  i n  t h i s  c a t e g o r y  deve lop  methods o f  f u e l  p r e p a r a t i o n  and p e r f o r m  
a n a l y s i s  o f  r a d i o a c t i v e  m a t e r i a l s ,  p a r t i c u l a r l y  t h o s e  m a t e r i a l s  used as f u e l .  
F o u r  f a c i l i t i e s  were i n c l u d e d  i n  t h i s  c a t e g o r y :  

1. I s o t o p i c  A n a l y s i s ,  Inc.,  Tu l sa ,  Oklahoma 
2. Lynchburg  Research Cen te r ,  Lynchburg,  V i  r g i  n i  a  
3. Rockwel l  N u c l e a r  Development Fue l  L a b o r a t o r y ,  Santa Susana, C a l i f o r n i a  
4. West inghouse E l e c t r i c  C o r p o r a t i o n ,  Wal tz  M i  11, Pennsy lvan ia .  

3.9.1 Process D e s c r i p t i o n  

3.9.1.1 O p e r a t i o n  

Research and development a c t i v i t i e s  may i n c l u d e  t r a n s f e r  o f  i r r a d i a t e d  
f u e l  e lemen ts  i n t o  h o t  c e l l s  where t h e  e lements  a r e  d e c l a d  and f u e l  i s  t e s t e d  
and examined. F u e l  e lements  may be s t o r e d  t e m p o r a r i l y  on s i t e  i n  p o o l s  
des igned  f o r  t h e i r  s t o r a g e .  

Development o f  f u e l  m a n u f a c t u r i n g  processes t a k e s  p l a c e  i n  l a b o r a t o r i e s  
and g l o v e  box t r a i n s .  O p e r a t i o n s  such as b l e n d i n g ,  c r u s h i n g ,  m i  1  l i n g ,  
s i n t e r i n g ,  and g r i n d i n g  may t a k e  p l a c e  depend ing on t h e  p rocess  u n d e r g o i n g  
s t u d y .  Samples a r e  t a k e n  a t  d i f f e r e n t  p o i n t s  i n  t h e  p rocess  and s t u d i e d  i n  a  
number o f  l abs .  A n a l y t i c a l  c h e m i s t r y ,  rad iochemi  s t r y ,  and o t h e r  t y p e s  o f  l a b s  
a r e  used t o  a n a l y z e  samples. 

The l a r g e r  r e s e a r c h  and development f a c i  1  i ti es, Lynchburg  Research C e n t e r  
and Rockwel l ,  a r e  p a r t  o f  a  l a r g e r  complex devo ted  t o  t h e  development o f  
n u c l e a r  energy. 



TABLE 3.7. ~i g n i  f i c a n t ( a )  Maximum L i c e n s e  I n v e n t o r i e s  
a t  Sea led Source M a n u f a c t u r e r s  

Maxi mum 
E 1  ement I s o t o p e  M a n u f a c t u r e r  I n v e n t o r y ,  C i  

Ameri c i  um 

Cesi urn 

C o b a l t  

Hydrogen 

I r i d i u m  

K r y p t o n  

Po l  o n i  urn 

Promethium 

S t r o n t i  um 

T a n t a l  um 

T h u l  i urn 

P l  u t o n i  urn 
( b )  236,239,240 

241 ,242pu 

Monsanto 

3M 

Automat ion  I n d u s t r i e s  

S a f e t y  L i g h t  

Automat ion  I n d u s t r i e s  

3M 

3M 

3M 

3M 

Tech lops 

Tech/Ops 

Monsanto 

U r a n i  urn ( b )  D e p l e t e d  U  Pan American World 15,000 kg  
A i  rways 

3  ( a )  I n v e n t o r i e s  o v e r  1 x 10 C i  
( b )  Not a s e a l e d  sou rce  

3.9.1.2 Waste D i s p o s a l  

Sol  i d  r a d i  o a c t i  ve waste  i s  packaged i n  approved s h i  p p i  ng  c o n t a i  n e r s  and 
s t o r e d  on s i t e  p r i o r  t o  shipment t o  a  l i c e n s e d  waste  d i s p o s a l  f a c i l i t y .  The 
s m a l l e r  f a c i l i t i e s  may s h i p  unused m a t e r i a l s  back t o  t h e  customer.  

L i q u i d  r a d i o a c t i v e  waste  i s  hand led  on s i t e  i n  waste  p r o c e s s i n g  
f a c i l i t i e s .  L i q u i d  waste  may be r e t a i n e d  i n  l a r g e  b a s i n s  o r  combined w i t h  
l i q u i d  r a d i o a c t i v e  waste  genera ted  f r o m  o t h e r  f a c i l i t i e s  nearby.  Treatment  
systems may i n c l u d e  a c t i v a t e d  c h a r c o a l ,  i o n  exchange columns, o r  v a r i o u s  
chemica l  t r e a t m e n t  systems. 

3.9.2 F a c i l i t y  D e s c r i p t i o n  

3.9.2.1 B u i l d i n g s  

L a b o r a t o r i e s  may be c o n s t r u c t e d  o f  c o n c r e t e  and s t e e l ,  b r i c k  and cement, 
o r  c i n d e r  b l o c k .  V a u l t s  a r e  u s u a l l y  p r o v i d e d  w i t h i n  t h e  l a b o r a t o r i e s  f o r  

3.28 
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s t o r a g e  o f  n u c l e a r  m a t e r i  a1 s. V a u l t  w a l l  s  usua l  l y  w i t h s t a n d  g r e a t e r  s t r e s s e s  
t h a n  t h e  b u i l d i n g s  i n  wh ich  t h e y  a r e  c o n t a i n e d  and may be 1 2 - i n . - t h i c k  con- 
c r e t e ,  Hot  c e l l s  a r e  p r o v i d e d  f o r  l a r g e r  f a c i l i t i e s  i n  wh ich  e x a m i n a t i o n  o r  
t e s t i n g  o f  f u e l  rods  t a k e s  p lace .  Hot  c e l l  w a l l s  may be 11- t o  1 3 - i n .  l e a d  o r  
4 2 - i  n. c o n c r e t e .  

Hea t ing ,  V e n t i l a t i n g ,  and A i r .  C o n d i t i o n i n g  Systems 

Hot  c e l l s ,  g l o v e  boxes, fume hoods, and o t h e r  t y p e s  o f  con ta inmen t  
g e n e r a l l y  o p e r a t e  under  s e p a r a t e  exhaus t  systems f r o m  t h e  r e s t  o f  t h e  p l a n t .  
Exhaust  f r o m  areas c o n t a i n i n g  r a d i o a c t i v e  m a t e r i a l s  i s  f i l t e r e d  t h r o u g h  a  
p r e f i l t e r  and a  HEPA f i l t e r  b e f o r e  b e i n g  exhausted t o  t h e  atmosphere. 

A i r f l o w  i s  toward  areas o f  g r e a t e r  p o t e n t i a l  c o n t a m i n a t i o n .  Except  f o r  
s p e c i a l  m a t e r i a l s  such as sodium, wh ich  i s  h i g h l y  r e a c t i v e  w i t h  a i  r, g l o v e  
boxes, and h o t  c e l l s  a r e  k e p t  a t  n e g a t i v e  p r e s s u r e  t o  ensure  t h i s  c o n d i t i o n .  
Sodium i s  k e p t  under  an i n e r t  atmosphere a t  p o s i t i v e  p ressu re .  

Ho t  c e l l s  and o t h e r  g l o v e  boxes may a l s o  be p r o v i d e d  w i t h  an i n e r t  gas 
purge system. T h i s  p r e v e n t s  p o t e n t i a l  r e a c t i o n s  and a c t s  as a  f i r e  e x t i n g u i s h -  
i n g  system. 

3.9.2.3 Eng ineered S a f e t y  Systems 

M o n i t o r s  f o r  r a d i a t i o n  l e v e l s ,  smoke d e t e c t i o n ,  hea t  d e t e c t i o n ,  and po ten -  
t i a l  c r i t i c a l i t y  s i t u a t i o n s  a r e  l o c a t e d  i n  most f a c i l i t i e s .  Alarms a r e  p r o -  
v i d e d  t h a t  t r i g g e r  a t  s p e c i f i e d  l e v e l s .  Hot  c e l l s  u s u a l l y  have some f o r m  o f  
a u t o m a t i c  f i r e  e x t i n g u i s h i n g  system. I n e r t  gas may be used t o  f l o o d  t h e  c e l l  
and smother t h e  f i r e .  Manual f i r e  e x t i n g u i s h e r s ,  b o t h  w a t e r  and d r y  chemica l  , 
may be found t h r o u g h o u t  t h e  f a c i l i t i e s .  

3.9.2.4 Sur round ings  

P l a n t s  a r e  g e n e r a l l y  l o c a t e d  i n  low p o p u l a t i o n  areas w i t h  t h e  n e a r e s t  town 
s e v e r a l  m i l e s  away. Other  n u c l e a r  f a c i l i t i e s  such as  f u e l  m a n u f a c t u r i n g  o r  
t e s t  r e a c t o r s  may sha re  t h e  s i t e ,  b u t  o p e r a t e  under  s e p a r a t e  l i c e n s e s .  

3.9.3 I n v e n t o r y  

3.9.3.1 R a d i o a c t i v e  I n v e n t o r y  

N u c l e a r  Fue l  Research and Development f a c i l i t i e s  may be l i c e n s e d  t o  h o l d  
as many as t h r e e  i r r a d i a t e d  f u e l  assemb l ies  and 40 i r r a d i a t e d  Lynchburg  Pool  
Reac to r  (LPR) f u e l  e lements.  These m a t e r i a l s  a r e  s t o r e d  and hand led i n  t h e  
s t o r a g e  poo l  and h o t  c e l l  a reas o f  t h e  p l a n t .  The Rockwel l  p l a n t  has a  l i c e n s e  
l i m i t  o f  3.5 kg  o f  p l u t o n i u m  i n  t h e  h o t  c e l l  b u i l d i n g ,  a l t h o u g h  o n l y  600 t o  
805 g  o f  p l u t o n i u m  ( t h e  amount i n  t h r e e  f u e l  r o d s )  a r e  i n  process a t  one 
t i m e .  

I n  l a r g e r  p l a n t s  where g l o v e  box t r a i n s  a r e  used f o r  development o f  f u e l  
m a n u f a c t u r i n g  processes,  1  i cense 1  i m i t s  may r e s t r i c t  p l u t o n i  um i n v e n t o r y  t o  1 
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t o  2  kg, 2 3 5 ~  t o  900 t o  1500 kg, and 232 
to  t93gUkg* 

A  g l o v e  box may con- 
t a i n  as much as 225 g o f  p l u t o n i u m  and 540 g  o f  9 

A n a l y t i c a l  l a b s  hand le  much smal l e r  samples o f  r a d i o a c t i v e  m a t e r i a l s .  The 
amount o f  u ran ium and p l u t o n i u m  p e r  sample may be hundred ths  .of a  gram. The 
maximum q u a n t i t y  o f  t h e s e  m a t e r i a l s  i n  p rocess  i n  t h e  l a b  a t  one t i m e  may be 
5 g of p l u t o n i u m ,  and 334 g  o f  uranium. O the r  r a d i o a c t i v e  m a t e r i a l s  a r e  a l s o  
ana lyzed  i n  t h e  l abs .  These e lements  and e lements  used as s e a l e d  sou rces  a r e  
l i s t e d  i n  T a b l e  3.8. 

TABLE 3.8. R a d i o a c t i v e  M a t e r i a l  Found as Sea led Sources o r  A n a l y t i c a l  
Q u a n t i t i e s  a t  N u c l e a r  Fue l  Development L a b o r a t o r i e s  

L i c e n s e d  
E 1  ement I so tope  Q u a n t i t y  - 

Arneri c i  urn 

B a r i  urn 

Ca l  i f o r n i  urn 

Cesi  um 

Cesi  urn 

C o b a l t  

C o b a l t  

Hydrogen 

K r y p t o n  - .  

Manganese 54Mn 0.1 C i  

Neptun i  um 237 N  P 0.1 C i  

~ 1  u t o n i  um 2 3 9 ~ u  1 k g  

P l  u t o n i  um 2 3 8 ~ u  0.5 kg  

Sodi  um " ~ a  0.1 C i  

S t r o n t i u m  'OS r 0.1 C i  

Xenon 1 3 5 ~ e  0.1 C i  

Hazardous and Combus t ib le  I n v e n t o r y  

V a r i o u s  t y p e s  o f  hazardous and c o m b u s t i b l e  m a t e r i a l s  a r e  found  a t  t h e  
p l a n t s :  

When d e c l a d d i n g  o p e r a t i o n s  t a k e  p l a c e  i n  h o t  c e l l s ,  p y r o p h o r i c  z i  r- 
c a l o y  me ta l  g r i n d i n g s  may be produced.  These a r e  n o r m a l l y  k e p t  i n  a  
medium des igned  t o  i n h i b i t  combust ion.  



e S o l v e n t s  and o t h e r  f lammable  l i q u i d s  used i n  t h e  h o t  c e l l s  i n  t h e  
d e c l a d d i n g  p rocess  o r  i n  t h e  l a b s  a r e  k e p t  i n  s p e c i a l  s t o r a g e  c a b i -  
n e t s  away f r o m  r a d i o a c t i v e  m a t e r i a l s .  Smal l e r  q u a n t i , t i e s ,  g e n e r a l l y  
l i m i t e d  t o  1 L, o r  i n  some cases 5-ga l  c o n t a i n e r s  a r e  b r o u g h t  o u t  as 
needed. 

s Bagg ing  m a t e r i  a1 , needed t o  t r a n s f e r  n u c l e a r  m a t e r i  a1 i n t o  and o u t  o f  
con ta inmen t ,  i s  a n o t h e r  common c o m b u s t i b l e  waste.  

e Glove boxes w i t h  r u b b e r  g l o v e s  a r e  used i n  p rocess  development.  Some 
g l o v e  boxes have P l  e x i  g l  as@ w i  ndows. 

o N a t u r a l  gas may be used f o r  h e a t i n g .  

o D i e s e l  o i l  i s  g e n e r a l l y  s t o r e d  away f r o m  t h e  p l a n t  f o r  use i n  
emergency power genera t  i on. 

Q I o n  exchange r e s i n s  may be used i n  l i q u i d  waste p u r i f i c a t i o n  
systems. These a r e  a l s o  l o c a t e d  away f r o m  t h e  p l a n t .  

I 3.10 WASTE WAREHOUSING 

Waste warehouses r e c e i v e  and s t o r e  r a d i o a c t i v e  waste t e m p o r a r i  l y  a w a i t i n g  
sh ipment  t o  a  l i c e n s e d  b u r i a l  g round f o r  d i s p o s a l .  The d e s c r i p t i o n  o f  was te  
warehous ing  f a c i l i t i e s  was based on docke t  i n f o r m a t i o n  on t h e  t h r e e  f o l l o w i n g  
compani es :  

1. Atomic  D i s p o s a l ,  Inc . ,  T i n l e y  Park,  I l l i n o i s  
2. I n t e r e x  C o r p o r a t i o n ,  N a t i c k ,  Massachussets 
3. Te ledyne I s o t o p e s ,  Inc.,  Westwood, New Jersey.  

A  s i t e  v i s i t  t o  t h e  waste  s t o r a g e  f a c i l i t y  o f  New Eng land N u c l e a r  Rad io -  
p h a r m a c e u t i c a l  M a n u f a c t u r i n g  P l a n t  i n  B i l l e r i c a ,  Massachuset ts ,  a l s o  p r o v i d e d  
us  w i t h  i n f o r m a t i o n .  

3.10.1 Process D e s c r i p t i o n  

3.10.1.1 O p e r a t i o n s  

R a d i o a c t i v e  waste  i n  5-, 30-, and 55-gal  drums i s  t r a n s p o r t e d  t o  t h e  waste  
s t o r a g e  f a c i l i t y .  The waste  i s  m o n i t o r e d  and a  smear t e s t  i s  t a k e n  t o  d e t e r -  
m i  ne t h e  r a d i  o a c t i  ve contami n a t i  on l e v e l  . C o n t a i  n e r s  must  n o t  exceed 200 mR/h 
a t  t h e  s u r f a c e .  Drums a r e  marked as t o  c o n t e n t s  and r a d i o a c t i v i t y  and s t o r e d  
f o r  n o t  more t h a n  6 months b e f o r e  b e i n g  t r a n s p o r t e d  t o  a  l i c e n s e d  r a d i o a c t i v e  
b u r i a l  ground. Drums a r e  n o t  a1 lowed t o  be opened w h i l e  i n  t r a n s p o r t  t o  and 
f rom s t o r a g e  and w h i l e  i n  s t o r a g e  i n  t h e  Te ledyne and I n t e r e x  f a c i l i i e s .  The 
Atomic  D i s p o s a l  f a c i  1  i t y  i s  p l a n n i n g  an open ing  and r e p a c k a g i n g  a r e a  i n  t h e  
warehouse. 



3.10.2 Fac i  1  i t y  D e s c r i p t i o n  

3.10.2.1 B u i l d i n g s  

Waste may be s t o r e d  i q  a  t r a i l e r  o r  a  warehouse t y p e  o f  b u i l d i n g .  S i z e s  
ranges from 600 t o  2045 f t  w i t h  c e i l i n g  h e i g h t s  o f  10 t o  20 ft. I f  windows 
a r e  p rov ided ,  t h e y  a r e  p r o t e c t e d  by s t e e l  mesh. A  r o l l u p  door  may be p r o v i d e d  
i n  a  warehouse t o  a l l o w  movement o f  drums i n t o  and o u t  o f  t h e  f a c i l i t y .  

3.10.2.2 Hea t ing ,  V e n t i l a t i n g ,  and A i r  C o n d i t i o n i n g  Systems 

Not much i n f o r m a t i o n  i s  a v a i l a b l e  on t h e  v e n t i l a t i o n  systems i n  t h e  waste  
warehous ing f a c i  1  i t i e s  s t u d i e d .  The assumpt ion  i s  made t h a t  no a c t i v e  
v e n t i l a t i o n  system i s  i n  o p e r a t i o n .  No H E P A  f i l t e r s  a r e  i n  p l a c e  t o  f i l t e r  
a i r .  The r o l  l u p  doors  p r o v i d e  open c i r c u l a t i o n  t o  t h e  f a c i  1  i t y .  

The Atomic  D i s p o s a l  s i t e  has f o u r  fume absorbe rs  i n  t h e  proposed drum 
h a n d l i n g  room where open ing  and r e p a c k a g i n g  o f  drums i s  p lanned.  The sys tem 
p r o v i d e s  seven a i r  changes p e r  hou r  and f l o w  t h r o u g h  9 8 % - e f f i c i e n t  c h a r c o a l  
f i l t e r s .  

3.10.2.3 Eny i  neered S a f e t y  Systems 

Waste warehous ing s t o r a g e  areas may be p r o v i d e d  w i t h  s p r i n k l e r s  o r  C02 
a u t o m a t i c  f i  r e  e x t i n g u i s h e r s .  R a d i a t i o n  su rveys  o f  t h e  f a c i  1  i t y  a r e  done 
r o u t i n e l y .  

3.10.2.4 S u r r o u n d i n g  Area 

S t o r a g e  b u i l d i n g s  may be l o c a t e d  n e x t  t o  o f f i c e  b u i l d i n g s  o r  r a d i o c h e m i c a l  
l a b o r a t o r i e s .  The B i l l e r i c a  s i t e  has two gas t a n k s  l o c a t e d  near  t h e  warehouse. 

3.10.3 I n v e n t o r y  

3.10.3.1 R a d i o a c t i v e  I n v e n t o r y  

Drums may c o n t a i n  an imal  ca rcasses  p r e s e r v e d  i n  a  c  emica l  and packed i n  9 
p l a s t i c  bags; s c i n t i l l a t i o n  v i a l s  c o n t a i n i n g  10 t o  12 cm o f  f l u i d  each and 
packed i n  an absorbent ;  con tamina ted  c o m b u s t i b l e s  such as g loves,  rags,  wipes,  
p l a s t i c  l a b  equipment;  sma l l  amounts o f  l i q u i d  r a d i o a c t i v e  waste  i n  abso rben t  
and doub le  drummed; o r  o t h e r  t y p e s  of waste  genera ted  f rom a  h o s p i t a l ,  c l i n i c a l  
l a b ,  o r  r a d i o c h e m i s t r y  l a b .  

The Atomic  D i s p o s a l  s i t e  has an i n v e n t o r y  o f  24 C i  i n  about  2200 drums. A  
l i s t i n g  o f  t h e  r a d i o n u c l i d e s  i n  t h e  i n v e n t o r y  i s  g i v e n  i n  t h e  i n d i v i d u a l  
d e s c r i p t i o n  o f  t h e  p l a n t  i n  Appendix I. 

L i c e n s e  l i m i t s  range from 25 t o  2000 C i  o f  by -p roduc t  m a t e r i a l s  o t h e r  t h a n  

3H and 2000 to 5000 C i  of 3 ~ .  From 220 t o  12,500 1  b  of Source m a t e r i a l  i s  

p e r m i t t e d  and f r o m  75 t o  200 g  o f  s p e c i a l  n u c l e a r  m a t e r i a l  such as 
2 3 3 ~  and $ 3 5 ~  a r e  a1 lowed. 

3.32 
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3.10.3.2 Hazardous and Combus t ib le  I n v e n t o r y  
/,'\ 

v Much o f  t h e  waste  i n  t h e  drums i s  combus t ib le .  Gloves,  c e l l u l o s i c  
m a t e r i a l s ,  p l a s t i c  l a b  equipment,  and con tamina ted  c l o t h i n g  may be i n  t h e  
drums, as w e l l  as c o m b u s t i b l e  s o l v e n t s  i n  s c i n t i l l a t i o n  v i a l s .  

The t r a n s p o r t  v e h i c l e  (a  f o r k l i f t  i n  t h e  B i l l e r i c a  S to rage  B u i l d i n g )  may 
be f u e l e d  w i t h  a  f lammable  l i q u i d .  Gas h e a t e r s  may a l s o  be l o c a t e d  i n  t h e  
waste  s t o r a g e  f a c i l i t y .  

3.11 UNIVERSITY RESEARCH AND DEVELOPMENT 

Uni  v e r s i  t y  r e s e a r c h  and development f a c i  1  i t i  es r e c e i  ve r a d i  o a c t i  ve 
m a t e r i a l s  a t  a  c e n t r a l  r e c e i v i n g  p o i n t  and d i s t r i b u t e  them t o  v a r i o u s  
1  a b o r a t o r i  es where r e s e a r c h  p r o j e c t s  t a k e  p lace .  D i a g n o s i s  and t h e r a p y  u s i n g  
n u c l e a r  m a t e r i a l s  a t  t h e  u n i v e r s i t i e s  a r e  a l s o  covered i n  t h e  l i c e n s e s .  

I n f o r m a t i o n  c h a r a c t e r i z i n g  u n i v e r s i t y  r e s e a r c h  and development o p e r a t i o n s  
was ga the red  f r o m  docke t  m a t e r i a l s  on t h e  f o l l o w i n g  seven f a c i l i t i e s  and f r o m  a  
s i t e  v i s i t  t o  a  r e p r e s e n t a t i v e  f a c i l i t y  i n  an agreement s t a t e :  

1. Harva rd  U n i v e r s i t y ,  Cambridge, Massachuset ts  
2. M i c h i g a n  S t a t e  U n i v e r s i t y ,  E a s t  Lans ing,  M i c h i g a n  
3. Ohio  S t a t e  U n i v e r s i t y ,  Columbus, Ohio  
4. O r a l  Rober t s  U n i v e r s i t y ,  Tu l  s a y  Oklahoma 
5. U n i v e r s i t y  o f  I l l i n o i s ,  Urbana, I l l i n o i s  
6. Uni v e r s i  t y  o f  W i  scons i  n, Madi son, W i  scons i  n 
7. U n i v e r s i t y  o f  Wyoming, Laramie,  Wyoming. 

3.11.1 Process D e s c r i p t i o n  

O p e r a t i o n  

Radi o a c t  i ve m a t e r i  a1 s  a r e  sh ipped  i n t o  a  c e n t r a l  r e c e i  v i  ng area.  Packages 
c o n t a i n  mi 11 i c u r i e  amounts o f  i s o t o p e s  doub le  o r  t r i p l e  packaged t o  p r e v e n t  
p u n c t u r e  o r  breakage d u r i n g  s h i p p i n g .  A t y p i c a l  example i s  a  few c u b i c  c e n t i -  
me te rs  o f  r a d i o a c t i v e  l i q u i d  i n  a  p l a s t i c  c o n t a i n e r  sur rounded by s t y r o f o a m  i n  
a  ca rdboard  box. Lead p i g s  a r e  used as s h i p p i n g  c o n t a i n e r s  f o r  t h o s e  i s o t o p e s  
r e q u i  r i n g  s h i e l d i n g .  

Packages may be checked a t  a  c e n t r a l  o f f i c e  f o r  l eakage  o r  d i s t r i b u t e d  t o  
t h e  i n d i v i d u a l  l a b s  and checked. F a c i l i t i e s  may have f r o m  30 t o  500 l a b o r a t o -  
r i  es where r a d i  o a c t i  ve rnater i  a1 s  may be hand1 ed. 

I n  t h e  l a b s ,  m i l l i c u r i e  amounts of r a d i o a c t i v e  m a t e r i a l s  a r e  used t o  l a b e l  
compoundg f ~ t i - ~ r e s f p y q h  ~ S u d i e s .  3babs may c o n t a i n  up t o  10 t o  25 C i  o f  i s o t o p e s  
such as H, C, , P, and S. Lab coa ts ,  p r o t e c t i v e  c l o t h i n g ,  r u b b e r  o r  
p l a s t i c  g loves,  wipes, paper  t o w e l s ,  and o t h e r  c o m b u s t i b l e s  may be used i n  t h e  
p rocess  as w e l l  as s o l v e n t s  o r  o r g a n i c  l i q u i d s  i n  l i t e r  q u a n t i t i e s  o r  l e s s .  
Speci  a1 h o t  l a b o r a t o r i e s  may hand le  as much as 50 m C i  o f  m a t e r i  a1 . 



I n  some u n i v e r s i t i e s  an ima ls  a r e  i n j e c t e d  o r  i m p l a n t e d  w i t h  m i c r o c u r i e  t o  
m i l l i c u r i e  amounts o f  r a d i o i s o t o p e s  i n  v a r i o u s  forms such as s o l u t i o n s ,  cap- 
s u l e s ,  o r  w i r e .  The an ima ls  a r e  i s o l a t e d  w h i l e  under  s tudy .  Animal wastes and 
carcasses a r e  m o n i t o r e d  and d i sposed  o f  t h r o u g h  r a d i o a c t i v e  waste d i s p o s a l .  

Q 

Sealed sources c o n t a i n i n g  hundreds o f  m i l l i c u r i e  t o  1 C i  p e r  source a r e  
used f o r  t r a i n i n g  programs, measurement dev i ces ,  and assays. The sources a r e  
checked p e r i o d i c a l l y  f o r  l eakage  and a r e -  c o n t a i n e d  w i t h i n  i n s t r u m e n t s .  Some 
sources may be t a k e n  o f f  s i t e  i f  s p e c i f i e d  i n  t h e  l i c e n s e .  

As much as 100 mCi amounts o f  some i s o t o p e s  may be used o f f  campus f o r  
f i e l d  exper imen ts .  The l o c a t i o n ,  amount, and t y p e  o f  i s o t o p e  i s  s p e c i f i e d  i n  
t h e  1  i cense a1 ong w i t h  d e s c r i  p t i  ons of t h e  app l  i c a t i o n  and moni t o r i  ng p rocedure  
f o r  i t s  use. These m a t e r i a l s  a r e  d i v i d e d  i n  s m a l l e r  u n i t s  o f  m i c r o c u r i e  t o  
m i l l i c u r i e  amounts b e f o r e  b e i n g  i l a n  d  o r  i n ' e c t e d  i n t o  p l a n t s  o r  an ima ls  

f o r  v a r i o u s  s t u d i e s .  Carbon-14, 
4 

"S, "P, and H a r e  commonly used i s o t o p e s  
f o r  t h e s e  s t u d i e s .  

D i a g n o s i s  and t h e r a p y  i n v o l v i n g  r a d i o a c t i v e  m a t e r i a l  can be pe r fo rmed  i n  a  
h o s p i t a l .  Common d i a g n o s i s  and t h e r a p y  oppv jy t ions  a r e  i n j e c t i o n s  o r  o r a l  
a d m ' n ' s t r a t i o n  o f  10 t o  30 mCi amoun s  of I ;  i m p l a n t  o f  40 m C i  amounts 

126  
o f  I s e e d 3 i  i n j e c t i o n  o f  10 mCi Tf 33 "sr eye a p p l i c a t i o g ~  i n j g 5 ) i o n  
t o  igyCi o f  P; 10 t o  3 0 m C i  doses o f  Xe gas; i m p l a n t  o f  Co, Cs, 

o r  I r  as w i r e s  o r  seeds. P a t i e n t s  a r e  h o s p i t a l i z e d  u n t i l  t 
a c t i v i t y  i s  below a  s p e c i f i e d  l e v e l  (e.g., 30 mCi o r  l e s s  f o r  I and 

Waste D i s p o s a l  

S o l i d  r a d i o a c t i v e  waste  i s  u s u a l l y  s t o r e d  i n  5-, 30-, o r  55-gal  drums a t  a  
c e n t r a l  l o c a t i o n  p r i o r  t o  s h i p p i n g  t o  a  l i c e n s e d  b u r i a l  ground. Combus t ib le  
waste  may be i n c i n e r a t e d  e i t h e r  a t  t h e  u n i v e r s i t y  o r  metered i n  w i t h  f u e l  a t  a  
nearby power p l a n t .  I n c i  n e r a t i  on processes and p rocedures  a r e  s p e c i  f i  ed i n  t h e  
1  i c e n s e  and a r e  m o n i t o r e d  c l o s e l y .  Ash and gases f r o m  i n c i n e r a t i o n  a r e  moni- 
t o r e d  t o  assu re  e s c a p i n g  r a d i o a c t i v i t y  i s  w i t h i n  t h e  s p e c i f i e d  1  i m i  t. Radi o- 
a c t i v e  ash i s  d i sposed  o f  a t  a  l i c e n s e d  b u r i a l  s i t e .  

L i q u i d  waste  i s  n e u t r a l i z e d  and s t o r e d  i n  1- t o  5-ga l  nonbreakab le  ( p o l y -  
e t h y l e n e )  b o t t l e s  o r  me ta l  cans, wh ich  a r e  t h e n  p u t  i n  30-ga l  s t e e l  b a r r e l s  
p r i o r  t o  b u r i a l  a t  a l i c e n s e d  d i s p o s a l  ground. A t  some u n i v e r s i t i e s  t h e  l i q u i d  
waste  i s  combined w i t h  f u e l  o i l  and f e d  t o  an i n c i n e r a t o r .  C o n c e n t r a t i o n s  must 
be 3  mCi/5 g a l  o f  f u e l  o r  l e s s  f o r  t h i s  a p p l i c a t i o n .  Combus t ib le  l i q u i d  waste  
may be 60 t o  70% t o l u e n e ,  30 t o  49% xy lepg ,  4  t o  5% d ioxane,  and 1 t o  10% w a t e r  
and m i s c e l l a n e o u s  compounds w i t h  H and C as t h e  m a j o r  i s o t o p e s .  

The waste  s t o r a g e  a rea  m i g h t  h o l d  up t o  40 drums o f  s o l i d  and l i q u i d  
waste.  So l  i d  waste  may c o n t a i n  an imal  carcasses,  g lassware,  r u b b e r  o r  p l a s t i c  
g loves ,  paper  t o w e l s ,  wipes,  and p l a s t i c  bags. 



F a c i  1  i t y  D e s c r i p t i o n  

3.11.2.1 B u i l d i n g s  

From 30 t o  500 l a b o r a t o r i e s  under o n e , l i c e n s e  may hand le  r a d i o a c t i v e  
m a t e r i a l s .  Severa l  o f  t h e s e  l a b s  may be l o c a t e d  i n  one b u i l d i n g ,  a l t h o u g h  t h e  
d i s t r i b u t i o n  cove rs  t h e  e n t i r e  campus. Each l a b  i s  u s u a l l y  equ ipped w i t h  a  
s i n k ,  hood, hung c e i l i n g s  w i t h  f l u o r e s c e n t  l i g h t s ,  t i l e  f l o o r s ,  and a  nonporous 
c o u n t e r  top .  The r e c e i v i n g  a rea  f o r  r a d i o a c t i v e  m a t e r i a l s  may be a  l o a d i n g  
dock w i t h  a  s t o r a g e  room s e t  a s i d e  f o r  a  tempora ry  s t o r a g e  o f  i n c o m i n g  mate- 
r i a l .  The s t o r a g e  room may a l s o  c o n t a i n  a  desk, c h a i r ,  and me ta l  c a r t  and i s  
s i m i l a r  i n  c o n s t r u c t i o n  t o  l a b o r a t o r i e s .  

Ho t  l a b o r a t o r i e s  t h a t  s t o r e  o r  hand le  g r e a t e r  q u a n t i t i e s  o f  r a d i o a c t i v e  
m a t e r i a l s  have spec i  a1 s h i e l d i n g  f o r  s t o r a g e  c o n s i d e r a t i o n s .  They may be 
equ ipped w i t h  caves f o r  added p r o t e c t i o n .  

The waste  s t o r a g e  a rea  i s  u s u a l l y  separa ted  from o t h e r  campus b u i l d i n g s .  
It may be a  t r a i l e r  o r  a  s t o r e  room and may be equ ipped w i t h  a  s e p a r a t e  h e a t i n g  
system. 

B u i l d i n g s  a r e  u s u a l l y  made of c o n c r e t e  b l o c k  w i t h  t i l e - c o v e r e d  f l o o r s  and 
hung c e i  l i ngs.  L a b o r a t o r y  w a l l  s  may be shee t  rock .  Hot 1  a b o r a t o r i  es o r  
s p e c i a l l y  des igned s t o r a g e  rooms may have masonry w a l l s .  S t o r a g e  v a u l t s  and 
b i n s  may be c o n c r e t e  o r  l ead .  

3.11.2.2 Hea t ing ,  V e n t i l a t i n g ,  and A i  r C o n d i t i o n i n g  Systems 

3  Most  l a b o r a t o r i e s  have hoods w i t h  a  f l o w  r a t e  of 600 t o  1300 f t  /m in  and a  
f a c e  v e l o c i t y  o f  100 t o  200 f t / m i  n. A i r  i s  exhausted t h r o u g h  a  d u c t  work sys -  
tem above t h e  hung c e i l i n g s .  T h i s  system combines w i t h  o t h e r  room exhaus ts  and 
r e l e a s e s  t o  t h e  atmosphere. Charcoa l  f i l t e r s  may be used i n  some i o d i n a t i o n  
l a b s ,  a l t h o u g h  g e n e r a l l y  no f i l t r a t i o n  i s  a p p l i e d .  Waste s t o r a g e  a reas  do n o t  
u s u a l l y  have an a c t i v e  v e n t i l a t i o n  system. 

3.11.2.3 Eng ineered  S a f e t y  Systems 

Manual f i r e  e x t i n g u i s h e r s  a r e  l o c a t e d  i n  l a b o r a t o r i e s  and i n  most areas o f  
t h e  u n i v e r s i t y .  

3.11.3. I n v e n t o r y  

3.11.3.1 R a d i o a c t i v e  I n v e n t o r y  

L i c e n s e  1  i m i  t s  r e s t r i c t  u n i  v e r s i  t y  r e s e a r c h  and deve l  opment o p e r a t i o n s  t o  
t h e  q u a n t i t i e s  o f  i s o t o p e s  l i s t e d  i n  Tab le  3.9. 

Sea led sources may c o n t  3.5 m C i  t o  1 C i  p e r  source.  I o d i n a t i o n s  i n  t h e  

9 3  1 
l a b s h a n d l e l  t o 2 5 m C i  o f  I a  a t i r n e .  D i a g n o s i s  5 2  

f9j t h e r a p y  doses use up 
t o  30 mCi o f  I, up t o  5 m C i  of P ,  up t o  30 m C i  o f  Xe, and r n i l l i c u r i e  



TABLE 3.9. L i c e n s e  L i m i t s  of R a d i o a c t i v e  M a t e r i a l  a t  U n i v e r s i t y  
Research and Devel  opment F a c i  1  i t i  es 

I n v e n t o r y ,  
E l  ernent I s o t o p e  C i  ( r a n g e )  

By -p roduc t  rna ter i  a1 1 t o  25 each 
a tomic  no. 3-83 10 t o  500 t o t a l  

Ameri c i  urn 2 4 1 ~ m  5 l o - 4  to 5 

Cal  c i  um - 45Ca 0.1 

Cal i f o r n i  um 
25ZCf 5.6 x t o  0.1 

Carbon 14c 5 to 10 

C e r i  urn 141ce 2  x 10-2 

Cesi  um 1 3 7 ~ s  1 to 45 

C h l o r i n e  3 6 ~ 1  1 x 11)'~ 

Chromi um 5 1 ~  r 5 to 1 

C o b a l t  6 0 ~ o  3  x l o e 2  t o  20 

C u r i  um 2 4 4 ~ m  1 x t o  5.1 x 

Gad01 i n i  urn 5 3 ~ d  12 

Hydrogen 

I o d i  ne 

I r o n  

K r y p t o n  

Mercury  

MolybdenumlTechnet ium 

Neptunium 

N i c k e l  

Phosphorous 

P l a t i n u m  

Pol  o n i  urn 2 1 0 ~ o  2 x l o - '  t o  125 

Po tass ium 4 2 ~  1 x 

P r o t a c t i  n i  um 2 3 1 ~ a  5  

Rub id ium 8 6 ~ b  1 x 1 0 ' ~  



/'\ TABLE 3.9. ( c o n t d )  

I n v e n t o r v .  
Element I s o t o p e  C i  ( r a n g k j  

Scandi  urn 4 6 ~ c  2  

S t  r o n t i  um ' '~r 2  x  t o  500 

S u l f u r  3 5 ~  2 to 5  

T a n t a l  um 1 8 ' ~ a  1 x  1 0 ' ~  

T h o r i  urn 2 2 8 ~ h  1.5 x  l o - '  

T i n  ' l 3 s n  2  x  1 0 ' ~  

Uran ium ( d e p l e t e d )  

Xenon 1 3 3 ~ e  

Y t t e r b i  um 16'y b  

Z i n c  6 5 ~ n  

amounts of 9 9 m ~ c .  O t h e r  i s o t o p e s  a r e  hand led i n  m i  11 i c u r i e  amounts e x c e p t  3 ~ ,  
wh ich  may be s t o r e d  i n  one l o c a t i o n  i n  a  q u a n t i t y  o f  1500 C i  i n  t h e  f o r m  o f  
s h i p p i n g  c o n t a i n e r s  h o l d i n g  100 t o  25 m C i  each. 

R a d i o a c t i v e  waste  i s  m a i n l ~ 5 c o m p o s e d  o f  14c, 3 ~ ,  3 2 ~ ,  and l Z 5 1  i s o t o p e s .  
The m a j o r  a c t i v i t y  comes f r o m  I. 

3.11.3.2 Hazardous and Combus t ib le  I n v e n t o r y  

I s o t o p e s  a r e  packaged i n  p l a s t i c ,  s ty ro foam,  and cardboard ,  a l l  o f  wh ich  
may be consumed i n  a  f i r e .  S h i p p i n g  docks where t h e  m a t e r i a l s  a r e  r e c e i v e d  may 
a l s o  c o n t a i n  combust i  b l e  l i q u i d s  i n  drums. T r a n s p o r t  v e h i c l e s  r u n  on 
combust i  b l  e  1  i q u i  ds. 

L a b o r a t o r i e s  use s o l  v e n t s  and o r g a n i c  m a t e r i  a1 s  up t o  1  i t e r  q u a n t i t i e s .  
Wipes, paper  towe ls ,  and o t h e r  c e l l u l o s i c s  may be found  i n  t h e  l a b .  P r o t e c t i v e  
c l o t h i n g  and p l a s t i c  o r  r u b b e r  g l o v e s  may be worn. L a b o r a t o r i e s  c o n t a i n  a  
r a d i  o a c t i  ve waste  can o r  box t h a t  may c o n t a i n  contami  n a t e d  combus t ib les .  

Med ica l  f a c i  1  i t i e s  a r e  genera l  l y  n o t  a1 lowed t o  accumula te  combust i  b l e s .  
However, d i s p o s a b l e  m a t e r i a l s - - p l a s t i c  s y r i n g e s ,  paper  t o w e l s ,  abso rben t  paper ,  
and c l o t h i n g - - a r e  commonly used and may be a  sou rce  o f  f u e l  f o r  a  f i r e .  Waste 
compact ing  and s t o r a g e  areas c o n t a i n  c o m b u s t i b l e  s o l i d  and l i q u i d  waste  i n  
b a r r e l s .  



4.0 ACCIDENT SCENARIOS 

A  range o f  p o t e n t i a l  a c c i d e n t s  a r e  d i s c u s s e d  i n  t h i s  s e c t i o n  f o r  t h e  
11 o p e r a t i o n s  c a t e g o r i e s  o f  NMSS-licensed f a c i l i t i e s ,  l e a d i n g  t o  t h e  s e l e c t i o n  
o f  a  MREPP s c e n a r i o  f o r  each. The s e l e c t e d  a c c i d e n t  s c e n a r i o s  f o c u s  on t h o s e  
t h a t  a r e  c o n s i d e r e d  t o  have p o t e n t i  a1 l y  s i  g n i  f i  c a n t  r a d i  01 o g i  c a l  consequences. 
I n  t h e  c o n t e x t  o f  emergency preparedness,  a  r e l e a s e  t o  t h e  atmosphere o u t s i d e  a  
f a c i  1  i t y  t h a t  wou ld  i m p a c t  t h e  pub1 i c  has t h e  most s i g n i f i c a n t  consequences. 
T h e r e f o r e ,  a c c i d e n t s  t h a t  occu r  e i t h e r  o u t s i d e  t h e  f a c i l i t y  o r  b reach  t h e  
f a c i  1  i t y  ' s  i n t e g r i t y  p r o v i d i n g  a  pathway t o  t h e  atmosphere a r e  genera l  l y  t h e  
MREPP s c e n a r i o s .  Exposures of o n s i t e  pe rsonne l  a r e  exc luded  f r o m  t h i s  s tudy .  

Severa l  s t e p s  a r e  r e q u i r e d  t o  assess r e l e a s e s  f r o m  a c c i d e n t s .  F i r s t  we 
l i s t  t h e  r a d i o a c t i v e  m a t e r i a l s  and c o n s i d e r  t h e  q u a n t i t y  and t h e  ease o f  d i s -  
p e r s a l  o f  t h e s e  m a t e r i a l s .  These l i s t i n g s  a r e  i n  S e c t i o n  3. The f o r c e  and 
c o n d i t i o n s  genera ted  by t h e  even t  a r e  t h e n  e v a l u a t e d .  These e v e n t s  can be 
f a c i  1  i t y  o r  p rocess  r e 1  a t e d  o r  e x t e r n a l  l y  genera ted  ( i  .e., by n a t u r a l  phenomena 
o r  impac t  o f  v e h i c l e s ) .  I n  n u c l e a r  f a c i l i t i e s ,  t h e  m a t e r i a l s  a r e  sometimes 
f i n e  powders t h a t  move w i t h  a i r f l o w ,  so f l o w  d i r e c t i o n  and f i l t r a t i o n  a r e  
exami ned. 

The l e v e l  and t y p e  o f  deagg lomera t i on  and d i s p e r s a l  f o r c e s  t h a t  impac t  on 
r a d i o a c t i v e  m a t e r i  a1 a r e  d e t e r m i  ned ( i  .e., i d e n t i f y  s t r e s s e s  on t h e  s o u r c e ) .  
Once a i r b o r n e ,  p a r t i c u l a t e  m a t e r i a l s  obey p h y s i c a l  laws o f  b e h a v i o r  and can be 
t r a n s p o r t e d  f r o m  t h e  f a c i l i t y .  The pathway f r o m  t h e  f a c i l i t y  can be formed by 
t h e  e v e n t s  o r  can e x i s t  as doorways, f i l t e r s ,  e t c .  

The above s t e p s  were used when d e f i n i n g  t h e  p o s t u l a t e d  a c c i d e n t s  and e s t i -  
m a t i n g  t h e  q u a n t i t i e s  o f  r a d i o a c t i v e  m a t e r i a l s  t h a t  m i g h t  be r e l e a s e d .  No con- 
sequence assessments were made i n  t h i s  s t u d y .  S i g n i f i c a n t  d i g i t s  have been 
r e t a i n e d  i n  t h i s  work t o  a l l o w  a  u s e r  t o  e a s i l y  rep roduce  t h e  c a l c u l a t i o n .  A 
u s e r  can round them o f f  as a p p r o p r i a t e  f o r  a  s p e c i f i c  f a c i l i t y .  

4.1 URANIUM FUEL FABRICATION PLANTS (OXIDE FUEL) 

I n  t h i s  p l a n t  c a t e g o r y ,  a c c i d e n t s  w i l .1  i n v o l v e  u ran ium powders and s o l u -  
t i  ons, UF6, and hazardous chemi c a l  s. 

4.1.1 P o t e n t i a l  A c c i d e n t  Scenar ios  

P o t e n t i a l  a c c i d e n t s  d i s c u s s e d  f o r  t h e  u ran ium o x i d e  f u e l  f a b r i c a t i o n  
c a t e g o r y  a r e  UF6 c y l i n d e r  r u p t u r e  ( l o a d i n g  dock f i r e ) ,  l e a k  o f  UF l i q u i d ,  
t o r n a d o  impac t ,  chemica l  e x p l o s i o n ,  c r i t i c a l i t y ,  i o n  exchange exp o s i  on, f i  re ,  
and n a t u r a l  gas e x p l o s i o n .  

I 

Uranium H e x a f l u o r i d e  C y l i n d e r  Rup tu re  ( L o a d i n g  Dock F i r e )  

U r a n i  urn hexa f  1  u o r i  de c y l  i nders  m i  g h t  be r u p t u r e d  a c c i d e n t a l  l y  i n  a  v a r i e t y  
o f  s i t u a t i o n s :  punc tu re ,  d ropp ing ,  o r  a n a t u r a l  o r  o p e r a t i o n a l  event .  The 



consequence depends on v a r i a b l e s  i n v o l v e d :  number o f  c y l i n d e r s ,  hea t  genera ted  
by t h e  even t ,  l o c a t i o n  o f  t h e  a c c i d e n t ,  m i t i g a t i o n ,  e t c .  An a c c i d e n t  i s  p o s t u -  
l a t e d  i n  wh ich  a  t r u c k  d e l i v e r i n g  s u p p l i e s  s t r i k e s  t h e  c y c l o n e  fence  and rup -  
t u r e s  two c y l i n d e r s  i n  a  UF6 s t o r a g e  area.  The t r u c k  f u e l  t a n k  i s  t o r n  open by  
m e t a l  d e b r i s  and t h e  e n t i r e  100 g a l  of g a s o l i n e  i n  t h e  f u e l  t a n k  s p i l l s  t o  t h e  
ground and i s  i g n i t e d  by spa rks  c r e a t e d  by me ta l  c o n t a c t  w i t h  t h e  c o n c r e t e .  

C a l c u l a t i n g  t h e  r e l e a s e  r e q u i r e s  an e s t i m a t e  o f  t h e  f i r e  s i z e  and du ra -  
t i o n ,  t h e  UF6 c y l i n d e r  s u r f a c e  area exposed t o  t h e  f i r e  heat ,  h e a t  f l u x  t o  t h e  
c y l i n d e r ,  and f i n a l l y ,  t h e  UF6 r e l e a s e .  S e c t i o n  5.1.2 g i v e s  a  s t e p w i s e  p roce -  
d u r e  and a  d e t a i l e d  i l l u s t r a t i o n  as w e l l  as a  d i s c u s s i o n  o f  t h e  parameters .  

F i  r e  s i z e  and d u r a t i o n  a r e  de te rm ined  by t h e  amount and geometry o f  t h e  
poo l  and i t s  b u r n i n g  r a t e .  It i s  assumed t h a t  t h e  100 (13 f t  ) g a l  o f  g a s o l i n e  
forms a  2 0 - f t - d i a m  c i r c u l a r  a rea  and reaches a  dep th  o f  0.5 i n .  (volume 
13 f t 3 ) .  S t e a d y - s t a t e  b u r n i n g  v e l o c i t i e s  o f  1 ( K h i t r i n ,  1962) t o  5  mm/min 
(Tryon,  1962) have been r e p o r t e d  f o r  g a s o l i n e .  The f u e l  c o u l d  be consumed i n  
2.5 t o  12.5 min  a t  t h e s e  r a t e s .  

C y l i n d e r s  of UF6 can be s t o r e d  i n  t h e  l o a d i n g  dock area.  Two a r e  assumed 

t o  be l o c a t e d  near  t h e  f i r e .  F i r e  c o m p l e t e l y  e n g u l f i n g  t h e  c y l i n d e r s  wou ld  
p r o v i d e  t h e  maximum hea t  f l u x .  I n  t h i s  f i r e ,  however, i t  i s  reasonab le  t o  
assume t h e  f i r e  c e n t e r s  around t h e  t r u c k ,  w i t h  t h e  f l ame h e i g h t  e q u i v a l e n t  t o  
t h e  f i r e  d iamete r .  The c y l i n d e r s  a r e  assumed about  10 f t  f r o m  t h e  f i r e  and 
o r i e n t e d  so t h a t  t h e  e n t i  r e  cu rved  s i d e  i s  exposed t o  t h e  f i r e .  

The p r i n c i p a l  hea t  t r a n s f e r  mechani sm f r o m  a  f u e l  - r i c h  f i  r e  i s  r a d i a t i o n .  
A c c o r d i n g  t o  C l a r k e  e t  a1 . (1974) ,  t h e  c o n v e c t i  ve h e a t  f l u x  can be n e g l e c t e d ,  
assuming t h a t  t h e  f i r e  r a d i a t e s  as a  b l a c k  body compens3tes f o r  t h i s  omiss ion.  
A r a d i a t i v e  h e a t  t r a n s f e r  c o e f f i c i e n t  o f  32.4 B t u / h r - f t  OF f o r  a  2000°F f i r e  
and 80°F c o n t a i n e r  has been c a l c u l a t e d  ( C l a r k e  e t  a1 . , 1974) .  The r a d i a t i v e  
h e a t  t r a n s f e r  c o e f f i c i e n t  i s  a  f u n c t i o n  o f  d i s t a n c e  f r o m  t h e  sou rce  and must be 
e s t i m a t e d .  I n  t h e  s e m i c i r c u l a r  f i r e  p r o f i l e  p o s t u l a t e d ,  a t  a  d i s t a n c e  o f  
10 ft, t h e  f l u x  i s  0.25 o f  t h e  r a d i a t i v e  h e a t  t r a n s f e r  c o e f f i c i e n t .  

S i n c e  h a l f  t h e  cu rved  w a l l  o f  t h e  30A c y l i n d e r  i s  t h e  h e a t - a b s o r b i n g  s u r -  
face, a t  a  t e m p e r a t u r e  d i f f e r e n c e  o f  1780°F, a p p r o x i m a t e l y  6420 B t u / m i n  c o u l d  
be absorbed by t h e  c y l i n d e r .  The hea t  o f  s u b l i m a t i o n  f o r  UF6 (147OF) i s  
58.2 B t u / l b .  

D i s r e g a r d i n g  t h e  hea t  used t o  r a i s e  t h e  t e m p e r a t u r e  o f  t h e  c y l i n d e r  and 
UF6, 110 l b  of UF /min  f r o m  each r u p t u r e d  c y l i n d e r  c o u l d  be made a i r b o r n e .  
~ h u s ,  550 t o  2,758 i b  (250 t o  1,249 k g )  o f  UF f rom t h e  two c y l i n d e r s  c o u l d  be 

B made a i r b o r n e  d u r i n g  t h e  c o u r s e  o f  t h e  f i r e  i no remed ia l  a c t i o n  i s  t aken .  
Some U F ~  wou ld  a l s o  be c o n t i n u o u s l y  v a p o r i z e d  from t h e  r u p t u r e d  c y l i n d e r s  a t  
t h e  t e m p e r a t u r e  o f  t h e  c y l i n d r r  and i t s  c o n t e n t s  a f t e r  t h e  f i r e .  

unda;aged c y l i n d e r s  i n  t h e  immedia te  v i c i n i t y  o f  t h e  r u p t u r e d  c y l i n d e r s  
c o u l d  a l s o  be heated.  Under t h e  assumpt ions  s t a t e d  above, t h e  r a d i a t i v e  h e a t  
t r a n s f e r  i s  s u f f i c i e n t  t o  r a i s e  t h e  t e m p e r a t u r e  of t h e  c y l i n d e r  and i t s  



c o h t e n t s  f r o m  20' t o  10 l °F ,  i n c r e  s i n g  t h e  vapor p r e s s u r e  o f  t h e  UF6 i n s i d e  t h e  
c y l i n d e r  by o n l y  3.5 t o  33 i b / i n . '  ( w e l l  w i t h i n  t h e  o p e r a t i n g  p r e s s u r e  o f  t h e  
c y l i n d e r s )  . 

Uran ium h e x a f l u o r i d e  r e a c t s  ve ry  r e a d i  l y  w i t h  w a t e r  t o  f o r m  p a r t i c u l a t e  
U02F2 and HF gas r e c o r d i n g  t o  t h e  r e a c t i o n :  

i Water i s  formed d u r i n g  t h e  comple te  combust ion  o f  t h e  g a s o l i n e .  The g a s o l i n e  

i! 
3  i n v o l v e d  n  t h e  f i r e  can have a  d e n s i t y  o f  0.703 g/cm f o r  a  t o t a l  mass o f  

5  
2.66 x  10 g. Assuming t h a t  g a s o l i n e  i s  15.5% hydrogen by we igh t ,  3.78 x  1U g  
o f  w a t e r  a r e  formed by t h e  compl e t e  cgmbust i  on o f  100 g a l .  T h i s  amount o f  

I 

w a t e r  c o u l d  r e a c t  w i t h  up t o  3.7 x  10 kg  of UF6 t o  produce p a r t i c u l a t e  
U02F . Consequent ly ,  t h e  1,249 k g  o f  UF6 assumed t o  be a i r b o r n e  f r o m  t h i s  
a c c i g e n t  c o u l d  be c o n s i d e r e d  c o m p l e t e l y  c o n v e r t e d  t o  U02F2 p a r t i c u l a t e .  

The number o f  t h e s e  p a r t i c l e s  t h a t  can p e r s i s t  i n  a i r  depends somewhat on 
the '  s i z e  d i s t r i b u t i o n  and mass of t h e  p a r t i c l e s  as w e l l  as t h e  c o n d i t i o n s .  To 
make an e s t i m a t e  o f  t h e  c o n c e n t r a t i o n  o f  t h e s e  p a r t i c l e s ,  a  s t i r r e d  s e t t l i n g  
model (Koontz  e t  al. ,  1970) was used. Because i t  was deve loped f o r  a  10-m-high 
c o n t a i n e r ,  i t  was c o n s i d e r e d  s u f f i c i e n t l y  s i m i l a r  t o  t h e  o ~ t d o o r ~ p l u m e  s i t u a -  
t i o n  here .  The p e r s i s t e n t  a i r b o r n e  ma3s c a l c u l a t e d  t o  0.237 g/m . A l l  t h e  
mass i s  c o n s i d e r e d  a s s o c i a t e d  w i t h  p a r t i c l e s  l e s s  than  10 pm aerodynamic 
e q u i v a l e n t  d i a m e t e r  (AEU). T h i s  i s  e q u i v a l e n t  t o  a  3 . 1 - ~ m  U02F2 sphere  w i t h  a  
d e n s i t y  o f  10.5. To e s t i m a t e  dose, t h e  model assumes a l l  mass r e a c h i n g  an 
i n d i v i d u a l  i s  a s s o c i a t e d  w i t h  p a r t i c l e s  1-pm AED, wh ich  a r e  r e s p i r a b l e  and 
d e p o s i t  i n  t h e  deep lung .  A s i g n i f i c a n t  f r a c t i o n  o f  p a r t i c l e s  as l a r g e  as 5 pm 
AED can e n t e r  t h e  r e s p i r a t o r y  system. A 1.54-pm p a r t i c l e  o f  U%F2 i s  e q u i v a -  
l e n t  t o  a  5-pm AED p a r t i c l e .  U s i n g  t h e  d i s t r i b u t i o n  c a l c u l a t i o n  w i t h  no a d d i -  
t i o n a l  agy lomera t ' on ,  70% o f  t h e  mass i s  a s s o c i a t e d  w i t h  p a r t i c l e s  l e s s  t h a n  3 
1.54 pm (0.17 g/m ) .  T h i s  i s  t h e  maximum c o n c e n t r a t i o n  o f  t h e  UF6 p a r t i c u l a t e .  

4.1.1.2 Leak o f  Uran ium H e x a f l u o r i d e  

Leaks of  UF w i t h i n  t h e  f a c i l i t y  can o c c u r  d u r i n g  p rocess ing .  Some e v e n t s  
t h a t  have i n i t i a  f ed UF6 r e l e a s e  w i t h i n  a  gaseous d i f f u s i o n  p r o d u c t i o n  f a c i l i t y  
(Tabor ,  1974) a r e  gasket  f a i l u r e ,  r e f r i g e r a t i o n  f a i l u r e ,  va l  v i n g  e r r o r ,  open 
v a l v e s  on a  hea ted  c y l i n d e r ,  and l e a k i n g  p i g t a i l s .  A l e a k  i n  a  t r a n s f e r  l i n e  
c o n n e c t i n g  t h e  UF e v a p o r a t o r  t o  t h e  p r e c i p i t a t o r  i s  p o s t u l a t e d  i n  an o x i d e  
f u e l  f a b r i c a t i o n  P a c i  1 ity where u ran ium h e x a f l u o r i d e  f l o w s  f r o m  t h e  t r a n s f e r  
l i n e  a t  t h e  o p e r a t i o n a l  r a t e  o f  3 kg o f  UF I m i n  (2  kg  of u ran iumlm in ) .  It i s  
assumed t h a t  about  15 t o  25 min i s  r e q u i r e $  f o r  t h e  o p e r a t i o n  t o  cease and f o r  
t h e  c y l i n d e r  t o  c o o l  s u f f i c i e n t l y  f o r  t h e  UF6 f l o w  t o  s top .  The maximum 
r e l e a s e  i s  t h u s  75 k g  of UF6 gas (50 k g  o f  u ran ium) .  Uranium h e x a f l u o r i d e  
t e n d s  t o  condense and r e a c t  w i t h  w a t e r  p r o d u c i n g  HF gas and U02F2 p a r t i c l e s .  
T h i s  wou ld  enab le  UO F2 removal by d e p o s i t i o n .  The c o n s e r v a t i v e  assumpt ion  i s  
t h a t  a l l  t h e  75 k g  o f  UF6 i s  r e l e a s e d  t o  t h e  env i ronmen t  as gas. 



4.1.1.3 Tornado I m ~ a c t  

It i s  p o s t u l a t e d  t h a t  a  d e s i g n  b a s i s  t o r n a d o  s t r i k e s  a  f u l l y  o p e r a t i o n a l  
u ran ium o x i d e  f u e l  f a c i l i t y .  The assumed consequences a r e  as f o l l o w s :  

e Complete l o s s  o f  p a r t  o f  w a l l s  and r o o f  
o M i s s i l e s  a r e  genera ted  
e Mass ive  equipment such as UF6 v a p o r i z e r  and p r e c i p i t a t o r  remaio 
s A l i n e  f rom t h e  UF6 v a p o r i z e r  i s  sheared by a  m i s s i l e .  

Some a i r b o r n e  r e l e a s e  o f  u ran ium c o u l d  occu r  f r o m  t h e  damage o f  t h e  p r o -  
cess p i p i n g  sheared by t h e  m i s s i l e  and f r o m  o t h e r  u ran ium m a t e r i a l s  i n  t h a t  
area.  Three l o c a t i o n s  i n  t h e  p rocess  w i t h  t h e  l a r g e s t  i n v e n t o r y  i n  j eopardy  
f r o m  an a i r b o r n e  r e l e a s e  v i e w p o i n t  a r e  t h e  UF6 v a p o r i z e r ,  t h e  ADU (ammoni um 
d i u r a n a t e )  f i l t e r ,  and t h e  sc rap  r e c o v e r y  area.  The p o t e n t i a l  r e l e a s e s  may be 
u ran ium f rom t h e  v a p o r i z e r ,  297 kg o f  u r a n i  um on t h e  f i l t e r ,  and 2,000 kg o f  
i n-process scrap.  

The i j ~ ~  i s  assumed r e l e a s e d  from t h e  e v a p o r a t o r  a t  i t s  o p e r a t i o n a l  vapo- 
r i z a t i o n  r a t e  o f  3  kg /min  ( 2  kg o f  u ran ium/min) .  Some remed ia l  a c t i o n  such as 
s t o p p i n g  t h e  steam f l o w  t o  t h e  e v a p o r a t o r  c o u l d  be i n s t i t u t e d  p r o m p t l y ,  o r  t h e  
steam f l o w  c o u l d  be d i s r u p t e d  by damage f r o m  t h e  to rnado .  Bo th  o f  t h e s e  e v e n t s  
c o u l d  l i m i t  t h e  r e l e a s e s  t o  l e s s  t h a n  t h e  t i m e  r e q u i r e d  f o r  c o o l i n g ,  o r  about  
25 min. 

The r e l e a s e  o f  ADU f r o m  t h e  f i l t e r  and i n - p r o c e s s  sc rap  a r e  assumed t o  be 
s imu l taneous .  The q u a n t i t y  o f  i n - p r o c e s s  sc rap  t h a t  i s  p r e s e n t  as a  d i s p e r s i -  
b l e  powder o r  o t h e r  f o r m  v a r i e s  c o n t i n u o u s l y .  F o r  t h e  purposes o f  t h i s  c a l c u -  
l a t i o n  i t  i s  assumed t h a t  as much as 10% o r  200 kg o f  u ran ium i s  i n  t h e  f o r m  o f  
powder and t h e s e  p a r t i c l e s  a r e  assumed i n  t h e  r e s p i  r a b l e  s i z e  range. 

The ADU on t h e  f i l t e r  i s  a  m o i s t  powder c o n t a i n i n g  a t  l e a s t  5% m o i s t u r e .  
When d r y ,  ADU c o u l d  have a  p a r t i c l e  s i z e  r a n g i n g  f r o m  10 t o  150 Dm. The a v e r -  
age p a r t i c l e  s i z e  wou ld  be a p p r o x i m a t e l y  100 pm AED. F o r  a  powder w i t h  a  l o g  
normal p a r t i c l e - s i z e  d i s t r i b u t i o n ,  a  c a l c u l a t e d  AED o f  100 Dm and a g e o m e t r i c  
s t a n d a r d  d e v i a t i o n  o f  2; l e s s  t h a n  0.1% would  have a  p a r t i c l e  s i z e  l e s s  t h a n  
10 Dm. There fo re ,  i t  i s  c o n s e r v a t i v e l y  p o s t u l a t e d  t h a t  1% o r  3  kg o f  t h e  
297 kg of  u ran ium i s  r e l e a s e d  as r e s p i r a b l e  p a r t i c l e s .  

The t o t a l  a i r b o r n e  r e l e a s e  as a  r e s u l t  of t h e  t o r n a d o  i s  t h u s  p o s t u l a t e d  
t o  be 203 k g  of u ran ium as UO2 and U308 powders i n s t a n t a n e o u s  r e l e a s e d  and 
2 kg/min  as UF6 w h i l e  h e a t i n g  i s  r e t a i n e d .  I f  t h e  l e a k  c o n t i n u e s  f o r  25 min, 
t h e  t o t a l  r e l e a s e  i s  253 kg. 

Chemi c a l  Exp l  o s i  on 

Propane i s  used as a u x i l i a r y  f u e l  i n  some of t h e  p l a n t s  and c o u l d  p r e s e n t  
an e x p l o s i o n  hazard.  However, t h e  s t o r a g e  f a c i l i t i e s  a r e  l o c a t e d  a p a r t  f r o m  
t h e  o t h e r  p l a n t  f a c i l i t i e s .  I f  an e x p l o s i o n  occurs ,  t h i s  would mean i t  would 



n o t  e f f e c t  t h e  p l a n t  o r  j e o p a r d i  ze r a d i  o a c t i  ve m a t e r i  a1 s. Combusti  on w i  t h i  n  
propane c o n t a i n e r s  can occu r  i n  a p p l i c a t i o n s  where i t  i s  used i n  c o n j u n c t i o n  
w i t h  oxygen; however, such use does n o t  occu r  i n  t h i s  f a c i l i t y .  

Hydrogen e x p l  o s i  ons c o u l d  o c c u r  i n  equ i  pment such as t h e  s i  n t e r i  ng  f u r -  
nace. The f l u i d  bed r e a c t o r  i n  t h e  d r y  UFg p r o d u c t i o n  p rocess  i s  a  p o t e n t i a l  
hydrogen-a i  r e x p l o s i o n  s i t e .  However, t o  cause t h i s  e x p l o s i o n  s i m u l  taneous 
f a i l u r e s  i n  s e v e r a l  d i f f e r e n t  systems a r e  r e q u i  red .  These i n c l u d e  f a i l u r e  t o  
c l o s e  t h e  b a l l  v a l v e  f r o m  t h e  f e e d  hopper;  f a i l u r e  o f  t h e  C02 purge  supp ly ;  and 
r e d u c t i o n  o f  t h e  o p e r a t i n g  p r e s s u r e  i n  t h e  r e a c t o r  f r o m  2 atmospheres t o  
a tmospher i c  p r e s s u r e .  T h i s  i s  judged u n l i k e l y  and no r e l e a s e  p o s t u l a t e d .  

4.1.1.5 C r i t i c a l i t y  

A c r i t i c a l  i t y  a c c i d e n t  r e l e a s e s  energy as a  r e s u l t  o f  a c c i d e n t a l  l y  produc-  
i ng a  s e l  f - s u s t a i  n i  ng  o r  d i  ve rgen t  n e u t r o n  c h a i n  r e a c t i o n  (Ameri  can N u c l e a r  
S o c i e t y ,  1975).  One m i g h t  be i n i t i a t e d  by 1 )  i n a d v e r t e n t  t r a n s f e r  o r  l eakage  
o f  a  s o l u t i o n  o f  f i s s i l e  m a t e r i a l  f r o m  a  g e o m e t r i c a l l y  s a f e  vesse l  i n t o  an a r e a  
o r  vesse l  n o t  so des igned,  2 )  i n t r o d u c t i o n  of excess f i s s i l e  m a t e r i a l  t o  a  
v e s s e l ,  3 )  i n t r o d u c t i o n  o f  excess f i s s i l e  m a t e r i a l  t o  a  s o l u t i o n ,  4 )  overcon-  
c e n t r a t i o n ,  5 )  f a i  1  u r e  t o  mai n t a i  n  s u f f i c i e n t  n e u t r o n  a h s o r h i  ng m a t e r i a l s  i n  a  
vesse l ,  6 )  p r e c i p i t a t i o n  o f  f i s s i l e  s o l i d s  f r o m  a  s o l u t i o n  and t h e i r  r e t e n t i o n  
i n  a  vesse l ,  7 )  i n t r o d u c t i o n  o f  n e u t r o n  modera to rs  o r  r e f l e c t o r s ,  8)  deforma- 
t i o n  o f  o r  f a i l u r e  t o  m a i n t a i n  s a f e  s t o r a g e  a r r a y s ,  o r  9 )  s i m i l a r  a c t i o n s  t h a t  
can l e a d  t o  i n c r e a s e s  i n  t h e  r e a c t i v i t y  o f  f i s s i l e  systems (USNRC, 1979a). 

S i x  i n c i d e n t s  o f  unp lanned e x c u r s i o n s  were r e c o r d e d  t o  occu r  beh ind  heavy 
s h i e l d i n g  i n  p r o c e s s i n g  o r  p r o d u c t i o n  f a c i l i t i e s  (USAEC, 1971).  None o c c u r r e d  
i n  a  powder system; t h e y  g e n e r a l l y  o c c u r  i n  s o l u t i o n  systems w i t h  m a t e r i a l  
a c c u m u l a t i o n  i n  t h e  t a n k  and a  surge t o  u n s a f e  geometry. There  appear t o  he no 
v e s s e l s  o f  u n s a f e  geometry i n  t h i s  f a c i  1  i t y  where m a t e r i  a1 s  c o u l d  accumu la te  
d ~ u r i n g  p r o c e s s i n g .  The o n l y  t a n k s  o f  u n s a f e  geometry e x i s t  i n  t h e  waste  t r e a t -  
ment f a c i l i t y .  F o r  any s i g n i f i c a n t  q u a n t i t y  o f  f i s s i l e  m a t e r i a l  t o  reach  t h e  
t a n k s ,  i t  would  have t o  pass s e v e r a l  a la rmed r a d i o a c t i v i t y  m o n i t o r s  and f a i l  t o  
be d i s c o v e r e d  by r o u t i n e  samp l ing  a n a l y s i s .  No c r i t i c a l i t y  a c c i d e n t s  have been 
a s s o c i  a t e d  w i t h  l o w - e n r i  ched f u e l  f a b r i  c a t i o n  o p e r a t i o n s  (Exxon, 1974 ) .  No 
e n v i r o n m e n t a l  i m p a c t s  r e s u l t e d  f r o m  f o u r  c r i t i c a l i t y  a c c i d e n t s  t h a t  have 
o c c u r r e d  i n  o t h e r  f u e l  f a b r i c a t i o n  and /o r  sc rap  r e c o v e r y  o p e r a t i o n s .  Some 
s m a l l  f i s s i o n  gas r e l e a s e s  have occu r red ,  and w h i l e  t h e y  a r e  t h u s  o f  v e r y  l o w  
p r o b a b i l i t y ,  t h e y  a r e  covered as p a r t  o f  t h e  r e q u i r e d  a c c i d e n t s  f o r  a  s a f e t y  
a n a l y s i  s. 

The r e g u l a t o r y  g u i d e  (USNRC, 1979a) f o r  e v a l u a t i n g  c r i t i c a l i t y  i n  u ran ium 
f u e l  f a b r i  c a t i o n  p l a n t s  recommends assumi ng s i  mu1 taneous breakdown o f  a t  1  e a s t  
two  independent  c o n t r o l s  t h r o u g h o u t  a l l  e lements  of t h e  o p e r a t i o n .  The s t a n -  
d a r d  c r i t i c a l i t y  a c c i d e n t  i s  assumed a p p l i c a b l e  f o r  t h e  purpose o f  a s s e s s i n g  
t h i s  a c c i d e n t .  However c r i t i c a l i t y  i s  h i g h l y  u n l i k e l y  f o r  t h i s  process.  



An e x c u r s i o n  i s  assumed t o  occu r  i n  a  vented vesse l  o f  a v o r a b l e  geome- 
t r y  c o n t a i n i n g  a  s o l u t i o n  o f  400 g/L o f  u ran ium e n r i c h e d  i n  '"U. The e x c u r -  Q 
s i o n  produces an i n i t i a l  b u r s t  o f  1E + 18 f i s s i o n s  i n  0.5 s  f o l l o w e d  succes- 
s i  v e l y  a t  10-min i n t e r v a l s  by 47 b u r s t s  o f  1.9E + 17 f i s s i o n s  f o r  a  t o t a l  o f  
1E + 19 f i s s i o n s  i n  8 h. The e x c u r s i o n  i s  assumed t o  be t e r m i n a t e d  by 
e v a p o r a t i o n  o f  100 L o f  t h e  s o l u t i o n .  

It i s  assumed t h a t  a l l  o f  t h e  n o b l e  gas f i s s i o n  p r o d u c t s  and 25% of t h e  
i o d i n e  r a d i o n u c l i d e s  r e s u l t i n g  f r o m  t h e  e x c u r s i o n  a r e  r e l e a s e d  d i  r e c t l y  t o  a  
v e n t i l a t e d  room atmosphere. It i s  a l s o  assumed t h a t  an a e r o s o l ,  wh ich  i s  
genera ted  f r o m  t h e  e v a p o r a t i o n  o f  s o l u t i o n  d u r i n g  t h e  e x c u r s i o n  i s  r e l e a s e d  
d i r e c t l y  t o  t h e  room atmosphere. The a e r o s o l  i s  assumed t o  compr ise  0.05% o f  
t h e  s a l t  c o n j j 5 t t  o f  t h e  s o l u t i o n  t h a t  i s  evapora ted.  T h i s  i s  20 g  o f  u ran ium 
e n r i c h e d  i n  U. 

A r e d u c t i o n  i n  t h e  amount o f  r a d i o a c t i v e  m a t e r i a l  a v a i l a b l e  f o r  r e l e a s e  t o  
t h e  e n v i  r o n ~ n e n t  may be t a k e n  i n t o  accoun t  b u t  e v a l u a t e d  on an i n d i v i d u a l  case 
b a s i s .  The i o d i n e  d e p l e t i o n  a l l owance  i s  75%. 

The USNRC r e g u l a t o r y  g u i d e  a l l o w s  a  r e d u c t i o n  i n  t h e  amount o f  r a d i o a c t i v e  
m a t e r i a l  a v a i l a b l e  f o r  r e l e a s e  t h r o u g h  f i l t r a t i o n  i n  t h e  p l a n t  exhaust .  There-  
f o r e ,  t h e  amount o f  p a r t i c u l a t e  r e l e a s e d  f r o m  t h e  p l a n t  i s  m i t j g a t e d  by t h e  
HEPA f i l t r a t i o n  system. A d e c o n t a m i n a t i o n  f a c t o r  of 2.5 x  10- i s  c o n s ' d e r e d  -6 
a p p l i c a b l e  t o  two HEPAs i n  s e r i e s  so t h e  a tmospher i c  r e l e a s e  i s  5 x 10 g o f  
e n r i c h e d  u r a n i  urn. 

I n  a d d i t i o n  t o  t h e  p a r t i c u l a t e  r e l e a s e ,  f i s s i o n  p r o d u c t  gaseous r e l e a s e s  
have been e s t i m a t e d  (USNRC, 1979a) and a r e  shown i n  T a b l e  4.1. The l a s t  column 
shows t h e  i o d i n e  r e l e a s e  r e t e n t i o n  a1 lowance i n c l u d e d .  

I o n  Exchange E x p l o s i o n  

One p l a n t  has an i o n  exchange column used f o r  r e ~ n o v a l  o f  sma l l  amounts o f  
u ran ium f r o m  waste  st reams. I o n  exchange e x p l o s i o n  i n c i d e n t s  can o c c u r  due t o  
t h e r m a l  t r a n s i e n t s  f r o m  r a d i  o l y t i c  h e a t i  ny, o x i d a t i o n  due t o  n i t r a t i o n  under  
u n c o n t r o l l e d  c o n d i t i o n s ,  e x c e s s i v e  a p p l i e d  heat ,  o r  h e a t i n g  by s t r o n g  o x i d a n t s  
( S e l b y  e t  a1 . , 1975).  T h i s  waste  s t ream column does n o t  appear t o  be a  l i k e l y  
c a n d i d a t e  f o r  an i o n  exchange e x p l o s i o n .  However, t h e  magni tude o f  a  r e l e a s e  
i s  e s t i m a t e d  t o  i l l u s t r a t e  t h e  consequence. 

A f t e r  an a c t u a l  i o n  exchange column e x p l o s i o n  t h e  f r a c t i o n a l  r e l e a s e  t o  
the6atmosphpre  down s t ream o f  HEPA f i l t e r s  ( t h e  f i l t e r s  were n o t  damaged) was 
10- t o  10- o f  t h e  column r a d i o a c t i v e  i n v e n t o r y  $ERDA, 1976).  The con- 
t a m i n a t i o n  l e v e l  of t h e  waste  s t ream i s  300 ug/cm o f  uranium. The column 
c a p a c i t y  i s  17 L; 13 L o f  t h j s  c a p a c i t y ,  i s  r e s i n  where t h e  u ran ium i s  concen- 
t r a t e d  by a  f a c t o r  o f  1 x  10 . 



TABLE 4.1. R a d i o a c t i v i t y  o f  I m p o r t a n t  Nucl i d e s  Released 
f rom a  C r i t i c a l i t y  Acc iden t  i n  a  Uranium Fue l  
F a b r i c a t i o n  P l a n t  

I n c l  u d i  n q  - 
R a d i o a c t i v i t y ,  C i  I o d i n e  

N u c l i d e  H a l f - l i f e  0  t o  0.5 h  0.5 t o  8  h  T o t a l  R e t e n t i  on 

8 3 m ~ r  1.8 h  2.2 x  l o 1  1.4 x  l o 2  1.6 x  l o 2  

8 5 m ~ r  4.5 h  2.1 x  l o 1  1.3 x  l o 2  1.5 x  l o 2  
8 5 ~ r  10.7 y r  2 . 2 x 1 0 - ~  1 . 4 x 1 0 - ~  l . 6 x l 0 - ~  

8 7 ~ r  76.3 min  1.4 x  10 8.5 x  l o 2  9.9 x  l o 2  2  

8 8 ~  r 2.8 h  9.1 x  10' 5.6 x  l o 2  6.5 x  10 
2  

8 9 ~ r  3 . 2 m i n  5 . 9 ~ 1 0  3 . 6 ~ 1 0  
4  4.2 x  l o 4  

131mXe 1 1 . 9 d a y  1 . 1 x 1 0 - ~  7 . 0 x 1 0 - ~  8 . 2 x 1 0 - ~  

133mXe 
2.0 day 2.5 x  1 0 - I  1.6 1.8 

1 3 3 ~ e  5.2 day 3.8 2.3 x  10 2.7 x  10 
1 

1 35mXe 
15.6 ~ n i n  3.1 x  10 

2  
1.9 x  10 

3  
2.2 l o 3  

1 3 5 ~ e  9.1 h  5.0 x  l o 1  3.1 x  10 
2  

3.6 x  l o 2  

1 3 7 ~ e  3.8 min  6.9 x  l o 3  4.2 x  l o 4  4.9 l o 4  
13$xe 14.2 min  1.8 x  l o 3  1.1 x  10 

4  
1.3 x  l o 4  

An e s t i m a t e d  column uran ium i n v e n t o r y  i s  as f o l l o w s :  

4  3  3  
e 1.3 x  10 r e ~ i n  w i t h  conr jen t ra ted  (300  u g )  x  ( 1  x  10 ) uran ium l e v e l  

of  3  x 10 pg/cm = 3.9 x  10 u ran ium on r e s i n .  

3  3  
e 4  x  10  cm l i q u i d  w i t h  a  u ran ium l e v e l  o f  300 ug/cm3 = 1.2 g  o f  u ran ium 

i n  s o l u t i o n .  

3 
I f  t h e  t o t a l  i n v e n t o r y  i s  s u b j e c t  t o  r e l e a s e ,  3.9 x  10 g 05 uran ium c o u l d  

be s u b j e c t  go s t r e s s  w i t h  a  r e s u l t i n g  maximum r e l e a s e  o f  4  x 10- g  o f  u ran ium 
u s i n g  a  10- a tmospher i c  r e l e a s e  f r a c t i o n .  The r e l e a s e  f r o m  t h e  s o l u t i o n  i s  
n e g l i g i b l e .  I f  t h e  waste p r o c e s s i n g  a rea  i s  n o t  equ ipped w i t h  HEPA f i l t e r s ,  
t h e  r e l e a s e  l e v e l  c o u l d  be h i g h e r .  



4.1.1.7 F i r e  

Combusti b l e  m a t e r i a l s  such as p o l y v i n y l  a l c o h o l ,  h y d r a u l i c  f l u i d ,  l u b r i  - 
can ts ,  and kerosene a r e  used d u r i n g  t h e  f a b r i c a t i o n  o p e r a t i o n s .  Flammable 
m a t e r i a l s  (e.g., acetone)  used f o r  c l e a n i n g  c o u l d  p r e s e n t  a  f i r e  hazard  d u r i n g  
t h e  process.  However, o n l y  sma l l  amounts i n  c o n t a i n e r s ,  such as g a l l o n  d i s -  
pensers ,  a r e  i n  t h e  p l a n t  and l a r g e  q u a n t i t i e s  a r e  s t o r e d  o u t s i d e .  T h e r e f o r e ,  
f i r e s  c o u l d  o c c u r  a t  v a r i o u s  l o c a t i o n s  w i t h i n  t h e  p l a n t .  

Kerosene i s  used i n  t h e  s o l v e n t  e x t r a c t i o n  p rocess  f o r  b o t h  h i g h -  and low-  
e n r i c h e d  processes,  making t h i s  t h e  p o t e n t i a l  s i t e  o f  a  f i r e  a c c i d e n t  s c e n a r i o .  
The minimum f l a m m a b i l i t y  l i m i t  o f  kerosene i n  a i r  i s  0.6% (Burger ,  1956).  S o l -  
ven ts  o t h e r  t h a n  kerosene a r e  used i n  sc rap  r e c o v e r y  and a  s i m i l a r  s c e n a r i o  
c o u l d  a l s o  a p p l y  t o  them. 

The q u a n t i t i e s  and c o n f i g u r a t i o n s  of  i n - p r o c e s s  sc rap  t h a t  a r e  p r e s e n t  as 
d i s p e r s i b l e  powder v a r i e s  c o n t i n u o u s l y .  I n  t h i s  s c e n a r i o ,  i t  i s  assumed t h a t  
2000 kg o f  sc rap  i s  i n  process,  10% powder and 90% w i t h  t h e  s o l v e n t .  A l l  o f  
t h e  s o l  v e n t - a s s o c i a t e d  u ran ium i s  s u b j e c t  t o  a i r b o r n e  r e l e a s e  as a  r e s u l t  o f  
f i r e .  

F i  r e  b e h a v i o r  o f  u r a n i  um i n  kerosene has been i n v e s t i g a t e d  e x p e r i m e n t a l  l y  

(Mishima and Schwendiman, 1973c) and l e s s  t h a n  1% would  be t h e  c o n s e r v a t i v e  
f i r e  r e l e a s e  v a l u e  f o r  a  s o l  v e n t  f i r e .  The maximum r e l e a s e  i s  18 kg o f  
uranium, i f  a l l  o f  t h e  s o l v e n t  burns .  The r e l e a s e  i s  i n  t h e  f a c i l i t y  and i s  
n o t  a n t i c i p a t e d  t o  have a  s i g n i f i c a n t  env i ronmen ta l  r e l e a s e .  S i n c e  t h e  f i r e  i s  
some d i s t a n c e  f r o m  t h e  f i l t e r s ,  t h e y  shou ld  r e t a i n  t h e i r  i n r e g r i t y .  The6 
r e l e a s e  t g r o u g h  t h e  HEPA f i l t e r s  would be 18 kg x  2.5 x  10' = 4.5 x  10- k g  o r  
4.5 x  10- g. 

F i r e s  can v o l a t i l i z e  UF6, as d i s c u s s e d  i n  t h e  c y l i n d e r  r u p t u r e  s c e n a r i o .  
However, t h i s  s c r a p  r e c o v e r y  f i r e  wou ld  n o t  be near  t h e  c y l i n d e r s  and t h u s  
wou ld  n o t  p r o v i d e  hea t  t o  v o l a t i l i z e  UF6. Uranium h e x a f l u o r i d e  gases, if 
v o l  a t i  1  i zed, wou ld  r e a c t  w i t h  room a i r  and p r e c i p i t a t e  on e q u i  pment and b u i  1  d -  
i n g  s u r f a c e s ,  and be f i l t e r e d  o u t  by any HEPA f i l t r a t i o n  system. 

4.1.1.8 N a t u r a l  Gas E x p l o s i o n  

N a t u r a l  gas e x p l o s i o n s  a r e  d i s c u s s e d  i n  d e t a i l  i n  S e c t i o n  4.3.1.6 o f  t h i s  
r e p o r t .  It has been h y p o t h e s i z e d  (Rockwe l l ,  1976) t h a t  a  comple te  r u p t u r e  o f  a  
1 - i n .  gas l i n g  o p e r a t i n g  a t  a  p r e s s u r e  o f  8 i n .  o f  H20 would r e l e a s e  a p p r o x i -  
m a t e l y  750 ft / h  o f  gas. I n  t h e s e  f a c i l i t i e s  minimum a i r f l o w s  o f  7  t o  
24 changes p e r  hour  ensure  t h a t  n a t u r a l  gas c o u l d  n o t  b u i l d  up t o  an e x p l o s i v e  
c o n c e n t r a t i o n  i n  even t  o f  a  l i n e  r u p t u r e .  

4.1.2 Uranium Fue l  F a b r i c a t i o n  P l a n t s  (Ox ide Fue l  ) MREPP S c e n a r i o  

Because a  c r i t i c a l i t y  a c c i d e n t  i s  c o n s i d e r e d  h i g h l y  u n l i k e l y  i n  t h i s  
process,  t h e  UF6 c y l i n d e r  r u p t u r e  i s  s e l e c t e d  as t h e  MREPP s c e n a r i o .  The 
t o r n a d o  and f i r e  r e l e a s e s  were i n  t h e  same range. Severa l  c o n s i d e r a t i o n s  i n  
s e l e c t i n g  t h e  MREPP were as f o l l o w s :  n 



e The even t  occu rs  o u t s i d e  a  f a c i l i t y .  
a The even t  i s  common t o  a l l  f a c i l i t i e s  ( n o t  j u s t  t o rnado-p rone  a r e a s ) .  
o H i g h  i n v e n t o r y  i s  i n  j eopardy .  
e Release l e v e l s  a r e  h i g h .  
s The energy i n p u t / r e l e a s e  can be es t ima ted .  

It i s  p o s t u l a t e d  t h a t  a  t r u c k  d e l i v e r i n g  s u p p l i e s  and equipment s t r i k e s  
t h e  UFG s t o r a g e  a rea  w i t h  s u f f i c i e n t  f o r c e  t o  r u p t u r e  two c y l i n d e r s .  .The t r u c k  
f u e l  t a n k  i s  t o r n  open by t h e  me ta l  d e b r i s  genera ted  i n  t h e  c r a s h  and t h e  
e n t i  r e  c a p a c i t y  o f  100 g a l  s p i l l s  t o  t h e  ground and i s  i g n i t e d  by spa rks  
c r e a t e d  by c o n t a c t  o f  t h e  me ta l  and c o n c r e t e .  

4.1.2.1 M a t e r i a l  Re lease 

Twelve c y l  i nders  each c o n t a i  n i  ng  2247 kg (Oak Ridge O p e r a t i o n s  O f f i c e  
1972) o f  UF - e n r i c h e d  gas a r e  l o c a t e d  i n  o u t s i d e  s t o r a g e .  Two a r e  i n v o l v e d  i n  
a  f i r e  and f 249 of UFG becomes a i r b o r n e  and i s  c o m p l g t e l y  c o n v e r t e d  t o  U02F2 
p a r t i c u l a t e  w i t h  a  maximum c o n c e n t r a t i o n  o f  0.17 g/m . 

4.1.2.2 F a c t o r s  A f f e c t i n g  Releases 

The f o l l o w i n g  f a c t o r s  a f f e c t  r e l e a s e  a t  u ran ium f u e l  f a b r i c a t i o n  p l a n t s  
( o x i d e  f u e l  ) : 

Truck  f u e l  t a n k  c a p a c i t y  
F i l l  o f  f u e l  t a n k  
Number o f  c y l i n d e r s  i n v o l v e d  
F i  11 o f  c y l i n d e r s  
G a s o l i n e  d i s t r i b u t i o n  i n  s p i l l  
F i  r e  s u p p r e s s i  on t e c h n i q u e s  
B u r n i  ng v e l o c i t y  
Weather c o n d i t i o n s .  

4.2 URANIUM FUEL FABRICATION PLANTS (NONOXIDE FUEL) 

These f a c i  1 i t i e s  produce nonox ide  r e a c t o r  f u e l .  I n v e n t o r y  l i m i t s  r e q u i  r e d  
f o r  c r i t i c a l i t y  c o n t r o l  d e f i n e  t h e  i n v e n t o r y  a v a i l a b l e  f o r  t h e  o t h e r  a c c i d e n t a l  
r e 1  eases. 

P o t e n t i  a1 A c c i d e n t  Scenar i  os 

P o t e n t i a l  a c c i d e n t s  d i s c u s s e d  a r e  ear thquake,  to rnado ,  c r i t i c a l i t y ,  f i  re ,  
e x p l o s i o n ,  and f l o o d i n g .  Releases a r e  f i n e  p a r t i c l e s  o r  gaseous f i s s i o n  
p r o d u c t s .  

4.2.1.1 Ear thquake  

The u ran ium f u e l  f a b r i c a t i o n  f a c i l i t i e s  i d e n t i f i e d  i n  t h i s  s t u d y  a r e  
l o c a t e d  i n  Cal  i f o r n i  a. These u r a ~ i i  urn f u e l  f a b r i c a t i o n  p l a n t s  c o u l d  e x p e r i e n c e  
ea r thquakes .  These p l a n t s  a r e  b u i l t  t o  comply w i t h  s t a n d a r d s  o f  t h e  u n i f o r m  
b u i l d i n g  code a p p l i c a b l e  t o  t h a t  a rea  and, t h e r e f o r e ,  s h o u l d  be c o n s t r u c t e d  t o  

4.9 



w i t h s t a n d  earthquakes a n t i c i p a t e d  i n  t h a t  area. Damage scenar ios  would be a  
f u n c t i o n  o f  ground a c c e l e r a t i o n .  Some examples o f  ear thquake damage a t  
d i f f e r e n t  ranges a re  as f o l l o w s  (Mishima e t  al., 1979a, 1979b):  

o c0.09 g, no s i g n i f i c a n t  damage 
e 0.09 t o  0.18 g, t o p p l i n g  o f  gas c y l i n d e r  
o 0.18 t o  0.25 g, process vessel  o r  equipment ove r t u rned  
Q >0.39.g, t r a n s f e r  l i n e s  f a i l  

0.49 g, b u i l d i n g  co l lapses .  

Another study i n d i c a t e d  f a c i  l i t i e s  d i d  n o t  s u s t a i n  s t r u c t u r a l  damage below 0.4 
g, and b u i l d i n g s  w i l l  c o l l a p s e  above 0.5 g  (Tokarz e t  a1 ., 1975). 

Rased on t h e  above ana l ys i s ,  t h e r e  would be no s t r u c t u r a l  damage i n  an 
earthquake, bu t  some s p i l l s  and process vesse ls  would be ove r t u rned  i n  a  
f a c i l i t y .  I n  some cases, process equipment i s  b o l t e d  t o  t h e  f l o o r  t o  p reven t  
upset .  Because t h e  i n t e g r i t y  o f  t h e  f a c i l i t y  i s  n o t  breached, an ear thquake 
shou ld  n o t  cause s i g n i f i c a n t  re leases  o f  f u e l  m a t e r i a l  t o  t h e  atmosphere. 

Equi  pment f a i  1  u res  may r e s u l t  as a  consequence o f  earthquake, which c o u l d  
i n  t u r n  cause f i r e s  o r  p ressu r i zed  re leases .  These re leases-  a re  d iscussed  i n  
t h e  s e c t i o n s  on f i  r e  and exp los ions .  

4.2.1.2 Tornado 

These bu i  1  d i  ngs have been subs tan t  i a1 l y  cons t ruc ted .  Some ~ n i  no r  damage 
may occur  i n  a  t o rnado  (e.g., a  door blown f rom t h e  a l l o y  shop) and t h i s  c o u l d  
r e s u l t  i n  minor  amounts o f  su r f ace  con tamina t ion  o r  unconta ined powder be ing  
blown f rom t h e  b u i l d i n g .  However, t h e  powders a re  u s u a l l y  conta ined,  so t h e i r  
re1  ease i s  un l  i k e l y  . 

Waste s to rage  and 1  i q u i d  r e t e n t i o n  bas ins  cou ld  be v u l n e r a b l e  when l o c a t e d  
away from t h e  main process b u i l d i n g .  These a re  no t  comrnon t o  a l l  f a c i l i t i e s .  
A t  one s i t e ,  5000 ga l  o f  d i l u t e ,  0.005-g/L waste i s  h e l d  i n  a  r e t e n t i o n  
bas in .  The bas in  i s  s t a i n l e s s  s t e e l  s e t  i n  concrete ,  s o  i t  i s  u n l i k e l y  t h a t  
more than minor  s p i l l a g e  would occur  i n  a  to rnado  s t r i k e .  A p o r t i o n  o f  t h e  
sp i  11, perhaps 10% cou ld  be s u b j e c t  t o  aerodynamic en t ra inment  by t r a n s 1  a t i o n a l  
to rnado  wind f o r ces  and 25% i s  assumed en t ra ined .  A  s p i  11 would be f o l l o w e d  
by resuspension of t h e  su r f ace  con tamina t ion*  Winds w i l l  be lower  a f t e r  t h e  
event,  so a  long- te rm f r a c t i o n a l  r a t e  o f  10- /sec (Sehmel and L loyd ,  1974a) i s  
used. If 100 gal  (about  380 L )  i s  s p i l l e d ,  9.5 L c o n t a i n i n g  0.05 g  i s  immedi- 
a t e l y  a i rborne ,  1.9 g  can be s u b j e c t  t o  resuspension, and t h e  re l ease  i s  
1.9 x  10- g/sec. 

C r i t i c a l i t y  

C r i t i c a l i t i e s  a re  i n f r e q u e n t  events  and those  t h a t  have occur red  have had 
no s i g n i f i c a n t  env i ronmenta l  impact  (UNC, 1980). I n  Sec t i on  4.1.1.5 o f  t h i s  
r e p o r t ,  events  t h a t  cou ld  i n i t i a t e  a  c r i t i c a l i t y  were discussed. S p e c i f i c  
causes can be equipment f a i l u r e ,  inadequate c o n t r o l  o f  complex systems, and 
human e r r o r .  



1 I n  t h e  c o n t e x t  o f  t h i s  s tudy,  we a r e  concerned w i t h  t h e  p u b l i c  s a f e t y  
assessment and t h u s  t h e  amount o f  r a d i o a c t i v e  m a t e r i a l  r e l e a s e d  f r o m  t h e  
f a c i l i t y  i s  o f  impor tance.  Noble gases and vapors can be r e l e a s e d  f r o m  t h e  
f a c i l i t y  t h r o u g h  t h e  f i l t e r  system; i f  t h e  b u i l d i n g  r e t a i n s  i t s  i n t e g r i t y ,  
p a r t i c l e  r e l e a s e s  a r e  mi t i  ga ted  by HEPA f i  1 t r a t i o n .  T h e r e f o r e ,  b r e a c h i n g  t h e  
f i l t e r s  o r  f a c i l i t y  g r e a t l y  i n c r e a s e s  t h e  downwind hazard .  Consequent ly ,  we 
t r y  t o  e s t i m a t e  t h e  energy  produced by an even t  t o  see i f  b u i l d i n g  damage c o u l d  
r e s u l t  f r o m  t h e  even t .  

I 

I t  has been e s t i m a t e d  t h a t  1018 f i s s i o n s  produce a p p r ~ x i m a t e l y  6  x  10 6  

c a l o r i e s  o f  h e a t  (UNC, 1973).  T h i s  . l c u l a t e s ' t o  2.4 x 10 Btu.  The TNT 
e q u i v a l e n t  i s  1800 B t u l l b ,  so t h e  10" f i s s i o n s  a r e  e q u i v a l e n t  t o  13 l b  o f  
TNT. However, o n l y  a  f r a c t i o n  o f  t h e  energy  prpf luced causes damage, a p p r o x i -  
m a t e l y  1.4% ( S t r a t t o n ,  1967).  There fo re  t h e  10 f i s s i o n s  a r e  equa l  t o  about  
0.2 l b  o f  TNT i n  te rms o f  b u i l d i n g  damage. An even t  o f  t h i s  magni tude wou ld  
n o t  b reach t h e  f a c i l i t y .  Energy n o t  expended p r o d u c i n g  b u i l d i n g  damage i s  
expended as heat .  

S t r a t t o n  (1967) comp i led  a  comprehensive r e v i e w  of c r i t i c a l i t y  even ts .  He 
suggested t h a t  t h e  f requency  o f  a c c i d e n t s  m i g h t  be re1  a t e d  t o  t h e  f requency  of 
p r o d u c i n g  an unfami 1  i a r  c r i t i c a l  c o n f i g u r a t i o n .  The c r i t i c a l i t y  i n c i d e n t s  he 
c i t e d  f o r  s o l u t i o n  syfhems anPgmetal systems i n  a i r  produced t o t a l  f i s s i o n s  
r a n g i n g  f r o m  about  10 t o  10 . U s u a l l y  no p h y s i c a l  damage ensued, b u t  i n  
some cases m ino r  damage such as w a r p i n g  occu r red .  

He sugge5ted u s i n g  t h e  Godiva model (Wimmet, 1956) f o r  i n f o r m a t i o n  i n  t h i s  
area.  If t h e  r e a c t i v i t y  i n s e r t i o n  r a t e  i s  known, and a  n e u t r o n  sou rce  i s  
p r e s e n t  t h a t  i s  s u f f i c i e n t l y  s t r o n g  t o  gua ran tee  t h a t  a  c o n t i n u i n g  f i s s i o n  
c h a i n  s t a r t s  a t  above prompt c r i t i c a l ,  t h e  b u r s t  y i e l d  can be c a l c u l a t e d .  

LJ k done by Uoodcock (1966) suggested t h a t  a  maximum o f  3 x 10'' and ? § 3 x  1 0  f i s s i o n s  c o u l d  o c c u r  i n  s o l u t i o n  systems o f  100 ga l  o r  l e s s ,  and more 
t h a n  100 g a l ,  r e s p e c t i  v e l y .  O the r  empi r i c a l  models g i v e  t h e  same magni tude o f  
e s t i m a t e d  f i s s i  ons p r o d u c t  y i e l d  as Woodcock. 

Scenar ios  f o r  c r i t i c a l i t y  e v e n t s  a r e  u ran ium accumu la t i on  i n  p i c k 1  i ng 

s o l u t i o n s ,  unencapsu la ted  moderated s ludges  o r  s o l u t i o n s ,  o r  an u n s a f e  geometry 
accumula ted i n  s t o r a g e  (IJNC, 1973) .  

One p o t e n t i a l  c r i t i c a l i t y  (Babcock and W i  l c o x ,  1974) suggested a f p l e a s e  
o f  0.35 C i  o f  f i s s i o n  gases f r o m  a b o i  1 i og s o l u t i o n  p r o d u c i n g  a  1 x 10 f i  s -  
s i o n  c r i t i c a l i t y .  They e s t i m a t e d  t h a t  50% o f  t h e  r e l e a s e  was c o n t a i n e d  by t h e  
b u i l d i n g ,  and t h e  atmosphere r e l e a s e  was 0.175 C i .  The r e l e a s e  c o u l d  be 
c a r r i e d  . f r o m  t h e  b u i l d i n g  by t h e  v e n t i l a t i o n  system. 

F o r  e v a l y g t i n g  t h e s e  a c c i d e n t s  i t  appears t h e  t h e  s t a n d a r d  c r i t i c a l i t y  
event ,  1 x  10 f i s s i o n s ,  i s  r e p r e s e n t a t i v e  o f  an a c c i d e n t  i n  t h e  p i c k l i n g  
o p e r a t i o n s .  It i s  assumed t h e  s o l u t i o n  i s  o v e r c o n c e n t r a t e d  t o  a l l o w  c r i t i -  
c a l i t y .  Releases d i s c u s s e d  i n  S e c t i o n  4.1.1.5 were 20 g  o f  e n r i c h e d  u ran ium 
t h r o u g h  a s i n g l e  HEPA f i l t e r  and f i s s i o n  p r o d u c t  gases produced by t h e  even t  as 
l i s t e d  i n  Tab le  4.1. These a r e  a l l  assumed r e l e a s e d  t o  t h e  atmosphere f o r  a  



t o t a l  o f  1.2 x  l o 5  C i .  I o d i n e  c o u l d  be absorbed on f i l t e r s  o r  d e p o s i t e d  i n  t h e  
b u i l d i n g .  The s t a n d a r d  c r i t i c a l i t y  w i  11 a l l o w  c r e d i t  o f  75% o f  t h e  i o d i n e  
removed by r e t e n t i  on. 

4.2.1.4 F i r e  

Because u ran ium and z i r c o n i u m  m e t a l s  a r e  b o t h  p y r o p h o r i c ,  t h e r e  a r e  many 
o p p o r t u n i t i e s  f o r  f i r e s  i n  t h e  me ta l  w o r k i n g  o p e r a t i o n s .  F o r  example, l o s s  o f  
c o o l a n t  t o  a  d r i l l  p ress  c o u l d  l e a d  t o  spontaneous i g n i t i o n  o f  t h e  ch ips .  I n  
m a c h i n i n g  o p e r a t i o n s ,  sma l l  f i r e s  wou ld  r e s u l t ,  b u t  t h e y  wou ld  be l i m i t e d  i n  
s i z e  because o f  t h e  amount o f  me ta l  p r e s e n t ,  wh ich  c o u l d  be about  1 l b .  

Severa l  a reas o f  t h e  f a c i l i t y  c o u l d  be t h e  s i t e  o f  me ta l  f i r e s :  i n c i n e r a -  
t o r s ,  l a b o r a t o r i e s ,  a l l o y  shop, p i c k l e  area,  f i l l e r  p ress  box l i n e ,  and sc rap  
r e c o v e r y  o p e r a t i o n s .  The amount and form o f  u ran ium p r e s e n t  and t h e  oppor -  
t u n i t y  f o r  a i r b o r n e  r e l e a s e  d e f i n e  t h e  f i r e  impact .  Some l a r g e r  f i r e s  c o u l d  
r e s u l t  i n  d e f l a g r a t i o n s  and w i l l  be d i s c u s s e d  i n  t h e  s e c t i o n  on e x p l o s i o n s .  

Uran ium i s  p y r o p h o r i c ,  and t h e  form can be a  c o n t r o l l i n g  v a r i a b l e .  
Rockwel l  (1976)  comp i led  t h e  f o l l o w i n g  i n f o r m a t i o n  on b u r n i n g  c h a r a c t e r i s t i c s  
o f  v a r i o u s  u ran ium forms. I-arge p i e c e s  of meta l  do n o t  g e n e r a l l y  bu rn  a t  room 
t e m p e r a t u r e  u n l e s s  exposed t o  wa te r ;  t u r n i n g s  i g n i  t e  d u r i n g  mach in ing;  u r a n i  urn 
m e t a l  powders i g n i t e  a t  room tempera tu re ,  and aluminum povder i n c r e a s e s  p y r o -  
p h o r i c i t y .  The powder appears t o  be t h e  form most l i k e l y  t o  be i n v o l v e d  i n  a  
f i r e ,  and t h e  i g n i t i o n  c o u l d  be caused by f r i c t i o n  o f  t h e  o p e r a t i o n ,  s t a t i c  
spark ,  o r  spark  f r o m  e q u i p m e ~ t .  

Some f i  r e s  have been h y p o t h e s i z e d  i n  env i  ronmenta l  r e p o r t s .  A z i  r c o n i  urn 
f i n e s  f i r e  augmented by f lammable s o l v e n t  (UNC, 1973) c o u l d  b low o u t  a  hood 
window a l l o w i n g  1110 t o  300 g  o f  a  1-kg sou rce  t o  be2hlown f r o m  t h e  hood i n t o  
t h e  p l a n t ,  t h e  maximum a i r b o r n e  r e l e a s e  was 2 x 10- C i .  Because c o m b u s t i b l e  
wastes  a r e  burned u s i  ng propane, an u n c o n t r o l l  ed i n c i n e r a t o r  f i  r e  i s  p o s s i b l e  
(Babcock and W i  l t o x ,  1974) .  The f r a c t i o n a l  a i r b o r n e  r e l e a s e  o f  t h e  sou rce  
wou ld  be 5 x  10- (Mish ima and Schwendiman, 1973b),  and i t  c o u l d  be assumed 
e j e c t e d  f r o m  t h e  s y s t s y 5  However, c o n t a m i n a t i o n  l e v e l s  i n  t h e  waste  c o u l d  be 
low, abgut  g3&3 g  of U  p e r  drum o f  waste. I n  t h i s  u n c o n t r o l l e d  f i r e ,  about  
7  x  10- g  U c o u l d  become a i r b o r n e  i f  a l l  o f  t h e  m a t e r i a l  i s  e x p e l l e d  f rorn 
t h e  drum. It c o u l d  be a n t i c i p a t e d  t h a t  t h e  r e l e a s e  w i l l  be c o n t a i n e d  by t h e  
HEPA f i l t e r s  and t h a t  o n l y  about  3.5 x  10- g  wou ld  pass t h r o u g h  a  s i n g l e  HEPA 
f i l t e r .  The i n c i n e r a t o r  l o c a t i o n  i s  such t h a t  t h i s  f i r e  would n o t  i n v o l v e  
o t h e r  b u i l d i n g  components. 

Uran ium f e e d  m a t e r i a l s  f o r  t h e  me ta l  f u e l  f a b r i c a t i o n  process can be mixed 
w i t h  a1 1  o y i  ng me ta l  i n  o p e r a t i o n s  i n v o l  v i  ng c r u s h i n g ,  g r i n d i n g ,  s i e v i n g ,  and 
b l e n d i n g .  A f i r e  c o u l d  be i n i t i a t e d  d u r i n g  t h e s e  o p e r a t i o n s  by a  spark  f r o m  
equipment a f t e r  l o s s  o f  t h e  p r o t e c t i v e  i n e r t  gas atmosphere due human e r r o r .  
The maximum i n v e n t o r y  i n  t h e s e  work s t a t i o n s  c o u l d  be 3.5 kg o f  '95U (Rockwe l l ,  
1976).  It i s  assumed t h a t  a  g l o v e  box f i r e  occu rs  and 1% o f  t h e  powder becomes 
a i r b o r n e  i n  t h e  enc losu re .  Some o f  t h e  m a t e r i a l  i s  e j e c t e d  i n t o  t h e  room a f t e r  
t h e  g loves  a r e  des t royed ,  nd t h i s  f r a c t i o n  i s  e s t i m a t e d  a t  10%. C a l c u l a t i o n  3 
o f  t h e  r e l e a s e  i s  3.5 x  10 g x  0.01 = 35 g a i r b o r n e  i n  t h e  enc losu re ,  and 



3.5 g  i s  t r a n s p o r t  d  t he room. I f  t h e  e n t i  r e  r e l e a s e  reaches t h e  HEPA 5 935 f i l t e r s ,  1.8 x  10-  g  U  wi  11 pass t o  t h e  atmosphere, assuming one f i l t e r  and 
no d e p o s i t i o n  i n  t h e  f a c i l i t y .  

These processes c o u l d  be conducted i n  a  g l o v e  box t r a i n .  I f  so, t h e r e  i s  
t h e  o p p o r t u n i t y  f o r  a  f i r e  t o  pass t o  c r u s h i n g ,  we igh ing ,  r e c y c l i n g ,  and b l e n d -  
i n g  ope a t i o n s  i n  a  domino e f f e c t .  T h i s  would r e s u l t  i n  a  t o t a l  r e l e a s e  o f  5 7 x 10' g t o  t h e  atmosphere f ro ln  f o u r  u n i t s .  

E x p l o s i o n  

F i r e s  c o u l d  i n i t i a t e  e x p l o s i o n s  when f lammable  vapors i g n i t e  i n  an e n c l o -  
su re .  The e n c l o s u r e  p r e s s u r i z e s ,  l e a d i n g  t o  component f a i l u r e  and e x p l o s i v e  
r e 1  eases. 

An e x p l o s i o n  r e s u l t i n g  i n  d i s p e r s i o n  o f  U02 f rom a  p ress  l i n e  c o u l d  be 
suggested.  A box l i n e  c o n t a i n i n g  U02, z i r c o n i u m ,  and a l c o h o l  l o s e s  i t s  i n e r t  
gas atmosphere a l l o w i n g  an e x p l o s i v e  m i x t u r e  t o  accumula te  i n  t h e  b o x l i n e .  An 
i g n i t i o n  sou rce  ( s t a t i c  charge,  f o r  example)  d e t o n a t e s  t h e  m i x t u r e ,  d e s t r o y i n g  
t h e  b o x l i n e  and open ing  a  h o l e  i n  t h e  b u i l d i n g  r o o f .  One p e r c e n t  o f  t h e  3.6 kg  
U02 i n  t h e  l i n e  i s  e j e c t e d  t h r o u g h  t h e  h o l e  i n  t h e  roo f ,  and a  r e l e a s e  o f  36 g  
u02 i s  p o s t u l a t e d .  

E x p l o s i o n s  i n  r e t e n t i o n  t a n k s  caused by i n a d v e r t e n t  a d d i t i o n  o f  a c i d  c o u l d  
cause some l i q u i d  s p i l l s .  Con tamina t ion  l e v e l s  i n  t h e s e  t a n k s  a r e  l o w  and, 
c o n s e q u e n t l y ,  so a r e  any p o t e n t i a l  a i  r b o r n e  r e l e a s e s .  

A uran ium a l u ~ n i n i d e  powder e x p l o s i o n  i n  a  g l o v e  box was h y p o t h e s i z e d  
(Rock\ l re l l ,  1976) t o  produce 19.5 kg  o f  mi xed U02 and A1 20 a i  r b o r n e ,  10.4 kg o f  

? wh ich  was 93% e n r i c h e d  uranium. I t  was assumed t h a t  1% o  t h e  mass was t r a n s -  
p o r t e d  t o  t h e  f i l t e r s ,  and t h e  r e l e a s e  t h r o u g h  one HEPA f i l t e r  wou ld  be 0.048 g  
o f  e n r i c h e d  u r a n i  urn. 

An e x p l o s i o n  i n  t h e  i n d u c t i o n  f u r n a c e  c o u l d  r e l e a s e  m a t e r i a l  f r o m  f i v e  
t r a y s  c o n t a i n i n g  a  t o t a l  3.6 kg  o r  l e s s  o f  u ran ium powders (Genera l  A tomic ,  
1971).  IJranium c a r b i d e  o r  u r a n i u m - t h o r i u m  c a r b i d e  a r e  o x i d i z e d  i n  an oxygen- 
a i r  atmosphere, t h e n  reduced i n  a  hydrogen atmosphere. M a l f u n c t i o n  o f  t h e  
d i l u t i o n  gas sys tem v a l v e  and a i r f l o w  d e t e c t o r  a l l o w s  H t o  accumula te  t o  
l e v e l s  above t h e  4% f l a m m a b i l i t y  l i m i t  t o  about  15%. ~ 6 i s  even t  c o u l d  be 
assumed t o  have 1% (36  g)  of t h e  m a t e r i a l s  e j e c t e d  f r o m  t h e  fu rnace .  The 
energy  o f  t h e  e x p l o s i o n  wou ld  n o t  b reach  t h e  f a c i l i t y .  T h g r e f o r e ,  t h e  r e l e a f e  
c h a l l e n g e s  t h e  s i n g l e  HEPA f i l t e r  f o r  a  r e l e a s e  o f  5  x  10- x  36 = 1.8 x  10- g  
r e 1  eased. 

N a t u r a l  gas e x p l o s i o n s  d i s c u s s e d  i n  d e t a i l  i n  S e c t i o n  4.3.1.6 o f  t h i s  
r e p o r t ,  a r e  a n o t h e r  p o t e n t i  a1 r e 1  ease s i t u a t i o n .  It has been h y p o t h e s i z e d  
(Rockwe l l ,  1976) t h a t  a  comp le te  r u p t u r e  o f  a  1-i n. gas l i n g  o p e r a t i n g  a t  a  
p r e s s u r e  o f  8 i n .  of H20 would  r e l e a s e .  a p p r o x i m a t e l y  750 f t  /h of n a t u r a l  
gas. Minimum a i  r f l o w s  o f  s i x  'changes p e r  hou r  f o r  each room mean t h a t  a 
n a t u r a l  gas e x p l o s i o n  i s  n o t  1  i k e l y  t o  occu r .  



4.2.1.6 F l o o d i n g  

F l o o d i n g  i t s e l f  w i l l  n o t  p roduce a i r b o r n e  r e l e a s e .  It i s  o f  concern  i n  w 
r e q a r d  t o  p r o d u c i n g  an env i ronmen t  where c r i t i c a l i t y  c o u l d  o c c u r  and produce 
a i r b o r n e  re leases . -  Water f l o o d i n g  i s  n o t  c o n s i d e r e d  c r e d i b l e  because t h e r e  i s  
no i n t e r n a l  w a t e r  sou rce  w i t h  c a p a c i t y  s u f f  i c i e n t  t o  produce f 1  ood 1  eve1 s. 
Water  e n t e r i n g  t h e  f a c i l i t y  must f l o o d  t o  a  dep th  o f  3  f t  t o  reach  a  l e v e l  o f  
concern .  

4.2.2 Uranium Fue l  F a b r i c a t i o n  P l a n t s  (Nonox ide Fue l  ) MREPP S c e n a r i o  

Two e v e n t s  had s i g n i f i c a n t  r e l e a s e s  frorn t h i s  f a c i  1 i t y  c a t e g o r y ,  t h e  
s t a n d a r d  c r i t i c a l  i t y  a c c i d e n t  and t h e  box1 i ne e x p l o s i o n .  

The c r i t i c a l  i t y  re1  ease i s  p a r t i c u l a t e  m a t e r i  a1 f rorn t h e  e v a p o r a t i o n  o f  
100 L o f  400 g/L s o l u t i o n .  The a e r o s o l  i s  0.05% o f  t h e  s a l t  c o n t e n t  o f  t h e  
s o l u t i o n ,  o r  20 g. F i s s i o n  p r o d u c t  r a d i o n u c l  i d e  r e l e a s e s  a r e  l i s t e d  i n  
T a b l e  4.1 (USNRC, 1979).  , T h e  energy  produced by t h e  even t  wou ld  n o t  be s u f f i -  
c i e n t  t o  b reach  t h e  i n t e g r i t y  o f  t h e  f a c i l i t y .  T h e r e f o r e ,  t h e  HEPA 
would  remove a  p o r t i o n  o f  t h e  a i  r b o r n e  p a r t i c u l a t e  m a t e r i  a1 , r e d  c i  ng  t h e  U  
r e l e a s e  t o  

! Gaseous f i s s i o n  p r o d u c t  r e l e a s e  t o t a l s  1.2 x 10 C i .  The 
8.7 C i  o f  141:: however, i s  t h e  f i s s i o n  p r o d u c t  r e l e a s e  o f  most concern  because 
o f  r a d i o l o g i c a l  h e a l t h  e f f e c t s .  

The b o x l i n e  e x p l o s i o n  e v e n t  e j e c t s  about  36 g o f  U02 t o  t h e  atmosphere 
t h r o u g h  an open ing  i n  t h e  b u i l d i n g  r o o f .  To compare t h i s  t o  t h e  c r i t i c a l i t y  i t  
can be c o n v e r t e d  t o  c u r i e s  u s i n g  t h e  f o l l  w i n g  e q u a t i o n  (Bureau o f  R a d i o l o g i c a l  8 H e a l t h ,  1970) and a  h a l f - l i f e  o f  7.1 x  1 0  y (Weast, 1973) :  

C i / g  ( s p e c i f i c  a c t i v i t y )  = ( 
3.578 x  l o 5  

T1/2  
y r )  (TtOmiC-iiia- ' 

F o r  2 3 5 ~  t h e  c a l c u l a t i o n  i s :  

Assuming t h e  36 g  a tmospher i c  r e l e a s e  i s  a l l  2 3 5 ~ ,  7.6 x  C i  i s  re leased .  
T h i s  i s  much l o w e r  t h a n  t h e  gaseous f i ss ion  p r o d u c t  r e l e a s e  i n  te rms o f  c u r i e s .  
The f i s s i o n  p r o d u c t  n u c l i d e s  wi  t h e  h i g h e r  s p e c i f i c  a c t i v i t y  a r e  more o f  a  
r a d i o l o g i c a l  concern ;  e n r i c h e d  ''5U i s  o f  concern  i n  r a d i a t i o n  damage t o  t h e  
l u n g s  o r  t h e  k i d n e y  (E isenbud,  1973). Gaseous r e l e a s e s  a r e  an immers ion 
hazard,  and t h e  p a r t i c u l a t e  u ran ium i s  an i n h a l a t i o n  haza rd  s i n c e  t h e  p a r t i c l e s  
10 urn and l e s s  can be d e p o s i t e d  i n  t h e  lung.  

A r e v i e w  dose commi trnent f a c t o r s  (Hoenes and Sol  d a t ,  1977) woul d  
suggest  t h a t  29fU c o n s t i t u t e s  t h e  g r e a t e s t  hazard  on a  u n i t  ( p e r  c u r i e s )  
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b a s i s .  However, t h e  a c t u a l  c u r i e  l e v e l  a s s o c i a t e d  w i t h  t h e  2 3 5 ~  i s  a t  a  
s i g n i f  n t l y  l ower  l e v e l ,  and a  compar ison o f  dose f rom t h e  a c t u a l  r e l e a s e s  6d shows "'1 t h e  g r e a t e r  hazard.  

I n  t h e  u r a n i u n  o x i d e  f a b r i c a t i o n  p l a n t s  w i t h  powder processes,  c r i t i c a l i t y  
a c c i d e n t s  were c o n s i d e r e d  u n l i k e l y  and ano the r  a c c i d e n t  was s e l e c t e d  as t h e  
WREPP event .  However, i n  t h e s e  meta l  p l a n t s  t h e r e  a r e  l i q u i d  o p e r a t i o n s  t h a t  
c o u l d  p r o v i d e  o p p o r t u n i t y  f o r  c r i t i c a l i t y :  p i c k l i n g  o p e r a t i o n s ,  1  i q u i d  wastes ,  
and sc rap  recove ry .  

ed on t h e  o p p o r t u n i  t y  o f  occu r rence  and r a d i  01 o g i  c a l  hazard  assoc i  a t e d  
w i t h  q''I, c r i t i c a l i t y  i s  s e l e c t e d  as t h e  MKEPP even t  f o r  u ran ium nonox ide f u e l  
f a b r i c a t i o n  p l a n t s .  

4.2.2.1 M a t e r i a l  Re lease 

5  
The t o t a l  a tmospher i c  r e l e a s e  f r o m  t h i s  c r i t i c a l i t y  a c c i d e 2 t  i s  1.2 x  

10 C i 3 ~ f  mixed k r y p t o n ,  xenon, and i o d i n e  i s o t o p e s  and 1 x 10-  g  o f  p a r t i c u -  
l a t e  IJ. These r e l e a s e s  a r e  l i s t e d  i n  Tab le  4.1, wh ich  a l s o  shows t h e  i o d i n e  
r e t e n t i  on a1 1  owances. 

4.2.2.2 F a c t o r s  A f f e c t i n g  Releases 

The f o l l o w i n g  f a c t o r s  a f f e c t  r e l e a s e  a t  u r a n i  urn meta l  f u e l  f a b r i c a t i o n  
p l a n t s :  

o E f f e c t i v e n e s s  o f  au tomat i c  c o n t r o l  d e v i c e s  
0 C o n t a i  nrnent 

D e p o s i t i o n  i n  f a c i l i t y  
o F i l t r a t i o n  

Decay i n  f a c i l i t y  
Q V e n t i l a t i o n  f l o w .  

4.3 URANIUM HEXAFLUORIDE PRODUCTION 

A t  t h e  UF6 p r o d u c t i o n  p l a n t s ,  n a t u r a l  u r a n i u n  ( y e l l o w c a k e )  i s  p rocessed t o  
UF6. A c c i d e n t s  w i l l  i n v o l v e  n a t u r a l  u ran ium i n  powder o r  l i q u i d  form, o r  as 
gaseous UF6. 

4.3.1. P o t e n t i  a1 A c c i d e n t  Scenar ios  

P o t e n t i  a1 a c c i d e n t  s c e n a r i o s  d i s c u s s e d  i n c l u d e  !JF6 c y l i n d e r  r u p t u r e ,  
l i q u i d  UF6 l e a k ,  t o r n a d o  s t r i k e ,  s o l v e n t  f i r e ,  f a c i l i t y  f i r e ,  chemica l  e x p l o -  
s i o n ,  and n a t u r a l  gas combust ion  e x p l o s i o n .  

4.3.1.1. U r a n i u m , H e x a f l u o r i d e  C y l i n d e r  Rup tu re  ( L o a d i n g  Dock F i r e )  

C y l i n d e r  r u p t u r e s  were d i s c u s s e d  i n  S e c t i o n  4.1.1.1. S i m i l a r  even ts  can 
o c c u r  i n  UF6 p r o d u c t i o ~  f a c i l i t i e s ,  b u t ,  s i n c e  t h e  c y l i n d e r s  used a r e  10 and 
14 t o n  c a p a c i t y ,  more UF6 i s  a v a i l a b l e  t o  e n t e r  t h e  atmosphere. However, t h e  



n a t u r a l  u ran ium w i l l  have a  low s p e c i f i c  a c t i v i t y .  C y l i n d e r s  a r e  s t o r e d  o u t -  
s i d e  so t h e r e  i s  a  p o t e n t i a l  06 a  t r u c k - t y p e  even t  s i m i l a r  t o  t h a t  d e s c r i b e d  i n .  
S e c t i o n  4.1.1 .l. The 1.9 x  10 B t u l m i n  absorbed by t h e  exposed c y l i n d e r  
s u r f a c e  o u l d  r e l e a s e  326 1  b / y i n  f o r  a  t o t a l  r e l e a s e  o f  UF6 of 815 t o  5 4.1 x  10 l b  (368 t o  1.9 x 10 kg3 f r o m  one c y l i n d e r .  I f  two c y l i n d e r s  a r e  
i n v o l v e d ,  t h e  r e l e a s e  i s  3.8 x  10 kg. ( C a l c u l a t i o n s  a r e  t h e  same as i n  
S e c t i o n  4.1.1.1.) A poo l  f i r e  c e n t e r e d  around a  c y l i n d e r  r a t h e r  than  a  t r u c k  
was c o n s i d e r e d  u n i i k e l y  b u t  wod ld  have h i g h e r  UF6 r e l e a s e  ' l e v e l s :  1365 kg/min,  
t o t a l i n g  3.4 x  10 t o  1.7 x  10 kg  o f  UF6. 

A second p o s t u l a t e d  o u t d o o r  r e l e a s e  s c e n a r i o  occu rs  d u r i n g  h a n d l i n g  o r  
t r a n s f e r  where a  v a l v e  f a i l u r e  i s  assumed t o  o  c u r  (USAEC, 1 74 . The e s t i -  3 
mated r e l e a j e  o v e r  a  p e r i o d  o f  1 h  i s  9.2 x  lU5  1  b  (4.2 x  10 k g )  n a t u r a l  UF6, 
o r  2.8 x  10 kg  o f  uranium. 

Ano the r  v a r i a t i o n  05 t h e  c y l i n d e r  r u p t u r e  Qr v a l v e  f a i l u r e  e s t i m a t e d  t h a t  
4550 l b  of UF6 (2.1 x 10 kg of UF6 o r  1.4 x  10 kg  o f  u ran ium)  i s  r e l e a s e d  i n  
a  40-min l e a k  t h r o u g h  a  1.5-in.-diam h o l e  i n  t h e  w a l l  above t h e  UF6 l i q u i d  
l e v e l  (Kerr-McGee, 1975).  Heat s u p p l i e d  by t h e  steam c a b i n e t  would v a p o r i z e  
t h e  U F ~ .  A f t e r  t h e  10 min, t h e  e s t i m a t e d  l o s s e s  would be f a i r l y  srnall because 

t h e  UF6 shou ld  be s o l i d i f i e d .  Because t h e  r e l e a s e  i s  w i t h i n  a  f a c i l i t y ,  t h e r e  
wou ld  be o p p o r t u n i t y  f o r  UF6 o r  U02F2 d e p o s i t i o n ,  t h u s  l o w e r i n g  t h e  r e l e a s e .  

4.3.1.2 L i q u i d  Uranium H e x a f l u o r i d e  Leak 

As d i scussed  i n  4.1.1.2, l e a k s  o f  t h e  heated UF6 i n  l i q u i d  fo rm can occu r  
w i t h i n  t h e  f a c i l i t y  f r o m  a  v a r i e t y  o f  i n i t i a t i n g  even ts .  I n  one o c c u r r e n c e  
( A l l i e d  Chemical ,  1975),  a  v a l v e  f a i l u r e  i n  t h e  d i s t i l l a t i o n  s e c t i o n  l e d  t o  a  
95-1 b  UF6 r e l e a s e .  No o f f s i  t e  e l e v a t e d  u r a n i  um c o n c e n t r a t i o n s  were d e t e c t e d .  

U r a n i  um hexa f  1  u o r i d e  re1 eases a r e  independent  o f  t h e  u r a n i  um e n r i  chment , 
so t h e  maximum 60-kg r e l e a s e  p o s t u l a t e d  i n  S e c t i o n  4.1.1.2 wou ld  be a p p l i c a b l e  
i n  t h i s  s i t u a t i o n .  T h i s  r e l e a s e  i s  based on t h e  f l o w  r a t e  o f  150 kg/h  o f  
hea ted  UF6 (lOO°C) t h r o u g h  a  1 - i n .  t r a n s f e r  l i n e  and a  h a l f - h o u r  l e a k .  

4.3.1.3 Tornado 

A t o r n a d o  s t r i k e  c o u l d  i n v o l v e  u ran ium m a t e r i a l s  s t o r e d  o u t s i d e  a  f a c i l -  
i t y ,  e i t h e r  drums o f  y e l l o w c a k e  p r i m a r y  f e e d  o r  t h e  c y l i n d e r s  o f  UF6. Poten-  
t i a l  b u i l d i n g  damage c o u l d  a l s o  occu r  c a u s i n g  l o s s  o f  conta inment .  

4.3.1.3.1 P r imary  Feed Release 

P r i m a r y  feed  i s  s t o r e d  i n  55-gal  drums on a  pad o u t s i d e  t h e  b u i l d i n g  i n  a  
l o c a t i o n  v u l n e r a b l e  t o  t o r n a d o  damage. About 3000 y e l l o w c a k e - f i l l e d  drums a r e  
s t o r e d  i n  s t a c k s  t h r e e  o r  f o u r  deep on p a l l e t s .  Drums a r e  0.61 m  i n  h e i g h t ,  
and i t  i s  assumed t h a t  t h e y  a r e  s tacked  t h r e e  h i g h ;  t o t a l  h e i g h t  i s  a p p r o x i -  
m a t e l y  2.5 m y  a l l o w i n g  f o r  p a l l e t  spac ing.  The t o p  l a y e r  i s  assumed t o  be 
impacted by t o r n a d o  f o r c e s  t o  t h e  p o i n t  o f  f a i l u r e .  S p e c i f i c a t i o n  17H drums, 
can s u r v i v e  an impact  e q u i v a l e n t  t o  a  d r o p  o n t o  an u n y i e l d i n g  s u r f a c e  f r o m  a  
h e i g h t  of 1.2 m  (Gef fen,  1981) as r e q u i r e d  f o r  Department o f  T r a n s p o r t a t i o n  n 



(DOT) r e q u i r e m e n t s  so drums i n  l o w e r  l a y e r s  a r e  assumed i n t a c t .  T h i s  wou ld  
mean 1000 drums i n  t h e  t o p  s t a c k  l a y e r  each h o l d i n g  about  360 kg o f  y e l l o w c a k e  
c o u l d  be l i f t e d  by t h e  t o r n a d o  and impacted on t h e  ground. I t  i s  assumed t h a t  
30% o f  t h e  c o n t e n t s  a r e  s p i l l e d  f r o m  t h e  drum as i t  impac ts  on t h e  ground. I n  
t h i s  t y p e  o f  b u l k  f l o w  i n c i d e n t ,  o n l y  a  f r a c t i o n  o f  t h i s  (10%) m a t e r i a l  can be 
mixed w i t h  t h e  a i r  s u f f i c i e n t l y  t o  i n d u c e  d i s p e r s i o n ,  and a  f r a c t i o n  o f  t h i s  
becomes a i  rbo rne .  S u t t e r  (1980) deve l  oped re1  a t i  onsh i  ps between wind speed and 
t h e  f r a c t i o n  o f  sou rce  a i r b o r n e .  A t  a  t o r n a d o  t r a n s l a t i o n a l  v e l o c i t y  o f  
40 mi /h ,  25% o f  t h e  sou rce  becomes a i r b o r n e .  

Ye l lowcake can have v a r i o u s  p a r t i c l e  s i z e  d i s t r i b u t i o n s  i n  d i f f e r e n t  l o t s  
depend ing  on t h e  source.  D u r i n g  a  s i t e  v i s i t ,  i t  was i n d i c a t e d  t h a t  o n l y  5% 
was l e s s  t h a n  325 mesh ( 4 4  pm). T h i s  c a l c u l a t e s  t o  an aerodynamic d i a m e t e r  
g r e a t e r  t h a n  100 pni, an o r d e r  o f  magni tude above t h e  r e s p i r a b l e  s i z e  range. 
However, G e f f e n  (1981)  r e p o r t e d  a e r o d y n a m i c a l l y  measured y e l l o w c a k e  d i a m e t e r s  
and used an e s t i m a t e  o f  25% i n  t h e  r e s p i r a b l e  range f o r  s a f e t y  assessments. 

The immedia te  a i r b o r n e  r e l e a s e  i s  1000 drums x  360 kg x  30% f a 1  l i n g  t o  t h e  
ground x  10% mixed w i t h  a i r  x  25% f r a c t i o n  a i r b o r n e  x  25% f r a c t i o n  r e s p i r a b l e  = 

675 kg a i r b o r n e .  T h i s  i s  t h e  r e l e a s e  i n  t h e  hazardous range t h a t  becomes 
a i  rbo rne .  

Wind f o r c e s  f o l l o w i n g  t h e  even& c o u l d  resuspend t h e  y e l l o w c a k e  on t h e  
ground, a t  a  f r a c t i o n a l  r a t e  o f  10- /sec  (Mishima, 1976).  T h i s  c a l c u l a t e s  t o  
3.9 kg /h  f o r  an a d d i t i o n a l  31 kg  r e l e a s e  i n  t h e  8  h  f o l l o w i n g  t h e  even t .  A l l  
resuspended m a t e r i a l  i s  assumed i n  t h e  r e s p i r a b l e  range f o r  a  t o t a l  r e l e a s e  o f  
706 kg y e l l o w c a k e .  

4.3.1.3.2 Uranium H e x a f l u o r i d e  C y l i n d e r  Impact  

E x p e r i m e n t a l  work w i t h  t h e  10 t o n  UF6 c y l i n d e r s  i n d i c a t e s  t h e y  w i l l  r e t a i n  
t h e i  r i n t e g r i t y  f o r  most h y p o t h e t i c a l  a c c i d e n t  c o n d i t i o n s  (R icha rdson  and 
B e r n s t e i n ,  1971) .  A f t e r  as much as a  3 0 - f t  d rop,  t h e r e  was no v i s i b l e  e v i d e n c e  
of  r u p t u r e ,  o n l y  a  s l i g h t  l e a k  t h a t  c o u l d  be s e l f  s e a l i n g .  T h e r e f o r e ,  no 
r e l e a s e  f r o m  t h e  c y l i n d e r s  i s  e s t i m a t e d .  

4.3.1.3.3 B u i l d i n g  Impact  

The b u i l d i n g  damage would  be s i m i l a r  t o  t o r n a d o  damage p o s t u l a t e d  i n  
S e c t i o n  4.1.1.3, and t h e  p o s t u l a t e d  UF6 r e l e a s e  i s  2 k g l m i n  o f  UFG f o r  8  h  
t o t a l i n g  960 kg o f  UF6 (640  kg of u ran ium) .  About  200 kg o f  u ran ium i n  p rocess  
i s  a i r b o r n e  i n  t h e  i n i t i a t i n g  even t  p l u s  3  kg  a s s o c i a t e d  w i t h  t h e  f i l t e r .  
T o t a l  u ran ium i n  t h e  r e l e a s e  i s  852 kg of  U. 

4.3.1.4 F i r e  

A f i r e  i n  t h e  s o l v e n t  rework s e c t i o n  has been p o s t u l a t e d  (Kerr-McGee, 
1975; USAEC, 1974). A  f i r e  i n  t h e  s o l v e n t  e x t r a c t i o n  s t ream c o u l d  i n v o l v e  
2500 g a l  o f  s o l v e n t  c o n t a i n i n g  as much as 817 kg o f  low s p e c i f i c - a c t i v i t y  
u r a n i u n  and daugh te r  p r o d u c t s .  A l l  o f  t h i s  u ran ium i s  s u b j e c t  t o  becoming a i  r- 
borne  a t  a  1% f r a c t i o n  r e l e a s e  ( S e c t i o n  4.1.1.7). The r e l e a s e  i s  t h u s  about  
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8 kg. Because t h e  s o l v e n t  e x t r a c t i o n  o p e r a t i o n s  a r e  conducted i n  a  s e p a r a t e  
b u i l d i n g ,  t h e  f i r e  damage w i l l  be r e s t r i c t e d  t o  t h a t  area.  Q 

If a  f i r e  occu rs  w i t h i n  a  f a c i l i t y ,  UF6 i n  c y l i n d e r s  c o u l d  be v o l a t i l i z e d ,  
o r  t h e  i n t e g r i t y  o f  UF6 v e s s e l s  and t r a n s p o r t  l i n e s  c o u l d  be j e o p a r d i z e d .  Com- 
b u s t i o n  sources i n  t h e  f a c i l i t y  a r e  c e l l u l o s i c s ,  l u b r i c a n t s ,  and f u e l  o i l .  
They c o u l d  be i n v o l v e d  i n  f i r e  w i t h  e t h y l e n e  g l y c o l  o r  propane.  Bu lk  s t o r a g e  
of  t h e s e  f lammable m a t e r i a l s  i s  l o c a t e d  o u t s i d e  t h e  main process f a c i l i t y ,  
r e d u c i n g  t h e  p o t e n t i a l  f o r  a  inassi ve f a c i l i t y  f i r e .  However, i n  t h e  f a c i l i t y  
an i n a d v e r t e n t  even t  m i g h t  i n i t i a t e  a  f i  r e  t h a t  c o u l d  i n v o l  ve t h e s e  m a t e r i  a1 s. 

It i s  assumed t h a t  a  f i r e  i s  i n i t i a t e d  by spontaneous i g n i t i o n  o f  a  l u b r i -  
c a n t  soaked r a g  and c o u l d  i n v o l v e :  

o Propane. T h i s  m a t e r i a l  wou ld  n o t  be used c l o s e  t o  UF6 and, t h e r e f o r e ,  
when b u r n i n g  i t  i s  l e s s  l i k e l y  t o  cause h e a t i n g  and subsequent r e l e a s e .  

e E t h y l e n e  g l y c o l .  A l e a k  f r o m  a  c o o l i n g  m a n t l e  c o u l d  a l l o w  e t h y l e n e  g l y c o l  
t o  b u r n  i n  t h e  f i r e .  It c o u l d  c o n t r i b u t e  t o  t h e  f i r e  because i t  has an 
i g n i t i o n  t e m p e r a t u r e  o f  385°C and a  l o w e r  f lammable l i m i t  i n  a i r  o f  3.2%. 
~ e c a u s e  i t  i s  used c l o s e  t o  UF6, t h e r e  i s  an o p p o r t u n i t y  f o r  i n t e r a c t i o n .  

It i s  assumed t h a t  e t h y l e n e  g l y c o l  l e a k s  f rom a  m a l f u n c t i o n i n g  v a l v e  and 
becomes i n v o l v e d  i n  t h e  f i r e .  W i t h  t h e  l o s s  o f  c o o l i n g  f r o m  t h e  m a n t l e  i n  
a d d i t i o n  t o  t h e  e l e v a t e d  f i r e  tempera tu res ,  UF expands and s u b s e q u e n t l y  b reaks  
t h e  c o n t a i n e r ,  and gases e n t e r  t h e  f a c i l i t y .  ?h t o t a l  UF6 v a p o r i z i n g  i s  , 5 e q u i v a l e n t  t o  t h a t  f rom a  UF6 c y l i n d e r ,  2.1 x  10 kg  o f  U F ~  i n  40 min. Even 
w i t h  l o s s  o f  v e n t i l a t i o n ,  i t  can be assumed t h a t  a l l  o f  t h e  r e l e a s e s  a r e  
assumed c a r r i e d  upwards by c o n v e c t i o n  f r o m  t h e  f i r e  and o u t  open v e n t i l a t i o n  
p o r t s  i n  upper  p o r t i o n s  o f  t h e  b u i l d i n g .  

4.3.1.5 Chemical E x p l o s i o n  

A " r e d  o i l "  e x p l o s i o n  i n  t h e  UNH e v a p o r a t o r  can be a  suggested even t ,  b u t  
t h e  p o s s i b i l i t y  i s  c o n s i d e r e d  remote because t e m p e r a t u r e s  a r e  h e l d  below t h e  
266OF r e q u i r e d  f o r  t h i s  t y p e  of e x p l o s i o n .  "Red o i  1 "  i s  a  t e r m  a p p l i e d  t o  
n i t r a t e d  o r g a n i c  m a t e r i a l s  formed by t h e  d e g r a d a t i o n  of  p rocess  l i q u i d s .  

Degraded p rocess  s o l v e n t s  o r  o r g a n i c  d e c o n t a m i n a t i n g  agen ts  i n a d v e r t e n t l y  
i n c l u d e d  i n  a  s t ream w i t h  excess h e a t  c o u l d  t r i g g e r  a  " r e d  o i l "  e x p l o s i o n .  The 
b l a s t  e f f e c t s  o f  such a n 2 e x p l o s i o n  have been e s t i m a t e d  $t 3 l b  o f  TNT, w i t h  a  
shock wave o f  800 l b / i n .  and an energy  o f  230 ft l b / f t  a t  a  d i s t a n c e  o f  15 f t  
( B a t t e l l e ,  1975).  The e v a p o r a t o r  i s  r u p t u r e d  and a l l  t h e  l i q u i d  e j e c t e d .  
Releases f r o m  equipment damage i n  t h i s  e x p l o s i o n  a r e  shown be1 ow: 

Quan t i  t v  
Source ( g a l ' l o n s  of UNH) 

E v a p o r a t o r  2000 
UNH' surge t a n k  ( h a l f  f u l l  ) 1000 
RAC s t o r a g e  ( H a l f  f u l l )  1000 
Sx sea l  500 
Maximum r e l e a s e  sou rce  t e r m  = 4500 
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A t  a  s p e c i f i c  g r a v i t y  of 1.66 glcm , t h i s  c a l c u j a t e s  t o  about  2.8 x  10 g  

o f  UNH. The p r o c e s s i n g  grea,  e s t i m a t e d  a t  40,000 f t  , i s  f i l l e d  w i t h  a  m i s t  
c o n c e n t r a t i o n  o f  0.1 g/m UNH. T h i s  re lease ,  i s  c a r r i e d  w i t h  t h e  a i r f l o w  f r o m  

L 
t h e  b u i l d i n g  f o r  a  t o t a l  r e l e a s e  o f  1.1 x  10 g  UNH (52 g  o f  u ran ium) .  

No f u r t h e r  damage i s  fo reseen.  

4.3.1.6 N a t u r a l  Gas Combustion E x p l o s i o n  

N a t u r a l  gas used as a  b u i l d i n g  hea t  source c o u l d  pose an e x p l o s i o n  
hazard.  The l o w e r  f l a m m a b i l i t y  l i m i t  f o r  n a t u r a l  gas i s  4% (McKinnon, 1976).  
A gas e x p l o s i o n  can occu r  w i t h  a  f r a c t i o n  o f  a  room, 0.25 o r  l e s s ,  f i l l e d  w i t h  
gas. 

The open s t r u c t u r e  o f  t h e  p rocess  b u i l d i n g  wou ld  seem t o  ensure  s a f e t y  
f r o m  n a t u r a l  gas e x p l o s i o n s .  Fans can p r o v i d e  f o r  c o n t i n u a 1  removal  o f  
con tamina ted  a i r .  I f  t h e  b u i l d i n g  a i r f l o w  r a t e  o f  one room change eve ry  5  min  
i s  m a i n t a i n e d ,  i t  i s  u n l i k e l y  t h a t  an e x p l o s i v e  m i x t u r e  c o u l d  be reached i n  a  
room. However, t h e  n a t u r a l  gas i s  c a r r i e d  t h r o u g h  l i n e s  i n  t h e  c e n t e r  o f  t h e  
b u i l d i n g  where a i r f l o w  c o u l d  be r e s t r i c t e d .  Loss o r  r e d u c t i o n  o f  a i r f l o w  i n  
c o n j u n c t i o n  w i t h  a  n a t u r a l  gas l i n e  r u p t u r e  w i t h  gas f l o w  c o n t i n u i n g  c o u l d  
i n i t i a t e  an e x p l o s i o n ,  o r  t h e  l e a k  c o u l d  occu r  i n  a  "dead" a i r  space a l l o w i n g  
o p p o r t u n i t y  f o r  an e x p l o s i o n  when t h e  gas accumulates.  

To i l l u s t r a t e  t h i s  r e l e a s e ,  i t  i s  h y p o t h e s i z e d  t h a t  a  na tu ra13gas  l e a k  
occu rs ,  and gas accumula ted t o  t h e  4% e x p l o s i v e  l e v e l  i n  a  1000 ft volume, 
a p p r o x i m a t e l y  t h e  s i z e  o f  a  smal l  room. The gas mixed w i t h  a i r  i g n i t e s ,  t h e  
hea ted  a i r  expands, p r e s s u r e  r i s e s ,  and an e x p l o s i o n  f o l l o w s .  

One n a t u r a l  gas c o m p o s i t i o n  i s  75% methane, 21% e t h j n e ,  and 4% propane. 
The hea t  o f  combust ion  f o r  t h i s  m i x t u r e  i ~ ~ ' l 1 2 0 . 3  B t u l f t  a t  a  gas d e n s i t y  o f  
0.055 l b / f t 3 .  T h i s  i s  1120/0.055 = 2 x  10 B t u l l b .  

I The e x p l o s i o n  e q u i v a l e n t  y i e l d  can be c a l c u l a t e d  ( S t r e h l o w  and Baker,  
1976) : 

where 

W T N T  = e q u i v a l e n t  TNT w t / l b  

AHc = hea t  o f  combust ion  o f  hydrocarbon,  B t u / l b  
W = w e i g h t  a v a i l a b l e  as e x p l o s i v e  source,  l b  
1b00 = h e a t  o f  e x p l o s i o n  o f  TNT B t u / l  b. 

F o r  t h e  i l l u s t r a t e d  e x p l o s i o n  t h e s e  parameters  a r e  

4 
AH, = 2 x  10 B t u l l b  

W c  = (1000 ft3 x  0.04) x  0.055 1 b / f t 3  = 2.2 l b .  



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

However, n o t  a l l  o f  t h e  hea t  o f  combust ion  energy i s  r e l e a s e d  i n  an e x p l o -  
s i o n .  B r a s i e  and Simpson (1968)  i n v e s t i g a t e d  e x p l o s i o n s  o f  vapors i n  c o n f i n e d  
b u t  v e n t i l a t e d  o p e r a t i n g  s t r u c t u r e s  and found t h e  p r o b a b l e  y i e l d  f r o m  t h e s e  
e v e n t s  was a  ve ry  sma l l  f r a c t i o n  of t h e  p r e d i c t e d  va lue.  R e l a t i v e  y i e l d s  
were one t w e n t i e t h ,  and he suggested t h a t  t h e y  may t y p i c a l l y  range f r o m  one 
f o r t i e t h  t o  one t e n t h .  F o r  i l l u s t r a t i o n  here,  t h e  one t e n t h  o r  10% v a l u e  i s  
used, so i t  i s  t h e  e q u i v a l e n t  o f  2.4 1b TNT. 

T h i s  i l l u s t r a t e d  e x p l o s i o n  wou ld  be a n t i c i p a t e d  t o  cause damage, w j t h  
ove rp ressu res  i n  a  range t h a t  c o u l d  cause g l a s s  breakage (1 t o  2 l b / i n .  a t  
20 f t ) .  It i s  h y p o t h e s i z e d  t h a t  one o f  t h e  two d i s t i l l a t i o n  columns i s  l o c a t e d  
s u f f i c i e n t l y  c l o s e  t o  t h e  e x p l o s i o n  c e n t e r  t o  s u s t a i n  damage. Overp ressu res  
genera ted by t h e  i n c i d e n t  a r e  p o s t u l a t e d  damaging t h e  v a l  v i n g .  E t h y l e n e  
g l y c o l ,  hexane, and o t h e r  s o l v e n t s  i n  t h e  v i c i n i t y  would s u s t a i n  a  f i r e  i n i -  
t i a t e d  by t h e  e x p l o s i o n .  

The hea t  produced by t h e  even t  would cause UF6 t o  v a p o r i z e  f rom t h e  Pup- 
t u r e d  c o n t a i n e r .  T o t a l  UF a i r b o r n e  assumes t h e  d l  s t i  11 a t i o n  column c o n t a i n s  
t h e  e q u i v  l e n t  o f  a  UF6 c y y i n d e r  and would, t h e r e f o r e ,  r e l e a s e  4550 l b  
( 2 . 1  x 10' k g )  of UF6 i n  40 min. The e n t i r e  r e l e a s e  would l e a v e  t h e  b u i l d i n g  
t h r o u g h  p e n e t r a t i o n s  formed by t h e  a c c i d e n t .  T h i s  r e l e a s e  would be i n c r e a s e d  
i f  more t h a n  one c o n t a i n e r  were i n v o l v e d  i n  t h e  even t .  

4.3.2 Uranium H e x a f l u o r i d e  P r o d u c t i o n  MREPP S c e n a r i o  

Scenar ios  where UF6 can be v o l a t i l i z e d  and r e l e a s e d  i n  t h e  gaseous f o r m  
have maximum impac t  f o r  emergency preparedness,  because t h e  r e l e a s e  i s  i n  a  
f o r m  t h a t  can be t r a n s p o r t e d  downwind. Three e v e n t s  l e a d i n g  t o  t h i s  UF6 
r e l e a s e  were d i scussed :  1) t h e  c y l i n d e r  r u p t u r e  o u t s i d e  t h e  f a c i  1  i t y ,  
2 )  f a c i l i t y  f i r e ,  and 3 )  a  n a t u r a l  gas e x p l o s i o n  and a s s o c i a t e d  f i r e .  The 
l a t t e r  two even ts  expe l  v a p o r i z e d  UF6 from t h e  f a c i l i t y .  A l though  we d i d  n o t  
t a k e  c r e d i t  f o r  m i t i g a t i o n  by d e p o s i t i o n  i n  a  f a c i l i t y  i n  t h e  a c c i d e n t  
s c e n a r i o s  t h i s  can occu r .  The re fo re ,  a  UF6 l e a k  f r o m  c y l i n d e r s  l o c a t e d  o u t s i d e  
a  f a c i l i t y  wou ld  be c o n s i d e r e d  t h e  most s e r i o u s  even t .  

4.3.2.1 M a t e r i a l  Re lease 

C y l i n d e r  r u p t u r e s  o u t s i d e  t h e  f a c i l i t y  as a  l o a d i n g  dock f i r e  s c e n a r i o  
were d i s c u s s e d  i n  S e c t i o n  4.1.1.1. L a r g e r  c y l i n d e r s  used f o r  t h e  n a t u r a l  
u ran ium UF6 mean t h a t  a  l a r g e r  source i s  i n  jeopardy .  The r e l e a s e  f r o m  two 
c y l i n d e r s  was e s t i m a t e d  as 3.8 x l o 3  kg of UF6y w i t h  t h e  f i r e  c e n t e r e d  around 

t h e  t r u c k .  A f i r e  c e n t e r e d  around a  c y l i n d e r  c o u l d  g i v e  even h i g h e r  r e l e a s e s .  
n 



The mechanisms d r i v i n g  t h e  r e l e a s e  a r e  t h e  same f o r c e :  h e a t i n g  a  damaged 
UF6 c y l i n d e r  t o  v a p o r i z e  UF6. 

4.3.2.2 - F a c t o r s  A f f e c t i n g  Releases 

The same f a c t o r s  a f f e c t i n g  UF6 r e l e a s e s  ( S e c t i o n  4.1.2) f r o m  a  UF6 
c y l i n d e r  o u t s i d e  a  f a c i l i t y  a p p l y  i n  t h i s  s c e n a r i o  and w i l l  n o t  be repea ted  
here .  

4.4 URANIUM MILLS 

Uran ium m i l l s  e x t r a c t  and p a r t i a l 1  e f i n e  u  ium o re .  Releases o f  

u ran ium and u ran ium d a u g h t e r  p r o d u c t s  ('36Th and '"Ra) can come f r o m  o r e  
p i l e s ,  t h e  t a i  1  i n g  r e t e n t i o n  system, o r e  c r u s h i n g ,  and o t h e r s .  However, t h e  
scope o f  t h i s  s t u d y  emphasizes t h e  p a r t i c u l a t e  r e l e a s e s .  The m i l l  o p e r a t i o n  i s  
t h e  p r i m a r y  focus  o f  ou r  work;  t a i l i n g  r e l e a s e s  have been w e l l  documented i n  
o t h e r  s t u d i e s .  

4.4.1 P o t e n t i  a1 A c c i d e n t  Scenar ios  

The p o t e n t i  a1 a e r o s o l  - g e n e r a t i n g  a c c i d e n t s  d i s c u s s e d  a r e  waste  r e t e n t i  on, 
pond s l u r r y  r e l e a s e ,  t o r n a d o  s t r i k e ,  f i  r e s ,  d r y e r  e x p l o s i o n ,  and equipment 
f a i l u r e  i n  t h e  o r e - h a n d l i n g  system. 

4.4.1.1 Tornado 

Tornadoes can i n f l  i c t  b u i  1  d i n g  damage and d i  spe rse  u r a n i  um m a t e r i  a1 . F o r  
t h i s  even t ,  i t  has been assumed i n  t h e  g e n e r i c  u r a n i  urn mi 11 e n v i  ronmenta l  
impac t  s ta temen t  (USNRC, 1979b) t h a t  1 )  2  days p r o d u c t i o n  i s  f r e e  and n o t  pack- 
aged i n  c o n t a i n e r s ,  2 )  t h e  maximum i n v e n t o r y  o f  45 FIT o f  y e l l o w c a k e  i s  on s i t e  
when t h e  t o r n a d o  s t r i k e s ,  and 3)  15% o f  t h e  c o n t a i n e d  m a t e r i a l  i s  r e l e a s e d .  I t  
was assumed t h a t  t h e  t o r n a d o  l i f t s  11,400 kg o f  y e l l o w c a k e .  The most conserva -  
t i v e  model assumes a1 1  o f  t h e  ye1 lowcake i s  i n  r e s p i r a b l e  form. However, 
Ge f fen  (1981)  r e p o r t e d  t h a t  two y e l l o w c a k e  samples were s i z e d  a e r o d y n a m i c a l l y  
t o  d e t e r m i n e  t h e  r e s p i r a b l e  f r a c t i o n .  T h i s  f r a c t i o n  was 18 and 32 wt% l e s s  
t h a n  10 p m  AED, and she used t h e  average v a l u e  o f  25% i n  h e r  s t u d i e s .  U s i n g  
t h i s  25% r e s p i r a b l e  f r a c t i o n  v a l u e  f o r  t h i s  r e l e a s e  means t h a t  2850 kg o f  
r e s p i  r a b l e  ye1  1  owcake becomes a i  rbo rne .  

4.4.1.2 Waste R e t e n t i o n  Pond S l u r r y  Re lease 

I n a d v e r t e n t  d i s c h a r g e  o f  t h e  l i q u i d  h e l d  i n  t h e  t a i l i n g  ponds as a  r e s u l t  
o f  dam f a i l u r e  would,  o f  i t s e l f ,  n o t  l e a d  t o  a i r b o r n e  r e l e a s e s .  However, t h e  
exposed pond bed wou ld  become s u b j e c t  t o  w ind  s t r e s s e s  and r e s u l  i n  a i r p e r n e  -8 
resuspens ion  r e l e a s e s .  F r a c t i o n a l  a i r b o r n e  r e l e a s e  r a t e s  o f  10  t o  10- / sec  
(Sehmel and L l o y d ,  1974a) c o u l d  a p p l y  t o  e s t i m a t i n g  t h i s  r e l e a s e .  

Dam f a i l u r e  c o u l d  o c c u r  as a  r e s u l t  o f  an ea r thquake  o r  f l o o d i n g ;  e q u i p -  
ment f a i l u r e ,  such as r u p t u r e  o f  a  t a i l i n g s  d i s t r i b u t i o n  p i p e l i n e ;  o r  o p e r a t i n g  
e r r o r s .  T a i l i n g s  d i k e  f a i l u r e s  have o c c u r r e d  i n  t h e  p a s t ;  however, new m i l l s  
a r e  r e q u i r e d  t o  use new c o n s t r u c t i o n  methods t h a t  c o u l d  reduce t h i s  r i s k .  



It i s  n o t  l i k  l y  t h a t  t h e  e n t i r e  volume i s  r e l e a s e d .  Based on h i s t o r i c a l  % data ,  about  8 x  10 1b o f  s o l i d s  would be an average r e l e a s e  f r o m  a  pond. I t  
i s  assumed t h i s  r e l e a s e  occu r red ,  b u t  d i d  n o t  reach a  waterway. The m a t e r i a l  
i s  assumed t o  fo rm a  1 - i n . - t h i c k  cove r  o v e r  an a rea  approx 'ma t  1  4000 x  250 f t  k S Y  
(USNRC, 1977b). T h i s  would p r o v i d e  an expo3ed g rea  1 x  10 f t  s u b j e c t  t o  
resuspens ion,  o r  a  t g t a l  volume o f  2.4 x  10 cm . At  a  d e n s i t y  o f  1.6 g/cm , 
t h i s  t o t a l s  3.8 x  10 g. 

S ludge and s l i m e  matefay1 would be wet and n o t  prone t o  resuspens ion  so 
t h e  f r a c t i o n a l  r a t e  o f  10' sec wou ld  app ly .  The r e l e a s e  would  be 0.38 g /sec .  
The r e l e a s e  would be dependent on w ind s t r e s s e s  and weather  c o n d i t i o n s .  Some 
bank s u r f a c e s  c o u l d  c o n t r i b u t e  a d d i t i o n a l  resuspens i  on, b u t  r e 1  eases wou ld  be 
l ow .  T o t a l  r e l e a s e  c o u l d  be 33 kg124 h  day. Because t h e  o r e  was o r i g i n a l l y  
0.2% o f  U308, and about  7% remains i n  t h e  t a i l i n g s ,  t h i s  i s  abou t  5 g  o f  
u ran ium.  It m i g h t  be assumed t h a t  prompt a d m i n i s t r a t i v e  a c t i o n  wou ld  be t a k e n  
and t h e  r e 1  eased m a t e r i  a1 covered t o  p r e v e n t  resuspens i  on. 

4.4.1.3 F i r e  

A f i r e  i n  t h e  s o l v e n t  e x t r a c t i o n  system c o u l d  be i n i t i a t e d  i f  kerosene 
fumes reach  t h e  f l a m m a b i l i t y  l i m i t  and an i g n i t i o n  sou rce  i s  i n t r o d u c e d  (e.g., 
t spark  f r o m  mach ine ry ) .  There  c o u l d  be c e l l u l o s i c s  p r e s e n t  t o  c o n t i n u e  t o  
f u e l  t h e  f i r e .  T h i r t e e n  hundred pounds o f  y e l l o w c a k e  can be i n v o l v e d  i n  t h e  
p rocess  and based on e x p e r i m e n t a l  l y  measured re1  eases ( M i  shima and Schwendiman, 
1 9 7 3 ~ ) ~  n o t  rnore t h a n  1% becomes a i r b o r n e .  I n  t h e s e  exper imen ts ,  1% o r  l e s s  of  
t h e  u ran ium i n  s o l u t i o n  was r e l e a s e d  d u r i n g  combust ion  even when t h e  vesse l  was 
hea ted  e x t e r n a l l y  a f t e r  a  s e l f - s u s t a i n i n g  h e a t i n g  p e r i o d .  The r e l e a s e  i n  t h e  
s o l v e n t  e x t r a c t i o n  f i r e  i s  c a l c u l a t e d  t o  be 13 l b .  The s o l v e n t  e x t r a c t i o n  
o p e r a t i o n  i s  l o c a t e d  i n  a  b u i l d i n g  s e p a r a t e  from o t h e r  p rocesses  so t h e y  wou ld  
n o t  be impacted.  The b u i l d i n g  s h o u l d  r e t a i n  i t s  i n t e g r i t y ,  b u t  f o r  a  maximum 
even t  i t  i s  assumed t h a t  t h e  e n t i r e  r e l e a s e  passes t o  t h e  atmosphere t h r o u g h  
windows and t h e  v e n t i l a t i o n  system. 

I n  two l a r g e  s o l  v e n t  f i r e s  i n  u ran ium m i  11s t h a t  have been r e p o r t e d  
(USAEC,  1974),  2000 t o  3000 l b  o f  u ran ium were p r e s e n t .  There  was no 
a p p r e c i a b l e  r e l e a s e  t o  t h e  atmosphere i n  e i t h e r  case. 

The a c i d  l e a c h  t a n k s  c o n t a i n  s u l f u r i c  a c i d ,  wh ich ,  if s p i l l e d  on c e l l u -  
l o s i c  m a t e r i a l ,  can i n i t i a t e  a  f i r e  by spontaneous combust ion .  It i s  assumed 
t h a t  a  l e a k  i n  t h e  t a n k  occu rs ,  r e s u l t i n g  i n  s p i l l e d  s u l f u r i c  a c i d  c o n t a c t i n g  
rags  and a  f i r e .  

Because s u l f u r i c  a c i d  i s  n o t  f lammable ( I n d u s t r i a l  H e a l t h  and S a f e t y  
O f f i c e ,  1980) t h e  f i r e  r e l e a s e  i s  l i m i t e d .  However, if t he  l e a c h  t a n k  
i n t e g r i t y  i s  breached,  i t  can be assumed t h a t  t h e  b u i l d i n g  i s  f i l l e d  w i t h  
s u l f u r i c  a c i d  m i s t s ,  d r o p l e t s ,  agd v a p o r i z e d  s a l t s  as a  q u a s i - s t a b l e  a e r o s o l  
w i t h  a  c o n c e n t r a t i o n  o f  0.01 g/m (ORNL, 1970). 

These d r o p l e t s  c o u l d  be assumed t o  have a  u ran ium c o n c e n t r a t i o n  s i m i l a r  t o  
t h a t  of t h e  l e a c h  s o l u t i o n ,  wh ich  c o u l d  be 85% u r a  ium. The d e n s i t y  of t h e  

3  
l e a c h  s o l u t i o n  i s  about  1.2 g/cm , so t h e  0.01 g/mg a i r b o r n e  r e p r e s e n t s  abou t  

n 



3  3  0.008 cm3 A t  a  s o l u t i o n  c o n c e n t r a t i o n  o f  0.85 g/cm , t h e  0.008 cm o r  
3  6.8 x g/m i s  t h e  c a l c u l a t e d  uran 'um a i r b o r n e  c o n c e n t r a t i o n .  The t o t a l  

m i l l  b u i  d i  g  volume i s  about  3.4 x 10' m3, and t h i s  volume i s  reduced t o  4 9 1.7 x 10 m , i f  i t  i s  assumed t h a t  h a l f  o f  t h e  b u i l d i n g  volume i s  f i l l e d  w i t h  
equipment.  T h e r e f o r e ,  58 g  o f  u ran ium would  be a i r b o r n e  i n  t h e  c o u n t e r  c u r r e n t  
d e c a n t a t i o n  room and l a t e r  d i s c h a r g e d  t o  t h e  atmosphere. 

A f i r e  i n  t h e  d r y i n g  and packag ing  area c o u l d  be i n i t i a t e d  a c c i d e n t a l l y  
w i t h  a  c u t t i n g  t o o l .  T h i s  f i r e  wou ld  be sma l l ,  and r e l e a s e s  wou ld  pass t h r o u g h  
a  f i l t e r ,  r e d u c i n g  t h e  impact .  

4.4.1.4 E x p l o s i o n  

Propane o r  n a t u r a l  gas f i r e d  d r y e r s  c o n t a i n i n g  1600 l b  o f  y e l l o w c a k e  c o u l d  
be t h e  s i t e  o f  a  d e f l a g r a t i o n  e x p l o s i o n .  The f r e e  a i r  space i n  t h e  b u i l d i n g  
f o l l o w i n g  an e x p l o s i o n  c o u l d  be f i l l e d  w i t h  a  y e l l o w c a k e  dus t .  A l t h o u g h  t h e  
i n s t a n t a n e o u s  mass a i r b o r n e  can be h igh ,  t h e  t o t a l  q u a n t i t i e s  p r e s e n t  w i l l  
decrease w i t h  t ime .  A f t e r  80 min, l e s s  t h a n  10% o f  t h e  i n i t i a l  mass rn ight  
remain  a i r b o r n e  ( S t e i n d l e r  and S e e f e l d t ,  1981).3 It i s  assumed t h a t  t h e  a e r o s o l  
reaches a  q u a s i - s t a b l e  c o n c e n t r a t i o n  o f  0.1 g/m ( S e l b y  e t  a1 ., 1975) f o r  a  
t i m e  f o l l o w j n g  t h e  e x p l o s i o n .  The room volume where t h e  d r y e r  i s  l o c a t e d  i s  
3.8 x l o 3  m ; i t  i s  a ~ s u m e d  t o  be h a l f  f u l l  o f  ye1 lowcake f o r  a  t o t a l  o f  
1.9 x 10 g  (1.6 x 10 g  o f  u ran ium)  and 25% o f  t h i s  m a t e r i a l  c o u l d  be 10 pm 

AED o r  l e s s  ( i n  t h e  r e s p i r a b l e  range) .  Dust  c o l l e c t o r s  f o r  y e l l o w c a k e  a r e  98% 
e f f i c i e n t  (USNRC, 1979b),  and i t  i s  assumed t h e y  a r e  undamaged. The 
a tmospher i c  r e l e a s e  i s  t h e n  9.5 g  o f  y e l l o w c a k e  i n  t h e  r e s p i r a b l e  range. 

4.4.1.5 Conveyor F a i l u r e  

Equipment f a i l u r e ,  spec i  f i c a l  l y  f a i  l u r e  ( r u p t u r e )  o f  an o r e  conveyor  t o  
t h e  b u i l d i n g  c o u l d  l e a d  t o  a i r b o r n e  r e l e a s e s .  When t h e  conveyor  b reaks ,  o r e  
s p i  11s frorn t h e  conveyor  c o n t i n u i n g  u n t i  1  c o r r e c t i v e  a c t i o n  ( s t o p p i n g  o r e  f l o w )  
i s  t aken ,  t e r h a p s  10 min. A t  a  m i l l  t h r o u g h p u t  o f  1800 MT/24-h day, 12.5 MT 
(1.25 x 10 k g )  o f  o r e  i s  s p i l l e d .  The o r e  can be assumed f a i r l y  d r y  s i n c e  
d r y i n g  i s  used t o  reduce t h e  m o i s t u r e  c o n t e n t  (USNRC, 1980).  The o r e  mass 
moving on t h e  conveyor  i s  95% i n  p i e c e s  l a r g e r  t h a n  100 wm i n  d iamete r ,  o n l y  1% 

a r e  l e s s  t h a n  5  pm (USNRC, 1979b).  T h e r e f o r e  about  125 kg i s  assumed i n  t h e  
r e s p i r a b l e  s i z e  range and o n l y  a  p o r t i o n  o f  t h a t ,  perhaps 0.1% ( S u t t e r  e t  a1 ., 
1981) wou ld  become a i r b o r n e  f o r  a  r e l e a s e  o f  0.125 k g  o f  o r e  (0.25 g  o f  
u r a n i  um). 

4.4.2 Uranium M i l l  MREPP S c e n a r i o  

Severa l  l e v e l s  o f  r e l e a s e  v a l u e s  have been c a l c u l a t e d  f o r  t h e  u r a n i u m - m i l l  
a c c i d e n t  s c e n a r i o s .  These a r e  n a t u r a l  u r a n i  um r e l e a s e s ,  p r e s e n t i n g  a  t o x i c i t y  
hazard.  

4.4.2.1 M a t e r i a l  Re lease 

Atmospher ic  r e l e a s e s  were 2850 kg of y e l l o w c a k e  f o r  a  to rnado ,  5  g  o f  
u ran iumlday  resuspended f rom a  t a i l i n g  pond r e l e a s e ,  f i r e  r e l e a s e s  o f  5.9 kg  t o  



116 g, about  10 g  o f  ye1 lowcake f r o m  an e x p l o s i o n ,  and 0.125 kg o f  o r e  d u s t  
f r o m  equipment f a i l u r e .  The t o r n a d o  impact ,  t h e r e f o r e ,  was t h e  MKEPP even t  f o r  
u ran ium m i l l s .  

4.4.2.2 F a c t o r s  A f f e c t i n g  Re lease 

The f o l l o w i n g  f a c t o r s  a f f e c t  r e l e a s e  a t  u ran ium m i l l s :  

o Q u a n t i t y  o f  m a t e r i a l  u n c o n f i n e d  i n  t h e  f a c i l i t y  
o O n s i t e  i n v e n t o r y  
e R e t e n t i o n  o f  f i l t r a t i o n  

P a r t i c l e  s i z e  o f  m a t e r i a l  
e S i z e  o f  f a c i l i t y  b reach.  

4.5 PLUTONIUM CONTAMINATED FACILITY 

P l u t o n i u m  con tamina ted  f a c i l i t i e s  a r e  p l a n t s  f o m e r l y  used as mixed o x i d e  
o r  m i  xed c a r b i d e  f u e l  f a b r i c a t i o n  p l a n t s  now b e i n g  decontami na ted  and decommi s -  
s i  oned. Decon tamina t ion  and decommi s s i o n i  ng  o p e r a t i o n a l  re1  eases a r e  n o t  
w i t h i n  t h e  scope o f  t h i s  s tudy ;  J e n k i n s  e t  a l .  (1979)  cove rs  them. Ra the r ,  we 
a r e  c u r r e n t l y  l o o k i n g  a t  t h e  p l a n t  l i c e n s e d  as a  con tamina ted  f a c i l i t y ,  
r e f e r r i n g  t o  t h e  r e s i d u a l  p l  u t o n i  um s t o r e d  as s u r f a c e  c o n t a m i n a t i o n .  The 
i n v e n t o 4 y  o f  concern  i s  t 5 i s  f i x e d  c o n t a m i n a t i o n  e s t i m a t e d  c o n s e r v a t i v e l y  as 
1 x 10- g o f  p lutoniurn/rn (Mishima and Ayer, 1981). The t o t a l  p l u t o n i u m  a t  

r i s k  i n  t h i s  t y p e  o f  f a c i l i t y  can range f r o m  46 t o  76 mg. 

4.5.1 P o t e n t i  a1 A c c i d e n t  S c e n a r i o s  

F o r  f i x e d  p l u t o n i u m  s u r f a c e  c o n t a m i n a t i o n ,  t h e r e  w i l l  be l i t t l e  oppor -  
t u n i t y  f o r  a i r b o r n e  r e l e a s e .  The i n v e n t o r y  i s  n o t  i n  a  d i s p e r s i b l e  f o r m  and 
w i  11 r e q u i  r e  mechan ica l  o r  aerodynami c  s t r e s s e s  s u f f  i c i e n t  t o  d i  s l  odge i t .  
Events  t h a t  a r e  d i s c u s s e d  a r e  to rnado ,  ear thquake,  f i r e ,  e x p l o s i o n ,  e x t e r n a l  
even t ,  and c r i  t i  c a l  i t y  . 

4.5.1.1 Tornado 

Damage r e s u l t i n g  f r o m  a  t o r n a d o  c o u l d  i n c l u d e  c r u s h i n g  o f  g l o v e  boxes by 
f a i l u r e  o f  b u i l d i n g  i n t e r i o r  p a r t i t i o n s .  The number o f  g l o v e  boxes damaged i n  
t h e  e v e n t  wou ld  be dependent on t h e  magni tude o f  t h e  t o r n a d o  windspeeds. 
C r u s h i n g  t h e  g l o v e  boxes wou ld  r e s u l t  i n  s t r e s s e s  s u f f i c i e n t  t o  suspend f i x e d  
s u r f a c e  c o n t a m i n a t i o n .  

S r ace con$ami n a t i o n  i s  c o n s e r v a t i v e l y  e s t i m a t e d  u s i n g  a  resuspens ion  
f a c t o r y a f  of 10- /m (Mishima and Ayer,  1981).  The maximum d imegs ions o f  a  
g l o v e  box a r e  7  f t  x  3  f t  x  3  f t  and t h e  volume i s  about  1.8 m . U s i n g  t h e  

a i  r b o r n e  c o n c e n t r a t i o n  ( u n i  t s /m3)  
( a )  Resuspension f a c t o r :  k/m = 2 

c o n t a m i n a t i o n  l e v e l  ( u n i  t s / m  ) 



g  o f  p lu ton ium/m2 s u r f a c e  c o n t a m i n a t i o n  l e v e l s ,  assuming t h e  g l o v e  box 
volume i s  t h e  a f f e c t e d  volume, t h e  i n s t a n t a n e o u s  r e l e a s e  p e r  g l o v e  box i s :  

T h i s  c a l c u l a t e s  t o  1.4 x  g  o f  p l u t o n i u m  i f  a1 1  80 g l o v e  boxes a r e  
i n v o l v e d .  T h i s  i s  t h e  maximum number of g l o v e  boxes i n  a  f a c i l i t y .  

P l u t o n i u m  m a t e r i a l  c o u l d  be embedded i n  t h e  g l o v e  box f i l t e r s  and shaken 
l o o s e  i n  t h i s  even t .  However, i t  can be assumed t h a t  new HEPA f i l t e r s  were 
emplaced a t  t h e  i m p l e m e n t a t i o n  o f  t h e  s t o r a g e  mode. S i n c e  t h e  g l o v e  boxes a r e  
n o t  used d u r i n g  s t o r a g e ,  t h e r e  wou ld  be n e g l i g i b l e  p l u t o n i u m  c a r r i e d  t o  t h e  
f i l t e r s  by m in ima l  a i r f l o w ,  so no r e l e a s e  i s  e s t i m a t e d  f r o m  t h i s  source.  

A l l  p l u t o n i u m  n o t  i n s t a n t a n e o u s l y  suspended c o u l d  become a i r b o r n e  i f  
c o n t a m i n a t e d  s u r f a c e s  a r e  exposed t o  t h e  e x i s t i n g  w ind  f i e l d .  Breached g l o v e  
boxes c o u l d  be assumed b u r i e d  under  r u b b l e  and d e b r i s  genera ted  by t h e  even t  so  
o n l y  a  s m a l l  p o r t i o n ,  l e s s  t h a n  an e s t i m a t e d  10% c o u l d  be s y b j e c t  t o  suspen- 
s i o n .  An a p p r o p r i a t e  resuspens ion  r a t e  t o  use c o u l d  be 10- /sec  f o r  t h e  f i x e d  
contami  n a t i o n ,  s i  nce t h e  most r e a d i  l y  removed m a t e r i  a1 was r e l e a s e d  i n s t a n -  
t a n e o u 2 l y .  The c o n t a m i n a t e d  a rea  i n s i d e  a  glovel$ox can range f ~ ~ m  9.4 t o  
15.2 m  . The r e l e a s e  c o u l d  range f r o m  9.4 x  10- t o  1.52 x  10- g  o f  p l u g  
t o n i u m / s e c  dependent on g l o v e  box s i z e .  Maximum r e l e a s e  would  be 1.3 x  10- g  
o f  p l u t o n i u m  f r o m  each g l o v e  bog i n  24 h  f o l l o w i n g  t h e  even t ,  f o r  a  t o t a l  
resuspens ion  r e l e a s e  o f  1 x 10- g. 

4.5.1.2 Ear thquake  

C o l l a p s e  o f  t h e  e x t e r i o r  w a l l s  and r o o f  c o u l d  l e a d  t o  g l o v e  box damage 
s i m i l a r  t o  t h a t  d e s c r i b e d  f o r  a  t o r n a d o .  To e s t i m a t e  t h e  maximum even t ,  t h e  
i n s t a n t a n e o u s  and t ime-dependent  r e l e a s e  a r e  assumed t h e  same as f o r  t h e  t o r -  
nado r e 1  ease. 

4.5.1.3 C r i t i c a l i t y  

P l  u t o n i  um- r i  ch, s i  1  i ca-1 i ke  s ludges  t e n d  t o  accurnul a t e  i n  s i  g n i  f i c a n t  
q u a n t i t i e s  i n  chemica l  p l a n t s  t h a t  have been i n  o p e r a t i o n  o v e r  a  p e r i o d  o f  
y e a r s .  These d e p o s i t s  can be c r e a t e d  w i t h  a  l ow  h y d r o g e n / p l u t o n i u m  a tomic  
r a t i o  r a i s i n g  t h e  p o s s i  b i  1  i t y  o f  an a u t o c a t a l y t i c  n u c l e a r  e x c u r s i o n  ( S t r a t t o n ,  
1967) .  I n  con tamina ted  f a c i  1  i t y  s t a t u s ,  equipment wi  11 have been removed. 
However, d r a i n  p i p e s  m i g h t  n o t  have been r e p l a c e d ,  and c o u l d  c o n c e i v a b l y  
c o n t a i n  s l u d g e  d e p o s i t s .  I f  such a  s l u d g e  i n a d v e r t e n t l y  e x i s t s  i n  t h e  c leaned  
o u t  s t o r a g e  f a c i l i t y ,  a d d i t i o n  o f  w a t e r  (e.g., a  f l o o d )  t o  a  mass o f  t h i s  
m a t e r i a l  c o u l d  f o r c e  i t  t o  t h e  c r i t i c a l  s t a t e .  S t r a t t o n  conc luded  t h a t  even 
f o r  such an a p p a r e n t l y  dangerous s i t u a t i o n  i t  i s  d i f f i c u l t  t o  imag ine  an 
e x p l o s i v e  r e a c t i o n .  Based on h i s  c o n c l u s i o n s  and t h e  u n l i k e l i h o o d  o f  
i n a d v e r t e n t  s l u d g e  accumul a t i  on t o  a  1  eve1 where  c r i t i c a l  i t y  i s  p o s s i  b l  e, i t  
does n o t  seem t h a t  a  c r i t i c a l i t y  a c c i d e n t  i s  f e a s i b l e .  



4.5.1.4 F i r e  r\ 

These b u i  1  d i  ngs a r e  genera l  l y  c o n c r e t e  and s t e e l .  Wal l  s  a r e  usua l  l y  r e i  n -  
w 

f o r c e d  c o n c r e t e  b l o c k ,  a l t h o u g h  t h e  West inghouse p l a n t  has c o r r u g a t e d  s t e e l  
s i d i n g  e x t e r i o r  w a l l s  and cement p l a s t e r  i n t e r i o r  w a l l s  w i t h  s t e e l  s tuds .  The 
r o o f  may be meta l  d e c k i n g  suppor ted  by s t r u c t u r a l  s t e e l  columns o r  s t e e l  
d e c k i n g  w i t h  a  c o n c r e t e  s l a b .  T h e r e f o r e ,  t h e r e  wou ld  be l i t t l e  t o  s u s t a i n  a  
f i r e  i n  t h e  e v e n t  one s t a r t e d ,  and no r e l e a s e  f r o m  t h e  f a c i l i t y  i s  a n t i c i p a t e d  
as a  r e s u l t  o f  f i r e s .  

E x p l o s i o n  

Only  empty g l o v e  boxes a r e  l e f t  i n  t h e  c leaned  o u t  f a c i l i t y ,  so t h e r e  a r e  
no p r o c e s s - r e 1  a t e d  m a t e r i  a1 s  t o  i n i  t i  a t e  an e x p l o s i o n .  The o n l y  p o t e n t i  a1 
e x p l o s i o n  i n i t i a t o r  c o u l d  be t h e  h e a t i n g  p l a n t .  An e x p l o s i o n  f r o m  t h i s  sou rce  
wou ld  p r o b a b l y  n o t  impac t  t h e  g l o v e  boxes, and no r e l e a s e  i s  i d e n t i f i e d .  

4.5.1.6 E x t e r n a l  Event  

The o n l y  f i r e l e x p l o s i o n - t y p e  e v e n t  t h a t  c o u l d  be e n v i s i o n e d  g e n e r a t i n g  an 
a i r b o r n e  r e l e a s e  would  'be an a i r p l a n e  o r  t r u c k  c r a s h  p u n c t u r i n g  t h e  b u i l d i n g  
w a l l s ,  dumping f u e l  i n  t h e  f a c i l i t y .  A  l a r g e  poo l  f i r e  i s  assumed i g n i t e d  and 
c o u l d  i n v o l v e  con tamina ted  p l a s t i c  s u r f a c e s ,  t h e r e b y  a e r o s o l i z i n g  some o f  t h e  
p l  u t o n i  urn. P l  u t o n i  urn i s  n o t  c o n s i d e r e d  v o l  a t i  l e  so suspens i  on wou ld  r e q u i  r e  
t h a t  i t  be a t t a c h e d  t o  a  b u r n i n g  m a t e r i a l .  Because rnetal s u r f a c e s  w i l l  n o t  
burn ,  o n l y  p l a s t i c  m a t e r i a l  i s  i n v o l v e d .  

It i s  assumed t h a t  t h e  a i r b o r n e  r e l e a s e  from b u r n i n g  c e l l u l o s i c  mat r i a l s  
wou ld  a p p l y  t o  p l a s t i c ,  so t h e  a p p r o p r i a t e  f r a c t i o n a l  r e l e a s e  i s  5  x  10' 8 
(Mish ima and Schwendiman, 1973b). These would  be r e l e a s e s  f r o m  t h e  p l a s t i c  
g l o v e  box s u r f a c e s ,  e s t i m a t e d  a t  about  o n e - f i f t h  of t h e  g l o v e  box s u r f a c e  area.  

I f  a1 1 t h e  g l o v e  boxes i n  t h e  b u i l d i n g  were i n v o l v e d ,  t h e  t o t 8 1  sou rce  
wou ld  range f r o m  9.2 t o  15 mg, r e s u l t i n g  i n  a  maximum o f  7.5 x  10- g  a i r b o r n e  
i n  t h e  f a c i l i t y .  

T h i s  s c e n a r i o  seems h i g h l y  i m p r o b a b l e  and i s  i n c l u d e d  f o r  i l l u s t r a t i o n  
o n l y .  

4.5.2 P l u t o n i u m  Contaminated F a c i l i t y  MREPP S c e n a r i o  

The MREPP s c e n a r i o  f o r  p l u t o n i u m  con tamina ted  f a c i l i t i e s  i s  t h e  t o r n a d o  
a c c i d e n t .  Mechani c a l  and aerodynamic s t r e s s e s  f rom t h e  t o r n a d o  resuspend 
p l u t o n i u m  s u r f a c e  c o n t a m i n a t i o n .  

M a t e r i  a1 Re1 ease 

I n  t h e  u n l i k e l y  even t  t h a t  a1 1  of t h e  maximum 80 g l o v e  boxes i n  a  f a c i l i t y  
were crushed,  t h e  t o t a l  r e l e a s e  i s  e s t i m a t e d  t o  be 1.4 x  10- g. It i s  a l l  
assumed r e l e a s e d  t o  t h e  atmosphere. 



/ \ 
4.5.2.2 F a c t o r s  A f f e c t i n g  Re lease 

The f o l l o w i n g  f a c t o r s  a f f e c t  r e l e a s e  a t  p l u t o n i u m  con tamina ted  f a c i  1  i t i e s :  

7  
o P r o b a b i l i t y  o f  t h e  even t  i s  10- l y r  (Mishima and Ayer, 1981)  
8 P l u t o n i u m  s u r f a c e  c o n t a m i n a t i o n  i n v e n t o r y  
0 W i  nd speed 

Glove boxes breached 
o Number and s i z e  o f  g l o v e  boxes 
s R e s i d u a l  c o n t a m i n a t i o n  l e v e l .  

4.6 RADIOPHARMACEUTICAL MANUFACTURING 

Rad iopharmaceu t i ca l  m a n u f a c t u r i n g  f a c i  1  i t i e s  produce a  w ide  range o f  
r a d i o n u c l i d e s  and t h e  i n d i v i d u a l  l i c e n s e s  c o v e r  p r o d u c t s  w i t h  a tomic  numbers i n  
a  range f r o m  3  t o  83 as w e l l  as s p e c i f i c  i d e n t i f i e d  amounts o f  o t h e r  r a d i o n u -  
c l  i d e s .  P h y s i c a l  fo rms can i n c l u d e  s o l  i d s ,  1  i q ~ $ g s ,  c o l  l o i d s ,  gaseSZ o r  
m ic rospheres  (Gro tenhu i  1966).  Examples a r e  Au as a  c o l l o i d ,  P  as 
ch romic  phosphate,  and f33Xe gas. Each form responds d i f f e r e n t l y  t o  a c c i d e n t  
s t r e s s e s :  gases w i l l  become i m m e d i a t e l y  a i r b o r n e  if a  c o n t a i n e r  i s  breached;  
t r i  t i  um i s  v o l  a t i  l e  f o r i n i  ng w a t e r  vapor;  r a d i o i o d i d e s  a r e  v o l a t i  l e ;  c e s i  um and 
s t r o n t i u m  a r e  semi v o l a t i  l e  dependi ny  on . t e m p e r a t u r e  ( J u n k i  ns e t  a1 . , 1964).  
Thus d i s p e r s i b i l i t y  i s  a  f u n c t i o n  of form p l u s  p h y s i c a l  p r o p e r t i e s .  

Some f a c i l i t i e s  produce o n l y  one o r  two r a d i o n u c l i d e s ,  o t h e r s  many. Quan- 
t i t i e s  o f  t b p s e  i n v e n h o r i e s  cgve r  a  w ide  range o f  v a l u e s  f r o m  m i l l i c u r i e  
amounts o f  C r  t o  10 C i  o f  H. Thus t h e  i s o t o p e s  o f  concern  w i l l  v a r y  w i t h  
t h e  s i t e .  R a d i o n u c l i d e s  w i t h  p o t e n  

t e d  ' n  Tab e  3.5 
Thgy !ncJy:e 

'"I, 53Fe, "Kr, "Mo, NI, 
I ,  

s i t u a t i o n  i n  t h i s  c a t e g o r y  i s  1000 C i  of t r i t i u m  a s s o c i a t e d  w i t h  waste  s t o r e d  
a t  t h e  B i l l e r i c a  f a c i l i t y .  T g i s  q u a n t i t y  c o u l d  n o t  be c o n s i d e r e d  a  g e n e r i c  
s i t u a t i o n .  However, because H  i s  t h e  l a r g e s t  i n v e n t o r y  a t  r i s k ,  i t  w i l l  
de ter rn i  ne t h e  MREPP f r o m  t h i s  o p e r a t i o n .  However, o t h e r  r a d i o n u c l  i d e s  can 
c o n t  r i  b u t e  rnore s i  g n i  f i c a n t  1  y t o  t h e  r a d i  01 o g i  c a l  consequences o f  t h e  r e 1  ease 
and w i  11 a l s o  be d i s c u  

l apd .  
195 maiffyurn a110 b l e  c o n c e n t r a t i o n  i n  a i r  (USCFR, 4 6 

1983b) i n d i c a t e s  t h a t  1, I, and 1S5 a r e  of t h e  most concern  ( o f  
t h o s e  l i s t e d  above);  14c, Cr, H, 8 5 ~ r ,  and Xe would  be o f  l e s s  concern.  
T a b l e  4.2 l i s t s  t h e  i s o t o p e s  a t  t h e  d i f f e r e n t  l e v e l s  of concern  based on p e r -  
m i s s i  b l e  a i r  c o n c e n t r a t i o n s .  I n  a n o t h e r  1  i s t i n g ,  t h e  N a t i o n a l  I n s t i t u t e  o f  
H e a l t h  (1972)  c l a s s i f i e d  i s o t o p e s  a c c o r d i n g  t o  r e l a t i v e  r a d i o t o x i c i  t y  p e r  u n i t  
a c t i  v i  ty.  The abo,ve r a d i o p h a r m a c e u t i c a l s  1  i s t e d  i n  t h o s e  c l a s s e s  a r e  t h e  
f o l l o w i n g :  

e Class  1 ( v e r y  h i g h  t o x i c i t y ) :  241~m, 'Osr 

e Class  2 ( h i g h  t o x i c i t y ) :  1251 1311 

@ Class  3  (moderate  t o x i c i t y ) :  i37Cs, 198Au, 55Fe, 8 5 ~ r ,  99Mo, 32p, 

35s 133xe 
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o C l a s s  4  ( s l i g h t  t o x i c i t y ) :  
f \ 

14c, 51~r ,  3 ~ .  



TABLE 4.2. S e l e c t e d  I s o t o p e s  Found i n  Rad iopharmaceu t i ca l  
M a n u f a c t u r i n g  F a c i l i t i e s  Grouped by H e a l t h  
Concern Based on P e r m i s s i b l e  A i r  C o n c e n t r a t i o n  

I n t e r m e d i a t e  

I s o t o p i c  ha1 f -1 i f e  c o u l d  be c o n s i d e r e d  i n  e v a l  u a t i  ng e v e n t s  i n v o l  v i  ng t h e  
s h o r t - l i v e d  isgbopes.  O f  t h e  i s o t o p e s  i n  t h e  s i g n i f i c a n t  q u a n t i t y  c a t e g o r y  
l i s t e d  above, Mo has t h e  s h o r t e s t  h a l f 4 1 i f e  a t  66.79 h. O the r  h a l f - l i v e s  
range f rom s e v e r a l  days t o  5730 y r  f o r  C. A l l ,  t h e r e f o r e ,  have a  l i f e t i m e  
l o n g  enough t o  be o f  concern  i n  an emergency preparedness a c c i d e n t  s c e n a r i o  and 
t h e  impac t  c o u l d  be dependent on t h e  p rocess  phase. F o r  example, when a s s o c i -  
a t e d  w i t h  p rocess  waste,  t h e  s h o r t e r  l i v e d  ones m i g h t  be assumed expended s i n c e  
a f t e r  10  h a l f - l i v e s  have passedg$hey would  have decayed t o  background l e v e l s  
(Sodee and E a r l y ,  1981).  Thus Mo a s s o c i a t e d  w i t h  waste  c o u l d  be assumed 
expended a f t e r  668 h  o r  28 days. 

4.6.1 P o t e n t i  a1 A c c i d e n t  S c e n a r i o s  

Two p o r t i  ons of t h e  r a d i  opharmaceut i  c a l  o p e r a t  i on wi  11 sometimes c o n t a i  n  
r e l a t i v e l y  l a r g e r  amounts o f  r a d i o n u c l i d e s  and, t h e r e f o r e ,  be t h e  s i t e  of a c c i -  
d e n t s  w i t h  p o t e n t i a l l y  h i g h e r  r e l e a s e s .  These a r e  t h e  s h i p p i n g l r e c e i v i n g  and 
waste  s t o r a g e  areas.  D u r i n g  p r o c e s s i n g ,  t h e  i s o t o p e s  a r e  commonly used i n  
s m a l l  amounts i n  hoods, caves, o r  g l o v e  boxes. I n  one o p e r a t i o n ,  3~ processes 
were c o n c e n t r a t e d  i n  one genera l  a rea.  

Even ts  t h a t  have been c o n s i d e r e d  f o r  t h i s  c a t e g o r y  a r e  l o a d i n g  dock f i r e ,  
e x p l o s i o n  ( i n c l u d i n g  n a t u r a l  gas ) ,  f a c i  1  i t y  f i  r e l d e f l  a g r a t i  on, t o rnado ,  e a r t h -  
quake, l e a k s  and s p i  11 s, c y c l o t r o n  a c c i d e n t ,  and f i  r e  i n c i d e n t s  i n v o l v i n g  
waste. 

Because f i  r e s  a r e  s i g n i f i c a n t  a c c i d e n t s  f o r  f a c i  1  i t i e s ,  t h e  p o t e n t i a l  
b e h a v i o r  o f  i m p o r t a n t  n u c l i d e s  i n  response t o  f i r e  s t r e s s e s  w i l l  be d i s c u s s e d  
b e f o r e  t h e  a c c i d e n t s  a r e  p o s t u l a t e d .  F r a c t i o n a l  r e l e a s e s  o f  some o f  t h e  
n u c l i d e s  have been deve loped i n  e x p e r i m e n t a l  work; however, t h i s  t y p e  o f  
i n f o r m a t i o n  i s  l i m i t e d  a t  p r e s e n t  and u s u a l l y  cove rs  i s o t o p e s  t h a t  wou ld  have 
t h e  l a r g e s t  h e a l t h  e f f e c t s .  S e p a r a t i o n  t e c h n i q u e s  and o t h e r  i n f o r m a t i o n  d e v e l -  
oped f o r  chemica l  a n a l y s i s  i s  used t o  g i v e  c l u e s  as t o  t h e  v o l a t i l i t y  o f  o t h e r  
i s o t o p e s .  Vapor p ressu re ,  b o i l i n g  p o i n t ,  and b e h a v i o r  o f  n o n r a d i o a c t i v e  e l e -  
ments w i l l  be used t o  suggest  r e l e a s e  p o t e n t i a l  i f  no e x p e r i m e n t a l  measurements 

4.28 
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were a v a i l a b l e .  However, t h i s  i s  n o t  c o n s i d e r e d  c o n c l u s i v e  ev idence  o f  t h e i r  6id b e h a v i o r .  N o n v o l a t i l e  n u c l i d e s  a s s o c i a t e d  w i t h  waste  m a t e r i a l s  such as paper  
and rags  a r e  assumed t o  have a  f r a c t i o n a l  r e l e a s e  s i m i l a r  t o  t h a t  exper imen t -  
a l  l y  me su red  f r o m  b u r n i n g  contami na ted  waste (Mi shima and Schwendiman 1973b),  8 5  x  10- . 

I The suggested v o l a t i  1  i t i e s  f o r  s e l e c t e d  i s o t o p e s  found i n  rad iopharma-  
c e u t i c a l  m a t e r i a l  f a c i  l a i t i e s  a r e  as f o l l o w s :  

Americ ium-241 can be v o l a t i l e  a t  e x t r e m e l y  h i g h  tempera tu res .  T h i s  
c o n c l u s i o n  i s  based on amer i c ium p u r i f i c a t i o n  work i n  wh ich  t r a c e  amounts 
s e p a r a t e d  by v o l a t i  1  i z a t i  on gave a  y i e l d  on t h e  o r d e r  o f  50% (Penneman and 
Keenhan, 1960) .  Ameri c i  urn i s  separa ted  f rom 1  anthanum based on v o l  a t i  1  i t y  
( S c h u l z ,  1976),  and t h e  vapor p r e s s u r e  o f  t h e  amer i c ium meta l  can be 
c a l c u l a t e d :  

l o g  p  (a tm)  = (6.578 + 0.045) - (14,315 f 5 5 ) / T ( 9 9 0 - 1 3 5 8 " ~ )  . 
Based on vapor  p r e s s u r e  s t u d i e s  2 4 1 ~ m  can be v o l a t i l e  above 1727°C (Ward 
e t  a l . ,  1976). Amer ic ium i s  a  decay p r o d u c t  o f  p l u t o n i u m  (Weast, 1973). 
If t h e  p r o p e r t i e s  a r e  s i m i l a r ,  t h e  r e l e a s e  f a c t o r s  f o r  b u r n i n g  p l u t o n i u m  
c o n t a m i n a t e d  l i q u i d s  and powders m i g h t  be a p p r o p r i a t e  t o  use a t  l o w e r  
t e m p e r a t u r e s  (1000°C). Heated p l  u t o n i  um powder had a  maximum r e 1  ease r a t e  
of  0.82% (Mish ima e t  a l . ,  1968a) and p l u t o n i u m  s o l u t i o n  0.3% (Mishima 
e t  a l . ,  1968b) .  T h e r e f o r e ,  1% i s  s e l e c t e d  as t h e  c o n s e r v a t i v e  upper  l i m i t  
r e l e a s e  f o r  amer i c ium s i n c e  t h e  m a t e r i a l  can be found as e i t h e r  a  powder 
o r  i n  s o l u t i o n .  

o Carbon-14 can be found as gaseous C02 o r  as l a b e l e d  ba r ium c a r b o n a t e  
c r y s t a l  l i n e  s o l i d  (NEN, 1976).  The gas would a l l  be r e l e a s e d  i f  i t s  con- 
t a i n m e n t  i s  b reached i n  t h e  f i r e .  T h i s  c o u l d  p o s s i b l y  occu r  due t o  
p r e s s u r i z a t i o n  o f  t h e  c o n t a i n e r  f r o m  h e a t i n g  i n  t h e  f i r e .  It has been 
c o n s i  r e d  e a s i l y  v o l a t i l i z e d  ( ~ u r k o s h ,  1980).  T h e r e f o r e  i t  i s  suggested 
t h a t  "C be c o n s i d e r e d  c o m p l e t e l y  a i r b o r n e  i n  a  f i r e .  

e Cesium-137 e x h i  b i t s  v o l a t i l i t y  on h e a t i n g  as found  i n  e x p e r i m e n t a l  s t u d i e s  
o f  p o t e n t i  a1 hea t -genera ted  r e l e a s e s .  These s t u d i e s  show t h a t  v o l a t i  1  i t y  
i s  a  f u n c t i o n  o f  i n c r e a s i n g  tempera tu re .  Re leases a t  1000°C i n  p e r c e n t  
p e r  hou r  were found  t o  be: 1 ( A l b r e t h s e n  and Schwendiman, 1967),  1 o r  
l e s s  (Mishima and Schwendiman, 1 9 7 3 ~ ) ~  1.5 (Gray, 1981),  and 4.2 (Walmsley 
e t  a1 ., 1969) .  Some of t h e  v o l ' a t i l e  r e l e a s e  c o u l d  be removed by f i l t e r  
r e t e n t i o n  and condensa t ion  (35  t o  93%), and an a d d i t i o n a l  30% by d e p o s i -  
t i o n  ( H i l l i a r d ,  1959) .  Based on t h i s  i n f o r m g g j o n ,  1% p e r  hou r  i s  t h e  
suggested c o n s e r v a t i v e  r e l e a s e  f r a c t i o n  f o r  Cs, assuming t h e r e  w i l l  be 
some mi t i  g a t i  on o f  t h e  re1  ease. 

s Chromium-51 forms can i n c l u d e  ch romic  c h l o r i d e  s o l u t i o n s ,  sodium chromate, 
o r  EDTA complexes (NEN, 1976) .  I t s  v o l a t i l i t y  i s  n o t  a v a i l a b l e .  However, 
i t  has a  h i g h  b o i l i n g  p o i n t ,  2672°C (Weast, 1973),  and does n o t  seem t o  be 
a  c a n d i d a t e  f o r  h i g h  f i r e  genera ted  r e l e a s e  l e v e l s .  D u r i n g  chemica l  
s e p a r a t i o n  by d i s t i l l a t i o n ,  chromyl  c h l o r i d e  was found t o  be t h e  o n l y  



v o l a t i l e  form o f  chromium ( P i  j c k ,  1964).  T y p i c a l  d i s t i l l a t i o n  o f  o  h e r  
chromium forms y i e l d e d  0.03%. Based n  t h i s  i n f o r m a t i o n ,  a  3  x  10' 
f r a c t i o n a l  r e l e a s e  i s  suggested f o r  59Cr. 

9 
9 Gold-198 c o u l d  be i n  an a c i d  s o l u t i o n .  Go ld  m e l t s  a t  1064°C and b o i l s  a t  

2807OC (Weast, 1973) s u g g e s t i n g  t h a t  i t  c o u l d  be c o n s i d e r e d  a  semivo la -  
t i l e .  Gold can be v o l a t i l i z e d  f r o m  r a p i d l y  e v a p o r a t i n g  aqua r e g i a  
(HC1 -HN03) s o l u t i o n s  o r  i f  evapora ted  f r o m  H2S04. S o l u t i o n s  c o n t a i  n i  ng  
g o l d  l o s t  about  1 t o  3% on e v a p o r a t i o n  (Emery and L e d d i c o t t e ,  1961) .  
Because t h e  g o l d  can be i n  an aqua r e g i a  s o l u t i o n  i t  i s  assumed semi v o l  - 9 t i l e ,  and t h e  c o n s e r v a t i v e  f r a c t i o n a l  r e l e a s e  e s t i m a t e  wou ld  be 3  x  10' . 

e Hydrogen-3 ( t r i t i u m )  i s  v o l a t i l e  an c o u l d  be r e l e a s e d  f r o m  breached 
c o n t a i n e r s .  One s t u d y  o f  b reached 'H c o n t a i n e r s  e s t i m a t e d  t h a t  98% o f  t h e  
t o t a l  i n v e n t o r y  was r e l e a s e d  i n  t h e  f i r s t  hou r  a f t e r  t h e  even t  (Niemyer,  
1970),  and h e a t  wo I d  n o t  be r e q u i r e d  f o r  v o l a t i l i z a t i o n .  I n  t h i s  work 
Niemyer no ted  t h e  'H c o u l d  be r e l e a s e d  a t  25°C. T h e r e f o r e ,  t h e  e n t i  r e  3~ 
i n v e n t o r y  c o u l d  be assumed a i r b o r n e  even a t  ambient  t empera tu res .  The 
r e l e a s e  t o  t h e  env i ronment  wou ld  u s u a l l y  be c o n v e r t e d  t o  t h e  o x i d e  f o r m  
q u i t e  r a p i d l y  and d i  spersed 1  i ke  o r d i  n a r y  w a t e r  (Jacobs,  1968) .  

e I o d i n e - 1 2 5  and -131 a r e  o f  concern  because t h e y  a r e  c o n s i d e r e d  v o l a t i l e  
i s o t o p e s  ( K r i s t e n s e n ,  1979).  I o d i n e  s o l u t i o n s  a r e  v o l a t i l e  (Gandsman 
e t  a1 . , 1980).  A t  ambient  t empera tu re ,  NaI  s o l u t i o n s  genera te  v o l a t i l e  
i o d i  des and a c h i e v e  a  s t e a d y - s t a t e  v a p o r i z a t i o n  r a t e  ( P o l  1  ock and Myser , 
1979; Qu inn ,  1980).  V o l a t i l i z a t i o n  can be a  f u n c t i o n  of i n c r e a s i n g  tem- 
p e r a t u r e  (Rimshaw and Case, 1981) ,  and i o d i n e  has been found  t o  be a l m o s t  
c o i n p l e t e l y  v o l a t i  l e  d u r i n g  combust ion  and has compounds t h a t  a r e  v o l a t i l e  
a t  room t e m p e r a t u r e  (A lexander  e t  a1 . , 1981).  M i  shima and Schwendiman 
( 1 9 7 3 ~ )  found  t h a t  65% of t h e  i o d i n e  i n  a  TBP s o l u t i o n  was r e l e a s e d  d u r i n g  
l i q u i d  b u r n i n g ,  and f u r t h e r  h e a t i n g  o f  t h e  r e s i d u e  r e s u l t e d  i n  a  t o t a l  
i o d i n e  r e l e a s e  o f  83%. U s i n g  a  c o n s e r v a t i v e  approach,  i t  i s  c o n s i d e r e d  
100% v o l a t i l e  i n  a  f i r e .  

e I r o n - 5 5  may be assumed s i m i l a r  t o  n o n r a d i o a c t i v e  i r o n ,  wh ich  m e l t s  a t  
1535°C and b o i l s  a t  2750°C (Weast, 1973).  Vapor p r e s s u r e  measurements 
(Nesmeyanov, 1963) suggest  t h e  s o l i d  m a t e r i a l  i s  n o n v o l a t i l e .  I r o n  o x i d e  
decomposes a t  1300°C and t e m p e r a t u r e s  l e s s  t h a n  abou t  1100°C a r e  recom- 
mended d u r i n g  a n a l y t i c a l  p rocedures .  I r o n - 5 5  can be i n  a c i d  s o l u t i o n s  
(NEN, 1976).  A s e p a r a t i o n  t e c h n i q u e  f o r  i r o n  i n  a  mixed a c i d  s o l u t i o n  
evapora tes  t h e  s o l u t i o n  t o  dryness.  T h i s  method y i e l d e d  99% i n d i c a t i n g  a  
maximum l o s s  o f  1% ( N i e l s e n ,  1960).  Wh i le  a l l  of t h i s  l o s s  m i g h t  n o t  be 
caused by v o l a t i l i t y  d u r i n g  e v a p o r a t i o n ,  t h e  v a l u e  m i g h t  be used t o  
suggest  a  c o n s e r v a t i v e  upper  l i m i t  r e l e a s e  f a c t o r  o f  1%. 

o Kryp ton -85  i s  a  gas and would  become a i r b o r n e  i n  a  f i r e .  

e Molybdenum-99 i s  s t a b l e  i n  a i r  and i t  i s ,  t h e r e f o r e ,  assumed t h a t  
n e g l i g i b l e  amounts wou ld  become a i r b o r n e  i n  a  f i r e .  The m e l t i n g  p o i n t  o f  
molybdenum i s  2617OC and t h e  b o i l i n g  p o i n t  i s  4612°C. 



e N i c k e l - 6 3  has been assumed s t a b l e  (Wang, 1969) and i s ,  t h e r e f o r e ,  n o t  
a i r b o r n e  i n  a  f i  r e .  S e p a r a t i o n  t e c h n i q u e s  t h a t  i n c l u d e  b o i  1  i ng n i c k e l  

I s o l u t i o n s  had & Y O %  r e c o v e r y  o f  n i c k e l  ( K i r b y ,  1961).  T h i s  b e h a v i o r  

~ suggests  t h a t  Ni i s  n o n v o l a t i l e  i n  a  f i r e  e n v i  ronment. 

e Phosphorus-32 c o u l d  be c o n s i d e r e d  t o  resemble o t h e r  forms o f  phosphorous 
(Wang, 1969),  wh ich  a r e  v o l a t i l e  and t h e r e f o r e  wou ld  a l l  be a i r b o r n e  i n  a 
f i  re .  T h i s  assumpt ion  i s  s u b s t a n t i a t e d  s i n c e  phosphorous can be separa ted  
f r o m  a c i d  s o l  u t i  ons based on phosphorous v o l  a t i  1  i t y  (Mu1 1 i ns and 
Ledd i  c o t t e ,  1962).  

Selenium-75 i s  found as a c i d  s o l u t i o n s .  Se len ium has a  b o i  1  i ng p o i n t  o f  
685°C (Weast, 1973) .  The s o l i d  m e l t s  a t  221°C and b o i l s  a t  685°C f o r m i n g  
a ye1 l o w  vapor ( B a g n a l l  , 1966).  It i s  ve ry  r e a c t i v e  f o r m i n g  t h e  d i o x i d e  
on b u r n i n g .  It c o u l d  be c o n s i d e r e d  v o l a t i l e  i n  a  f i r e  env i ronmen t ,  and 
t h i s  i s  c o n f i r m e d  by t h e  f a c t  t h a t  se len ium i s  s e p a r a t e d  f r o m  o t h e r  m e t a l s  
on t h e  b a s i s  o f  v o l a t i l i t y .  I n  t h e  chemica l  b e h a v i o r  o f  se len ium,  s t u d i e s  
showed t h a t  se len ium i s  l o s t  f r o m  samples due t o  v o l a t i l i z a t i o n .  I t  i s  
v o l  a t i  1  i zed f r o m  d i  1  u t e  HC1 s o l u t i o n s  above 100°C (Mol i n s k i  and Ledd i  c o t e ,  
1965).  

e S t r o n t i u m - 9 0  r e l e a s e s  have been s t u d i e d  e x p e r i m e n t a l  l y ,  and was found 
t o  s  v o l a t i l e .  Releases were t h r e e  o r d e r s  o f  magni tude l e s s  t h a n  t h o s e  
f o r  '"Cs ( A l b r e t h s e n  and Schwendiman, 1967).  I n  a n o t h e r  s tudy ,  0.2% o f  
t h e  s t r o n t i  urn was r e 1  eased f r o m  b u r n i n g  con tamina ted  t r i  b u t y l  phosphate  i n  
a  ke rosene- t ype  d i  l u e n t  ( S u t t e r  e t  a1 . , 1974) .  T h e r e f o r e ,  t h i s  v a l u e  may 
be used as t h e  f i r e  r e l e a s e  f r a c t i o n .  

o S u l f u r - 3 5  can be found as a  sodium s u l f a t e  s o l u t i o n ,  as s u l f u r i c  a c i d ,  as 
e lemen ta l  s u l f u r  i n  benzene s o l u t i o n ,  o r  as l a b e l e d  compounds such as 
SO2. S u l f u r  i s  low b o i l i n g  r a n g i n g  f r o m  113°C t o  445°C (Weast, 1973),  and 
a l s o  has a  gaseous form. It i s  an e a s i l y  i g n i t a b l e  c o m b u s t i b l e  s o l i d  w i t h  
an i g n i t i o n  t e m p e r a t u r e  o f  450°C (NFPA, 1978).  S u l f u r  d i o x i d e  i s  t h e  main 
i n c i n e r a t i o n  p r o d u c t  o f  s u l f u r  (USEPA, 1977) and co d  be c o n s i d e r e d  
v o l a t i l e  i n  a  f i  r e  env i  ronment. S u l f u r ,  i n c l u d i n g  "S, i s  a n a l y t i c a l  l y  
s e p a r a t e d  on t h e  b a s i s  o f  hydrogen s u l f i d e  (a  c o l o r l e s s  a s )  v o l a t i l i t y  
( L e d d i c o t t e ,  1962).  T h i s  s u p p b r t s  t h e  c o n c l u s i o n  t h a t  3 9 ~  would  be 
c o m p l e t e l y  v o l a t i l e  i n  a  f i r e .  

o Xenon-133 i s - a  gas and i s  t h e r e f o r e  c o n s i d e r e d  v o l a t i l e .  

The suggested v o l a t i l i t i e s  d i s c u s s e d  above a r e  shown as r e l e a s e  f a c t o r s  i n  
T a b l e  4.3. 

4.6.1.1 Load ing  Dock F i r e  

Raw by -p roduc t  m a t e r i  a1 i s  d e l  i ve red  t o  t h e  r a d i  opharmaceut i  c a l  manu- 
f a c t u r e r s  by t r u c k .  The l a r g e s t ' i n v e n t o r i e s  o f  n u c l i d e s  a r e  u s u a l l y  found i n  
t h e s e  areas on s h i p p i n g  days. 



TABLE 4.3. Suggested F i r e  Re lease F a c t o r s  f o r  S e l e c t e d  I s o t o p e s  
Found i n  Radiopharrnaceut i  c a l  M a n u f a c t u r i n g  F a c i  1  i t i e s  

Suggested 
Element I s o t o p e  Re1 ease F a c t o r  Comments 

Ameri c i  um 2 4 1 ~ m  0.01 Vol a t i  1  e  above 1727°C 

Carbon 

Ces i  um 

Chromi um 

Go1 d  

Hydrogen 

I o d i  ne 

I r o n  

Kryp ton  

Molybdenum 

Depends on f o r m  

Release p e r  hour  o f  
b u r n i n g  

Nonvol a t i  1  e  

Gas 

V o l a t i l i t y  can be a  
f u n c t i o n  o f  i ncreas -  
i n g  t e m p e r a t u r e  

Essent  i a1 l y  
N o n v o l a t i  l e  

Gas 

N o n v o l a t i l e  

N i c k e l  63~i  --- Nonvol a t i  1  e 

Phosphorous 3 2 ~  1 

Sel  e n i  um 7 5 ~ e  1 S o l u t i o n  c o m p l e t e l y  
v o l a t i l e  above 100°C 

S t r o n t i  um 9 0 ~  r 2  l o - 3  

S u l f u r  5 5 ~  1 Forms a  gas 

Xenon 1 3 3 ~ e  1 Gas 

It i s  p o s t u l a t e d  t h a t  a  t r u c k  d e l  i v e r i  ng  s u p p l i e s  and equ i  pment s t r i k e s  
t h e  d e l i v e r y  dock as d e s c r i b e d  i n  t h e  g e n e r i c  t r u c k / r e c e i v i n g  dock f i r e  sce-  
n a r i o  i n  S e c t i o n  4.1.1.1. The t r u c k  f u e l  t a n k  i s  t o r n  open by t h e  me ta l  d e b r i s  
genera ted  by t h e  c r a s h  and t h e  e n t i r e  100 ga l  o f  g a s o l i n e  i n  t h e  t a n k  s p i l l s  t o  
t h e  ground and i s  i g n i t e d  by spa rks  c r e a t e d  by t h e  c o n t a c t  o f  me ta l  and 
c o n c r e t e .  The f i r e  f o l l o w i n g  t h i s  even t  wou ld  l a s t  a  maximurn o f  12.5 min. 

The a c c i d e n t  i s  assumed t o  o c c u r  on a  r e c e i v i n g  day, and t h u s  c u r i e  
amounts o f  i s o t o p e s  i n  t h e  b u l k  shipment cou ld3be  i n  j eopardy  i n  t h e  f i r e .  The 
l a r g e s t  i n v e n t o r y  a t  r i s k  c o u l d  be 2000 C i  o f  H  i n  two p r e s s u r i z e d  
c y l i n d e r s .  The i n t e g r i t y  o f  t h e s e  c y l i n d e r s  c o u l d  be breached by t h e  impac t  
damagi ng v a l  ves, o r  hea t  i ng and 'su sequent p r e s s u r i  z a t i  on c o u l d  cause c y l  i nder  9 f a i l u r e .  The e n t i r e  i n v e n t o r y  o f  H  i s  assumed a i r b o r n e .  



O t h e r  r a d i o a c t i v e  m a t e r i a l s  c o u l d  be on a  s h i  ng  dock and r e l e a s e s  o f  
t h e s e  i s o t o p e s  c o u l d  be o f  concern .  Shipments o f  'jiI a r e  a p p r o x i m a t e l y  4  C i  
each, and t h i s  e n t i r e  i n v e n t o r y  i s  assumed a i r b o r n e .  O t h e r  ' o topes  po ten -  

a1 l y  i n v o l v e d  t ic assume c o m p l e t e l y  a i r b o r n e  a r e  5  C i  o f  "P and 10 C i  o f  . As gases, '"Xe and '5Kr wou ld  a l l  be r e l e a s e d  i f  t h e  s h i p p i n g  c o n t a i n e r s  
are9$reached.  Re leases a r e  450 and 200 C i  , r e s p e c t i  v e l y .  N e g l i g i b l e  amounts 
o f  Mo would  be r e l e a s e d  f r o m  c a n i s t e r s  c o n t a i n i n g  C i  o f  s o l u t i o n .  h i p -  
p i n g  r e g u l a t i o n s  a l l o w  packages c o n t a i n i n g  10 C i  o f  8g9Cs and 0.4 C i  o f  "Sr i n  
normal  f o r m  (USCFR, 1983a).  (Normal f o r m  i s  a  48rm o t h e r  t h a n  s p e c i a l  f o r m  
such as e n c a p s u l a t e d  sou rces  .) Cesi  um-137 and Sr e x h i b i t  v o l  a t i  1  i t y  and, 
s i n c e  t h e  f i r e  i s  assumed t o  l a s t  12.5 min,  t h e  r e l e a s e  w u l d  be u t  20% o f  
t h e  r e l e a q e  f o r  l 9 8 .  T h i s  r e s u l t s  i n  r e l e a s e s  o f  2  x  10-' C i  o f  "'Cs and 
1.6 x  10- C i  o f  S r  p e r  package o f  t h e  normal form. 

Amounts i n  sh ipments  w i l l  va ry .  The amounts t h a t  a r e  suggested a r e  
t y p i c a l  amounts t h a t  m i g h t  be found on t h e  l o a d i n g  dock and a r e  i n c l u d e d  f o r  
i l l u s t r a t i o n  o n l y .  A l so ,  t h e  i s o t o p e s  wou ld  n o t  a l l  n e c e s s a r i l y  be on t h e  
l o a d i n g  dock a t  t h e  same t ime .  

I n  some f a c i  1  i t i e s  r a d i o a c t i v e  waste  i s  s t o r e d  i n  t h e  s h i p p i n g / r e c e i  v i  ng  
a rea  and, t h e r e f o r e ,  c o u l d  p o t e n t i a l l y  become i n v o l v e d  i n  t h e  f i r e .  Because 
t h e  2 0 - f t  f i r e  i s  c e n t e r e d  around t h e  t r u c k ,  i t  would  seem t h a t  t h e  waste  wou ld  
be s t o r e d  a t  a  d i s t a n c e  where i t  would  n o t  n e c e s s a r i l y  become i n v o l v e d  u n l e s s  
o t h e r  e v e n t s  i n t e r v e n e d .  F o r  example, t h e  waste  s t o r a g e  area c o u l d  be hea ted  
u s i n g  n a t u r a l  gas h e a t e r s  and use propane f u e l e d  f r o n t - l o a d e r s  t o  move t h e  
waste.  I n v o l v e m e n t  o f  . e i t h e r  o r  b o t h  o f  t h e s e  c o m b u s t i b l e  f u e l s  i n  t h e  f i r e  
c o u l d  mean a d d i t i o n a l  r e l e a s e s  f r o m  t h e  drummed waste.  

It i s  t h e r e f o r e  assumed t h a t  t h e  f i r e  spreads t o  t h e  waste  a r e a  where i t  
h e a t s  and r u p t u r e s  drums c o n t a i n i n g  l a b  t r a s h .  A f r a c t i o n  o f  t h e  s t o r e d  waste,  
perhaps l o % ,  i s  e x p e l l e d  f r o m  t h e  drums and c o n t r i b u t e s  t o  t h e  f i r e .  V o l a t i l e  
n u c l i d e s  a s s o c i a t e d  w i t h  t h i s  e x p e l l e d  waste  become a i r b o r n e .  The n o n v o l a t i l e s  
a s s o c i a t e d  w i t h  t h p  c e l l u l o s i c s  i n  t h e  drums become a i r b o r n e  w i t h  a  f r a c t i o n a l  
r e l e a s e  o f  5 x 10- and he v o l a t i l e  a r e  a1 1  a i r  5 ? 4  

pygne. The e x p e l l e d  ab t r a s h  

c o u l d  c o n t a i n  200 C i  of H, 5  C i  o f  C ,  1 i o f  I ,  and 0.5 C i  o f  31P. 

These a r e  a l l  assumed v o l a t i l i z e d .  S i n c e  3'P has a  14.3-day h a l f - l i f e ,  i t  
c o u l d  be assumed decayed a t  t h e  t i m e  o f  t h e  f i r e .  

4.6.1.2 Tornado 

Rad iopharmaceu t i ca l  m a n u f a c t u r i n g  f a c i  1 i t i e s  a r e  b u i  1  t a c c o r d i n g  t o  
s p e c i f i c a t i o n s  o f  t h e  u n i f o r m  b u i l d i n g  code and a r e  n o t  c o n s t r u c t e d  t o  
w i t h s t a n d  t o r n a d o  damage. It i s  assumed t h a t  a  t o r n a d o  c o u l d  s t r i k e  an 
o p e r a t i o n a l  r a d i o p h a r m a c e u t i  c a l  m a n u f a c t u r i n g  f a c i  1  i t y .  The r e s u l t s  c o u l d  be: 

Wa l l  damage and l o s s  o f  r o o f  
e Mi s s i  1  e  g e n e r a t i o n  
o Caves remain  i n t a c t  
s Fume hood and g l o v e  box damage. 



e v e r a l  hoods o r  g l o v e  boxes c o u l d  be i n  use a t  t h e  same t ime ,  and 100 C i  
o f  l3?1 o r  500 C i  of 3~ m i g h t  be t h e  t o t a l  maximum i n v e n t o r y  i n  process.  T h i s  Q 
i n v e n t o r y  wou ld  n o t  a l l  be i n  j eopardy ,  s i n c e  i t  i s  d i s t r i b u t e d  i n  s m a l l e r  
v i a l s  w i t h i n  t h e  hood o r  g l o v e  box. A  p o r t i o n  o f  t h e s e  v i a l s  c o u l d  be assumed 
damaged so t h a t  some o f  t h e  m a t e r i a l  i s  s p i l l  and r e l e a s e d  i n  t h e  hood. The 
s p i l l e d  p o r t i o n  i s  assumed as I%, t o  1 C i  o f  '"1 o r  5 C i  t r i t i a t e d  w a t e r  p e r  
e n c l o s u r e .  The exhaust  sys tem f i l t e r s  a r e  assumed t o  f a i l ,  and a l l  t h e  r e l e a s e  
w i l l  be c a r r i e d  t o  t h e  atmosphere. 

If a l t e r n a t e l y ,  t h e  HVAC system i s  damaged, t h e  m a t e r i a l  may be e j e c t e d  
i n t o  t h e  room. Because t h e r e  wou ld  be no v e n t i l a t i o n  f l o w  t o  t r a n s p o r t  t h e  
r e l e a s e ,  i t  would  l e a v e  t h e  f a c i l i t y  by d i f f u s i o n ,  a  s low  process.  

Xenon-133 gas i s  d i spensed  f r o m  a  c y l i n d e r  i n  a  p l e x i g l a s s  hood. Damage 
t o  t h i s  hood accompanied by c y l i n d e r  damage would  a1 l ow  i t  t o  become a i r -  
borne.  I f  t h i s  c y l i n d e r  was f u l l  a t  t h e  t i m e  o f  t h e  to rnado ,  350 C i  wou ld  
become a i  r b o r n e  and would  be subsequen t l y  r e l e a s e d  t o  t h e  atmosphere. 

Krypton-85,  200 C i  p e r  c y l i n d e r ,  c o u l d  a l s o  be i n  j eopardy .  About 1100 C i  
c o u l d  be i n  p r o c e s s i n g  a t  t h e  t i m e  o f  t h e  even t ,  and i t  i s  assumed t h a t  h a l f  of 
t h e  c y l i n d e r s  a r e  damaged and 600 C i  become a i r b o r n e .  

4.6.1.3 Ear thquake  

Maximum ground a c c e l e r a t i o n  f rom s e i s m i c  e v e n t s  can cause damage a t  d i f -  
f e r e n t  ranges as d i s c u s s e d  i n  S e c t i o n  4.2.1.1. The degree o f  s e v e r i t y  and 
l i k e l i h o o d  o f  t h e  even t  i s  dependent on t h e  g e o g r a p h i c a l  l o c a t i o n  o f  t h e  
m a n u f a c t u r e r .  The c o l l a p s e  of an e n t i  r e  f a c i l i t y  m i  y h t  be a n t i c i p a t e d  a t  a  
l i n e a r  a c c e l e r a t i o n  o f  0.25 g. 

L e s s e r  l e v e l  s  wou ld  n o t  p roduce s i  g n i  f i c a n t  s t r u c t u r a l  damage. Over-  
t u r n i n g  p rocess  v e s s e l s  and equipment,  and r u p t u r i n g  g l a s s  v e s s e l s  wou ld  be 
a n t i c i p a t e d .  Amounts o f  m a t e r i a l  i n  t h e  p rocess  c o u l d  s p i l l  o r  l e a k .  
G e n e r a l l y  t h e r e  i s  no powder (a  d i s p e r s i b l e  form) i n  p rocess .  Gases a r e  t h e  
most d i s p e r s i b l e  form, and a  b roken  v a l v e  c o u l d  a l l o w  t h e  same gaseous r e l e a s e s  
produced by a  t o r n a d o .  

Spi  11s and Leaks 

Sp i  11s can o c c u r  i n  gaseous and l i q u i d  processes.  The env i ronmen t  i n  
wh ich  t h i s  a c c i d e n t  occu rs  i s  s i m i l a r  t o  a  c h e m i s t r y  l a b o r a t o r y .  T h i s  means 
t h a t  t h e r e  wou ld  n o t  be s u f f i c i e n t  m a t e r i a l  i n v o l v e d  i n  any s i n g l e  e v e n t  t o  . 

l e a d  t o  a  s i g n i f i c a n t  a tmospher i c  r e l e a s e .  

4.6.1.5 E x p l o s i o n s  

Use o f  s o l  v e n t s  i n  t h e  p rocess  p r o v i d e s  t h e  o p p o r t u n i t y  f o r  e x p l o s i o n s .  
As i n  t h e  case o f  l e a k s  and s p i l l s ,  because t h e  o p e r a t i o n s  a r e  s c a t t e r e d ,  a  
s i n g l e  even t  o f  t h i s  t y p e  wou ld  be u n l i k e l y  t o  l e a d  t o  a  s i g n i f i c a n t  
a tmospher i c  r e 1  ease. 



N a t u r a l  gas e x p l o s i o n s  were d i s c u s s e d  i n  S e c t i o n  4.3.1.6. It i s  assumed 
t h a t  a  s i m i l a r  even t  occu rs  i n  t h e  r a d i o p h a r m a c e u t i c a l  m a n u f a c t u r i n g  p l a n t ,  
y i e l d i n g  a  2 .4- lb  TNT e q u i v a l e n t .  T h i s  event  c o u l d  subsequen t l y  l e a d  t o  a  
m a j o r  f a c i l i t y  f i r e  and w i  11 be d i s c u s s e d  under t h a t  head ing.  

4.6.1.6 F a c i l i t y  F i r e  

A  f lammabl e  vapor l e a k  ( i  .e., n a t u r a l  gas) accumula tes  and subsequen t l y  
d e f l a g r a t e s  ( S e c t i o n  4.3.1.6). Oxygen l i n e s  l o c a t e d  a t  each g l o v e  box a r e  
breached by t h e  i n i t i a l  e x p l o s i o n  and c o u l d  a c c e l e r a t e  b u r n i n g  o f  s o l v e n t s ,  
paper,  and wood f u r n i t u r e .  I n  a  s t e e l -  and c o n c r e t e - r e i n f o r c e d  s t r u c t u r e ,  t h e  
damage would  be l i m i t e d .  I n  a wood s t r u c t u r e ,  a  f u l l - s c a l e  f a c i l i t y  f i r e  c o u l d  
ensue. I n  an o l d e r  wooden b u i l d i n g ,  i t  would  be p o s s i b l e  t o  e n v i s i o n  t h e  
g n t i r e  b u i l d i n g  becoming engu l fed  i n  f i r e  and e v e n t u a l l y  g u t t e d .  The e ~ t i r e  

H i n v e n t o r y  i n  t h e  b u i l d i n g  c o u l d  be r e l e a s e d  i n  t h i s  a c c i d e n t ,  3  x 10 C i ,  
t h e  maximum amount a t  t h e  f a c i l i t y .  
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I n  a d d i t i o n  t o  H, o t h e r  i s o t o p e s  of concern  c o u l d  be r e l e a s e d  i n  s i g n i f i -  

c a n t  amounts i n  a  f a c i l i p  f i r e .  ReJsases o f  o t h e r  isgSxpes f r o m  t h a t  s t r u c -  
t u r e  c o u l d  be 59 C i  o f  C, 1 C i  o f  P, and 10 C i  o f  . I o d i n e  i s o t o p e s  
were n o t  l i s t e d  i n  t h e  i n v e n t o r y  f o r  t h e  s p e c i f i c  wooden s t r u c t u r e ,  b u t  i f  
p r e s e n t ,  wou ld  be c o m p l e t e l y  v o l a t i l i z e d .  The wooden s t r u c t u r e  seems t o  be t h e  
o n l y  one l i k e l y  t o  have a  m a j o r  f a c i l i t y  f i r e .  

4.6.1.7 C y c l o t r o n  A c c i d e n t  

C y c l o t r o n s  i n  r a d i o p h a r m a c e u t i c a l  m a n u f a c t u r i n g  o p e r a t i o n s  a r e  enc losed  i n  
caves w i t h  6- o r  7 - f t - t h i c k  c o n c r e t e  w a l l s  and 4 - f t - t h i c k  c o n c r e t e  c e i l i n g s .  
T h i s  would c o n t a i n  any r e l e a s e s  f rom an unp lanned even t .  

4.6.1.8 W a s t e - I n c i d e n t  F i r e  

Waste i s  ga the red  t o g e t h e r  i n  a  f a c i l i t y  and e i t h e r  s o l i d i f i e d  ag$ drummed 
h e l d  f o r  decay. "Decay i n  s t o r a g e "  i s  used f o r  t h e  s h o r t e r - l i v e d  P o r  

@hc i so topes  . 
Drummed waste  commonly c o n t a i n s  l a b  t r a s h  such as paper,  g lassware,  and 

c l o t h i n g .  T h i s  t y p e  o f  waste  can a l s o  be s t o r e d  i n  ca rdboard  c o n t a i n e r s .  
Gaseous waste  i s  s t o r e d  i n  c y l i n d e r s .  

A l a r g e  8 5 ~ r  i n v e n t o r y  of 1000 C i  i s  s t o r e d  i n  Matheson 3-L s t a i n l e s s  
s t e e l  u n i t s  ( c y l i n d e r s )  o r  equa l ,  w i t h  100 t o  150 C i  p e r  c o n t a i n e r .  The 
p r e s s u r e  i s  l e s s  t h a n  a tmospher i c .  These, i n  t u r n ,  a r e  s t o r e d  i n  a  s h i p p i n g  
overpack ( D e v l i n ,  1978) .  T h i s  s t r i n g e n t  packag ing  means t h a t  t h e  c o n t a i n e r  
i n t e g r i t y  i s  o f  s u f g i c i e n t  s t r e n g t h ,  so an a c c i d e n t  i s  u n l i k e l y  t o  occu r .  Two 
thousand c u r i e s  o f  H  c o u l d  be c o n t a i n e d  i n  t y p e  17H 55-ga l  s t e e l  drums w i t h  
6 i n .  o f  c o n c r e t e  s u r r o u n d i n g  each c o n t a i n e r .  T h i s  m a t r i x  i s  n o t  conduc ive  t o  
a c c i d e n t s .  A l a r g e  f i r e  i n v o l v i n g  waste  was d i s c u s s e d  as p a r t  o f  t h e  l o a d i n g  
dock a c c i d e n t  and w i l l  n o t  be r e p e a t e d  here,  a  s m a l l e r  even t  may occur.  



It i s  p o s t u l a t e d  t h a t  a  g l a s s  c o n t a i n e r  o f  a c i d  i s  i n a d v e r t e n t l y  i n c l u d e d  
i n  t h e  waste and broken d u r i n g  compact ing.  The s p i l l e d  a c i d  s a t u r a t e d  c e l l u -  
l o s i c s  and consequen t l y  t h e  c e l l u l o s i c s  i g n i t e  spontaneous ly .  Heat f rom t h e  
f i r e  p r e s s u r i z e s  t h e  drum and r u p t u r e s  i t .  

Lab t r a s h  i s  g q s t u l a t e d  t o  c o n t a i n  50 C i  o f  14c, 2000 C i  o f  3 ~ ,  10 C i  o f  
1 2 5 ~ ,  and 5  C i  o f  P. An e s t i m a t e  o f  t h e  number o f  drums s t o r e d  i n  t h e  
b u i l d i n g  i s  about  580 drums. T h i s  assumes t e n  s t a c k s  o f  p a l l e t s  f o u r  w ide and 
f o u r  h i g h  w i t h  f o u  drums p e r  p  l l e t .  The e f o r e  on drurn o f  l a b  t r  sh would  3 n t a i  n  0.1 C i  o f  '4C, 4  C i  o f  H, 2  x  lo-!  C i  o f  1 5 5 ~ ,  and 1 x l o - '  C i  o f  
"P. A l l  o f  t h i s  i n v e n t o r y  i n  the3$rum would become a i r b o r n e .  Again,  because 
o f  decay, i t  i s  u n l i k e l y  t h a t  t h e  P would be a v a i l a b l e  f o r  r e l e a s e .  

I f  t h e  f i r e  i n v o l v e s  a l l  o f  t h e  waste, s p r e a d i n g  by i g n i t i n g  t h e  p a l l e t s ,  
t h e  e n t i  r e  i n v e n t o r y  c o u l d  become a i r b o r n e .  T h i s  fi r e  i s  c o n s i d e r e d  u n l i k e l y  
i f  f i  r e  s u p p r e s s i o n  systems o p e r a t e  e f f e c t i  v e l y .  

4.6.2 Rad iopharmaceu t i ca l  M a n u f a c t u r i n g  MREPP S c e n a r i o  

The q u a n t i t i e s  of 3~ used, coup led  w i t h  i t s  v o l a t i l i t y ,  make i t  t h e  con- 
t a m i  n a n t  w i t h  t h e  1  a r g e s t  r e l e a s e  p o t e n t i a l  a t  r a d i o p h a r m a c e u t i c a l  manufac tur -  
i n g  o p e r a t i o n s .  However, r e l e a s e s  o f  t h e  i s o t o p e s  o f  more concern  w i t h  r e g a r d  
t o  h e a l t h  e f f e c t s  have a1 so been suggested.  

4.6.2.1 M a t e r i a l  Re lease 

The MREPP even t  f o r  t h i s  c a t e g o r y  wou ld  be f a c i l i t y  dependent. F o r  a 
wooden s t r u c t u r e ,  t h e r e  i s  a  p o t e n t i a l  f o r  a  m a j o r  f a c i l i t y  f i r e .  Conc re te  and 
s t e e l  b u i l d i n g  c o n s t r u c t i o n  wou ld  reduce t h i s  p o t e n t i a l  and a  l o a d i n g  dock f i r e  
wou ld  become t h e  MREPP even t .  

Y S 
4  

3  
C a l c u l a t e d  maximy! r e l e a s e s  fgs t h e  wooden s t r  t u r e  f i r e  were 3 x  10 C i  

of  H, p l u s  59 C i  o f  C ,  1 C i  o f  P and 10 C i  o f  5. i r e s  a t l g Ihe r  
f a c i l i t i e s  c o u l d  r e l e a s e  o t h e r  i s o t o p e s  (e.g., example 24EAm and I ) .  U s i n g  
t h e  maximum i n v e n t o r y  i n  T a b l e  3.5 and t h e  suggested r e l e a s e  f a c t o r s ,  r e l e a s e s  
of  t h e s e  i s o t o p e s  c o u l d  be 3.5 and 150 C i ,  r e s p e c t i v e l y .  

4.6.2.2 F a c t o r s  A f f e c t i n g  Re lease 

The f o l l  owing f a c t o r s  a f f e c t  r e l e a s e  a t  r a d i  opharmeceut i  c a l  rnanu fac tu r i  ng 
f a c i  1  i t i e s :  

o F a c i  1 i t y  c o n s t r u c t i o n  
e E f f e c t i v e n e s s  o f  f i r e  s a f e t y  systems 
e I n v e n t o r y  i n  p rocess  
e C o n t a i  n e r  i n t e g r i  ty .  

4.7 RADIOPHARMACY 

A t  a  r a d i  opharmacy , i so topes  a r e  r e c e i  ved f rom a  r a d i  opharmaceut i  c a l  manu- 
f a c t u r e r  and repackaged i n  d o s e - s i z e  amounts as a d m i n i s t e r e d  i n  h o s p i t a l s .  



G e n e r a t o r s  p r e p a r i n g  9 9 m ~ c  f rom "MO a r e  a n o t h e r  segment o f  t h e  work. The 
o p e r a t i o n s  resemble  t h o s e  o f  a  chemica l  l a b o r a t o r y ,  and work i s  pe r fo rmed  on 
l a b  benches o r  i n  hoods i n  a  few s m a l l  rooms. T y p i c a l  work i s  p i p e t t i n g  dose- 
s i z e  a l i q u o t s  o f  an i s o t o p e  s o l u t i o n  i n t o  a  s y r i n g e  and i n d i v i d u a l l y  pack ing;  
them i n  l e a d  c a r r i e r s  ready f o r  h o s p i t a l  use. 

The i s o t o p e s  used a r e  s i m i l a r  t o  t h o s e  i n  r a d i o p h a r m a c e u t i c a l  manufac-  
t u r i n g ,  b u t  i n  v e r y  m a l l  q u a n t i t i e s .  L i c e n s e  l i m i t  ranges were l i s t e d  i n  
T a b l e  3.6 and show "Mo w i t h  t h e  maximum p o t e n t i 3 1  i n v e n  r y ,  426 C i .  I s o t o p e s  
o f  more concern  w i t h  r e g a r d  t o  h e a l t h  e f f e c t s ,  I and '*St-, wou ld  have 
maximum p o t e n t i a l  i n v e n t o r i e s  of 4.5 and 0.5 C i ,  r e s p e c t i v e l y .  D e p l e t e d  
u r a n i u m  e n c l o s e d  i n  a  s t a i n l e s s  s t e e l  c a s i n g  can be used as s h i e l d i n g ,  and t h e  
maximum l i c e n s e  a l l o w s  91 kg. 

4.7.1 P o t e n t i a l  A c c i d e n t  Scenar ios  

The s m a l l  s c a l e  of t h e  o p e r a t i o n s ,  low l i c e n s e  l i m i t s ,  and s m a l l  
i n d i  v i  d u a l  packages reduce t h e  r i s k s  a s s o c i  a t e d  w i t h  a  r a d i  opharmacy . 
A c c i d e n t s  d i s c u s s e d  a r e  s p i l l s  and l e a k s ,  t o rnado ,  ea r thquake ,  f i r e ,  and 
e x p l  o s i  on. 

4.7.1.1 S p i l l s  and Leaks 

A i r b o r n e  r e l e a s e s  f r o m  s p i l l s  wou ld  be a t  a  low l e v e l  because o f  t h e  s m a l l  
amounts used and q u a n t i t i e s  i n  c o n l g j n e r s .  T y p i c a l  amounts i n v o l v e d  i n  a  s p i  11 
c o u l d  be a  c o n t a i n e r  of 10 m C i  of I as a ' N a I  s o l u t i o n  (NEN, 1976) .  It i s  
assumed t h a t  due t o  o p e r a t o r  e r r o r ,  f u l l  c o n t a i n e r  o f  NaI  i s  o v e r t u r n e d ,  
s p i l l i n g  t h e  e n t i r e  c o n t e n t s .  The '"1 s p i l l  i s  v o l a t i l e  and w i l l  be r e l e a s e d  
a t  a  s t e a d y - s t a t e  r a t e .  There fo re ,  i t  i s  e s t i m a t e d  t h a t  t h e  e n t i r e  10 m C i  
becomes a i  r b o r n e .  Because t h e  o p e r a t i  on does n o t  t y p i c a l  l y  use c h a r c o a l  
f i l t e r s  i n  t h e  v e n t i l a t i o n  system, t h i s  e n t i  r e  r e l e a s e ,  even when s p i l l e d  i n  a  
hood, wou ld  be c a r r i e d  t o  t h e  atmosphere o u t s i d e  t h e  f a c i l i t y .  

4.7.1.2 Tornado 

These f a c i l i t i e s  wou ld  n o t  g e n e r a l l y  be c o n s t r u c t e d  t o  w i t h s t a n d  t o r n a d o  
damage. T h e r e f o r e ,  i f  a  t o r n a d o  s t r i k e s  a  rad iopharmacy,  seve re  damage and 
b r e a c h i n g  o f  t h e  f a c i l i t y  c o u l d  be a n t i c i p a t e d .  The i s o t o p e s  i n  p rocess  a t  t h e  
t i m e  o f  t h e  e v e n t  c o u l d  be c o n s i d e r e d  a t  r i s k .  Packaged i s o t o p e s  (e.g., l e a d  
f g j e l d e d  s y r i n g e s )  s h o u l d  n o t  b reach  as a  r e s u l t  of t h e  to rnado .  Amounts o f  

I a c t u a l l y  i n  p r o c e s s  wou ld  be i n  j e o p a r d y  s i n c e  t h e y  wou ld  be i n  open 
c o n t a i n e r s ,  and t h e  r e l e a s e  would  be s i m i l a r  t o  t h e  s p i l l  r e l e a s e  o r  10 mCi p e r  
c o n t a i n e r s  i n  p rocess .  It i s  n o t  c o n c e i v a b l e  t h a t  t h e  e n t i  r e  maximum i n v e n -  
t o r y ,  4.5 C i ,  c o u l d  be i n  j e o p a r d y  a t  one t ime .  

4.7.1.3 Ear thquake  

Ear thquake  damage t o  a  rad iopharmacy c o u l d  be a n t i c i p a t e d  t o  be s i m i l a r  t o  
t o r n a d o  damage. S p i l l e d  m a t e r i a l  c o u l d  be c a r r i e d  t o  t h e  atmosphere by b u i l d -  
i n g  a i r f l o w  r e s u l t i n g  i n  r e l e a s e s  s i m i l a r  t o  t h e  t o r n a d o  even t .  If t h e  



v e n t i l a t i o n  system f a i  l s ,  m a t e r i a l s  wou ld  be s l o w l y  r e l e a s e d  by d i f f u s i o n .  
Again,  r i  gorous packag ing  and sma l l  i n v e n t o r i  es wou ld  p r e v e n t  1  a r g e  r e 1  eases. Q 

E x p l o s i o n s  

P o t e n t i a l  e x p l o s i o n s  i n  t h e  p rocess  seem l i m i t e d  due t o  t h e  s m a l l - s c a l e  
o p e r a t i o n s .  Sol  ven ts  and hazardous m a t e r i a l s  a r e  used i n  sma l l  q u a n t i t i e s  t h a t  
a r e  u n l i k e l y  t o  cause e x p l o s i o n s .  

N a t u r a l  gas used f o r  h e a t i n g  c o u l d  be t h e  sou rce  of  a  p o t e n t i a l  e x p l o s i o n  
l e a d i n g  t o  a  d e f l a g r a t i o n .  T h i s  even t  i s  d i s c u s s e d  i n  d e t a i l  i n  Sec- 
t i o n  4.3.1.6 o f  t h i s  r e p o r t .  I n  t h i s  f a c i l i t y ,  s m a l l  rooms c o u l d  enab le  an 
e x p l o s i v e  amount o f  gas f r o m  a  l e a k  t o  b u i l d  up. It i s  h y p o t h e s i z e d  t h a t  a  
d e f l  a g r a t i o n  occu rs  i n  t h e  r a d i  opharmacy. Combus t ib le  b u i l d i n g  m a t e r i  a1 
i g n i t e s  and a  f u l l - s c a l e  f a c i l i t y  f i r e  f o l l o w s .  Releases f r o m  t h i s  s c e n a r i o  
w i l l  be q u a n t i f i e d  as a  f a c i l i t y  f i r e .  

4.7.1.5 F i r e  

A m a j o r  f a c i l i t y  f i r e  i s  suggested as a  consequence of a  n a t u r a l  gas 
e x p l o s i o n .  I t  i s  p o s s i b l e  t o  e n v i s i o n  such an even t  consuming t h e  e n t i  r e  
b u i l d i n g  and f i r e  f i g h t e r s  b r e a c h i n g  t h e  r o o f  i n  a t t e m p t s  t o  f i g h t  t h e  f i r e .  
O r ,  a l t e r n a t e l y ,  t h e  r o o f  c o u l d  have been breached i n  t h e  i n i t i a t i n g  e v e n t .  
T h i s  wou ld  p r o v i d e  a  d i r e c t  p a t h  t o  t h e  atmosphere f o r  a i r b o r n e  c o n t a m i n a t i o n .  

1 3 i  
i r e  t e m p e r a t u r e s  r e a c h i n g  328°C c p u l d  m e l t  l e a d  s h i e l d i n g  (Weast, 1973)  

on I c o n t a i n e r s .  The h e a t  causes p r e s s u r i z a t i o n ,  l e a d i n g  t o  r u p t u r e .  The 
e n t i r e  i n v e n t o r y  c o u l d  become a i r b o r n e  i n  t h e  f i r e ,  a  v a l u e  t h a t  c o u l d  range  
f r o m  10 m C i  t o  4.5 C i  . 

Cyl  i nders  c o n t a i n i n g  1 3 3 ~ e  would  s u s t a i n  damage and t h e  e n t i  r e  maximum 
i n v e n t o r y  f 75 C i  o f  gas c o u l d  become a i r b o r n e .  The maximum l i c e n s e  l i m i t  o f  
75 C i  o f  99mTc c o u l d  c o n t r i b u t e  t o  t h e  r e l e a s e ,  s i n c e  t e c h n e t i u m  i s  abou t  1% 
v o l a t i l e  a t  600°C (Rimshaw e t  a1 ., 1980; Rimshaw and Case, 1981) .  

A f r a c t i o n  o f  t h e  0.5g6i of  9 0 ~ r  i n ~ e n t o r y ~ c o u l d  become a i r b o r n e .  The 
f i r e  r e l e a s e  f r a c t j o n  f o r  Sr c o u l d  be 2 x  10 ( S u t t e r  e t  a1 ., 1974)  so a  
r e l e a s e  o f  1 x  10- C i  o f  9 0 ~ r  i s  c a l c u l a t e d .  

S t a i n l e s s  s t e e l  c a s i n g  on t h e  g e n e r a t o r s  c o u l d  be a n t i c i p a t e d  t o  w i t h s t a n d  
t e m p e r a t u r e s  i n  t h e  range of  2220°F (1200°C) ( P e r r y ,  1973) .  I f  t e m p e r a t u r e s  
reach above t h i s  l e v e l ,  t h e  s t e e l  c a s i n g  c o u l d  c o n c e i v a b l y  be me l ted ,  e x p o s i n g  
t h e  e n c l o s e d  d e p l e t e d  u ran ium t o  t h e  f i r e  s t r e s s  t h e n  s u b s e q u e n t l y  become a i r -  
borne.  A 1% f r a c t i o n  ( t4 ishima and Schwendiman, 1973a) i s  assumed a i r b o r n e .  
Assuming t h e  maximum l i c e n s e  l i m i t  of 91 kg p r e s e n t  i n  t h e  f a c i l i t y ,  t h e  
r e l e a s e  wou ld  be 910 g  o f  u ran ium.  

F i r e  c o u l d  e n g u l f  t h e  waste  i n  decay i n  t h e  s t o r a g e  room. R a d i o n u c l i d e s  
a s s o c i a t e d  w i t h  t h e  waste  c o u l d  become a i r b o r n e .  Some a d d i t i o n a l  r e l e a s e  c o u l d  
o c c u r  here ,  b u t  t h e y  have been i n c l u d e d  i n  t h e  numbers suggested a l r e a d y ,  s i n c e  
t h o s e  f i g u r e s  were based on t o t a l  l i c e n s e  l i m i t s .  

n 



\ 4.7.2 Radiopharmacy MREPP S c e n a r i o  

The f a c i l i t y  f i r e  i s  t h e  a c c i d e n t  w i t h  t h e  MREPP p o t e n t i a l  a t  a  
r a d i  opharmacy . 

4.7.2.1 M a t e r i a l  Release 

Release o f  r a d i o i s o t o p e s  f r o m  a  f a c i  1  i t y  f i r e  based on i n v e n t o r y  l i m i t s  
w i l l  be f r o m  m a t e r i a l  i n  p rocess  a s s o c i a t e  w i t h  c  n t a m i n a t e d  wa e. These 
p o t e n t i a l  r e l e a s e s  a r e  4.5 C i  o f  '"I, 2  x  10-' C i  o f  "Sr, 1 C i  o f  3 b m ~ c ,  
75 C i  o f  1 3 3 ~ e ,  and 910 g  of  uranium. A c t u a l  r e l e a s e s  wou ld  depend on t h e  
i n v e n t o r y  on hand a t  t h e  t i m e  o f  t h e  f i r e .  

F a c t o r s  A f f e c t i n g  Re lease 

The f o l l o w i n g  f a c t o r s  a f f e c t  r e l e a s e  a t  a  rad iopharmacy:  

e I n v e n t o r y  on hand 
e E f f e c t i v e n e s s  o f  f i r e  s u p p r e s s i o n  systems 
e B u i l d i n g  c o n s t r u c t i o n .  

4.8 SEALED SOURCE MANUFACTURING 

F a c i l i t i e s  l i c e n s e d  i n  t h i s  c a t e g o r y  produce s e a l e d  sou rces  o r  s e l f -  
luminous d e v i c e s  o r  a r e  d i s t r i b u t i o n  c e n t e r s  f o r  t h e s e  d e v i c e s .  The l a t t e r  
p rocedure  i s  genera l  l y  r e c e i  v i  ng t h e  i s o t o p e  and r e p a c k a g i n g  i t  i n  t h e  d e s i  r e d  
c o n f i g u r a t i o n .  I n  o t h e r  o p e r a t i o n s  some chemica l  p r o c e s s i n g  occu rs .  

Some f a c i  1  i t i e s  hand le  u s i n g  r a d i o p h a r m a c e u t i c a l  i s o t o p e s .  R a t h e r  t h a n  
c o v e r  t h e s e  a g a i n  w i t h i n  t h i s  c a t e g o r y ,  t h e  u s e r  i s  r e f e r r e d  t o  S e c t i o n s  4.6 
and 4.7, r a d i  opharmaceut i  c a l  m a n u f a c t u r i n g  o r  r a d i  opharmacy when a p p r o p r i a t e  
t o  do so f o r  a  s a f e t y  a n a l y s i s .  Waste warehous ing  i s  a n o t h e r  f u n c t i o n  
pe r fo rmed  and t h a t  s e c t i o n  of  t h i s  r e p o r t  can be used when a p p l i c a b l e  f o r  a  
s a f e t y  assessment..  I n  t h i s  c a t e g o r y ,  warehous ing can i n c l u d e  s t o r a g e  o f  b u l k  
sh ipments  as r e c e i v e d  o r  manu fac tu red  sources b e f o r e  d i sbu rsemen t .  

3 
L i c e n s e  l i m i t s  can range f r o m  a  few mi l l i c u r i e s  t o  a  maximum 

aaf x~G '  c i  
r H and c l u d  a  va 

149 kKr gipty o f 4 j s o t o p g 3 .  TEgOmost com n  a re :  Am, Cs, 
18Co, 3 ~ ,  I r ,  Po, Pm, Ta, Tm, and '8Sr. P l u t o n i u m  and 
d e p l e t e d  u r a n i  um a r e  il so found i n  t h e s e  o p e r a t i o n s .  S i  g n i  f i c a n t  maximum 
i n v e n t o r i e s  o f  t h e s e  m a t e r i a l s  a r e  l i s t e d  i n  T a b l e  3.7. 

The m a j o r i t y  o f  t h e  t i m e ,  t h e  i s o t o p e s  a r e  i n  a  f o r m  n o t  s u s c e p t i b l e  t o  
a i r b o r n e  r e l e a s e .  These c o u l d  be f o r  example, p e l l e t s ,  m e t a l l i c  w a f e r s  o r  
f o i  1  s, o r  p l a t i n u m  gauzes. P l a s t i c  m ic rospheres  of  c o n t r o l  l e d  p a r t i c l e  s i z e  
encase some o f  t h e  i s o t o p e s .  These a r e  g e n e r a l l y  spher i cag5and  range f r o m  
10 t o  250 pm i n  d i a m e t e r  ( G r o t e n h u i s ,  1966).  T r i t i u m  and K r  a r e  gaseous and 
would  d i  spe rse  i f  t h e i r  con ta inmen t  i s  breached.  I s o t o p e s  a r e  p a r t i c u l a r l y  
v u l n e r a b l e  t o  d i s p e r s a l  when t h e y  a r e  i n  t h e  p rocess  f low.  When t h e y  a r e  b e i n g  
processed t h e y  c o u l d  be i n  open c o n t a i n e r s  t h a t  c o u l d  be s p i l l e d  i n  an 



a c c i d e n t .  The q u a n t i t y  o f  'H wou ld  make i t  t h e  MREPP, b u t  t h e r e  a r e  l a r g e  
i n v e n t o r i e s  o f  r a d i o n u c l  i d e s  w i t h  s i g n i f i c a n t  b i o l o g i c a l  e f f e c t s ,  and t h e i  r 
r e l e a s e s  a r e  a l s o  d i scussed .  The r e l a t i v e  hazard  o f  t h e s e  i s o t o p e s  as 

Q 
r e f l e c t e d  i n  t h e  a l l o w a b l e  a i r  c o n c e n t r a t i o n s  (USCFR, 1983b) i s  l i s t e d  i n  
T a b l e  4.4 f o r  t h e  i s o t o p e s  commonly found i n  sea led  sou rce  m a n u f a c t u r i n g  
f a c i l i t i e s .  

TABLE 4.4. S e l e c t e d  I s o t o p e s  Found i n  Sea led Source 
M a n u f a c t u r i n g  F a c i  1  i t i e s  Grouped by 
H e a l t h  Concern Based on P e r m i s s i b l e  
A i  r C o n c e n t r a t i  on 

I n t e r m e d i  a t e  
H i  gh Concern Ranges Low 

Concern Upper Lower Concern 

2 4 1 ~ m  1 3 7 ~ s  6 0 ~ o  3~ 

The N a t i o n a l  I n s t i t u t e  o f  H e a l t h  (1972) .  c l a s s i f i e d  t h e s e  i s o t o p e s  as 
f o l l o w s :  

C l a s s  1 ( v e r y  h i g h  t o x i c i t y ) :  2 4 1 ~ m ,  2 1 0 ~ o ,  2 3 9 ~ u  

C lass  2  ( h i g h  t o x i c i t y ) :  1 7 0 ~ m ,  n a t u r a l  u ran ium 

e C l a s s  3  (moderate  t o x i c i t y ) :  6 0 ~ o ,  8 5 ~ r ,  1 3 7 ~ s ,  1 4 7 ~ m ,  192 1 r  

e C l a s s  4  ( s l i g h t  t o x i c i t y ) :  3 ~ .  

No i n f o r m a t i o n  on l a 3 ~ a  t o x i c i t y  was suggested i n  e i t h e r  source.  

4.8.1 P o t e n t i  a1 A c c i d e n t  Scenar ios  

P o t e n t i a l  a c c i d e n t s  a r e  s i m i l a r  t o  t h o s e  p o s t u l a t e d  f o r  rad iopharma-  
c e u t i c a l  m a n u f a c t u r i n g  f a c i  1  i t i e s .  Events  t h a t  a r e  d i s c u s s e d  i n c l u d e :  f i  r e  
d u r i n g  p rocess  o p e r a t i o n s ,  t o rnado ,  ear thquake,  l e a k s  o f  b o t h  l i q u i d s  and gas, 
s p i l l s ,  e x p l o s i o n ,  and f a c i l i t y  f i r e .  

F i r e s  a r e  an i m p o r t a n t  a c c i d e n t  t y p e  and t h e  p o t e n t i a l  i s o t o p e  r e l e a s e s  
a r e  d i s c u s s e d  f i r s t .  These f a c i l i t i e s  use many o f  t h e  same i s o t o p e s  as t h e  
r a d i o p h a r m a c e u t i c a l  m a n u f a c t u r i n g  f a c i l i t i e s ,  p l u s  some a d d i t i o n a l  i s o t o p e s .  
Only t h e  p o t e n t i a l  r e l e a s e  o f  t h e s e  a d d i t i o n a l  i s o t o p e s  i s  d i scussed .  The u s e r  
i s  r e f e r r e d  t o  S e c t i o n  4.6.1 f o r  t h e  d i s c u s s i o n  o f  i s o t o p e s  common t o  b o t h  



o p e r a t i o n s  w i t h  re1  se  f g e s t f d 7 i n  T  e  4  %8 P§!iorS IY8,, Release f a c t o r s  a r e  
d e v e l  oped h e r e  f o r  Co, I r, , Pm, '"Ta, ""Tm, p l  u t o n i  urn, and 
u ran ium and a r e  l i s t e d  i n  T a b l e  4.5. 

e C o b a l t - 6 0  i s  used as a  s e a l e d  source.  The m e l t i n g  p o i n t  o f  c o b a l t  i s  
1495"C, b o i  1  i ng p o i  n t ,  2870°C (Weast , 1973) .  A n a l y t i  c a l  d e t e r m i  n a t i o n s  
i n c l u d e  sample i g n i t i o n  ( B a t e  and L e d d i c o t t e ,  1961) s u g g e s t i  l ow  
v o l  a t i  1  i ty .  I n  s t u d i e s  o f  con tamina ted  w e  i n c i  n e r a t i  on, gaCo was 
suggested as s l i g h t l y  l e s s  v o l a t i l e  t h a n  '"Cs ( i b e x a n d e r  e t  a l . ,  1981).  
Based on t h e  d i s t r  t i o n  o f  b o t h  n u c l i d e s ,  Co v o l a t i l i t y  wou ld  be 
abou t  20% t h a t  of j9?Cs. The v o l a  l i t y  of IggCs was suggested a t  1% p e r  
hou r .  Based on t h j s  i n f o r m a t i o n ,  "Co i s  suggested t o  have a  f r a c t i o n a l  
r e l e a s e  o f  2  x  10- /h.  

o I r i d i u m - 1 9 2  has been c l a s s i f i e d  as a  n o n v o l a t i l e  ( L e d d i c o t t e ,  1961) and 
i m p u r i t i e s  a r e  removed f r o m  i t  by d i s t i l l a t i o n .  It i s  t h e r e f o r e  con- 
s i d e r e d  n o n v o l a t i l e  i n  a  f i r e .  

e Polonium-210 i s  found as a  l i q u i d ,  i n  s e a l e d  sources,  and m ic rospheres .  
Poloniurn i s  a  l o w - m e l t i n g  f a i r l y  v o l a t i l e  m e t a l ,  50% o f  wh ich  i s  v a p o r i z e d  
i n  a i r  i n  45 h  a t  55°C ( W e a ~ t , ~ l j 7 3 ) .  The m e l t i n g  p o i n t  i s  254°C; t h e  
b o i l i n g  p o i n t  i s  962°C. Many Po compounds a r e  v o l a t i l e  ( F i g g i n s ,  
1961) ,  show 10% w e i g h t  l o s s  a t  300°C ( B a g n a l l  , 1957),  and a r e  c o n s i d e r e d  
somewhat v o l a t i l e  (Moyer, 1956) .  I n  a i r ,  p o l o n i u m  b e g i n s  t o  s u b l i m e  
( c o n v e r t  t o  a  v a p o r )  a t  700°C and i s  c o m p l e t e l y  v o l a t i l e  a t  900°C. One 
chemica l  s e p a r a t i o n  p rocedure  warned aga i  n s t  f 1  ami ng t h e  sampl e  and 1  o s i  n g  
t h e  po lon ium.  V a p o r i z a t i o n  o f  p o l o n i u m  d e p o s i t e d  on p l a t i n u m  beginelat  
350°C ( H a i s s i n s k y  and Tuck, 1964) .  Based on a l l  t h i s  i n f o r m a t i o n ,  Po 
i s  c o n s i d e r e d  v o l a t i l e  i n  a  f i r e  e n v i  ron~nen t .  

a Promethium-147 i n  e n c a p s u l a t e d  f o r m  i s  used f o r  s e a l e d  sou rce  p roduc -  
t i o n .  W i t h  a  m e l t i n g  p o i n t  o f  abou t  .1080°C and b o i l i n g  p o i n t  abou t  2460°C 
(Weast, 1973) ,  i t  c o u l d  have some degree o f  v o l  a t i  1  i t y .  Whee lwr igh t  
(1973)  r e p o r t e d  a30.1% p r o c e s s i n g  lossl$f 1100°C. T h i s  v a l u e  i s  used t o  
suggest  a  1 x  10- r e l e a s e  f a c t o r  f o r  Pm. 

s Tantalum-183 can be found  as me ta l  o r  s e a l e d  sources.  Tan ta lum has a  h i g h  
b o i l i n g  p o i n t ,  5425"C, and m e l t i n g  p o i n t ,  2996OC (Weast, 1973) .  The vapor  
p r e s s u r e  a t  1737°C i s  9.5 10- mm o f  Hg (Mosh ier ,  1964).  T h e r e f o r e ,  i t  

i s  c o n s i d e r e d  n o n v o l a t i l e .  

e Thul ium-170 i s  found  as a  s e a l e d  source.  T h u l i u m  i s  reasonab ly  s t a b l e  i n  
a i r  w i t h  a  m e l t i n g  p o i n t  o f  1545°C and a  b o i l i n g  p o i n t  o f  1947°C (Weast, 
1973).  It wou ld  n o t  appear t o  be v o l a t i l e  u f 3 b l  e x t r e m e l y  h i g h  tempera- 
t u r e s  a r e  reached, o v e r  1500°C. T h e r e f o r e ,  Tm i s  c o n s i d e r e d  non- 
v o l a t i l e  i n  a  f i r e .  



TABLE 4.5. F i r e  Re lease F a c t o r s  Developed f o r  S e l e c t e d  I s o t o p e s  Found 
i n  Sea led Source M a n u f a c t u r i n g  F a c i l i t i e s  

Suggested 
E 1  ement I s o t o p e  Release F a c t o r  Comments 

C o b a l t  6 0 ~ o  2  x  l ~ - ~ / h  S l  i g h i j y  l e s s  vo l  a t i  1  e  
t h a n  Cs 

I r i  d i  urn lg21, --- Nonvol a t i  1  e  

P l u t o n i u m  1 x  l o e 2  
p o l  o n i  um 2 1 0 ~ o  1 

Prometh i  urn 1 4 7 ~ m  1 Based on p r o c e s s i n g  l o s s  

T a n t a l  um 1 8 3 ~ a  --- Very h i  gh b o i  1  i ng p o i n t  

T h u l  i um 170Tm --- Reasonably s t a b 1  e, b u t  
c o u l d  be v o l a t i l e  a t  
h i g h  t e m p e r a t u r e  

U r a n i  urn 1 x  1 0 ' ~  

P l u t o n i u m  and u ran ium f i r e  r e l e a s e s  from s o l u t i o n s  and powders have been 
measured e x p e r i m e n t a l  l y  a t  t h e  P a c i f i c  Nor thwes t  L a b o r a t o r y  ( M i  shima 
e t  a1 . , 1968a, 1968b; M i  s h i  ma and Schwendi man, 1973a).  The wei g h t  p e r c e n t  
o f  t h e s e  m a t e r i a l s  r e l e a s e d  f rom b o i  1  i n g  s o l u t i o n s  was 0.2 t o  0.3; ,when 
e x t e r n a l  h e a t i n g  i s  added, t o t a l  r e l e a s e s  were 1% o r  l e s s .  Mish ima and 
Schwendi man (1970)  r e p o r t e d  a  maxi mum r e 1  ease from. a  p l  u t o n i  um powder as 
0.9%. Heated powders had a  maximum r e l e a s e  r a t e  of  0.82% p e r  hour .  Based 
on t h i s  work and , cons ide r ing  e x p e r i m e n t a l  v a r i a b i l i t y  (Mish ima e t  a1 . , 
1968a),  1% i s  s e l e c t e d  as t h e  c o n s e r v a t i v e  upper  l i m i t  f o r  p l u t o n i u m  and 
u ran ium r e l e a s e s  i n  a  f i r e .  

4.8.1.1 Process R e l a t e d  F i  r e  

F i r e s  c o u l d  o c c u r  a t  s e v e r a l  p o i n t s  i n  t h e  o p e r a t i o n ,  b u t  wou ld  p r o b a b l y  
be o f  l i m i t e d  s i z e  because o f  sma l l  amounts o f  c o m b u s t i b l e s  a v a i l a b l e .  

A f i r e  c o u l d  o c c u r  i n  a  g l o v e  box where 2 3 8 ~ u  and 2 4 1 ~ m  powders a r e  used 
f o r  m a n u f a c t u r i n g  n e u t r o n  sources.  They a r e  b a l l  m i l l e d  t o  m i x  w i t h  b e r y l l i u m  
i n  one phase. As t h e  f i r s t  s tep ,  ace tone  i s  used t o  degrease t h e  equipment.  
Acetone i s  a  p o t e n t i a l  f i r e  i n i t i a t o r  because i t  i s  e a s i l y  i g n i t e d :  many 
ace tone  f i  r e s  have been s t a r t e d  by s t a t i c  e l e c t r i c i t y  ( I n d u s t r i a l  H e a l t h  and 
S a f e t y  O f f i c e ,  1980) .  B a l l  m i l l i n g  i s  a  c o n t a i n e d  o p e r a t i o n ,  so t h e  t i m e s  when 
powder wou ld  be i n  j e o p a r d y  a r e  d u r i n g  f i l l i n g  o r  u n l o a d i n g  o p e r a t i o n s .  It i s  
assumed t h a t  a  beaker  of d e g r e a s i n g  s o l v e n t  ( a c e t o n e )  i s  l e f t  i n  t h e  g l o v e  box 
a f t e r  d e g r e a s i n g  and i s  i n a d v e r t e n t l y  s p i l l e d  d u r i n g  f i l l i n g  o f  t h e  b a l l  mi 11. 
A s t a t i c  cha rge  i g n i t e s  t h e  s p i l l e d  ace tone  and a f i r e  f o l l o w s .  F o r  t h i s  s o l -  
v e n t  f i r e ,  t h e  combust ion  sou rce  i s  l i m i t e d  s i n c e  few c e l l u l o s i c s  a r e  i n  t h e  
g l o v e  box t o  c o n t r i b u t e  t o  t h e  f i r e . -  The re fo re ,  t h e  f i r e  wou ld  b u r n  o u t  when 



t h e  acetone i s  expended and t h e  r u b b e r  g l o v e s  a r e  burned.  The b u r n i n g  r a t e  o f  
ac tone  i s  2.41 mm/min ( K h i t r i n ,  1962) ,  so a  5-mm-deep s p i l l  wou ld  b u r n  about  
2  min. 

F l a s h  f i r e s  can cause p r e s s u r i z a t i o n  o f  t h e  g l o v e  box and subsequent g l o v e  
r u p t u r e s  (USDOE, 1980),  a l l o w i n g  m a t e r i a l  t o  be e j e c t e d  i n t o  t h e  room. Only a  
f r a c t i o n  o f  t h e  powder i n  t h e  g l o v e  box can be assumed a t  r i s k  ( i .e.,  l o o s e  so 
t h a t  i t  i s  s u b j e c t  t o  d i s p e r s a l  mechanisms). T h i s  i s  e s t i m g t e d  as o f  t h e  
i g 8 e n t o r y  i t  appears t h  t h e  maximum i n v e n t o r y  i s  6  x  10 C i  o f  '''Am and 

C i  o f  2 3 8 ~ u .  Because '"Am i s  t h e  i s o t o p e  w i t h  t h e  l a r g e s t  i n v e n t o r y ,  i t  i s  
assumed i n v o l v e d  i n  t h e  a c c i d e n t .  S i x  hundred c u r i e s  a r e  l o o s e  and a t  r i s k ,  
and a  f r a c t i o n  wou ld  be e j e c t e d  i n t o  t h e  room t h r o u g h  t h e  breach.  The s i z e  o f  
b reach  and amount o f  powder e j e c t e d  would be a  f u n c t i o n  o f  t h e  e x p l o s i v e  magni- 
t u d e  as w e l l  as o t h e r  v a r i a b l e s .  S u t t e r  (1983)  measured a e r o s o l s  genera ted  by  
r e l e a s e s  o f  powders f r o m  a  p r e s s u r i z e d  chamber. Re leases were a  f u n c t i o n  o f  
source mass and chamber p ressu re .  A t  250 l b ~ i n . ~  gage, t h e  average r e l e a s e  was 
about  10% o f  t h e  sources mass. The p r e s s u r e  genera ted  he re  wou ld  p r o b a b l y  
r u p t u r e  t h e  con ta inmen t  a t  a  l o w e r  l e v e l ,  b u t 6 b h i s  v a l u e  sugges ts  a  conserva -  
t i v e  upper  l i m i t  r e l e a s e .  T h e r e f o r e ,  10% o f  C i  i s  e s t i m a t e d  t o  be e j e c t e d  
i n t o  t h e  room. Much o f  t h e  r e l e a s e  would  remain  i n  t h e  room, b u t  f o r  a  c o n s e r -  
v a t i v e  e s t i m a t e ,  i t  i s  assumjd t h a t  t h e  r e l e a s e  reaches t h e  b u i l d i n g  exhaus t  
HEPA f i l t e r s .  About 2  x  10; C i  i s  r e l e a s e d  t o  t h e  atmosphere, assuming 
t r a n s m i s s i o n  o f  a  2.5 x  10 f r a c t i o n .  The p r e s s u r e  i s  expended d u r i n g  
b r e a c h i n g  t h e  con ta inmen t  and e j e c t i n g  t h e  powder, and i n c r e a s e d  l e v e l s  o f  
p r e s s u r e  s h o u l d  n o t  impac t  t h e  b u i l d i n g  f i l t e r s .  

Another  p o t e n t i a l  f i r e  l o c a t i o n  i s  i n  t h e  2 1 0 ~ o  e x t r a c t i o n  p rocess  where 
s o l v e n t s  i n  a  s o n i c  b a t h  a r e  used t o  c l e a n  t h e  b i smuth  s l u g  t a r g e t .  It i s  
p o s t u l a t e d  t h a t  t h e  s o n i c  b a t h  i s  l e f t  on a f t e r  use, t h e  s o l v e n t  o v e r h e a t s ,  
v a p o r i z e s  and burns ;  a  p o s s i b l e  i g n i t i o n  sou rce  i s  a  f a u l t y  e l e c t r i c a l  
c i r c u i t .  M a t e r i a l  i n  t h e  con ta inmen t  i s  n o t  i n  a  d i s p e r s i b l e  f o r m  so t h e r e  
wou ld  be no r e l e a s e  f r o m  t h i s  g l o v e  box. The box i s  i n  a  g l o v e  box t r a i n ,  b u t  
i t  i s  u n l i k e l y  t h a t  t h e  f i r e  wou ld  be c a r r i e d  t o  t h e  o t h e r  u n i t s  because o f  t h e  
l o w  c o m b u s t i b l e  l o a d i n g  o f  t h e  f i r e .  

O t h e r  s m a l l  f i r e s  c o u l d  o c c u r  i n  hoods o r  g l o v e  box u n i t s  where w e l d i n g  o r  
b r a z i  ng u s i n g '  propane o r  o x y a c e t y l e n e ,  ' o p e r a t i o n s  a r e  conducted.  These opera -  
t i  ons usua l  l y  i n v o l  ve sma l l  r a d i  o a c t i  ve i n v e n t o r y  u n i t s  i n  o p e r a t i o n s  such as 
s e a l  i ng i n d i  v i d u a l  sources.  T h e r e f o r e ,  i t  can be assumed t h a t  t h e  a tmospher i c  
r e l e a s e  would  be n e g l i g i b l e  f r o m  t h i s  f i r e .  

Promethium-147 m ic rospheres  a r e  mixed w i t h  d r y  phosphorous i n  p r e p a r a t i o n  
o f  sources.  Wh i te  (ye1 l o w )  phosphorous i g n i t e s  spon taneous ly  i n  a i  r, and o t h e r  
forms can ? $ j i b i t  d i f f e r e n t  degrees of i g n i t i o n  and r e a c t i o n  b e h a v i o r .  A f i r e  
i n v o l v i n g  Pm wou ld  r e s u l t  i n  l e s s  t h a n  0.1% v o l a t i l i z i n g .  The maximum 
i n v e n t o r y  i n ,  t h e - c o n t a i n m e n t  c o u l d  be 500 C i ,  70 0.5 C i  m i g h t  be a i r b o r n e  t o  
c h a l l e n g e  t h e  f i l t e r s  r e s u l t i n g  i n  a  1.3 x  10' C i  r e l e a s e .  

4.8.1.2 Leaks . 

0 
The p o t e n t i a l  e x i s t s  f o r  b o t h  gas and l i q u i d  l e a k s  i n  t h i s  f a c i l i t y :  



s Gas Leak. K ryp ton -85  i n  a  s h i e l d e d  c o n t a i n e r  h o l d i n g  a  maximum o f  100 C i  
i s  connected t o  a  f i l l i n g  system and s e a l e d  sou rce  capsu les  a r e  f i l l e d  
t h r o u g h  a  f i l l i n g  t u b e  t o  a  maximum of  1.5 C i  p e r  source.  The f i l l e d  t u b e  
i s  t h e n  s e a l e d  i n  an o p e r a t i o n  u s i n g  a  p o r t a b l e  PG source.  The o p e r a t i o n  
i s  c o n t a i n e d  i n  a  fume hood. Smal l  amounts o f  8'Kr a r e  r o u t i n e l y  
exhausted d u r i n g  f i  11 i n g  o p e r a t i o n s .  The maximum a c c i d e n t a l  r e l e a s e  t h a t  
can be e n v i s i o n e d  i s  one where t h e  c o n t e n t s  f an e n t i r e  c o n t a i n e r  l eak ,  
p o s s i b l y  due t o  human e r r o r ,  and 100 C i  of  "Kr a r e  c a r r i e d  t o  t h e  v e n t i -  
l a t i o n  exhaus t  and r e l e a s e d  t o  t h e  atmosphere. 

Another  p o t e n t i a l  gas l e a k  coulcJ be 'H d u r i n g  t r a n s f e r  i n i t i a t e d  by f a u l t y  
equipment o r  human e r r o r .  One H  c y l i n d e r  c o n t a i n s  1000 C i .  The e n t i r e  
c y l i n d e r  i n v e n t o r y  i s  assumed r e l e a s e d  i n  a  l e a k  so t h a t  i t  reaches t h e  
atmosphere. 

e L i q u i d  Leak. The 2 1 0 ~ o  o p e r a s i ~ n  appears t o  p r o v i d e  o p p o r t u n i t y  f o r  
l i q u i d  l e a k s .  A l e a k  i n  t h e  Po t r a n s f e r  l i n e  c o u l d  a l l o w  m o l t e n  NaOH 
and b i s m u t h  t o  s p i l l .  However, because t h e  l i n e  i s  w i t h i n  t h e  c o n t a i n -  
ment, t h e r e  wou ld  be l i t t l e  a i r b o r n e  r e l e a s e  t o  t h e  atmosphere. A f a c t o r  
t o  c o n s i d e r  i n  e v a l u a t i n g  t h e  a c c i d e n t  i s  t h e  o p e r a t o r  response,  s i n c e  
t u r n i n g  o f f  h e a t i n g  r e s u l t s  i n  c o o l i n g  and s o l i d i f i c a t i o n  o f  t h e  s l a g ,  and 
t h i s ,  i n  t u r n ,  r e s u l t s  i n  l o s s  o f  f l o w  and consequen t l y  t h e  r e l e a s e  
source.  

Ano the r  p o t e n t i a l  l e a k  s i t u a t i o n  i s  2 1 0 ~ o  i n  l i q u i d  s t o r a g e  i n  t h e  
con ta inmen t .  A maximum o f  40 L  c o n t a i n i n g  2300 C i  a r e  h e l d  h e r e  u n t i l  r e q u i r e d  
f o r  use i n  t h e  process.  I n  t h e  e v e n t  gf a  leak ,  d r o p l e t s  c o u l d  become a i r b o r n e  
i n  t h e  e n c l o s u r e  t o  a  l e v e l  o f  10 mg/m , t h e  v a l u e  suggested f o r  a  q u a s i  - s t a b l e  
a e r o s o l  (ORNL, 1970)3  The g l o ~ e  box d imengions a r e  2.5 x  4  x 5  ft, c a l c u l a t i n g  
t o  a  vojume o f  50 f t  o r  1.4 m  . Assumi n g  a  s o l  y t i  on d e n s i t y  o f  1 g/m , 
0.01 cm o f  l i q u i d  becomes a i r b o r n e  i n  t h e  1.4 m 2enc losy re .  There  a r e  2300 S i  
i n  t h e  40 L  of s o l u t i o n ,  c a l c u l a t i n g  t o  5.8 4 10- C i /cm . Thus t h e  0.014 cm 
a i  r b o r g e  i n  t h e  g l o v e  box c o n t a i g s  8.1 x 10- C i .  T$e exhaus t  f l o w  i s  
300 f t  /m in  o r  a p p r o x i m a t e l y  8  m  /min, and 6.5 x  10- C i / m i n  i s  c a r r i e d  w i t h  
t h e  f low. T h i s  a i r f l o w  i s  c leaned  by a b s o l u t e  f i l t e r s  assumed a t  99.9% f o r  
t h i s  s i b u a t i o n ,  and two  s e t s  wou ld  have a  d e c o n t a m i n a t i o n  ~ f f i c i e n c y  o f  
1 x  10- The f a c i l i t y  r e l e a s e  i s  c a l c u l a t e d  as 6.5 x  10- C i l m i n ,  o r  
9.4 x  l o L 6  C i  p e r  24-h day. The r e l e a s e  i s  dependent on t h e  t i m e  e lapsed  
b e f o r e  remedi a1 measures a r e  taken.  

3 
The H  gas l e a k  s i t u a t i o n  appears t o  be t h e  l a r g e s t  p o t e n t i a l  r e l e a s e  f r o m  

a  l e a k  f o r  s e a l e d  sou rce  manu fac tu re rs .  

4.8.1.3 S p i l l s  

D u r i n g  s e a l e d  sou rce  p rocess ing ,  i s o t o p e s  a r e  u s u a l l y  c o n t a i n e d  o r  a r e , i n  
a  f o r m  such as m ic rospheres  so t h e y  a r e  n o t  i n  a  d i s p e r s i b l e  f o r m  when s p i  1  l e d .  
L i q u i d s  a r e  hand led  i n  con ta inmen ts ,  such as hoods. S p i l l s  a t  t h e s e  l o c a t i o n s  
wou ld  be a  l ow  r e l e a s e  even t  and t h e  maximum r e l e a s e  f r o m  a  s p i  11 wou ld  be 
s i m i l a r  t o  t h a t  f r o m  a  l eak .  T h i s  assumes t h a t  d r o p l e t s  f r o m  t h e  s p j l l e d  
l i q u i d  f i l l  t h e  con ta inmen t  w i t h  an a e r o s o l  c o n c e n t r a t i o n  o f  10 mg/m . 

4.44 

9 



One o p e r a t i o n  (3M) t r a n s f e r s  m a t e r i a l  between modules i sepa t e  b u i l d -  
i g g s  as p a r t  o f  t h e  p rocess ing  ope ra t i ons .  Microspheres o f  "Co, "Sr ,  and 

Cs a re  p laced  i n  brass c y l i n d e r s  w i t h  screw caps and then  p laced  i n  a  l ead  
p i g  f o r  t r a n s f e r  t o  t h e  s to rage  module. T rans fe r s  a re  made on a  s p e c i a l l y  
s h i e l d e d  c a r t  t o  m in im ize  t h e  o p p o r t u n i t y  f o r  d ropp ing  con ta i ne rs .  Th i s ,  i n  
a d d i t i o n  t o  t h e  r i g i d  packaging s p e c i f i c a t i o n s ,  ensures t h a t  no microspheres o f  
these  i sotopes a re  sp i  11 ed. 

d 
Polonium-210 and 1 4 7 ~ m  a re  doubly  con ta ined  i n  sea led c o n t a i n e r s  and 

p l aced  i n  an approved Type B s h i p p i n g  c o n t a i n e r  t o  t r a n s f e r  by t r u c k  between 
modules. T r a n s p o r t a t i o n  i s  w i t h i n  a  fenced area where t r u c k s  t r a v e l  a t  low 
speeds, p r e c l u d i n g  c o n s i d e r a t i o n  of a  h i g h  speed c o l l i s i o n  and ove r t u rn .  Low- 
speed acc i den t s  would no t  r e s u l t  i n  a i r b o r n e  re leases  because packages bu i  1  t t o  
r i g i d  s p e c i f i c a t i o n s  would r e t a i n  t h e i r  i n t e g r i t y .  However, a  shipment o f  
imp rope r l y  pack ged microspheres cou ld  a l l o w  a  low l e v e l  o f  re lease .  A r e l ease  8 
f r a c t i o n  of 10- , s i m i l a r  t o  t h a t  suggested f o r  a  s p i  11 o f  imp rope r l y  packaged 
waste (PNL, 1979) m igh t  be a p p r o p r i a t e  t o  use e s t i m a t i n g  t h e  re lease.  It i s  
assumed q u a n t i t i e s  can be based on s p e c i a l  form s h i p p i n g  regulations2fHSCFR, 
1983a). T h ~ ~ ~ a c k a g e  cou ld  t h e r e f o r e  c o n t a i n  a  maximum o f  2Og C i  o f  Po50r 
1000 C i  of Pm, and t h i s  c a l c u l a t e s  t o  r e1  eases o f  2  x  10- and 3 x  10- C i  , 
r espec t  i v e l y  . 

4.8.1.4 Exp los i on  

So l ven t s  such as benzene and acetone as w e l l  as gases such as ace t y l ene  
and hydrogen used i n  t h e  process p resen t  t h e  o p p o r t u n i t y  f o r  e x p l o s i v e  m i x t u r e s  
t o  develop. Some s p e c i f i c  i n c i d e n t s  a re  d iscussed i n  t h i s  sec t i on .  

Gas l i n e  r u p t u r e s  d u r i n g  t h e  b r a z i n g  and s e a l i n g  o f  sources cou ld  r e s u l t  
i n  smal l  re leases ,  s i n c e  t h e  r a d i o a c t i v e  m a t e r i a l  i s  i n  c o n t a i n e r s  and i s  used 
i n  smal l  amounts. I f  a  f i r e  r e s u l t s ,  t h e r e  cou ld  be ove rhea t i ng  o f  a  c o n t a i n e r  
l e a d i n g  t o  a  m a t e r i a l  j e t t i n g  f rom a  p ressu r i zed  con ta i ne r .  E x p e l l ' i n g  m i c ro -  
spheres, which range i n  s i z e  f rom 10 t o  250 urn, would mean l ow -a i  rbo rne  r e l e a s e  
hazards because they  a re  above t h e  s i z e  t h a t  can be i n h a l e d  and r e t a i n e d  i n  t h e  
lung .  

N a t u r a l  gas h e a t i n g  has no t  been i n d i c a t e d  i n  t h e  p rocess ing  areas, so 
t h i s  i s  n o t  a  source o f  p o t e n t i a l  e x p l o s i v e  re leases .  

Argon, rogen, and He-H2 (96  t o  4%) a re  used t o  t r a n s f e r  e x t r a c t i o n  
p roduc ts  of 'i6P~ between conta inment  modules. It i s  p o s t u l a t e d  t h a t  a  v a l v i n g  
e r r o r  a l l o w s  excess hydrogen t o  e n t e r  t h e  t r a n s f e r  l i n e  and b u i l d  up, exceeding 
t h e  e x p l o s i v e  l i m i t .  S t a t i c  e l e c t r i c i t y  i n  t h e  meta l  l i n e  causes an e x p l o s i o n  
r u p t u r i n g  t h e  t r a n s f e r  l i n e  a t  t h e  p o i n t  o f  e x i t  f rom a  conta inment  spewing t h e  
e x t r a c t a n t  i n t o  t h e  room. There i s  no re l ea$?  a f t e r  t h i s  i n s t a n t ,  assuming 
f l o w  ceases. A t  t h i s  o p e r a t i o n a l  step, t h e  -,'PO i s 3 i n  a  c l e a r  l i q u i d  w i t h  an 
e ~ t i m a t e d ~ s o l u t i o n  c o n c e n t r a t j o n  o f  5.8 x  10 Ci,/cm . A t  a  s o l u t i o n  d e n s i t y  
o f  1 g/cm , t h i s  i s  5.8 x  10- C i /g .  T h i s  e x p l o s i v e  r e l ease  i s  es t imated  t o  
reach a  q u a s i - s t a b l e  l e v e l  i n  a  p o r t i o g  o f  t h e  room near  t h e  re lease .  l h i s  
p o r t i o n  i s  es t imated  t o  f i l l  about 5 m w i t h  a  c o n c e n t r a t i o n  o f  0.1 g/m ; 



t he$e fo re ,  a  t o t a l  o f  0.5 g  of t h e  s o l u t i o n  i s  a i r bo rne ,  c a l c u l a t i n g  t o  2.9 x 
10- C i .  Because these  ope ra t i ons  a re  appa ren t l y  n o t  f i l t e r e d ,  t h i s  i s  an Q 
atmospher i  c  re1 ease. 

4.8.1.5 Tornado 

It i s  p o s t u l a t e d  t h a t  a  to rnado  s t r i k e s  a  sea led source manufac tu r ing  
o p e r a t i o n  r e s u l t i n g  i n  b u i l d i n g  damage s i m i l a r  t o  t h a t  d iscussed i n  
Sec t i on  4.1.1.3. Th i s  r e s u l t s  i n  t h e  f o l l o w i n g :  

o Loss o f  p a r t  o f  t h e  w a l l s  and t h e  complete l o s s  o f  t h e  r o o f  

a M i  s s i  1  es generated 

e S i g n i f i c a n t  damage so t h a t  o n l y  massive equipment such as caves and below 
grade bunkers remain 

e Damage t o  a l l  hoods and g love  boxes. 

P o t e n t i  a1 i s o t o p i c  re leases  from t h e  va r i ous  process modules i n  sea led  
source manu fac tu r i nq  f a c i l i t i e s  a re  d iscussed:  - 

St ron t ium-90  and 13'cs i n  l i p g j d  s o l u t i o n s  c o n t a i n i n g  1000 C i  o f  " ~ r  i n  
0.1 L o f  HC1 and 2000 C i  of Cs i n  0.2 L o f  HC1 a re  used i n  t h e  h o t  
c e l l s .  A ho t  c e l l  i s  a  massive p i ece  o f  equipment and shou ld  no t  s u s t a i n  
to rnado  damage. The f i l t e r  system c o u l d  s u s t a i n  damage, and s o l u t i o n s  
m igh t  be s p i l l e d  i n  t h e  c e l l .  However, t h e  v e n t i l a t i o n  system cou ld  be 
des t royed  i n  t h e  event  so t h e  vapors would o n l y  move t o  t h e  atmosphere by 
d i f f u s i o n .  T h i s  i s  a  s low process and re leases  a re  n o t  cons idered  
s i  gn i  f i  cant .  

(o Krypton-85 i s  i n  process as 100 C i  i n  c y l i n d e r s  and 100 C i  con ta i ned  i n  
sea led sources. The sea led  sources would be d ispersed ,  bu t  a re  n o t  con- 
s i d e r e d  an a i r b o r n e  re lease ,  s i n c e  t hey  a re  assumed t o  be g r e a t e r  than  
10 Dm i n  s i ze .  C y l i n d e r s  c o n t a i n i n g  t h e  gas would be damaged and t h e  
e n t i  r e  100 C i  i n v e n t o r y  re leased  i n  t h e  event.  

o Polonium-210 i n  l i q u i d  s t o rage  i n  a  containment i s  vu l ne rab le ,  assuming 
t h e  containment i s  crushed i n  t h e  evegt.  L i q u i d s  a i r b o r n e  i n  t h i s  t y p e  o f  
event  have been es t ima ted  a t  500 mg/m 9f t h e  enc losu re  volume (Mishima 
and Ayer, 1980). T h i s  i s  She 5.8 x 10- C i / g  d i s ~ u s s e d  i n  t h e  s e c t i o n  on 
l i q u i d  leaks .  A t  500 mg/m2 a i r b o r n e  i n  t h e  1.4 m . g l o v e  box, t h e  i n s t a n -  
taneous re l ease  i s  4  x 10- C i  . Resuspension of r e l eases  o f  sp i  1  l e d  mate- 
r i  a1 w i  11 c g n t i  nue because o f  aerodynalni c  wind s t r esses .  The es t ima ted  
r a t e  i s  10 /se§ f o r  winds g r e a t e r  than  5 m i /h  (Mishima and Ayer, 1980). 
This,  i s  8  x 10- C i  /h  assuming a 2300 C i  source. A f t e r  6 h, t h e  r e l e a s e  
i s  0.048 C i ;  a f t e r  16 h, i t  i s  0.13 C i .  Releases a re  dependent ,on how .- 

q u i c k l y  remedia l  a c t i o n  i s  taken. 

3 
o Hydrogen-3 ( t r i t i u m ) ,  based on a l i m i t e d  unders tand ing  o f  t h e  H s to rage  

system i n  dep le ted  u r a n i  um beds, can be a s s ~ m e d ~ r e l e a s e d .   the e n t i  r e  
i n v e n t o r y  con ta ined  i n  t h e  damaged beds, 1 x 10 C i ,  i s  re leased.  

n 



I r i d i um-192  i s  encapsula ted as m e t a l l i c  p e l l e t s .  T h i s  should  no t  be a  
s i g n i f i c a n t  i n h a l a t i o n  hazard i f  d ispersed .  

o Promethium-147 microspheres cou ld  be d ispersed  bu t  cou ld  be assumed o f  a  
s i z e  g r e a t e r  than  10 pm t h a t  should  no t  be a  s i g n i f i c a n t  i n h a l a t i o n  
hazard. 

Fac i  1  i t y  F i  r e  

L i m i t e d  i n f o r m a t i o n  was a v a i l a b l e  on areas sur round ing  t h e  f a c i l i t i e s  
except f o r  one t h a t  noted p o t e n t i a l  problem areas: propane and f u e l  o i l  s t o r -  
age, and ammunit ion and gun powder s torage.  However, these areas a re  segre- 
gated f rom t h e  sea led  source opera t ions ,  so they  should  no t  j eopa rd i ze  t h e  
sea led  source opera t ions .  Other  s i t e s  a re  l o c a t e d  i n  urban i n d u s t r i a l i z e d  
areas, so i t  i s  conce ivab le  t h a t  a  f i r e  cou ld  occur o u t s i d e  t h e  f a c i l i t y  and 
spread t o  t h e  f a c i l i t y .  

Whi le  c o n s t r u c t i o n  was most o f t e n  r e i n f o r c e d  concre te  o r  concre te  b lock  on 
a  concre te  s lab ,  t h e  r o o f  cou ld  be cons t ruc ted  f rom m a t e r i a l  t h a t  cou ld  burn.  
Roo f i ng  m a t e r i a l s  were f r e q u e n t l y  metal  pane l i ng  w i t h  an aspha l t  ( t a r )  su r -  
face. Th i s  t y p e  o f  r o o f i n g  i s  cons idered combust ib le  (McKinnon, 1976). It i s  
assumed t h a t  t h e  r o o f i n g  i g n i t e s  and burns,  spreading t o  i n t e r i o r  wooden wa l l s ,  
which a re  used i n  many o f  t h e  f a c i l i t i e s .  Combust ib le l o a d i n g  o f  t h e  f a c i l i -  
t i e s  w i l l  vary  and, t h e r e f o r e ,  t h e  p o t e n t i a l  f i r e  magnitude. 

F i  r e  response o f  t h e  r ad ionuc l  i des  w i  11 vary,  and re leases  f rom f i r e s  f o r  
t h e  i n d i v i d u a l  i so topes  were d iscussed i n  Sec t ions  4.6.1 and 4.8.1. 

Cesium-137, gost-, and *'OPO l i q u i d  so l .u t ions a re  found i n  h o t  c e l l s ,  
e i t h e r  i n  process o r  i n  s torage.  F i r e  e n g u l f i n g  t h e  b u i l d i n g  cou ld  cause heat  
gene ra t i on  i n  t h e  ho t  c e l l s  and m e l t i n g  HEPA f i l t e r s .  Th is2cou ld  l e a d  t o  
re leases  ofl$gese i so topes .  A t  t h e  r e l ease  r a t e  of j x  10- /h, 20 C i  o f  t h e  
$800 C i  o f  CS source becomes a i r bo rne ;  3102 x 10- /h, 2  C i  o f  t h e  1000 C i  o f  

Sr source becomes a i r bo rne .  The e n t i  r e  Po i nven to r y ,  which cou ld  be as 
much as 2300 C i ,  i n  l i q u i d  s to rage  becomes a i r bo rne .  A l l  o f  these  m a t e r i a l s  
a r e  re leased  t o  t h e  atmosphere, s i nce  f i l t e r s  a re  assumed t o  f a i l .  

Gaseous 8 5 ~ r  i n  process as 100 C i  i n  c y l i n d e r s  and 100 C i  as sea led  
sources. Hea t i ng  t h e  c y l i n d e r s  cou ld  cause t h e  gas t o  expand, p ressu r i ze ,  and 
damage t h e  c y l i n d e r  o r  va l  v i n g  r e s u l t i n g  i n  an atmospher ic re lease.  I f  t h e  
microspheres mel t ,  an a d d i t i o n a l  i n v e n t o r y  cou ld  a l s o  be v u l n e r a b l e  and t h e  
e n t i r e  200 C i  frorn c y l i n d e r s  p l u s  sea led source re leased.  

3 
Th,e H i n v e n t o r y  i n  t h e  s to rage  sys te f  i s  assumed re leased  when t h e  beds 

a re  heated and damaged. The e n t i r e  1 x 10 C i  i n v e n t o r y  i s  re leased.  

Waste i s  s o l i d i f i e d ,  compacted and s t o r e d  i n  drums. The drums a re  s t o r e d  
i n  metal  o r  approved f i  r e - r e s i  s t a n t  con ta i ne rs .  Therefore,  re leases  i n  a  f i  r e  
would be by hea t i ng ,and  subsequent c o n t a i n e r  r u p t u r e  due t o  p ressure  bu i ldup .  



Smal l  a d d i t i o n a l  r e l e a s e s  c o u l d  occu r ,  b u t  because t h e  r e l e a s e s  a l r e a d y  
d i s c u s s e d  a r e  based on maximized i n v e n t o r i e s ,  r e l e a s e s  f r o m  waste a r e  
c o n s i d e r e d  t o  be i n c l u d e d  i n  them. 

4.8.2 Sealed Source M a n u f a c t u r i n g  MREPP S c e n a r i o  

A l a r g e - s c a l e  f a c i l i t y  f i r e  i s  t h e  MREPP event  p o s t u l a t e d  a t  sea led  source 
m a n u f a c t u r i n g  f a c i l i t i e s .  The magni tude o f  t h e  r e l e a s e  w i l l  va ry  a c c o r d i n g  t o  
t h e  f a c i l i t y  s i n c e  n o t  a l l  i s o t o p e s  a r e  used a t  a l l  f a c i l i t i e s .  

4.8.2.1 M a t e r i a l  Re lease 

5 
The MREPP h y p o t h e s i z e d  was 1 x  10 C i  ; 3~ and o t h e r  i s o t o p e  r e l e a s e s  were 

d i scussed .  T h i s  r e p r e s e n t e d  t h e  maximum 1  i cense 1  i m i  t. Re1 eases wi  11 v a r y  
w i t h  t h e  s p e c i f i c  i n v e n t o r y  i n  a  f a c i l i t y  and can be c a l c u l a t e d  u s i n g  t h e  
f r a c t i o n a l  r e l e a s e s  suggested i n  Tab les  4.3 and 4.5. 

4.8.2.2 F a c t o r s  A f f e c t i n g  Re lease 

The f o l l o w i n g  f a c t o r s  a f f e c t  r e l e a s e  a t  sea led  sou rce  m a n u f a c t u r i n g  
f a c i l i t i e s :  

o S a f e t y  system 
e I n v e n t o r y  d i s t r i b u t i o n  i n  f a c i  l i t y ,  among b u i l d i n g s  
o Combusti  b l e  m a t e r i  a1 s  p r e s e n t  
o D e p o s i t i o n  i n  f a c i l i t y .  

4.9 RESEARCH AND DEVELOPMENT OF NUCLEAR FUELS 

These f a c i  1  i t i e s  p e r f o r m  r e s e a r c h  and development r e l a t e d  t o  r e a c t o r  f u e l  
m a n u f a c t u r i n g  and t e s t i n g .  They use s p e c i a l  n u c l e a r  m a t e r i a l s  (SNM) i n  forms 
r a n g i n g  f r o m  powders t o  s o l u t i o n s ,  a l t h o u g h  l a r g e r  q u a n t i t i e s  a r e  u s u a l l y  i n  
t h e  f o r m  o f  f u e l  p e l l e t s .  

A f a c i  1 i t y  can i n c l u d e  a  t e s t  r e a c t o r  and/or  c r i t i c a l i t y  exper imen ts .  
These areas a r e  n o t  i n c l u d e d  under  t h e  SNM l i c e n s e  o f  concern  i n  ou r  s t u d y  and 
a re ,  t h e r e f o r e ,  n o t  i n c l u d e d  i n  o u r  a c c i d e n t  scenar ios .  Some work can use 
expended commercia l  n u c l e a r  f u e l .  Fue l  h a n d l i n g  i s  t h e r e f o r e  covered u s i n g  
e s t a b l  i shed n u c l e a r  s a f e t y  assessments t o  e s t i m a t e  re1 eases. 

4.9.1 P o t e n t i a l  A c c i d e n t  Scenar ios  

P o t e n t i a l  a c c i d e n t s  d i s c u s s e d  i n c l u d e  c r i t i c a l i t y ,  s p i l l s  and l e a k s ,  t o r -  
nado, ear thquake,  f i r e  o u t s i d e  f a c i  1  i t y ,  f i r e ,  e x p l o s i o n  ( i n c l u d i n g  n a t u r a l  
gas) ,  and f u e l  -hand1 i ng a c c i d e n t s .  

4.9.1.1 C r i t i c a l i t y  

C r i t i c a l i t i e s  were d i s c u s s e d  i n  S e c t i o n s  4.1.1.5 and 4.2.1.3 and t h e  
d i s c u s s i o n  w i l l  n o t  be repea ted  here .  The mere e x i s t e n c e  o f  f i s s i l e  m a t e r i a l  
i n  q u a n t i t i e s  g r e a t e r  t h a n  a  minimum c r i t i c a l  mass c r e a t e s  some f i n i t e  r i s k  

4.48 



t h a t  c r i t i c a l i t y  can o c c u r  ( C a r t e r  e t  a1 ., 1968).  C r i t i c a l i t y  i s  p r e v e n t e d  by 
u s i n g  f a v o r a b l e  geomet r i es ,  f i x e d  po isons ,  1  i m i t a t i o n s  o f  mass o r  c o n c e n t r a -  
t i o n ,  o r  s o l u b l e  po i sons .  L a r g e r  q u a n t i t i e s  o f  f i s s i l e  m a t e r i a l  a t  n u c l e a r  
r e s e a r c h  and development f a c i l i t i e s  a r e  powders o r  o t h e r  forms n o t  l i k e l y  t o  
s u s t a i n  a  c r i t i c a l i t y .  As d i s c u s s e d  i n  S e c t i o n  4.1.1.5, c r i t i c a l i t y  i s  more 
l i k e l y  i n  a  l i q u i d  system. However, n u c l e a r  s a f e t y  and t h e  p o t e n t i a l  f o r  
c r i t i c a l i t y  can be c o n s i d e r e d  i n  a l l  o p e r a t i o n s  a t  t h e s e  f a c i l i t i e s .  These 
o p e r a t i o n s  i n c l u d e  f i  s s i  l e  m a t e r i a l  r e c e i p t  and t r a n s p o r t ,  a1 1  oy p r e p a r a t i o n ,  
powder p r e p a r a t i o n ,  f u e l  b i  1  l e t  f a b r i c a t i o n ,  f u e l  p l a t e  f a b r i c a t i o n ,  f u e l  
e lement  assembly, m a c h i n i n g  o p e r a t i o n s ,  and p rocess  f u e l  s t o r a g e  and sc rap .  
A d m i n i s t r a t i v e  p rocedures  and f i s s i  l e  m a t e r i a l  r e s t r i c t i o n s  p r o v i d e  c r i t i c a l i t y  
s a f e t y  i n  t h e s e  f a c i  1  i t i e s .  

The g l o v e  box t r a i n  i s  one area l i k e l y  t o  have q u a n t i t i e s  o f  f i s s i l e  mate- 
r i a l  s u f f i c i e n t  f o r  a  c r i t i c a l i t y  i f  w a t e r  i s  added t o  t h e  powder p r e p a r a t i o n  
o p e r a t i o n .  The g l o v e  box t r a i n  area i s  p r o v i d e d  w i t h  an a u t o m a t i c  s p r i n k l e r  
system. An a c c i d e n t  t h a t  b reaks  t h e  g l o v e  box window and damages t h e  s p r i n k l e r  
sys tem c o u l d  a l l o w  w a t e r  t o  p e n e t r a t e  t h e  g l o v e  box, r e s u l t i n g  i n  f u l l  w a t e r  
r e f l e c t i o n .  An e a r t h q u a k e  c o u l d  p r e c i p i t a t e  t h e  above damage. 

As d i s c u s s e d  i n  S e c t i o n  4.2.1.3, t h e  k i n e t i c  energy  r e l e a s e d  a t  1018 f i s -  
s i o n s  wou ld  p r o b a b l y  be a t  a  l e v e l  where b u i l d i n g  damage would  n o t  be caused by  
t h e  c r i t i c a l i t y .  Damage t o  t h e  h i g h - e f f i c i e n c y  p a r t i c l e s  a i r  f i  1  t e r  c o u l d  have 
o c c u r r e d  because o f  t h e  ear thquake,  and t h e r e f o r e  t h e  20 g  o f  u ran ium (see  
S e c t i o n  4.1.1.5, t h e  s t a n d a r d  c r i t i c a l i t y  e v e n t )  r e l e a s e d  i s  assumed t o  go 
d i g e c t l y  t o  t h e  atmosphere. The f i s s i o n  p r o d u c t  gas r e l e a s e  t o t a l s  1.2 x  
10 C i ;  see T a b l e  4.1 f o r  t a b u l a t e d  r e l e a s e s  o f  i n d i v i d u a l  i s o t o p e s .  

4.9.1.2 S p i l l s  and Leaks 

W h i l e  r a d i o a c t i v e  m a t e r i a l s  can be found i n  any f o r m  i n  t h e s e  f a c i l i t i e s ,  
f r o m  powder t o  s o l u t i o n s ,  i t  appears t h a t  con tamina ted  l i q u i d s  a r e  t h e  p r i m a r y  
r a d i o a c t i v e  waste. These would  be r e l a t i v e l y  low l e v e l .  F o r  example, a t  one 
s i t e ,  waste  i s  c o n t r o l l e d  t o  ensu re  t h a t  no more t h a n  230 g o f  f i s s i l e  m a t e r i a l  
a r e  c o n t a i n e d  t h e r e i n .  The l i q u i d  waSte i s 3 c o l l e c t e d  i n  a  3000-gal  waste  t a n k  
so t h e  c o n c e n t r a t i o n  wou ld  be 2  x  10- g/cm . Even i n  t h e  u n l i k e l y  e v e n t  t h a t  
t h e  c o n t e n t s  o f  t h e  e n t i r e  t a n k  s p i l l e d ,  t h e  c o n t a m i n a t i o n  p r e s e n t  s h o u l d  n o t  
p roduce s i  g n i  f i c a n t  a i  r b o r n e  r e 1  eases. Maxi mum a i  r b o r n e  m a t e r i  a1 f r o m  a  1  i q u i  d  
s p i l l  i n  s t a t i c  a i r  c o u l d  be 0.01% of t h e  seu rce  ( S u t t e r  e t  a1 ., 1981) so t h e  
a i r b o r n e  r e l e a s e  i s  c a l c u l a t e d  a t  2.3 x  10- g. 

4.9.1.3 Tornado 

The b u i l d i n g s  a r e  b u i l t  t o  w i t h s t a n d  a  t o r n a d o  s t r i k e .  There  c o u l d  be 
mi n o r  damage and ,equ i  pment o v e r t u r n e d .  I f  a  door  i s  b l  own o u t ,  mi n o r  amounts 
o f  s u r f a c e  c o n t a m i n a t i o n  o r  u n c o n t a i n e d  powder can be blown f r o m  t h e  b u i l d -  
i n g .  The powders a r e  u s u a l l y  c o n t a i n e d  so t h e s e  r e l e a s e s  wou ld  be 
i n s i g n i f i c a n t .  

Low- leve l  l i q u i d  r a d i o a c t i v e  waste  may be r e t a i n e d  i n  l a r g e  bas ins .  T h i s  
t y p e  o f  b a s i n  and t h e  a i r b o r n e  r e l e a s e  a r e  d i s c u s s e d  i n  S e c t i o n  4.2.1.2. 
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Because t h e  b a s i n  was s e t  i n  c o n c r e t e  and u n l i k e l y  t o  have more t h a n  in inor  
s p i  1  l a g e  i n  a  to rnado ,  t h e  a n t i c i p a t e d  s p i  1  l a g e  r e s u l t s  i n  0.05 g  o f  u ran ium 0 
immedi a t e l y  a i  rbo'rne and 1.9 g  of  u r a n i  um s u b j e c t  t o  resuspens ion  f r a c t i o n a l  
r e l e a s e .  T  i s  resuspens ion  occu rs  a f t e r  t h e  t o r n a d o  has passed and i s  a t  a  !I r a t e  o f  10- /sec .  

4.9.1.4 Ear thquake  

Research f a c i l i t i e s  a r e  b u i l t  a c c o r d i n g  t o  t h e  U n i f o r m  B u i l d i n g  Code and 
s h o u l d  be capab le  of w i t h s t a n d i n g  a  1  i near  a c c e l e r a t i o n  a p p r o p r i a t e  t o  t h e  
r e g i o n .  It i s  assumed t h e r e  wou ld  be l i t t l e  o r  no s t r u c t u r a l  damage as a  
r e s u l t  o f  ea r thquake  a c c e l e r a t i o n .  Some s p i  11 s  and p rocess  v e s s e l s  c o u l d  o v e r -  
t u r n  i n  a  f a c i l i t y ,  and p rocess  equipment c o u l d  be upse t .  The i n t e g r i t y  o f  t h e  
f a c i l i t y  s h o u l d  n o t  be breached;  t h e r e f o r e ,  an ea r thquake  s h o u l d  cause i n s i g -  
n i f i c a n t ,  r e l e a s e s  o f  f u e l  m a t e r i a l  t o  t h e  atmosphere. A d d i t i o n a l l y ,  any 
s p i  1  l e d  m a t e r i a l  c o u l d  be covered w i t h  d e b r i s ,  making resuspens ion  u n l i k e l y .  

F i r e s  o r  p r e s s u r i z e d  r e l e a s e s  r e s u l t i n g  f rom equipment f a i l u r e  as a  r e s u l t  
of t h e  ea r thquake  c o u l d  c o n t r i b u t e  t o  re1ease.s. These a r e  d i s c u s s e d  i n  t h e  
s e c t i o n  on f i r e  and e x p l o s i o n .  

I 4.9.1.5 F i r e  O u t s i d e  F a c i l i t y  

One of t h e  f a c i l i t i e s ,  Rockwel l  N u c l e a r  Fue l  Development L a b o r a t o r y ,  i s  i n  
a l o c a t i o n  where range f i r e s  c o u l d  be c o n s i d e r e d  a  p o t e n t i a l  hazard .  The 
s t r u c t u r e  i s  b u i  1  t o f  f i  r e  r e s i s t a n t  m a t e r i  a1 s, c o n c r e t e ,  and s t e e l .  There  i s  
some d i s t a n c e  f r o m  t h e  f a c i l i t y  t o  l a r g e  v e g e t a t i o n  growth .  However, spa rks  
can be c a r r i e d  f r o m  range f i r e s  by s t r o n g ,  h o t  winds.  It can be assumed t h a t ,  
w h i l e  n o t  s p e c i f i c a l l y  i d e n t i f i e d  as t o  m a t e r i a l ,  t h e  r o o f  i s  f i r e  r e s i s t a n t  
and any spa rks  r e a c h i n g  t h e  r o o f  wou ld  n o t  i g n i t e  i t .  T h e r e f o r e  an e x t e r n a l  
range f i r e  s h o u l d  n o t  damage t h e  f a c i l i t y .  

4.9.1.6 F i r e s  

The use o f  s o l v e n t s  and f lammable  l i q u i d s ,  such as me thano l ,  d u r i n g  sample 
p r e p a r a t i o n  c o u l d  l e a d  t o  s m a l l  f i  r e s .  These would  o c c u r  i n  a  g l o v e  box, and 
t h e  i g n i t i o n  sou rce  c o u l d  be an ove rhea ted  s o n i c  bath .  Because g l o v e  box 
o p e r a t i o n s  a r e  n o r m a l l y  conducted i n  an i n e r t  atmosphere, combust ion  wou ld  n o t  
be suppor ted .  However, g l o v e  f a i l u r e  c o u l d  a l l o w  a i r  t o  e n t e r ,  e n a b l i n g  a  f i r e  
t o  s t a r t .  The amount o f  m a t e r i a l  i n  t h e  g l o v e  box d u r i n g  sample p r e p a r a t i o n  
wou ld  l i m i t  t ? ~  r e l e a s e ,  s i n c e  t h e  sou rce  wou ld  be perhaps 46 g  o f  p l u t o n i u m  
and 189 g  o f  5 ~ .  Based on r e l e a s e s  measured i n  e x p e r i m e n t a l  f i r e s  and 
d i s c u s s e d  e a r l i e r  i n  t h i s  r e p o r t  (Mishima e t  a1 ., 1968a, 1968b; Mishima and 
Schwendiman, 1973a),  1% i s  t h e  s e l e c t e d  maximum r e l e a s e  f a c t o r .  The g l o v e  box 
f i l t e r  i s  d e s t r o y e d ,  and25be r e l e a s e  i s  e x p e l l e d  f rom t h e  g l o v e  box, 0.46 g  of  
p l u t o n i u m  and 1.89 g  o f  U  reach t h e  f i n a l  HEPA ( 5  x  1f- dec9gE;mi n a t i  on )  
f o r  a  r e l e a s e  o f  2.3 x  g  o f  p l u t o n i u m  and 9.5 x  10- g  of 

A  m a j o r  f i r e  c o u l d  occu r  d u r i n g  m i l l i n g  o p e r a t i o n s  i n  a  g l o v e  box t r a i n .  
M a t e r i a l  i n  t h e  g l o v e  box can be i n  any form from powders t o  p e l  l e t s .  Powders 
and z i r c a l o y  me ta l  used i n  t h e  processes a r e  p y r o p h o r i c ,  so t o  max imize t h e  

n 



r e l e a s e ,  i t  i s  assumed t h a t  t h e  e n t i r e  g l o v e  box i n v e n t o r y  i s  i n  powder form, 
perhaps i n  b l e n d i n g  and s i e v i n g  o p e r a t i o n s .  The i n v e n t o r y  p e r  work s t a t i o n  i s  
l i m i t e d ,  u s i n g  f o r  example, about  2 kg o f  mixed p y r o p h o r i c  powders. 

Because i t  i s  a  g l o v e  box t r a i n ,  i t  can be assumed t h e  a i r  and t h u s  t h e  
f i r e  spreads t h r o u g h  t h e  t r a n s f e r  space u n t i  1  a1 1  13 g l o v e  boxes a r e  i n v o l v e d  
i n  t h e  f i r e .  Thus a t  2  kg/work s t a t i o n ,  t h e  source i s  26 kg, 1% i s  assumed 
a i r b o r n e ,  c a l c u l a t i n g  t o  260 g  a i r b o r n e .  The g l o v e  box HEPA f i l t e r s  a r e  
d e s t r o y e d  b u t  t h e  b u i l d i n g  HEPA f i l t e r  remains.  The a tmospher i c  r e l e a s e  i s  
0.13 g  mixed p y r o p h o r i c  powders. 

E x p l o s i o n s  

S o l v e n t s  used f o r  c l e a n i n g  c o u l d  genera te  vapors i n  s u f f i c i e n t  q u a n t i t y  t o  
be e x p l o s i v e  i n  a i r .  Due t o  t h e  sma l l  amounts o f  s o l v e n t s  i n v o l v e d ,  an e x p l o -  
s i v e  i g n i t i o n  o f  t h e  vapors would have n e g l i g i b l e  r e l e a s e s .  

A powder e x p l o s i o n  c o u l d  occu r  i n  a  g l o v e  box d u r i n g  b l e n d i n g  and s i e v i n g ,  
w i t h  1% o f  t h e  mass becorning d i s p e r s e d  i n t o  t h e  room t h r o u g h  a  breached g love .  
S i n c e  2.2 k g  i s  t h e  g l o v e  box i n v e n t o r y ,  22 g  become a i r b o r n e  and t r a n s p o r t e d  
t o  t h e  v e n t i l a t i o n  HEPA f i l t e r .  The e x p l o s i v e  f o r c e  o f  t h e  o v e r p r e s s u r e  s h o u l d  
be expended b e f o r e  r e a c h i n g  t h i s  f i n a l  f i l t e r ,  so t h e  a tmospher i c  r e l e a s e  i s  
0.011 g o f  f i s s i l e  m a t e r i a l .  

S i  n t e r i  ng f u r n a c e  e x p l o s i o n s  c o u l d  re1  ease a i  r b o r n e  m a t e r i  a1 . A re1  ease 
o f  t h i s  t y p e  was d i s c u s s e d  i n  S e c t i o n  4.2.1.5, where 1% o f  t h e  m a t e r i a l  was 
e s t i m a t e d  e j e c t e d  f r o m  a  fu rnace .  I n v e n t o r y  r e s t r i c t i o n s  would l i m i t  t h e  
r e l e a s e  (as  i n  t h e  powder e x p l o s i o n )  t o  0.011 g. 

N a t u r a l  gas e x p l o s i o n s  a r e  d i scussed  i n  d e t a i l  i n  S e c t i o n  4.3.1.6 o f  t h i s  
r e p o r t  and c o u l d  p o t e n t i a l l y  r e l e a s e  f i s s i  l e  m a t e r i a l .  It has been hypo the -  
s i z e d  (Rockwe l l ,  1976) t h a t  a  comple te  r u p t u r e  05 a  1-i n. gas 1  i ne o p e r a t i  ng a t  
a  p r e s s u r e  o f  8 i n .  of H20 would  r e l e a s e  -750 f t  / h  o f  n a t u r a l  gas i n t o  t h e  
room. The room volume and v e n t i l a t i o n  r a t e  l i m i t -  t h e  p o t e n t i a l  o f  t h e  gas 
r e a c h i n g  an e x p l o s i v e  l i m i t  i n  t h e  room. T h e r e f o r e ,  f o r  t h i s  f a c i l i t y ,  an 
a i r b o r n e  r e l e a s e  f ro in  a  n a t u r a l  gas e x p l o s i o n  was n o t  fo reseen.  

4.9.1.8 Fue l  Hand1 i ng A c c i d e n t  

I n  a  r e s e a r c h  and development f a c i l i t y ,  i r r a d i a t e d  f u e l  assemb l ies  can be 
used i n  i n v e s t i g a t i o n s .  The assemb l ies  a r e  t r a n s f e r r e d  i n t o  h o t  c e l l s  where 
t h e y  a r e  d e c l a d  and t h e  f u e l  i s  t e s t e d  and examined. Fue l  e lements  may be 
s t o r e d  on s i t e  t e m p o r a r i l y  i n  p o o l s  des igned  f o r  t h e i r  s to rage .  A l i c e n s e  
l i m i t  would  be t h r e e  f u e l  e lements  f r o m  commercia l  n u c l e a r  power r e a c t o r s .  

The NRC has e s t a b l i s h e d  a  g u i d e  f o r  e v a l u a t i n g  t h e  p o t e n t i a l  consequences 
of  a  f u e l  h a n d l i n g  a c c i d e n t  i n  a  f u e l  h a n d l i n g  and s t o r a g e  f a c i l i t y  (USNRC, 
1972) .  The i l l u s t r a t i v e  a c c i d e n t  sequence c o n s i s t s  o f  t h e  d r o p p i n g , o f  a  f u e l  
assembly r e s u l t i n g  i n  b r e a c h i n g  of  t h e  f u e l  r o d  c l a d d i n g ,  r e l e a s e  o f  a  p o r t i o n  
o f  t h e  v o l a t i l e  f i s s i o n  gases f rom t h e  damaged f u e l  rods ,  a b s o r p t i o n  o f  w a t e r  



s o l u b l e  gases i n  and t r a n s p o r t  o f  s o l u b l e  and i n s o l u b l e  gases t h r o u g h  t h e  
wa te r ,  a i r  f i l t r a t i o n  ( i f  p r o v i d e d )  p r i o r  t o  r e l e a s e  i n t o  t h e  env i ronment ,  and 
d i s p e r s i o n  o f  t h e  r e l e a s e d  f i s s i o n  p r o d u c t s  i n t o  t h e  atmosphere. 9 

T h i s  a c c i d e n t  occu rs  a t  a  t i m e  i d e n t i f i e d  as t h e  e a r l i e s t  t i m e  f u e l  hand- 
1  i ng o p e r a t i o n s  may begin.  R a d i o a c t i v e  decay o f  t h e  f i s s i o n  p r o d u c t  i n v e n t o r y  
i s  t a k e n  i n t o  c o n s i d e r a t i o n .  A l l  o f  t h e  g  i n v e n t o r y  i s  a  urned re leased .  
T h i s  i s  10% o f  t h e  n o b l e  gases o t h e r  t h a n  "Kr, 30% of  t h e  "Kr and 10% o f  t h e  
i o d i n e  i n  t h e  rods  a t  t h e  t i m e  o f  t h e  a c c i d e n t .  The i o d i n e  gap i n v e n t o r y  i s  
composed o f  i n o r g a n i c  s p e c i e s  (99.75%) and o r g a n i  c  spec ies  (0.25%). 

The poo l  d e c o n t a m i n a t i o n  f a c t o r s  f o r  t h e  i n o r g a n i c  and o r g a n i c  s p e c i e s  a r e  
133 and 1, r e s p e c t i v e l y ,  g i v i n g  an o v e r a l l  e f f e c t i v e  d e c o n t a m i n a t i o n  f a c t o r  o f  
100 ( i  .e., 99% o f  t h e  t o t a l  i o d i n e  r e l e a s e d  f r o m  t h e  damaged rods  i s  r e t a i n e d  
by t h e  poo l  w a t e r ) .  T h i s  d i f f e r e n c e  i n  d e c o n t a m i n a t i o n  f a c t o r s  f o r  i n o r g a n i c  
and o r g a n i c  i o d i n e  s p e c i e s  r e s u l t s  i n  t h e  i o d i n e  above t h e  f u e l  poo l  b e i n g  com- 
posed o f  75% i n o r g a n i c  and 25% o r g a n i c  spec ies .  The r e t e n t i o n  o f  n o b l e  gases 
i n  t h e  poo l  i s  n e g l i g i b l e  ( i  .e., d e c o n t a m i n a t i o n  f a c t o r  o f  1 ) .  

The r a d i o a c t i v e  m a t e r i a l  t h a t  escapes f r o m  t h e  poo l  t o  t h e  b u i l d i n g  i s  
r e l e a s e d  f rom t h e  b u i l d i n g  o v e r  a  2-h t i m e  p e r i o d .  

I f  i t  can be shown t h a t  t h e  b u i l d i n g  atmosphere i s  exhausted t h r o u g h  
abso rbe rs  des igned  t o  remove i o d i n e ,  t h e  removal e f f i c i e n c y  i s  90% f o r  i n o r -  
g a n i c  spec ies  and 70% f o r  o r g a n i c  spec ies .  

Decay t i m e s  f o r  t h e  f u e l  assembl ies  and t h e  r a d i o a c t i v e  i n v e n t o r i e s  have 
n o t  been e s t i m a t e d  f o r  t h e s e  r e s e a r c h  and development f a c i l i t i e s  i n  t h e  d o c k e t  
i n f o r ~ n a t i  on a v a i  1  a b l e .  T h e r e f o r e ,  ano the r  base f o r  e s t i m a t i  ng t h e  r e l e a s e  must 
be used. 

F u e l  h a n d l i n g  a c c i d e n t s  have been d e s c r i b e d  i n  d e t a i l  and i n  t h e  Reac to r  
S a f e t y  Study (USNRC, 1975, Appendix I, p. 1-96),  wh ich  w i l l  be used as a  b a s i s  
f o r  o u r  s a f e t y  assessment and nominal  r e l e a s e s  a r e  back c a l c u l a t e d .  T h i s  w i  11 
g i v e  a  c o n s e r v a t i v e  e s t i m a t e  o f  r e l e a s e s  because a t  a  r e a c t o r  t h e r e  has been 
1  i t t l e  o p p o r t u n i t y  f o r  t h e  f u e l  t o  decay. S h i p p i n g  r e g u l a t i o n s  mean f u e l  must 
be h e l d  a t  a  r e a c t o r  a t  l e a s t  150 days be fo re  t r a n s p o r t ,  and t h u s  t h e  i s o t o p e s  
w i t h  s h o r t e r  h a l f - l i v e s  wou ld  be f u r t h e r  decayed when used i n  a  n  e a r  f u e l  
r e s e a r c h  and development f a c i l i t y .  T h i s  i s  p a r t i c u l a r l y  t r u e  o f  '"1 w i t h  an 
8-day h a l f - l i f e .  The f r a c t i o n  r e m a i n i n g  a t  t h e  shipment t i m e  a f t e r  150 days 
s t o r a g e  can be c a l c u l a t e d  u s i g p  t h e  u n i v e r s a l  decay t a b l e s  (Bureau o f  Rad io-  
l o g i c a l  H e a l t h ,  1970).  F o r  I, f o r  example, t h e  f r a c t i o n  r e m a i n i n g  i s  much 
l e s s  t h a n  0.0001, an i n s i g n i f i c a n t  f r a c t i o n .  

D r o p p i n g  a  heavy i t e m  i n  t h e  spent  f u e l  poo l  as a  r e s u l t  o f  c rane  f a i l u r e  
c o u l d  damage one o r  more f u e l  assembl ies .  The average i n v e n t o r y  i n  t h e  f u e l  
poo l  i s  o n e - h a l f  a  c o r e  l o a d i n g ,  o n e - t h i r d  w i t h  60 days decay and o n e - s i x t h  
w i t h  150 days decay, and r e l e a s e s  a r e  e s t i m a t e d  as l i s t e d  i n  T a b l e  4.6. Seven 
p r e s s u r i z e d  w a t e r  r e a c t o r  ( P W R )  f u e l  assembl ies  r e p r e s e n t  a p p r o x i m a t e l y  4.5% of  
a  c o r e  l o a d i n g ;  t h e r e f o r e ,  156 f u e l  assemb l ies  a r e  t h e  e n t i r e  l o a d i n g ,  and t h u s  
78 f u e l  assemb l ies  produced t h e  t o t a l  r e l e a s e  l i s t e d  as c a l c u l a t e d  i n  t h e  

n 



R e a c t o r  S a f e t y  Study (USNRC, 1975). The r e l e a s e  p e r  assembly i s  t h e n  c a l c u -  
l a t e d ,  and m u l t i p l i e d  by t h r e e  t o  e s t i m a t e  r e l e a s e  f r o m  t h i s  e v e n t  a t  a  
r e s e a r c h  and development f a c i l i t y ,  assuming t h r e e  assemb l ies  a r e  damaged. 

These r e l e a s e s  a r e  t h r o u g h  HEPA and c h a r c o a l  f i l t e r s  and i t  was assumed 
t h a t  t h e s e  w i l l  r e d  t h e  e lemen ta l  i o d i d e s ,  o r g a n i c  i o d i d e s ,  and p a r t i c u l a t e s  
by 99%. S i n c e  t h e  "'1 w i l l  be decayed, l e v e l s  w i l l  be s i g n i f i c a n t l y  l o w e r  
t h a n  t h o s e  l i s t e d  i n  T a b l e  4.6. 

TABLE 4.6. Re lease (C i  ) f r o m  D r o p p i n g  a  Heavy I t e m  
i n  Fue l  S to rage  Pool  

One-Hal f Re1 ease 
Core Load ing  Per  R and D ( ~ )  Re lease 

E lements  Re lease Assembly ( 3  Assemb l ies )  

Nob le  gas 1.74 x  10 
4 

2.2 x 10 
2  

6.6 x  l o 2  

Hal  ogens 1.18 x l o - '  1.5 x  4.5 

( a )  Research and Development 

4.9.2 Research and Development o f  N u c l e a r  F u e l s  MREPP S c e n a r i o  

Work w i t h  i r r a q i a t e d  commercia l  f u e l  e lements  p r e s e n t s  a  h i g h  n o b l e  gas 
r e 1  ease o f  6.6 x  10 C i  . T h i s  c o u l d  be much 1  ower, depend ing on t h e  age and 
decay s t a t u s  o f  t h e  f u e l  e lements .  F o r  example, 2  y e a r s  a f t e r  d i s c h a r g e  f r o m  a  
r e a c t o r  t h e  t o t a l  c u r i e s  i n  a  f u e l  assembly i s  l e s s  t h a n  1% o f  t h e  d i s c h a r g e  
l e v e l  (A lexander  e t 5 a l  ., 1977) .  However, a  c r i t i c a l i t y  even t  w i t h  a  t o t a l  
r e l e a s e  o f  1.2 x  1 0  C i  o f  f i s s i o n  p r o d u c t  gases i s  thp3rREPP i n  t h i s  f a c i l i t y  
c a t e g o r y .  The t o t a l  c u r i e  r e l e a s e  and t h e  r e l e a s e  o f  I ,  t h e  i s o t o p e  o f  most 
concern,  a r e  t h e  l a r g e s t  f o r  t h i s  even t .  

4.9.2.1 F a c t o r s  A f f e c t i n g  Re lease 

The f o l l o w i n g  f a c t o r s  a f f e c t  r e l e a s e  a t  f a c i  1  i t i e s  f o r  t h e  r e s e a r c h  and 
d e v e l  opment o f  n u c l e a r  f u e l  s  : 

Room volume, a i r  v e n t i l a t i o n  r a t e ,  and r e t e n t i o n  t i m e  
o R a d i o l o g i c a l  decay i n  f u e l  
o F i l t r a t i o n  systems 
a D e p o s i t i o n .  

4.10 WASTE WAREHOUSING 

R a d i o a c t i v e  waste  i n  c o n t a i n e r s  (drums)  i s  s t o r e d ,  f o r  a  p e r i o d  o f  n o t  
more t h a n  6 months a t  t h e s e  f a c i l i t i e s .  Drums a r e  n o t  opened i n  t h e  waste  
warehous ing  o p e r a t i o n :  t h e y  a r e  s t o r e d  u n t i l  t r a n s p o r t e d  t o  a  l i c e n s e d  r a d i o -  
a c t  i ve b u r i  a1 ground.  



4.10.1 P o t e n t i a l  A c c i d e n t  Scenar ios  r\ 

Because t h e  r a d i o a c t i v e  m a t e r i a l  i s  c o n t a i n e r i z e d ,  t h e  p o t e n t i a l  f o r  a c c i  - b d  
d e n t a l  r e l e a s e s  i s  low.  An even t  o f  s u f f i c i e n t  magni tude t o  breach one o r  more 
drums would be r e q u i r e d  t o  make m a t e r i a l  a i r b o r n e .  

A c c i d e n t s  d i s c u s s e d  a r e  to rnado ,  ea r thquake ,  f i r e ,  and f a c i l i t y  f i r e .  

Tornado 

Waste warehous ing f a c i  1  i t i e s  wou ld  p r o b a b l y  n o t  be c o n s t r u c t e d  t o  w i t h -  
s t a n d  t o r n a d o  damage. There fo re ,  i t  can be assumed t h a t  damage would  be 
i n f l i c t e d  i f  a  t o r n a d o  s t r i k e s  t h e  b u i l d i n g .  I t  i s  c o n c e i v a b l e  t h a t  i f  one o r  
more o f  t h e  w a l l s  c o l l a p s e  and t h e  r o o f  i s  b lown o f f ,  t h e  waste  drums c o u l d  be 
damaged. As d i s c u s s e d  i n  S e c t i o n  4.3.1.2, o n l y  a  f r a c t i o n  ( e s t i m a t e d  a t  1%)  o f  
t h e  drums i n  a  s t o r a g e  a r e a  wou ld  be i n v o l v e d  t o  t h e  p o i n t  o f  f a i l u r e .  A  l a r g e  
warehous ing o p e r a t i o n  c o u l d  have as many as 2200 drums c o n t a i n i n g  24 C i  of 
r a d i o a c t i v i t y ,  and t h u s  t h e  m a t e r i a l  i n  j e o p a r d y  i s  0.24 C i  f r o m  22 drums. 

The i n v e n t o r y  i s  n o t  i n  a  r e a d i l y  d i s p e r s i b l e  form, as f o r  example, a  pow- 
de r .  However, i t  can be b roken  up by a c c i d e n t  s t r e s s e s .  Drummed waste  ( i  .e., 
con tamina ted  t r a s h )  c o u l d  be s c a t t e r e d  i n  and about  t h e  f a c i l i t y ,  s u b j e c t  t o  
aerodynamic s t r e s s e s ,  and a  f r a c t i o n  c o u l d  be a i r b o r n e .  I t  w i  11 be assumed 
t h a t  t h e  e n t i r e  0.24 C i  i n v e n t o r y  of t h e  22 f a i l e d  drums i s  s u b j e c t  t o  a e r o -  
dynamic s t r e s s e s  f o r  6 h. The resuspens ion  r a t e  f o r  f i f & d  c o n t a m i n a t i o n  t h a t  
c o u l d  be c o n ~ i d e r e d  a p p l i c a b l e  t o  t h i s  s i t u a t i o n  i s  10- I s e c .  The r e l e a s e  i s  
t h u s  5  x 10- C i ,  and s i n c e  t h e  b u i l d i n g  was des t royed ,  i t  i s  r e l e a s e d  d i r e c t l y  
t o  t h e  atmosphere. 

3  
One f a c i l i t y  s t o r e s  drummed c y l i n d e r s  of H. The maximum 1  i c e n s e  l i m i t  i s  

5000 C i ,  1000 C i l c y l i n d e r .  Assuming one drum i s  breached,  t h e  r e l e a s e  i s  
1000 C i  : 

Ear thquake  

An ea r thquake  c o u l d  c o l l a p s e  t h e  warehouse and damage drums o f  waste. 
Drurns wou ld  be b u r i e d  under  d e b r i s  o r  some c o u l d  be s c a t t e r e d .  S i n c e  much o f  
t h e  waste  wou ld  be b u r i e d ,  l i t t l e  wou ld  be s u b j e c t  t o  w ind  r e s u s p e n s i o n  
s t r e s s e s .  Releases wou ld  n o t  exceed t h o s e  e s t i m a t e d  f o r  a  t o r n a d o .  

Spontaneous i g n i t i o n  o f  c e l l u l o s i c s  con tamina ted  w i t h  f lammables  ( o i l y  
r a g s )  c o u l d  l e a d  t o  a  f i r e  i n  a  drum, o r  a  sma l l  f i r e  c o u l d  be caused by i n a d -  
v e r t e n t  i n c l u s i o n  of a c i d  i n  a  g l a s s  c o n t a i n e r  i n  a  waste  drum and breakage of 
t h e  c o n t a i n e r  a l l o w i n g  t h e  a c i d  t o  s p i l l  on c e l l u l o s i c s ,  w h i c h  h e a t  and i g n i t e .  
I n  e i t h e r  s c e n a r i o ,  t h e  drum i s  subsequen t l y  p r e s s u r i z e d  and r u p t u r e s ,  a l l o w i n g  
a  f r a c t i o n  o f  t h e  c o n t a ~ n i  n a t i o n  a s s o c i a t e d  w i t h  t h e  waste  t o  become a i  rbo rne .  



The i n v e n t o r y  c  u l d  be 24 Ci /2200 4 0.011 C i l d r u m  and t h e  r e l e a s e  i s  c a l -  
c u l a t e d  as 5.5 x  l o - '  C i ,  u s i n g  5 x  10- r e l e a s e  f a c t o r  measured f o r  non- 
v o l a t i  l e s  a s s o c i a t e d  w i t h  b u r n i n g  con tamina ted  waste  (Mi shima and Schwendiman, 
1973b).  However, many b y - p r o d u c t  i s o t o p e s  a r e  v o l a t i l e  so t h e  r e l e a s e  can 
range f r o m  t h i s  v a l u e  t o  t h e  e n t i r e  0.011 C i  i n v e n t o r y  assumed a i r b o r n e  f r o m  a  
s i n g l e  drum. 

4.10.1.4 F a c i l i t y  F i r e  

A  propane f u e l e d  f r o n t - e n d  l o a d e r  i s  uskd t o .  move t h e  waste  drums i n  a  
warehouse. Fue l  l e a k i n g  f ro in  t h e  equipment c o u l d  c o n c e i v a b l y  i n i t i a t e  a  
c o m b u s t i o n / e x p l o s i o n  even t .  

Propane f l a m m a b i l i t y  l i m i t s  i n  a i r  a r e  2.1% and 9.5% ( Z a b e t a k i s ,  1965) ,  
3  

w i t h  a  s p e c i f i c  volume o f  8.7 f t  /1b (L inde ,  1974)3  A f r o n t - e n d  l o a d e r  w i l l  
have a  f u e l  t a n k  c a p a c i t y  of about  10 l b  and387 ft , which,  when vapor i zed ,  
c o u l d  produce a  f lammable  m i x t u r e  i n  4000 f t  . T h i s  wou ld  be a  f r a c t i o n 3 0 f  a  
waste  garegouse f a c i l i t y  volume. F a c i l i t i e s  range i n  volume f r o m  6 x  10 t o  
4  x 10 f t  . 

The e x p l o s i o n  t q u i  v a l e n t  y i e l d  can be c a l c u l a t e d  u s i n g  propane h e a t  o f  
cornbust ion 2.1 x  10 B t u / l b  (McKinnon, 1976) :  

where 

WTNT = e q u i v a l e n t  TNT, l b  

AHc = h e a t  o f  combust ion ,  B t u / l b  

W c  = e x p l o s i v e  sou rce  w e i g h t ,  l b  

1800 = h e a t  o f  e x p l o s i o n  o f  TNT, B t u / l b  

The c a l c u l a t i o n  i s :  

Assuming 10% o f  t h e  energy i s  r e l e a s e d  i n  t h e  e x p l o s i o n ,  WTNT i s  11.7. 
T h i s  energy  i s  s u f f . i c i e n t  t o  b low t h e  r o o f  o f f  t h e  f a c i l i t y  and g e n e r a t e  
m i  s s i  1  es ( B r a s i  e  and S i  mpson, 1968). 

Because t,he waste  i s  con ta ined ,  i t  wi.11 n o t  c o n t r i b u t e  a  l a r g e  amount o f  
co rnbus t ib le  m a t e r i a l  t o  p e r m i t  a  f i r e  t o  e n g u l f  t h e  e n t i r e  f a c i l i t y .  However, 
gas hea t  i n  t h e  b u i l d i n g ,  a  t r u c k  a t  t h e  l o a d i n g  dock, wooden p a l l e t s  h o l d i n g  
waste,  o r  f u e l  s t o r a g e  t a n k s  c o u l d  p r o v i d e  c o m b u s t i b l e s  t o  f u e l  t h e  f i r e .  



It i s  p o s t u l a t e d  t h a t  mi s s i  1  es genera ted  by t h e  combust i  o n l e x p l  o s i  on pass 
t h r o u g h  t h e  open l o a d i n g  dock door  and h i t  gas s t o r a g e  tanks .  T h i s  e v e n t  
r e s u l t s  i n  g a s o l i n e  s p i l l a g e  p r o v i d i n g  f u e l  s u f f i c i e n t  f o r  a  f i r e  t o  e n g u l f  t h e  
f a c i l i t y .  

Wooden p a l l e t s  s u p p o r t  t h e  waste  drums. I n  an a l t e r n a t e  s c e n a r i o  t h e s e  
can be assumed i g n i t e d ,  c a r r y i n g  t h e  f i r e  t h r o u g h  t h e  f a c i  1  i t y .  N a t u r a l  gas o r  
propane h e a t e r s  c o u l d  p r o v i d e  a d d i t i o n a l  f u e l  t o  t h e  f i r e .  

Heat p r e s s  r i z i n g  t h e  'H c y l i n d e r s  c o u l d  cause t h e  c y l i n d e r s  t o  r u p t u r e  Y nd a l l  o f  t h e  H wou ld  become a i r b o r n e .  A  maximum r e l e a s e  c o u l d  be 5000 C i  o f  
3H. 

Damage t o  drums, p l u s  h e a t i n g  wou ld  cause a l l  t h e  v o l a t i l e  r a d i o i s o t o p e s  
a s s o c i a t e d  w i t h  t h e  drummed waste  t o  become a i r b o r n e .  L i c e n s e  1  i m i t s  a r e  f r o m  

duc mat a1 , wh ic  w i l l  t y p i c a l l y  i n c l u d e  v o l a t i  l e s :  
?2,t03~00?2k~ , , , O f  3k;-PS9p , , 55S , f55 Xe, and b 1 Cr, as a  l ow  v o l a t i l e  (1%). To 
i 1  l u s t r a t e  t h i s  r e l e a s e ,  t h e  i s o t o p i c  d i s t r i b u t i o n  and r e l e a s e  f r o m  a  t y p i c a l  
waste  m i x t u r e  (based on t h e  I n t e r e x  by -p roduc t  c u r i e  1  i m i t )  a r e  as l i s t e d  i n  
T a b l e  4.7. 

4.10.2 Waste Warehousing MREPP S c e n a r i o  

A majo r  c o m b u s t i o n / e x p l o s i o n  r e s u l t i n g  i n  a  l a r g e  f a c i l i t y  f i r e  i s  t h e  
MREPP s c e n a r i o  f o r  a  waste  warehouse. 

4.10.2.1 M a t e r i  a1 Re lease 

3  
The a i r b o r n e  r e l e a s e  e s t i m a t e d  was 5000 C i  o f  H  f r o m  t h e  c y l i n d e r s  agd 

1940.6 C i  o f  mixed b y - p r o d u c t  m a t e r i a l s  a s s o c i a t e d  w i t h  t h e  waste.  T o t a l  H 
r e 1  ease i s  6200 C i  , t o t a l  r e l e a s e  o f  a1 1  n u c l  i d e s  i s  6940 C i  . 

4.10.2.2 F a c t o r s  A f f e c t i n g  Re lease 

The f o l l o w i n g  f a c t o r s  a f f e c t  r e l e a s e  a t  waste  warehous ing f a c i  1  i t i e s :  

S a f e t y  systems 
8 I n v e n t o r y  
e Propane t a n k  volume 
o A d d i t i o n a l  f u e l  sources.  

4.11 UNIVERSITY RESEARCH AND DEVELOPMENT 

A t  f a c i l i t i e s  i n  t h i s  c a t e g o r y ,  r a d i o a c t i v e  m a t e r i a l s  a r e  usua l  l y  r e c e i v e d  
from m a n u f a c t u r e r s  and used i n  many l a b o r a t o r i e s  covered under  one l i c e n s e .  
They can be r e c e i v e d  a t  and d i s t r i b u t e d  f r o m  a  c e n t r a l  r e c e i v i n g  area.  Sol  i d  
waste  i s  u s u a l l y  s t o r e d  a t  a  c e n t r a l  l o c a t i o n  p r i o r  t o  d i s p o s a l .  Thus, t h e  
s h i  p p i  n g l r e c e i  v i  ng  and waste  s t o r a g e  areas have t h e  1  a r g e s t  p o t e n t i  a1 r a d i o -  
i s o t o p e  i n v e n t o r i e s .  L i c e n s e  l i m i t s  a r e  l ow  and a c t u a l  i n v e n t o r i e s  a r e  u s u a l l y  
f r a c t i o n s  o f  t h e  l i m i t .  



TABLE 4.7. Radi o i  so topes  Assoc i  a t e d  w i t h  and Re1 eased f r o m  
R e p r e s e n t a t i v e  Drummed Waste i n  a  Combust ion1 
~ x ~ l o s i o n  Event  ( t o t a l  sou rce  = 2000 C i )  

Pe rcen t  i n  
K e p r e s e n t a t i  ve A i  r b o r n e  

E l  ement I so tope  Waste Release,  C i  

Carbon 14c 8 16 0 

Hydrogen 3~ 

I o d i  ne 12SI 

1311 

S u l f u r  

The l a b o r a t o r i e s  a r e  s c a t t e r e d  i n  d i f f e r e n t  l o c a t i o n s  on a  campus; as many 
as 500 d i f f e r e n t  l o c a t i o n s  can h a n d l e  r a d i o a c t i v e  m a t e r i a l s  a t  one f a c i  1  i t y .  
Severa l  l a b o r a t o r i e s  may be l o c a t e d  i n  one b u i l d i n g ,  some a r e  l o c a t e d  i n  rooms 
i n  h o s p i t a l s  t o  p r o v i d e  f o r  use i n  p a t i e n t s .  

Our i n f o r m a t i o n  does n o t  g i v e  d e t a i l s  on each o f  t h e  i n d i v i d u a l  s i t e s .  
S i n c e  t h e  m a j o r i t y  o f  t h e s e  s i t e s  have v e r y  low i n v e n t o r i e s ,  t h i s  wou ld  n o t  be 
c o s t  e f f e c t i v e  f o r  t h e  s a f e t y  assessment. Some genera l  i n c i d e n t s  a r e  suggested 
w i t h  t h e  m a j o r  a c c i d e n t s  f o c u s i n g  on t h e  h i g h  i n v e n t o r y  l o c a t i o n s :  s h i p p i n g /  
r e c e i v i n g  and waste  s t o r a g e .  

4.11.1 P o t e n t i  a1 A c c i d e n t  S c e n a r i o s  

Low l i c e n s e  l i m i t s ,  sma l l  d i spensed  doses, m a t e r i a l  fo rms such as s e a l e d  
sources,  and d i f f u s e  o p e r a t i o n s  reduce t h e  r i s k s  a s s o c i a t e d  w i t h  u n i v e r s i t y  
r e s e a r c h  and development f a c i l i t i e s .  A c c i d e n t s  d i s c u s s e d  a r e  s p i l l s  and l e a k s ,  
t o r n a d o ,  e x p l o s i o n ,  fi r e ,  waste  i n c i n e r a t o r  e r r o r ,  and a  p a t i e n t - r e 1  a t e d  
i n c i  d e n t .  

4.11.1.1 S p i l l s  a n d ' l e a k s  

Smal l  amounts o f  m a t e r i a l ,  gas o r  l i q u i d ,  can become a i r b o r n e  as a  
consequence o f  s p i  11s and l e a k s .  Some t y p i c a l  e v e n t s  a r e  suggested:  

m Gas Leaks. Gaseous 1 3 3 ~ e  i s  d i spensed  u s i n g  a  gas d i s p e n s i n g  system. 
These systems n o r m a l l y  use v i a l s  c o n t a i n i n g  20 mCi; however, t h e y  can 
c o n t a i n  up t o  100 m C i / y j g l .  T h e r e f o r e ,  a  v a l v e  l e a k  c o u l d  p o t e n t i a l l y  
l e a k  up t o  100 mCi o f  X f 3 3  H o s p i t a l s  can r e c e i v e  mu1 t i - d o s a g e  v i a l s  
c o n t a i n i n g  as much as 1 C i  Xe, i n  wh ich  case a  v a l v e  c o u l d  l e a k  as much 



as 1 Yospi  t a l  s  can r e c e i v e  mu1 t i  -dosage v i  a1 s  c o n t a i n i n g  as much as 
1 C i  E33Xe, i n  w h i c h  case a  v a l v e  c o u l d  l e a k  as much as 1 C i .  

Ano the r  p o t e n t i a l  1 3 3 ~ e  r e l e a s e  i s  an a c c i d e n t  w h i l e  a d m i n i s t e r i n g  t h e  
xenon t o  a  p a t i e n t .  S i n c e  t h e  maximum dosage a d m i n i s t e r e d  i s  20 m C i ,  t h i s  w i l l  
be t h e  maximum r e l e a s e .  

a L i q u i d  S p i l l s .  I o d i n e - 1 3 1  and 3 2 ~  a r e  i n j e c t e d  ( i n  t h e  f a c i l i t i e s  
s t u d i e d )  as l i q u i d  s o l u t i o n s ,  w i t h  maximum doses o f  30 mCi and 5  mCi , 
r e s p e c t i v e l y .  It i s  a s f y ~ e d  t h a  due t o  o p e r a t o r  e r r o r  an e n t i r e  dose i s  
s p i l l e d .  Because b o t h  I and 52P a r e  c o n s i d e r e d  v o l a t i  t h e  e n t i  r e  
dose becomes p j ~ b o r n e .  The maximum r e l e a s e  i s  30 mCi o f  . O r a l l y  
a d m i n i s t e r e d  I can be 1 0  uCi  i n  l i q u i d  o r  c a p s u l e  form, o r  t h e r a p y  
doses as g r e a t  as 200 m C i  i n  f a c i l i t i e s  o t h e r  t h a n  t h o s e  s t u d i e d .  

Tornado 

These f a c i  1  i t i e s  a r e  n o t  usua l  l y  c o n s t r u c t e d  t o  w i t h s t a n d  t o r n a d o  damage. 
T h e r e f o r e ,  i f  a  t o r n a d o  s t r i k e s  t h e  f a c i l i t y ,  seve re  damage and b r e a c h i n g  o f  
t h e  s t r u c t u r e  a r e  a n t i c i p a t e d .  Some packaged i s o t o p e s  (e.g., l e a d  s h i e l d e d  
s y r i n g e s )  a r e  n o t  v u l n e r a b l e  t o  t o r n a d o  damage. 

I s o t o p e s  i n  p rocess  c o u l d  be a t  r i s k .  T h i s  c o u l d  i n c l u d e  t h e  100 m C i  o f  
1 3 3 ~ e ,  r e l e a s i n g  t h e  e n t i  r e  amount f r o m  t h e  v i a l  l g ~  i n  t h e  gas l e a k .  The 
s t o r a g e  a rea  cpy3d be t h e  l o c a t i o n s  o f  a  l a r g e r  Xe r e l e a s e .  I f  a l l  o f  t h e  
u n i t s  f u l l  o f  Xe were i n  one s t o r a g e  room h i t  by a  t o r n a d o ,  t h e  e n t i r e  m a x i -  
mum l i c e n s e  l i m i t  o f  10 C i  c o u l d  be r e l e a s e d .  It would  be e x t r e m e l y  u n l i k e l y  
t h a t  t h i s  i n v e n t o r y  l e v e l  wou ld  be i n  t h e  s t o r a g e  area.  Because i t  has a  s h o r t  
(5.27 day )  h a l f - l i f e ,  i t  c o u l d  be assumed t o  be moved f rom t h e  s t o r a g e  a r e a  
r a p i d l y .  T h e r e f o r e  o n l y  a  f r a c t i o n  of t h e  i n v e n t o r y  wou ld  be t h e r e .  If we 
assume 1 0  C i  i s  a  week ' s  s u p p l y  and moved f r o m  t h e  s t o r a g e  a r e a  d a i l y ,  2 C i  
wou ld  be a  more r e a s o n a b l e  e s t i m a t e  o f  t h e  maximum r e l e a s e .  

I o d i n e - 1 3 1  i n  use wou ld  be r e l e a s e d ,  w i t h  a  v a l u e  s i m i l a r  t o  t h e  s p i l l  
r e l e a s e .  S t r i n g e n t  c o n t a i g e r  d e s i g n  wou ld  ensu re  t h e y  wou ld  n o t  be damaged so 
t h e y  a r e  n o t  a  sou rce  of I re leases .  The t o t a l  r e l e a s e  i s  dependent on t h e  
number of  c o n t a i n e r s  a c t u a l l y  i n  use when t h e  t o r n a d o  s t r i k e s .  

G e n e r a t o r s  can be damaged s p i  11 i n g  ""Tc. S i n c e  t e c h n e t i u m  i s  a  _low v o l a -  
t i l e  (Rimshaw e t  a1 . , 1980) a i  r b o r n e  r e l e a s e s  a r e  n e g l  i g i  b l e .  Molybdenum-99 i s  
absorbed on an aluminum o x i d e  ( K r i s t e n s e n ,  1979),  a  form n o t  l i k e l y  t o  become 
a i  rbo rne .  

T r i  t i u g  i n  p rocess  i s  v u l n e r a b l e ;  however, a  s i g n i f i c a n t  p o r t i o n ,  p e r h a p s  
1500 C i  o f  H, i s  i n  waste  s t o r a g e  i n  c o n t a i n e r s  n o t  l i k e l y  t o  be breached i n  a  
t o r n a d o  s t r i k e .  

Because t h e  i n v e n t o r y  i s  d i s p e r s e d  i n  many sma l l  l a b o r a t o r i e s ,  i t  i s  
u n l i k e l y  t h a t  a  t o r n a d o  wou ld  damage more t h a n  a  p o r t i o n  o f  them. T h i s  t h e r e -  
f o r e  l i m i t s  t h e  magni tude o f  a  r e l e a s e .  



4.11.1.3 E x p l o s i o n  

Due t o  t h e  sma l l  s c a l e  o f  t h e  o p e r a t i o n s ,  t h e  p o t e n t i a l  f o r  e x p l o s i o n s  t o  
produce r e l e a s e s  a r e  1  i m i  t e d  t o  a reas  w i t h  s i g n i f i c a n t  i n v e n t o r i e s .  

N a t u r a l  gas used f o r  h e a t i n g  c o u l d  be t h e  sou rce  o f  a  p o t e n t i a l  e x p l o s i o n 1  
d e f l a g r a t i o n  as d i s c u s s e d  i n  S e c t i o n  4.3.1.6 o f  t h i s  r e p o r t .  It i s  hypo the -  
s i z e d  t h a t  a  d e t o n a t i  o n / d e f  1  a g r a t i  on occu rs  i n  t h e  s h i  p p i  n g / r e c e i  v i  ng o r  waste  
s t o r a g e  area.  Combus t ib le  m a t e r i a l s  such as wooden p a l l e t s  f u e l  t h e  f i r e ,  and 
i t  i s  assumed t o  e n g u l f  t h e  area.  Releases f r o m  t h i s  s c e n a r i o  wi  11 be q u a n t i -  
f i e d  as a  f a c i l i t y  f i r e .  

4.11.1.4 F i r e  

A  m a j o r  f a c i  1  i t y  f i r e  i s  suggested as t h e  r e s u l t  of a  n a t u r a l  gas e x p l o -  
s i o n .  S i n c e  t h e  e n t i  r e  l i c e n s e  1  i m i t  i s  l o c a t e d  i n  s e v e r a l  b u i l d i n g s ,  i t  would  
n o t  a1 1  be a t  r i s k .  Two areas a r e  suggested where r a d i o n u c l  i d e s  can be found  
i n  r e l a t i v e l y  l a r g e  amounts: 1 )  t h e  c e n t r a l  sh ipment  r e c e i v i n g  and s t o r a g e  
area,  and 2 )  r a d i o a c t i v e  waste  s to rage .  

4.11.1.4.1 C e n t r a l  Recei  v i  ng /S to rage  F i  r e  

T h i s  area can be one room i n  a  l a r g e  b u i l d i n g ,  where r a d i o n u c l i d e s  a r e  
r e c e i v e d  and t h e n  d i s t r i b u t e d  t o  t h e  use rs .  Due t o  t h e  s h o r t  h a l f - l i v e s  o f  
some o f  t h e  i s o t o p e s ,  t h e y  a r e  o r d e r e d  and used as r e q u i  r e d  and must be sh ipped  
r a p i d l y .  T h e r e f o r e ,  i t  i s  d i f f i c u l t  t o  imag ine  them a c c u m u l a t i n g  i n  t h i s  
area.  Perhaps 10% o f  t h e  i n v e n t o r y  l i m i t  a r e  i n  t h e  area a t  one t i m e .  

B u i l d i n g  m a t e r i a l ,  f u r n i t u r e ,  paper ca,r tons and so on c o u l d  be a v a i l a b l e  
t o  f u e l  t h e  f i r e .  A d j a c e n t  l a b o r a t o r i e s  c o u l d  use s o l v e n t s .  These c o u l d  f u e l  
t h e  f i r e  i n i t i a t e d  by t h e  n a t u r a l  gas d e t o n a t i o n ,  and i t  becomes a  m a j o r  f i r e .  

V o l a t i l i t i e s  o f  most of t h e  i s o t o p e s  p o t e n t i a l l y  i n v o l v e d  i n  t h e  f i r e  were 
$ & $ C f ,  CUSS p t q i n  e y j f i e r  s e c t '  ns and wi  11 n o t  be repea ted  here .  Four  i s o t o p e s ,  

Cm, Np, and 49mTc were below t h e  amount s e l e c t e d  f o r  e a r l i e r  
d i  s c u s s i  ons because t h e y  d i d  n o t  r e p r e s e n t  a s i  g n i  f i c a n t  p o r t i o n  o f  t h e  i nven- 
t o r i e s  i n  o t h e r  f a c i l i t i e s .  S i n c e  t h e y  a r e  a more s i g n i f i c a n t  f r a c t i o n  here ,  a  
d i s c u s s i o n  f o l l o w s :  

e C a l i f o r n i u m - 2 5 2  v o l a t i l i t y  i n f o r m a t i o n  was n o t  f ound  i n  t h e  l i t e r a t u r e  
rev iew .  Because o f  h i g h  r a d i a t i o n  danger  i t  s h o u l d  be s h i e l d e d ,  even when 
i n  use ( H a l l ,  . Ano the r  sou rce  (Subrahmanian e t  a l . ,  1976) recom- 
mended lockingl"'!f sou rces  i n  a  f i r e p r o o f  sa fe  when n o t  i n  use. T h i s  
wou ld  suggest  t h a t  .admi n i  s t r a t i  ve p rocedures  wou ld  mi n i m i  ze t h e  oppor -  
t u n i  t y  f o r  a i  r b o r n e  r e 1  eases. Procedures  used d u r i n g  p r o c e s s i n g  i n d i  c a t e  
t h a t  . i t  ' n o t .  v o l a t i t l e .  F o r  example, one s t e p  i n  t h e  o p e r a t i o n  f o r  p r o -  
d u c i  ng 25'Cf sources i n c l  udes h e a t i  ng t o  f o r m  Cfp03,  a  s t a b l e  fo~ipp(Hal1 
and Ross i  , 1974). Based on t h i s  i n f o r m a t i  on i t  i s  assumed t h a t  C f  w i  11 
n o t  produce an a i r b o r n e  r e l e a s e  i n  a  f i r e .  



a C u r i  um-244 i s  a p p r e c i  a b l y  1  ess v o l  a t i  1  e  t h a n  ameri c i  um a c c o r d i  ng t o  
Penneman and Keenhan (1960) .  However, t h e y  do n o t  i n d i c a t e  t h e  v o l a t i l i t y  
l e v e l .  The me1 t i  ng p o i  n t  o f  c u r i  um i s  about  1340°C (Weast, 1973).  A 
r e l e a s e  f a c t o r  i s  suggested based on t h e  r a t i o  t h e  m e l t i n g  p o i n t s  of  

Q 
amer i c ium and cur ium,  wh ich  i s  about  0.75. A  28 fAm r e l e a s e  f a c t o r  o f  0.01 
was suggested f o r  f i  r e 3  about  100U°C. The 2 4 4 ~ m  r e l e a s e  f a c t o r  s e l e c t e d  
i s  t h e r e f o r e  7.5 x  10- . 

o Neptunium-237 i s  h i g h  b o i l i n g  a t  390Z°C (Weast, 1973). D u r i n g  p r e p a r a t i o n  
i t  i s  c o n c e n t r a t e d  e v a p o r a t i o n  (Schu lz  and B e n e d i c t ,  1972).  Based on 
t h i s  i n f o r m a t i o n ,  2'yNp i s  assumed n o n v o l a t i l e .  However, f l u o r i d e  corn-. 
pounds can be v o l a t i l e  a t  400°C as NpF6 ( S c 9 y j z  and Bened ic t ,  1972) so t h e  
upper  v o l a t i l i t y  l i m i t  would  depend on t h e  Np form. 

o Technetium-99m i s  produced by 9 9 ~ 0  g e n e r a t o r s  as needed i n  t h e  u n i v e r s i t y  
r e s e a r $ $  andgbevelopment f a c i l i t i e s .  There fo re ,  a i r b o r n e  r e l e a s e s  w i l l  be 
mixed Mo/ Tc and dependent on t h e  g e n e r a t i o n  s t a t u s .  S t u d i e s  o f  
r e l e a s e  d u r i n g  ~ g d i o a c t i v e  waste  c a l c i n i n g  i n d i c a t e d  t h a t  l e s s  t h a n  1% o f  
t h e  a s s o c i a t e d  Tc wou ld  v o l a t i l i z e  ( R i m $ $ p  e t  a l . ,  1980) .  T h e r e f o r e ,  a  
0.01 r e l e a s e  f a c t o r  i s  suggested f o r  t h e  Tc. 

Releases f r o m  t h e  m a j o r  f i r e s  a r e  l i s t e d  i n  T a b l e  4.8. They a r e  based on 
t h e  assumpt ions  t h a t  10% o f  t h e  maximum i n v e n t o r y  i s  l o c a t e d  i n  t h i s  area and 
t h e  f i r e  l a s t s  1 h. 

4.11.1.4.2 R a d i o a c t i v e  Waste S to rage  F i r e  

Waste f r o m  a l l  t h e  l a b o r a t o r i e s  i s  ga the red  i n  a  s e p a r a t e  f a c i  1  i t y  and 
h e l d  u n t i l  t r a n s p o r t e d  f o r  b u r i a l .  On ly  waste  i n  t h i s  b u i l d i n g  i s  s u b j e c t e d  t o  
f i r e  s t r e s s e s .  Wooden p a l l e t s  h o l d i n g  t h e  b a r r e l s  o f  waste  can f u e l  t h e  f i r e ,  
as w e l l  as waste  s t o r e d  i n  ca rdboard  c a r t o n s .  W i t h  t h e  a d d i t i o n  o f  s u f f i c i e n t  
hea t  t h e  drums o f  waste  can r u p t u r e  and t h u s  t h i s  m a t e r i a l  can be a v a i l a b l e  t o  
f u e l  t h e  f i r e .  

A t  one f a c i l i t y  ( t h e  U n i v e r s i t y  of W iscons in )  1500 C i  o f  'H a r e  s t o r e d  i n  
t h i s  area e i t h e r  as a  gas o r  i n  35-gal  drums absorbed on m o l e c u l a r  s ieve .  It 
can be assumed t h a t  t h i s  e n t i r e  H  i n v e n t o r y  i s  v a p o r i z e d  i n  t h e  f i r e .  O t h e r  
r a d i o n u c l i d e s  a s s o c i a t e d  w i t h  t h e  waste  wou ld  become a i r b o r n e  w i t h  t h e  
v o l a t i l i t y  l i s t e d  i n  T a b l e  4.8. 

4.11.1.5 Waste I n c i n e r a t o r  E r r o r  

Two n u c l i d e s ,  3~ and 14c, a s s o c i a t e d  w i t h  t h e  l i q u i d  waste  ( 3  mCi/5 g a l )  
may be r e l e a s e d  t o  t h e  atmosphere a t  a  maximum r a t e  o f  50 mCi lday  d u r i n g  waste  
i n c i n e r a t i o n . '  They a r e  mixed w i t h  f u e l  o i l  and pumped i n t o  h o l d i n g  t a n k s  
b e f o r e  i n c i n e r a t i o n .  O p e r a t o r  o r  c l e r i c a l  e r r o r  c o u l d  r e s u l t  i n  a  h i g h e r '  spe- 
c i f i c  a c t i v i t y  i n  t h e  l i q u i d  yas te .  14f t h e  waste c o n c e n t r a t i o n  i n c r e a s e d  by an 
o r d e r  of 10,500 m C i  o f  mixed H  and C c o u l d  be r e l e a s e d  t o  t h e  atmosphere. 



TABLE 4.8. P o t e n t i a l  MREPP o f  I s o t o p e s  P o t e n t i a l l y  I n v o l v e d  i n  a  
M a j o r  F i r e  a t  t h e  S h i p p i n g / R e c e i v i n y  Department a t  a  
Uni  v e r s i  t y  Research and Development L a b o r a t o r y  

10 % o f  
Maxi mum 

I n v e n t o r y ,  C i  

0.5 

1 

Suggested 
Release 

F a c t o r  

0.01 

1 

E l  ement 

Arneri c i  urn 

Carbon 

Cal  i f o r n i  urn 

I sotope  

2 4 1 ~ r n  

Release,  C i  

5 10-3 

1 

Cesi  um 

C o b a l t  

C u r i  urn 

Hydrogen 

I o d i n e  

Molybdenum 
Technet ium la 1 99~40/99mTc 

Neptun i  urn 
237 

N  P 

N i c k e l  63~i  

Phosphorous 3 2 ~  

p o l  o n i  um 2 1 0 ~ o  

s t  r o n t  i urn 9 0 ~ r  

S u l f u r  3 5 ~  

Xenon 1 3 3 ~ e  

( a )  These a r e  assumed t o g e t h e r  i n  g e n e r a t o r s .  

4.11.1.6 P a t i e n t  R e l a t e d  I n c i d e n t  

Ano the r  r e l e a s e  mechani sm, l i m i t e d  t o  an a d m i n i s t e r e d  dose, I d  occu r  i f  f9Y 
a  p a t i e n t  becomes s i c k  and vomi ted a f p j t i  t r e a t m e n t .  The dose o f  I can be 
30 mCi o r  as much as 200 mCi . Since  I can be v o l a t i l e ,  t h e  e n t i  r e  dose 
c o u l d  become a i  rbo rne .  

4.11.2 Uni v e r s i  t y  Research and Development MREPP S c e n a r i o  

Two l o c a t i o n s  were suggested f o r  t h e  MREPP even t  based on r a d i o n u c l i d e  
i n v e n t o r y  1  eve1 . These'  were t h e  s h i  p p i  n g l r e c e i  v i  ng  and waste  s t o r a g e  area.  A 
f i r e  v o l a t i l i 3 i n g  r a d i o n u c l  i d e s  i n  t h e  waste  s t o r a g e  a rea  i s  t h e  MREPP because 
o f  t h e  l a r g e  H i n v e n t o r y .  



O t h e r  i s o t o p e s  can be p r e s e n t  i n  t h e  waste.  L e v e l s  wou ld  be l ow  and - 
r e l e a s e s  f r o m  was te  s h o u l d  n o t  exceed t h o s e  f r o m  a  f i r e  i n  t h e  s h i p p i n g /  
r e c e i  v i  ng area.  

4.11.2.1 M a t e r i a l  Re lease  

Radi  o n u c l  i d e s  i n  t h e  s h i  p p i  ng  a rea  become a i  r b o r n e  i n  t h e  f i  r e  depend i  ng 
on v o l a  i l i t y .  These a r e  l i s t e d  i n  T a b l e  4.8. However, t t i e  l a r g e  amount o f  5 s t o r e d  H  a t  one f a c i l i t y  means t h a t  t h e  s t o r a g e  a r e a  has t h e  MREPP. The 
e n t i  r e  1500 C i  i n v e n t o r y  becomes a i  r b o r n e .  

4.11.2.2 F a c t o r s  A f f e c t i n g  Re lease 

The f o l l o w i n g  f a c t o r s  a f f e c t  r e l e a s e  a t  u n i v e r s i t y  r e s e a r c h  and 
deve lopment  f a c i  1  i t i e s :  

e I n v e n t o r y  i n  waste  
o Ef fec t iveness  o f  f i r e  s a f e t y  systems. 



0 
5.0 RELEASE CALCULATIONS 

W h i l e  a  range o f  a c c i d e n t a l  r e l e a s e s  have been covered f o r  each of t h e  
o p e r a t i o n s ,  MREPP e v e n t s  e n v i s i o n e d  a r e  l i m i t e d  t o  t h e  t h r e e  t y p e s  l i s t e d  i n  
T a b l e  5.1. These e v e n t s  a r e  f i r e ,  t o rnado ,  and c r i t i c a l i t y  a c c i d e n t .  The 
f o l l  owing s e c t i o n s  w i  11 d i s c u s s  e lements  c o n s i d e r e d  when d e f i n i n g  each of t h e s e  
a c c i d e n t s  and genera l  c a l c u l a t i  ona l  c o n s i d e r a t i o n s .  The a p p l i c a t i o n  t o  t h e  
s p e c i f i c  f a c i l i t i e s  where t h e  even t  was t h e  MREPP i s  t h e n  d i scussed .  T h i s  
i n c l u d e s  c a l c u l  a t i o n a l  t e c h n i q u e s  and c o n s i d e r a t i o n s  imposed by s p e c i f i c  
r a d i  o a c t i  ve m a t e r i  a1 s. 

C a l c u l a t i n g  an a i  r b o r n e  r e l e a s e  a f t e r  an a c c i d e n t  r e q u i  r e s  s e v e r a l  s t e p s  
l e a d i n g  t o  a  genera1 form: 

A i r b o r r l e  = r a d i  o a c t  i ve x  r e l e a s e  f a c t o r .  
Re1 ease m a t e r i a l  a t  r i s k  

Components o f  t h e  f o r m u l a t i o n  t h u s  a r e  t h e  m a t e r i a l  a t  r i s k  and a  r e l e a s e  f a c -  
t o r  made o f  s e v e r a l  e lements .  

M a t e r i a l  a t  r i s k  i s  t h e  r a d i o a c t i v e  i n v e n t o r y  t h a t  can be i n  j e o p a r d y  f r o m  
t h e  a c c i d e n t .  T h i s  i s  n o t  n e c e s s a r i l y  and, i n  f a c t ,  u s u a l l y  i s  n o t  t h e  l i c e n s e  
l i m i t ,  b u t  wou ld  be some l o w e r  va lue.  T h i s  v a l u e  c o u l d  be, f o r  example, 75% o f  
t h e  limit. The m a t e r i a l  a t  r i s k  w i l l  i n c l u d e  s u r f a c e  c o n t a m i n a t i o n  on e q u i p -  
ment i n  a  f a c i l i t y .  C e l l u l o s i c  and o t h e r  r a d i o a c t i v e l y  con tamina ted  waste  
m a t e r i a l  s h o u l d  be c o n s i d e r e d  i n  t h e  assessment. S t o r e d  m a t e r i a l s  can be i n  
j e o p a r d y  and can o f t e n  r e p r e s e n t  a  l a r g e  i n v e n t o r y .  

Release f a c t o r  can i n c l u d e  m a t e r i a l  form, a c c i d e n t  s t r e s s e s ,  a v a i l a b i l i t y ,  
m i t i g a t i o n ,  t i m e ,  and p a r t i c l e  s i z e .  These must be c o n s i d e r e d  and may be 
i n c l u d e d  i n  one r e l e a s e  f a c t o r  o r  t h e  d i f f e r e n t  p a r t s  can be separa ted .  The 
most s t r a i g h t f o r w a r d  approach i s  t o  e s t i m a t e  t h e  amount o f  m a t e r i a l  a i r b o r n e  a t  
t h e  s i t e  o f  t h e  even t  and t h e n  r e l a t e  t h i s  t o  c o n d i t i o n s  i n  a  s p e c i f i c  
f a c i l i t y :  

o M a t e r i a l  f o r m  i n c l u d e s  whether  t h e  i n v e n t o r y  i s  powder, l i q u i d  o r  
gas. I n  some o f  t h e  f a c i l i t i e s  s t u d i e d  h e r e  t h e  i n v e n t o r y  c o u l d  
i n c l u d e  mi c rospheres  o'r s e a l e d  sources.  Su r face  contami n a t i o n  can be 
on v a r i o u s  m a t e r i a l s , ,  and t h i s  s u b s t r a t e  must a1 so be cons ide red .  

A c c i d e n t  s t r e s s e s  d e t e r m i n e  t h e  magni tude o f  t h e  r e l e a s e .  These 
i n c l u d e  f i  r e  p r o d u c i n g  h i g h  t e m p e r a t u r e  and t u r b u l e n t  s t r e s s e s ,  
e x p l o s i o n s  p r o d u c i  ng  h i  gh 1  eve1 s  o f  energy,  p r e s s u r i z e d  r e 1  eases 
e j e c t i n g  m a t e r i a l  f o r c e f u l l y  f r o m  a  c o n t a i n e r ,  o r  impac t  f r o m  
s p i  11 s. Suggested responses of m a t e r i  a1 s  a r e  based on empi r i  c a l  l y  
de te rm ined  r e l e a s e  f a c t o r s  o r  known b e h a v i o r .  



TABLE 5.1. MREPP Events  

F a c i  1  i t y  Event  

Uranium f u e l  f a b r i c a t i o n  UF6 c y l  i n d e r  r u p t u r e  
( o x i d e )  i n  l o a d i n g  dock 

i n c i d e n t  ( f  i r e )  

Uranium f u e l  f a b r i c a t i o n  C r i t i c a l i t y  
(me ta l  ) 

UFg p r o d u c t i o n  UF6 c y l  i n d e r  r u p t u r e  
i n  l o a d i n g  dock 
i n c i  d e n t  ( f  i r e )  

U r a n i  um m i  11 i ng Tornado 

Waste warehous ing F a c i  1  i t y  f i  r e  

P l  u t o n i  urn con tamina ted  Tornado 

Radi opharmaceut i  c a l  F a c i  1  i t y  f i r e  
rnanu fac tu r i  ng 

Radi opharmacy F a c i  1  i t y  f i  r e  

Sea led sou rce  
m a n u f a c t u r i  ng 

F a c i l i t y  f i r e  

Research and development C r i t i c a l i t y  
o f  n u c l e a r  f u e l  s  

U n i v e r s i t y  r e s e a r c h  and 
d e v e l  opment F a c i l i t y  f i r e  

A v a i l a b i l i t y  o f  t h e  m a t e r i a l  t o  t h e  a c c i d e n t  s t r e s s e s  must be 
c o n s i d e r e d  n e x t .  Packag ing o f  t h e  m a t e r i a l  (e.g., i n  DOT-approved 
c o n t a i  n e r s )  p r e c l  udes r e l e a s e s  from a1 1  b u t  t h e  most r i  gorous 
a c c i d e n t  s t r e s s e s .  Even con ta inmen t  w i t h i n  a  g l o v e  box l o w e r s  t h e  
p o t e n t i a l  r e l e a s e ,  s i n c e  i t  adds a  b a r r i e r  t o  t h e  r e l e a s e  path .  

s M i t i g a t i o n  can be p lanned  o r  i n a d v e r t e n t .  F i l t e r s  i n c l u d e d  i n  a  
f a c i l i t y  reduce t h e  p o t e n t i a l  f o r  an a tmospher i c  r e l e a s e ,  and t h e y  
must be e v a l u a t e d  t o  d e t e r m i n e  i f  t h e  a c c i d e n t  s t r e s s e s  a r e  s u f f i -  
c i e n t  t o  breach them. D e p o s i t i o n ,  condensat ion ,  agg lomera t i on ,  and 
o t h e r  mechanisms can reduce t h e  r e l e a s e .  An even t  o u t s i d e  a  f a c i l i t y  
w i l l  have a  l a r g e r  r e l e a s e  i n  t h e  absence o f  m i t i g a t i o n .  



Time i n c l u d e s  t h a t  r e q u i r e d  f o r  t h e  r e l e a s e  o r  how l o n g  t h e  s t r e s s e s  
a r e  imposed. Some r e l e a s e s  such as f r o m  an e x p l o s i o n  a r e  e s s e n t i a l l y  
i n s t a n t a n e o u s .  However, t h e r e  w i l l  be a  p e r i o d  o f  t i m e  a f t e r  t h e  
i n i  t i  a1 even t  when t h e  d i s p e r s e d  r a d i  o a c t i  ve m a t e r i  a1 s  can become 
a i  r b o r n e  by resuspens i  on due t o  aerodynamic e n t  r a i  nment . F o r  f i  res ,  
t h e  b u r n i n g  t i m e  wi  11 f r e q u e n t l y  deterrn i  ne t h e  r e l e a s e  magni tude.  
The l e n g t h  o f  t i m e  a  f i r e  w i l l  burn  i s  dependent on t h e  c o m b u s t i b l e  
l o a d i n g ,  n o t  j u s t  t h e  r a d i o a c t i v e  component. 

e P a r t i c l e  s i z e  s h o u l d  be c o n s i d e r e d  i n  t h e  r e l e a s e  a n a l y s i s  because 
p a r t i c l e s  w i t h  d i a m e t e r s  1 0  pm AED can be i n h a l e d  and r e t a i n e d  i n  t h e  
l u n g  and r e p r e s e n t  a  h e a l t h  hazard.  F o r  many o f  t h e  m a t e r i a l s  found 
i n  t h e  NMSS f a c i l i t i e s ,  t h i s  i n f o r m a t i o n  i s  n o t  a v a i l a b l e ,  so t h e  
r e l e a s e  i s  c o n s e r v a t i v e l y  e s t i m a t e d  a l l  i n  t h e  r e s p i r a b l e  range. 

I n  o u r  a n a l y s i s ,  we have used t h e  approach o f  e s t i m a t i n g  t h e  f r a c t i o n  o f  
t h e  r a d i o a c t i v e  m a t e r i a l  a i  r b o r n e  a t  t h e  a c c i d e n t  s i t e .  Elements c o n t r i b u t i n g  
t o  t h e  r e l e a s e  have been i d e n t i f i e d  s e p a r a t e l y  r a t h e r  t h a n  u s i n g  a  s i n g l e  
r e l e a s e  f a c t o r .  Thus f a c t o r s  such as m i t i g a t i o n  by f i l t e r s  can be suggested as 
t h e y  a p p l y  t o  s p e c i  f i c  cond i  t i  ons. 

5.1 FIRES 

Seven o f  t h e  f a c i  1  i t i e s  rev iewed have f i r e s  as t h e  MREPP even t .  Two 
genera l  f i r e  s c e n a r i o s  were i d e n t i f i e d :  1 )  f a c i l i t y  f i r e  and 2 )  l o a d i n g  dock 
( s h i p p i n g l r e c e i  v i  n g  a r e a )  f i  re .  Each o f  t h e s e .  i s  d i s c u s s e d  i n c l u d i n g  
i n i t i a t i n g  even ts ,  f i r e  i g n i t i o n  and f i r e  development.  

F a c i l i t i e s  where a  f a c i l i t y  f i r e  was t h e  suggested MREPP e v e n t  a r e  
r a d i o p h a r m a c e u t i c a l  m a n u f a c t u r i n g ,  radiopharmacy,  waste  warehous ing,  s e a l e d  
sou rce  m a n u f a c t u r i  ng, and u n i  v e r s i  t y  r e s e a r c h  and deve l  opment . Temperatures  
r e s u l t i n g  f r o m  a  m a j o r  f a c i l i t y  f i r e  c o u l d  be 800 t o  1000°C, c o n s i d e r e d  t y p i c a l  
o f  an e n c l o s u r e  f i r e  (Thomas, 1974).  A l o a d i n g  dock f i  r e  i n v o l v i n g  UF6 
c y l i n d e r s  was t h e  MREPP e v e n t  f o r  two f a c i l i t i e s ,  u ran ium f u e l  f a b r i c a t i o n  
( o x i d e )  and UF6 p r o d u c t i o n .  

5.1.1 F a c i l i t y  F i r e  

T h i s  f i r e  i s  c o n s i d e r e d  t o  be one i n i t i a t e d  by an e v e n t  w i t h i n  t h e  f a c i l -  
i t y  o r  i n v o l v i n g  t h e  e n t i r e  f a c i l i t y .  These f i r e s  i n c l u d e  t h o s e  s t a r t e d  by  
n a t u r a l  gas e x p l o s i o n s  o r  f i r e s  t h a t  spread t o  an a s p h a l t  o r  f lammable  r o o f  
f r o m  an a d j a c e n t  f i r e .  The F i r e  P r o t e c t i o n  Handbook (McKinnon, 1976) has been 
used as a  b a s i c  r e f e r e n c e  f o r  t h i s  f i r e  s e c t i o n .  F i r e s  r e q u i r e  b o t h  an 
i g n i  t i  on sequence and a  development phase: 

F i r e  i g n i t i o n  sequence. There  must 'be  a  h e a t  source,  a  k i n d l i n g  
f u e l ,  and an e v e n t  (human a c t i o n  o r  n a t u r a l  a c t )  t h a t  g e t s  t h e  h e a t  
sou rce  and k i n d l i n g  f u e l  t o g e t h e r  t o  s t a r t  t h e  f i r e .  Human e r r o r ,  
f a i l u r e  t o  r e c o g n i z e  and comprehend f a u l t s  t h a t  c o n t r i b u t e  t o  t h e  
even t ,  i s  a l s o  a s s o c i a t e d  w i t h  f i r e s .  . I n i t i a t i n g  e v e n t s  p r o v i d i n g  an 
i g n i  t i  on sequence can i n c l  ude: 

5 . 3  



- E l e c t r i c a l  . W i  r i n g  and a s s o c i a t e d  components can cause f i  r e s  by 
s h o r t * c i r c u i t  f a u l t s  o r  by a r c s  and spa rks  f r o m  damaged o r  
d e f e c t i v e  equipment.  Heated mo to rs  a r e  a n o t h e r  f i r e  source.  

Q 
- Open f lames.  The use of bunsen bu rne rs ,  w e l d i n g  sparks ,  and 

hydrogen b u r n o f f  can cause f i r e s .  

- H e a t i n g  equipment.  N a t u r a l  gas and f u e l  o i l  a r e  used f o r  space, 
h e a t i n g .  When gas o r  o i l  i s  used t h e r e  i s  t h e  hazard  o f  vapors  
m i x i n g  w i t h  a i  r and r e a c h i n g  t h e  i g n i t i o n  o r  e x p l o s i v e  l e v e l .  

- Trash  b u r n i n g .  Waste m a t e r i a l  can be t h e  sou rce  o f  a  sponta-  
neous ly  i g n i t e d  f i r e .  Improper  use o f  i n c i n e r a t o r s  can l e a d  t o  
a c c i d e n t a l  f i r e s .  

- Flammable l i q u i d s .  C a r e l e s s  h a n d l i n g  o r  s t o r a g e  o f  f lammable  o r  
c o m b u s t i b l e  l i q u i d s  can l e a d  t o  f i r e s .  I g n i t i o n  can r e s u l t  due 
t o  l e a k i n g  o f  f u e l s  o r  s p i l l s  near  a  h e a t  source.  

- Gas e x p l o s i o n .  Gas escap ing  f r o m  p i p i n g ,  s t o r a g e  tanks ,  o r  
equipment;  misuse o r  f a u l t y  o p e r a t i o n  o f  equipment can l e a d  t o  a  
b u i  l d u p  o f  gas t o  an e x p l o s i v e  c o n c e n t r a t i o n .  

- E x t e r n a l  source.  L i g h t n i n g  can i n i t i a t e  a  f a c i l i t y  f i r e .  Some 
o f  t h e s e  NMSS f a c i l i t i e s  a r e  i n  l o c a t i o n s  where t h e y  wou ld  be i n  
p o t e n t i a l  f i r e  j eopardy  f r o m  sparks  f r o m  a d j a c e n t  b u r n i n g  
b u i  1 d i  ngs o r  range fi res .  

e F i r e  development.  The f i r e  i g n i t i o n  sequence wi  11 n o t  o f  i t s e l f  l e a d  
t o  a  f a c i  1  i t y  f i  re .  T h i s  r e q u i r e s  t h e  a d d i t i o n  of  c o m b u s t i b l e  b u r n -  
i n g  m a t e r i a l  f o r  t h e  f i r e  development.  Compar tmenta t ion  o f  a  b u i l d -  
i n g  w i t h  p h y s i c a l  b a r r i e r s  can l i m i t  f i r e  spread, as w i l l  e f f e c t i v e  
fi r e  s u p p r e s s i o n  systems. C o n s t r u c t i o n  d e f i c i e n c i e s  can be m a j o r  
c o n t r i b u t o r s  t o  f i r e  spread:  f a i l u r e  t o  s u b d i v i d e  l a r g e  areas,  l a c k  
of  fi r e  doors ,  absence of f i  r e  c u t o f f s  between f l o o r s ,  open s t a i  rways 
and e l e v a t o r  s h a f t s ,  conveyor  and p i p e  openings,  c o m b u s t i b l e  i n t e r i o r  
m a t e r i  a1 s  and f i n i  shes. 

Improper  s t o r a g e  of b u i l d i n g  c o n t e n t s  i s  a  f r e q u e n t  c o n t r i b u t o r  t o  
l a r g e  f i r e s .  I m p r o p e r l y  s t o r e d  l i q u i d s  can escape f r o m  drums, t a n k s ,  
and p r o c e s s i  ng equ i  pment . Flammable gases escap ing  f rom c y l  i nders  o r  
p i p i n g  can c o n t r i b u t e  t o  t h e  f i r e  spread. Even i f  c o n t a i n e d ,  t h e s e  
c o n t a i n e r s  can o v e r p r e s s u r i  ze f r o m  t h e  i n i  t i  a1 even t .  

5.1.1.1 Radi  opharmaceut i  c a l  M a n u f a c t u r i n g  

The f i r e  i g n i t i o n  sequence f o r  t h i s  f a c i l i t y  was p o s t u l a t e d  as a  f lammable 
vapor l e a k  w i t h  n a t u r a l  gas as t h e  vapor.  The gas accumula tes  and subsequen t l y  
d e f l a g r a t e s  ( S e c t i o n  4.3.1.6). An i g n i t i o n  sou rce  i s  fundamental  t o  a  combus- 
t i o n  e x p l o s i o n :  s t a t i c  e l e c t r i c i t y  i s  one p o t e n t i a l  f i r e  i g n i t o r .  S ince  gas 

i s  u s u a l l y  used i n  hea t  p r o d u c i n g  equipment,  t h e  i g n i t o r  can be i n h e r e n t  t o  t h e  ,, 



system. Sol  v e n t s  used i n  processes,  c e l l  u l  o s i  cs ,  and wood i n t e r i o r  members a r e  
a v a i l a b l e  t o  c o n t r i b u t e  combus t ib les  t o  t h e  f i r e  development.  T h i s  can be 
a c c e l e r a t e d  by l eakage  o f  oxygen f rom l i n e s  l o c a t e d  a t  each g l o v e  box, l i n e s  
wh ich  a r e  assumed broken i n  t h e  i n i t i a l  d e f l a y r a t i o n .  

To e s t i m a t e  t h e  s e v e r i t y  o f  t h e  even t  we c a l c u l a t e d  t h e  o v e r p r e s s u r e  
deve loped as a  r e s u l t  o f  t h a t  even t .  T h i s ,  i n  t u r n  l e a d s  t o  an e s t i m a t e  o f  
s t r u c t u r a l  and f i l t e r  damage. I n  a  wooden b u i l d i n g  t h e  f i r e  c o u l d  deve lop  even 
though t h e  s t r u c t u r a l  i n t e g r i t y  i s  m a i n t a i n e d ;  i n  a  c o n c r e t e  s t r u c t u r e ,  b a r -  
r i e r s  ( w a l l s  o r  r o o f )  must f a i l  i n  o r d e r  t o  g i v e  o p p o r t u n i t y  f o r  t h e  f i r e  t o  
spread.  Components o f  t h e  re1  ease c a l c u l a t i o n  a r e  f i  r e  i g n i  t i  on, damage, 
r a d i o n u c l  i d e  r e l e a s e ,  and source t e r m  modi f i  c a t i  on: 

e F i r e  i g n i t i o n .  The a c c i d e n t  s c e n a r i o  suggests  t h a t  t h e  gas l e a k s  
i n t o  a  "dead" a i  r space i n  o r d e r  t o  reach a  f lammable31eve l  above 
4%. Our i l l u s t r a t i o n  uses a  10 x  10 x  10 f t  (1000 f t  ) volumg, about  
t h e  s i z e  o f  a  s m a l l  room, f i l l e d  w i t h  an 0.04 f r a c t i o n  (40  f t  ) of 
n a t u r a l  gas. Combustion e x p l o s i o n s  can occu r  when o n l y  a  p o r t i o n  o f  
a  room, perhaps 25%, i s  f i l l e d  w i t h  f lammable gas. The i g n i t i o n  
sequence i s :  gas mixes w i t h  a i r ,  t h e  m i x t u r e  i g n i t e s ,  hea ted  a i r  
expands, and an e x p l  o s i  on f o l  1 ows. 

e Damage. E s t i m a t i n g  p o t e n t i a l  damage f r o m  e x p l o s i v e  e v e n t s  i s  an 
i n e x a c t  s c i e n c e  a t  p r e s e n t .  Some gu i  d e l  i nes have been e s t a b l  i shed 
t h a t  can h e l p  re1  a t e  t h e  o v e r p r e s s u r e  o f  t h e  even t  t o  a n t i c i p a t e d  
damage. 

N a t u r a l  gas i s  a  m i x t u r e  and can have v a r y i n g  compos i t i ons .  F o r  o u r  
i l l u s t r a t i o n ,  we s e l e c t e d  75% methane, 21% ethane,  and 4% propane 
(Crane, 1978) and c a l c u l a 5 e d  a  hea t  o f  combust ion  f o r  t h i s  s p e c i f i c  
m i x t u r e  t o  be 1120 B t u / f t  u s i n g  h e a t  o f  combust ion  o f  t h e  component 
gases ( P a c i f i c  Coast Gas A s s o c i a t i o n ,  1934).3 N a t u r a l  gas h e a t  o f  
combust ion  can range f r o m  958 t o  1124 B t u / f t  3(McKinnon, 1976) .  Our 
s p e c i f i c  m i x t u r e  has a  d e n s i t y  o f  0.055 l b / f t  , which c a l c u l a t e d  t o  

Use o f  t h i s  hea t  o f  combust ion  v a l u e  enab les  us  t o  c a l c u l a t e  t h e  energy 
deve loped i n  te-rms o f  TNT e q u i v a l e n c y ,  wh ich  i s  t h e n  used t o  e s t i m a t e  
damage produced by t h e  d e f  1  a g r a t  i on. 

The e x p l o s i o n  y i e l d  can be c a l c u l a t e d  ( S t r e h l o w  and Baker,  1976) 

where: 

0 



WTNT = e q u i v a l e n t ,  TNT w t / l b  

AHc = hea t  o f  combust ion  o f  hydrocarbon,  B t u j l b  

Wc = w e i g h t  a v a i l a b l e  as e x p l o s i v e  source,  l b  

1800 = hea t  o f  e x p l o s i o n  o f  TNT, B t u l l b .  

F o r  t h e  i l l u s t r a t e d  e x p l o s i o n  w i t h  a  4% f lammable gas l e v e l ,  t h e s e  
parameters  a r e  

A ~ c  = 2  l o 4  B ~ U I I ~  

W c  = (1000 f t3  x  0.04 ) x  0.055 l b / f t 3  = 2.2 l b .  

Cal  c u l  a t  i ons a r e  

Not a l l  o f  t h e  h e a t  o f  combust ion  energy  i s  r e l e a s e d  i n  t h e  
e x p l o s i o n ,  10% ( B r a s i e  and Simpson, 1968) i s  suggested and used i n  
o u r  example. I f  t h i s  v a l u e  i s  a p p l i e d  t o  o u r  example problem, t h e  
e x p l o s i o n ,  t h e r e f o r e ,  y i e l d s  t h e  e q u i v a l e n t  o f  2.4 l b  TNT. T h i s  
y i e l d  can be used as a  measure o f  a n t i c i p a t e d  damage. 

The damage i s  a  f u n c t i o n  of ( w T N T ) l I 3  c a l l e d  t h e  s c a l e d  y i e l d  ( B r a s i e  
and Simpson, 1968).  The s c a l e d  e x p l o s i o n  y i e l d  n o r m a l i z e s  t h e  WTNT 
va lues  t o  r e f e r e n c e  v a l u e s  f o r  1 l b  TNT. These v a l u e s  a r e  p l o t t e d  i n  
F i g u r e  5.1. The y i e l d  f r o m  o u r  example i s  e s t i m a t e d  a t  1.3. U s i n g  
t h i s  s c a l e d  v a l u e  t h e  o v e r p r e s s u r e  a t  v a r i o u s  d i s t a n c e s  f r o m  t h e  
e v e n t  can be c a l c u l a t e d  and used t o  e s t i m a t e  damage. 

From F i g u r e  5.2 t h e  d i s t a n c e  f r o m  ground z e r o  t o  t h e  p o i n t  where a  
g i v e n  o v e r p r e s s u r e  w i l l  o c c u r  can be e s t i m a t e d  u s i n g  t h e  e q u a t i o n :  

where D i s  t h e  d i s t a n c e  f o r  a  g i v e n  o v e r p r e s s u r e  f o r  a  y i e l d  o f  W. 
Do and Wo a r e  r e f e r e n c e  va lues.  
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FIGURE 5.1. Scaled E x p l o s i o n  Yields 
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Us ing  t h e  va lues  i n  o u r  i l l u s t r a t i o n  i n  Eq. 5-2 and u s i n g  W o  = 1 and 
Do o f  20 f t ,  

SCALED RANGE,  ( f t ~ l b ' ' ~ )  

Us ing  F igu2e  5.2, t h e  o v e r p r e s s u r e  a t  Do = 20 ft f o r  1 Jb TNT i s  
1.8 l b / i n .  . Based on t h e  above c a l c u l a t i o n  1.8 l b / i n .  o v e r p r e s s u r e  
i s  reached a t  26 f t  f o r  o u r  ex tmple .  A t  130 f t  f rom ground z e r o  t h e  
peak o v e r p r e s s u r e  i s  0.2 l b / i n  . 



Based on t h i s  a n a l y s i s ,  i t  i s  assumed t h a t  c o n c r e t e  o r  c i n d e r  b l  ck 
p a n e l s  c o u l d  s u s t a i n  damage b u t  a r e  n o t  d e s t r o y e d  ( 2  t o  3  l b / i  n. 9 
o v e r p r e s s u r e  wou ld  be r e q  i r e d  t o  d e s t r o y  them). HEPA f i l t e r s  can 
f a i  1  a t  2.2 t o  3.2 1  b / i  n.' ove rp ressu re ,  depend ing on t h e i r  d e p t h  
(Burchs ted ,  1976).  T h e r e f o r e ,  t h e  d e f l a g r a t i o n  w i l l  be c o n f i n e d  t o  
one room i n  a  c o n c r e t e  s t r u c t u r e .  A wooden s t r u c t u r e  wou ld  be 
e n t i r e l y  e n g u l f e d  i n  f i r e .  

3 Radi onuc l  i d e  r e l e a s e .  The l a r g e s t  j n v e n t o r y  i n  a  r a d i  opharmaceut i  c a l  
m a n u f a c t u r i n g  f a c i l i t y  i s  v o l a t i l e  H; i n  t h e  wooden i n t e r i o r  
f a c i l i t y ,  t h e  e n t i r e  27,500 C i  a r e  r e l e a s e d  by t h e  h e a t  o f  t h e  f i r e ,  
s i n c e  t h e  e n t i r e  f a c i l i t y  i s  e n g u l f e d .  I n  a  c o n c r e t e  s t r u c t  re ,  t h e  
r e l e a s e  m i g h t  be t h e  c o n t e n t s  o f  one c y l i n d e r  o r  1000 C i  o f  'H. 
W h i l e  t h i s  i s  t h e  l a r g e s t  r e l e a s e  i n  c u r i e s ,  o t h e r  r e l e a s e s  a r e  o f  
more r a d i  o l o g i  c a l  concern .  Tab1 e  4.3 suggests  re1  ease f a c t o r s  f o r  
o t h e r  r a d i  o i  so topes.  

Modi f i c a t i o n  o f  t h e  r a d i o p h a r ~ n a c e u t i c a l  m a n u f a c t u r i n g  sou rce  term. 
M o d i f i c a t i o n  o f  t h e  sou rce  t e r m  was i l l u s t r a t e d  i n  o u r  c a l c u l a t i o n .  
The t h r e e  means o f  m o d i f i c a t i o n  a r e  t h e  energy i n  ( o r  r e l e a s e d )  and, 
t h e r e f o r e ,  t h e  damage produced by t h e  combust ion  e x p l o s i o n ;  b u i l d i n g  
s t r u c t u r a l  e lements ;  and i n v e n t o r y  a t  r i s k .  

Energy. The energy produced by an e x p l o s i o n  i s  c a l c u l a t e d  i n  
te rms  o f  t h e  TNT e q u i v a l e n t  and b l a s t  o v e r p r e s s u r e  t h a $  i n  t u r n  
suggests  p o t e n t i a l  damage. F o r  example, 2  t o  4 l b / i n .  can 
c o l l a p s e  a  s t e e l  pane l  b u i l d i n g  o r  s h a t t e r  c o n c r e t e  w a l l s  
( B r a s i e  and Simpson, 1968) .  The amount and energy  a v a i l a b l e  f o r  
t h e  e x p l o s i o n  depends on t h e  amou,nt and t y p e  o f  e x p l o s i v e  
i n v o l v e d .  I f  t h e  i l l u s t r a t i o n  had p o s $ u l a t e d  a  10% e x p l o s i v e  
gas c o n c e n t r a t i o n  up t o  above 4  l b / i n .  p r e s s u r e s  c o u l d  be 
expec ted  a t  75 f t  f r o m  ground zero .  

- S t r u c t u r a l  e lements .  Wooden i n t e r i o r  w a l l s  w i  11 b u r n  and add 
f u e l  t o  a  f i r e .  Conc re te  s t r u c t u r e s  must be breached t o  a l l o w  
f i  r e  sp read  i f  combust i  on sou rces  a r e  a v a i  1 a b l e .  Overp ressu res  
suggested i n  t h e  i l l u s t r a t i o n  s h o u l d  n o t  damage c o n c r e t e  
s t r u c t u r e s .  F i r e  w a l l s  and s u p p r e s s i o n  systems were n o t  
c o n s i d e r e d  i n  o u r  g e n e r i c  a n a l y s i s .  

- I n v e n t o r y .  These r e l e a s e s  were based on t h e  maximum a1 l o w a b l e  
i n v e n t o r y  i n  t h e  a reas  a f f e c t e d .  O the r  v o l a t i l e  r a d i o n u c l i d e s  
c o u l d  be p r e s e n t  i n  a n o t h e r  s i t u a t i o n .  Re lease f a c t o r s  f o r  
i s o t o p e s  found  i n  s i  g n i  f i  c a n t  amounts i n  r a d i  opharmaceut i  c a l  
m a n u f a c t u r i n g  f a c i l i t i e s  a r e  l i s t e d  i n  T a b l e  4.3. C o n s i d e r a t i o n  
must a l s o  be g i v e n  t o  p h y s i c a l  c h a r a c t e r i s t i c s ,  whether  t h e y  a r e  
powders, s o l i d s ,  and l i q u i d s .  F o r  t h e  g e n e r i c  s i t u a t i o n  t h i s  
was n o t  a lways i d e n t i f i e d .  



Radi opharmacy 

These f a c i l i t i e s  can be e i t h e r  a  sma l l  b u i l d i n g  o r  s i n g l e  room i n  a  l a r g e  bd 
b u i l d i n g  such as a  h o s p i t a l .  F i r e  i n i t i a t i o n  s c e n a r i o s  w i l l  be f a c i l i t y  
s p e c i f i c  b u t  c o u l d  p o t e n t i a l l y  be r e l a t e d  t o  t h e  h e a t i n g  system. N a t u r a l  gas 
h e a t i n g  c o u l d  be t h e  sou rce  o f  a  d e f l a g r a t i o n / e x p l o s i o n  w i t h  t h e  s c e n a r i o  
d i s c u s s e d  i n  S e c t i o n  5.1.1.1. Baseboard e l e c t r i c a l  h e a t i n g  m a l f u n c t i o n  
i g n i t i n g  cornbusti  b l e  m a t e r i a l  i s  a n o t h e r  f i  r e - i n i  t i a t i n g  s c e n a r i o .  When t h e  
rad iopharmacy i s  l o c a t e d  i n  a  room i n  a  l a r g e  f a c i l i t y ,  t h e  i n i t i a t i n g  even t  
c o u l d  be e l sewhere  i n  t h e  b u i l d i n g .  F i r e  i g n i t i o n  r a d i o n u c l i d e  r e l e a s e  and 
sou rce  t e r m  m o d i f i c a t i o n  f o l l o w :  

s F i r e  i g n i t i o n .  F o r  t h i s  a n a l y s i s ,  a  ma jo r  f a c i l i t y  f i r e  was 
suggested,  w i t h  t h e  n a t u r a l  gas h e a t i n g  d e f l a g r a t i o n  as t h e  
i n i t i a t i n g  even t .  Re leases t o  t h e  atmosphere wou ld  be maximized by a  
breach i n  t h e  f a c i l i t y .  Two b r e a c h i n g  mechanisms were suggested:  
t h e  r o o f  c o u l d  be damaged i n  t h e  i n i t i a t i n g  even t  o r  f i r e  f i g h t e r s  
c o u l d  chop t h r o u g h  t h e  r o o f  i n  t h e i r  a t t e m p t s  t o  f i g h t  t h e  f i r e .  

Temperatures  r e s u l t i n g  f r o m  a  m a j o r  f i r e  a r e  h i g h  enough t o  damage 
c o n t a i n e r s ,  wh ich  t h e n  r e s u l t s  i n  t h e  r e l e a s e  o f  v o l a t i l e  r a d i o -  
n u c l i d e s .  A n t i c i p a t e d  r e l e a s e s  c o u l d  be a  f u n c t i o n  o f  t empera tu re .  

e R a d i o n u c l i d e  Release.  The p o t e n t i a l  r a d i o n u c l i d e  r e l e a s e  wou ld  
depend on t h e  i n v e n t o r y  i n  a  f a c i l i t y .  T a b l e  4.3 l i s t e d  suggested 
fi r e  r e l e a s e  f a c t o r s  f o r  r a d i o p h a r i n a c e u t i c a l  i s o t o p e s ,  and T a b l e  3.6 
gave a  range o f  p o t e n t i a l  i n y 5 p t o r i e s .  S me o f  t $ g  more s i g n i f '  a n t  
r e l e a s e s  f g y l d  be 4.5 C i  o f  I, 2 x  l o - '  C i  o f  Sr,  1 C i  o f  

b h T C  3 

75  C i  o f  Xe, and 910 g  o f  d e p l e t e d  uranium. Releases a r e  f r o m  
m a t e r i  a1 i n  p rocess  and r a d i  o a c t i  v i  t y  assoc i  a t e d  w i t h  contami  n a t e d  
waste.  

The 1 3 1 ~  i s  t h e  most s i g n i f i c a n t  r e l e a s e  i n  te rms o f  h e a l t h  e f f e c t s ,  
and ' '~r  i s  a l s o  o f  r a d i o l o g i c a l  concern.  

e Modi f i c a t i  on o f  r a d i  opharmacy sou rce  term. Because a  d e f  1  a g r a t i  on 
i n i t i a t e d  by t h e  n a t u r a l  gas h e a t i n g  i s  t h e  even t  w i t h  MKEPP r e l e a s e ,  
t h e  parameters  d i s c u s s e d  i n  S e c t i o n  5.1.1.1 a p p l y  he re  a l s o .  Some 
a d d i t i o n a l  c o n s i d e r a t i o n s  a r e  d i scussed :  

- L o c a t i o n  a f f e c t s  t h e  energy and s t r u c t u r a l  e lements .  F o r  a  
rad iopharmacy l o c a t e d  i n  a  h o s p i t a l  o r  o t h e r  l a r g e  b u i l d i n g  t h e  
d e f l a g r a t i o n  sou rce  c o u l d  be t h e r e  r a t h e r  t h a n  i n  t h e  pharmacy 
i t s e l f .  T h e r e f o r e ,  t h e  s t r u c t u r a l  e l  ements and t h e  cornbusti  b l  e  
l o a d i n g  o f  t h e  l a r g e r  f a c i l i t y  wou ld  be i m p o r t a n t  i n  s u g g e s t i n g  
t h e  magni tude o f  t h e  a c c i d e n t .  

- I n v e n t o r y  i n  a  rad iopharmacy i s  p r i m a r i l y  i n  a  packaged f o r m  and 
i s  processed r a p i d l y  t h r o u g h  t h e  f a c i l i t y .  T h i s  reduces t h e  
p o t e n t i a l  o f  a  l a r g e  sou rce  f o r  t h e  re lease .  



/'- \ 
5.1.1.3 Sea led Source M a n u f a c t u r i n g  

The f a c i l i t y  f i r e  s c e n a r i o  suggested as a  MREPP e v e n t  f o r  t h e  s e a l e d  
sou rce  m a n u f a c t u r i n g  c a t e g o r y  was h y p o t h e s i  zed t o  i n v o l  ve f 1  ammable r o o f  i ng 
m a t e r i  a1 . These r o o f s  a r e  f r e q u e n t l y  c o n s t r u c t e d  u s i n g  me ta l  p a n e l i n g  w i t h  an 
a s p h a l t  ( t a r )  s u r f a c e .  The t r a d i t i o n a l  c o n s t r u c t i o n  o f  t h e s e  r o o f s  has been 
shown t o  c o n t r i b u t e  s i g n i f i c a n t  amounts o f  f u e l  when exposed t o  t h e  h e a t  o f  an 
i n t e n s i v e  i n t e r i o r  f i r e  below t h e  deck. A s p h a l t  v a p o r i z e d  by t h e  hea t  o f  a  
f i r e  can h e l p  t o  spread f i r e  under  a  r o o f  deck (McKinnon, 1976).  The f i r e  
i g n i t i o n  s c e n a r i o ,  r a d i o n u c l  i d e  r e l e a s e ,  and source t e r m  m o d i f i c a t i o n  a r e :  

e F i r e  i g n i t i o n .  Most sea led  sou rce  m a n u f a c t u r e r s  a r e  l o c a t e d  i n  u rban  
i n d u s t r i a l i z e d  a reas  wh ich  c o u l d  p r o v i d e  t h e  sou rce  o f  an e x t e r n a l  
i g n i t i o n  s c e n a r i o  f o r  t h e  f i r e .  The r o o f  c o u l d  be assumed t o  i g n i t e  
and burn ,  s p r e a d i n g  t o  i n t e r i o r  wooden ( c o m b u s t i b l e )  w a l l s .  Or, 
c o n v e r s e l y ,  a  f i r e  s t a r t e d  by m a l f u n c t i o n  o f  t h e  b u i l d i n g  h e a t i n g  
sys tem c o u l d  spread t o  t h e  i n t e r i o r  w a l l s ,  t h e n  t o  t h e  a s p h a l t  
r o o f i n g .  The most d r a m a t i c  i l l u s t r a t i o n  o f  t h i s  t y p e  o f  f i r e  was t h e  
General  M o t o r s  f i r e  a t  L i v o n i a ,  M ich igan ,  i n  1953, wh ich  d e s t r o y e d  
t h a t  p l a n t  (McKi nnon, 1976).  

e R a d i o n u c l i d e  r e l e a s e .  Re leases f o r  t h e s e  f a c i l i t i e s  have been 
c a l c u l a t e d  f o r  i 1  l u s t r a t i o n ,  u s i n g  t h e  maximum 1  i c e n s e  i n v e n t o r i e s  
l i s t e d  i n  T a b l e  3.7 and t h e  suggested r e l e a s e  f a c t o r s  i n  T a b l e  4.3. 
C a l c u l a t e d  v a l u e s  i n  T a b l e  5.2 assume t h e  f i r e  l a s t s  f o r  1 h. These 
r e l e a s e s  a r e  c a l c u l a t e d  f o r  i 11 u s t r a t i o n  o f  p o t e n t i  a1 upper  r e l e a s e  
v a l u e s  and a r e  dependent on v a r i a b l e s  t h a t  a r e  d i s c u s s e d  i n  t h e  
s e c t i o n  on i n v e n t o r y .  

s M o d i f i c a t i o n  o f  s e a l e d  sou rce  m a n u f a c t u r i n g  sou rce  te rm.  The r e l e a s e  
i s  c o n t r o l l e d  by two pa ramete rs :  

- F i r e  magni tude.  It was assumed t h e  e n t i r e  f a c i l i t y  burned.  
Re lease f r o m  a  p a r t i a l  b u r n  wou ld  be l ower .  No a l l o w a n c e  was 
t a k e n  f o r  s a f e t y  systems, b a r r i e r s ,  o r  d e p o s i t i o n  and p l a t e o u t  
i n  t h e  f a c i l i t y .  Temperatures  reached by t h e  f i r e  woybd a l s o  

l e a s e s  s i n c e  v o l a t i l i t y  f o r  some i s o t o p e s  ( S r ,  
f g g ~ f ~ 1 2 ' e A m )  i n c r e a s e s  w i t h  tempera tu re .  

- I n v e n t o r y .  The r e l e a s e s  shown i n  T a b l e  5.2 do n o t  i n d i c a t e  t h e  
p o t e n t i a l  r e l e a s e  f r o m  s i n g l e  f a c i l i t i e s .  Sea led sou rce  manu- 
f a c t u r e r s  s p e c i a l i z e  i n  a  few i s o t o p e s  and p r o d u c t s .  The 
s i g n i f i c a n t  l i c e n s e d  i s o t o p e s  a t  t h e  d i f f e r e n t  f a c i  1  i t i e s  a r e  
l i s t e d  i n  T a b l e  3.7. A d d i t i o n a l l y ,  t h e  i n v e n t o r y  on hand would  
u s u a l l y  be be low t h e  maximum a1 lowab le ,  perhaps 75%. 

Even one m a n u f a c t u r e r ' s  t o t a l  i n v e n t o r y  wou ld  n o t  n e c e s s a r i l y  be i n  
j eopardy .  The i n v e n t o r y  c o u l d  be d i s t r i b u t e d  among d i f f e r e n t  p rocess  
s teps ,  o r  on t h e  l o a d i n g  dock o r  i n  s to rage .  These d i f f e r e n t  opera-  
t i o n s  o f t e n  a r e  l o c a t e d  i n  d i f f e r e n t  b u i l d i n g s ,  and i t  i s  a  l o w e r  
l i k e l i h o o d  t h a t  a l l  t h e  b u i l d i n g s  a t  a  s i t e  wou ld  be i n v o l v e d  i n  t h e  
same f i re .  



TABLE 5.2. P o t e n t i a l  Releases o f  R a d i o n u c l i d e s  Found 
i n  S i g n i f i c a n t  Amoun s  i n  Sea led Sources 
M a n u f a c t u r i  ng  P l  a n t s  f a  1 

Maxi mum Re1 ease Re1 ease, 
Element - I s o t o p e  I n v e n t o r y ,  C i  F a c t o r  C i 

Ameri c i  um 2 4 1 ~ m  6 x  l o 3  1 x  1 0 ' ~  6 0  

Cesi  urn 1 3 7 ~ s  8 x  l o 4  1 x  1 0 ' ~  80 

C o b a l t  6 0 ~ o  2  l o 4  2  1 0 ' ~  4  0  

Hydrogen 

I r i  d i  urn 

K r y p t o n  

Po l  o n i  urn 

Promethium 

S t  r o n t  i urn 

T a n t a l  um 

Thu l  i um 

P l  u t o n i  um 

U r a n i  urn 

H 

l g 2 1  r 

8 5 ~ r  

2 1 0 ~ o  

14'pm 

90s r 
1 8 3 ~ a  

1 7 0 ~ m  

M i  xed 

D e p l e t e d  
U r a n i  urn 

( a )  Cal c u l  g t e d  u s i n g  maximum 1  i c e n s e  i n v e n t o r i e s  g r e a t e r  t h a n  
1 x  10 and 1-h f i r e  

The p h y s i g g l  f o r m  and packag ing  w i l l  a l s o  a f f e c t  t h e  r e l e a s e .  F o r  
example, Co can be n o n v o l a t i l e  o r  semi v o l a t i  l e  depend ing on 
p h y s i c a l  form. Sometimes a l a r g e  p a r t  o f  t h e  i n v e n t o r y  i s  s t o r e d  i n  
DOT-approved s h i p p i n g  c o n t a i n e r s .  The i  r use reduces t h e  p o t e n t i  a1 
f o r  i s o t o p e  re1 eases. 

5.1.1.4 Waste Warehousing 

The f a c i l i t y  f i r e  f o r  t h e  waste  warehous ing c a t e g o r y  i s  a  d e f l a g r a t i o n  
even t  o f  t h e  t y p e  d e s c r i b e d  i n  5.1.1.1. However, h e r e  t h e  i n i t i a t i n g  s c e n a r i o  
i n v o l v e s  a  p r o p a n e - f u e l e d  f r o n t - e n d  l o a d e r  used t o  move t h e  waste  drums i n  t h e  
warehouse. Fue l  l e a k i n g  f r o m  t h i s  equipment was i g n i t e d  by h i t t i n g  an o v e r -  
hea ted  motor .  T h i  s  i g n i t e s  and d e f  1  a g r a t e s  . A d d i t i o n a l  combust i  b l  e  m a t e r i  a1 
c o n t r i b u t e s  t o  f i r e  development when m i s s i l e s  f r o m  t h e  d e t o n a t i o n  h i t  and 
b reach  gas s t o r a g e  t a n k s  o r  o t h e r  combus t ib les .  F i r e  i g n i t i o n ,  r a d i o n u c l i d e s  
r e l e a s e ,  and sou rce  t e r m  modi f i c a t i o n  f o l l o w :  



9 F i r e  i g n i t i o n .  F o r m u l a t i o n s  d i s c u s s e d  i n  S e c t i o n  5.1.1.1 ( n o t  
repea ted  h e r e )  a r e  used t o  c a l c u l a t e  t h e  e x p l o s i v e  e q u i v a l e n t  
y i e l d .  The f u e l  t a n k  c a p a c i t y  o f  a  f r o n t - e n d  l o a d e r  i s  about  10 l b ,  
and t h e  propane h e a t  o f  combust ion  i s  2.1 x 10 B t u / l b .  U s i n g  t h e s e  
v a l u e s  (and assuming t h e  e n t i r e  10 l b  o f  propane i s  i n v o l v e d ) ,  t h e  
t o t a l  energy  o f  t h e  e x p l o s i o n  i s  e q u i v a l e n t  t o  117 l b  TNT. Assuming 
t h a t  o n l y  a  10% f r a c t i o n  o f  t h e  energy i s  r e l e a s e d ,  $he e x p l o s i v e  
y i e l d  i s  WTNT = 11.7 l b .  T h i s  energy ( 2  t o  4 l b / i n .  a t  25 f t  f r o m  
t h e  e v e n t )  i s  s u f f i c i e n t  t o  b low t h e  r o o f  o f f  t h e  f a c i l i t y  and 
genera te  m i s s i l e s  ( p r o b a b l y  f r o m  t h e  f r o n t - e n d  l o a d e r ) .  These 
m i s s i l e s  m i g h t  pass t h r o u g h  t h e  l o a d i n g  area and c o u l d  h i t  gas 
s t o r a g e  tanks .  T h i s  was assumed t o  p r o v i d e  s u f f i c i e n t  f u e l  f o r  a  f i r e  
w i t h  a  magni tude s u f f i c i e n t  t o  e n g u l f  t h e  f a c i  1  i t y .  

e R a d i o n u c l i d e  r e l e a s e .  The maximum r e l e a s e s  a r e  1  i s t e d  i n  
T a b l e  4.7. A 2000 C i  r e l e a s e  assumes a l l  o f  t h e  v o l a t i l e  i n v e n t o r y  
a s s o c i a t e d  w i t h  t h e  waste  becomes a i r b o r n e .  

o M o d i f i c a t i o n  o f  waste  warehous ing MREPP source  term. Severa l  f a c t o r s  
c o n t r i b u t e  t o  s c a l i n g  t h e  magni tude o f  t h i s  e v e n t :  1 )  volume o f  
p ropane i n  t h e  f r o n t - e n d  l o a d e r  f u e l  t ank ,  2 )  c o m b u s t i b l e  m a t e r i a l  
a v a i l a b l e  t o  f u e l  t h e  f i r e  w i t h .  a i r  a v a i l a b l e  t o  t h e  f u e l ,  and 
3 )  i s o t o p i c  d i s t r i b u t i o n  and decay s t a t u s  of t h e  waste.  These a r e  
f o l l o w s :  

- F u e l .  A c o m p l e t e l y  fi 1  l e d  (10 l b )  f u e l  t a n k  was assumed, w i t h  
TNT e q u i v a l e n t  energy  r e l e a s e d  i n  t h e  even t  o f  11.7 l b .  One 
pound o f  propane would  r e s u l t  i n  a  TNT e q u i v a l e n t  -1 l b .  A t  
10 f t  f r y  t h e  - 1 - l b  e x p l o s i o n ,  t h e  peak p r e s s u r e  wou ld  be abou t  
1 I b l i n .  , a  l e v e l  t h a t  s h o u l d  n o t  r e s u l t  i n  s e r i o u s  damage t o  
t h e  f a c i l i t y ,  a l t h o u g h  c o r r u g a t e d  s i d i n g  can show b u c k l i n g  and 
g l a s s  can break.  

Combust ib les .  If t h e  waste  i s  c o n t a i n e d  i n  s t e e l  drums, i t  i s  
n o t  i m m e d i a t e l y  a v a i l a b l e  t o  c o n t r i b u t e  t o  t h e  f i r e .  S t r u c t u r a l  
members a r e  s t e e l ,  c o n c r e t e  bl,ocks, e t c .  and n o t  combus t ib le .  
T h e r e f o r e  a d d i t i o n a l  c o m b u s t i b l e  m a t e r i a l  must be a v a i l a b l e  i f  
b u r n i n g  i s  t o  be s u s t a i n e d .  These c o u l d  be f lammable r o o f i n g  
m a t e r i  a1 ,- s t o r e d  c o m b u s t i b l e  m a t e r i a l  ( i n  o u r  i 1  l u s t r a t i o n ,  gas 
s t o r a g e  t a n k s ) ,  t r u c k s  c o n t a i  ni.n.g ' f lamma-ble m a t e r i a l  ( g a s )  a t  
t h e  l o a d i n g  dock as w e l l  as t h e  t r u c k  f u e l  t ank ,  o r  gas h e a t  i n  
t h e  b u i l d i n g ,  wooden p a l l e t s ,  and t h e  waste  i t s e l f .  

- I s o t o p e  s t a t u s .  E s s e n t i a l l y ,  t h i s  i s  how much o f  t h e  con tami -  
n a t e d  m a t e r i a l  i s  s t i l l  a s s o c i a t e d  w i t h  t h e  waste. S i n c e  some 
o f  t h e  s t o r e d  i s o t o p e s  have r e l a t i v e l y  s h o r t  h a l f  l i v e s ,  a  
p o r t i o n  w i l l  have decayed away i n  s to rage .  F o r  o u r  c a l c u l a -  
t i o n s ,  we used a  m i x t u r e  o f  r e p r e s e n t a t i v e  r a d i o n u c l i d e s ,  t h e  
m a j o r i t y  o f  wh ich  were v o l a t i l e ,  and assumed t h e  waste  t o  
c o n t a i n  a l l  o f  t h e  a c t i v i t y  i n v e n t o r y  p r e s e n t  when i t  was 

/'\ 
s t o r e d .  T a b l e  5.3 shows t h e  h a l f - l i v e s  o f  t h e  i s o t o p e s  



TABLE 5.3. Hal  f - L i  ves o f  R a d i o i s o t o p e s  P o t e n t i a l l y  A v a i l a b l e  
f o r  A c c i d e n t a l  F i r e  Release o f  Drummed Waste 

Waste Hal f - 10 H a l f -  
Element I s o t o p e  L i f e  ~ i v e s ,  y r ( a )  - 

Carbon 14c 5730 y r  57,300 

Chromi um 5 1 ~ r  30.2 y r  302 

Hydrogen H 12.2 yr  122 

I o d i n e  1251 60 day 1.6 

131 I 8.1 day 0.22 

Phosphorous 3 2 ~  14.3 day 0.39 

S u l f u r  3 5 ~  88 day 2.4 

( a )  S to rage  p e r i o d  maximum i s  0.5 y r .  

a s s o c i a t e d  w i t h  a r e p r e s e n t a t i v e  waste  s t o r a g e  area.  T h i s  t a b l e  
i l l u s t r a t e s  how t h e  i n v e n t o r y  can decay w i t h  t ime.  F o r  t h e s e  
n u c l i d e s ,  10 h a l f - l i v e s  ( l i s t e d  i n  t h e  l a s t  column) i s  t h e  p o i n t  
where t h e y  a r e  c o n s i d e r e d  t o  be depleted131For example, about  
1 l /32months  a f t e r  i n i t i a l  s to rage ,  t h e  I i s  gone. T h i s  i s o t o p e  
and P c o u l d  d i s a p p e a r  i n  t h e  maximum a1 l o w a b l e  s t o r a g e  p e r i o d  o f  
6 months. The decay s t a t u s  o f  t h e  waste  can be c a l c u l a t e d  u s i n g  t h e  
Radi  o a c t i  ve Decay Tab1 es  (Bureau o f  Radi 01 o g i  c a l  Heal t h y  1970) shown 
h e r e  i n  F i g u r e  5.3. These t a b l e s  and t h e  f o r m u l a  a r e  used t o  
c a l c u l a t e  t h e  f r a c t i o n  of  a c t i v i t y  a t  any t i m e  a f t e r  some z e r o  
t i m e .  An example i s  i n c l u d e d  w i t h  t h e  f i g u r e .  

5.1.1.5 U n i v e r s i t y  Research and Development 

F i r e  i n i t i a t i o n  i n  t h i s  c a t e g o r y  wou ld  be f a c i l i t y  s p e c i f i c .  I n  t h e  
s c e n a r i o  we suggested t h a t  t h e  f i r e  r e s u l t e d  f r o n  a  n a t u r a l  gas l e a k  l e a d i n g  t o  
a  c o m b u s t i o n / e x p l o s i o n  even t .  O the r  h e a t i n g  systems c o u l d  a l s o  i n i t i a t e  a  
f a c i l i t y  f i r e  as d i s c u s s e d  i n  S e c t i o n  5.1.1.2. Because many d i f f e r e n t  l a b o r a -  
t o r i e s  i n  s c a t t e r e d  l o c a t i o n s  a r e  t y p i c a l  f o r  t h i s  c a t e g o r y ,  b u i l d i n g s  covered 
under  t h e  same l i c e n s e  c o u l d  have d i f f e r e n t  h e a t i n g  systems. The s h i p p i n g /  
r e c e i v i n g  and waste  s t o r a g e  areas a r e  t h e  suggested f i r e  l o c a t i o n s  because o f  
t h e  p o t e n t i a l  f o r  c o n t z i  n i n g  a  l a r g e r  i n v e n t o r y .  The f i r e  i g n i t i o n  s c e n a r i o ,  
r a d i o n u c l  i d e  r e l e a s e ,  and sou rce  t e r m  n i o d i f i c a t i o n  a re :  

a F i r e  i g n i t i o n .  A m a j o r  f a c i l i t y  f i r e  d e v e l o p i n g  a f t e r  i n i t i a t i o n  by 
t h e  h e a t i n g  sys tem i s  t h e  suggested scenar io .  S u f f i c i e n t  f u e l  m igh t  
be p r o v i d e d  by wooden s t r u c t u r a l  members and s h e l v i n g .  S o l v e n t s  and 
c e l l u l o s i c s  s t o r e d  i n  t h e  v i c i n i t y  o f  t h e  f i r e  c o u l d  p r o v i d e  s u f f i -  
c i e n t  f u e l  f o r  f i r e  development.  S ince  some of t h e s e  o p e r a t i o n s  
o c c u r  i n  h o s p i t a l  b u i l d i n g s ,  i t  c o u l d  c o n t r i b u t e  a d d i t i o n a l  

* 
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FIGURE 5.3. R a d i o a c t i  ve Decay (Bureau o f  .Radi 01 o g i c a l  H e a l t h ,  1970) 



EXAMPLE 

GIVEN . 10 m c i  OF "P WITH A T ~ , ~  OF - 
14.3 D A Y S  - 

F l  ND  : T H E  A C T I V I T Y  REMAINING 125- 
D A Y S  LATER 

- SOLUTION:  n = NUMBER O F  HALF-L IVES  - 
= t/TIl2 = 125114.3 = 8.74 

7 - 
F I N D  8.74 HALF-L IVES  ON T H E  ABSCISSA 
( X  A X I S ) .  T H E  CORRESPONDING O R D I N A T E  
(y A X I S )  IS  0.00234. I N  T H I S  CASE, T H E  - 
F R A C T I O N  O F  A C T I V I T Y  REMAINING, - 
A / A o  I S  0.00234. S INCE T H E  O R I G I N A L  
A C T I V I T Y  WAS 10 mCi, T H E  A C T I V I T Y  
REMAINING IS  0.00234 x 10, OR 0.0234 mCi.  

- - 

- - 
- - 
- - 
- - 
- - 

- - 

- - 

- 

- 

I I I I 

NUMBER O F  HALF-L IVES  

F I G U R E  5.3. ( c o n t d )  



c o m b u s t i b l e s  such as s o l v e n t s .  Re leases t o  t h e  atmosphere wou ld  
be max imized s i n c e  t h e  b u i l d i n g  wou ld  n o t  r e t a i n  i n t e g r i t y .  

Q Rad ionuc l  i d e  r e l e a s e .  Two s p e c i f i c  l o c a t i o n s  were suggested f o r  t h e  
f i  r e  based on t h e  a n t i  c i  p a t e d  h i  gher  i sotope i n v e n t o r y  1  eve1 s :  
s h i  p p i  n g l r e c e i  v i  ng  and waste s t o r a g e .  

- S h i p p i n g / r e c e i v i n g  a rea  produces t h e  l o w e r  r e l e a s e  o f  t h e  two.  
T h i s  i s  based on t h e  r e a s o n i n g  t h a t  t h e  n u c l i d e  r e s i d e n c e  t i m e  
i n  t h i s  b u i l d i n g  o r  room wou ld  be ve ry  l i m i t e d .  I n  o r d e r  t o  
m a i n t a i n  amounts o f  some o f  t h e  r a p i d l y  d e c a y i n g  i s o t o p e s  t h e y  
must be d e l i v e r e d  t o  a  u s e r  p r o m p t l y .  

- Waste s t o r a g e  a reas  w i l l  be a  c o l l e c t i o n  and h o l d i n g  s i t e  where 
wastes  a r e  accumulated.  Some o f  t h e  l o n g e r - l i v e d  i s o t o g e s  c o u l d  
be found  he re .  A t  one f a c i l i t y  s i g n i f i c a n t  amounts o f  H, 
1500 C i ,  was suggested as va-por ized by t h e  f i r e .  A s i g n i f i c a n t  

ease i n  t e rms  o f  h e a l t h  e f y e c t s  was t h e  e s t i m a t e d  10 C i  o f  

e M o d i f i c a t i o n  o f  u n i v e r s i t y  r e s e a r c h  and development sou rce  te rm.  The 
i s o t o p e  d i s t r i b u t i o n  and decay s t a t u s  o f  t h e  waste  a r e  s i g n i f i c a n t  
v a r i a b l e s  f o r  t h i s  f a c i  1  i t y  c a t e g o r y :  

- I s o t o p i c  d i s t r i b u t i o n  o f 3 t h e  was te  i s  f a c i l i t y - d e p e n d e n t .  The re  
can be l a r g e  amounts of H  a s s o c i a t e d  w i t h  t h e  ~ a s ~ ~ ~ f a § $ l i t y .  
k g y e r  f a c i l i t y  l i c e n s e  l i m i t s - - 1 0  C i  o r  l e s s - - f o r  , P, and 

I ( p r o m i n e n t  i s o t o p e s  i n  t h e  was te )  mean t h e y  w i l l  be. i n  t h e  
waste  i n  f a i r l y  sma l l  q u a n t i t i e s .  These can be assumed i n  
s h i  p p i  n g l r e c e i  v i  ng, i n  use i n  l a b o r a t o r i e s ,  o r  a s s o c i a t e d  w i t h  
wastes .  H o l d i n g s  a r e  g e n e r a l l y  below t h e  l i c e n s e  l i m i t  so t h i s  
v a l u e  can be m o d i f i e d  t o  a  l o w e r  l e v e l .  These c o n s i d e r a t i o n s  
must be assessed and an e s t i m a t e d  a c t i v i t y  a s s o c i a t e d  w i t h  t h e  
was te  i d e n t i f i e d .  

- Decay s t a t u s  o f  t h e  n u c l i d e s  c o u l d  l o w e r  t h e  i n v e n t o r y .  
T a b l e  5.3 .i nc des3the31;l f i j&ves o f  y4f:ous n u c l  i d e s  s s o c i  a  ed 
w i t h  waste:  , H ,  , 1 , a n d  . O f  t h e s e  "C and 5 H  
have ha1 f - 1  i ves s u f f i c i e n t l y  l o n g  t o  p r e c l u d e  decay i n  s t o r a g e .  
L e v e l s  o f  t h e  o t h e r s  c o u l d  be reduced a f t e r  some t i m e  i n  
s t o r a g e .  T h i s  can be c a l c u l a t e d  u s i n g  t e c h n i q u e s  d e s c r i b e d  i n  
S e c t i o n  5.1.1.4. 

5.1.2 Load ing  Dock F i r e  

A f i r e  i n  t h e  l o a d i n g  dock a r e a  was t h e  MREPP e v e n t  f o r  u ran ium f u e l  
f a b r i c a t i o n  ( o x i d e )  and UF6 p r o d u c t i o n .  The i n i t i a t i n g  even t  was a  t r u c k  
a c c i d e n t :  a  t r u c k  d e l i v e r i n g  s u p p l i e s  o r  equipment i m p a c t s  t h e  l o a d i n g  dock. 
The f u e l  t a n k  i s  r u p t u r e d  i n  t h e  even t ,  s p i  11 i n g  g a s o l i n e  t h a t  i s  i g n i t e d  by  
spa rks  c r e a t e d  by c o n t a c t  o f  m e t a l  and c o n c r e t e .  Uran ium h e x a f l u o r i d e  was 
r e 1  eased f r o m  c y l  i nders  darnaged i n  t h e  i n i  t i  a1 impac t .  



5.1.2.1 Uranium Fue l  F a b r i c a t i o n  (Ox ide )  n 
To c a l c u l a t e  t h i s  UF6 r e l e a s e  r e q u i r e s  t h r e e  s teps :  ( 1 )  t h e  d u r a t i o n  and 

w 
s i z e  o f  t h e  f i r e  i s  es t ima ted ,  wh ich  i s  dependent on t h e  r a t e  o f  bu rn  and d e p t h  
o f  t h e  g a s o l i n e  poo l ;  ( 2 )  t h e  h e a t  f l u x  t o  t h e  c y l i n d e r  s u r f a c e  i s  c a l c u l a t e d ;  
and ( 3 )  t h e  UF6 r e l e a s e  i s  e s t i m a t e d .  These a r e  as f o l l o w s :  

o F i r e  d u r a t i o n  and s i z e .  Gaso l i ne ,  b e i n g  a  compound o f  l i g h t  and 
heavy f r a c t i o n s ,  w i l l  burn  more r a p i d l y  a t  f i r s t  when t h e  l i g h t e r  
f r a c t i o n s  a r e  bu rn ing .  Two o v e r a l l  b u r n i n g  r a t e s  were c i t e d  i n  
S e c t i o n  4.1.1. The b u r n i n g  r a t e  can va ry  f r o m  6 t o  12 i n .  o f  dep th  
p e r  hou r  (McKinnon, 1976). T h i s  c o n s t a n t  b u r n i n g  r a t e  i s  
p r o p o r t i o n a l  t o  t h e  r a t i o  o f  t h e  n e t  hea t  o f  combust ion  and t h e  
s e n s i  b l  e  ( t o t a l  ) h e a t  o f  v a p o r i  z a t  i on. 

Based on b u r n i n g  r a t e s  i n  p e t r o l e u m  t a n k  f i r e s ,  an e s t i m a t e  can be 
made o f  t h e  e x t e n t  o f  a rea wh ich  w i l l  be i n v o l v e d  i n  a  f i r e  r e s u l t i n g  
f r o m  a  g a s o l i n e  s p i l l .  When a  s p i l l  i s  b u r n i n g ,  t h e  f i r e  area w i l l  
f i r s t  be sma l l  and t h e n  spread t o  a  p o i n t  o f  equ i  1  i b r i u m  where i t  
w i l l  b u r n  as f a s t  as i t  i s  re leased .  A t  a  b u r n i n g  r a t e  o f  
0.2 in . /min ,  a  g a l l o n  p e r  m i n u t e  o f  s p j l l a g e  w i l l  reach  an 
e q u i l i b r i u m  b u r n i n g  area o f  about  8  f t2. Thus a  10 -ga l /m in  s p i l l  
r a t e  w j l l  be i n  e q u i l i b r i u m  w i t h  80 f t  o f  b u r n i n g  area;  100 -ga l im in ,  
800 f t  (McKinnon, 1976) .  

The example f i r e  we used r e s u l t e d  f r o m  an approx ima te  2.5-min s p i l l  
c o v e r i n g  an a rea  about  20 f t  i n  d iamete r .  The s l o w e r  t h e  s p i l l  t i m e ,  
t h e  s m a l l e r  t h e  e q u i l i b r i u m  area,  s i n c e  i t  i s  burned as f a s t  as i t  i s  
r e 1  eased. 

o Heat f l u x .  Uranium h e x a f l u o r i d e  i s  v o l a t i l e  on h e a t i n g ,  and t h e  
r a d i a t i v e  h e a t  genera ted  by t h e  f i r e  p r o v i d e s  t h e  energy  ( B t u )  t o  
sub l ime  t h e  UF6.2 The r a d i a t i v e  h e a t  t r a n s f e r  f o r  ou r  p o s t u l a t e d  f i r e  
i s  32.4 B t u l h - f t  ( C l a r k e  e t  a1 ., 1974) ,  and t h i s  v a l u e  i s  used t o  
c a l c u l a t e  t h e  h e a t  t r a n s f e r r e d  t o  t h e  s u r f a c e  o f  t h e  UF6 c y l i n d e r s .  
T h i s  h e a t  f l u x  i s  a  f u n c t i o n  o f  d i s t a n c e  f r o m  t h e  f i r e  and can be 
e s t i m a t e d  f rom f i r e s  o f  v a r y i n g  magni tude u s i n g  t h e  i n f o r m a t i o n  shown 
i n  F i g u r e  5.4. F o r  t h e  1 0 - f t  r a d i u s  f i r e ,  we used t h e  suggested 
f r a c t i o n a l  hea t  f l u x  o f  0.25. The c a l c u l a t i o n  o f  hea t  t r a n s f e r  i s :  

where: 

brad = r a d i a t i v e  h e a t  t r a n s f e r  

Our example: 

hrad = 32.4 b t u l h / f t 2  x  0.25 x  1780°F 

brad = 1.422 x  l o 4  ~ t u / h / f t '  
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FIGURE 5.4. F l u x  I n c i d e n t  on U n i t  Area f r o m  Var ious  F i r e s  



I n  t h e  u n l i k e l y  c o n f i g u r a t i o n  o f  a  f i r e  c e n t e r e d  around t h e  c y l i n d e r s  n 

t h  r a d i a t i v 5  h e a t  t r a n s f e r  c o e f f i c i e n t  i s  1 and hrad becomes 5.77 x  8 10 B t u / h / f t  . u 
e Heat absorbed by c o n t a i n e r .  The hea t  f l u x  i s  t o  t h e  c y l i n d e r  s u r  ace 

d i r e c t e d  t o  t h e  f i r e .  The t o t a l  c y l i n d e r  s u r f a c e  area i s  53.4 f t  5 
(2.5 f t  diam x  6.8 f t  l o n g ) ;  t h e r e  o re ,  t h e  c u r v e d  * h a l f  exposed t o  5 t h e  r a d i a t i o n  h e a t  f l u x  i s  26.7 f t  . 
U s i n g  t h e  hea t  f l u x  c a l c u l a t e d  u s i n g  Eq. 5-3 t h e  hea t  absorbed by t h e  
c o n t a i n e r  can now be c a l c u l a t e d :  

B t u  brad x  f t  
2  

..- = 
m i  n  613 

Our example: 

e Uranium h e x a f l u o r i d e  r e l e a s e .  Now t h a t  t h e  h e a t  absorbed by t h e  
c y l i n d e r  has been e s t a b l i s h e d ,  t h e  UF r e l e a s e  can be c a l c u l a t e d  
u s i n g  t h e  UF h e a t  o f  s u b l i m a t i o n  o f  8.2 B t u l l b  (Oak R idge  

B O p e r a t i o n s  0  f i c e ,  1972) 
B 

B t u l m i  n  
blmin = heat o f  sub1 i m a t i o n  

Our example: 

D i s r e g a r d i n g  t h e  h e a t  r e q u i r e d  t o  h e a t  t h e  c y l i n d e r  and UF6 t o  t h e  
s u b l i m a t i o n  t e m p e r a t u r e ,  t h i s  UF r e l e a s e  c a l c u l a t e s  t o  a r e l e a s e  o f  

7 275 and 1375 l b  f r o m  a  s i n g l e  cy i n d e r  f o r  a  2.5 o r  12.5 min  f i r e  
r e s p e c t i  v e l y .  T o t a l  r e 1  ease f rorn o u r  example i n v o l  v i  ng two c y l  i n d e r s  
i s  550 and 2750 1b (250  and 1249 k g ) .  

e M o d i f i c a t i o n  o f  u ran ium f u e l  f a b r i c a t i o n  ( o x i d e )  MREPP sou rce  te rm.  
T h i s  sou rce  t e r m  can be e a s i l y  m o d i f i e d  by chang ing  t h e  number o r  
fi 11 o f  c y l i n d e r s  damaged i n  t h e  i n i t i a l  impac t  o r  by chang ing  t h e  
s i z e  o f  t h e  g a s o l i n e  poo l  f i r e :  

- C y l i n d e r s .  T h i s  s c e n a r i o  e s t i m a t e d  t h e  maximum r e l e a s e  f r o m  one 
c y l i n d e r ,  t h e n  m u l t i p l i e d  by t h e  number i n v o l v e d .  T h i s  can be 
ex tended  t o  any number o f  c y l i n d e r s  c o n s i d e r e d  a p p r o p r i a t e  f o r  a  
s p e c i f i c  s i t u a t i o n .  The amount o f  s u r f a c e  exposed t o  r a d i a t i v e  



h e a t  t r a n s f e r  can a l s o  be m o d i f i e d  as d e s i r e d  u s i n g  d i s t a n c e  
f rom t h e  f i r e ,  p o r t i o n  o f  c y l i n d e r  exposed t o  f i r e  s t r e s s e s ,  
e t c .  Re lease i n c r e a s e s  i f  a  c y l i n d e r  i s  i n  t h e  m i d d l e  o f  a  poo l  
f i r e .  

- Pool f i r e .  The s i z e ,  completeness o f  b u r n i n g ,  and d u r a t i o n  o f  
t h e  f i r e  d e t e r m i n e  t h e  B r i t i s h  the rma l  u n i t s  a v a i l a b l e  t o  f u e l  
t h e  r e l e a s e .  A p a r t i a l l y  f i l l e d  f u e l  t a n k  when r u p t u r e d  w i l l  
n o t  p r o v i d e  100 ga l  o f  gas01 i n e .  The d i a m e t e r  o f  a  s p i  11 o f  
l e s s e r  magni tude can be e s t i m a t e d  and t h e  h e a t  f l u x  determined.  

5.1.2.2 Uranium H e x a f l u o r i d e  P r o d u c t i o n  

T h i s  a c c i d e n t  s c e n a r i o  i s  e s s e n t i a l l y  t h e  same as u ran ium f u e l  f a b r i c a t i o n  
( o x i d e ) ;  t h e r e f o r e ,  t h i s  r e l e a s e  i s  c a l c u l a t e d  u s i n g  t h e  methods d e s c r i b e d  i n  
S e c t i o n  5.1.2.1. The c y l i n d e r s  used i n  UF6 p r o d u c t i o n  we igh 10 and 14 t o n s ,  so 
more s u r f a c e  i s  exposed t o  r a d i a t i v e  hea t  and a  l a r g e r  r e l e a s e  p e r  c y l i n d e r  i s  
c a l c u l a t e d .  Components d i scussed  i n c l u d e  h e a t  absorbed by t h e  c o n t a i n e r ,  UF6 
r e l e a s e ,  and sou rce  t e r m  m o d i f i c a t i o n :  

Q, Heat absorbed by c o n t a i n e r .  The cu rved  s u r f a  e  area of t h e  1 4 - t o n  5 c y l i n d e r  ( 4  f t  diam x  12.5 f t  l o n g )  i s  157 f t  , so t h e  exposed h a l f  
i s  78.5 f t  . U s i n g  hr c a l c u l a t e d  i n  Eq. 5-3 and 5-4, t h e  B t u l m i n  
hea t  f l u x  t o  t h e  cyl in!er  i s  e s t i m a t e d  f o r  ou r  example: 

I f  t h e  poo l  f i r e  i s  c e n t e r e d  around t h e  c y l i n d e r  r a t h e r  t h a n  t h e  
t r u c k ,  t h e  s u r f a c e  area wou ld  more t h a n  doub le .  The e n t i r e  c u r v e d  
s u r f a c e  o f  t h e  c y l i n d e r  p l u s  t h e  2  ends c a l c u l a t e  t o  a  t o t a l  o f  
182 f t  . 
Uranium h e x a f l u o r i d e  r e l e a s e .  T h i s  i s  c a l c u l a t e d  u s i n g  E q .  5-5 f o r  
ou r  example. 

The t o t a l  r e l e a s e , , o f  UF f o r  3.5 o r  12.5 m in  i s  815 o r  4.1 x  10.' 1  b  
r e s p e c t i v e l y  (370 t o  1.8 x  10 k  ) f r o m  a  s i n g l e  c y l i n d e r .  T h i s  i s  a  9 
t o t a l  r e l e a s e  o f  740 t o  3.8 x  10 kg  f r o m  t h e  two c y l i n d e r s  i n v o l v e d .  I f  
i t  appears p o s s i b l e  t h a t  t h e  f i r e  c o u l d  e n g u l f  a  c y l i n d e r ,  i.e., c y l i n d e r  
i n  t h e  c e n t e r  o f  i t s  % i r e ,  t h e  UF6 r e l e a s e  r a t e  i s  1365 k g l m i n .  T o t a l  
r e l e a s e  can be 1.7 10 k g  of UF6 i n  t h e  l o n g e s t  suggested f i r e .  

o M o d i f i c a t i o n  o f  UF6 p r o d u c t i o n  MREPP source  te rm.  The m o d i f i c a t i o n  
f a c t o r s  used i n  S e c t i o n  5.1.2.1 wou ld  a p p l y  h e r e  as w e l l  and w i l l  n o t  
be repeated.  The sou rce  t e r m  development i l l u s t r a t e d  m o d i f i c a t i o n  o f  
a  source t e r m  by u s i n g  a  l a r g e r  c o n t a i n e r  s u r f a c e  a rea  exposed t o  t h e  



r a d i a t i o n  f l u x  w i t h  t h e  a n a l y s i s  used f o r  t h e  u ran ium f u e l  f a b r i c a -  
t i o n  ( o x i d e )  f i r e  and a l s o  showed t h e  e f f e c t  o f  c e n t e r i n g  t h e  
c y l i n d e r  i n  t h e  f i r e .  T h i s  i s  e s s e n t i a l l y  t h e  same a c c i d e n t  and can 
be modi f i e d  u s i n g  s i m i l a r  methods. 

5.2 TORNADO 

Two o f  t h e  o p e r a t i o n s  rev iewed have to rnadoes  as t h e  e s t i m a t e d  MREPP 
e v e n t :  u ran ium m i l l i n g  and p l u t o n i u m  contaminated.  Severe t o r n a d o  damage can 
d e s t r o y  t h e  i n t e g r i t y  o f  a  b u i l d i n g ,  damaging t h e  r o o f  and w a l l s .  Loose 
powders i n  t h e  f a c i l i t y  a r e  t h u s  s u s c e p t i b l e  t o  d i r e c t  a i r b o r n e  r e l e a s e ,  and 
con taminan ts  on exposed s u r f a c e s  a r e  s u b j e c t  t o  resuspens ion  f o r c e s .  A second 
r e 1  ease p o t e n t i  a1 c o u l d  be t h e  r e s u l t  of smashed c o n t a i  n e r s  r e 1  e a s i  ng 1  i q u i  ds 
and powders. I n  an a c t u a l  even t ,  some of t h e  r e l e a s e  would  be b u r i e d  under  
t o r n a d o  genera ted  r u b b l e ,  t h u s  l i m i t i n g  t h e  a i r b o r n e  f r a c t i o n .  However, f o r  
o u r  use i n  making c o n s e r v a t i v e  MREPP e s t i m a t e s ,  t h i s  was n o t  assumed. 

Some e lements  t h a t  s h o u l d  be c o n s i d e r e d  f o r  t o r n a d o  r e l e a s e  s c e n a r i o s  a r e  
t o r n a d o  f requency ,  i n t e n s i t y ,  and damage i n f l i c t e d  on a  f a c i l i t y  and c o n t a i n e d  
equipment.  Once t h e  damage i s  assessed, t h e  sou rce  terms can be e s t i m a t e d .  
F a c t o r s  r e q u i r e d  f o r  t h i s  e s t i m a t e  a re :  q u a n t i t y  and s i z e  d i s t r i b u t i o n  o f  t h e  
a i r b o r n e  m a t s r i a l ,  and b e h a v i o r  o f  t h e  a i r b o r n e  m a t e r i a l  i n  t h e  t i :ne  span 
r e q u i r e d  f o r  t h e  r e l e a s e  ( i  .e . ,  c h a r a c t e r i s t i c s  and b e h a v i o r  o f  t h e  sou rce  
t e r m ) .  The f o l l o w i n g  d i s c u s s i o n  cove rs  t o r n a d o  e lements  and a e r o s o l  f a c t o r s  
and r e l a t e s  them t o  t y p e s  of damage i n  a  f a c i l i t y :  

e Frequency.  B e f o r e  c o n s i d e r i n g  a  t o r n a d o  as a  MREPP even t  f o r  a  
s p e c i f i c  f a c i l i t y ,  t h e  l i k e l i h o o d  o f  impac t  on t h a t  f a c i l i t y  s h o u l d  
be e v a l u a t e d .  Wh i le  to rnadoes  have a  w idespread occu r rence ,  t h e y  a r e  
more l i k e l y  t o  o c c u r  i n  c e r t a i n  p a r t s  o f  t h e  c o u n t r y .  About  700 t o r -  
nadoes a  y e a r  o c c u r  i n  t h e  U n i t e d  S t a t e s .  The s i m p l i f i e d  map 
(Dav ies-Jones and K e s s l e r ,  1974) shown i n  F i g u r e  5.5 shows t h e  
d i s t r i b u t i o n  o f  U.S. t o rnadoes  d u r i n g  a  12-year  p e r i o d  (1955-1967).  

It can be seen t h a t  t h e  c e n t r a l  p o r t i o n s  o f  t h e  c o u n t r y  have t h e  
h i g h e s t  t o r n a d o  i n c i d e n c e .  T h i s  i s  a l s o  t h e  area of g r e a t e s t  t o r n a d o  
1  osses (damage). 

o I n t e n s i t y .  F u j i t a  (1978)  has p repared  a  workbook on to rnadoes  i n  
wh ich  he assessed t h e  i n t e n s i t y  o f  t o rnadoes  and used an F s c a l e  t o  
r e l a t e  t h a t  i n t e n s i t y  t o  w ind  speed. T a b l e  5.4 shows t h e  F  s c a l e  and 
t h e  c o r r e s p o n d i n g  wei gh ted  mean maximum w i  nd-speed va lues  t h a t  a r e  
h i s  suggested r e p r e s e n t a t i  ve i n t e n s i t i e s .  (Wei gh ted  w i  nd speeds a r e  
c a l c u l a t e d  i n c l u d i n g  a  s p e c i f i c  w e i g h t i n g  f u n c t i o n  based on t h e  
number o f  t o rnadoes  i n  an F - s c a l e  range.)  T h i s  speed i n c l u d e s  t r a n s -  
l a t i o n a l  and r o t a t i o n a l  w inds p l u s  v o r t i c e s .  A f a c i l i t y  wou ld  see 
t h i s  w ind  speed f o r  a  maximum of  1 t o  3 sec. Once t h e  t o r n a d o  f u n n e l  
has passed, w ind  speeds w i l l  be l o w e r  and c o n t a i n  t h e  t r a n s l a t i o n a l  
component o n l y .  We have maximized damage and winds by assuming t h e  
f a c i  1  i t y  sees t h e  l e a d i n g  edge o f  t h e  to rnado .  The t h i r d  column 
shows t h e  f requency  w i t h  wh ich  t h e y  occur .  



FIGURE 5.5. D i s t r i b u t i o n  o f  Tornadoes i n  t h e  U n i t e d  S t a t e s ,  . . 

T o t a l  Tornadoes 1955-1967 

T A B L E  5.4. F Sca le  and Cor respond ing  Weighted Average Maximum - 
Mean Wind Speeds and Frequency 
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( a )  T o t a l  mean w ind  speed, t r a n s l a t i o n a l  + r o t a -  
t i o n a l  + v o r t i c e s  and i s  t h e  average w e i g h t e d  
mean recommended w ind  speed. E a r l i e r  work g i v e s  
ranges of w ind  speeds f o r  F s c a l e .  



It can be seen t h a t  90% o f  t h e  to rnadoes  a r e  a t  t h e  133 mph mean wind 
speed o r  F2 and below. We w i l l  use t h e  F2 t o r n a d o  t o  e s t i m a t e  
damage. About o n e - f o u r t h  o f  t h e  to rnadoes  a r e  FO. Tornadoes a l s o  
have d imens ions o f  l e n g t h  and w i d t h  w i t h  c o r r e s p o n d i n g  f r e q u e n c i e s .  
These have n o t  been i n c l u d e d  because even t h e  s m a l l e s t ,  0.9 m i  l o n g  
by 51 f t  wide,  wou ld  be o f  a  s i z e  s u f f i c i e n t  t o  cause damage i f  i t  
s t r i k e s  a  f a c i l i t y  i n  a  f a v o r a b l e  d i r e c t i o n .  

a Darnage. N u c l e a r  p l a n t  f a c i l i t i e s  a r e  t h e  c n l y  c l a s s  o f  commercia l  
f a c i l i t i e s  r o u t i n e l y  des igned  t o  w i t h s t a n d  t o r n a d o  e f f e c t s  
(Stevenson,  1976) .  O the r  s t r u c t u r e s  w i l l  s u s t a i n  damage t h a t  can be 
r e l a t e d  t o  t h e  F u j i t a  F sca le .  

One method o f  e s t i m a t i n g  damage r e l a t e s  t h e  damage f o r  s p e c i f i c  
s t r u c t u r e s  i n  te rms o f  p e r c e n t  damage and F s c a l e ,  where p e r c e n t  
damage = , repa i  r cos ts / rep lace rnen t  c o s t  ( H a r t ,  1976).  T h i s  has been 
r e l a t e d  t o  t h e  p r o b a b i l i t y  o f  damage f o r  s p e c i f i c  s t r u c t u r e s  i n  a  F2 
t o r n a d o  (90% p r o b a b i l i t y )  as shown i n  Tab le  5.5. 

TABLE 5.5. F2 Sca le  Tornado Damage f o r  Severa l  S t r u c t u r e  Types 
( H a r t ,  1976) 

Damage P r o b a b i l i t y  
I - \  1-3 S t o r y  

1-3 s tory ia )  ~ o n c r e t ;  1-3 S t o r y  4  o r  
Damage Percen t  Wood Frame o r  Masonry M e t a l  More 
S t a t e  Damage - (commerci a1 ) (cominerci a1 ) ( i  n d u s t  r i  a1 ) S t o r i e s  

None 0 - 0.05 0.132 0.191 0.174 0.239 

L i  g h t  0 .05 - 1.25 0.082 0.156 0  . I 19  0.224 

Moderate  1.25 - 7.5 0.181 0.164 0.146 0.344 

Heavy 7.5 - 65 0.379 0.275 0.411 0.180 

Very Severe 65 - 100 0.104 0.104 0.114 0.012 

Col 1  apse 100 0.121 0.109 0.036 0  

( a )  F u r t h e r  i n f o r m a t i o n  on s t r u c t u r e s  n o t  g iven.  

It can be seen t h a t  t h e r e  can be s e v e r a l  darnage l e v e l  p r o b a b i l i t i e s  
f o r  a l l  t h e  s t r u c t u r e  t ypes .  U s u a l l y  heavy damage can occu r .  

Abbey (1976)  suggested some damage f o r  t h e  F2 c l a s s i f i c a t i o n  t o  be 
t e a r i n g  t h e  r o o f  f r o m  frame houses l e a v i n g  s t r o n g  u p r i g h t  w a l l s  
s t a n d i n g ;  weak s t r u c t u r e s  o r  o u t b u i  l d i  ngs demo1 i shed; 1  i g h t - o b j e c t  
m i  s s i  1  es genera ted;  b l o c k  s t r u c t u r e s  and w a l l  s b a d l y  damaged. 



Based on ou r  rev iews ,  damage a s s o c i a t e d  w i t h  t h e  MREPP s c e n a r i o  
i n c l  udes: 

- Wall  damage, r o o f  b lown o f f  
- M i s s i l e s  genera ted  ( c o u l d  subsequen t l y  cause f u r t h e r  damage) 
- Mass ive  equipment (caves,  e t c . )  n o t  damaged 
- Hoods and g l o v e  boxes damaged. 

@ F r a c t i o n a l  a i r b o r n e  r e l e a s e s  o f  p a r t i c u l a t e  m a t e r i a l  s. I n  f a c i  1  i t i e s  
where r a d i o a c t i v e  powders a r e  used w i t h i n  c o n t a i n m n t s  such as hoods 
o r  g l o v e  boxes, t h a t  con ta inmen t  must be damaged b e f o r e  a  r e l e a s e  can 
occu r .  As d i s c u s s e d  e a r l i e r ,  l o o s e  powders i n  p rocess  c o u l d  be 
s u b j e c t  t o  d i  r e c t  re1  eases. 

Mishima and Ayer (1980)  assessed h i g h  w ind damage and r e l a t e d  t h i s  t o  
f r a c t i o n a l  r e l e a s e s  o f  p a r t i c u l a t e  m a t e r i a l s .  T h e i r  s t u d y  i s  used as 
a  b a s i s  f o r  t h i s  s e c t i o n .  The f a c t o r s  t h e y  suggested t o  e s t i m a t e  
a i  r b o r n e  r e 1  eases r e s u l  t i  ng f r o m  p o s t u l  a t e d  damage s c e n a r i o s  a r e  
l i s t e d  i n  T a b l e  5.6. C o n s i d e r a t i o n s  i n f l u e n c i n g  t h e  a p p l i c a b i l i t y  o f  
t h e s e  f a c t o r s  a r e  d i s c u s s e d  i n  t h e  f o l l o w i n g  s e c t i o n  and Mish ima and 
Ayer (1980)  i s  used as a  r e f e r e n c e .  

- C r u s h i n g  o f  G love Box. C r u s h i n g  i s  d e f i n e d  as a  comple te  l o s s  
o f  con ta inmen t  such as r u p t u r e  o f  t h e  s t e e l  s h e l l  o r  l o s s  o f  one o r  
more o f  t h e  l a r g e  g l o v e  box v i e w i n g  windows. The even t  i s  assumed t o  
genera te  s u f f i c i e n t  excess f o r c e  t o  i n j e c t  u n c o n t a i n e d  powders i n t o  
t h e  a i r  and break g l a s s  o r  t h i n - w a l l , ,  r i g i d  p l a s t i c  c o n t a i n e r s .  

' Glove box c o n t a i n i n g  powder. V i b r a t i n g  powder r e s t i n g  on a  
s u r f a c e  does n o t  appear t o  p r o v i d e  as much d i s p e r s i o n  o f  
t h e  powder as t u m b l i n g .  The mass a i r b o r n e  c o n c e n t r a t i o n  i s  
i n d i c a t e d  by e x p e r i ~ n e n t a l  d a t a  measur ing  t h e  v a l u e  w i t h i n  
seconds a f t e r  t u m b l i n g  o f  a  powder w i t h  a  d e n s i t y  and s i z e  
d i s t r i b u t i o n  s i m i l a r  t o  Pu02 (Mishima e t  a l . ,  1978).  

G love box c o n t a i n i n g  l i q u i d s .  S u b d i v i s i o n  of l i q u i d s  
d u r i n g  breakage o f  g l a s s  and p l a s t i c  c o n t a i n e r s  appears  t o  
be l e s s  e f f e c t i v e  t h a n  f o r c i n g  a l i q u i d  t h r o u g h  a  s m a l l  
open ing  such as a  l a r g e r  sp ray  n o z z l e  des igned  t o  p e r f o r m  
t h a t  f u n c t i o n .  The a i  r b o r n e  c o n c e n t r a t i o n  chosen 
r e p r e s e n t s  l a r g e r  s p r  open ings (0.125-i  n. d iam)  a t  h i g h e r  
p r e s s u r e s  (200 1 b / i  n  .'! and s y a l l  open ings (0.063- i  n. d i  am) 
a t  l o w e r  p r e s s u r e s  (50 l b / i n .  ) (Mishima e t  a1 ., 1978).  

G love box c o n t a i  n i  ng s u r f a c e  c o n t a m i n a t i o n  o n l y .  S u r f a c e  
c o n t a m i n a t i o n  can range f rom p a r t i c l e s  s e t t l e d  on t h e  s u r -  
f a c e  t o  m a t e r i a l  mixed i n t o  t h e  su r face .  The resuspens ion  
f a c t o r  a p p l i e d  i s  a  v a l u e  measured f o r  a  c o m b i n a t i o n  o f  
mechan ica l  and aerodynamic s t r e s s e s  (Mishima e t  a1 ., 
1979b).  



TABLE 5.6. F r a c t i o n a l  A i  r b o r n e  Release F a c t o r s  

Event  F a c t o r  

C r u s h i n g  o f  G love Box 
C o n t a i  n i  ng  powder Volume o f  l o v e  box x  300 mg 

powder/m 9 
C o n t a i n i n g  l i q u i d  Volume o f  o  e  box x  500 mg 

1  j q u  i d/m (I[ aY 
C o n t a i  n i  ng s u r f a c e  c o n t a m i n a t i o n  10- /m 

o n l y  

P e r f o r a t i o n  o f  G love Box 
C o n t a i n i n g  powder F r a c t i o n  of volum o f  g l o v e  box x  

100 mg powder/m 5 
C o n t a i n i n g  1  i q u i d s  F  r a c t  i on o f  v o l  u ~ n  ? ( ~ f  g l o v e  box x  

1Q7 mg l i q u i d / m  
W i t h  s u r f a c e  c o n t a m i n a t i o n  o n l y  10- /m 

Damage t o  F i l t e r s  
C r u s h i n g  
P e r f o r a t i o n  

1 0 - I  o f  accumulated m a t e r i  a1 a i  r b o r n e  
o f  accumul a t e d  m a t e r i  a1 a i  r b o r n e  

Aerodynamic E n t  r a i  nment 
Powder, l e s s  t h a n  5  mph 101~O/sec o f  exposed m a t e r i  a1 
Powder, g r e a t e r  t h a n  5 mph 10 l { ~ e c  of exposed m a t e r i a l  
L i q u i d s ,  l e s s  t h a n  5 mph 10- / s e c  of exposed m a t e r i a l  
L i q u i d s ,  g r e a t e r  t h a n  5  mph 1 0 - ~ / s e c  o f  exposed m a t e r i  a1 

( a )  Drops <1003pm i n  AED. A i  r b o r n e  mass c o n c e n t r a t i o n  o f  d rops  - 4 0  pm 

i s  10 mg/m . 
( b )  Drops ,100 pm i g  AED. A i r b o r n e  mass c o n c e n t r a t i o n  o f  d rops  <10 urn - 

AED i s  3.3 mg/m . 

- P e r f o r a t i o n  o f  g l o v e  box. P e r f o r a t i o n  i s  d e f i n e d  as a  p a r t i a l  
l o s s  o f  con ta inmen t  ( l o s s  of one o r  more g l o v e  p o r t s ,  l o s s  o f  a  
p o r t i o n  o f  a  v i e w i n g  window, e t c . )  t h a t  a l l o w s  a i r  t o  c i r c u l a t e  
t h r o u g h  t h e  g l o v e  box. The r a t e  o f  r e l e a s e  f r o m  t h e  break w i l l  
depend on t h e  s i z e  of  t h e  opening,  whether  t h e  exhaus t  system 
c o n t i n u e s  t o  f u n c t i o n ,  and t h e  v e l o c i t y  o f  a i r  e n t e r i n g  t h e  
open i  ng. The p a r t i c u l a t e  rnater i  a1 s  a i  r b o r n e  w i t h i n  t h e  volume 
a r e  r e l e a s e d  f r o m  t h e  g l o v e  box w i t h  t i m e .  I f  t h e  exhaus t  f l o w  
i s  zero,  t h e  r e l e a s e  i s  e x p o n e n t i a l  w i t h  t ime .  Re lease o f  
g r e a t e r  t h a n  99% o f  t h e  a i r b o r n e  m a t e r i a l  w i t h i n  30 min i s  
c o n s i d e r e d  i n s t a n t a n e o u s .  

G love  box c o n t a i n i n g  powders. The f o r c e  t r a n s m i t t e d  t o  t h e  
g l o v e  box d u r i n g  p e r f o r a t i o n  i s  assumed t o  be c o n s i d e r a b l y  
l e s s  t h a n  d u r i n g  c r u s h i n g .  S ince  a  f i n i t e  p e r i o d  o f  t i m e  



i s  r e q u i r e d  t o  r e l e a s e  t h e  a i r b o r n e  p a r t i c u l a t e  m a t e r i a l ,  a  
mass c o n c e n t r a t i o n  measured a p p r o x i m a t e l y  1 m i  n  a f t e r  
tu lnbl  i ng a  f i h e  powder and c o n s i d e r e d  q u a s i  - s t a b l e ,  was 
s e l e c t e d .  ~ u r t h e r m o r e ,  t h e  d i s t u r b a n c e  due t o  p e r f o r a t i o n  
can be more l o c a l i z e d  t h a n  i n  c r u s h i n g ,  and i t  was judged 
t h a t  t h e  powder o n l y  occup ied  a  f r a c t i o n  o f  t h e  volume o f  
t h e  g l o v e  box (Mishima e t  a l . ,  1979a). 

G love box c o n t a i n i n g  l i q u i d s .  F o r  t h e  reasons s t a t e d  
above, a  reduced mass a i r b o r n e  c o n c e n t r a t i o n  and volume was 
s e l e c t e d  f o r  t h e  d i s p e r s a l  o f  l i q u i d s  h e l d  i n  g l a s s  and 
t h i n - w a l l ,  r i g i d  p l a s t i c  c o n t a i n e r s  (Mishima e t  a l . ,  1978).  

G love box c o n t a i n i n g  s u r f a t e  c o n t a m i n a t i o n  o n l y .  A reduced 
resuspens ion  f a c t o r  of 10- / m  was s e l e c t e d  t o  r e f l e c t  t h e  
reduced f o r c e  and a rea  i n v o l v e d  i n  p e r f o r a t i o n  (Mishima e t  
a1 ., 1980).  

- Damage t o  exhaus t  f i l t e r s .  Exhaust  f i l t e r s  can a l s o  s u f f e r  
damage, d i  s p e r s i  ng some a i  r b o r n e  m a t e r i  a1 : 

C r u s h i n g  o f  f i l t e r s .  A l t h o u g h  t h e  fi 1  t e r  m a t e r i a l  ( g l a s s  
f i b e r  ma ts )  i s  f r a g i l e ,  t h e  f i n e  p a r t i c u l a t e  m a t e r i a l  
accumula ted can be embedded i n  t h e  f i l t e r  and a s s o c i a t e d  
w i t h  o t h e r  m a t e r i a l s  such as d u s t ,  condensed o r g a n i c  
vapors ,  e t c .  The m a t e r i a l  may n o t  be r e a d i l y  d i s p e r s e d  i n  
a  r e s p i  r a b l e ,  t r a n s p o r t a b l e  s i ze - range .  A  c o n s e r v a t i v e  
a i r b o r n e  f r a c t i o n a l  v a l u e  o f  10% o f  t h e  accumula ted 
m a t e r i a l  r e l e a s e d  i s  assumed i n  t h e  absence of e x p e r i m e n t a l  
d a t a  (Mishima e t  a l . ,  1979a).  

P e r f o r a t i o n  o f  HEPA f i l t e r s .  A reduced f r a c t i o n a l  a i r b o r n e  
r e l e a s e  f a c t o r  o f  1% i s  a p p l i e d  t o  r e f l e c t  t h e  reduced 
l e v e l  o f  s t r e s s  r e q u i r e d  f o r  t h i s  l e v e l  o f  damage (Mishima 
e t  a1 ., 1979a).  

- Aerodynami c e n t  r a i  nment . Powders and 1 i q u i  ds  can be e n t  r a i  ned 
i n  t h e  a i r  p a s s i n g  o v e r  t h e i r  s u r f a c e s .  P a r t i c l e  suspens ion  
r e s u l t s  f r o m  i n i t i a t i o n  o f  movement i n  l a r g e r  p a r t i c l e s  t h a t  
subsequen t l y  t r a n s f e r  momentum t o  p a r t i c l e s  i n  t h e  s i z e  range 
t h a t  a1 1  ows suspens ion.  Under s i m i l a r  c o n d i t i o n s  o f  a i  r f l o w  
o v e r  a  l i q u i d  f i l m ,  d r o p l e t s . a r e  much l e s s  l i k e l y  t h a n  p a r t i c l e s  
t o  be a i r b o r n e  because o f  t h e  h i g h e r  energy  r e q u i r e d  t o  break up 
t h e  f i l m  and f o r m  d r o p l e t s .  Some suggested e n t r a i n m e n t  r a t e s  
a re :  

Powder by a i r  v e l o c i t i e s  g r e a t e r  khan 5 mph (2.2 m/sec).  A  

c o n s e r v a t i v e  suspens ion r a t e  (10-  I s e c ,  measured f o r  a  
homogeneous bed and w i t h  w ind  v e l o c i t y  v a r i a t i o n s  o v e r  a  
y e a r ' s  d u r a t i o n  i s  a p p l i e d  (Mishima e t  a1 ., 1978).  



Powder by a i r  v e l o c i I J e s  l e s s  t h a n  5  mph (2.2 m lsec ) .  A 
suspens ion r a t e  (10-  I s e c )  measured f r o m  a  hornogeneous bed 
a t  t h e s e  v e l o c i t i e s  i s  a p p l i e d  (Sehmel and L l o y d ,  1974a). 

L i q u i d s  by a i r  v e l o c i t i e s  g r e a t e r  t h a n  5  mph (6.2 m/sec) .  
A c o n s e r v a t i v e  measured suspens ion r a t e  o f  10- / sec  i s  
a p p l i e d .  It i s  c o n s i s t e n t  w i t h  t h e  assumed l a r g e r  ene rgy  
i n p u t  r e q u i r e d  t o  d i s p e r s e  l i q u i d s  (Mishima e t  a l . ,  1978). 

L i q u i d s  by a i r  v e l o c i t i e s  l e s s  t h a n  5  mph (2.2 m l s e c ) .  The 
suspens ion r a t e  a p p l i e d  f o r  h i g h e r  a i r  v e l o c i t i e s  was 
reduced by a f a c t o r  con s t e n t  w i t h  t h e  r e d u c t i o n s  found  r i f o r  powder y i e l d i n g  10' /sec .  

e Release c a l c u l a t i o n .  C a l c u l a t i o n  of t h e  r e l e a s e  i s  e s s e n t i a l l y  t h e  
m a t e r i a l  a t  r i s k  m u l t i p l i e d  by t h e  a p p r o p r i a t e  r e l e a s e  f a c t o r  
s e l e c t e d  f r o m  T a b l e  5.6. 

5.2.1 Uranium M i l l i n g  

I n  S e c t i o n  4.4.2 o f  t h i s  r e p o r t ,  a  t o r n a d o  s c e n a r i o  was i d e n t i f i e d  as t h e  
MREPP e v e n t  f o r  u ran ium m i  11s based on t h e  u r a n i u n  m i l l s  g e n e r i c  i m p a c t  
sta tement  (USNRC, 1 9 7 9 b ) .  The d i s c u s s i o n  here  w i l l  i l l u s t r a t e  i n  g r e a t e r  

d e t a i  1  how t h i s  r e l e a s e  was e s t i m a t e d :  

e M a t e r i a l  r e l e a s e .  It was assumed t h a t  two days '  ye1 lowcake  p r o -  
d u c t i o n  was s u s c e p t i b l e  t o  w ind  p i c k u p  on b r e a c h i n g  t h e  f a c i  1  i t y .  
Ore i s  processed a t  r a t e s  between 1000 and 2000 MTlday; 1800 MT/day 
was s e l e c t e d  as an average va lue.  The o r e  i s  0.16% U308, and t h e  
p rocess  i s  95% e f f i c i e n t  a t  p r o d u c i n g  y e l l o w c a k e .  T h e r e f o r e ,  
2.736 MT o f  y e l l o w c a k e  a r e  produced p e r  day; two days p r o d u c t i o n  i s  
r o u g h l y  5.47 MT. The remainder  of t h e  t o t a l  45-MT i n v e n t o r y ,  
39.5 MT, i s  i n  c o n t a i n e r s .  F i f t e e n  p e r c e n t  of t h e s e  c o n t a i n e r s  
r u p t u r e  (USNRC, 1979b),  r e l e a s i n g  5.93 MT of  ye1 1  owcake s u b s e q u e n t l y  
p i c k e d  up by t h e  w ind  and becoming a i r b o r n e .  It was assumed t h a t  a l l  
o f  t h e  m a t e r i a l  a t  r i s k  became a i r b o r n e  i n  t h e  t o r n a d o  v o r t e x .  The 
t o t a l  r e l e a s e  i s  5.47 MT + 5.93 MT = 11.4 MT (11,400 k g ) .  

C o n v e c t i v e  v o r t i c e s  can c o n t a i n  s i g n i f i c a n t  amounts 05 p a r t i c u l a t e  
m a t e r i a l .  S i  n c l a i  r (1974)  e s t i m a t e d  l o a d i n g  of 3 g lm f o r  a  d u s t  
d e v i l  ; F i r s t  and D r i n k e r  (1952)  e s t i m a t e d  10 glm Sor a  dus ts to rm.  
I f  t h e  y e l l o w c a k e  a i r b o r n e  c o n c e n t r a t i o n  i s  10 g/m , t h e  r e q u i g e d 3  
t o r n a d o  volume t o  s u p p o r t  t h e  c o n c e n t r a t i o n  wou ld  be 1.14 x 10 m  . 
A t o r n a d o  can have a  v o r t e x  up t o  thousands o f  me te rs  i n  d i a m e t e r  
( F u j i t a ,  1976),  so i t  i s  n o t  un reasonab le  t o  assume t h a t  a l l  t h e  
y e l l o w c a k e  can be drawn up and d i s p e r s e d .  

We assumed t h a t  25% o f  t h e  y e l l o w c a k e  was l e s s  t h a n  10 urn i n  d i a m e t e r  
based on an aerodynamic s i z i n g  r e p o r t e d  by Geffen (1981)  and, t h e r e -  
fo re ,  c o u l d  be an i n h a l a t i o n  hazard.  U s i n g  t h e  f r a c t i o n  1 0  pm and 



l e s s  i n  t h e  c a l c u l a t i o n  reduces t h e  r e l e a s e  o f  concern  t o  2850 kg. 
Because a l l  o f  t h e  m a t e r i a l  was i n c l u d e d  i n  t h e  o r i g i n a l  c a l c u l a t i o n ,  
no f u r t h e r  resuspens i  on re1  ease i s  c a l c u l a t e d .  

o M o d i f i c a t i o n  o f  u ran ium m i l l s  sou rce  term. Two s i g n i f i c a n t  
c o n t r o l l i n g  parameters  a r e  t h e  1 )  magni tude o f  t h e  t o r n a d o  and 2)  
amount and c h a r a c t e r i s t i c s  o f  t h e  m a t e r i a l  a t  r i s k :  

- Tornado magni tude i n  o u r  i l l u s t r a t i o n  was o f  F u j i t a  F2 sca le .  
N i n e t y  p e r c e n t  o f  U n i t e d  S t a t e s  to rnadoes  a r e  a t  t h i s  l e v e l  o r  
below. Each F  s c a l e  c l a s s i f i c a t i o n  has c e r t a i n  damage cha rac -  
t e r i s t i c s .  B u i l d i n g  damage i n  t u r n  i s  t h e  p r e c u r s o r  o f  a i r b o r n e  
r e l e a s e s .  As d i s c u s s e d  i n  S e c t i o n  5.2, c e r t a i n  areas o f  t h e  
c o u n t r y  a r e  more prone t o  t o r n a d o  damage. Most u ran ium m i l l s  
a r e  i n  r e g i o n s  where t h e r e  a r e  few to rnadoes  r e d u c i n g  t h e  
l i k e l i h o o d  o f  occu r rence .  I n  some s e c t i o n s ,  a  t o r n a d o  i n  t h e  
l o w e r  F s c a l e  range c o u l d  be t h e  maximum t o r n a d o  s c e n a r i o ,  ergo,  
l e s s  darnage, l o w e r  r e l e a s e  p o t e n t i a l .  T a b l e  5.7 (Abbey, 1976) 
r e l a t e s  F  s c a l e  t o  t o r n a d o  i n t e n s i t y  so a p p r o p r i a t e  damage can 
be assumed f o r  t h e  r e l e v a n t  p o r t i o n  o f  t h e  c o u n t r y .  G e n e r a l i z e d  
damage d e s c r i p t i o n s  of  d e s t r u c t i o n  t o  be expec ted  i n  each 
c a t e g o r y  a r e  p r o v i d e d .  E f f o r t s  a r e  c o n t i n u i n g  t o  examine t h e  
c o r r e l a t i o n  between observed damage and w ind  speeds necessary  t o  
produce t h a t  damage. 

I n  t h e  F2 to rnado ,  t h e  r o o f  was assumed t o r n  o f f  t h e  f a c i l i t y ,  
suspend ing a l l  o f  t h e  u n c o n t a i n e d  powder. However, t h e  b u i l d i n g  
i s  darnaged by t h e  maximum i n t e n s i t y  and o n l y  t h e  l a t t e r  h a l f  o f  
t h e  t o r n a d o  passage i s  a v a i l a b l e  t o  suspend m a t e r i a l ,  t h u s  

TABLE 5.7. F u j i t a  Sca le  o f  Tornado Wind I n t e n s i t y  and R e l a t e d  
C h a r a c t e r i s t i c  Damage 

F u j i t a  
S c a l e  Name C h a r a c t e r i  s t i  c s  o f  Damage 

F - D o u b t f u l  t o r n a d o  L i  t t l  e  darnage i s  expected.  
l e s s  t h a n  40 mph 

F  0  Very weak t o r n a d o  Some damage t o  chimneys o r  TV antennas;  b r e a k s  
40-72 mph branches o f f  t r e e s ;  pushes o v e r  s h a l l o w - r o o t e d  

t r e e s ;  o l d  t r e e s  w i t h  h o l l o w  i n s i d e  break o r  f a l l ;  
s  i gn boards  damaged. 

. . 

F I Weak to rnado '  73 mph i s  t h e  b e g i n n i n g  o f  h u r r i c a n e  w i n d  speed. 
73-112 mph Peel  s  s u r f a c e  o f f  r o o f s ;  windows broken;  t r a i  1  e r  

houses pushed o r  o v e r t u r n e d ;  t r e e s  on s o f t  ground 
up roo ted ;  some t r e e s  snapped; moving a u t o s  pushed 
o f f  t h e  road.  



TABLE 5.7. ( c o n t d )  

F u j i t a  
Sca le  Name C h a r a c t e r i s t i c s  o f  Damage 

F 2  S t r o n g  t o r n a d o  Roof t o r n  o f f  f rame houses l e a v i n g  s t r o n g  
113-157 mph u p r i g h t  w a l l  s  s t a n d i n g ;  weak s t r u c t u r e  o r  o u t -  

b u i l d i n g s  demol ished;  t r a i l e r  houses demol ished;  
r a i l r o a d  boxcars  pushed over ,  l a r g e  t r e e s  snapped 
o r  up roo ted ;  1  i g h t - o b j e c t  rni s s i  l e s  genera ted;  c a r s  
b lown o f f  h i  ghway; b l o c k  s t r u c t u r e s  and w a l l  s  
b a d l y  damaged. 

F 3  Severe t o r n a d o  Roof and some w a l l s  t o r n  o f f  w e l l - c o n s t r u c t e d  
158-206 mph f rame houses; some r u r a l  b u i  l d i  ngs c o m p l e t e l y  

demo1 i shed o r  f l a t t e n e d ;  t r a i n s  o v e r t u r n e d ;  s t e e l  
f ramed hangar-warehouse t y p e  s t r u c t u r e s  t o r n ;  c a r s  
l i f t e d  o f f  t h e  ground and may r o l l  some d i s t a n c e ;  
most  t r e e s  i n  a  f o r e s t  uprooted,  snapped, o r  
l e v e l e d ;  b l o c k  s t r u c t u r e s  o f t e n  l e v e l e d .  

F 4 D e v a s t a t i n g  
t o r n a d o  
207-260 mph 

F 5 I n c r e d i b l e  
t o r n a d o  
261-318 mph 

We1 1  - c o n s t r u c t e d  f rame houses 1  eve1 ed, 1  e a v i  ng 
p i l e s  o f  d e b r i s ;  s t r u c t u r e s  w i t h  f o u n d a t i o n s  
l i f t e d ,  t o r n ,  and blown o f f  some d i s t a n c e ;  t r e e s  
debarked by sma l l  f l y i n g  d e b r i s ;  sandy s o i l  e roded 
and g r a v e l s  f l y  i n  h i g h  winds;  c a r s  th rown  some 
d i s t a n c e s  o r . r o l l e d  c o n s i d e r a b l e  d i s t a n c e s  f i n a l l y  
t o  d i s i n t e g r a t e ;  1  a r g e  m i  s s i  1  es genera ted.  

S t r o n g  f rame houses 1  i f t e d  c l e a r  o f f  f o u n d a t i o n  
f o u n d a t i o n  and c a r r i e d  c o n s i d e r a b l e  d i s t a n c e  t o  
d i s i n t e g r a t e ;  s t e e l  - r e i n f o r c e d  c o n c r e t e  s t r u c t u r e s  
b a d l y  damaged; a u t o m o b i l e - s i z e d  m i s s i l e s  f l y  
t h r o u g h  t h e  d i s t a n c e  o f  100 y d  o r  more; t r e e s  
debarked c o m p l e t e l y ;  i n c r e d i b l e  phenomena can 
occu r .  

F 6-12 I n c o n c e i v a b l e  [sic] Should  a  t o r n a d o  w i t h  t h e  maximum w ind  speed 
t o r n a d o  i n  excess o f  F6 occur ,  t h e  damage may i n c l u d e  a  
319 mph t o  s o n i c  number o f  m i s s i l e s  such as w a t e r  h e a t e r s ,  s t o r a g e  

t a n k s ,  au tomob i les ,  e t c ,  f l y i n g  t h r o u g h  a  l o n g  
d i s t a n c e ,  c r e a t i n g  s e r i o u s  secondary damage on 
s t r u c t u r e s .  Assessment o f  t o rnadoes  i n  t h e s e  
c a t e g o r i e s  i s  f e a s i b l e  o n l y  t h r o u g h  d e t a i l e d  
su rvey  i n v o l  v i  ng e n g i n e e r i n g  and aerodynamica l  
c a l  c u l  a t i  ons as we1 1  as meteor01 o g i  c a l  model s  o f  
to rnadoes.  



r e d u c i n g  t h e  r e l e a s e .  I n  a  weak to rnado ,  t h e  f a c i  1  i t y  would  have 
some damage such as broken windows l e a d i n g  t o  w ind  r e s u s p e n s i o n  
o f  l o o s e  powders. The h i g h e r  e n t r a i n m e n t  r a t e s  i n  T a b l e  5.6 
c o u l d  be a p p l i e d  t o  e s t i m a t e  t h e s e  r e l e a s e s .  

- M a t e r i a l s  a t  r i s k  i n  ou r  example were assumed t o  be two d a y s '  
ye1  lowcake p r o d u c t i o n  and 15% o f  t h e  c o n t a i n e d  i n v e n t o r y  a t  r i  sk 
(based on t h e  maximum a l l o w a b l e  i n v e n t o r y ) .  Ore t h r o u g h p u t  can 
v a r y  f r o m  1000 t o  2000 MT p e r  day, hence 1.52 t o  3.04 MT y e l l o w -  
cake i s  produced p e r  day based on 0.16% U30 i n  t h e  ore .  
T h e r e f o r e ,  l o o s e  powder r e l e a s e s  can range 7 rom 3.04 t o  6.08 MT. 

Con ta ined  powder r e l e a s e s  were c o n s e r v a t i v e l y  based on a  maximum 
45 MT i n v e n t o r y :  s m a l l e r  m i l l s  c o u l d  n a t u r a l l y  be assumed t o  
have a  l o w e r  maximum i n v e n t o r y .  

We i l l u s t r a t e d  t h e  use of a  25% r e s p i r a b l e  s i z e  f r a c t i o n  t o  e s t i m a t e  
t h e  haza rd  o f  t h e  r e l e a s e .  T h i s  f r a c t i o n  w i l l  va ry ,  Ge f fen  (1981)  
r e p o r t e d  two ye1  lowcake samples s i z e d  a e r o d y n a m i c a l l y  t o  have 18 and 
32 wt% l e s s  t h a n  1 0  pm. Use of  e i t h e r  o f  t h e s e  va lues  i n  p l a c e  o f  
t h e  25% e s t i m a t e  changes t h e  magni tude o f  t h e  re lease .  

5.2.2 P l u t o n i u m  Contaminated F a c i l i t y  

Tornado damage i n  t h e s e  f a c i l i t i e s  i n c l u d e d  c r u s h i n g  o f  g l o v e  boxes by 
f a i l u r e  o f  b u i l d i n g  i n t e r i o r  p a r t i t i o n s .  T h i s  r e s u l t s  i n  e x p o s i n g  con tamina ted  
s u r f a c e s  t o  aerodynami c  s t r e s s e s  t h e r e b y  e n t  r a i  n i  ng  some o f  t h i  s  m a t e r i  a1 . The 
m a t e r i a l  r e l e a s e  s c e n a r i o  and sou rce  t e r m  m o d i f i c a t i o n  f o l l o w :  

o M a t e r i  a1 re1  ease. I n  a  p l u t o n i u m  con tamina ted  f a c i  1  i t y ,  s u r f a c e s  can 
be con tamina ted  w i t h  r e s i d u a l  f i x e d  p l u t o n i u m .  T h e r e f o r e ,  t h e  
i n v e n t o r y  i s  n o t  i n  a  r e a d i l y  d i s p e r s i b l e  form. 

I n  e s t i m a t i n g  t h e  r p i ~ a s e s ,  i t  i s  assumed t h a t  t h e  10-'/m 
resuspens jon  f a c t o r  i s  a p p l i c a b l e  and t h a t  t h e  volume o f  t h e  g l o v e  
box 1.8 rn i s  t h e  a f f e c t e d  volume. 

The c o n c e n t r a t i o n  p e r  m3 i s  c a l c u l a t e d  by t h e  f o l l o w i n g  
f o r m u l a t i o n :  

1 Resuspension f a c t o r  x  contami n a t i o n  l e v e l  = a i  r b o r n e  concent  r a t i  on/m 
3 

g/m x l o m 4  g/m2 = 1 x l o - 6  g/rn3 ( 5 - 6 )  

I a i  r b o r n e  c o n c e n t r a t i o n  ( u n i  t s l m  3 \ 
( a )  resuspens ion  f a c a t o r  k/m = 

I 

2 
s u r f a c e  contami n a t i  on ( u n i  t s / m  ) 



A f f e c t e d  volume = 1.8  m 
3 

3 
T o t a l  r e l e a s e / g l o v e  box = 1 x  1 0 ' ~  g/m x  1.8 m  

3 

= 1.8 x 10-6 g  Pu. 

The t o t a l  r e l e a s e  f r o m  80 g l o v e  boxes wou ld  be 1.4 x  l o m 4  g  o f  
p l u t o n i u m .  The g l o v e  boxes c o u l d  be assumed b u r i e d  under  d e b r i s  and 
o n l y  a  p o r t i o n  wou ld  be s u b j e c t  t o  c o n t i n u e d  w ind  s t r e s s e s .  However 
ou r  c a l c u l a t i o n s  c o n s e r v a t i  v e l y  assume a1 1  s u r f a c e s  a r e  exposed t o  
resuspens ion.  An a p p ~ g p r i a t e  resuspens ion  r a t e  t o  use was s e l e c t e d  
from T a b l e  5.6 as 10 / sec  f o r  f i x e d  c o n t a m i n a t i o n ,  s i n c e  most 
r e a d i  l y  removed n a t e r i  a1 was r e l e a s e d  i n f t a n t l y  . GJove box i n t e r i o r  
s u r f a c e  areas can range f r o m  about  9.4 m  t o  15.2 rn , so t h e  maximum 
resuspens ion  r e l e a s e  p e r  g l o v e  box i s  

If t h e  winds conk inued  f o r  24 hours ,  t h e  ma imum resuspens ion  r e l e a s e  pe r  -6 
box i s  1.3 x  10- g  o f  p l u t o n i u m  o r  1 x  10 g  o f  p l u t o n i u m  i f  a l l  
80 boxes a r e  breached and a l l  s u r f a c e s  exposed t o  resuspens ion.  

e M o d i f i c a t i o n  o f  p l u t o n i u m  con tamina ted  f a c i  1 i t y  source  te rm.  As w i t h  
t h e  u ran ium m i l l s ,  t h e  sou rce  t e r m  can be m o d i f i e d  by u s i n g  1 )  t h e  
magni tude o f  t h e  t o r n a d o ,  and 2 )  t h e  amount o f  i n v e n t o r y :  

- Tornado magni tude.  As d i s c u s s e d  e a r l i e r  i n  t h i s  s e c t i o n ,  t h e  
magni tude o f  t h e  t o r n a d o  can be e s t i m a t e d  l e a d i n g  t o  e v a l u a t i o n  
o f  t h e  damage, h e r e  t h e  number o f  breached g l o v e  boxes. Even ts  
w i t h  a  l o w e r  c h a r a c t e r i s t i c  damage would  p e r f o r a t e  t h e  g l o v e  box 
making t h e  10- / m  resuspens ion  f a c t o r  a p p r o p r i a t e  f o r  use. 
C o r r e s p o n d i n g l y ,  few boxes wou ld  be damaged. 

- M a t e r i a l s  a t  r i s k .  S u r f a c e  c o n t a m i n a t i o n  mea3urements a t  a  
f a c i  1  i t y  i n d j c a t e d  a  mgximum l e v e l  o f  5 5 10- g  o f  
p l u t o n i  um/cm ( 5  x  10- g  o f  p lu ton ium/m ) . The c o n s e r v a t i  ve 
c o n t a m i n a t i o n  ~ s t i m a t e  s e l e c t e d  $ o r  use h e r e  i s  t w i c e  t h a t  
l e v e l ,  1 x  10- g  o f  p lu ton ium/m . T h i s  was c o n s i d e r e d  a  
c o n s e r v a t i v e  e s t i m a t e  and c o n t a m i n a t i o n  l e v e l s  c o u l d  be 
c o n s i d e r a b l y  l ower .  

We e s t i m a t e d  t h a t  l e v e l  o f  c o n t a m i n a t i o n  on a l l  o f  t h e  e n t i r e  
i n t e r i o r  s u r f a c e .  However, c o n t a m i n a t i o n  wou ld  p r o b a b l y  be a t  
l o w e r  l e v e l s  on t h e  w a l l s  and c e i l i n g  of t h e  g l o v e  box. 

The maximum t t a l  i n v e n t o r y  i n  a  f a c i  1  i t y  a  suming 80 g l o v e  9 a 
boxes, 15.2 m  o f  s u r f a c e  each, and 1 x  10- g  o f  p lu ton ium/m 2 
i s  0.12 g. No r e l e a ~ s e  c o u l d  t h e r e f o r e  exceed t h i s  l e v e l .  
P l a n t s  c o n t a i n i n g  fewer  (e.g., 50 g l o v e  boxes)  c o u l d  have 0.047 
t o  0.076 g o f  p l u t o n i u m  depend ing on t h e i r  s i z e .  



0 5.3 CRITICALITY 
- 

A c r i t i c a l i t y  p r o d u c i n g  f i s s i o n  p r o d u c t  gases i s  t h e  MREPP f o r  two 
f a c i  1  i t i e s ,  t h e  u r a n i  um f u e l  f a b r i c a t i o n  ( n o n o x i d e )  and r e s e a r c b  and deve lop -  
ment o f  n u c l e a r  f u e l s .  T h i s  even t  r e l e a s e s  a  t o t a l  o f  1.2 x  10 C i  as 
d i s c u s s e d  i n  S e c t i o n  4.1 and 4.2. The NRC s t a f f  has deve loped methods f o r  
a n a l y z i n g  t h e s e  a c c i d e n t s  and t h e s e  gu ides (USNRC, 1977a; 1979b) a r e  t h e  
s t a n d a r d  r e f e r e n c e  t h a t  s h o u l d  be used when e s t i m a t i n g  c r i t i c a l  i t y  r e l e a s e s .  

A c r i t i c a l i t y  a c c i d e n t  r e s u l t s  f r o m  an u n c o n t r o l  l e d  r e l e a s e  o f  energy f r o m  
an assemblage o f  f i s s i l e  m a t e r i a l .  Three ma jo r  t y p e s  o f  t h e s e  e x c u r s i o n s  t h a t  
have o c c u r r e d  a r e  i n  s o l u t i o n s  o f  f i s s i l e  m a t e r i a l ,  me ta l  assemb l ies  i n  a i r ,  
and inhomogeneous l i g h t -  o r  h e a v y - w a t e r - y ~ f e r a t e $ ~ § y s t e m s  ( S t r a t t o n ,  1967) .  
About o n e - t h i r d  were w a t e r  s o l u t i o n s  of U o r  Pu. A c c i d e n t  s c e n a r i o s  f o r  
b o t h  o f  t h e s e  f a c i l i t i e s ,  t h e r e f o r e ,  assumed w a t e r  a v a i l a b l e  f o r  t h e  
c r i t i c a l i t y .  

The c i  rcumstances o f  a  c r i t i c a l i t y  a c c i d e n t  a r e  d i f f i c u l t  t o  p r e d i c t .  
C r i t i c a l i t y  depends n o t  o n l y  on t h e  q u a n t i t y  o f  f i s s i l e  m a t e r i a l  p r e s e n t ,  b u t  
on t h e  s i z e ,  shape, and m a t e r i a l s  o f  any con ta inmen t  vesse l  wh ich  may be used, 
on t h e  n a t u r e  o f  any s o l v e n t  o r  d i l u e n t s ,  and on t h e  presence o f  any a d j a c e n t  
m a t e r i a l  wh ich  may p o s s s i b l y  r e t u r n  n e u t r o n s  t h r o u g h  s c a t t e r i n g  back i n t o  t h e  
f i s s i  l e  m a t e r i a l  ( C l a y t o n ,  1974) .  

E x c u r s i o n  c h a r a c t e r i s t i c s  c o n s i d e r e d  f o r  a c c i d e n t s  i n c l u d e :  ( 1 )  maximum 
number o f  f i s s i o n s  i n  a  5-sec i n t e r v a l ,  ( 2 )  d u r a t i o n  and t o t a l  number o f  
f i s s i o n s  f r o m  an e x c u r s i o n ,  and ( 3 )  maximum s p e c i f i c  f i s s i o n  r a t e  (Tuck,  1974).  

Because c r i t i c a l i t i e s  were d i s c u s s e d  i n  d e t a i l  i n  S e c t i o n s  4.1 and 4.2, 
t h e  d i s c l ~ s s i o n  h e r e  i s  c o n f i n e d  t o  t h e  s p e c i f i c  f a c i l i t i e s  where t h e y  a r e  t h e  
MKEPP even t .  

5.3.1 Uran i  um Fue l  F a b r i c a t i o n  (Nonoxi  de)  

F o r  t h e  u ran ium f u e l  f a b r i c a t i o n  (nonox ide )  c a t e g o r y ,  c r i t i c a l i t y  was 
s e l e c t e d  f r o m  two p o t e n t i a l  MKEPP s c e n a r i o s  ( e x p l o s i o n  and c r i t i c a l i t y )  on t h e  
b a s i s  o f  t h e  r a d i o l o g i c a l  consequences. K ryp ton ,  xenon, and i o d i n e  f i s s i o n  
p r o d u c t  gases a r e  t h e  i m p o r t a n t  r a d i o n u c l  i d e s  i n v o l v e d .  

Severa l  p o i n t s  i n  t h e  u ran ium nonox ide  p rocess  c o u l d  be t h e  s i t e  o f  a  
~ r i t i c a l i t y ~ ~ ~ e n t ;  e s p e c i a l l y  s u s c e p t i b l e  a r e  o p e r a t i o n s  u s i n g  s o l u t i o n s  
c o n t a i n i n g  U. These would  be found i n  me ta l  p i c k l i n g  o p e r a t i o n s ,  s c r a p  
recove ry ,  and l i q u i d  waste.  I n  a  u ran ium nonox ide  f u e l  f a b r i c a t i o n  p l a n t ,  t h e  
a c c i d e n t  c o u l d  be i n i t i a t e d  by l eakage  o f  f i s s i l e  m a t e r i a l  i n t o  an u n s a f e  
geometry, i n t r o d u c t i o n  o f  excess f i  s s i  l e  m a t e r i a l .  t o  a  s o l u t i o n ,  overconcen-  
t r a t i o n  o f  a  s o l u t i o n ,  f a i l u r e  t o  m a i n t a i n  s u f f i c i e n t  n e u t r o n  a b s o r b i n g  
m a t e r i a l s  i n  a  vesse l ,  i n t r o d u c t i o n  o f  n e u t r o n  modera to rs  o r  r e f l e c t o r s  (e.g., 
w a t e r  t o  a  h i g h l y  undermoderated system),  d e f o r m a t i o n  o'r f a i  1  u r e  t o  rnai n t a i  n  
s a f e  s t o r a g e  a r r a y s ,  o r  s i m i l a r  a c t i o n s  t h a t  can l e a d  t o  i n c r e a s e s  i n  t h e  
a c t i v i t y  o f  f i s s i l e  systems (USNRC, 1979a). The gu ides  suggest  b o t h  t h e  

f \ 
r a d i o n u c l  i d e  r e l e a s e  l e v e l  and sou rce  t e r m  m o d i f i c a t i o n  as f o l l o w s :  



e R a d i o n u c l i d e  r e l e a s e .  The NRC s t a f f  suggests  c a l c u l a t i o n  o f  t h e  
r a d i  o a c t i  v i  t y  o f  s i  g n i  f i c a n t  f i s s i o n  p r o d u c t s  produced i n  t h e  
e x c u r s i o n  may be accompl ished u s i n g  t h e  computer  code RIBD 
(Rad i  o i  so tope B u i  l d u p  and Decay) ; o r  an equ i  v a l  e n t  c a l  cu1 a t i  on can be 
s T b s t i t u t e d  i f - j u s t i f i e d  o n  an i n d i v i d u a l  case b a s i s .  

RIBD ana lyzes  t h e  f i s s i o n  p r o d u c t  c o n t e n t  o f  i r r a d i  a t e d  r e a c t o r  f u e l  
i n  te rms  o f  p o t e n t i a l  b i o l o g i c a l  hazards  and h e a t i n g  e f f e c t s  
accompanyi ng decay (Gumprecht, 1968). 

I f  t h e  r e s u l t s  o f  t h e  e v a l u a t i o n  u s i n g  RIBD i n d i c a t e s  no c r i t i c a l i t y  
exceed ing  1E + 19 f i s s i o n s  i n  8 h  ( t h e  NRC s t a n d a r d  c r i t i c a l i t y ) ,  i t  
can be assumed adequate f o r  t h e  f a c i l i t y .  

I n  t h i s  s t a n d a r d  c r i t i c a l i t y ,  an e x c u r s i o n  i s  assumed t o  o c c u r  i n  a  
ven ted  vesse l  o f  u n f a v o r a b l e  g e f y g t r y  c o n t a i n i n g  a  s o l u t i o n  o f  
400 g/L o f  u ran ium e n r i c h e d  i n  U. The e x c u r s i o n  produces an 
i n i t i a l  b u r s t  o f  1 E  + 18 f i s s i o n s  i n  0.5 sec f o l l o w e d  s u c c e s s i v e l y  a t  
10-min i n t e r v a l s  by 47 b u r s t s  o f  1.9-E + 17 f i s s i o n s  f o r  a  t o t a l  o f  
IE + 19 f i s s i o n s  i n  8 h. The e x c u r s i o n  i s  assumed t o  be t e r m i n a t e d  
by e v a p o r a t i o n  o f  100 L o f  t h e  s o l u t i o n s .  

It s h o u l d  be assumed t h a t  a l l  o f  t h e  n o b l e  gas f i s s i o n  p r o d u c t s  and 
25% o f  t h e  i o d i n e  r a d i o n u c l i d e s  r e s u l t i n g  frorn t h e  e x c u r s i o n  a r e  
r e l e a s e d  d i r e c t l y  t o  a  v e n t i l a t e d  room atmosphere. It s h o u l d  a l s o  be 

assumed t h a t  an a e r o s o l ,  wh ich  i s  genera ted  f r o m  t h e  e v a p o r a t i o n  o f  
s o l u t i o n  d u r i n g  t h e  e x c u r s i o n ,  i s  r e l e a s e d  d i r e c t l y  t o  t h e  room atmo- 
sphere.  The a e r o s o l  s h o u l d  a l s o  be assumed t o  compr i se  0.05% o f  t h e  
s a l t  c o n t e n t  o f  t h e  s o l u t i o n  t h a t  i s  evapora ted.  The room volume and 
a i r  v e n t i l a t i o n  r a t e  and r e t e n t i o n  t i m e  s h o u l d  be c o n s i d e r e d  on an 
i n d i v i d u a l  case b a s i s .  

5  
T o t a l  r e l e a s e  a r e  1.2 x  10 C i  o f  f i s s i o n  p r o d u c t  gases as l i s t e d  i n  
T a b l e  4.1. 

o M o d i f i c a t i o n  o f  t h e  u ran ium f u e l  f a b r i c a t i o n  ( n o n o x i d e )  sou rce  
te rm.  T h i s  sou rce  t e r m  can be m o d i f i e d  by c o n s i d e r i n g  (1) d e p o s i t i o n  
i n  t h e  f a c i l i t y ,  ( 2 )  r a d i o a c t i v e  decay, and ( 3 )  f i l t r a t i o n  sys tem 
e f f e c t i  veness: 

- D e p o s i t i o n  can be assumed. The r e g u l a t o r y  g u i d e  a l l o w s  a  
r e t e n t i o n  a l l o w a n c e  f o r  i o d i n e ,  s t a t i n g  t h a t  25% o f  t h e  i o d i n e  
r a d i  onuc l  i des r e s u l t i n g  f r o m  t h e  e x c u r s i  on a r e  re1  eased d i  r e c t l y  
t o  a  v e n t i l a t e d  room atmosphere. The room volume and a i r  v e n t i -  
l a t i o n  r a t e  and r e t e n t i o n  a r e  c o n s i d e r e d  on an i n d i v i d u a l  b a s i s .  

- R a d i o a c t i v e  decay reduces t h e  r e l e a s e .  The gu ide  s t a t e s  t h a t  
t h e  e f f e c t s  o f  r a d i  01 o g i  c a l  decay d u r i  ng  t r a n s i t  t h r o u g h  t h e  
p l a n t  can be e v a l u a t e d  on an i n d i v i d u a l  case b a s i s .  



- F i l t r a t i o n  o f  t h e  amount of  r a d i o a c t i v e  m a t e r i a l  a v a i l a b l e  f o r  
r e l e a s e  by f i l t r a t i o n  systems can be t a k e n  i n t o  account .  The 
amount o f  t h e  r e d u c t i o n  s h o u l d  be e v a l u a t e d  on an i n d i v i d u a l  
case b d s i  s . 

5.3.2 Research and Development o f  N u c l e a r  F u e l s  

F o r  t h i s  f a c i l i t y  c a t e g o r y ,  t h e  MREPP c r i t i c a l i t y  a c c i d e n t  was assumed t o  
o c c u r  f r o m  an e a r t h q u a k e  t h a t  damaged t h e  s p r i n k l e r  system. The c r i t i c a l i t y  
can be p o s t u l a t e d  t o  o c c u r  when f i s s i  l e  m a t e r i a l s  a r e  p r e s e n t  i n  a  c o n f i g u r a -  
t i o n  t h a t  c o u l d  be made c r i t i c a l  by t h e  a d d i t i o n  o f  w a t e r .  I f  a  f i r e  i s  
i n v o l v e d ,  t h e  c o n f i g u r a t i o n  i s  l i k e l y  t o  be changed by f i r e  such t h a t  t h e  
a d d i t i o n  o f  w a t e r  c o u l d  cause c r i t i c a l i t y  ( C a r t e r  e t  a l . ,  1968). Dry  chemi-  
c a l s ,  C O Z Y  i n e r t  gases, f reon ,  o r  h i g h  expans ion  foams a r e  used t o  f i g h t  
f i s s i l e  m a t e r i a l  f i r e s .  An e r r o r ,  human o r  mechan ica l ,  wou ld  t h e r e f o r e  be 
r e q u i r e d  t o  add w a t e r  t o  i n i t i a t e  t h e  c r i t i c a l i t y .  T h i s  c o u l d  be caused by 
i m p r o p e r l y  t r a i n e d  o r  u n t r a i n e d  f i  r e f i  g h t e r s  u s i n g  wa te r ,  o r  by b r e a c h i n g  o f  
t h e  f a c i l i t y  s p r i n k l e r  system. An ea r thquake  was assumed t o  damage t h e  
f a c i l i t y ,  g l o v e  boxes, and s p r i n k l e r  sys tem w a t e r  e n t e r i n g  t h e  g l o v e  box t r a i n  
t h e n  l e a d s  t o  a  c r i t i c a l i t y  even t .  R a d i o n u c l i d e  r e l e a s e  and sou rce  t e r m  
m o d i f i c a t i o n  gu ides  a r e :  

R a d i o n u c l i d e  r e l e a s e .  Releases a r e  t h e  same as d i s c u s s e d  i n  
S e c t i o n  4.1. 

e M o d i f i c a t i o n  o f  t h e  r e s e a r c h  and development o f  n u c l e a r  f u e l s  MREPP 
source  te rm.  The m o d i f i c a t i o n  o f  t h i s  sou rce  t e r m  can be accom- 
p l i s h e d  u s i n g  methods suggested i n  S e c t i o n  5.3.1. 
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APPENDIX A 

URANIUM FUEL FABRICATION (OXIDE) 

A. l  BABCOCK AND WILCOX, LYNCHBURG, VIRGINIA 

The Babcock and W i l c o x  Commercial Nuc lea r  Fue l  P l a n t  (CNFP) a t  Lynchburg,  
V i  r g i  n i  a, produces f u e l  assembl i es f o r  commerci a1 n u c l e a r  power r e a c t o r s  f r o m  
1  ow-enr i  ched U02 powder. I n f o r m a t i  on on t h i s  p l a n t  was o b t a i n e d  frorn Babcock 
and W i l c o x  r e p o r t s  (1972, 1974, 1981a, 1981b). 

A . l . l  Process D e s c r i p t i o n  

Uranium d i o x i d e  i s  b lended,  s lugged,  and g r a n u l a t e d ,  and t h e n  i s  pressed 
i n t o  p e l l e t s .  The p e l l e t s  a r e  s i n t e r e d  i n  r e d u c i n g  fu rnaces,  ground t o  
s p e c i f i e d  s i z e s ,  and loaded  i n t o  f u e l  rods .  The rods  a r e  assembled i n t o  f u e l  
bund les  and s t o r e d  b e f o r e  s h i p p i n g .  

Scrap Recovery 

Scrap c o l l e c t i o n  and r e c y c l e  a c t i v i t i e s  a l s o  t a k e  p l a c e  w i t h i n  t h e  p l a n t .  

O the r  O p e r a t i o n s  

Fue l  assembly g r i d s  a r e  f a b r i c a t e d  i n  t h e  p l a n t  and mach in ing  o p e r a t i o n s  
a r e  per formed.  

A.1.2 F a c i l i t y  D e s c r i p t i o n  

Bu i  1  d i  ngs 

The main b u i l d i n g ,  shown i n  F i g u r e  A . l ,  i s  a  windowless,  m e t a l - p a n e l e d  
s t r u c t u r e .  Dimensions o f  t h e  b u i l d i n g  a r e  600 f t  by 60 f t  w i t h  a  2 4 - f t  average 
c e i l i n g  h e i g h t .  I n t e r i o r  and e x t e r i o r  p l a n t  w a l l s  a r e  separa ted  by 8 i n . ,  
i n c l u d i n g  4 i n .  o f  i n s u l a t i o n .  S t r u c t u r a l  s u p p o r t  i s  p r o v i d e d  by s t e e l  beams 
on a  2 4 - f t  spac ing.  

The s t r u c t u r e ,  p i p i n g ,  and a l l  ma jo r  process equipment a r e  des igned  t o  
w i t h s t a n d  a  d e s i g n  b a s i s  ea r thquake  o f  V I I  on t h e  M o d i f i e d  M e r c a l l i  s c a l e .  The 
b u i l d i n g s  c o u l d  n o t  w i t h s t a n d  a  d i r e c t  s t r i k e  f rom a  d e s i g n  b a s i s  to rnado .  

HVAC Systems 

Scrubbers  and HEPA f i l t e r s  a r e  used t o  c l e a n  p rocess  a i r .  Ten a i r  changes 
p e r  hour  o r  more a r e  p r o v i d e d  f o r  most areas o f  t h e  p l a n t .  T a b l e  A . l  g i v e s  
s p e c i f i c  v e n t i l a t i o n  i n f o r m a t i o n  f o r  t h e  p l a n t .  



MAINTENANCE GRID MANUFACTURING 

POWDER ALPHA COUNT ROOM 4 
RECEIVING CHANGE RECEIVING 

FEED ROOMS ROD CLEANING INSPECTION & MACHINE SHOP ROOM 
STORAGE 

J 1 st END OPERATIONS ROD +-GRID INSPECTION 
STORAGE 

PELLETIZING FUEL ASSEMBLY 
PELLET FUEL ROD ASSEMBLY STORAGE AND 

VAULT f FABRICATION LINE 1 ROOM SHIPPING 

I 
FINAL 

INSPECTION 

OPERATIONS 

FIGURE A.1. Babcock and W i  1 cox Cornmerci a1 N u c l e a r  Fue l  P l  a n t  Fac i  1 i t y  Diagram 



Eng ineered  S a f e t y  Systems 
f \  

Manual f i r e  a la rms  and r a d i a t i o n  d e t e c t o r s  a r e  l o c a t e d  i n  p rocess  areas o f  
t h e  p l a n t .  

S u r r o u n d i n g  Area 

The commercia l  p l a n t  i s  i n  a  r u r a l  area.  A n a v a l  f u e l  f a b r i c a t i o n  p l a n t  
and a  r e s e a r c h  c e n t e r  a r e  on t h e  same s i t e .  Bo th  f a c i l i t i e s  h a n d l e  r a d i o a c t i v e  
m a t e r i  a1 s. 

A.1.3 I n v e n t o r y  

Radi o a c t i  ve I n v e n t o r y  

T a b l e  A.2 g i v e s  i n f o r m a t i o n  on r a d i o a c t i v e  m a t e r i a l  i n v e n t o r i e s  i n  t h e  
p l a n t .  The p l a n t  can p rocess  a t o t a l  o f  194 m e t r i c  t o n s  o f  u ran ium (MTIJ) p e r  
y e a r .  

Hazardous and Combus t ib le  I n v e n t o r y  

Some hazardous and c o m b u s t i b l e  c h e m i c a l s  used a t  t h e  Babcock and W i l c o x  
commercia l  n u c l e a r  f u e l  p l a n t  a r e  l i s t e d  i n  Tab le  A.3. The s t o r a g e  c a p a c i t y  
and l o c a t i o n  o f  t h e s e  chemica ls  a r e  a1 so g i ven .  

A.2 COMBUSTION ENGINEERING, HEMATITE, MISSOURI 

The Combust ion E n g i n e e r i n g  u ran ium o x i d e  f u e l  f a b r i c a t i o n  f a c i l i t y  
p roduces l o w - e n r i c h e d  U02 f u e l  p e l l e t s  f r o m  UF6 f o r  l i g h t  w a t e r  r e a c t o r  f u e l  
assembl ies .  The f u e l  i s  f a b r i c a t e d  i n t o  f i n i s h e d  e lements  a t  t h e  Windsor, 
C o n n e c t i c u t ,  p l a n t .  I n f o r m a t i o n  on t h i s  p l a n t  was o b t a i n e d  f r o m  Combust ion 
E n g i n e e r i n g  r e p o r t s  (1980a, 1982). 

A.2.1 Process D e s c r i  p t i  on 

O p e r a t i  on 

E n r i c h e d  UF6 i s  r e c e i v e d  as a  s o l i d  i n  2.5-ton c y l i n d e r s .  These c y l i n d e r s  
a r e  h e a t e d  i n  a  steam c h e s t  t o  v a p o r i z e  t h e  UF , wh ich  t h e n  e n t e r s  t h e  f i r s t  

f l u o r i d e  (IJ02F2) and HF gas. 
R f l u i d i z e d  bed r e a c t o r .  Here i t  i s  r e a c t e d  w i t  d r y  steam t o  f o r m  u r a n y l  

The gaseous HF and excess steam, " c racked"  ammonia o r  hydrogen e x i t  t h e  
r e a c t o r  t h r o u g h  porous me ta l  f i l t e r s ;  t h e  U02F2 p a r t i c l e s  move t o  a  second and 
t h i r d  r e a c t o r  wher,e t h e y  a r e  p y r o h y d r o l y z e d  i n  a  r e d u c i n g  atmosphere o f  hyd ro -  
gen t o  remove r e s i d u a l  f l u o r i n e  and reduce  t h e  U02F2 t o  U02. O f f  gases f r o m  
t h e s e  r e a c t o r s  a r e  a l s o  f i l t e r e d  t h r o u g h  porous m e t a l  f i l t e r s ,  t h e n  r o u t e d  w i t h  
o f f  gases f r o m  t h e  f i r s t  r e a c t o r s  t o  s c r u b b e r s  f i l l e d  w i t h  c a l c i u m  ca rbona te .  
These sc rubbers  remove most o f  t h e  HF b e f o r e  t h e  o f f  gas i s  d i s c h a r g e d  t o  t h e  
atmosphere. 



TABLE A.1. V e n t i  1  a t i  on C a p a c i t i e s  o f  t h e  Powder IPe l l  e t  and Assembly Fac i  1  i t y  , 
Babcock and W i  1  cox Commerci a1 Nucl e a r  Fue l  P l  a n t  

Space Space A i  r Reci  r c u l  a t e d  Stack  

Vo l  ume, S u ~ p l y  , Ai r, Exhaust ,  No. o f  A i r  

Area ft3 f t  /m in  f t 3 1 m i  n  f t 3 / m i  n  Changeslh 

Pel 1  e t i  z i  ng 438,375 64,090 60 ,460 12,600 1 0  

V a u l t  & Load ing  30,000 4,425 4,425 5  7 5  10 

A n a l y t i c a l  Lab 40,500 10,125 0  15,000 15 

Suppor t :  

T o i  1  e t s  12,500 1,890 1,890 190 10 

Process 
Main tenance 10,000 1,520 1,520 150 10 

F i  1  t e r  Room 80,000 12,120 12,120 1,210 1 0  

Change Room 36,000 5,455 5,455 54 5 10 

S e r v i c e s  21,400 3,240 3,240 32 5  1 0  

T o t a l  S u p p o r t  24,225 24,225 2,420 

Uran i  urn d i o x i d e  (IJO2) f r o m  t h e  t h i r d  r e a c t o r  i s  c o o l e d  and p n e u ~ n a t i c a l  l y  

t r a n s f e r r e d  t o  s t o r a g e  s i  10s. The powder i s  w i thd rawn  f r o m  t h e  s t o r a g e  s i  10s 
i n t o  a  f l u i d  energy  m i l l ,  where r e c y c l e  m a t e r i a l  may a l s o  be added. I t  i s  t h e n  
t r a n s f e r r e d  t o  b l e n d e r s  and w i thd rawn  f o r  sh ipment  t o  Windsor f o r  use i n  t h e  
p e l  1  e t  p l  a n t .  

F o r  p e l l e t i z i n g ,  b l e n d i n g  powder i s  agg lo lnera ted u s i n g  an o r g a n i c  b i n d e r  
and a  s u i t a b l e  s o l v e n t .  The agg lomerated powder i s  t h e n  g r a n u l a t e d  t o  ensu re  a  
c o n s i s t e n t  p r e s s  feed,  and p ressed  i n t o  p e l l e t s .  "Green" p e l l e t s  d r e  p rocessed  
t h r o u g h  a  dewaxing f u r n a c e  t o  rernove t h e  a d d i t i v e s  and t h e n  passed t h r o ~ ~ y t i  '1 

s i n t e r i n g  f u r n a c e  where t h e y  dens i  f y .  The s i n t e r e d  p e l  le t ,s  a r e  s i r e d  u s i n g  n 

c e n t e r l e s s  g r i n d e r ,  d r i e d ,  i n s p e c t e d ,  and packed f o r  s h i  pnlerlt,. 

Waste Di sposa l  

Sol  i d  l o w - l e v e l  wastes  a r e  packaged i n  55-ga l  i l r u l i ~s  o r  p l a s t i c - 1  i net! 
wooden c r a t e s  f o r  d i s p o s a l  a t  a  1 i c e n s e d  wdste  f a c i  l i t y .  

L i q u i d  h i  yh-1 eve1 wastes  a r e  che~r i i  c a l  ly  processed  t o  r e c o v e r  tht. 
u r a n i ~ l m .  The r a d i o a c t i v i t y  o f  1  i q u i r l  l o w - l e v r l l  wastes i s  i l c ~ t c ~ r ~ ~ ~ i n t ~ d .  I t  i s  

t h e n  e i t h e r  d ischargec l  t o  e v a [ ) o r a t i o n  pontls o r  quarant inc?cl  i r ~  !>!)-r~,il tlr.tl111.; 

u n t i  1  t h e  r ldughter  protluct:s clecay t o  a c c ~ l ) t a b l ( ?  1 evc.1 z .  

Cyl  i nrlclr hee l  s a r e  d l  so wdchccl and 1) roc t~scc~t l  i n  1 111. w,l \  t t b  (11 c~,o.;,i 1 

o p e r a t i o n s .  



TABLE A.2. I n v e n t o r i e s  o f  R a d i o a c t i v e  M a t e r i a l s  a t  t h e  Babcock  and 
W i  l c o x  CNFP 

P h y s i c a l  I n - P r o c e s s  I n - S t o r a g e  D i  s p e r s i  b i  1  i t y  
C hemi c a l  Form L o c a t i o n  I n v e n t o r y ,  k g  I n v e n t o r y ,  k g  P r o p e r t i e s  

U02 Powder P e l  1  e t  i z i  ng  5,500 15,000 I n s o l u b l e ,  
0.75-1.0 pm MMD, 
d i  s p e r s i  b l  e, 
r e s p i  r a b  
2  t o  4% 4451, 

uo2 P e l  1  e t s  P e l  1  e t i  z i  ng 4,009 

uo2  Rod p r o -  
c e s s i  ng  
and 
s t o r a g e  

--- I n s o l u b l e ,  

n o n r e s p i  r a b l  e,  
n o n d i  spe  
2  t o  4% 

V a u l t  --- 35,000 Same 

"02 
F i n i s h e d  F u e l  

f u e l  s t o r a g e  
assem- 
b l  i es  

IJ02- Powder ,  P e l l e t i z i n g  

"3O3 f i n e s  
and 
g r i n d e r  
w a s t e  

45,000 Same 

92,300 Same ' 

I n s o l u b l e ,  
r a n g i n g  f r o m  
r e s p i  r a b l  e  t o  
n o n r e s p i  r a b l  e ,  
g e n e r a l  l y  d i  s -  
p e r s i  b l  e 
2 t o  4% 2 3 5 ~  



TABLE A.3. Chemical S to rage  a t  Babcock and Wi l cox  CNFP 

S t o r a g e  
C hemi c a l  Formula C a p a c i t y  C o n t a i n e r  Loca t  i on 

Acetone CH3COCH3 55-gal drum O u t s i d e  

A c e t y l e n e  Cyl i nders  Weld ing shop 

Ammon i a  NH3 125,000 l b  Tanks O u t s i d e  

Ammon i NH4HC03 1,000 ga l  
b i c a r b o n a t e  

Ca l  c i  um o x i d e  CaO 30,000 1  b  Tanks 
( 1  ime)  

Carbon d i o x i d e  C02 48,000 l b  Tanks O u t s i d e  

C a u s t i c  80-gal  drum O u t s i d e  

C u t t i n g  O i  1  

F l  o c c u l  a n t  

Fue l  O i  1  

He1 i urn 

50-gal  drum I n s i d e  

Drums 

1,500 ga l  Tank O u t s i d e  

He 35,000 Cyl i nders  O u t s i d e  

s td .  f t  

H y d r o c h l o r i c  a c i d  HC1 Carboys Machine equipment 
b u i  1  d i n g  

H y d r o f l  u o r i c  a c i d  HF Carboys Process b u i l d i n g  

H y d r a u l i c  f l u i d s  50 g a l  I n s i d e  

Hydrogen p e r o x i d e  H202 50-gal  drums 

L u h r i  c a t i n g  o i  1  100 ga l  I n s i d e  

Methanol  CH30H 8,000 ga l  Tanks O u t s i d e  

N a t u r a l  gas P iped  ( n o t  
s t o r e d )  

N i t r i c  a c i d  HN03 Carboys Process b u i l d i n g  

N i t r o g e n  ( l i q u i d )  N2 60,000 Cyl i nders  
s td .  f t3  

O u t s i d e  

Oxygen Cyl i nders  We ld ing  shop 

P o t a s s i  urn KOH 10,000 l b  Tanks 
hyd r o x i  de 

Propane Tanks O u t s i d e  b u i l d i n g  

T r i  c h l  o r o e t h y l  ene 55-gal  drum O u t s i d e  

Wax 50 ga l  

A.6 

I n s i d e  



F a c i  1  i t y  D e s c r i  p t i  on 

B u i l d i n g s  

F i g u r e  A.2 shows t h e  l o c a t i o n  o f  b u i l d i n g s  a t  t h e  Combust ion E n g i n e e r i n g  
Hemat i t e  p l a n t  s i t e .  

The o x i d e  p l a n t  has f o u r  l e v e l s  w i t h  d imens ions o f  31  f t  by 36 f t  by 50 f t  
h i g h .  The b u i l d i n g  has a  c o n c r e t e  f l o o r ,  c o r r u g a t e d  s t e e l  s i d i n g ,  and a  me ta l  
r o o f .  It opens d i r e c t l y  i n t o  t h e  p e l  l e t  p l a n t .  Next  t o  t h e  o x i d e  p l a n t  i s  a  
31- by 5 5 - f t  l o a d i n g  dock w i t h  a  me ta l  r o o f  and c o n c r e t e  f l o o r .  

The p e l l e t  p l a n t  has d imens ions o f  83 f t  by 161 f t  by 17 f t  h i g h .  The 
p e l l e t  p r o d u c t i o n  a r e a  occup ies  an 83- by 8 3 - f t  s e c t i o n  of  t h e  b u i l d i n g  and t h e  
rema inder  i s  used f o r  o f f i c e s  and s t o r a g e ,  The p e l l e t  p l a n t  has c o n c r e t e  
f l o o r s ,  c o n c r e t e  b l o c k  w a l l s ,  and a  conc re te -on -meta l  r o o f .  

The r e c y c l e / r e c o v e r y  areas and l a b o r a t o r y  a r e  i n  a  s t r u c t u r e  83 f t  by 
215 f t  by 16 f t  h i g h .  T h i s  b u i l d i n g  a l s o  has c o n c r e t e  f l o o r s ,  e x t e r i o r  
c o n c r e t e  b l o c k  w a l l s  w i t h  windows and a  concre te-09-meta l  r o o f .  About 6000 f t  

2 

a r e  used f o r  u r a n i u m  r e c y c l e  and r e c o v e r y ,  2500 f t  f o r  a  q u a l i t y  c o n t r o l  
l a b o r a t o r y ,  and t h e  r e s t  f o r  o f f i c e s ,  change areas,  and maintenance.  

Process areas o f  t h e  p l a n t  a r e  n o t  des igned  t o  w i t h s t a n d  an ea r thquake  o r  
t o r n a d o .  

HVAC Systems 

O f f  gases f rom UF6 c o n v e r s i o n  pass t h r o u g h  meta l  f i l t e r s  and d r y  s c r u b b e r s  
c o n t a i n i n g  1  imes tone  t o  e x t r a c t  HF. H i g h - e f f i c i e n c y  p a r t i c u l a t e  a i r  f i l t e r s  
a r e  p r o v i d e d  i n  t h e  exhaus t  s t a c k s  o f  t h e  o x i d e  b u i l d i n g  where UF6 c o n v e r s i o n  
t a k e s  p l a c e .  An u n f i  1  t e r e d  exhaus t  i s  a l s o  l o c a t e d  i n  t h e  o x i d e  b u i l d i n g  t o  
p r e v e n t  Hz b u i l d u p  i n  case o f  a  l e a k .  The V-b lenders  a r e  e n c l o s e d  i n  a  
v e n t i l a t e d  hood w i t h  a  minimum f a c e  v e l o c i t y  o f  100 f t / m i n .  

The p e l  l e t  p l a n t  has two m a n i f o l d  systems, and each c o n t a i n e r  has two 
banks of a b s o l u t e  f i l t e r s  and two banks o f  p r e f i l t e r s .  The p r e f i l t e r s  p r o t e c t  
t h e  f i n a l  f i l t e r s .  

V e n t i l a t i o n  a i r  f r o m  t h e  c y l i n d e r  hee l  p r o c e s s i n g  equipment i s  exhausted 
t h r o u g h  a  s i n g l e  f i n a l  f i l t e r .  

Eng ineered  S a f e t y  Systems 

The Hemat i t e  p l a n t  has a  n u c l e a r  a l a r m  sys tem c o n s i s t i n g  of  gamma- 
s e n s i t i v e  d e t e c t o r s ,  a la rms ,  and a  remote i n d i c a t o r  pane l  a t  t h e  guard  s t a t i o n .  
A  UFg v a p o r i z e r  a l a r m  sys tem i s  a l s o  i n  p l a c e  t o  d e t e c t  UF6 l e a k s .  
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S u r r o u n d i n g  Area 

The n e a r e s t  r e s i d e n c e  i s  0.5 ~ n i  l e  southwest  o f  t h e  p l a n t  s i t e .  The p l a n t  
i s  sur rounded by woodlands, w a t e r  b o d i e s ,  and open spaces. 

A.2.3 I n v e n t o r y  

R a d i o a c t i  ve I n v e n t o r y  

P l a n t  c a p a c i t y  i s  225 MTU p e r  y e a r .  Possess ion l i m i t s  f o r  t h e  p l a n t  a r e  
g i v e n  i n  Tab le  A.4. 

TABLE A.4. - Possess ion L i m i t s  f o r  t h e  Combustion E n g i n e e r i n g  
Hemat i t e  P l a n t  

M a t e r i a l  -- Fo r m  Q u a n t i t y  

Uran i  um e n r i c h e d  t o  Any 93gU kg c o n t a i  ned 
irnum o f  4.1 w t %  9'3 6, 

IJrarjigm t o  any en r i chmen t  Any 350 g  

i n  U  

Source m a t e r i  a1 Uranium and /o r  20,000 kg 
t h o r i  u!n 

Hazardous and Cornbusti b l e  I n v e n t 0 3  

T a b l e  A.5 l i s t s  some o f  t h e  chemica ls  used a t  t h e  Hemat i t e  p l a n t .  

A n a t u r a l - g a s - f i r e d  h e a t e r  on t h e  r o o f  o f  t h e  p e l l e t  p l a n t  s u p p l i e s  h e a t  
t o  t h e  o x i d e  b u i l d i n g .  The b o i l e r  i s  a l s o  f i r e d  w i t h  n a t u r a l  gas. 

A.3 - COMBUSTION ENGINEERING, WINDSOR, CONNECTICUT 

The Combusti on E n g i n e e r i n g  u r a n i  um o x i d e  f u e l  f a b r i c a t i o n  p l a n t  a t  
Windsor, C o n n e c t i c u t ,  produces f u e l  assemb l ies  f r o m  U02 powder and p e l l e t s  f o r  
r e a c t o r s .  I n f o r m a t i  on on t h i  s  s i t e  was t a k e n  f r o m  Combusti on Engi  n e e r i  ng  
r e p o r t s  (1980b, 1981a, 1981b).  

A.3:l Process D e s c r i p t i o n  

O p e r a t i  on 

Uranium d i o x i d e  powder f r o m  t h e  Hemat i t e  p l a n t  i s  t r a n s p o r t e d  t o  t h e  
Windsor s i t e .  The powder i s  b lended,  g r a n u l a t e d ,  p ressed  i n t o  "g reen"  p e l l e t s ,  
dewaxed i n  a  r e d u c i n g  f u r n a c e  and s i n t e r e d  i n  a  r e d u c i n g  atmosphere. S i n t e r e d  
p e l l e t s  a r e  ground t o  a  s p e c i f i e d  shape, a l i g n e d  i n  a  l i n e a r  a r r a y ,  d r i e d  i n  an 

A. 9  



TABLE A.5. Chemi c a l  s  Used a t  Combusti on Engi  n e e r i  ng Hemat i t e  P l  a n t  

Amount, S to rage  
Chemi c a l  Formula Use 1  b l y r  C a p a c i t y  

Ammoni a  (anhydrous)  NH3 Reducing gas 420,000 10,000 ga l  

A n t i c o r r o s i o n  
chemica l  s  

D e t e r g e n t  

Fue l  o i l  

Bo i  1  e r  t r e a t m e n t  2,600 

Laundry  

Backup power 

H y d r o c h l o r i c  a c i d  HC 1  C l e a n i n g  hea t  exchanger 850 
tubes  i n  steam b o i l e r  

Hydrogen (compressed Hz 136,000 f t J  

gas 

Hydrogen p e r o x i d e  "2O2 A d j u s t  pH i n  wet 20,100 
r e c o v e r y  

Hydropho l  i c s t a r c h  C6HI6o5 L u b r i c a t e  p e l l e t  1,500 
c a v i t i e s  

L i q u i d  propane Heat  t o  emergency 
c e n t e r  

300 ga l  a t  
2,200 l b / i n .  , 

N a t u r a l  gas Power 2,000 ga l  
underground 

N i t r i c  a c i d  HN03 D i s s o l v e  U3O8 i n  wet 9,850 
r e c o v e r y  

N i t r o g e n  ( 1  i q u i d )  2 500,000 1,000 g a l  

Organ ic  b i n d e r  Added t o  t r i  c h l o r o e t h a n e  900 

Potass ium h y d r o x i d e  KOH Wet sc rubber  l i q u i d  3,500 

Sodi um c h l o r i d e  NaCl Regenera te  d e i o n i z i n g  7,500 
r e s i  ns 

Sodi  um h y d r o x i d e  NaOH Regenera te  r e s i n s  f o r  4,500 
d e i o n i z i n g  w a t e r  

S u l f u r i c  a c i d  H2S04 Regenera te  demi n e r a l  i z e r  5,000 
r e s i n s  

T r i  c h l  o roe thane  C H ~ C C I  Pel  1  e t  b i n d e r  9,500 



oven, ,and loaded  i n t o  a  f u e l  tube.  Caps a r e  we lded on t h e  end o f  t h e  f u e l  rod ,  
G n d  rods  a r e  i n s p e c t e d  b e f o r e  b e i n g  bund led  t o g e t h e r  i n t o  assemb l ies  f o r  

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

Waste D i s p o s a l  

L i q u i d  waste  i s  c o l l e c t e d  i n  t e n  2,000-gal r e t e n t i o n  t a n k s  l o c a t e d  i n  a  
b u i  d i n g  s e p a r a t e  f r o m  t h e  p rocess  b u i l d i n g .  The wastes  a r e  d i l u t e d  t o  3.0 x 
l o - '  p C i  / m l  b e f o r e  b e i n g  r e l e a s e d  t o  t h e  r e t e n t i o n  t a n k s .  The waste  i s  
e v e n t u a l l y  d i s c h a r g e d  t o  an i n d u s t r i a l  waste  l i n e ,  wh ich  c a r r i e s  i t  t o  a  c r e e k  
and t o  t h e  Fa rm ing ton  R i v e r .  

So l  i d  waste  i s  c o l l e c t e d  i n  55-ga l  b a r r e l s  and sh ipped  t o  a 1  i c e n s e d  waste  
d i s p o s a l  c o n t r a c t o r .  

F a c i  1  i t y  I n f o r m a t i  on 

R IJ~  1  d i n g s  

The Windsor s i t e  f a c i l i t y  i s  shown i n  F i g u r e  A.3. The shop s e c t i o n  o f  t h e  
f u e l  m a n u f a c t u r i n g  b u i l d i n g  has c o n c r e t e  f l o o r i n g ,  c o r r u g a t e d  asbes tos  s i d i n g ,  
and a  poured gypsum r o o f  deck about  30 f t  above t h e  f l o o r .  

The f r o n t  s e c t i o n  of  t h e  f u e l  m a n u f a c t u r i n g  b u i l d i n g  has c o n c r e t e  
f l o o r i n g ,  e x t e r i o r  c o n c r e t e  S l  ock w i t h  f u l l  windows, and a  poured gypsum r o o f .  

The warehouse i s  a  p r e f a b r i c a t e d  r i g i d  f rame s t e e l  s t r u c t u r e  h o u s i n g  
i n c o m i n g  f u e l  s h i p p i n g  c o n t a i n e r s ,  raw m a t e r i a l s ,  and f i n i s h e d  coinponents. 

The b u i l d i n g s  can w i t h s t a n d  100 mph w inds  and Zone 2 i n t e n s i t y  ea r thquakes  
on t h e  M e r c a l l  i s c a l e .  

HVAC Systems 

Four  systems o p e r a t e  i n  t h e  f u e l  m a n u f a c t u r i n g  b u i l d i n g  a rea  t o  c o n t r o l  
a i r b o r n e  r e l e a s e s .  They a r e  l i s t e d  i n  Tab le  A.6 w i t h  t h e i r  a i r f l o w  c a p a c i t y  
and number o f  a b s o l u t e  f i  1  t e r s .  

TABLE A.6. Ai  r f l o w  i n  Combust ion E n g i n e e r i n g  W i  n d s o r  P l a n t  

A i r f l o w  Nu,mber o f  
Process Area Capac i t y ,  f t  /mi n  A b s o l u t e  F i  1  t e r s  

Powder p r e p a r a t i o n  and p r e s s i  ng  12,100 

Furnace Hz b u r n o f f  1,340 

Pel  1  e t  g r i  nd-i  n g  and r o d  1  o a d i  ng  19,422 

Recyc le  powder a r e a  6,000 

Each sys tem has p r e f i l t e r s  and a b s o l u t e  f i l t e r s .  The a b s o l u t e  f i l t e r s  a r e  
9.97% e f f i c i e n t .  

A . l l  
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Eng inee red  S a f e t y  Systems 

An overhead s p r i n k l e r  system and p o r t a b l e  f i  r e  s x t i n g u i  s h e r s  a r e  l o c a t e d  
t h r o u g h o u t  t h e  p l a n t .  Only p o r t a b l e  d r y  chemica l  f i r e  e x t i n g u i s h e r s  a r e  
a1 1  owed i n  t h e  u n c l a d  f u e l  -hand1 i ng  a rea .  

C r i t i c a l i t y  d e t e c t o r s  a r e  l o c a t e d  t h r o u g h o u t  t h e  p l a n t .  

S u r r o u n d i n g  Area 

The W i  ndso r  s i t e  i s  su r rounded  by a  l a n d f i  11, t h e  F a r m i n g t o n  R i v e r ,  wooded 
a reas  and a g r i c u l t u r a l  f i e l d s .  A  government l a b o r a t o r y  used f o r  t r a i n i n g  n a v a l  
p e r s o n n e l  t o  o p e r a t e  p r o t o t y p e  submar ine  n u c l e a r  r e a c t o r s  i s  l o c a t e d  e a s t  o f  
t h e  f a c i l i t y .  O n s i t e  i s  a  c o a l  g a s i f i c a t i o n  t e s t  p l a n t  and a  n u c l e a r  
l a b o r a t o r y .  The n e a r e s t  r e s i d e n c e  i s  700 m  e a s t  o f  t h e  m a n u f a c t u r i n g  b u i l d i n g .  

A.3.3 I n v e n t o r y  

L i c e n s e  l i m i t s  f o r  t h e  p l a n t  a r e  shown i n  T a b l e  A.7. 

TABLE A.7. L i c e n s e  L i m i t s  3 t  Cornbustion E n g i n e e r i n g  

M a t e r i  a1 L o c a t i  on Q u a n t i  t y  

U ran i  um Oxides < 4.1% 2 3 5 ~  Y a n u f a c t u r i n g  Rui  l d i n g  500,000 kg  U  

Uranium < 20% 2 7 5  
Any B u i l d i n g  4,800 g  2  3 5u - 

N a t u r a l  and /o r  D e p l e t e d  U  4ny B u i l d i n g  10,000 kg  U  

E n c a p s u l a t e d  2 3 R ~ u  Any B u i l d i n g  5  sou rces  each 2 g  
23RPu 

Pu A n a l y t i c a l  Samples Any Sui 1  d i  ng 160 l ~ g  

Hazardous and Combus t i b le  I n v e n t o r y  

T a b l e  A.8 l i s t s  c h e m i c a l s  used a t  t h e  Combust ion  E n g i n e e r i n g  Windsor  
p l a n t .  The amounts s t o r e d  and used i n  t h e  p l a n t  and y e a r l y  consumpt ion  a r e  
a l s o  g i ven .  

A.4 EXXON NUCLEAQ, RICHLAND, WASHINGTON 

The Exxon N u c l e a r  u r a n i u y  o x i d e  f u e l  f a b r i c a t i o n  f a c i  l i t y  i n  R i  ch land ,  
Washington,  p roduces Ug2 f u e l  e lemen ts  f rom UF6. I n f o r m a t i o n  on t h i s  f a c i  1  i t y  
was t a k e n  f r o m  Exxon r e p o r t s  (1979, 1981) and f r o m  a  r e p o r t  by J e r s e y  N u c l e a r  
Company (1971) .  



TABLE 4.8. I nven to ry  o f  Chemica ls  Combust i  on E n g i n e e r i n g  W i  ndsor  P l a n t  0 
Yearly 

Consunption 

600 ga l / y r  

Chemi ca l Formu l a Storage Conta l n m n t  Use -- 
Acetone I-ga l d i spenser cans Cleaning through f a c i l i t y  

Aluminum n i t r a t e  A l  (NO3) Mixed w i t h  process water 

t o  form bath t o  s top 

p i c k l i n g  a c t i o n  

Anhydrous ammon l a  2 tanks  (8,000 and 6,000 g a l )  Regenerate demineral lzed r e s i n s  

Caus t i c  NaOH P i c k l e  Z l  r ca l oy  components 

Dete rgen t  s o l u t i o n  Clean components and assemblies 

D iese l  

Freon Degreas I ng m t e r  l a l s be fo re  

i n t r o d u c t i o n  t o  process 

Hyd roch lo r i c  a c i d  % I  

H y d r o f l u o r l c  a c i d  HF 

Regenerate deml nera  l 1 zer  r e s  l ns 5,000 I  b /yr  

Mixed w i t h  n i t r i c  a c i d  and 50 ga l / y r  

Water f o r  p l c k l  l n g  so l u t i o n  

I sopropy l  a l coho l  1-gal d lspenser  cans Cleaning 1,100 g a l / y r  

L i q u i d  n i t r o q e n  N2 5000-ga l i n su l a ted  tank 

L i q u i d  propane 

Mach I ne coo lan ts  

1500-gal t a n k  

Mixed w i t h  process water  and 

used as coo l  i ng so l u t i o n  

d u r i n g  machining opera t ions  110 ga l / y r  

Perch lo roe thy lene  Degrease raw m t e r  l a  l be fo re  

t o  i n t r o d u c t i o n  t o  process 11,200 Ib /y r  

Polyvinyl a l coho l  U02 powder p repa ra t i on  process 

t o  g i v e  powder c o r r e c t  f low 

q u a l i t y  f o r  p ress ing  

P i c k l i n g  s o l u t l o n  N i t r l c  a c i d  HN03 5,000-ga l s t a l n  less  s t e e l  

tank  

P i  ck l e Z l r c a  loy components Spent p i c k l i n g  

s o l u t i o n  

Used i n  vacuum pumps t o  

ach ieve  low pressure I n  

process 200 ga l / y r  

Vacuum pump o i  l 

Lubr l c a t e  pe l  l e t  d l s c  c a v i t  i e s  1,300 I b/yr  

I n  backup generators 

Z i n c  s t e a r a t e  



f .  \ A.4.1 Process D e s c r i p t i o n  

V 
O p e r a t i  on 

A t  t h e  R i c h l a n d  Exxon p l a n t ,  UFg i s  r e c e i v e d  i n  c y l i n d e r s ,  h y d r o l y z e d  t o  
U02FZ and p r e c i p i t a t e d  f r o m  s o l u t i o n  w i t h  t h e  a d d i t i o n  o f  ammonia. The ADU 
p r e c ~ p i t a t e  i s  t h e n  c a l c i n e d  t o  U02. 

The U02 i s  b lended  and pressed i n t o  p e l l e t s ,  wh ich  a r e  t h e n  s i n t e r e d  and 
ground t o  s p e c i f i e d  d iamete r .  The p e l l e t s  a r e  s t o r e d  t e m p o r a r i l y  and l o a d e d  
i n t o  f u e l  rods ,  wh ich  a r e  t h e n  welded shut .  The f u e l  rods  a r e  s t o r e d ,  
i n s p e c t e d ,  e tched,  and assembled i n t o  e lements.  Elements a r e  s t o r e d  b e f o r e  
s h i p p i n g .  

Waste D i s p o s a l  

L i q u i d  waste  i s  s t o r e d  i n  l agoons  b e f o r e  d i s c h a r g e .  S o l i d  con tamina ted  
waste  i s  s t o r e d  i n  warehouses a w a i t i n g  t r e a t m e n t  o r  o f f s i t e  b u r i a l .  

Scrap Recovery 

A s o l v e n t  e x t r a c t i o n  system i s  used t o  r e c o v e r  u ran ium f ro ln  scrap.  The 
p rocess  i n v o l  ves d i s s o l u t i o n  i n  n i t r i c  a c i d ,  s o l  ven t  e x t r a c t i o n ,  s t r i p p i n g ,  ADU 
p r e c i p i t a t i o n  and c a l c i n a t i o n .  Exxon a l s o  has an i o n  exchange column t o  
s e p a r a t e  u r a n i  uln f r o m  1  ow-1 eve1 con tamina ted  s o l u t i o n s  c o n t a i n i n g  300 ppm 
u r a n i  um. 

A.4.2 F a c i l i t y  D e s c r i p t i o n  

B u i  1  d i n g  

F i g u r e  A.4 i s  a  d iag ram of  t h e  f a c i l i t y  w i t h  p r o c e s s i n g  areas i d e n t i f i e d .  

P r o  ess b u i l d i n g s  a r e  des igned  t o  w i t h s t a n d  an average wind l o a d i n g  o f  5 
20 l b / f t  and a  d e s i g n  b a s i s  ea r thquake  w i t h  an a c c e l e r a t i o n  o f  0.17 g. 

HVAC Systems 

A i r f l o w  i s  f r o m  a reas  o f  l ow  t o  h i g h  p o t e n t i a l  c o n t a m i n a t i o n .  
A p p r o x i m a t e l y  7 a i r  changes p e r  hou r  a r e  s u p p l i e d  t o  t h e  u ran ium o p e r a t i o n s .  

Room a i r  i s  r e c i r c u l a t e d  t h r o u g h  HEPA f i l t e r s .  From 1 t o  3 s tages  o f  HEPA 
f i l t e r s  a r e  p r o v i d e d  t o  f i l t e r  p rocess  a i r .  Scrubbers  a r e  used t o  c l e a n  some 
p rocess  a i r .  

Ena ineered  S a f e t v  Svstems 

Areas o f  t h e  p l a n t  a r e  l a b e l e d  t o  i n d i c a t e  i f  w a t e r  may be used t o  combat 
f i  res .  R a d i o a c t i v e  m a t e r i a l  s t o r a g e  areas do n o t  have s p r i n k l e r s ;  c o m b u s t i b l e s  
a r e  k e p t  t o  a  minimum i n  t h e s e  areas.  D r y  powder and carbon d i o x i d e  f i r e  
e x t i n g u i s h e r s  a r e  l o c a t e d  t h r o u g h o u t  t h e  p l a n t .  

f \ 
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B u r n i n g  d e v i c e s  and Hz gas d e t e c t o r s  a r e  used  t o  p r e v e n t  b u i l d u p  o f  
e x p l o s i v e  o r  f l a m m a b l e  gases a r o u n d  t h e  s i n t e r i n g  f u r n a c e s  and ovens .  Hyd rogen  
i s  s t o r e d  o u t s i d e  o f  t h e  b u i l d i n g ,  and f l o w  o f  Hz t o  t h e  f u r n a c e s  automatically 
s h u t s  o f f  i n  c a s e  o f  l o s s  o f  v e n t i l a t i o n .  

N e u t r o n  d e t e c t o r s  a r e  l o c a t e d  t h r o u g h o u t  t h e  p l a n t .  

F i n a l  HEPA f i l t e r s  a r e  f i r e  r e s i s t a n t  and p r o t e c t e d  f r o m  f i r e s  by  e i t h e r  a  
l i q u i d  s c r u b b e r ,  an a u t o m a t i c  s p r i n k l e r  d e l u g e  system, o r  an a u t o m a t i c  c o o l  a i r  
i n j e c t i o n  i n  t h e  e x h a u s t  a i r  ups t r ea rn  o f  t h e  f i l t e r s .  R a t e - o f - r i s e  h e a t  d e t e c -  
t o r s  as w e l l  as a u t o m a t i c  and manual a l a r m  sys tems a r e  p r o v i d e d  i n  t h e  
f a c i l i t y .  

S u r r o u n d i n g  A rea  

The f a c i l i t y  i s  l o c a t e d  n e x t  t o  a  government  r e s e r v a t i o n .  R e s e a r c h  and 
p r o d u c t i o n  f a c i  1  i t i  es i n v o l  v i  ng  n u c l e a r  m a t e r i  a1 s  a r e  1  o c a t e d  n e a r b y .  The 
i m m e d i a t e  s u r r o u n d i n g s  a r e  m o s t l y  s a g e b r u s h - c o v e r e d  d e s e r t .  

A.4.3 I n v e n t o r y  

R a d i o a c t i v e  I n v e n t o r y  

T a b l e  4.9 g i v e s  t h e  p o s s e s s i o n  l i m i t s  a t  t h e  Exxon  p l a n t .  

Haza rdous  and Combustible I n v e n t o r y  - -- 

T a b l e  A.10 g i v e s  s t o r a g e  l o c a t i o n s  o f  v a r i o u s  c h e m i c a l s  a t  t h e  Exxon  
p l a n t .  C o m b u s t i b l e s  a r e  k e p t  t o  a  minimum i n  s t o r a g e  a r e a s .  T r i  b u t y l  
p h o s p h a t e  i n  dodecane  i s  used  i n  s o l v e n t  e x t r a c t i o n  o p e r a t i o n s  and i o n  exchange  
r e s i n s  (some o f  w h i c h  a r e  c o ~ n b u s t i b l e )  a r e  used  i n  i o n  exchange  co lu lnns .  

TABLE A.9. P o s s e s s i o n  L i m i t s  a t  Exxon N u c l e a r  P l a n t  

Rad i  o a c t  i ve 
M a t e r i  a1 Form Use Q u a n t i  t y  

U r a n i  um-235 
235\) 

A n a l y s e s  25 g  
19.99 w t %  200 kg  

5  w t %  2 3 5 ~  10,000 k g  

~ 1  u t o n i  urn '"-'02 

puo2  

S e a l e d  s o u r c e s  and 1 mg 
s t a n d a r d s  

S u r f a c e  c o n t a m i n a -  500 g  
t i  on on e q u i  p ~ n e n t  

Pu02-U02 E n c a p s u l a t e d  i n  f u e l  -100 k g  
r o d s  o r  NRC-approved 
c o n t a i n e r s  



TABLE A.lO. S t o r a g e  L o c a t i o n s  of Chemica ls  a t  Exxon N u c l e a r  P l a n t  

C hemi ca l L o c a t  i on 

Anhydrous ammonia O u t s i d e  m a n u f a c t u r i n g  b u i l d i n g  

Gases (he1 i um, argon,  C y l i n d e r s  o u t s i d e  o f  b u i l d i n g  
oxygen, a c e t y l e n e )  

H y d r o f l  u o r i c  a c i d  P l a s t i c  ca rboys  i n  t h e  e t c h  room 

L i q u i d  n i t r o g e n  O u t s i d e  m a n u f a c t u r i n g  b u i l d i n g  

N i t r i c  a c i d  Outdoor  t a n k s  

Sodi  um h y d r o x i d e  Outdoor  t a n k s  

A.5 GENERAL ELECTRIC COMPANY, WILMINGTON, NORTH CAROLINA 

The Genera l  E l e c t r i c  u r a n i  urn o x i d e  f u e l  f a b r i  c a t  p l a n t  p roduces f u e l  
rods  f o r  n u c l e a r  r e a c t o r s  f rom UF6 e n r i c h e d  up t o  4% "'U. The p l a n t  i s  

l o c a t e d  i n  W i lm ing ton ,  N o r t h  C a r o l i n a .  I n f o r m a t i o n  on t h i s  s i t e  was t a k e n  f r o m  

General  E l e c t r i c  r e p o r t s  (1974, 1982) .  

A.5.1 Process  D e s c r i p t i o n  

O p e r a t i  on 

Uran ium h e x a f l u o r i d e ,  up t o  4% e n r i c h e d  2 3 5 ~ ,  i s  v a p o r i z e d  f r o m  2.5-ton, 

30 - i n . -d iame te r  c y l i n d e r s .  The UF6 gas i s  h y d r o l y z e d  w i t h  w a t e r  f o r m i n g  

u02F2. Ammonium h y d r o x i d e  i s  added t o  p r e c i p i t a t e  ADU f r o m  s o l u t i o n .  The ADU 

s l u r r y  i s  c e n t r i f u g e d  i n  two s tages ,  t h e n  c a l c i n e d  a t  1200°C i n  a  t w o - s t a g e  

c a l c i n e r  t o  p roduce U02. 

~ t - / e  UO e i t h e r  f r o m  powder s t o r a g e  o r  d e l i v e r e d  t o  t h e  p l a n t  as 

6% e n r i ~ h e d ~ ? ~ ~ U ,  i s  molded i n t o  112 - in . -d iame te r  p e l l e t s  112 i n .  l o n g .  The 

p e l  l e t s  a r e  s i n t e r e d  i n  a  r e d u c i n g  fu rnace  a t  3O0O0F, ground down t o  s p e c i f i e d  

d imens ions ,  i n s p e c t e d ,  d r i e d ,  and l oaded  i n t o  Z i r c a l o y  tubes .  An end cap i s  
f i t t e d  o n t o  t h e  t u b e s  and welded i n t o  p l a c e .  Fue l  rods  a r e  assernbled i n t o  

groups o f  49 o r  64  and packaged f o r  sh ipment .  

Waste D i s p o s a l  

C o m b u s t i b l e  wastes  a r e  i n c i n e r a t e d .  Noncombust ib le  waste  i s  c o l l e c t e d  i n  

boxes f o r  1  i censed b u r i  a1 . L i q u i d  wastes  a r e  c o l l  e c t e d  i n  q u a r a n t i n e d  vesse l  s  
and c l a s s i f i e d  as n i t r a t e  wastes.  L ime i s  added t o  p r e c i p i t a t e  f l u o r i d e  and 

f r e e  ammoni a. 

Z i r c o n i u m  f i n e s  a r e  burned on s i t e  under  c a r e f u l l y  c o n t r o l  l e d  c o n d i t i o n s .  



S c r a ~  Recoverv 

Equipment l o c a t e d  i n  t h e  UF6 t o  U02 c o n v e r s i o n  area r e c o v e r s  u ran ium sc rap  
t o  be r e c y c l e d  back i n t o  t h e  p l a n t .  

O t h e r  O p e r a t i o n s  

C o n t r o l  mechani srns and aux i  1  i a r y  equipment f o r  r e a c t o r s  a r e  manu fac tu red  
i n  t h e  p l a n t  i n  f a c i l i t i e s  s e p a r a t e  f r o m  t h e  f u e l  f a b r i c a t i o n  p rocess .  Non- 
n u c l e a r  components o f  t h e  assemb l ies  a r e  a l s o  f a b r i c a t e d .  

A.5.2 F a c i l i t y  D e s c r i p t i o n  

Bu i  1  d i n g  

The f u e l  m a n u f a c t u r i n g  b u i l d i n g  shown i n  F i g u r e  ~ . 5  has c o n c r e t e  b l o c k  
w a l l s ,  and i n s u l a t e d  me ta l  s i d i n g  o v e r  a  s t e e l  f ramework,  and a  c o n c r e t e  f l o o r .  
The r o o f  i s  me ta l  deck aed i n s u l a t i o n  topped w i t h  a s p h a l t  and g r a v e l .  The r o o f  
i s  des igned  f o r  4 0 - l b / f t  l i v e - l o a d  i n  a d d i t i o n  t o  t h e  dead l o a d  f a c t o r .  

HVAC Systems 

A s t a g e  of HEPA f i l t e r s  c l e a n s  f i n a l  exhaust  a i r  f r o m  t h e  m a n u f a c t u r i n g  
area.  I n  a d d i t i o n ,  o t h e r  a i r  c l e a n i n g  d e v i c e s  such as p r e f i l t e r s  and p r i m a r y  
HEPA f i l t e r s  f o r  powder o p e r a t i o n s  and wet sc rubbers  f o r  chemica l  p rocesses a r e  
i n  p l a c e .  

U r a n i  um p r o c e s s i n g  areas a r e  des igned  t o  m a i n t a i n  n e g a t i v e  p r e s s u r e  w i t h  
r e s p e c t  t o  t h e  e n v i  ronment . 

T a b l e  A . l l  l i s t s  t h e  a i r  c i r c u l a t i o n  i n  t h e  f u e l  m a n u f a c t u r i n g  b u i l d i n g .  

Eng ineered  S a f e t y  Systems 

Sensors  and a la rms  a r e  l o c a t e d  t h r o u g h o u t  t h e  p l a n t  t o  d e t e c t  h i g h  l e v e l s  
o f  r a d i  o a c t i  v i  t y  . 

S p r i n k l e r  systems f o r  f i r e  s u p p r e s s i o n  a r e  l o c a t e d  i n  t h e  p l a n t  excep t  i n  
t h e  U02 powder s t o r a g e  a rea  and chemica l  p rocess  c o n t r o l  room. A Halon@ f i r e  
suppressJon  sys tem i s  used i n  computer  f a c i l i t i e s .  Smoke d e t e c t o r s  a r e  l o c a t e d  

i n  exhaus t  systems and manual f i  r e  e x t i n g u i s h e r s  a r e  l o c a t e d  t h r o u g h o u t  t h e  
p l a n t .  

@ Ha lon  i s  a  t rademark  o f  t h e  A l l i e d  Chemical Corp., M o r r i s t o w n ,  NJ 07960 
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TABLE A . l l .  Ai r C i r c u l a t i o n  i n  General  E l e c t r i c  W i  l m i  n g t o n  P l a n t  

Vo l  me, Exhau3t ,  Rec i  r c u l  t i o n ,  No. o f  Area  
Area f t 3 s t d .  f t  /m in  s t d .  f t  I m i n  Changes lh  

UF6-U02 c o n v e r s i o n  422,900 35,570 80,400 17 

V a p o r i z a t i o n  17,000 6,000 9,000 13  

N o r t h  s i  n t 2 r i  ng  160,500 12,000 53,000 2  4 

South  s i  n t e r i  ng  67,600 7,370 17,630 2 2  

N o r t h  ~ 0 2  powder s t o r a g e  78,500 5,000 7,000 9 

Sou th  U02 powder s t o r a g e  67,700 10,000 2,000 11 

N o r t h  segment i  z i  ng 160,000 11,700 16,000 1 0  

Sou th  segment i  z i  ng  74,000 11,700 16,000 10  

N o r t h  p e l  1  e t  i z i  n g  67,620 8,600 11,300 1 8  

Sou th  p e l l e t i z i n g  49,245 6,300 8,300 1 8  

N o r t h  was te  r e t e n t i  on 62,500 4,000 8,000 12  

Sou th  was te  r e t e n t i  on 62,500 4,000 8,000 12 

S u r r o u n d i  ng A r t -  

P r o p e r t y  n o r t h  o f  t h e  W i  l m i n g t o n  s i t e  i s  wooded and has l i m i t e d  d e v e l o p -  
ment o f  any k i n d .  South o f  t h e  s i t e ,  t h e r e  i s  a  l i g h t l y  s e t t l e d  r e s i d e n t i a l  

a rea .  It i s  u n l i k e l y  t h a t  an a c c i d e n t  c o u l d  o c c u r  a t  n e i g h b o r i n g  f a c i l i t i e s  
t h a t  wou ld  a f f e c t  t h e  p l a n t  s i t e .  

A.5.3 I n v e n t o r y  

R a d i o a c t i v e  I n v e n t o r y  

An i n v e n t o r y  o f  r a d i o a c t i v e  m a t e r i a l s  a t  t h e  W i  l m i n g t o n  p l a n t  i s  g i v e n  i n  
Tab le  A.12. T a b l e  A.13 g i v e s  t h e  l i c e n s e  l i m i t s .  

Hazardous and Combust i  b l e s  I n v e n t o r y  

T a b l e  A.14 l i s t s  t h e . t y p e ,  q u a n t i t y ,  and l o c a t i o n  o f  c h e m i c a l s  a t  t h e  
W i  l m i n g t o n  p l a n t .  

A.6 WESTINGHOUSE ELECTRIC, COLUMBIA, SOUTH CAROLINA 

The West inghouse E l e c t r i c  u r a n i u m  o x i d e  f u e l  p l a n t  p roduces  u r a n i u m  f u e l  
r o d s  f o r  r e a c t o r s  f r om UFg e n r i c h e d  t o  a  maximum o f  4.15% 2 3 5 1 ~ .  I n f o r m a t i o n  on 

t h i s  f a c i l i t y  was t a k e n  f rom West inghouse E l e c t r i c  C o r p o r a t i o n  r e p o r t s  (1976, 
1980, 1981)  and f rorn a  v i s i t  t o  t h e  p l a n t .  



TABLE A.12. R a d i o a c t i v e  M a t e r i a l s  I n v e n t o r y  a t  General E l e c t r i c  W i  l m i n g t o n  n 
R a d i o a c t i v e  M a t e r i  a1 s  C o n t a i n e r  S i z e  Amount, MTU 

Uranium n i t r a t e  c r y s t a l s  o u t s i d e  of  
f u e l  m a n u f a c t u r i n g  b u i l d i n g  

UF6 i n  c y l i n d e r s  o u t s i d e  o f  f u e l  
m a n u f a c t u r i n g  b u i  l d i  ng -1.5 t o n s / c y l  i nder  181 

UF -uo2 c o n v e r s i o n  
6  

110 

U02 powder s t o r a g e  20-25 k g  u n i t s  8 7 

Powder lpe l  1  e t s  16 kg u n i t s  2 

I n te r rned i  a t e  p r o d u c t  

Pel 1 e t s  

20 k g  u n i t s  

15 kg  u n i t s  

Fue l  rods  3  kg  U l r o d  4 1 

Poi son p e l  1 e t s  11 k g  U l c o n t a i n e r  2  

Po ison  rods  

Assembl i es 

Press  s c r a p  16 kg U l c o n t a i n e r  3 

G r i  nder  r e s i d u e  1 7  kg U l c o n t a i n e r  3  

G r i  nder  r e s i d u e  17 k g  U l c o n t a i n e r  4 

D i r t y  powder 20 kg U l c o n t a i n e r  4 

R e s i d u e l s l u d g e  

Sol  i d  waste  

Sampl es 

s tandards  

TABLE A.13. Possess ion L i m i t s  a t  General  E l e c t r i c  W i  l m i  n g t o n  

Maximum i chmen t  

E l  ement Fo r m  i n  
$35, Q u a n t i t y  

Uranium Any 
Loaded f u e l  rods  
U02 powder 

Any 
Any 

P l  u t o n i  urn A n a l y t i c a l  samples 
Standards  
Sea led n e u t r o n  sources 

1 rng and <65 mCi - 
7 g  



TABLE A.14. Chemicals and F l  ammable M a t e r i  a1 s  I n v e n t o r y  a t  General 
E l e c t r i c  W i  l m i  ng ton  P l a n t  

Ou ts ide  o f  Fue l  M a n u f a c t u r i n g  Bui  1  d i n g  Amount 

Acetone 550 g a l  
Ammoni urn hydrox ide ,  29.4% 20,000 ga l  
Anhydrous ammonia 15,000 g a l  
Argon 2,400 gaJ 
He1 i urn 2,200,000 f t  
H y d r o c h l o r i c  a c i d ,  30% 7,000 ga l  
H y d r o c h l o r i c  a c i d ,  37% 5,000 g a l  
H y d r o c h l o r i c  a c i d ,  72% 15,000 ga 
Hydrogen 65,000 f t  3 
Lime 100,000 g a l  
N i t r i c  a c i d ,  56% 5,000 g a l  
Ni t r o g e n  10,500 ga l  
Oxygen 6,000 g a l  
Propane (C3H8) 143,000 ga l  
Sodi urn hydrox ide ,  50% 7,000 g a l  
S u l f u r i c  a c i d ,  93% 110 ga l  

I n s i d e  Fuel  M a n u f a c t u r i  ng Bui  l d i  ng 

Carbon d i o x i d e  
N i t r o g e n  
S t e a r i c  a c i d  

Ou ts ide  Equipment B u i l d i n g  

Acetone 
Anhydrous ammoni a  
Argon 
He1 ium ( i n s i d e  b u i l d i n g )  
H y d r o c h l o r i c  a c i d ,  30% 
N i t r i c  a c i d ,  67.3% 
N i  t rogen 
S u l f u r i c  a c i d ,  93% 

O u t s i d e  Tubing M a n u f a c t u r i n g  Bui l d i  n e  
. . 

Argon 
He1 i urn 
N i t r i c  ac id ,  56% 
Sodi um hydrox ide ,  50% 

6 t o n  
150 1b 
550 g a l  

550 ga l  
15,000 g a l  

1,500 g a l  
200,000 f t  

110 ga l  
550 g a l  
500 g a l  
110 g a l  

1,500 gaJ 
200,000 f t  

5,000 ga l  
2,000 g a l  



4.6.1 Process D e s c r i p t i o n  

O p e r a t i o n  

Uran ium r e c e i v e d  i n  UF6 c y l i n d e r s  i s  s t o r e d  i n  a  bay and on a  s t o r a g e  pad 
o u t s i d e  t h e  p l a n t .  The UF6 i s  hea ted  i n  a  steam c h e s t  and c o n v e r t e d  t o  u r a n y l  
f l u o r i d e  and HF. Twenty-seven p e r c e n t  aqueous a~nmoni a  i s  added t o  p r e c i  p i  t a t e  
ADU, wh ich  i s  separa ted  i n  a dua l  c e n t r i f u g e .  The m a t e r i a l  i s  c a l c i n e d  a t  
1700°C i n  a  r o t a r y  t u b e  d r i e r  i n  a  142 r e d u c i n g  atmosphere t o  produce U02. 

The U02 powder i s  s t o r e d  t e m p o r a r i l y  b e f o r e  b e i n g  p ressed  i n t o  p e l l e t s .  
P e l l e t s  a r e  s i n t e r e d  i n  a  f u r n a c e  and ground t o  s p e c i f i e d  d iamete r ,  t h e n  
i n s p e c t e d ,  s t o r e d ,  and l o a d e d  i n t o  f u e l  rods .  The rods  a r e  sea led ,  i n s p e c t e d ,  
and grouped i n t o  f u e l  assembl ies .  

Waste D i s p o s a l  

So l  i d  wastes a r e  compressed when- p o s s i b l e ,  b a l e d  and l o a d e d  i n t o  
f i b e r b o a r d  boxes o r  o t h e r  c o n t a i n e r s .  The c o n t a i n e r s  a r e  gam:na scanned and 
s t o r e d  b e f o r e  d i s p o s a l .  S o l i d  wastes  may be s t o r e d  ou tdoors .  Contaminated 
c o m b u s t i b l e s  a r e  i n c i n e r a t e d ,  and noncombust i  b l  es a r e  sh'i pped t o  a  1  i censed 
b u r i a l  s i t e .  

L i q u i d  wastes  may be t r e a t e d  by f i l t r a t i o n ,  f l o c c u l a t i o n ,  l i m e  a d d i t i o n ,  
d i  s t i  1 l a t i o n ,  o r  p r e c i p i t a t i o n  i n  h o l d i n g  l agoons  t o  remove u r a n i  um, ammonia, 
and f l u o r i d e s .  

Scrap Recovery 

Uran ium i s  r e c o v e r e d  f r o m  sc rap  i n  b a t c h  q u a n t i t i e s .  C lean s c r a p  i s  
c rushed  t o  a  powder i n  a mechanica l  g r a n u l a t o r ,  t h e n  screened i n  a  v i b r a t o r y  
s e p a r a t o r  t o  remove g ross  i m p u r i t i e s .  D i r t y  s c r a p  i s  d i s s o l v e d  i n  n i t r i c  a c i d ;  
ADU i s  p r e c i p i t a t e d  f r o m  s o l u t i o n  and m e c h a n i c a l l y  s e p a r a t e d  w i t h  a  c e n t r i f u g e ,  
t h e n  c a l c i n e d  t o  U02 o r  U3O8y packaged, and s t o r e d .  

A s o l v e n t  e x t r a c t i o n  sys tem r e c o v e r s  u ran ium f rom g rease  and o i l  c o n t a m i -  
n a t e d  w i t h  U02, i n c i n e r a t o r  ash, and o x i d a t i o n  f u r n a c e  p r o d u c t s .  The s c r a p  i s  
d i s s o l v e d  i n  n i t r i c  a c i d  and fed  c o u n t e r c u r r e n t  t o  a  t r i b u t y l  phosphate  s o l v e n t  
m i x t u r e .  The s o l v e n t  e x t r a c t s  u ran ium f r o m  s o l u t i o n  and t h e n  a l l o w s  t h e  u r a -  
n i  urn t o  be s t r i p p e d  i n  a  p u l s e d  s t r i p p i n g  column. A f l a s h  e v a p o r a t o r  concen- 
t r a t e s  t h e  UNH p r o d u c t ,  w h i c h  i s  s t o r e d  b e f o r e  removal and c o n v e r s i o n  t o  U02. 

4.6.2 F a c i l i t y  D e s c r i g t i o n  

Bu i  1  d i n g s  

The p l a n t  s i t e  i s  shown i n  F i g u r e  A.6, w i t h  p rocess  a reas  i d e n t i f i e d .  The 
p rocess  b u i  1  d i n g  has a  s t r u c t u r a l  s t e e l  f ramework,  c a s t  c o n c r e t e  c u r t a i n  w a l l  s ,  
and c o n c r e t e  s l  ab f 1  oo rs .  The s o l  v e n t  e x t r a c t i o n  and chemi c a l  p r o c e s s  deve lop -  
ment f a c i  1 i t y  and i n c i n e r a t o r  sys tem a r e  made of p r e f a b r i c a t e d ,  p r e s t r e s s e d  
c o n c r e t e  t e e  pane ls .  A c o n c r e t e  w a l l  s e p a r a t e s  t h e  main p rocesses  f r o m  s o l v e n t  
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F I G U R E  A.6. D e t a i l e d  S i t e  P l a n  f o r  West inghouse E l e c t r i c  Columbia F a c i l i t y  

e x t r a c t i o n  and i n c i n e r a t i o n  processes .  A p a r t i  a1 w a l l  o f  c o r r u g a t e d  me ta l  t o  
excess hea t  i n  t h e  s i n t e r i n g  a rea  ex tends  f r o m  t h e  c e i l i n g  t o  about  6 o r  7 f t  
f r o m  t h e  f l o o r .  
t i o n ,  g r i n d i n g ,  and t u b e - f i l l i n g  p rocesses .  

It s e p a r a t e s  t h e  s i n t e r i n g  f u r n a c e  area  f r o m  p e l l e t  i n s p e c -  

HVAC Systems 

Exhaust  hoods, HEPA f i l t e r s ,  and s c r u b b e r s  c l e a n  t h e  p rocess  exhausts.  
The sc rubber  c l e a n s  a i r  from UFg c o n v e r s i o n  and sc rap  r e c o v e r y  p rocesses .  
B u i l d i n g  a i r  i s  r e c i r c u l a t e d ,  and p r e s s u r e  i s  k e p t  n e g a t i v e  w i t h  r e s p e c t  t o  t h e  
o u t  s i  de. 

A.25 



Eng ineered  S a f e t y  Systems 

Hydrogen and propane gas d i s t r i b u t i o n  systems have manual and a u t o m a t i c  
i n t e r l o c k  c o n t r o l s  t o  s h u t  o f f  t h e  f l o w  o f  gas a t  t h e  sou rce  on s e n s i n g  a  
p r e s s u r e  l o s s .  Manual e x t i n g u i s h e r s  a r e  p r o v i d e d  f o r  f i r e  p r o t e c t i o n .  

S u r r o u n d i n g s  

The p l a n t  i s  sur rounded by f a r m l a n d  on a  s i t e  about  8 m i l e s  f r o ~ n  Columbia. 

A.S.3 I n v e n t o r y  

R a d i o a c t i v e  I n v e n t o r y  

A  t y p i c a l  i n v e n t o r y  i s  757,000 kg u ran ium a t  2  t o  3% average enr ichment .  
The i n v e n t o r y  breakdown i s  shown i n  T a b l e  A.15. L i c e n s e  l i m i t s  a r e  shown i n  
T a b l e  A.16. 

Hazardous and Cornbusti b l  e  I n v e n t o r y  

Chemical  s  i n  t h e  West inghouse p l a n t  and t h e i  r uses. a r e  g i v e n  i n  
T a b l e  A.17. Propane, f u e l  o i l ,  anhydrous ammonia, n i t r i c  a c i d ,  NaC03, and 
l i q u i d  H 2 ,  N2, a ~ d  A r  a r e  s t o r e d  i n  t h e  t a n k  farm. 

TABLE A.15. R a d i o a c t i v e  M a t e r i a l s  I n v e n t o r y  a t  Mest inghouse 
Columbia P l a n t  

M a t e r i  a1 

UF6 

Assembl i es 

Rods 

uo2 

3'8 

Pel  1  e t s  

Scrap 

UNH 

Hard sc rap  

Hol d-up 

B a l e d  waste  

I n c i  n e r a t o r  ash 

Percen t  
o f  I n v e n t o r y  

29 

2  7 

2  9 

8  

3 

1 

0.6 

0.2 

0.4 

0.07 

0.08 

0.16 

Amount, 

l%!L 
220,000 



TABLE A.16. L i c e n s e  L i m i t s  a t  West inghouse Columbia P l a n t  

M a t e r i  a1 Form Q u a n t i t y  
2 3 5u Any f o r m  350 g 

235u Any f o r m  < 4.15 w t %  - 50,000 k g  

2 3 5 1 ~  Any f o r m  > 4.15 w t %  b u t  - < 5 w t% 2,500 k g  
- 

235u Any fo rm f o r  l a b  use o n l y  5 g 

2 3 8 ~ u  Sea led sou rces  1.5 g 

Mixed o x i d e s  6.6 wt% Pu as s e a l e d  f u e l  r o d s  750 kg Pu 

TABLE A. 17. Chemical s  Used i n  t h e  West i  nghouse Fue l  F a b r i c a t i o n  P l a n t  

Chemical Use 

Acetone Sea led r o d  c l e a n i n g  

H y d r a u l i c  f l u i d  Used i n  p resses  and f o r  t u b e  
1 oad i  ng  

Hydrogen 

Kerosene 

N a t u r a l  gas 

Reducing gas f o r  c a l c i n e r  and 
s i  n t e r i  ng  f u r a n c e s  

Sol v e n t  e x t r a c t i o n  sys tem 

Heat c a l  c i  n e r  

Perch1 o r e t h y l  ene Sol v e n t  e x t r a c t i o n  sys tem 

T r i  b u t y l  phosphate  Sol v e n t  e x t r a c t i o n  system 
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APPENDIX B 

URANIUM FUEL FABRICATION (NONOXIDE) -- 

B. l  GENERAL ATOMIC, SAN DIEGO CALIFORNIA 

Genera l  A tomic  u ran ium f u e l  f a b r i c a t i o n  f a c i  1  i t y  produces f u e l  e lements  
f o r  e x p e r i m e n t a l  r e a c t o r s  on t h e  General  Atomic s i t e .  I n f o r m a t i o n  on t h i s  
f a c i l i t y  i s  o b t a i n e d  f r o m  docke t  m a t e r i a l  on t h e  s i t e ,  p r i m a r i l y  f r o m  General  
A tomic  r e p o r t s  (1965, 1971, 1975a, 1975b, 1981a, and 1981b).  

B . l . l  Process D e s c r i p t i o n  

O p e r a t i  on 

H i  gh - tempera tu re  gas-coo led r e a c t o r  (HTGR) f u e l  i s  produced f r o m  93% 
e n r i c h e d  U02, and Tho2 m a t e r i a l .  The f u e l  i s  mixed w i t h  g r a p h i t e  f l o u r ,  e t h y l  
c e l l u l o s e ,  and an o r g a n i c  s o l v e n t  i n  a  b a t c h  process.  The m i x t u r e  i s  
homogeneously b lended,  d r i e d ,  ground,  and screened t o  s e p a r a t e  t h e  m a t e r i a l  
i n t o  v a r i o u s  s i z e s .  A p p r o p r i a t e l y  s i z e d  m a t e r i a l  i s  loaded i n t o  a c r u c i  b l e  and 
hea ted  i n  a  vacuum t o  form UC2-ThC2 k e r n e l s  w i t h  b y - p r o d u c t  gases o f  C O  and 
C02. The k e r n e l s  a r e  c o o l e d  i n  an i n e r t  atmosphere, t h e n  t r a n s f e r r e d  i n  an 
i n e r t  atmosphere t o  a  f u r n a c e  o p e r a t i n g  a t  a  t e m p e r a t u r e  i n  excess o f  t h e  
k e r n e l  m e l t i n g  tempera tu re .  The p a r t i c l e s  assume a  s p h e r i c a l  f o r m  i n  t h e  
f u r n a c e  and a r e  s o l i d i f i e d  i n  t h i s  form. The UC2-ThC2 i s  u n s t a b l e  i n  a i r  and 
may be e x p l o s i v e  i f  n o t  k e p t  i n  an i n e r t  atmosphere. 

I 
I The f i s s i l e  p a r t i c l e s  a r e  coa ted  w i t h  carbon and s i l i c o n  c a r b i d e  i n  an 

i n e r t  gas i n  each o f  t h r e e  d i f f e r e n t  f u rnaces .  I n  t h e  f i r s t  f u r n a c e  a  hyd ro -  
carbon gas such as a c e t y l e n e ,  propane, o r  p r o p y l e n e  i s  added. The hyd roca rbon  
d i  s s o c i  a t e s  p r o d u c i  ng  f r e e  carbon,  wh ich  d e p o s i t s  on t h e  k e r n e l  s  as a  p y r o l y t i  c  
carbon l a y e r .  M e t h y l t r i c h l o r o s i l a n e  i s  i n t r o d u c e d  t o  t h e  second f u r n a c e  t o  
d e p o s i t  a  s i l i c o n  carbon on t h e  p a r t i c l e s .  I n  t h e  t h i r d  f u r n a c e  a  p y r o l y t i c  
carbon c o a t  i s  added aga in .  

Coated t h o r i u m  and u r a n i u m - t h o r i u m  p a r t i c l e s  a r e  mixed and loaded  i n t o  
molds. A m a t r i x  m a t e r i a l  i s  i n j e c t e d  i n t o  t h e  h o t  mold under  h i g h  p r e s s u r e ,  
t h e n  a l l o w e d  t o  c o o l .  Rods o f  about  0.5 i n .  i n  d i a m e t e r  by 2  i n .  l o n g  a r e  
formed i n  t h i s  way. The rods  a r e  l oaded  i n t o  f u r n a c e  b o a t s  and heated i n  an 
i n e r t  atmosphere t o  c a r b o n i z e  t h e  m a t r i x  m a t e r i  a1 . The rods  a r e  c leaned  w i t h  
HC1 gas t o  remove con tami *na t ion ,  t h e n  f i r e d  a t  h i g h  t e m p e r a t u r e  t o  s t a b i l i z e  
d imens ions.  

Rods a r e  l oaded  i n t o  hexagonal  g r a p h i t e  b l o c k s  15 i n .  ac ross  and 31 i n .  
l ong .  A f t e r  l o a d i n g ,  t h e  h o l d s  a r e  p lugged  w i t h  g r a p h i t e  p l u g s  and baked t o  
c u r e  t h e  p l u g  cement. Elements a r e  l oaded  i n t o  approved s h i p p i n g  casks  and 
s t o r e d  b e f o r e  removal o f f  s i t e .  



T r a i n i n g  R e a c t o r s  I s o t o p e s  P r o d u c t i o n ,  Genera l  A tomic  (TRIGA) f u e l  i s  mad 
o f  u ran ium meta l  ( f r o m  20 t o  93% e n r i c h e d ) .  The u ran ium i s  annealed,  r o l l e d ,  
reduced t o  c h i p s ,  and ba tched  i n  c o n t a i n e r s .  The u ran ium c h i p s  a r e  mixed w i t h  
z i r c o n i u m  and o t h e r  a d d i t i v e s  such as e r b i u m  i n  an i n d u c t i o n  c r u c i b l e ,  wh ich  i s  
t h e n  p l a c e d  i n  a  vacuum i n d u c t i o n  f u r n a c e .  The a l l o y  ranges f r o m  8.5 t o  12% 
uran ium.  I n  t h e  f u r n a c e ,  t h e  c o n t e n t s  of t h e  c r u c i b l e  a r e  me l ted ,  mixed by 
i n d u c t i o n  and poured i n t o  a  mold. When t h e  me ta l  has coo led ,  t h e  i n g o t s  a r e  
t a k e n  o u t ,  machined,  and d r i l l e d .  

Machined p i e c e s  a r e  c leaned ,  hea ted  i n  a  f u r n a c e  w i t h  a  hydrogen atmo- 
sphere,  machined aga in ,  and ground down t o  f i n a l  s i z e .  The f i n i s h e d  p i e c e s  a r e  
i n s e r t e d  i n t o  an a1 umi num, s t a i  n l  ess  s t e e l  , Haste1 1  oy@, o r  I n c o n e l @  can, wh ich  
i s  t h e n  s e a l e d  by w e l d i n g  t h e  end caps i n  p l a c e .  

-Waste D i s p o s a l  

Waste m a t e r i a l  i s  c o n c e n t r a t e d ,  t h e n  cons igned  t o  a  l i c e n s e d  waste  
d i s p o s a l  c o n t r a c t o r  f o r  b u r i  a1 . 
Scrap Recovery 

B u l k y  m a t e r i a l s  a r e  c rushed  and burned t o  reduce t h e  volume. S i l i c o n -  
c a r b i d e - c o a t e d  HTGR f u e l  p a r t i c l e s  a r e  ground and t h e n  burned t o  c o n v e r t  t h e  
k e r n e l  t o  o x i d e s .  The s c r a p  i s  d i s s o l v e d  i n  a c i d ,  f i l t e r e d ,  and p u r i f i e d  i n  a  
s o l  v e n t  e x t r a c t i o n  p rocess .  The u r a n i  um i s  t h e n  p r e c i  p i  t a t e d  and c a l  c i  ned, 
c o n v e r t i  ng i t  t o  p u r i  f i ed U3Or 

The TRIGA s c r a p  i s  r e t u r n e d  t o  t h e  U-Zr a l l o y  s t a t e  and r e i n t r o d u c e d  t o  
t h e  f a b r i c a t i o n  p rocess .  

O t h e r  O p e r a t i o n s  

Th ree  p o o l - t y p e  TKIGA r e a c t o r s  a r e  a l s o  l o c a t e d  o n s i t e .  Two o f  t h e  

r e a c t o r s  a r e  o p e r a t i n g ;  one i s  s h u t  down. 

B  .1.2 F a c i  1  i t y  D e s c r i p t i o n  

Bu i  l d i  ngs 

F i g u r e  B . l  shows t h e  f u e l  m a n u f a c t u r i n g  f a c i l i t y ,  and F i g u r e  B.2 i s  a  
d iag ram o f  t h e  TRIGA f u e l  f a b r i c a t i o n  b u i l d i n g .  

The f u e l  m a n u f a c t u r i n g  f a c i l i t y  i s  bounded by two o u t s i d e  w a l l s :  a  
masonry w a l l  and a  s t r u c t u r a l  s t e e l  w a l l ,  wh i ch  s e p a r a t e  i t  f r o m  o t h e r  non - fue l  
o p e r a t i o n s  a reas  and a c t i v i t i e s .  

-- 
@ H a s t e l l o y  i s  a  t rademark  o f  t h e  Un ion  C a r b i d e  Corp., New York, NY 10017 
@ I n c o n e l  i s  a  t rademark  o f  H u n t i n g t o n  A1 1  oy P r o d u c t s  D i  v., I n t e r n a t i o n a l  

N i c k e l  Co., Inc . ,  H u n t i n g t o n ,  WV 25720 n 



FIGURE B.1 .  General  Atorni c  F u e l  M a n u f a c t u r i n g  F a c i  1 i t y  
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F I G U R E  B.2. G e n e r a l  Atorni c TRIGA Fuel F a b r i c a t i o n  Bui 1 d i n g  



The TRIGA f u e l  f a b r i c a t i o n  b u i l d i n g  i s  cons t ruc ted  of 7 .5- in . - th ick  
O r e i  n f o r c e d  conc re te  p r e f a b r i c a t e d  w a l l  panel  s. The r o o f  i s  I-i n.- th i  ck 

p res t r essed  concrete .  

HVAC Systems 

H i g h - e f f i c i e n c y  p a r t i c u l a t e  a i r  f i  1  t e r s  a re  used t o  l i m i t  r e l e a s e  o f  
r a d i o a c t i v e  a i r b o r n e  p a r t i c l e s  t o  t h e  atmosphere. Process areas a r e  kep t  a t  
n e g a t i v e  pressure.  A1 1  b u i l d i n g  equipment t h a t  may generate  a i r b o r n e  r a d i o -  
a c t i v i t y  i s  used w i t h i n  enc losures.  The p i c k l i n g  s t a t i o n  uses a  fume scrubber .  
Flow d i  r e c t i o n  i s  towards areas w i t h  g r e a t e r  p o t e n t i  a1 contami n a t i  on. 

Engineered Sa fe t y  Systems 

R a d i a t i o n  a1 arms a r e  l o c a t e d  throughout  t h e  p l a n t .  A f t e r b u r n e r s  and 
massive a i r  d i l u t i o n  coupled w i t h  s a f e t y  i n t e r l o c k s  a r e  used t o  avo id  b u i l d u p  
of p o t e n t i  a1 l y  exp l  o s i  ve o r  f l  ammabl e  gases. 

I Surroundi  ng Area 

Bes ides t h e  f u e l  f a b r i c a t i o n  ope ra t i ons ,  severa l  l a b o r a t o r i e s  and t e s t  
r e a c t o r s  a re  l o c a t e d  on s i t e .  

6.1.3 I nven to r y  

I R a d i o a c t i v e  I n v e n t o r y  

Tab le  B . l  l i s t s  t h e  l i c e n s e  l i m i t s  and i n v e n t o r y  l o c a t i o n s  f o r  t h e  General 
Atomic f a c i l i t y .  

TABLE B.1. L i cense  L i m i t s  f o r  General Atomic F a c i l i t y  

Type I s o t o p i c  Content Mass L i m i t  L o c a t i o n  

U ran i  urn f u l l y  enr iched 2500 k g  o f  235" 
UP 595" 

Fuel  F a b r i  c a t i  on 
i n  Fac i  1  i t y  

Encapsula ted f u l l y  en r i ched  10 g o f  238" 
Fuel  F a b r i c a t i o n  

Uran i  urn i n  Fac i  1  i t y  

Encapsul a ted  2 3 8 ~ u ,  $88 g of  con ta ined  So r ren to  V a l l e y  B 
&stO lo0840 

P lu ton ium . Pu o r  Pu which Pu and 2402,8d 2  kg B u i l d i n g  
may be i n  combinat ion o f  con ta ined  Pu 
w i t h  o t h e r  i sotopes 



I n d i v i d u a l  s t a t i o n s  i n  t h e  f u e l  f a b r i c a t i o n  f a c i  1  i t y  c o n t a i n  f r o m  l e s s  
t h a n  1 t o  8 kg  o f  n u c l e a r  m a t e r i a l .  T a b l e  8.2 l i s t s  t h e  q u a n t i t i e s  and t y p e s  0 
o f  m a t e r i a l  t h a t  may be found  a t  each s t a t i o n .  

Hazardous and Combusti  b l  e  I n v e n t o r y  

A hydroca rbon  gas such as a c e t y l e n e ,  propane, o r  p r o p y l e n e  i s  used i n  t h e  
f l u i d  bed fu rnace .  N i t r i c  a c i d  and s o l v e n t  a r e  used i n  t h e  sc rap  r e c o v e r y  
o p e r a t i o n .  Uranium and z i  r c o n i  um m e t a l s  a r e  p y r o p h o r i c .  Formi c  a c i d ,  
p o l y v i  n y l  a1 c o h o l  , and t e t  r a h y d r a f u r f u r y l  a1 coho l  may be used i n  UNH d i  s s o l  u- 
t i o n .  Ammonium h y d r o x i d e  and i s o p r o p y l  a l c o h o l  may be used t o  wash t h e  UNH 
ba tch .  A  p r o p a n e - f u e l e d  e n g i  n e l g e n e r a t o r  u n i t  i s  a v a i  l a b l e  o n s i  t e  f o r  backup 
power. A c e t y l e n e ,  p r o p y l e n e ,  and N2 a r e  s t o r e d  i n  t h e  area west  o f  t h e  
S o r r e n t o  Val l e y  B b u i l d i n g .  

B.2 ROCKWELL INTERNATIONAL, CANOGA PARK, CALIFORNIA 

The Rockwe l l  I n t e r n a t i o n a l  u r a n i  um f u e l  f a b r i c a t i o n  f a c i  1  i t y  produces f u e l  
e lemen ts  f o r  t h e  E x p e r i m e n t a l  B reeder  Reac to r  (EBR-11) and Advanced T e s t  
r e a c t o r  (ATR). I n f o r m a t i o n  on t h e  Rockwel l  p l a n t  i s  t a k e n  p r i m a r i l y  f r o m  
Rockwel l  I n t e r n a t i o n a l  Repor t s  (1977, 1981).  

B.2.1 Process D e s c r i p t i o n  

Uran ium i n  t h e  f o r m  o f  b roken meta l  b u t t o n s  o r i g i n a l l y  5 i n .  i n  d i a m e t e r  
by 112 i n .  t h i c k  i s  r e c e i v e d  and s t o r e d  i n  t h e  s p e c i a l  n u c l e a r  m a t e r i a l  (SNM) 
v a u l t .  The m a t e r i a l  i s  weighed, sampled, and s t o r e d  u n t i  1  r e l e a s e  f o r  t h e  f u e l  
f a b r i  c a t i  on p rocess .  

I n  t h e  f a b r i c a t i o n  o f  ATR f u e l ,  t h e  b roken  b u t t o n s ,  a t  93 wt% 2 3 5 ~ ,  and a  
measured amount o f  a luminum a r e  b lended  and m e l t e d  t o g e t h e r  t o  o b t a i n  a  UA1, 

b l e n d  ba tch .  The b a t c h  i s  c rushed and s i e v e d  t o  a  u n i f o r m  s i z e  i n  g l o v e  boxes. 

P rede te rm i  ned q u a n t i t i e s  o f  UA1, and a1 umi num powders a r e  combi ned i n t o  

g l a s s  j a r s .  A maximum o f  24 j a r s  i s  l oaded  d u r i n g  one t ime .  The j a r s  a r e  

moved t o  t h e  compac t ing  p ress ,  l o a d e d  i n t o  a  d i e  and p ressed  i n t o  a  f u e l  
compact. Each compact i s  p l a c e d  i n  an aluminum p i c t u r e  frame, vacuum annealed,  

and assembled i n t o  p re fo rmed  c o v e r  p l a t e s .  The assemb l ies  a r e  h o t  r o l l e d  t o  

o b t a i n  a  1 2 : l  r e d u c t i o n  i n  t h i c k n e s s ,  i n s p e c t e d ,  and c u t  t o  s i z e  by remov ing 

o n l y  excess a1 umi num p i  c t u r e  f rame and c o r r e s p o n d i  ng p i  c t u r e  f rame m a t e r i  a1 . 
These f u e l  , p l a t e s  a r e  t h e n  formed and assernbled i n t o  f u e l  e lements .  

The p roduc tJgg  o f  EBR-I I f u e l  i n v o l  ves wei g h i  ng broken u r a n i  urn b u t t o n s  

e n r i c h e d  t o  67% U and a l l o y i n g  t h e  me ta l  w i t h  t h e  c o r r e c t  amount o f  f i s s i u m  

i n  a  s e a l e d  i n d u c t i o n  f u r n a c e .  I n g o t s  of t h e  u r a n i u m - f i s s i u m  a l l o y  a r e  t h e n  

i n j e c t i o n  c a s t  i n t o  f u e l  p i n s  i n  a n o t h e r  i n d u c t i o n  furnace.  The f u e l  p i n s  a r e  



f \  TABLE B.2. F u e l  P r o d u c t i o n  S t a t i o n  I n v e n t o r y  L i m i t s  

b d  S t a t i o n  M a t e r i  a1 Mass, k g  

B a t c h  w e i g h i n g  U02 Tho2 powder 3.6 

B l e n d i n g  U02(C2) Th02(C2) g r a p h i t e  p a r t i c l e s  
and powder 3.6 

B l e n d i  ng U02 Tho2 powder 0.79 - 3.6 

C a l c i n i n g  U02 Tho2 g r a p h i t e  p r e c i p i t a t e  0.75 - 3.6 

C l  ean i  ng  UC2 ThC2 g r a p h i t e  i n  f u e l  r o d s  3.6 

C o a t i n g  

Convers ion  

C r u c i b l e  l o a d i n g  

D i  s s o l  u t i  on 

D r y i n g  

Furnaces 

G r i n d i n g  

G r i  n d i  ng, s i  z i  ng 

G r i n d i n g ,  s i z i n g ,  
b l  end i  ng 

H i  gh-1 eve1 o x i d a t i o n  

HTGR f u e l  p r o d u c t i o n  R&D 

I n - p r o c e s s  s t o r a g e  

I n - p r o c e s s  s t o r a g e  

Lab-sca le  o p e r a t i o n s  

La rge  b a t c h  p r e c i p i t a t i o n  

L i q u i d  s t o r a g e  

Load, u n l o a d  

M a t e r i  a1 t r a n s f e r  

Rod b a t c h i  ng  

R o l l  i ng 

UC2 ThC uncoa ted  o r  p a r t i a l l y  
c o a t e i  p a r t i  c l  es 

U02 ThoL powder 

U02 Tho2 C powder 

U02 Tho2 g r a p h i t e  and s o l u t i o n  

U02 Tho2 powder 

uo2 (CZ)  Th02(C2) g r a p h i t e  p a r t i c l e s  
and powder 

uo2 (C2)  Th02(C2) g r a p h i t e  p a r t i c l e s  
and powder 

u02 Tho2 powder 

UU2 Tho2 g r a p h i t e  powder 

uo2(C2)  Th02(C2) g r a p h i t e  p a r t i c l e s  
and powder 

U02 Tho2 g r a p h i t e  

U02(C2) Th02(C2) g r a p h i t e  p a r t i c l e s  
and powder 

U02(C ) Th02(C2) powder and 
p a r  5 i c l  es  

U02 Tho2 C powder, c o a t e d  
p a r t i c l e s ,  uncoated p a r t i c l e s  

U02 Thop g r a p h i t e  s o l u t i o n  

u02 Tho2 g r a p h i t e  i n  c l o s e d  c o n t a i n e r s  

UC2 ThC2 powder 

uo2(C2)  Th02(C2) g r a p h i t e  p a r t i c l e s  

and powder 

UC2 ThC g r a p h i t e  c o a t e d  p a r t i c l e s  
2  

U02 Tho2 powder 



TABLE B.2. ( c o n t d )  

S t a t i o n  M a t e r i  a1 

Sc reen ing  UC2 ThC2 c o a t e d  p a r t i c l e s  

Screen, weigh, l o a d  UC2 ThC2 c o a t e d  p a r t i c l e s  

S i z i n g ,  w e i g h i n g  U02 Tho2 powder 

S i z e  r e d u c t i o n  

Sp l  i t t i  ng 

U02(C2) Th02(C2) g r a p h i t e  p a r t i c l e s  
and powder 

UC2 ThC2 coa ted  o r  uncoated 
p a r t  i c1 es  

Mass, k g  -- 
0.79 

Un load ing,  wei g h i  ng U02 Tho2 powder 3.6 

Weigh, screen,  l o a d  UC2 ThC2 uncoated p a r t i c l e s  3.6 

Wei gh, sample U02(C2) ThO2(C2) powder, c o a t e d  
p a r t i c l e s  o r  uncoated p a r t  i c 1  es  3.6 

i n s p e c t e d  b e f o r e  b e i n g  i n s e r t e d  i n t o  s t a i n l e s s  s t e e l  j a c k e t s  a l o n g  w i t h  a  

measured amount o f  sodium. The j a c k e t  i s  welded s h u t  and h e a t - t r e a t e d  so t h e  

s o d i  urn i s  bonded t o  t h e  f u e l  and j a c k e t .  

B .2.2 F a c i  1  i t y  D e s c r i  p t i  on 

Bu i  1  d i  ngs 

The f a c i l i t y  shown i n  F i g u r e  B.3 i s  l o c a t e d  i n  t h e  r e g i o n  o f  t h e  
San Andreas f a u l t  and i s  b u i l t  t o  w i t h s t a n d  an ea r thquake  o f  7.3 on t h e  R i c h t e r  
s c a l e  w i t h o u t  ma jo r  damage. Process equipment i s  b o l t e d  t o  t h e  poured c o n c r e t e  

f l o o r  t o  p r e v e n t  upse ts .  

The m a n u f a c t u r i n g  b u i l d i n g  i s  made of p r e c a s t  t i l t - u p  c o n c r e t e  s l a b s .  The 
f u e l  f a b r i c a t i o n  area i s  enc losed  w i t h  d o u b l e - w a l l  c o n s t r u c t i o n .  A  poured  
c o n c r e t e  f l o o r  separa tes  an o f f i c e  a rea  on t h e  second f l o o r  f r o m  t h e  

f a b r i c a t i o n  area.  

The s t o r a g e  v a u l t  has w a l l s  o f  12 - in .  f i l l e d  c o n c r e t e  b l o c k ,  a  6 - i n . - t h i c k  

c o n c r e t e  f l o o r ,  a  9 - i  n . - t h i c k  r e i n f o r c e d  c o n c r e t e  c e i l i n g ,  and a  1-i n . - t h i  ck  

s t e e l  door.  

HVAC System 

C u t t i n g  mach inery  has fi r e p r o o f  fume hoods w i t h  h i g h - d r a f t  v e n t i l a t i o n  
d u c t s  t o  remove sma l l  c h i p s  and d u s t .  Movement o f  a i r  i s  a lways towards  a reas  
o f  g r e a t e r  contami n a t i o n ,  and a i  r i s  n o t  r e c i  r c u l a t e d .  P r e f i  1  t e r s  a r e  p r o v i d e d  
upst ream o f  a1 1  HEPA f i  1  t e r s .  



FIGURE B.3. Fuel F a b r i c a t i o n  Area o f  Rockwell I n t e r n a t i o n a l  
Fuel  Manufac tu r ing  B u i l d i n g  



A minimum o f  6  a i r  changes p e r  hour  i n  each room i s  p r o v i d e d .  Average a i r  
d u c t  v e l o c i t i e s  range f r o m  2000 t o  2500 f t / m i n .  

Pu l  v e r i  z i n g ,  s i  e v i  ng, and b l e n d i  ng  o p e r a t i o n s  on UA1, powder a r e  per formed 
i n  an i n e r t  argon atmosphere. 

Eng ineered  S a f e t y  Systems 

Water sc rubbers  o r  f i b e r g l a s s  p r e f i l t e r s  a r e  p r o v i d e d  i n  t h e  exhaust  where 
c u t t i n g  o p e r a t i o n s  may genera te  sparks .  

Au tomat i c  f i r e  d e t e c t i o n  and s p r i n k l e r  systems a r e  p r o v i d e d  i n  a l l  a reas 
o f  t h e  p l a n t  excep t  t h e  v a u l t ,  wh ich  has a  manua l l y  c o n t r o l l e d  s p r i n k l e r  
system. A lso ,  s p r i n k l e r  heads a r e  b l o c k e d  o f f  i n  areas c o n t a i n i n g  a l k a l i  
m e t a l s .  

C r i t i c a l i t y  s a f e t y  i s  p r o v i d e d  by l i m i t i n g  t h e  amount o f  m a t e r i a l  hand led  
and by geometry c o n t r o l s .  

S u r r o u n d i n g  Area 

Severa l  sma l l  commerci a1 e s t a b l  i shments and an area c o n t a i n i n g  b o t h  
s i n g l e -  and mu1 t i  p l  e - fam i  l y  d w e l l  i ngs a r e  1  o c a t e d  about  275 f t  f r o m  t h e  
m a n u f a c t u r i n g  b u i l d i n g  on t h e  o t h e r  s i d e  o f  a  p u b l i c  s t r e e t .  

8.2.3 I n v e n t o r y  

Radi o a c t i  ve I n v e n t o r y  

L i c e n s e  l i m i t s  f o r  t h e  Rockwel l  p l a n t  a t  Canoga P r k  a r e  g i v e n  i n  
2% Tab le  B.3. A d d i t i o n a l  i n f o r m a t i o n  on mass l i m i t s  o f  U  a t  i n d i v i d u a l  

s t a t i o n s  i n  t h e  p l a n t  i s  ' ven  i n  Tab le  B.4. T o t a l  ATR f u e l  manu fac tu re  may 
r e q u i r e  up t o  900 kg o f  zQtU i n  s t o r a  e  and i n  process.  T o t a l  EBR-I1 f u e l  
manu fac tu re  may r e q u i r e  up t o  600 kg y 3 5 ~  i n  s t o r a g e  and i n  process.  

Hazardous and Combus t ib le  I n v e n t o r y  

A c i d  and o r g a n i c  s o l v e n t s  a r e  used i n  .the l a b o r a t o r y  i n  q u a n t i t i e s  o f  l e s s  
t h a n  a  g a l l o n .  S o l i d  chemica ls  i n  t h e  l a b  a r e  s t o r e d  i n  c o n t a i n e r s  o f  l e s s  
t h a n  a  pound c a p a c i t y .  

Flammable m a t e r i a l s  w i t h i n  t h e  p l a n t  a r e  c a r e f u l  l y  c o n t r o l  l e d .  Organ ic  
c l e a n i n g  compounds a r e  k e p t  i n  l i m i t e d  q u a n t i t i e s .  Paper i s  used f o r  r e q u i r e d  
r e c o r d  keep ing  and documenta t ion  a l t h o u g h  most o f  t h e  c l e r i c a l  work i s  p e r -  
formed o u t s i d e  o f  t h e  main f a b r i c a t i o n  f a c i  1  i t y .  Some o f f i c e  spaces c o n t a i n i n g  
wooden desks a r e  w a l l e d  o f f  f rom t h e  work areas.  Lab c o a t s  and p l a s t i c  shoe 
c o v e r s  a r e  p r o v i d e d  a t  t h e  e n t r a n c e  t o  con tamina ted  areas.  Contaminated 
c o m b u s t i b l e  i t e m s  a r e  s t o r e d  i n  t h e  SNM v a u l t  i n  sea led  s t e e l  drums. 



TABLE 8.3. N u c l e a r  M a t e r i a l s  A l l owed  a t  Rockwe l l  I n t e r n a t i o n a l  Canoga Park 
F a c i  1  i t y  Under Speci a1 Nuc lea r  M a t e r i  a1 s  L i c e n s e  SNM-21 

By -p roduc t ,  Source, Maximum Amount t h a t  L i c e n s e e  

and /o r  Speci  a1 Nuc lea r  Chemi c a l  and /o r  May Possess a t  any One Time 
M a t e r i a l  P h y s i c a l  Form Under t h i  s L i c e n s e  

Ur n ium e n r i c h e d  i n  t h e  Any en r i chmen t  o r  f o r m  1,500 kg 2 3 5 ~  

232U i s o t o p e  excep t  UF-6 

23511 Any 5  k g  2 3 3 ~  

PU ( p r i n c i p a l l y  2 3 0 ~ u )  Any Maximum o f  3.5 k g  of  t o t a l  Pu 
1. NFDL S i t e  

a. Hot l a b o r a t o r y - - u p  t o  
3.5 k g  Pu i n  i r r a d i a t e d  
f u e l  

b. Pu f a c i l i t y - - l e s s  t h a n  
1.0 k g  Pu i n  p r o c e s s  

2. HQ S i t e  
a. HQ v a u l t - - u p  t o  3.5 k g  

Pu packaged i n  s e a l e d  
a u t h o r i z e d  s h i  p p i  ng  
c o n t a i n e r s  

b .  A maximum o f  2 g  t o t a l  
Pu f o r  gamma s p e c t r o s -  
copy and r a d i o m e t r i c  
c o u n t i n g  a n a l y s e s  

Pu ( p r i  n c i  p a l  1 y 2 3 9 ~ u )  Sealed sources (as 1.0 kg  t o t a l  Pu a t  e i t h e r  o r  
Pu-Be sou rces )  b o t h  s i t e s  

Pu ( p r i  n c i  p a l  l y  2 3 8 ~ u )  Sealed sou rces  0.5 kg  t o t a l  Pu a t  e i t h e r  o r  
b o t h  s i t e s  

TABLE B.4. Mass L i m i t s  o f  2 3 5 1 ~  a t  Fue l  F a b r i c a t i o n  S t a t i o n s  

Mass L i m i t  o f  235" 
L o c a t i  on 

ATR manufac tu re  vacuum a r c  f u r n a c e  350 g  

P u l v e r i z i n g  and s i e v i n g  g l o v e  box t r a i n  350 g 

Accumul a t i  on o f  f i nes i n  b l  e n d i  ng, 350 g--13 kg w o r k i n g  l i m i t  

p r e s s i n g ,  and compact ing  g l o v e  box 
t r a i n  

P l a t e  f a b r i c a t i o n  a r e a  610 g i n  e i g h t  compacts 
916 g  i n  t w e l v e  compacts 

Annea l i ng  f u r n a c e  50 k g  



Smal l  amounts o f  s o l i d  sodium a r e  hand led  i n  i n e r t  g l o v e  boxes a t  room 
tempera tu re .  

The UAlX c rushed  powder can be p y r o p h o r i c ;  hence, t h e  powder i s  hand led  i n  
an i n e r t  atmosphere and s t o r e d  i n  s e a l e d  c o n t a i n e r s .  
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APPENDIX C 

U R A N I U M  HEXAFLUORIDE PROOUCTION 

C . l  ALLIED CHEMICAL CORPORATION. METROPOLIS. ILLINOIS 

The A1 1  i e d  Chemical UF6 p l a n t  a t  Metropol  i s ,  I 1  l i n o i s  produces UF6 by 
p rocess ing  uranium ore  concen t ra tes .  Th i s  appendix was developed u s i n g  
i n f o r m a t i o n  i n  A1 1  i e d  Chemical Co rpo ra t i on  r e p o r t s  (1975, 1980, 1981). 

C .1.1 Process D e s c r i p t i o n  

Opera t ion  

F i  f t y - f  i ve ga l  1  on drums of ye1 1  owcake w i t h  a  concent r a t i o n  o f  75% u r a n i  urn 
a re  empt ied i n t o  a  hopper. The con ten t s  a re  blended, sampled, and packaged i n  
drums. Sampl ing i s  done sepa ra te l y  f rom t h e  r e s t  o f  t h e  process t o  c o n t r o l  
dus t  l e v e l s .  One hundred drums a re  r ece i ved  per  day i n  two t o  t h r e e  
t r u c k 1  oads. 

A f t e r  sampl ing,  ye1 lowcake i s  c a l c i n e d  t o  U3O8. The U308 i s  crushed and 
blended t o  a  u n i f o r m  m ix tu re .  It i s  then  remoistened, formed i n t o  p e l l e t s ,  
d r i e d ,  and crushed t o  U308 powder. The powder i s  conver ted  t o  UF6 i n  a  s e r i e s  
o f  f l u i d i z e d  bed reac to r s .  The f i r s t  r e a c t o r  uses He and N2 f rom d i s s o c i a t e d  
ammonia as t h e  f l u i d i z i n g  gas t o  conver t  U30 t o  U02 powder. The nex t  two 
r e a c t o r s  o p e r a t i n g  i n  s e r i e s  use HF as t h e  f y u i d i z i n g  gas, c o n v e r t i n g  U02 t o  
UF4 powder. A f l u i d  bed f l u o r i n a t o r  then  uses F2 as a f l u i d i z i n g  gas, 
c o n v e r t i n g  UF4 t o  UF6 gas. 

Uranium hexaf l u o r i d e  i s  condensed i n  p r imary  c o l d  t r a p s  a t  -20°F. 
Secondary c o l d  t r a p s  a t  l ower  temperatures remove r e s i d u a l  UF6. The s o l i d  i s  
l i q u i f i e d  i n t e r m i t t e n t l y  i n  t h e  t r a p s  by hea t ing ,  then  t r a n s f e r r e d  t o  d i s t i l l a -  
t i o n  tanks.  Low b o i l i n g  i m p u r i t i e s  a re  s t r i p p e d  from t h e  UF6 i n  a  low b o i l e r  
d i s t i l l a t i o n  column, then  h igh  b o i l i n g  i m p u r i t i e s  a re  s t r i p p e d  i n  a  h igh  b o i l e r  
d i s t i l l a t i o n  column. The product ,  UF6 p u r i f i e d  t o  l e s s  than  300 ppm 
i m p u r i t i e s ,  i s  condensed and packaged i n t o  10- o r  14- ton c y l i n d e r s .  E i g h t  t o  
n i n e  hundred c y l i n d e r s  a re  s t o r e d  on s i t e  and shipped a t  an average o f  3  p e r  
day o r  90 per  month. 

Waste D isposa l  

L i q u i d  waste . i s  sent  t o  e i t h e r  s ludge s e t t l i n g  ponds o r  uranium s p i l l  
c o n t r o l  ponds b e f o r e  be ing  d ischarged  i n t o  t h e  Ohio R i ve r .  Lime i s  added t o  
t h e  l i q u i d  t o  p r e c i p i t a t e  f l u o r i d e s ,  which a re  separated ou t  i n  s e t t l i n g  bas ins  
and r e t a i n e d  on s i t e .  

O f f  gases f rom t h e  sampl ing t o  f l u o r i n a t i o n  process s teps  a re  f i l t e r e d  and 
scrubbed w i t h  aqueous KOH t o  remove f l u o r i n e  and r e s i d u a l  uranium. Scrubbing 
l i q u o r s  a re  sent  t o  uranium recovery  t o  e x t r a c t  urani-um. 



Scrap Recovery 

Uranium recovery  f rom scrap i s  accomplished by l e a c h i n g  f i n e l y  ground kid 
scrap w i t h  sodium carbonate s o l u t i o n .  The leached m a t e r i a l  i s  f i  1 t e red ,  d r i e d ,  
drummed, and d isposed o f  i n  a  r a d i o a c t i v e  waste f a c i l i t y .  Uranium i n  t h e  
f i l t r a t e  i s  p r e c i p i t a t e d  w i t h  NaOH then  p r e t r e a t e d  w i t h  ammonium s u l f a t e  
s o l u t i o n  i n  a  4-stage coun te r - cu r ren t  decanter .  Product  uranium i s  sent  t o  t h e  
c a l c i n e r  as feed. 

Other  Operat ions 

P e r i o d i c a l l y ,  UF6 p roduc t  c y l i n d e r s  a re  washed w i t h  sodium carbonate 
s o l u t i o n  and p ressure  t es ted .  Uranium leached i n t o  t h e  wash s o l u t i o n  i s  
recovered i n t h e  u r a n i  urn recovery  f a c i  1  i t y  . 

Besides manufac tu r ing  UF6, t h e  p l a n t  a l s o  produces s u l f u r  h e x a f l u o r i d e ,  
i o d i n e  and antimony p e n t a f l u o r i d e s ,  and l i q u i d  f l u o r i n e .  

C .1.2 Fac i  1  i t y ,  D e s c r i p t i o n  

Bui  l d i n a s  

E s s e n t i a l l y  a l l  o f  t h e  UF6 manufac tu r ing  processes a re  conducted i n  t h e  
feed m a t e r i a l s  b u i l d i n g .  Th i s  b u i l d i n g  and o the rs  t h a t  c o n t a i n  o p e r a t i o n s  
i n v o l v i n g  t h e  hand l i ng  o r  p rocess ing  of s i g n i f i c a n t  amounts o f  source m a t e r i a l  
a re  i d e n t i f i e d  i n  t h e  s i t e  p lan ,  F i g u r e  C.1. The ope ra t i ons  i n  t hose  b u i l d i n g s  
and t h e i r  es t imated  s i z e  a re  l i s t e d  i n  Table  C.1. 

HVAC Systems 

Dust c o l l e c t o r s  and scrubbers  a re  used t o  c l ean  process gases. A i r  i s  
c i  r c u l a t e d  th rough  t h e  ' f e e d  m a t e r i a l s  b u i l d i n g  by severa l  fans  and about 
12 changes o f  a i r  per  hour a re  prov ided.  The feed m a t e r i a l s  b u i l d i n g  has a  
r o l l - u p  door on t h e  f i r s t  f loor;  which may be open much o f  t h e  t ime,  and 
severa l  windows l e a d i n g  t o  t h e  ou t s i de .  

The a i r  system i n  t h e  main c o n t r o l  room i s  separa te  from t h a t  i n  t h e  r e s t  
o f  t h e  p l a n t .  

S t r eng th  o f  Bui  l d i  ngs 

Most b u i l d i n g s  a re  cons t ruc ted  of concre te  b lock ,  except  t h e  feed mate- 
r i a l s  b u i l d i n g  which has sheet metal  s i d i n g  on a  s t e e l  frame. A l l  p rocess ing  
areas a re  concre te  and s t e e l  c o n s t r u c t i o n .  Most process b u i l d i n g s  have a t  
l e a s t  one open pathway (door  o r  window) t o  t h e  ou t s i de .  The feed  m a t e r i a l s  
b u i l d i n g  has 4  by 6 f t  P l e x i g l a s o  panels  i n  many l o c a t i o n s  f o r  windows. 

@ P l e x i g l a s  i s  a  t rademark o f  Rohn and Haas, P h i l a d e l p h i a ,  PA 19105 
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FIGURE C.1. S i t e  P l a n  f o r  A l l i e d  Chemical UF6 P l a n t ,  M e t r o p o l i s ,  I l l i n o i s  



TABLE C.1. Areas C o n t a i n i n g  Amounts o f  Nuc lea r  
M a t e r i a l s  a t  A l l i e d  Chemical UF6 P l a n t  

Area Operat  i on S ize ,  f t  
2  

Feed m a t e r i  a1 s  b l  dg. UF6 m a n u f a c t u r i n g  11,900 on each 
f l o o r ,  s i x  s t o r i e s  
h i g h  

Ore sampl i ng b l  dg. Sampl ing o r e  c o n c e n t r a t e s  4,600 

Na removal & U recove ry  Ore p u r i f y i n g  and U sc rap  7,000 
r e c o v e r y  

C a l c i n i n g  f a c i  1  i t y  Incoming feed  d r i e d  1,000 

Waste d r i e r  

Lab b u i  1  d i  ng 

U  r e c o v e r y  wastes d r i e d  500 
p r i o r  t o  o f f s i  t e  d i s p o s a l  

Process and p r o d u c t  c o n t r o l  9,900 
ana lyses  

C y l i n d e r  wash b ldg .  UF6 c y l i n d e r s  washed and 900 
t e s t e d  

Ore s t o r a g e  shed Feed o r e  s t o r e d  i n s i d e  20,000 

Ore s t o r a g e  pads Feed o r e  s t o r e d  o u t s i d e  136,000 

C y l i n d e r  s t o r a g e  areas UF6 p r o d u c t  s t o r e d  
o u t s 1  de 

Engi  neered S a f e t y  Systems 

F i r e  p r o t e c t i o n  i s  p r o v i d e d  by manual f i r e  e x t i n g u i s h e r s  and a  f i r e  
hose. Au tomat i c  s p r i n k l e r  systems a r e  p r o v i d e d  i n  hazardous areas.  

Bes ides  a larms p r o v i d e d  i n  t h e  c o n t r o l  room t o  a l e r t  pe rsonne l  t o  
ma1 f u n c t i o n s  i n  p rocess  equipment,  an a1 arm can be a c t i  va ted  by pe rsonne l  
o b s e r v i n g  a  r e l e a s e  o f  UF6. 

S u r r o u n d i n g  Area 

The p l a n t  i s  l o c a t e d  i n  a  r u r a l  a rea  o u t s i d e  o f  a  sma l l  town. It i s  
bo rde red  by t h e  Ohio  R i v e r ,  a  c o a l  b l e n d i n g  p l a n t ,  t h e  highway, and p r i v a t e l y  
owned land .  
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C.1.3 I n v e n t o r y  

'Qd The f a c i l i t y  i s  des igned  t o  produce about  14,000 s h o r t  t o n s  p e r  y e a r  o f  
u ran ium as UF6. The maximum l i c e n s e  l i m i t  o f  urar l ium i n  a l l  fo rms i s  
25,000 ns. Sma l l - sou rce  i n v e n t o r i e s  f o r  wh ich  A l l i  i s  l i c e  d  a r e  100 m 
C i  of  lS9Ce as a  s e a l e d  source,  and 0.01 pCi  each o f  '"Am and "'Th as p l a t e d  
sources.  A t y p i c a l  p l a n t  i n v e n t o r y  i s  g i v e n  i n  T a b l e  C.2. 

TABLE C.  2. T y p i c a l  P l a n t  R a d i o a c t i v e  I n v e n t o r y  
a t  A1 1  i ed. Chemi c a l  UFg P l  a n t  

Uranium Form 

S t o r e d  UFg 

Ore c o n c e n t r a t e  

Waste m a t e r i  a1 

I n  p rocess  

P r i m a r y  c o l d  t r a p s  

UF6 C y l i n d e r s  

UF6 C y l i n d e r s  

Green s a l t  i n  s t o r a g e  hopper 

Ye l lowcake i n  55-gal  drums 

Hazardous and Combus t ib le  I n v e n t o r v  

Q u a n t i t y ,  t o n s  

11,000 

7,000 

250 

100 t o  125 

11 t o  11.5 

14 (each)  

10 (each)  

5  0  

600 t o  800 1 b (each )  

Hazardous and c o m b u s t i b l e  m a t e r i a l s  used a t  A l l i e d  Chemical a r e  c o m p i l e d  
i n  Tab le  C.3. I n  a d d i t i o n  t o  t h o s e  l i s t e d ,  an t imony p e n t a f l u o r i d e ,  f l u o r i n e ,  
i o d i n e  p e n t a f l u o r i d e ,  and s u l f u r  h e x a f l u o r i d e  a r e  produced on t h e  s i t e .  

C.2 KERR-MCGEE NUCLEAR CORPORATION, SEQUOYAH FACILITY, GORE, OKLAHOMA 

O p e r a t i o n s  i n  t h e  Kerr-McGee UF6 f a c i l i t y  c o n v e r t  y e l l o w c a k e  f r o m  u ran ium 
m i l l s  i n t o  UF6 f o r  u ran ium f a b r i c a t i o n  p l a n t s .  I n f o r m a t i o n  i n  t h i s  was 
deve loped u s i n g  Kerr-McGee C o r p o r a t i  on r e p o r t s  (1972a, 1972b, 1975, 1981).  

C.2.1 Process D e s c r i p t i o n  

O p e r a t i  on 

Ye1 lowcake i s  r e c e i v e d  i n  55-ga l  drums, w h i c h  a r e  empt ied  one a t  a  t i m e  
t h r o u g h  a  f a l l i n g  s t r e a m  samp l ing  u n i t .  T h i s  sys tem samples and weighs a  
p o r t i o n  o f  t h e  stream. The drums a r e  vacuum c leaned  and reused. 



TABLE C .3. Chemi c a l  s  , Hazardous, and Combus t ib le  V a t e r i  a1 s  
Used a t  A1 1  i e d  Chemicals 

M a t e r i a l  D e s c r i  p t  i on 

Ammoni um s u l f a t e  Used i n  p r e t r e a t m e n t  o f  f e e d  i n  sodium removal p rocess  

D i e s e l  o i l  S t o r e d  underground,  used f o r  backup power 

E t h y l e n e  g l y c o l  Used i n  c o l d  t r a p s  condens ing  UF6 

F l  u o r s p a r  S t o r e d  i n  o r e  s t o r a g e  b u i l d i n g ;  used as bed m a t e r i a l  i n  
f l u i d i z e d  bed r e a c t o r s .  Contaminated f l  u o r s p a r  s t o r e d  i n  
55-gal  drums f o r  one y e a r  b e f o r e  r e c y c l i n g  t h r o u g h  
u r a n i  um r e c o v e r y  

U y d r o f l  u o r i c  a c i d  F l u i d i z i n g  gas i n  h y d r o f l u o r i n a t o r  

Lime Used i n  l i q u i d  waste  t r e a t m e n t  

LPG S t o r e d  i n  60 - ton  q u a n t i t i e s ,  d i s s o c i a t e d  t o  p r o v i d e  
hyd rogen- reduc ing  gas t o  c e r t a i n  p rocesses  

N a t u r a l  gas P r o v i d e d  by c i t y  l i n e s  t o  s u p p l y  e l e c t r i c i t y  f o r  
c a l c i n e r s  and d i s t i l l a t i o n ;  l i n e s  r u n  t h r o u g h  main 
p rocess  b u i l d i n g  between a l l  s i x  f l o o r s  

P o t a s s i u n  h y d r o x i d e  Used i n  sc rubber  sys tem 

Sodium c a r b o n a t e  Used t o  l e a c h  con tamina ted  s c r a p  and wash UF6 c y l i n d e r s  

Sodi urn h y d r o x i d e  P r e c i  p i  t a t e s  u r a n i  um o u t  o f  s c r a p  r e c o v e r y  f i 1  t r a t e  

S u l f u r i c  a c i d  Used t o  make ammoni um s u l f a t e ,  s u l f u r  h e x a f l u o r i d e ,  and 
t o  t r e a t  waste  

S t o r e d  ye1 1  owcake i s  f e d  t o  d i g e s t i v e  t a n k s  where i t  i s  d i s s o l v e d  i n  h o t  
( 9 0  t o  105°C) 40% n i t r i c  a c i d  s o l u t i o n .  Recyc led feed i s  added, and t h e  s o l u -  
t i o n  i s  a d j u s t e d  f o r  a c i d  and u ran ium c o n t e n t  and t h e n  s e n t  on t o  t h e  c o u n t e r -  
c u r r e n t  e x t r a c t i o n  d e c a n t e r s .  

S o l v e n t  e x t r a c t i o n  t a k e s  p l a c e  i n  s e v e r a l  pumper-decanters.  T h i r t y  p e r -  
c e n t  t r i b u t y l  phosphate  ( T B P )  i n  hexane i s  used t o  e x t r a c t  u ran ium f r o m  t h e  
n i t r i c  s o l u t i o n .  The TBP-hexane s o l u t i o n  i s  t h e n  washed w i t h  a  1 0  t o  25% 
s o l u t i o n  of  ammonium s u l f a t e  f o l l o w e d  by a  wash w i t h  a  1 t o  5% sodium h y d r o x i d e  
s o l u t i o n .  A f t e r  c o n t a c t  w i t h  s o l u t i o n s ,  t h e  e x t r a c t a n t  i s  scrubbed t o  remove 
i m p u r i t i e s  and t h e  u ran ium i s  r e - e x t r a c t e d  i n  a  p u l s e d  s t r i p p i n g  column. The 
o r g a n i c  s o l v e n t  i s  r e c y c l e d  w h i l e  t h e  aqueous s t r e a m  now c o n t a i n i n g  u ran ium i s  
c o n c e n t r a t e d  i n  a  t w o - s t a g e  h e a t i n g  process.  

The u r a n i u m - r i c h  s o l u t i o n  i s  dehydra ted  and d e n i t r a t e d  i n  a s t i r r e d  
r e a c t o r  t o  U03, wh ich  i s  conveyed t o  a  m i l l i n g  sys tem and s t o r e d  t e m p o r a r i l y .  

The U03 powder i s  f e d  t o  a  f l u i d i z e d  bed r e a c t o r  c o u n t e r c u r r e n t  w i t h  
r e d u c i n g  gases f r o m  d i s s o c i a t e d  ammonia t h a t  c o n v e r t  U03 t o  U02 powder. The 
U02 i s  f e d  t o  h y d r o f l u o r i n a t o r s  and c o n v e r t e d  t o  UF4. The UF4 i s  t h e n  conveyed 

n 



t o  a  s e r i e s  o f  f l u o r i n a t i o n  towers  wh ich  bu rn  UF4 i n  F  gas t o  make UF6 gas. 
F l u o r i n e  i s  p r o v i d e d  by t h e  e l e c t r o l y s i s  o f  a  m o l t e n  K f -HF e l e c t r o l y t e .  

The gas i s  coo led  and f i l t e r e d  t w i c e  w i t h  s i n t e r e d  meta l  p a r t i c u l a t e  f i l -  
t e r s ,  t h e n  condensed t o  a  s o l i d  i n  30°F p r i m a r y  and -75OF secondary c o l d  
t r a p s .  The s o l i d i f i e d  UF6 i s  m e l t e d  w i t h  steam hea t  and d r a i n e d  i n t o  UF6 
s h i p p i n g  c y l  i n d e r s .  The c y l i n d e r s  a r e  s t o r e d  b e f o r e  s h i p p i n g .  

Waste D isposa l  

L i q u i d  wastes c o n t a i n i n g  s i g n i f i c a n t  q u a n t i t i e s  of r a d i o a c t i v e  m a t e r i  a1 
a r e  r e t a i n e d  i n  ' b a s i n s  and s to red .  O the r  l i q u i d  wastes c o n t a i n i n g  t r a c e s  o f  
r a d i o a c t i v i t y  a r e  d i l u t e d  and r e l e a s e d  t o  t h e  11 li n o i  s  R i v e r .  

Combus t ib le  wastes  may be i n c i n e r a t e d  i n  an open p i t  o r  an e n c l o s e d  
i n c i n e r a t o r .  Contaminated so l  i d s  t h a t  a r e  n o t  burned a r e  b u r i e d  underground on 
s i t e .  The s i t e  i s  a  l i c e n s e d  b u r i a l  ground. 

C.2.2 F a c i l i t y  D e s c r i p t i o n  

The p l a n t  as shown i n  F i g u r e  C.2 c o n s i s t s  o f  about  69,000 f tL o f  manu- 
f a c t u r i n g ,  warehous ing and o f f i c e  f l o o r  space i n  t h r e e  s e p a r a t e  b u i l d i n g s .  
R e t e n t i o n  ponds f o r  s ludge  and r a f f i n a t e  a r e  a l s o  shown. D imens ions o f  t h e  
f a c i l i t y  a reas a r e  1  i s t e d  i n  T a b l e  C.4. 

A 1  1  p l a n t  f a c i l i t i e s  a r e  s t e e l - f r a m e d  s t r u c t u r e s  excep t  t h e  shop and 
u t i l i t y  b u i l d i n g .  The l e a n - t o  on t h e  n o r t h  s i d e  o f  t h e  p rocess  b u i l d i n g  has 
12 - in .  masonry w a l l  s. 

Fou r -hour  f i r e  w a l l s  s e p a r a t e  t h e  p rocess  area,  c e l l  room, shop, and 
u t i l i t y  rooms. 

S t o r a g e  t a n k s  a r e  l o c a t e d  o u t - o f - d o o r s  and a r e  sur rounded by 4 - f t - h i g h  
c o n c r e t e  w a l l s .  A l l  p a r t s  o f  t h e  s o l v e n t  e x t r a c t i o n  sys tem a r e  304 s t a i n l e s s  
s t e e l .  A1 1 equipment . t h a t  c o n t a c t s  anhydrous HF o r  e lemen ta l  f l u o r i n e  i s  
ca rbon  s t e e l .  

HVAC Systems 

The samp l ing  a rea  and o t h e r  d u s t - g e n e r a t i n g  areas a r e  equ ipped w i t h  vacuum 
systems and d u s t  c o l l e c t o r s .  O f f  gas f r o m  t h e  r e d u c t i o n  r e a c t o r  i s  f i l t e r e d  
t h r o u g h  s i n t e r e d   netd dl f i  1 t e r s  and burned. 

The d i g e s t o r  system o p e r a t e s  a t  n e g a t i v e  p ressu re .  Process gases f r o m  t h e  
d e n i t r a t o r  a r e  scrubbed w i t h  40% HNo3 and p i p e d  t o  an a b s o r p t i o n  t o w e r  f o r  
a b s o r p t i o n  and c o n c e n t r a t i o n  of n i t r o u s  ox ides ,  Scrubber  systems a1 so c l e a n  
process gases f r o m  t h e ' - s o l  ven t  e x t r a c t i o n  system and UF6 c o l  1  e c t i  on system. 
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FIGURE C.2. F a c i l i t y  D i a g r a m  o f  Kerr-McGee Sequoyah UF6 P l a n t  



TABLE C.4. B u i l d i n g  Areas a t  t h e  Sequoyah UF6 F a c i l i t y  

Area S ize ,  f t 2  

O f f i c e  and L a b o r a t o r y  10,600 

F l  u o r i  ne G e n e r a t i  on 17,250 

Mai n tenance 5,500 

U t i l i t y  5,500 

Main  Process Areas 26,900 

So l  v e n t  E x t r a c t i o n  Bu i  1  d i  ng 4,000 

C y l i n d e r  S t o r a g e  12,000 

O f f  gas f r o m  t h e  h y d r o f l u o r i n a t o r  i s  condensed. Noncondens ib le  gases a r e  

scrubbed w i t h  w a t e r  b e f o r e  b e i n g  r e l e a s e d  o u t  t h e  s t a c k .  Waste gases f r o m  t h e  

f l  u o r i  n a t o r  a r e  a1 so w a t e r  scrubbed b e f o r e  re1 ease. 

Eng ineered  S a f e t y  Systems 

Movement o f  p rocess  m a t e r i  a1 i s  c o m p l e t e l y  enclosed.  

Leve l  a la rms  and a u t o m a t i c  c u t o f f s  a r e  used t o  a v o i d  o v e r f i l l i n g  t h e  
v e s s e l s ,  t e r m i n a t e  feeds,  and reduce o p e r a t i n g  t e m p e r a t u r e  i n  t h e  even t  o f  a  

I b o i  1  o v e r  o r  e x c e s s i  ve o f f  -gas f l  ow. 

Cutbs  a r e  p l a c e d  around s t o r a g e  t a n k s  t o  c o n t a i n  s p i l l e d  m a t e r i a l s .  L ime 
i n s i d e  t h e  c u r b s  w i l l  n e u t r a l i z e  s p i l l s .  

I 
I P r e s s u r e  i n  t h e  h e a t i n g / c o o l i n g  c o i l s  i s  m a i n t a i n e d  a t  above t h e  s o l u t i o n  

p r e s s u r e  t o  m i n i m i z e  t h e  l eakage  o f  p rocess  s o l u t i o n s  i n t o  t h e  c o i l  i f  t h e  c o i l  
f a i l s .  

The re  i s  an a u t o m a t i c  w a t e r  foam d e l u g e  system i n  t h e  s o l v e n t  e x t r a c t i o n  
b u i  1 d i n g .  

S u r r o u n d i n g  Area 

The p l a n t  i s  l o c a t e d  i n  a  75 -ac re  fenced p o r t i o n  o f  a  2100-acre s i t e .  I t  

i s  i n  a  r u r a l  a rea  sur rounded by p a s t u r e  and woodland. The s i t e  i s  bounded on 
t h e  n o r t h  by U.S. Highway 64, on t h e  west  by t h e  I 1  l i n o i s  and Arkansas r i v e r s ,  
and on t h e  s o u t h  by I n t e r s t a t e  Highway 40. 



C.2.3 I n v e n t o r y  

Radi o a c t i  ve I n v e n t o r y  

The p l a n t  can produce 10,000 t o n s  o f  UF p e r  yea r .  The r a d i o a c t i v e  
m a t e r i a l  s t o r a g e  c a p a c i t y  i s  shown i n  Tab le  f .5 .  

TABLE C.5. Sto rage  C a p a c i t y  o f  R a d i o a c t i v e  M a t e r i a l s  
a t  t h e  Sequoyah F a c i  1  i t y  

M a t e r i  a1 and Containment - I n v e n t o r y  - 
Ore c o n c e n t r a t e  as r e c e i v e d  i n  drums .3,000 drums, 700 1  b/drum 

Ore c o n c e n t r a t e  a f t e r  samp l ing  750 f t '  (102 drums) 

U02(N03)2 as 4  1b U/ga l  s o l u t i o n  2,000 ga l  ( 4  t o n s  U )  

U02(N03)2 as 10 1  b  U/ga l  s o l u t i o n  [sic] 75,000 1 b  U  (38  t o n s  U) 

M i  1  l e d  U03 

UF4 i n  s t o r a g e  b i n  

UF4 i n  10-day hopper 

UF6 c y l  i nder  s t o r a g e  

32,250 l b  U (16 t o n s  U)  

65,500 1  b  U  (32  t o n s  U) 

322,000 1b U ( 1 6 1  t o n s  U )  

100 c y l  i nders ,  10 t o n s  UF6/cy l  i n d e r  

Hazardous and Combus t ib le  I n v e n t o r y  

Chemi c a l  s  and hazardous m a t e r i  a1 s  used i n  s u b s t a n t i  a1 amounts a r e  1  i s t e d  
i n  Tab le  C.6. O the r  chemica ls  used a r e  aluminum h y d r o x i d e ,  p o t a s s i  um hydrogen 
f l u o r i d e ,  sod i  um ca rbona te ,  and t r i  b u t y l  phosphate.  

TABLE C.6. Chernicals, Hazardous, and Combus t ib le  M a t e r i a l s  
a t  t h e  Sequoyah F a c i l i t y  

Chemical 

Ammoni a  
Anhydrous h y d r o f l  u o r i  c a c i d  
Aqueous h y d r o f l  u o r i  c  a c i d  
D i e s e l  o i l  
Fue l  o i l  
Hexane 
40% n i t r i c  a c i d  
60% n i t r i c  a c i d  
S u l f u r i c  a c i d  

No. o f  ~ a n k s ( ~ )  

1 
2  
2  
1 
1 
1 
I 
1 
1 

Nomi n a l  C a p a c i t y  , g a l  

15,000 
30,000 
30,000 

2,000 
30,000 
19,000 
15,000 
15,000 

1,000 

( a )  Tanks u s u a l l y  80% f u l l .  
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APPENDIX D  

U 
PLUTONIUM CONTAMINATED FACILITY 

D.l BARCOCK AND WILCOX, PARKS TOWNSHIP, PENNSYLVANIA 

The Babcock and W i  l c o x  p l u t o n i u m  con tamina ted  f a c i l i t y  a t  t h e  Parks  
Township s i t e  i s  c u r r e n t l y  b e i n g  decommissioned. I n v e n t o r i e s  have been 
removed, and p rocess  and o t h e r  equipment i s  b e i n g  removed f o r  d i s p o s a l  a t  a  
l i c e n s e d  b u r i a l  s i t e .  I n f o r m a t i o n  i n  t h e  append ix  d e s c r i b i n g  t h e  f a c i l i t y  was 
p r e p a r e d  u s i  ng  r e p o r t s  by Rabcock and W i  1  cox (1975) ,  U.S. Nuc lea r  Regul a t o r y  
Commission (1978) ,  and M i  shima, Schwendiman, and Ayer (1978).  

D . l . l  Process D e s c r i ~ t i o n  

O p e r a t i o n  

O p e r a t i o n s  d u r i n g  p r o c e s s i n g  i n c l u d e d  c o n v e r s i o n  o f  p l u t o n i u m  n i t r a t e  t o  
PuO2 by p r e c i p i t a t i o n  w i t h  t h e  a d d i t i o n  of p e r o x i d e  o r  o x a l a t e .  The r e c i  i- 

and b lended  t o  a  u n i f o r m  s i z e .  
F - 7  t a t e  was f i l t e r e d ,  d r i e d ,  and c a l c i n e d  t o  Pu02. The PuO2 was t h e n  ba 1  ml l e d  

F u e l  r o d  f a b r i c a t i o n  a l s o  took. p l a c e  i n  t h e  p l a n t .  The Pu02 and UOp 
powders were b l e n d e d  t o g e t h e r  a1 ong w i t h  r e c y c l e  m a t e r i  a1 . An o r g a n i c  b i n d e r  
was added t o  t h e  mix,  wh ich  was t h e n  compacted i n t o  s l u g s ,  g r a n u l a t e d ,  and 
screened.  The mixed o x i d e  (MOX) was p ressed  i n t o  p e l l e t s ,  wh ich  were s i n t e r e d  
i n  a  r e d u c i n g  fu rnace .  P e l l e t s  were ground t o  a  s p e c i f i e d  d i a m e t e r ,  and 
i n s p e c t e d  b e f o r e  b e i n g  l o a d e d  i n t o  f u e l  rods .  

Scrap Recovery 

Sc rap  r e c o v e r y  o p e r a t i o n s  i n c l u d e d  an i o n  exchange sys tem i n  w h i c h  d i r t y  
s c r a p  was d i s s o l v e d  i n  n i t r i c  a c i d ,  f i l t e r e d ,  and passed t h r o u g h  i o n  exchange 
columns. The p r o d u c t  p l u t o n i u m  e l u t e d  f r o m  t h e  ~ o l u m n  was c o n c e n t r a t e d  i n  an 
e v a p o r a t o r .  

C lean s c r a p  was o x i d i z e d  and reduced i n  a  r e a c t o r  b e f o r e  b e i n g  r e c y c l e d  
back t o  t h e  b l e n d e r .  . 

D.1.2 F a c i l i t y  D e s c r j p t i o n  

Bu i  1  d i n g  

2  2  
The p l u t o n i u m  p l a n t  o c c u p i e s  abou t  8,400 m  (90,400 f t  ) .  The l a t e s t  

a d d i t i o n  i s  12 m  (39 f t )  h i g h .  Other  d imens ions can be e s t i m a t e d  u s i n g  F i g -  
u r e  D.1. F a b r i c a t i o n  rooms range  f r o m  100 m2 (1,000 f t 2 )  to 800 m2 (8,600 f t 2 )  

2  
i n  s i z e .  The h o t  c e l l  has abou t  100 ft o f  area.  Room d imens ions  a r e  shown 
i n  T a b l e  D.1. F i g u r e  D.l shows a reas  i n  t h e  f a c i l i t y  where r a d i o a c t i v e  
m a t e r i a l s  were hand led  and t h a t  a r e  t h u s  p o t e n t i a l l y  contaminated.  Four 

D. 1 
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FIGURE 0.1. Babcock and Wi l cox  Parks Township S i t e  P l u t o n i u m  P l a n t  



TABLE D.1. F l o o r  Area o f  P o t e n t i  a1 l y  Contami n a t e d  Rooms 

Room Area, f t 2  

F a b r i c a t i o n  1 550 

F a b r i c a t i o n  5  150 

F a b r i c a t i o n  6  

F a b r i c a t i o n  7 

F a b r i c a t i o n  9 370 

Hot c e l l  100 

a reas  -- Fab-2, -3, -4, and -5  -- were used i n f r e q u e n t l y  and h e l d  l i m i t e d  
q u a n t i t i e s  o f  f i s s i  l e  m a t e r i a l .  S e v e n t y - f i  ve g l o v e  boxes a r e  e s t i m a t e d  t o  be 
i n  t h e  f a c i l i t y .  

The p l u t o n i u m  p l a n t  i s  made of c o n c r e t e  b l o c k ,  c o n c r e t e  b l o c k  w i t h  b r i c k  
f a c i n g ,  and i n s u l a t e d  me ta l  s i d i n g  c o n s t r u c t i o n .  The r o o f  i s  made o f  p r e c a s t  
c o n c r e t e  s l a b s  on s t e e l  b a r  j o i s t s .  The r o o f  a l s o  has b u i l t - u p  t a r  and g r a v e l  
on t o p  o f  t h e  s l a b s .  I n t e r i o r  p a r t i t i o n s  a r e  o f  c o n c r e t e  b l o c k  o r  m e t a l .  

HVAC Systems 

The Parks  Township p l u t o n i u m  p l a n t  has s i x  HVAC systems t o  c l e a n  a i r  f r o m  
areas  hand1 i n g  r a d i o a c t i v e  m a t e r i a l s .  Each system has a t  l e a s t  one s t a g e  o f  
HEPA f i l t e r s  t o  f i l t e r  con tam inan ts  f rom exhaus t  gases and may have as many as 
t h r e e  s tages .  A i  r f l  ow i s  t owards  areas  of g r e a t e r  p o t e n t i  a1 c o n t a m i n a t i o n  and 
some a i  r may be r e c i  r c u l  a t e d .  

Eng inee red  S a f e t y  Systems 

Most  c o n s t r u c t i o n  rna ter i  a1 s  a r e  noncombus t i b le .  A u t o m a t i c  f i  r e  d e t e c t o r s  
a r e  i n s t a l l e d  i n  most a reas  of t h e  p l a n t  as w e l l  as i n  g l o v e  boxes. A u t o m a t i c  
s p r i n k l e r s  a r e  i n s t a l l e d  i n  t h e  s t o r a g e ,  s h i p p i n g  and r e c e i v i n g ,  and main-  
t enance  areas .  Manual dry chemical '  f i  r e  e x t i n g u i s h e r s  a r e  1 o c a t e d  around t h e  
p l a n t .  

S u r r o u n d i  ng Area 

The f a c i l i t y  i s  l o c a t e d  on a  59 -ac re  s i t e .  The b u i l d i n g  f r o n t  i s  s e t  back 
about  30 m  f r o m  S t a t e  Highway 66, wh ich  p a r a l l e l s  t h e  s i t e ' s  f r o n t  boundary.  

D.1.3 I n v e n t o r y  

Radi o a c t i  ve I n v e n t o r y  

W h i l e  o p e r a t i n g ,  t h e  e n t i r e  p l a n t  i n v e n t o r y  was around 526 kg  o f  p l u t o n i u m  
and 2,000 t o  3,000 k g  o f  u ran ium.  The l i c e n s e d  p o s s e s s i o n  l i m i t s  w h i l e  t h e  
p l a n t  was under  o p e r a t i o n  a r e  shown i n  T a b l e  D.2. 
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TABLE 0.2. L i c e n s e d  L i m i t s  o f  S p e c i a l  Nuc lea r  M a t e r i a l s  D u r i n g  
O p e r a t i o n s  a t  Babcock and W i  1  cox  P l  u t o n i  u v  P l a n t  

F a c i  1  i t y  Area M a t e r i  a1 I n v e n t o r y ,  kg  

Pu p l a n t  P  (non -py rophor i  c )  f i  s s i  l e  1,000 
2Y8Pu as s e a l e d  sou rce  0.060 
2 3 8 ~ u  as rj35;l o r  o x i d e  0.060 
U  ~ 5  w t% 25,000 
U  >5 w t %  235u 5  
U  n a t u r a l  o r  d e p l e t e d  10,000 

Hi  gh -en r i ched  u ran ium a reas  U >5 w t %  235u <5 

UF6 c y l i n d e r  areas U  ~ 5  w t %  235u 200,000 

U  n a t u r a l  o r  d e p l e t e d  100,000 

M e t a l s  and ha fn ium complex Sea led sou rces  and o t h e r  
r a d i o a c t i v e  m a t e r i a l s  

D u r i n g  o p e r a t i o n s ,  t h e  amount o f  p l u t o n i u m  i n  p rocess  range,d f r o m  0  t o  
8.6 kg  p e r  g l o v e  box. About 38 g l o v e  boxes were l o c a t e d  i n  t h e  main f a b r i -  
c a t i o n  a r e a  and about  10 g l o v e  boxes were i n  t h e  s c r a p  r e c o v e r y  area.  I f  t h e  
f a c i l i t y  has been decon tamina ted  t o  t h e  p o i n t  where o n l y  t h e  g l o v e  boxes and 
g r o u n d - i n  c o n t a m i n a t i o n  a r e  l e f t  i n  t h e  b u i l d i n g ,  each g l t v e  box ?as a  sma l l  
amount o f  c o n t a m i n a t i o n .  A c o n s e r v a t i v e  v a l u e  o f  1 x 10-  g  Pu/m o f  g r o u n d - i n  
s u r f a c e  c o n t a m i n a t i o n  has been used (Mishima and Ayer 1981) .  

Hazardous and Cornbusti b l e  I n v e n t o r y  

A n a t u r a l - g a s - f i r e d  f u r n a c e  p r o v i d e s  h e a t  t o  areas i n  t h e  p l u t o n i u m  
p l  a n t .  C o n s t r u c t i o n  m a t e r i  a1 s  of  conce rn  a r e  p l a s t i c  windows and r u b b e r  g l  oves 
i n  t h e  g l o v e  boxes,  some p o l y v i n y l  c h l  o r i  de (PVC) v e n t i  1  a t i  on d u c t s ,  and 
c o m b u s t i b l e  f rames on some HEPA f i l t e r s .  P l a s t i c  bags and tape ,  and s o l v e n t  
may be i n  t h e  b u i l d i n g  f o r  c l e a n i n g  o p e r a t i o n s .  

When t h e  p l a n t  was under  o p e r a t i o n ,  hydrogen gas was p i p e d  i n  f o r  p r o -  
cesses r e q u i r i n g  r e d u c i n g  atmospheres. I o n  exchange r e s i n s  were used i n  t h e  
s c r a p  r e c o v e r y  processes.  

The 75 g l o v e  boxes may c o n t a i n  an e s t i m a t e d  6,900 1b o f  po l ymethy lme tha -  
c r y l a t e  (PMMA) as v i e w i n g  windows. D u r i n g  t h e  o p e r a t i n g  p e r i o d ,  t h e r e  c o u l d  
a l s o  be 900 1  b  o f  PVC as bagg ing  p l a s t i c ,  225 1b o f  c e l l u l o s i c  m a t e r i a l  as 
paper ,  rags ,  and wipes,  1,275 1b of  e las torners ,  and 70 1b o f  h y d r a u l i c  f l u i d  as 
1  u b r i  c a n t  f o r  p rocess  equ i  pment. 



.2 GENERAL ELECTRIC NUCLEAR CENTER, VALLECITOS, CALIFORNIA 

The Genera l  E l e c t r i c  (GE) Val l e c i  t o s  p l u t o n i u m  p l a n t  i s  c u r r e n t l y  b e i n g  
decon tamina ted  and decommissioned. I n f o r m a t i o n  i n  t h i s  s e c t i o n  was deve loped 
u s i n g  a  r e p o r t  by Mishima and Ayer (1980) .  

D  .2.1 Process D e s c r i p t i o n  

Former o p e r a t i o n s  i n  t h e  p l a n t  i n c l u d e d  d r y  b l e n d i n g  Pu02 and UO as w e l l  
as c o p r e c i p i t a t i o n  of  p l u t o n i u m  and u ran ium n i t r a t e .  P e l l e t s  were ma 5 e  and 
l o a d e d  i n t o  f u e l  e lements .  P roduc t  f u e l  ranged from 10 t o  25% p l u t o n i u m  f r o m  
c o p r e c i p i t a t i o n  p rocesses  w i t h  an average of  20% p l u t o n i u m .  Fue l  was made on a  
s m a l l  b a t c h  b a s i s  f o r  e x p e r i m e n t a l  purposes,  and was n o t  r u n  f o r  p r o d u c t i o n .  

Scrap Recovery  

Scrap r e c o v e r y  o p e r a t i o n s  were p r o v i d e d  d u r i  ng p l a n t  o p e r a t i  on b u t  t h e  
t y p e  o f  sys tem was n o t  i d e n t i f i e d .  L a b o r a t o r y  o p e r a t i o n s  were des igned  t o  
s p e c i f i c a l l y  a n a l y z e  p l u t o n i u m  s o l u t i o n s  and compounds. Hot  c e l l s  were p r o -  
v i d e d  t o  h a n d l e  b y - p r o d u c t  m a t e r i  a1 s. 

D.2.2 F a c i  l i t y  D e s c r i p t i o n  

Bu i  1  d i n g s  

The t o t a l  volume o f  t h e  p l u t o n i u m  a n a l y t i c a l  l a b o r a t o r y  (PAL) i s  
8,000 fIj3. W i t h i n  t h e  PAL, s i x  e n c l o s u r e s  have a  t o t a l  volume o f  17 m3 
(600  f t  ). I n  t h e  advan5ed f u e l s  l a b o r a t o r y  (AFL),  t h e  s c r a p  r e c o v e r y  g l o v e  
box as a  volyme of 17 m and t h e  n i t r a t e  c o n v e r s i o n  g l o v e  box has a  volume o f  9 
18 m (640  f t  ) .  

The s i z e s  o f  some o f  t h e  p rocess  areas a r e  l i s t e d  i n  Tab le  0.3. F i g -  
u r e s  D.2 and D.3 a r e  d iagrams of t h e  f a c i l i t y  showing areas o f  concern  because 
o f  p o t e n t i a l  l y  h i g h  c o n t a m i n a t i o n  l e v e l s .  

TABLE D.3. Process Areas i n  Genera l  E l e c t r i c  V a l l e c i t o s  P l a n t  

Area Area,  f tL H e i g h t ,  f t  

Advanced f u e l s  1  a b o r a t o r y  3,500. 

P l u t o n i u m  a n a l y t i c a l  l a b o r a t o r y  700 11 -11 2  

Radi  ochemi s t r y  1 a b o r a t o r y  700 

4  Hot c e l l s  1,000 18 t o  20 



FIGURE D.2. Diagram o f  t h e  B u i l d i n g  102 Main F l o o r ,  
General  E l e c t r i c  N u c l e a r  C e n t e r  
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G e n e r a l  E l e c t r i c  Nuc l -ear  C e n t e r  

DlRT FlLL 

- 

I 
I 

- 
- 

FUEL LAB WEST - SODIUM FUEL LAB EAST 

R M  

'I 

J- 
- 

BO'TTOM 
OF RML  

CELLS 

BOTTOM 
OF RML 

CELLS 

kk 100 f, - 
DlRT FlLL 

a 



The main b u i  l d i  ng (102)  i s  made o f  c o n c r e t e  and s t e e l .  The f l o o r  s l  abs 
a r e  r e i n f o r c e d  c o n c r e t e .  The r o o f  has s t r u c t u r a l  s t e e l  f r a m i n g  and a  me ta l  
deck suppor ted  by s t r u c t u r a l  s t e e l  columns. Wa l l s  on t h e  ground f l o o r  a r e  
8 - i n .  r e i n f o r c e d  c o n c r e t e  b l o c k ,  4 - i n .  r e i n f o r c e d  c o n c r e t e  b l o c k ,  p r e c a s t  r e i n -  
f o r c e d  conc re te ,  and wood s t u d s  w i t h  gypsum board. The f l o o r  s l a b  o v e r  t h e  
basement i s  r e i n f o r c e d  c o n c r e t e  as a r e  t h e  basement w a l l s ,  columns, f l o o r  s l a b s  
and f o o t i n g s .  

The f o u r  p r i n c i p a l  h o t  c e l l s  have 2- t o  3 - f t - t h i c k  w a l l s  o f  h i g h - d e n s i t y  
c o n c r e t e .  

HVAC Systems 

Room a i r  i s  drawn i n  t h r o u g h  HEPA f i l t e r s .  The room i s  a t  n e g a t i v e  
p r e s s u r e  w i t h  r e s p e c t  t o  t h e  atmosphere and e n c l o s u r e s  a r e  a t  n e g a t i v e  p r e s s u r e  
w i t h  r e s p e c t  t o  t h e  room. The s i n t e r i n g  f u r n a c e  i s  t h e  o n l y  e x c e p t i o n ;  i t  i s  
k e p t  a t  p o s i t i v e  p ressu re .  Exhaust  d u c t s  a r e  p r i m a r i l y  s t a i n l e s s  s t e e l .  

Eng ineered S a f e t y  Systems 

Thermal and smoke d e t e c t o r s  a r e  l o c a t e d  i n  t h e  advanced f u e l s  l a b o r a t o r y  
i n  t h e  basement of  t h e  102 B u i l d i n g .  An overhead s p r i n k l e r  sys tem as w e l l  as a  
d r y  e x t i n g u i s h e r  a r e  a l s o  p r o v i d e d  i n  t h i s  area.  

Su r r o u n d i  na Area 

The f a c i l i t y  i s  l o c a t e d  w i t h i n  a  fenced  p o r t i o n  o f  t h e  Va l  l e c i t o s  N u c l e a r  
Center .  

D.2.3 I n v e n t o r y  

Radi  o a c t i  ve I n v e n t o r y  

The advanced f u e l s  l a b o r a t o r y  i n  t h e  basement o f  t h e  102 B u i l d i n g  con- 
t a i n e d  most o f  t h e  d i s p e n s i b l e ,  u n d i l u t e d  p l u t o n i u m  i n  t h r e e  g l o v e  boxes. The 
b l e n d i n g  g l o v e  box h e l d  up t o  625 g  of Pu02 powder. The s c r a p  r e c o v e r y  g l o v e  
box g e l d  2  kg of  p l u t o n i u m  as n i t r a t e  s o l u t i o n  and had a  t o t a l  volume o f  
17 m  . The n i t r a t e  c o n v e r s i o n  g l g v e  box h e l d  5  k g  o f  p l u t o n i u m  as n i t r a t e  
s o l u t i o n  and had a  volume o f  18  m  . 

S o l u t i o n s  i n  t h e  p l u t o n i u m  a n a l y t i c a l  l a b o r a t o r y  had a  c o n c e n t r a t i o n  o f  
abou t  200 g  Pu/L. 

The r a d i o c h e m i s t r y  l a b  r o u t i n e l y  hand led  8  C i  o f  9 9 ~ o ,  0.4 C i  o f  3 2 ~ ,  and 
100 mg o f  mixed o x i d e  f u e l  i n  s o l u t i o n .  T h i s  amount i s  m i n o r  compared t o  
amounts hand led  i n  t h e  advanced f u e l s  and p l u t o n i u m  a n a l y t i c a l  l a b o r a t o r i e s .  

2  
Decontaminated g l o v e  boxes may be assumed t o  have 1 x  g Pu/m s u r f a c e  

contami  n a t i o n  (Mi shima and Ayer 1981).  



/ ,Hazardous and Combust ib le  I n v e n t o r y  

w 
Whi le  under ope ra t i on .  t h e  f i r e  ~ o t e n t i a l  i n  t h e  f a c i l i t y  was l i m i t e d .  A 

few combus t ib les  sbch as c ~ l l u l o s i c  waste i n  55-gal drums were p resen t .  Two 
h y d r a u l i c  f l u i d  r e s e r v o i r s  were l o c a t e d  i g  g love  boxes w i t h i n  t h e  f a c i l i t y .  A 
smal l  amount o f  i sopropanol  (50 t o  200 cm ) was p resen t  as a  d i e  l u b r i c a n t  i n  
one o f  t h e  g l ove  boxes. 

Approx imate ly  56 g l o v e  boxes i n  B u i l d i n g  102 may c o n t a i n  an es t ima ted  
5,150 1b o f  PMMA as v i ew ing  windows. Dur ing  t h e  o p e r a t i n g  p e r i o d  t h e r e  c o u l d  
a l s o  have been 6190 1  b o f  PVC presen t  a long  w i t h  1,700 1  b o f  c e l l u l o s i c  
m a t e r i a l ,  950 1b of  e las tomer ,  150 1b of po l ys t y rene ,  and 16 1b o f  h y d r a u l i c  
f l u i d .  

0.3 KERR-MCGEE, CIMMARRON,  OKLAHOMA 

The Kerr-McGee p l u t o n i u n  contaminated f a c i l i t y  i s  c u r r e n t l y  be ing  decon- 
tamina ted  and decommissioned. Kerr-McGee r e p o r t s  (1971a, 1971b) were used as a  
source f o r  i n f o r m a t i o ~  i n  t h i s  s e c t i o n .  

D.3.1 Process D e s c r i p t i o n  

Opera t ions  

Former o p e r a t i o n s  i nvo l  ved b l e n d i n g  p l  u t o n i  um and u r a n i  um n i t r a t e  so l  u -  
t i o n s ,  p r e c i p i t a t i n g  t h e  p l u t o n i  um-uranium m i x t u r e  i n  a  column w i t h  t h e  a d d i -  
t i o n  o f  ammonia, f i l t e r i n g  t h e  s l u r r y ,  and d r y i n g  and c a l c i n i n g  t h e  p r e c i p i t a t e  
i n t o  mixed ox ide.  The mixed ox i de  was m i l l e d  t o  a  un i f o rm  s i ze ,  pressed i n t o  
p e l l e t s ,  s i n t e r e d ,  ground i n  a  c e n t e r l e s s  g r i n d e r  t o  a  u n i f o r m  shape, and 
loaded  i n t o  tubes.  Tubes were assembled i n t o  l o t s ,  c leaned, inspec ted ,  and 
packaged f o r  shipment. 

Scrap Recovery 

A scrap recovery  area i n  a  separa te  s e c t i o n  o f  t h e  b u i l d i n g  h e l d  s o l v e n t  
e x t r a c t i o n  and o p e r a t i o n s  p u r i f y i n g  p l u t o n i u m  and uranium. Some waste was 
i n c i n e r a t e d .  Low- leve l  wastes w i t h  uneconomica l ly  r ecove rab le  p l u ton ium were 
drummed and sh ipped t o  l i c e n s e d  d i s p o s a l  s i t e s .  L i q u i d  wastes were t r e a t e d  
chemical  l y  and r e t a i n e d  ons i  t e  i n  ponds b e f o r e  d i scha rg i ng .  

0.3.2 F a c i l i t y  D e s c r i p t i o n  

Bui  1  d i  ngs 

2 
About 19,000 f t  o f  space were used f o r  manufac tu r ing ,  maintenance, 

o f f i c e ,  and l a b o r a t o r y  o p e r a t i o n s  i n  one b u i l d i n g .  F l o o r  areas o f  p o t e n t i a l l y  
contaminated rooms a t  t h e  Kerr-McGee p l a n t  a r e  l i s t e d  i n  Table  0.4. These 
areas a re  among t hose  des igna ted  i n  F i g u r e  D.4, which shows p l a n s  f o r  t h e  
basement and f i r s t  f l o o r  o f  t h e  f a c i l i t y .  



TABLE D.4. F l o o r  Area o f  P o t e n t i a l l y  Contaminated 
Rooms a t  Kerr-McGee P l u t o n i u m  Contami-  
n a t e d  F a c i  1 i t y  

Room 

I n s p e c t i  on and assembly 

F a b r i c a t i o n  

Pe l  1  e t  p r o c e s s i n g  

V a u l t  

Scrap r e c o v e r y  

So l  v e n t  e x t r a c t i o n  

Wet p r o c e s s i n g  

The p l a n t  b u i l d i n g  i s  made o f  p r e c a s t  c o n c r e t e  s t r e n g t h e n e d  w i t h  r e i n -  
f o r c e d  s t e e l  t o  w i t h s t a n d  120 mph winds.  The v a u l t  w i t h i n  t h e  main  b u i l d i n g  i s  
s u b s t a n t i a l l y  s t r o n g e r  and can w i t h s t a n d  up t o  300 mph winds.  G love  boxes 
i n s i d e  t h e  b u i l d i n g  p r o v i d e  d o u b l e  con ta inmen t  f o r  p rocess  m a t e r i a l s  and a r e  
b u i l t  o f  318- in .  s t a i n l e s s  s t e e l .  

HVAC Systems 

A i r f l o w  i s  toward  a reas  o f  g r e a t e r  p o t e n t i a l  c o n t a m i n a t i o n .  A i r  i s  
f i l t e r e d  as i t  e n t e r s  t h e  p l a n t  and c o n d i t i o n e d  t o  p r o v i d e  h e a t i n g  o r  c o o l -  
i n g .  T h i s  a i r  i s  d i s t r i b u t e d  t h r o u g h o u t  t h e  p l a n t ,  w i t h d r a w n  t h r o u g h  f l o o r -  
l e v e l  ven ts ,  and exhaus ted  t h r o u g h  HEPA f i l t e r s  t o  a  f i n a l  f i l t r a t i o n  system. 
Backup v e n t i  l a t i  on i s  p r o v i d e d .  

Eng ineered  S a f e t y  Systems 

Each exhaus t  sys tem has a  f i  r e s c r e e n  t o  p r e v e n t  sp read  o f  f i r e  i n  g l o v e  
boxes. F i n a l  f i l t e r s  have steam dampeners t o  p r o t e c t  them f r o m  f i r e .  Backup 
v e n t i  1  a t i o n  systems a r e  p r o v i d e d .  

S o l  v e n t  e x t r a c t i o n  hoods have an a u t o m a t i c  Hal ons f i  r e  e x t i  n g u i  s h i  ng  
system as w e l l  as a  n i t r o g e n  purge.  

S u r r o u n d i  ng  Area 

The Cimmarron p l a n t  i s  l o c a t e d  i n  a  r u r a l  a rea.  The s i t e  i t s e l f  occup ies  
1,100 a c r e s ,  60 o f  wh ich  a r e  used f o r  Kerr-McGee o p e r a t i o n s .  Fa rm ing  and 
g r a z i n g  a r e  t h e  p r i m a r y  a c t i v i t i e s  s u r r o u n d i n g  t h e  s i t e .  

@ Halon i s  a  t rademark  of t h e  A1 1  i e d  Chemical Corp., M o r r i s t o w n ,  NJ 07960 
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Gas and o i l  a r e  produced i n  t h e  v i c i n i t y  o f  t h e  p l a n t  a l so .  W i t h i n  a  
5  m i l e  r a d i u s  t h e r e  a r e  s e v e r a l  gas and o i l  w e l l s .  0 
D.3.3 I n v e n t o r y  

Radi o a c t i  ve I n v e n t o r y  

D u r i n g  o p e r a t i o n s ,  t h e  i n v e n t o r y  ranged f rom 1.1 kg o f  p l u t o n i u m  a t t a c h e d  
t o  p rocess  equipment t o  201.1 kg  o f  p l u t o n i u m .  I n v e n t o r y  may have reached 250 
t o  300 kg o f  p l u t o n i u m  d u r i n g  t h e  p r o c e s s i n g  o f  FFTF f u e l .  The p l a n t  was 
l i c e n s e d  t o  h a n d l e  360 kg o f  p l u t o n i u m  as o x i d e  o r  o t h e r  comgggnds, 2  g  o f  
p l u t o n i u m  as a  sea led  source,  1050 g  of u ran ium e n r i c h e d  i n  U and 700 kg of 
n a t u r a l  o r  d e p l e t e d  u r a n i  um. 

2 A c o n s e r v a t i v e  v a l u e  of 1 x  g  Pulm can be used t o  e s t i m a t e  r e s i d u a l  
contami  n a t i o n  on s u r f a c e s  o f  g l o v e  boxes and o t h e r  decontami na ted  equ i  pment 
(Mishima and Ayer 1981).  

Hazardous and Combus t ib le  I n v e n t o r y  

D u r i n g  o p e r a t i o n s ,  t h e  p rocess  used n i t r i c  a c i d ,  ammonia, a  r e d u c i n g  gas 
composed o f  8% by volume hydrogen i n  n i t r o g e n ,  sodium carbonate ,  t r i b u t y l  
phosphate,  and l i q u i d  hexane. N a t u r a l  gas f u e l e d  t h e  s team-produc ing 
b o i  1 e r s .  

WESTINGHOUSE ELECTRIC CORPORATION, CHESWICK, PENNSYLVANIA 

The West i  nghouse P l  u t o n i  um Fue l  s  Development L a b o r a t o r y  (PFDL) i s  p r e s -  
e n t l y  b e i n g  decon tamina ted  and decommissioned. I n  t h i s  process equipment i s  
d isassembled,  s u r f a c e  c o n t a m i n a t i o n  i s  f i x e d  t o  become l e s s  d i s p e r s i b l e ,  and 
t h e  m a t e r i a l  i s  packaged f o r  b u r i a l  i n  a  l i c e n s e d  waste  f a c i l i t y .  

I n  B u i l d i n g  8, t h e  g ross  d e c o n t a m i n a t i o n  of t h e  l a b  i s  f i n i s h e d .  Some 
g l o v e  boxes and hoods remain  t o  be d i s m a n t l e d .  B u i l d i n g  7  has been t o t a l l y  
decon tamina ted  excep t  f o r  a  few systems such as l i q u i d  waste  c o l l e c t i o n  and 
v e n t i l a t i o n .  The b u i l d i n g  i s  used t o  s t o r e  waste  s h i p p i n g  c o n t a i n e r s  f o r  
decontami n a t i o n  and decommi s s i  o n i  ng. 

I n f o r m a t i o n  i n  t h i s  s e c t i o n  was p repared  u s i n g  r e p o r t s  by West i  nghouse 
N u c l e a r  F u e l s  D i v i s i o n  (1975, 1981) and Mishima e t  a l .  (1979) .  

D.4.1 Process D e s c r i p t i o n  

O ~ e r a t i  on 

Former o p e r a t i o n s  i n  t h e  two b u i l d i n g s  i n c l u d e d  t h e  f a b r i c a t i o n  o f  
u ran ium-p lu ton ium b l e n d  p e l l e t s .  Bo th  o x i d e  and c a r b i d e  f u e l s  were made i n  t h e  
p l a n t  as we1 1  as some t h o r i u m  f u e l  b lends.  Ox ide p e l  l e t  f a b r i c a t i o n  i n v o l v e d  
m i x i n g  Pu02 and U02 powders and s l u g g i n g  t h e  m i x t u r e ,  f o l l o w e d  by g r a n u l a t i o n  
and p r e s s i n g  o f  t h e  g r a n u l e s  i n t o  p e l l e t s .  P e l l e t s  were s i n t e r e d ,  ground t o  
s p e c i f i e d  d iamete r ,  and loaded  i n t o  tubes.  Mixed c a r b i d e  b l e n d s  were made i n  a  



s i m i l a r  manner e x c e p t  t h e  i n i t i a l  b l e n d i n g  was done w i t h  ca rbon  i n  a  r e d u c i n g  
atmosphere a t  h i  gh tempera tu res .  

Waste D i  s p o s a l  

P l u t o n i u m - c o n t a m i n a t e d  waste  was s e a l e d  i n  PVC bags and t r a n s f e r r e d  t o  a  
55-gal  drum. A f t e r  t h e  p l u t o n i u m  c o n t e n t  was c o n f i r m e d ,  t h e  drum was s h i p p e d  
t o  an o f f s i t e  d i s p o s a l  f a c i l i t y .  L i q u i d  wastes  were t r a n s f e r r e d  t o  t a n k s ,  
ana lyzed ,  and accumulated.  Process l i q u i d s  i n  30-ga l  drums were adsorbed on 
d ia tomaceous e a r t h ;  t h a t  drum was s e a l e d  i n  an o u t e r  55-ga l  drum, wh ich  was 
s e a l e d  and sh ipped  t o  a  d i s p o s a l  s i t e .  

S o l i d  waste  g e n e r a t e d  d u r i n g  d e c o n t a m i n a t i o n  and decommiss ion ing i s  r e s i d -  
u a l  l y  contaminated,  T h i s  waste  i s  s e a l e d  i n  p o l y v i n y l  bags, packaged i n  drums, 
and s t o r e d  a w a i t i n g  sh ipment  t o  an o f f s i t e  d i s p o s a l  f a c i l i t y .  P o t e n t i a l l y  con- 
t a m i n a t e d  l i q u i d  wastes  a r e  c o l l e c t e d  i n  1,000-gal t a n k s .  The t a n k  c o n t e n t s  
a r e  pump-mi xed, a n a l y z e d  and d i scha rged .  

0.4.2 F a c i  1  i t y  D e s c r i p t i o n  

B u i l d i n g s  7 and 8 can have p o t e n t i a l l y  con tamina ted  areas.  F i g u r e  D.5 
shows B u i l d i n g  8, t h e  PFDL w i t h  c r i t i c a l  a reas  w i t h  p o t e n t i a l  s u r f a c e  c o n t a m i -  
n a t i o n  i d e n t i f i e d .  T a b l e  D.5 l i s t s  t h e  s i z e s  o f  b o t h  b u i l d i n g s  h o l d i n g  
c o n t a m i n a t e d  m a t e r i  a l s  as we1 1  as i n d i  v i  dua l  rooms t h a t  a r e  p o t e n t i  a1 l y  con- 
t a m i n a t e d  i n  t h e  b u i l d i n g s .  B u i l d i n g  8, t h e  main b u i l d i n g  o f  t h e  PFDL, i s  a  
s i  n g l  e - s t o r y  , open-bay s t r u c t u r e .  

B u i l d i n g  8  i s  a  s t e e l  f o r m  s t r u c t u r e .  The f l o o r  i s  c o n c r e t e  s l a b  and 
e x t e r i o r  w a l l s  a r e  c o r r u g a t e d  s t e e l  s i d i n g  on s t e e l  g i r t s .  I n t e r i o r  w a l l s  have 
s t e e l  s t u d s  w i t h  cement p l a s t e r  i n t e r i o r  f aces .  C e i l i n g s  a r e  cement p l a s t e r .  
The r o o f  i s  s t e e l  d e c k i n g  w i t h  2-  t o  4 - i n ,  c a s t - i n - p l a c e  c o n c r e t e  s l a b .  

B u i l d i n g  7 i s  a  o n e - s t o r y  c o n c r e t e  b u i l d i n g  w i t h  c o n c r e t e  b l o c k  w a l l s  and 
s t e e l  doors .  

HVAC Systems 

Room a i  r i s  r e c y c l e d  and hand1 ed s e p a r a t e l y  f r o m  g l o v e  box a i  r. Each 
sys tem goes t h r o u g h  two  s t a g e s  of HEPA f i l t e r s .  G love boxes a r e  k e p t  a t  
n e g a t i v e  p r e s s u r e s  o f  -0.025 t o  -0.1 i n .  o f  w a t e r  w i t h  r e s p e c t  t o  t h e  room. 
A i r f l o w  i s  towards  a reas  o f  g r e a t e r  p o t e n t i a l  c o n t a m i n a t i o n .  Doors a r e  k e p t  
c l o s e d  t o  m a i n t a i n  a i  r b a l a n c e  and equ ipped  w i t h  a la rms  i n d i c a t i n g  when t h e y  
a r e  opened. Glove box a i r  i s  drawn f r o m  t h e  room t h r o u g h  an a b s o l u t e  f i l t e r .  

Eng ineered  S a f e t y  Systems 

A d r y  p i p e  s p r i n k l e r  sys tem i s  i n s t a l  i e d  i n  p a r t s  o f  B u i l d i n g  8. F i r e  
d e t e c t o r s  and w a t e r  s p r a y  systems p r o v i d e  f i r e  p r o t e c t i o n  f o r  t h e  f i l t e r s .  
Each g l o v e  box i s  equ ipped w i t h  a  f i r e  d e t e c t o r  and manual d r y  chemica l  f i r e  
e x t i n g u i s h e r s .  
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FIGURE D.5. West inghouse P l u t o n i u m  Fue l  Development F a c i  1  i t y  - 
General  P l a n  

TABLE D.5. Areas H o l d i n g  Contaminated M a t e r i  a1 s  
a t  Westinghouse, P l u t o n i u m  F u e l  
Development L a b o r a t o r y  

B u i l d i n g  8 

Chemical P r o c e s s i n g  Lab 
Ceramic P r o c e s s i n g  Lab 
Process Development Lab 
ARD F a s t  B reeder  Reac to r  F a c i l i t y  

B u i l d i n g  7 

Contaminated Areas ( i  n c l  udes Pu 1  ab) 
Pu Lab ( l a r g e s t  l a b )  

S i z e ,  f t  2 

14,400 



Backup power i s  s u p p l i e d  by a  n a t u r a l - g a s -  o r  m a n u f a c t u r e d - g a s - f i r e d  
/ , eng ine .  

A larm p a n e l s  a r e  l o c a t e d  t h r o u g h o u t  t h e  p l a n t  f o r  d e t e c t i n g  l o c a l  
a c c i d e n t a l  r e 1  eases. Two c e n t r a l  a1 arm p a n e l s  a r e  a1 so p r o v i d e d .  

S u r r o u n d i n g  Area 

The Cheswick s i t e  i s  l o c a t e d  i n  a  h i l l y  r u r a l  area.  O the r  b u i l d i n g s  
o n s i  t e  a r e  i n v o l v e d  i n  t h e  f a b r i c a t i o n  o f  n u c l e a r  pumps, [nechani sms, and v a l v e s  
f o r  t h e  Navy. 

E i g h t  g a s o l i n e  f i  1  l i n g  s t a t i o n s  a r e  l o c a t e d  w i t h i n  a  1-ni r a d i u s  o f  t h e  
p l a ~ t .  A s u b s t a t i o n  and an underground n a t u r a l  gas p i p e l i n e  a r e  a l s o  w i t h i n  
1 mi o f  t h e  s i t e .  An 1 8 - i n .  underground p i p e  c a r r y i n g  e i t h e r  No. 2 d i e s e l  f u e l  
o i  1, gas01 i n e ,  o r  a v i a t i o n  kerosene r u n s  0.9 m i  n o r t h  o f  t h e  s i t e .  

D.4.3 I n v e n t o r y  

R a d i o a c t i v e  I n v e n t o r y  

About 62 g l o v e  boxes c o n t a i n e d  r a d i o a c t i v e  m a t e r i a l s  i n  t h e  m a n u f a c t u r i n g  
b u i l d i n g .  Wh i le  i n  o p e r a t i o n ,  i n v e n t o r y  o f  t h e s e  g l o v e  boxes ranged f r o m  2 g  
t o  100 k g  o f  ~ n a t e r i a l .  The possess ion  l i m i t s  ( e x c l u d i n g  s e a l e d  s o u r c e s )  f o r  

I B u i l d i n g s  7 and 8 d u r i n g  t h e  o p e r a t i n g  p e r i o d  a r e  l i s t e d  i n  T a b l e  D.6. 

A1 though  many g l o v e  boxes have been removed ( i n  B u i l d i n g  7 a1 1 g l o v e  boxes 
have been t a k e n  o u t ) ,  most o f  t h e  con tamina ted  g l o v e  boxes i n  B u i l d i n g  8  
remain.  As a  common r e f e r e n c e  p o i n t  f o r  t h e  sou rce  te rm,  a1 1  t h e  g l o v e  boxes 
w i l l  he assumed t o  be p r e s e n t .  

Me suremen$ o f  r e s i d u a l  c o n $ q y i n a t j o n  i n  a  f u e l  c y c l e  f a c i l i t y  was 

I 
5 x  10- g Pu/m and 1 x 1le8 g 2U/crn (Mishima and Ayer, 1981).  A con-  
s e r v a t i v e  v a l u e  o f  1 x  10- 3 Pu/m f o r  g l o v e  boxes f o r m e r l y  h a n d l i n g  mixed 
o x i d e  of PuO2 may be used (Mishima and Ayer,  1981).  

Hazardous and Combus t ib le  I n v e n t o r y  

N a t u r a l  gas used f o r  h e a t i n g  and s u p p l y  t o  t h e  emergency g e n e r a t o r  i s  sup- 
p l i e d  t h r o u g h  an underground main system. Other  gases were used d u r i n g  opera -  
t i o n s .  A r e d u c i n g  gas w i t h  a  nominal  94% N and 6% Hz m i x t u r e  was used and 

8 h y d r o g e n / n i t r o g e n  s t o r a g e  t a n k s  were l o c a t e  o u t s i d e .  

Chemicals used d u r i n g  p l a n t  o p e r a t i o n s  a r e  l i s t e d  i n  Tab le  D.7. I o n  
exchange r e s i n s  Here used f o r  s c r a p  r e c o v e r y .  C l e a n i n g  o p e r a t i o n s  c o u l d  use 
s o l v e n t s ,  p l a s t i c  bags, r u b b e r  g l o v e s ,  and c o m b u s t i b l e  paper  wipes.  

A t o t a l  o f  53 g l o v e  boxes c o u l d  c o n t a i n  4,800 1b o f  PMMA. D u r i n g  t h e  
o p e r a t i n g  p e r i o d ,  t h e y  c o u l d  a l s o  h o l d  650 l b  PVC, 1,600 l b  c e l l u l o s i c  
m a t e r i a l ,  900 1b e las tomers ,  500 l b  p o l y s t y r e n e ,  and 16 1b h y d r a u l i c  f l u i d .  



TABLE D.6. 

B u i l d i n g  7 

U 

Th 

Possess ion L i m i t s  f o r  West inghouse PFDL 

D e s c r i p t i o n  L i m i t ,  k g  

Maximum 2 3 8 ~ u ~  o f  2  w t %  1.5 
Minimum 2.!4~u o f  5  w t %  

C a l i b r a t i o n  Samples 0.020 

Con ta ined  i n  e n r i c h e d  u r a n i  um 0.334 
a t  l e v e l  >0.72 w t %  

Normal o r  d e p l e t e d  1,000 

Dry  chemica l  o r  p h y s i c a l  form 2 5 

Maximum 2 3 8 ~ u  o f  2  w t %  3  

M i  nilnum 2 4 0 ~ u  o f  5  w t % ,  as 
r e s i d u a l  c o n t a m i n a t i o n  i n  waste  
i n  c o n t a i n e r s  a w a i t i n g  s h i  pment 
t o  bu r i  a1 

2 3 5 ~  i n  e n r i c h e d  uran ium a t  20 2 
w t %  o r  g r e a t e r  as r e s i d u a l  con- 
t a m i n a t i o n  d i s p e r s e d  i n  waste, 
con ta ined ,  a w a i t i n g  sh ipments  

Normal o r  d e p l e t e d  

Any f o r m  



TABLE D.7. Chemicals Used a t  t h e  Cheswick S i t e  

M a t e r i  a1 Conta iner  S i  ze 

Acetone S tee l  drums 55 gal  

Caus t i c  d r y  Cardboard box l i n e d  w i t h  
powder po l  y e t h y l  ene 

Caus t i c  f l a r e s  S tee l  drums 20 l b  

H y d r o c h l o r i c  a c i d  Po l ye thy l ene  carboys 20 ga l  
Glass b o t t l e s  1 P t  

N i t r i c  a c i d  S t a i n l e s s  s t e e l  drums 55 ga l  

Oxal i c  a c i d  G l  ass b o t t l  es 1 P t  

P e r c h l o r i c  a c i d  Glass b o t t l e s  1 P t  

Phosphor ic  a c i d  Glass b o t t l e s  

Su l f am ic  a c i d  Brown b o t t l e s  

I S u l f u r i c  a c i d  Glass b o t t l e s  
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APPENDIX E  

RADIOPHARMACEUTICAL MANUFACTURING 

E . l  ABBOTT LABORATORIES, NORTH CHICAGO, ILLINOIS 

The r a d i o p h a r m a c e u t i c a l  d i v i s i o n  o f  Abbo t t  L a b o r a t o r i e s  manufac 
v i t r o  d i a g n o s t i c  p r o d u c t s  and d i a g n o s t i c  i n s t r u m e n t s  i o d i n a t e d  w i t h  
O p e r a t i o n s  a r e  d e s c r i b e d  i n  a  r e p o r t  by Abbo t t  L a b o r a t o r i e s  (1981)  and t h e  s i t e  
was v i s i t e d .  

E . l . l  Process D e s c r i p t i o n  

O p e r a t i  on 

Rad iopharmaceu t i ca l s  a r e  manufac tured i n  b u i l d i n g  AP-8, one o f  many 
f a c i l i t i e s  i n  t h e  110-acre  A b b o t t  Park s i t e  shown i n  F i g u r e  E.1. The p r i m a r y  
p rocess  i s  i o d i n a t i n g  o r g a n i c  substances u s i n g  sodium i o d i d e  i n  t h e  presence o f  
ch loramine-T.  P u r i f i c a t i o n  u s i n g  a  sephadex column, d i l u t i o n ,  f i  1  t r a t i o n ,  
f i l l i n g  and l a b e l i n g  a r e  a l l  conducted i n  AP-8. I od ine -125  i s  r e c e i v e d  i n  
sh ipments  o f  about  4 C i  two t o  f o u r  t i m e s  a  month. These packages a r e  smear- 
t e s t e d  f o r  c o n t a m i n a t i o n  and t h e n  t r a n s f e r r e d  t o  a  sma l l  l a b  area where 
m i c r o c u r i e - m i l l i c u r i e  amounts a r e  d i spensed  f o r  p r o d u c t i o n  processes.  Fume 
hoods a r e  t h e  p r i m a r y  con f inemen t  system. There a r e  s e v e r a l  sma l l  l a b s  f o r  
l a b e l i n g .  A  t y p i c a l  l a b  c o n t a i n s  a  s i n g l e  hood, bench, and c a r t  as shown i n  
F i g u r e  E.2. A d d i t i o n a l  l a b  space i s  p r o v i d e d  f o r  p u r i f i c a t i o n ,  d i l u t i o n ,  e t c .  

Shipments o f  l Z 5 1  a r e  r e c e i v e d  i n  a  c e n t r a l  l o a d i n g  dock/warehouse a rea ,  
wh ich  a l s o  p r o v i d e s  temporary  s t o r a g e  f o r  a p p r o x i m a t e l y  t w e l v e  55-gal  s t e e l  
drums of compacted waste.  The warehouse area i n  AP-8 a l s o  c o n t a i n s  a  m a t e r i a l s  
s t o r a g e  a rea  f o r  paper,  g lassware,  and compressed a i r .  Seve ra l  i n a c t i v e  h o t  
c e l l s  i n  AP-8 a r e  c u r r e n t l y  used f o r  t h e  decay o f  waste p r o d u c t s  f r o m  p r e v i o u s  
o p e r a t i o n s .  Process chemica ls  and p r o d u c t s  a w a i t i n g  shipment a r e  s t o r e d  i n  
c a b i n e t s  and r e f  r i  g e r a t o r s  i n  s e v e r a l  l o c a t i o n s  i n  AP-8 .  

F i n a l  d i a g n o s t i c  k i t  p r e p a r a t i o n  and s h i p p i n g  a r e  conducted i n  a  s e p a r a t e  
b u i l d i n g  n o t  i n c l u d e d  i n  t h e  l i c e n s e . '  A  r e s e a r c h  and development area con- 
t a i n i n g  o f f i c e s  and s m a l l  c h e m i s t r y  l a b s  i s  l o c a t e d  i n  AP-8. 

Waste D i s p o s a l  . . 

S o l i d  waste  i s  c o l l e c t e d  r e g u l a r l y  f r o m  a l l  l a b  areas,  compacted and 
drummed i n  55-gal  s t e e l  drums. It i s  t r a n s f e r r e d  week ly  t o  AP-15A, t h e  
r a d i o a c t i v e  waste  s t o r a g e  area,  wh ich  i s  p a r t  o f  b u i l d i n g  AP-15. T h i r t y -  and 
55-gal  s t e e l  drums a r e  s tacked  on p a l l e t s .  



FIGURE E.1. A b b o t t  Park S i t e  P l a n  

E.1.2 F a c i l i t y  I n f o r m a t i o n  

Bu i  1  d i n g s  

The AP-8 b u i l d i n g  i s  f a b r i c a t e d  o f  conc re te ,  s t e e l ,  and b r i c k  and i s  
s p e c i  f i  c a l  l y  d e s i  gned f o r  hand1 i ng r a d i  o a c t i  ve p r o d u c t i o n  processes.  A s p h a l t  
t i l e s  cove r  a  c o n c r e t e  s l a b  f l o o r ,  and w a l l s  a r e  c o n c r e t e  b l o c k .  

2  2  
The AP-15 b u i l d i n g  i s  a  200 ,000- f t  warehouse w i t h  a  6 4 0 0 - f t  p o r t i o n  

(AP-15A) s e t  a s i d e  f o r  r a d i o a c t i v e  waste  s to rage .  It i s  a  c o n c r e t e  and b r i c k  
b u i l d i n g  w i t h  me ta l  w a l l s  s e p a r a t i n g  t h e  r a d i o a c t i v e  waste  s t o r a g e  a rea  f r o m  
t h e  r e s t  o f  t h e  b u i l d i n g .  An e l e c t r i c  f o r k l i f t  i s  used f o r  moving drums. 

HVAC Systems 

There  a r e  HVAC, HEPA, and c h a r c o a l  f i l t e r  systems l o c a t e d  on t h e  second 
f l o o r  o f  t h e  AP-8 b u i l d i n g .  Fume hood exhaus t  a i r  i s  n o t  r e c i r c u l a t e d  b u t  
passes t h r o u g h  t h e  f i l t r a t i o n  system b e f o r e  d i s c h a r g e  t o  t h e  atmosphere. A l l  
hood exhaus ts  have d u s t ,  HEPA, and a c t i v a t e d  c h a r c o a l  f i l t e r s .  
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J - 

Heat i s  p r o v i d e d  by a  c e n t r a l  b o i l e r  f a c i l i t y  s e r v i n g  t h e  e n t i r e  com- 
p l e x .  No gas l i n e s  a r e  l o c a t e d  i n  t h e  b u i l d i n g s .  I n  AP-15, h e a t  i s  p r o v i d e d  
by c e i  1  i ng-mounted e l e c t r i c  space h e a t e r s .  

Eng i  neered S a f e t y  Systems 

BENCH 

SPACE 

- 

Only  areas w i t h  h i g h  c o m b u s t i b l e  l o a d i n g  a r e  s p r i n k l e r e d  i n  AP-8. These 
a r e  t h e  warehouse, l o a d i n g  dock, and s o l v e n t  s t o r a g e  areas.  O f f i c e s  and l a b s  
have f i r e  w a l l s  and doors .  Each fume hood i s  m o n i t o r e d  f o r  a c c i d e n t a l  
d i s c h a r g e  o f  r a d i  o a c t i  ve l y  contarni n a t e d  a i  r and 1 oss o f  c i  r c u l  a t i  on. Sol  v e n t  
s t o r a g e  rooms a r e  i s o l a t e d  f r o m  r a d i o a c t i v e  work a rea  and have e x p l o s i o n  r e l i e f  
pane l  s .  

S u r r o u n d i n g  Area 

The AP-8 and AP-15 b u i l d i n g s  a r e  l o c a t e d  w i t h i n  A b b o t t  Pa rk  as shown i n  
F i g u r e  E . 1 .  The p a r k  i s  su r rounded  by g e n t l y  r o l l i n g  c o u n t r y s i d e .  These t w o  
b u i l d i n g s  have been d e l i b e r a t e l y  s e p a r a t e d  from o t h e r  f a c i l i t i e s  i n  t h e  p a r k  t o  
p r e v e n t  t h e  p o t e n t i  a1 spread o f  contarni n a t i o n .  
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E . I  .3 I n v e n t o r y  

Radi  o a c t i  ve I n v e n t o r y  

A b b o t t  L a b o r a t o r i e s '  l i c e n s e  a1 lows a  possess ion  i t  o f  75 C i  o f  12sI 

and l e s s  t h a n  25 C i  o f  by -p roduc t  m a t e r i a l  ( i n c l u d i n g  l j T I )  w i t h  a tomic  numbers 
1 t h r o u g h  83. I o d i i e - 1 2 5  i s  t h e  o n l y  i s o t o p e  c u r r e n t l y  hand led  i n  a p p r e c i a b l e  
amounts. A t y p i c a l  i n v e n t o r y  f o r  a l l  o f  t h e  AP-8 i s  i n  t h e  23  t o  26 C i  range.  
The g r e a t e  c o n c e n t r a t i o n  o f  m a t e r i a l  i n  t h e  most l i n i t e d  space w i l l  occur  on 
days when 1'51 shipments a r e  r e c e i v e d  and C i  can be i n  t h e  l o a d i n g  dock /  
warehouse area,  and i n  t h e  l a b  where t h e  ' j 5 1  p i g s  a r e  opened and t h e  m a t e r i a l  
d i  spensed f o r  p r o d u c t i o n  processes.  Approx ima te l y  20 C i  can be a s s o c i a t e d  v i  t h  
waste. 

Hazardous and Combusti b l  e  I n v e n t o r y  

Combus t ib le  m a t e r i a l  i s  k e p t  t o  a  minimum i n  AP-8, and i s  v i r t u a l l y  
n o n e x i s t e n t  i n  AP-15 excep t  f o r  drummed d r y  paper  and l i q u i d  o r g a n i c  waste.  
W i t h i n  AP-8, s o l  v e n t s  and o r g a n i c s  c o n s t i t u t e  t h e  p r i m a r y  combust i  b l e  
m a t e r i a l s .  The b u i l d i n g  i t s e l f  i s  c o n s t r u c t e d  t o  be f i r e  r e s i s t a n t  (e.g., 
c o n c r e t e ,  s t e e l ,  b r i c k ,  w i t h  fi r e  w a l l  s )  . The r e s e a r c h  and development 
l a b o r a t o r y  uses s o l  ven ts  and o t h e r  combust i  b l e s  such as e t h y l  a l c o h o l .  tioods 
and l a b  f u r n i t u r e  a r e  s t a i n l e s s  s t e e l  and me ta l  c o n s t r u c t i o n .  Some ca rdboard  
and p l a s t i c  m a t e r i a l s  may be s t o r e d  t e m p o r a r i l y  i n  AP-8 , h a l l s .  

i . 2  NEbJ ENGLAND NUCLEAR, BOSTON, MASSACHUSETTS 

New Engl and Nucl e a r  (NEN) i s  t h e  w o r l d ' s  1  a r g e s t  p roducer  o f  r a d i  onuc l  i de- 
1  abe l  ed compounds i lsed f o r  rnedi c a l  d i a g n o s t i c  and t r a c e r  purposes.' Loca'ted i n 
m e t r o p o l i t a n  Boston,  t h e  f a c i l i t y  c o n s i s t s  o f  e i g h t  b u i l d i n g s ,  t h r e e  o f  wh ich  
hand le  t h e  b u l k  of  r a d i o a c t i v e  m a t e r i a l s  (development,  p r o d u c t i o n ,  s t o r a g e ,  and 
s h i p p i n g ) .  Other  b u i l d i n g s  house t h e  c o r p o r a t e  h e a d q u a r t e r s ,  o f f i c e s ,  and 
s e r v i c e s .  L o c a t i o n s  o f  t h e  b u i l d i n g s  a r e  s h o w  i n  F i g u r e  E.3. I n f o r m a t i o n  was 
deve loped f r o m  a  s i t e  v i s i t  and a  New England N u c l e a r  r e p o r t  (1981a).  

E.2.1 Process D e s c r i p t i o n  

Opera t i  on 

Four  r d d i o a c t i  ve e lements  a r e  p r i ~ n a r i  l y  used f o r  l a b e l i n g  o r g a n i c  

5 5 
3 compound I n  o r d e r  of dec a s i n g  a c t i v i t y  i g y e n t o r y  t h e y  a r e :  t r i t i u m  ( H ) ,  1 4  

ca rbon  ( C), phosphorous ( P ) ,  and s u l f u r  ( S ) .  Gaseous t r i t i u m  c o n s t i t u t e s  
most of  t h e  a c t i v i t y  hand led  by NEN. Two thousand c u r i e s  a r e  r e c e i v e d  each 
week i n  t r u c k  s h i  pments o f  two 1,000-Ci p r e s s u r i z e d  c y l  i nders .  N i  n e t y - f i  ve 
p e r c e n t  of t h e  t r i t i u m  processed becomes waste.  T r i t i u m  i s  produced i n  a  l a b  
on t h e  f i f t h  f l o o r  o f  t h e  575 Albany b u i l d i n g  shown i n  F i g u r e  E.4. T r i t i a t e d  
compounds, u s u a l l y  wa te r ,  a r e  produced i n  gas t r a n s f e r  systems u s i n g  vacuum 
1  i ne chemi s t r y  o p e r a t i  ons enc losed  i n  a  P l  e x i  g l  as@ g l o v e  box.' These compounds 
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a r e  passed t o  t h e  3~ p r e c u r s o r  l a b ,  a l s o  on t h e  f i f t h  f l o o r ,  where p r e c u r s o r s  

Q sed f o r  l a b e l i n g  o r g a n i c  compounds ( u s u a l  l y  CH31) a r e  produced.  The p r o d u c -  
i o n  l a b  hand les  100 t o  400 C i  p e r  o p e r a t i o n  i n  one g l o v e  box, w h i l e  t h e  

p r e c u r s o r  l a b  h a n d l e s  500 C i  d u r i n g  each p rocess .  The p r o d u c t i o n  l a b  has 5  t o  
1 0  g l o v e  boxes i n  use a t  one t i m e ,  w h i l e  t h e  p r e c u r s o r  l a b  usua l  l y  has o n l y  one 
o p e r a t i o n  g o i n g  a t  a  t i m e .  

The 3~ s y n t h e s i s  l a b ,  a l s o  on t h e  f i f t h  f l o o r ,  r e c e i v e s  t h e  t r i t i u m  
compounds and i s  t h e  a rea  where many of  t h e  l a b e l i n g  o p e r a t i o n s  a c t u a l l y  t a k e  
p l a c e .  Most work i s  done i n  fume hoods, where 5 t o  20 C i  o f  t r i t i u m  a r e  
hand led  p e r  o p e r a t i  on. 

O the r  f l o o r s  o f  t h e  575 Albany b u i l d i n g  c o n t a i n  a d d i t i o n a l  l a b  space f o r  
compound l a b e l i n g  and r e s e a r c h  and development.  

A d j a c e n t  t o  and connec te  w i t  t h e  5753Albany b u i l d i n g  i s  t h e  
100 E. Canton b u i l d i n g  where '4C, '5S, and H  compound p r o d u c t i o n  and l a b e l i n g  
occu rs .  On t h e  t h i r d  f l o o r  i s  a  l a r g e  qggan ics  l a b  where wet c h e m i s t r y  i s  
pe r fo rmed ,  u s u a l l y  i n  fume hoods. The S l a b e l i n g  i s  conduc ted  i n  a  s m a l l e r  
l a b o r a t o r y  a d j a c e n t  t o  t h e  main l a b  area.  P r o t e i n  and c a r b o h y d r a t e  compounds 
r e p r e s e n t  t h e  m a j o r i  t y  of substances p rocessed  i n  t h e  f a c i  1 i t y .  

B u l k  s to rage ,  d i s p e n s i n g ,  packag ing ,  q u a l i t y  assurance,  p r o d u c t  s t o r a g e ,  
packag ing  and s h i p p i n g  a r e  conducted i n  t h e  120 E. Dedham b u i l d i n g .  

Waste D i s p o s a l  

Most o f  t h e  r a d i o a c t i v e  waste  i s  produced by t h e  l a b s  i n  t h e  575 A lbany 
and 100 E. Canton b u i l d i n g s .  T h i s  m a t e r i a l  i s  s e n t  t o  a  room on t h e  second 
f l o o r  o f  t h e  575 A lbany b u i l d i n g  where i t  i s  s o r t e d ,  compacted and drummed f o r  
sh ipment  t o  NEN's B i l l e r i c a  f a c i l i t y  f o r  s t o r a g e .  A p p r o x i m a t e l y  one t o  two  
dozen 55-ga l  s t e e l  drums of waste  can be found i n  t h i  a rea.  These wastes  a r e  
p r i m a r i  l y  g lassware  and l a b  r e f u s e  c o n t a m i n a t e d  w i t h  'H. 

E.2.2 F a c i l i t y  D e s c r i p t i o n  

Bu i  1  d i n g s  

The 575 A lbany b u i l d i n g  i s  a  conve ' r ted  warehouse b u i l t  abou t  1890. It 
uses wooden beams and c r o s s  members f o r  s u p p o r t .  Wal l  s t u d s  a r e  b o t h  wood and 
s t e e l  i n s t a l l e d  s i n c e  NEN t o o k  possess ion.  Rooms a r e  12 f t  h i g h  w i t h  d r o p  
c e i l i n g s  c o n c e a l i n g  HVAC duc twork  ( p l a c e d  as space p e r m i t s ) ,  s team l i n e s ,  
oxygen and n a t u r a l  gas l i n e s ,  e l e c t r i c a l  c o n d u i t s ,  and s p r i n k l e r  l i n e s  as space 
p e r m i t s .  F l o o r s  a r e  u s u a l l y  a s p h a l t  t i l e  on wood. S tandard  windows, t h a t  i s ,  
wooden frames w i t h  s i n g l e  pane g l a s s ,  a r e  found  i n  a l l  a reas ,  and t h e y  a r e  
u s u a l  l y  s e a l e d  shu t .  

The 100 E. Canton b u i l d i n g  i s  a  new f a c i  1  i t y  s p e c i f i c a l l y  des igned  f o r  
h o u s i n g  o r g a n i c  l a b s .  It i s  a  c o n c r e t e  and s t e e l  s t r u c t u r e  w i t h  b r i c k  f a c i n g .  
A l l  u t i l i t i e s  and v e n t i l a t i o n  l i n e s  a r e  housed i n  a  c e n t r a l  4- by 4 0 - f t  
s h a f t .  



The 120 E. Dedham b u i l d i n g  i s  o f  moderate age, and c o n c r e t e ,  s t e e l ,  and 
b r i  ck c o n s t r u c t i o n .  U t i  1  i t i  es and s e r v i  ce 1  i nes a r e  concea led  by d rop  
c e i  1  i ngs. 

HVAC System 

Heat i s  s u p p l i e d  by a  c e n t r a l  b o i l e r  w i t h  a  f u e l  o i l  s t o r a g e  tank  b u r i e d  
under t h e  100 E.  Canton b u i l d i n g  p a r k i n g  l o t .  There a re ,  HVAC, HEPA f i l t e r s ,  
sc rubbers ,  and a s s o c i a t e d  ductwork  l o c a t e d  i n  a l l  l a b  areas.  

Engi  neered S a f e t y  Systems 

A1 1  areas a r e  s p r i  n k l e r e d ,  and p o r t a b l e  f i r e  e x t i  n y u i  she rs  a r e  p r o v i d e d .  
Exhaust  a i  r f l o w  f r o m  hoods and boxes i s  m o n i t o r e d  f o r  l i n e  p r e s s u r e  and sampled 
f o r  c o n t a m i n a t i o n .  I f  t h e s e  checks i n d i c a t e  abnormal l e v e l s ,  a l a r m  systems 
w i  11 a c t i v a t e .  

S u r r o u n d i n g  Area 

. The NEN complex i s  l o c a t e d  i n  t h e  s o u t h  end o f  Boston i n  t h e  h e a r t  o f  a  
commercia l  d i s t r i c t ,  where v e h i c l e  t r a f f i c  can be heavy. C i t y  u t i l i t y  and 
s e r v i  ce 1 i nes a r e  l o c a t e d  underground.  

E.2.3 I n v e n t o r y  

R a d i o a c t i v e  I n v e n t o r y  

The r a d i o a c t i v e  i n v e n t o r y  a t  NEN i s  l i s t e d  i n  T a b l e  E.1. B o t h  t h e  l i c e n s e  
l i m i t  and amount on hand i n  s p e c i f i c  b u i l d i n g s  a r e  l i s t e d .  T r i t i u m  i s  
p r i m a r i l y  l o c a t e d  on t h e  f i f t h  & l o o r  o f  t h e  575 Albany b u i l d i n g .  S p g c i f i c a l l y  
t r i t i u m  a c t i v i t i e s  a r e  1.5 5 10 C i  i n  t h e  p r o d u c t i o n  area,  2.0 x 10 C i  i n  t h e  
p r e c u r s o r  l a b ,  and 5.04x 10 C i  i n  s y n t h e s i s  l a b .  i i a s t e  on t h e  second f l o o r  
c o u l d  c o n t a i n  1.0 x 10 C i .  

Hazardous and Combus t ib le  I n v e n t o r y  

Because o f  t h e  t y p e  of wet  c h e m i s t r y  p rocess  used a t  t h e  f a c i l i t y ,  
numerous c o m b u s t i b l e s  and o t h e r  hazardous m a t e r i a l s  can be found i n  a l l  l a b  
areas.  Some m a t e r i a l s  t h a t  m i g h t  be found i n  t h e  575 A1 bany b u i l d i n g  a r e  
l i s t e d  i n  T a b l e  E.2. 

Combus t ib le  m a t e r i a l s  s i m i l a r  t o  t h o s e  i n  t h e  575 Albany b u i l d i n g  can be 
found i n  100 E.  Canton b u i l d i n g  &b areas.  P l e x i g l a s B  " c o f f i n s , "  g l o v e  boxes, 
and P V C  p i p i n g  a r e  found i n  t h e  S work area.  

I n  t h e  120 E. Dedham b u i l d i n g ,  t h e  b u l k  o f  t h e  c o m b u s t i b l e  m a t e r i a l  i s  
ca rdboard  c o n t a i  n e r s  f o r  packag ing  p r o d u c t s  f o r  s h i p p i n g .  These c o n t a i n e r s  a r e  
s t o r e d  on t h e  f i r s t  f l o o r .  D i s p e n s i n g  l a b s  and q u a l i t y  c o n t r o l  a reas a r e  



TABLE E.1. R a d i o a c t i v e  I n v e n t o r y  a t  NEN Boston 

L i  cense A ~ ~ r o x i m a t e  
L i m i t  , I n v e n t o r y ,  

Element I s o t o p e  Bu i  1  d i n g  C i C i 

Cal c i  urn 4 5 ~ a  609 1 0 ' ~  
Carbon 14c 5  7  5  5.0 x l o 2  59 

123 5  
120 360 

Chrorni urn 

Hydrogen H 575 1 l o 5  2.9 x l o 4  
12 3 200 
120 390 
100 160 - 

3.0 x l o 4  

I o d i n e  1251 100 2  l o 4  

Phosphorus 3 2 ~  575 5.0 x  10 
1 

1 

S u l f u r  5~ 5 7  5  1.0 x l o 2  10 
100 28 - 

38 

l o c a t e d  on t h e  upper  f l o o r s ,  w i t h  b u l k  s t o r a g e  areas f o r  o r g a n i c  compounds. 
N a t u r a l  gas and oxygen l i n e s  a r e  p r e s e n t  f o r  f l a m e - s e a l i n g  o p e r a t i o n s  i n  
hoods. M i s c e l l a n e o u s  c o m b u s t i b l e s  i n c l u d e  paper  t r a s h ,  ca rdboard  c o n t a i n e r s  
and some wooden f u r n i t u r e .  

E  .3 NEW ENGLAND NUCLEAR, NORTH BILLERICA, MASSACHUSETTS 
1 .  

The New England N u c l e a r  f a c i l i t y  i n  N o r t h  B i l l e r i c a  produces b o t h  r a d i o -  
p h a r m a c e u t i c a l  s  an sea d  sou rces . -  The medi c a l  and d i  a g n o s t i  cs  p r o d u c t  
d i v i s i o n  produces BgMo/49"Tc g e n e r a t o r s  and i n  v i  t r o  d i a g n o s t i c  t i t s  u s i n g  
g a l l i u m ,  t h a l l i u m ,  and xenon. The sou rce  d i v i s i o n  produces a  v a r i e t y  o f  
i s o t o p e s  f o r  s e a l e d  sou rces  and f o r  r a d i  01 abe l  i ng o r g a n i c  compounds. The 
d e s c r i p t i o n  was deve loped u s i n g  i n f o r m a t i o n  ga the red  i n  a  s i t e  v i s i t  and i n  a  
New England N u c l e a r  r e p o r t  (1981b).  



TABLE E.2. Hazardous and Combus t ib le  M a t e r i a l s  i n  NEN 575 B u i l d i n g s  
n 

O p e r a t i o n a l  Area M a t e r i  a1 Notes 'w' 
3~ P r o d u c t i o n  Oxygen and n a t u r a l  Gas s u p p l i e d  by c i t y  u t i l i t i e s ,  found 

gas a t  each g l o v e  box. L i n e s  above d r o p  
c e i l i n g s  o f  a c o u s t i c  t i l e  

Hydrogen Gas 1  i n e  
P l  e x i  g l  as@, L u c i  t e @  Glove box 
Sol v e n t s  S to red  i n  q u a r t z  b o t t l e s  
PVC P i p i n g  on s c r u b b e r  
Paper Trash,  l a b  c l o t h i n g  
P l a s t i c  Gloves,  shoe c o v e r s  

3~ P e r c u s o r  ( a )  Oxygen, n a t u r a l  gas Gas l i n e s  
Organ ics  such as S t o r e d  

enzymes and 
amino a c i d s  

Sol  v e n t s  S t o r e d  

Waste compact ion  Flammables 
Spray p a i n t  
Paper 

I n  s t o r a g e  c a b i n e t  
Open s t o r a g e  
Trash 

( a )  Some r e a c t i o n s  may r u n  o v e r n i g h t .  

E.3.1 Process D e s c r i  p t i  on 

O p e r a t i  on 

The p r i  e r a t i  ons o f  t h e  medi c a l  d i  a g n o s t i c  v i  s i  on i n c l u d e  produc-  
t '  n  o f  t h e  
ti? 

B'$/gBmTc e r a t o r s ,  t h a l  l u s  c h l o r i d e  (2giT1), g a l l i  urn c i t r a t e  

( Ga), and xenon gas ( " jXe ) .  A1 1  o f  t h e s e  o p e r a t i o n s  a r e  conduc ted  i n  t h e  
p h a r m a c e u t i c a l  b u i l d i n g .  The g e n e r a t o r s  a r e  produced on two s h i e l d e d  l i n e s ,  
w i t h  t h e  "MO l o a d e d  i n t o  t h e  g e n e r a t o r s  i n  remote h o t  c e l l s .  A p p r o x i m a t e l y  

950 g e n e r a t o r s  a r e  produced week ly .  Each g e n e r a t o r  c o n t a i n s  0.2 t o  2.8 C i  

9 9 ~ o / 9 9 m ~ c  p e r  g e n e r a t o r  a t  t h e  t i m e  o f  shipment.  About 1400 t o  1500 C i  p e r  
3 

week (abou t  a  h a l f  t o  one l i t e r  by volume) a r e  used. S i x  500-cm c a n i s t e r s  o f  
9 9 ~ o  ( t o t a l  i n g  about  800 C i  ) each a r e  r e c e i v e d  each week. Qua1 i t y  c o n t r o l ,  

f i  n a l  packag i  ng, and s h i  p p i  ng a r e  pe r fo rmed  i n  s e p a r a t e  areas.  

The g a l l i u m ,  t h a l l i u m ,  and xenon p r o d u c t i o n  areas a r e  l o c a t e d  a d j a c e n t  t o  
t h e  g e n e r a t o r  p r o d u c t i o n  area.  Gal 1  i u m  and t h a l l  ium s o l u t i o n s  a r e  hand led  i n  

@ P l e x i g l a s  i s  a  t rademark  o f  Rohn and Haas, P h i l a d e l p h i a ,  PA 19105. 
@ L u c i t e  i s  a  t rademark  o f  DuPont de Nemours, €. I .  & Co., W i lm ing ton ,  DE 19898. 



remote c e l l  s, where t h e  s o l u t i o n  i s  d i spensed  t o  v i a l s .  Xenon gas d i s p e n s i n g  
i s  conducted i n  P l e x i g l a s @  hoods. The gas i s  s t o r e d  i n  c y l i n d e r s  o f  350 C i  
each ( p o s i t i v e  p r e s s u r e )  and d i spensed  i n  10 t o  100 m C i  i n c r e m e n t s  t o  v i a l s .  
S i x  thousand v i a l s  p e r  week a r e  produced.  

B o t h  t h e  packag ing  and s h i p p i n g  areas a r e  warehouse- type rooms. The 
s h i p p i n g  a rea  c o n t a i n s  a h i g h  bay a rea  f o r  t r u c k  sh ipments .  

The sou rce  d i v i s i o n  b u i l d i n g  houses 4 c y c l o t r o n s  where b u l k  i s o t o p e  raw 
m a t e r i a l  i s  p repared.  A p p r o x i m a t e l y  100 n u c l i d e s  a r e  produced h e r e ,  25 o f  them 
r o u t i n e l y .  Over a  t h i r d  o f  a l l  a c t i v i t y  a t  B i l l e r i c a  i s  c o n t a i n e d  i n  t h i s  
b u i  1  d i n g .  T a r g e t  p r e p a r a t i o n  areas,  i o d i  n a t i o n  l a b s ,  n i c k e l  p l a t i n g  opera -  
t i o n s ,  and o f f i c e s  a r e  a153 l o c a t e d  i n  t h i s  b u i l d i n g .  

Waste D i s p o s a l  

The B i l l e r i c a  f a c i l i t y  c o n t a i n s  a  warehouse where r a d i o a c t i v e  waste  f r o m  
a1 1  NEN p l a n t  s i t e s  i s  s t o r e d .  B i  1  l e r i c a  o p e r a t i o n s  themselves  p roduce  a  w i d e  
v a r i e t y  o f  wastes ,  i n c l u d i  ng  l a b  m a t e r i a l s ,  was te  paper ,  r e j e c t e d  sou rces  and 
g e n e r a t o r s ,  and l i q u i d  waste  wh ich  has been s o l i d i f i e d  i n  an a b s o r b e n t  
m a t e r i  a1 . 

The b u l s  o f  t h e  waste  s t o r e d  i n  55-ga l  s t e e l  drums i n  t h e  warehouse 
c o n s i s t s  o f  H  f r o m  t h e  Boston s i t e .  Three sh ipments  a r r i v e  p e r  week f r o m  
Boston.  L i q u i d  waste  i s  s t o r e d  i n  30-ga l  p l a s t i c  drums. 

E.3.2 F a c i l i t y  D e s c r i p t i o n  

B u i  1  d i n g s  

The N o r t h  B i l l e r i c a  f a c i l i t y  has s e v e r a l  b u i l d i n g s  l o c a t e d  as shown i n  
F i g u r e  E.5. 

The pharmaceu t i caJ  b u i l d i n g  i s  a  o n e - s t o r y  b r i c k ,  c o n c r e t e ,  and s t e e l  
s t r u c t u r e  of  70,000 f t  . The n u c l i d e s  and source d i v i s i g r i  b u i l d i n g  i s  a l s o  one 
s t o r y ,  o f  s i m i l a r  c o n s t r u c t i o n ,  and has about  100,000 f t  . The waste  ware ouse 9 i s  b u i l t  of  c o n c r e t e  b l o c k s  w i t h  a  m e t a l  r o o f  and has an a r e a  o f  10,000 f t  . 
A1 1  o f  t h e s e  b u i l d i n g s  a r e  of r e c e n t  c o n s t r u c t i o n  and a r e  s p e c i f i c a l l y  des igned  
f o r  h o u s i n g  r a d i o a c t i v e  m a t e r i a l s .  T h i c k  c o n c r e t e  and l e a d  w a l l s  s h i e l d  t h e  
f o u r  c y c l o t r o n s .  

HVAC Systems 

Each b u i  1  d i n g  hous i  ng r a d i o a c t i v e  o p e r a t i o n s  i s  equ i  pped w i t h  s t a n d a r d  
a i r f l o w  f i l t r a t i o n  systems c o n s i s t i n g  o f  YEPA and c h a r c o a l  f i l t e r s .  A l l  hoods 
have r o u g h i n g  and HEPA f i l t e r s  excep t  i n  t h e  i o d i n e  p r o c e s s i n g  a reas  where t h e y  
a r e  f i t t e d  w i t h  c h a r c o a l  f i l t e r s .  G love boxes w i t h  p o t e n t i a l  f o r  a i r b o r n e  
a c t i v i t y  have t h e i r  own HEPA f i l t e r s .  Exhaust  a i r  f rom hoods, boxes, and h o t  
c e l l s  passes t h r o u g h  t h e s e  c o n t r o l  systems b e f o r e  d i s c h a r g e  t o  t h e  atmosphere. 
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F I G U R E  E.5. New England N u c l e a r  N o r t h  B i l l e r i c a  S i t e  D iagram 



Engi  neered S a f e t y  Systems 
/'\ 

hlv" A1 1  o p e r a t i o n s  a r e  equ ipped w i t h  r a d i a t i o n  d e t e c t o r s ,  exhaus t  a i  r f l  ow 
m o n i t o r s ,  and f i r e  a larms. A l l  a reas excep t  t h e  an imal  b u i l d i n g  a r e  
s p r i  n k l  ered.  The b u i  1  d i  ngs a r e  spec i  f i c a l  l y  des igned and o p e r a t i o n s  a r e  
s i t u a t e d  t o  p r e v e n t  t h e  a c c i d e n t a l  spread of c o n t a m i n a t i o n .  

S u r r o u n d i n g  Area 

The B i l l e r i c a  f a c i l i t y  i s  s i t u a t e d  on a  215-acre s i t e ;  30 areas  a r e  
a c t u a l l y  i n  use. S i n g l e  f a m i l y  homes a r e  a d j a c e n t  t o  t h e  s i t e ,  and a  coun ty  
p r i s o n  i s  l o c a t e d  j u s t  n o r t h  of  t h e  p l a n t  boundary. 

I n v e n t o r y  

R a d i o a c t i v e  I n v e n t o r y  

The l i c e n s e  i n v e n t o r y  i s  shown i n  Tab les  E.3 and E.4. However, t h e  a c t u a l  
i n v e n t o r y  on hand can v a r y  between 65 t o  85% of t h e  l i c e n s e d  amounts. The 
i n v e n t o r y  on hand v a r i e s  a c c o r d i n g  t o  r e q u i  rements f o r  f i  11 i ng o r d e r s .  S i n c e  
most i s o t o p e s  have f a i  r l y  s h o r t  ha1 f - 1  i ves, t h e y  a r e  f r e q u e n t l y  t r a n s p o r t e d  
w i t h i n  30 hours  a f t e r  r e c e i v i n g  t h e  raw m a t e r i a l s .  T a b l e  E.5 l i s t s  t h e  ma jo r  
a c t i v i t y  on hand d u r i n g  a  s p e c i f i c  t i m e  p e r i o d ,  and T a b l e  E.6 shows i s o t o p e  
movement d u r i n g  a  t y p i c a l  week a t  N o r t h  B i  11 e r i  ca. The i n v e n t o r y  a s s o c i a t e d  
w i t h  r a d i o a c t i v e  waste  i s  l i s t e d  i n  T a b l e  E.7. 

Hazardous and Combus t ib le  I n v e n t o r y  

I n  t h e  pharmaceu t i ca l  b u i l d i n g ,  c o ~ n b u s t i b l e  m a t e r i a l  i n c l u d e s  supp l  i e s  o f  
1  a b o r a t o r y  p l  a s t i  cs and paper;  ca rdboard  c o n t a i n e r s  and packag i  ng m a t e r i  a1 s  a r e  
i n  t h e  s h i p p i n g  areas;  s o l v e n t s  and f lammable chemica ls  a r e  k e p t  i n  s t o r a g e  
c a b i n e t s .  S i m i l a r  m a t e r i a l s  may be found i n  t h e  n u c l i d e  and' sources b u i l d -  
i ng. B o t h  b u i l d i n g s  have d r o p  c e i  1  i n g s  w i t h  a c o u s t i c  t i l e s  c o n c e a l i n g  u t i  1  i t y  
and s e r v i c e  1  i n e s  t h a t  i n c l u d e  n a t u r a l  gas, oxygen, and steam. Many hoods and 
g l o v e  boxes a r e  c o n s t r u c t e d  o f  p l a s t i c  and PVC p i p i n g  i s  used e x t e n s i v e l y  i n  
t h e  b u i l d i n g s .  

The waste  warehouse c o n t a i n s  n a t u r a l - g a s - f u e l e d  space h e a t e r s ,  p lywood 
boxes c o n t a i n i n g  used HEPA f i l t e r s ,  and p l a s t i c  30-gal  drums c o n t a i n i n g  1  i q u i d  
waste. An LPG-fueled f o r k l i f t  i s  used t o  t r a n s f e r  drums. 

A  sma l l  a rea  where v e h i c l e s  can be f u e l e d  i s  l o c a t e d  near  t h e  waste  
warehouse. It c o n t a i n s  b o t h  gas and d i e s e l  f u e l  t anks .  



TABLE E.3. L i c e n s e  Q u a n t i t i e s  f o r  t h e  N o r t h  B i l l e r i c a  
Nucl i d e s  and Sources D i v i s i o n  Bu i  1  d i n g  

E 1 emen t I s o t  ope C i 

By-pro u  t Atomic  
f a ?  

No s i n g l e  n u c l i d e  t o  

number 3 t o  83 exceed 10 C i ,  T o t a l  500 

BY-pro u  t, a tomic  241Am ( b 1 350 
nurnhe$aS g r e a t e r  
than  83 
Cal c i  urn 4 5 ~ a  50 

Carbon 14c 500 

C e r i  urn 
141Ce 5 0  

Cesi urn 1 3 4 ~  s  2 5 

13'cs 500 

Chrorni urn 

Go1 d 

I o d i n e  

I r o n  

K r y p t o n  

N i c k e l  

Phosphorus 

Rubidium 

Ruthen i  urn 

Sel  e n i  urn 

S t r o n t i u m  

Sul  f u r  

Thu l  i urn 

T i  n  

Y t t e r b i  urn 

( a )  Except those  i n d i  v i  dua l  l y  i d e n t  i f i ed 
( b )  Sealed sources 



TABLE E.4. L i c e n s e  q u a n t i t i e s  f o r  t h e  N o r t h  B i l l e r i c a  
Med ica l  D i a g n o s t i c  D i v i s i o n  B u i  l d i n g  

E l  ernent I s o t  ope C i 

By-product ,  a t o ~ n i  c  Not t o  exceed 1.0 x 1 0 - I  
number 3 t o  83 p e r  n u c l  'de, t o t a l  

2.5 x 10  1 

Cesiurn/Barium 1 3 7 ~ s / 1 3 7 ~ a  1 

Chrorni urn 5 1 ~  r 10 

Hydrogen H 

I o d i  ne 1251 

131 

Molybdenum "MO 

Phosphorus P 

Sel  e n i  urn 7 5 ~ e  

T i  n l l n d i u ~ n  
113Sn1113~nIn 

Xenon 1 3 3 ~ e  

TABLE E.5. M a j o r  A c t i v i t y  a t  N o r t h  B i l l e r i c a ,  June 1981 

E l  ernerit 

I n d i  urn 

I o d i  ne 

K r y p t o n  

N i c k e l  

Phosphorous 

Se l  e n i  urn 

S t r o n t i  urn 

S u l f u r  

I s o t o p e  

3 9 ~  

Form 
- .- 

Sol  i d s  f o r  s e l e c t e d  
sou rces  

Gas i n  c y l i n d e r ,  
200 C i l c y l  

So l  i d  

Phosphor i c  a c i d  

Encapsu la ted  me ta l  
o x i d e  

Encapsul  a t e d  s o l  i d  

S u l f u r i c  a c i d  

O t h e r s  



TABLE E.6. I s o t o p e  Movement D u r i n g  a T y p i c a l  
Week a t  N o r t h  B i  l l e r i c a  

M a t e r i  a1 
Recei ved 

Mon 0700 

Tue 1400 

Wed 0500 

Th 1500 

F r i  0500 

Ready t o  
I s o t x  Q u a n t i t y ,  C i  - Sh ip  

6 7 ~ a  3.4 Mon 1330 

2 0 1 ~ 1  4.5 1230 

1 3 3 ~ e  450 Wed 1700 

"MO 20 1100 

2 0 1 ~ 1  3.2 Wed 1230 

"MO 600 F r i  1100 

"MO 1,500 Sat 1100 

TARLE E.7. R a d i o a c t i v e  Waste I n v e n t o r y  a t  N o r t h  ---- 
B i  1 l e r i c a  i n  June 1981 

I s o t o p e  F o r m  E l  e~nent C i 

Arneri c i  urn 2 4 1 ~ r n  Packaged capsu les 7 7 
Capsules i n  drums 4 
Lab t r a s h  1 

Carbon 141: Lab t r a s h  

Cesium 1 3 7 ~ s  Lab t r a s h  20 
P r o d u c t i o n  equ i  p~nent  20 

Gal 1 i urn 6 7 ~ a  L i q u i d  i n  drummed v i a l s  0.5 

Hydrogen. H Drummed gas c y l  i nders  
4 2 x l o 3  

Lab t r a s h  2 x 10 

I o d i n e  
1251 Lab t r a s h  2 

Phosphorus 3 2 ~  Lab t r a s h ,  equipment 5 
i n  drums 

Thal  1 i urn 2 0 1 ~ 1  L i q u i d  i n  v i a l s  0.25 

Xenon 1 3 3 ~ e  Gas i n  v i a l s  i n  sh. ipping 0.25 
s h i e l d s  

Z i  nc 6 5 ~ n  C y c l o t r o n  t a r g e t s  as 2 
drummed p i g s  
L i q u i d  on c l a y  2 



E.4 E. R. SQUIBB AND SONS, NEW BRUNSWICK, YEW JESSEY 

The Squi bb f a c i  1  i t y  i p3rew Brunswi ck ,  New Je rsey ,  p roduces 9 9 ~ 0 9 9 " ~ c  
g e n e r a t o r s  and i o d i n a t e d  ( I )  s o l u t i o n  and capsu les .  A s i t e  v i s i t  and a  
r e p o r t  by E. R. Squibb and Sons, I n c .  (1981) were used as a b a s i s  f o r  t h i s  
d e s c r i p t i o n .  

E.4.1 Process D e s c r i p t i o n  

O p e r a t i  on 

A1 1  hand1 i ng o f  r a d i o i s o t o p e s  f o r  t h e  p r o d u c t i o n  o f  r a d i o p h a r n a c e u t i c a l  s  
i s  c o n f i n e d  t o  t h e  124 b u i l d i n g .  Processes a r e  t h e  o d u c t i o n  o f  9 9 ~ o / 9 9 1 n ~ ~  
g e n e r a t o r s  and i o d i n a t i o n  of p h a r m a c e u t i c a l s  u s i n g  lg'l. ~ o t h  i s o t o p e s  a r e  
r e c e i v e d  i n  l i q u i d  f o r m  a t  a  c e n t r a l  ~ ~ c e i v i n g  dock. I o d i n e - 1 3 1  i s  r e c e i v e d  i n  
l o t s  o f  25 C i  once a  week; 200 C i  o f  I a r e  r e c e i v e d  t h r e e  t i m e s  s week. A l l  
m a t e r i a l s  a r e  r e c e i v e d  i n  Department o f  T r a n s p o r t a t i o n - a p p r o v e d  packages. 
These casks a r e  t r a n s f e r r e d  t o  s p e c i a l l y  c o n s t r u c t e d  caves i n  t h e  1 2 1  b u i l d i n g ,  
opened by remote m a n i p u l a t o r s ,  and b u l k  l o t s  a r e  d i spensed  f o r  p r o d u c t i o n  
runs.  A maximum o f  45 C i  may be i n  one cave a t  one t i m e .  A rnaximum o f  2.5 C i  
may be t r a n s f e r r e d  t o  a  p r o d u c t i o n  l a b .  

There  a r e  . s e v e r a l  i o d i n a t i o n  l a b s  w i t h i n  t h e  b u i l d i n g  wh ich  a r e  s i m i l a r  i n  
1  ayou t  and c o n s t r u c t i o n .  oods and g l o v e  boxes a r e  s t e e l .  G love boxes a r e  

13Y used f o r  d i s p e n s i n g  t h e  I. A s i n g l e  r u n  may c o n s i s t  of  up t o  50 m C i  o f  
l i q u i d  p h a r m a c e u t i c a l s ,  and up t o  1.5 C i  f o r  t h e  p r o d u c t i o n  o f  e n c a p s u l a t e d  d r y  
i o d i  n a t e d  pharmaceut i  c a l  s. 

The 9 9 ~ o / 9 9 m ~ c  p r o d u c t i o n  area i s  i n  two rooms: one where t h e  empty 
g e n e r a t o r  packages a r e  p repared  and one c o n t a i n i n g  n remo s l a v e  cave. The 
packages e n t e r  v i a  a  conveyor  and a r e  f i l l e d  w i t h  l i q u i d  "Mo. Packages a r e  
t h e n  r e t u r n e d  t o  t h e  packag ing  area r f '  a1 p r e p a r a t i o n  b e f o r e  s h i p v e n t .  
Genera to rs  c o n t a i n  200 t o  2,200 m C i  6gMo/4gmTc. 

Qua1 i t y  c o n t r o l  and f i n a l  packag ing  o f  t h e  p h a r m a c e u t i c a l s  a r e  c o ~ c l u c t e d  
i n  s e p a r a t e  areas.  S u l k  amounts o f  r a d i o n u c l i d e s  a r e  s t o r e d  i n  h o t  c e l l  caves 
u n t i l  t h e y  a r e  needed. 

Waste D i s p o s a l  

D r y  waste  c o n s i  s t s  o f  1  ab g lassware,  mi s c e l  1  aneous lSrash, and r e j e c t e d  
g e n e r a t o r s .  M i l l i c u r i e  t o  c u r i e  (<2  C i )  q u a n t i t i e s  o f  I a r e  removed each 
week i n  t h e  f o r m  o f  r e j e c t e d  v i a l s  o f  l i q u i d  p h a r m a c e u t i c a l s .  Two o r  t h r e e  
55-ga l  s t e e l  drums of  waste  a r e  accumula ted each week and removed f o r  d i s p o s a l .  
Amounts o f  waste  c o n t a i n s  l e s s  t h a n  2 mCi a r e  s t o r e d  i n  a  sma l l ,  s p e c i  a1 l y  
c o n s t r u c t e d  c o n c r e t e  b u i l d i n g .  L i q u i d  waste  i s  h e l d  i n  f o u r  10,000-gal t a n k s  
b u r i e d  o u t s i d e  t h e  c e n t r a l  r e c e i v i n g  area.  



E.4.2 Fac i  1  i t y  D e s c r i p t i o n  

B u i  1  d i n g s  

The 124 b u i l d i n g  shown i n  F i g u r e  i . 6  i s  p a r t  o f  a  s i z a b l e  i n d u s t r i a l  
pa rk .  It i s  s p e c i a l l y  c o n s t r u c t e d  of conc re te ,  s t e e l ,  and b r i c k  f o r  h o u s i n g  
r a d i o p h a r m a c e u t i c a l s .  Heat i s  p r o v i d e d  by a  c e n t r a l  b o i l e r  f o r  t h e  e n t i  r e  
p l a n t  s i t e .  Most o f  thelJebs a r e  sma l l ,  about  20 by 30 f t ,  b u t  t h e  f i l l i n g  and 
p a c k a g i n g  areas f o r  t h e  I p r o d u c t s  a r e  q u i t e  l a r g e ,  about  60 f t  by 60 ft. 
Caves f o r  i s o t o p e  s t o r a g e  a r e  c o n s t r u c t e d  o f  c o n c r e t e ,  s t e e l ,  and l e a d ,  and 
have w a l l s  3 f t  t h i c k .  Waste i s  s t o r e d  i n  t h e  122 b u i l d i n g  a d j a c e n t  t o  t h e  
124 b u i  1  d i n g .  

MANUFACTU 

STORAGE BUILDING 

FIGURE E.6. P l a n  o f  t h e  E. K.  Squibb and Sons S i t e  

E.4.3 I n v e n t o r y  

Radi o a c t  i ve I n v e n t o r y  - 
A l t h o u g h  t h e i r  l i c e n s e  p e r m i t s  t h e  possess ion  o f  c u r i e  amountsly[ s e v e r a l  

&otopes,  p r o d u c t i o n  changes have r e s u l t e d  i n  t h e  h a n d l i n g  o f  o n l y  I and 
Mo as d e s c r i b e d  above. A c t u a l  amounts on hand a r e  a p p r o x i m a t e l y  h a l f  t h e  

l i c e n s e  l i m i t s  as shown i n  T a b l e  E.8. 

The g r e a t e s t  c o n c e n t r a t i o n  of  r a d i o a c t i v e  m a t e r i a l s  w i l l  occur  i n  t h e  
r e c e i v i n g  area when sh ipments  o f  b u l k  m a t e r i a l  a r r i v e .  F o l l o w i n g  t h a t ,  t h e  
m a t e r i a l  i s  s t o r e d  i n  caves f o r  d i s p e n s i n g  t h r o u g h o u t  t h e  l a b o r a t o r y .  



TABLE E.8. I n v e n t o r y  a t  E. R. Squibb and Sons 

L i c e n s e  
Element I s o t o p e  I n v e n t o r y ,  C i  L i m i t ,  C i  

I o d i  ne 131 I 7 5 150 

?4olybdenuml 9 9 ~ o / 9 9 m ~ c  1 l o 3  2 x 10  3 
Technet  i um 

Hazardous and Combus t i b le  I n v e n t o r y  

A min ima l  anount  o f  c o m b u s t i b l e  m a t e r i a l  i s  l o c a t e d  i n  t h e  124 and 
122 b u i l d i n g s .  Paper and s i m i l a r  m a t e r i a l s  a r e  a lmos t  n o n e x i s t e n t  i n  t h e  
l a b o r a t o r i e s ,  and no c o m b u s t i b l e  gases a r e  used i n  t h e  p rocesses .  F u r n i t u r e  i s  
c o n s t r u c t e d  o f  shee t  rnetal o r  s t e e l .  An emergency g e n e r a t o r  i s  l o c a t e d  i n  t h e  
124 b u i l d i n g ,  w i t h  f u e l  o i l  s t o r e d  i n  a  100 t o  200-ga l  S d r i e d  t a n k .  Near t h e  
l o a d i n g  dock a r e a  i s  a  chernical  s t o r a g e  a r e a  c o n t a i n i n g  p r o c e s s  c h e m i c a l s  and 
s o l v e n t s .  These c o u l d  i n c l u d e  a c e t i c  a c i d  and h y d r o c h l o r i c  a c i d .  Year t h e  
caves i s  a  wood-paneled,  w a l k - i n  r e f r i g e r a t o r  c o n t a i n i n g  r a d i o p h a r m a c e u t i c a l s  
w i t h  a  t o t a l  a c t i v i t y  of 600 t o  800 mCi . Another  chemica l  d i s p e n s i n g  room 
c o n t a i n s  a  f i  r e l e x p l  o s i  on-proof  c a b i  n e t  where combust i  b l  e  q a t e r i  a1 s such as 
e t h e r  and ace tone  a r e  s t o r e d .  L i q u i d  p r o c e s s  c h e m i c a l s ,  s o l v e n t s ,  e t c .  a r e  
s t o r e d  i n  g l a s s  b o t t l e s ,  one g a l l o n  o r  l e s s  i n  s i z e .  
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A P P E N D I X  F 

R A D I O P H A R M A C Y  



APPENDIX F  

RADIOPHARMACY 

F . l  OHIO STATE UNIVERSITY NUCLEAR PHARMACY, COLUMBUS, OHIO 

The f o l l o w i n g  d e s c r i p t i o n  o f  t h e  Ohio  S t a t e  U n i v e r s i t y  n u c l e a r  pharmacy i s  
based on a  r e p o r t  by Ohio S t a t e  U n i v e r s i t y  (1981). 

F .l. 1 Process D e s c r i  p t  i on 

O p e r a t i  on 

The n u c l e a r  pharmacy a t  Ohio S t a t e  U n i v e r s i t y  o r d e r s  and s t o r e s  r a d i o p h a r -  
m a c e u t i c a l s ,  k i t s ,  and m a t e r i a l s ;  p r e p a r e s  p h a r m a c e u t i c a l s ,  c o l d  k i t s ,  and 
in -house  p r e p a r a t i o n s ;  and p repares  and d i spenses  doses. Rad iopharmaceu t i ca l s  
a r e  used i n  p a t i e n t  d i a g n o s i s  and /o r  t h e r a p y .  R a d i o a c t i v e  m a t e r i a l s  a r e  
l o c a t e d  i n  a  fume hood, g l o v e  box, c o n c r e t e  o r  l e a d  s t o r a g e  area,  o r  a  
r e f r i g e r a t o r .  

Waste D i s p o s a l  

Contaminated waste  m a t e r i a l s  a r e  s t o r e d  i n  an area sur rounded by c o n c r e t e  
b l o c k s .  R a d i o a c t i v e  waste  i s  removed each week o r  on r e q u e s t  and s e n t  e l s e -  
where f o r  d i s p o s a l  . 
F.1.2 F a c i l i t y  D e s c r i p t i o n  

B u i  1  d i  ng 

The n u c l e a r  pharmacy i s  i n  t h e  n o r t h  w i n g  o f  t h e  u n i v e r s i t y  h o s p i t a l ,  
w h i c h  i s  l o c a t e d  i n  t h e  s o u t h e a s t e r n  s e c t i o n  o f  t h e  campus. A d iag ram o f  t h e  
n u c l e a r  pharmacy a r e a  i n  t h e  h o s p i t a l  b u i l d i n g  i s  shown i n  F i g u r e  F. l ,  wh ich  
a l s o  shows nearby  o f f i c e s .  It i s  a p p r o x i m a t e l y  25  f t  f r o m  an e x i t  t o  
1 2 t h  Avenue. R a d i o a c t i v e  m a t e r i a l s  a r e  hand led  i n  t h e  hood o r  g l o v e  box. 

HVAC System 

3 
Hood a i r f l o w  volume j s  c a l c u l a t e d  a t  600 f t  /min. A i r f l o w  v e l o c i t y  i s  

100 f t / r n i n  throu'gh a  6 - f t  open ing.  A i r  i s  exhausted a t  t h e  r o o f  o f  t h e  

h o s p i t a l  . 
Eng ineered  S a f e t y  Systems 

A i r  i s  m o n i t o r e d  by an a larmed system. 

Sur round ing  Area - 

The n u c l e a r  pharmacy i s  sur rounded by t h e  Ohio S t a t e  U n i v e r s i t y  campus. 

F.1 



MECHANICAL 

TO EXIT- 

NUCLEAR MED 

SCHEDULING 

CONCRETE 

NUCLEAR PHARMACY 

FIGURE F.1. F a c i l i t y  Diagram o f  N u c l e a r  Pharmacy a t  Oh io  S t a t e  U n i v e r s i t y  



I F.1.3 I n v e n t o r y  

: a  Radi  o a c t i  ve I n v e n t o r y  

T y p i  c a l  r a d i  o a c t i  ve m a t e r i  a1 s  and a c t i  v i  t i  es o r d e r e d  by t h e  n u c l  e a r  
pharmacy d u r i n g  t h e  y e a r  a r e  shown i n  Tab le  F.1. 

TABLE F.1. M a t e r i a l  and A c t i v i t i e s  Ordered by Ohio S t a t e  
.-- 

U n i v e r s i t y  Pharmacy D u r i n g  One Year 

Compound A c t i v i t y ,  
Element I s o t o p e  o r  Form C i - ---- 

1 Chrorni um Sodi  urn Chromate 1.3 x 10" 

C o b a l t  

G a l l i u m  

I n d i  urn 

I o d i n e  

I r o n  

Molybdenum/ 
T e c h n e t i  um 

Phosphorous 

Sel e n i  urn 

T h a l  l i u r n  

Xenon 

I F .2 REFERENCE 

Cyanocobal i rn 1.4 x 

G a l l i u m  

I n d i  um 

Sodium i o d i d e  

F i  b r i  nogen 

I o d o m e t h y l c h l o r e s t e r o l  6.0 x 
Sodi um i o d i d e  s o l u t i o n  4.5 x l o 1  
HSA (human serum a lbumin )  3.3 x 10-: 
Sodi um i o d i  de 1.87 x 10 -  

F e r r o u s  C i  t r a t e  1.25 x 

Genera to r  4.26 x l o 2  

Phosphorous 

Sel e n i  urn 

Tha l  1 i urn 

Gas 

Ohio  S t a t e  U n i v e r s i t y ,  Radi 01 o g i  c a l  Con t ingency  P lan ,  L i c e n s e  No. 34-00293-02, 
Columbus, Ohio, 1981. 



A P P E N D I X  G 

S E A L E D  SOURCE M A N U F A C T U R I N G  - 



APPENDIX G 

SEALED SOURCE MANUFACTURING 

G . l  AMERSHAM CORPORATION, ARLINGTON HEIGHTS, ILL INOIS 

The Amersham f a c i l i t y  pe r fo rms  a  v a r i e t y  o f  f u n c t i o n s :  d i s t r i b u t i o n  o f  i n  
v i  t r o  t e s t  k i t s ;  d i s t r i b u t i o n  o f  i n  v i v o  r a d i o p h a r m a c e u t i c a l s ;  d i s t r i b u t i o n  o f  
r a d i o a c t i v e  s e a l e d  sources;  s t a n d a r d i z e d  s o l u t i o n s  o f  r a d i o a c t i v e  m a t e r i  a1 s  as 
r e f e r e n c e  sources;  assembly o f  smoke d e t e c t o r s ;  manu fac tu re  o f  f i b r i n o g e n ;  and 
r e s e a r c h  and development.  Amersham C o r p o r a t i  on r e p o r t s  (1969-1980) p r o v i d e d  
i n f o r m a t i o n  f o r  t h i s  append ix .  

1 1 Process D e s c r i p t i o n  

O p e r a t i  on 

P l  u t o n i  um and u r a n i  urn a r e  acqu i  r e d  and d i s t r i b u t e d  as c a l  i b r a t i  on s t a n -  
@!ds a n d l ~ p l u t i o n s .  Rad iopharmaceu t i ca l s  a r e  manu fac tu red  i n  one a r e a  and use 

I and I, w i t h  t h e  maximum a c t i v i t y  a t  one t i m e  n o t  t o  exceed 1 C i  . 4 
s m a l l  m a n u f a c t u r i n g  a rea  i s  used f o r  p r o d u c i n g  s e a l e d  sources and l i q u i d  
s c i n t i l l a t i o n  s t a n d a r d s  (maximum a c t i v i t y  a t  one t i m e  n o t  t o  exceed 50 m C i  ) .  
Sealed sou rces  f o r  smoke d e t e c t o r s  a r e  assembled i n  an a r e a  t h a t  a l l o w s  5  p C i  

p e r  source,  n o t  exceed ing  1 C i  t o t a l  a c t i v i t y .  Research and development i s  
conduc ted  i n  a  l a b  where no i s o t o p e  i s  p r e s e n t  a t  >50 mCi t o t a l  a c t i v i t y  e x c e p t  
t r i t i u m ,  w h i c h  may be p r e s e n t  up t o  2 C i .  

H i g h - l e v e l  gamma sources a r e  s t o r e d  i n  a  s p e c i a l  room p r o t e c t e d  by 

a d d i t i o n a l  c o n c r e t e  b l o c k s .  

Waste D i s p o s a l  

Waste i s  s t o r e d  i n  two l e a d  r e c e p t a c l e s  i n  a  s m a l l  s t o r a g e  area.  A h i g h  
bay a rea  a l s o  c o n t a i n s  two waste  s t o r a g e  areas ( h i g h -  and l o w - a c t i v i t y  

was te ) ,  These a reas  a r e  p r o t e c t e d  by a d d i t i o n a l  s h i e l d i n g .  

F a c i  1 i t y  D e s c r i  p t  i on 

B u i  1  d i n g  

R a d i o a c t i v e  m a t e r i a l  i s  hand led  i n  t h e  main b u i l d i n g ,  w h i c h  has 10- in . -  
t h i c k  c o n c r e t e  e x t e r i o r  w a l l s .  The b u i l d i n g  i s  d i v i d e d  i n t o  s e v e r a l  a reas,  and 
some i n n e r  w a l l  s  i n c l u d e  an a d d i t i o n a l  8 in.. o f  c o n c r e t e  b l o c k s .  F l o o r s  a r e  
poured c o n c r e t e .  A warehouse a r e a  i s  used f o r  r e c e i v i n g  sh ipments  o f  b u l k  
i so topes  and r e p a c k a g i n g  t h e s e  m a t e r i a l s  f o r  d i  s t r i  b u t i o n .  



G.1.3 I n v e n t o r y  n 
Radi  o a c t  i ve Invenl:ory_ 

Possess ion  l i m i  t s  o f  r a d i o i s o t o p e s  a r e  l i s t e d  i n  T a b l e  G.1. Approx ima te l y  
1800 C i  o f  a c t i v i t y  a r e  p e r m i t t e d  under  t h e  l i c e n s e ;  however, d a i l y  i n v e n t o r i e s  
may range  between 350 and 500 C i .  An ad i t i  C i  may e  p r e s e n t  a s  gk '';; P'gI, and 39P as 1  a b e l e d  waste,  Most o f  t h e  a c t i v i t y  on hand i s  , 
r a d i o p h a r m a c e u t i c a l s  o r  r a d i o c h e m i c a l  compounds. 

6.2 AUTOMATION INDUSTRIES, INC., PHOENIXVILLE, PENNSYLVANIA 

Autornat ion  I n d u s t r i e s ,  Inc. ,  manu fac tu res  a  l i n e  o f  gamma r a d i o g r a p h y  
equ ipment  t h r o u g h  i t s  i n s t r u m e n t  d i v i s i o n .  These r a d i a t  d e t e c t '  n  
i n s t r u m e n t s  use b y - p r o d u c t  s e a l e d  sou rces  c o n s i s t i n g  of  i'81r and b8Co. The 
s e a l e d  sou rces  a r e  p roduced  on s i t e .  I n f o r m a t i o n  i n  t h i s  append ix  was 
deve loped  u s i n g  Autornat ion  I n d u s t r i e s ,  I n c .  r e p o r t s  (1966-1980).  

6.2.1 Process D e s c r i p t i o n  

I r i d i u m  i s  r e c e i v e d  i n  b u l k  q u a n t i t i e s  as e n c a p s u l a t e d  m e t a l  1 i c  p e l l e t s .  
I r i  d i  um-192 i s  d o u b l y  e n c a p s ~ b a t e d  and s e a l e d  u s i n g  he1 i a r c  we1 d i  ng  o r  
b r a z i n g .  B u l k  sh ipmen ts  o f  Co a r e  r e c e i v e d  e i t h e r  as s e a l e d  sou rces  and 
p l a c e d  d i r e c t l y  i n t o  i n s t r u m e n t s ,  o r  as unencapsu la ted  m e t a l l i c  p e l l e t s  i n  
approved c o n t a i n e r s .  The co a i  n e r s  a r e  s i m p l y  r e d i  s t r i  b u t e d  t o  cus tomers  w i t h  
no f u r t h e r  p r o c e s s i n g .  A l l  ghCo i s  s t o r e d  i n  t h e  h o t  c e l l .  

Waste Di sposa l  

A l l  was te  i s  packaged and s t o r e d  i n  a  l o c k e d  a r e a  b e f o r e  sh ipment  t o  a  
d i s p o s a l  f a c i l i t y .  L i q u i d  waste  w i t h  h i g h  c o n t a m i n a t i o n  l e v e l s  i s  s o l i d i f i e d  
b e f o r e  p a c k a g i n g  and d i s p o s a l  . 
6.2.2 F a c i  1  i t y  D e s c r i p t i o n  

B u i  1  d i n g s  

A l l  r a d i o i s o t o p e s  a r e  hand led  i n  a  s e p a r a t e  masonry b u i l d i n g  a t  t h e  
f a c i l i t y .  B u i l d i n g  d imens ions  a r e  54 f t  l o n g ,  38 f t  wide,  and 1 8  f t  h i g h .  The 
i n t e r i o r  i s  p a r t i t i o n e d  i n t o  areas f o r  t h e  h o t  c e l l ,  waste  s t o r a g e ,  u t i l i t y  and 
b o i  1 e r  room, s h i p p i n g  and r e c e i v i n g  a rea ,  o f f i c e s ,  1  a b o r a t o r y  change room, and 
d e c o n t a m i n a t i o n  area.  The h o t  c e l l  has w a l l s  o f  4 2 - i n . - t h i c k  c o n c r e t e  and a  
3 0 - i n . - t h i c k  r o o f .  I t  c o n t a i n s  a  72-by 60 - in .  s t a i n l e s s  s t e e l  work pan. The 
f l o o r  i s  a t  l e a s t  42 i n .  t h i c k .  E n t r a n c e  i s  t h r o u g h  a  7 - i n . - t h i c k  l e a d  and 
s t e e l  door .  O p e r a t i o n s  a r e  pe r fo rmed  u s i n g  m a s t e r - s l a v e  m a n i p u l a t o r s  and a r e  
v iewed t h r o u g h  a  4 2 - i  n . - t h i  ck  window. 



TABLE G.1. R a d i o i s o t o p e  Possess ion  L i m i t s  a t  Amersham F a c i l i t y  

El ement I s o t o p e  - L i c e n s e  L i m i t ,  C i  

Any b y - p r o d u c t  
m a t e r i  a1 , atorni c  
number 1 t o  83 

A c t i n i u m  22 'AC 1.0 x l o - z  

Arneri c i  urn 2 3 1 ~ m  5.0 x 10' 

Cal  i f o r n i  uln 2 4 2 ~ f  5.36 x 10" 

Carbon 14c 5.0 x 10' 

Ces i urn 13'cs 1.5 x 10 
2 .  

C u r i  urn 2 4 2 ~ m  2.0 x l o e 2 ;  
244cm 1.0 x l o 1  

Hydrogen 3~ 1.0 l o 3  

K r y p t o n  8 5 ~ r  5  x l o 1  

Neptun i  um %37Np 2.0 x l o - z  

p o l  o n i  urn 2 0 8 ~ o  1 x 

2 0 9 ~ 0  5  10-3 

2 1 0 ~ 0  5  

L i m i t ,  g 

P l  u t o n i  urn 
238pu 5  

2 3 9 ~ "  1 

240pu 2 x 10-1  

241pu 1 x 10-1  

242pu 1 x 10-1  

U r a n i  urn 233" 1 x 10-I 

2  3  5" 1 x 1 0 - 1  



Waste i s  s t o r e d  i n  an area w i t h  d imens ions about  11 by 9  by 8 f t  and has 
1 4 - i n . - t h i c k  c o n c r e t e  w a l l s .  

HVAC Systems 

A s e p a r a t e  v e n t i l a t i o n  system w i t h  two HEPA f i l t e r s  i n  s e r i e s  i s  p r o v i d e d  
f o r  t h e  c e l l .  An e l e c t r i c  h o i s t  and s e v e r a l  115 V and 220 V o u t l e t s  a r e  
l o c a t e d  i n s i d e  t h e  c e l l .  

I n v e n t o r y  - 

Radi o a c t i  ve I n v e n t o r y  

Possess ion b b m i t s  a re :  l g 2 1 r ,  27,000 C i  as m e t a l l i c  p e l l e t s ,  wa fe rs ,  o r  
s e a l e d  sources;  Co, 5,000 C i  as s e a l e d  sources (maximum 3,000 C i  p e r  s o u r c e )  
and 15,000 C i  as me ta l  l i c  p e l  l e t s  o r  wafers .  

G.3 M I C R O  DISPLAY SYSTEMS, INC., BEVERLY, MASSACHUSETTS 

M i  c r y  D i s p l a y  Systems d i s t r i b u t e s  LCD watches c o n t a i n i n g  s e a l e d  gaseous 
t r i t i u m  ( H) l i g h t  sources.  Possess ion l i m i t s  s t i p u l a t e  t h a t  no watch i s  t o  
c o n t a i n  more t h a n  200 mCi of  t r i t i u m .  The f i r m  a l s o  r e p a i r s  such watches. 
R e p a i r s  rnay be done i n  chemica l  fume hoods i f  t h e  r e p a i r s  r e q u i r e  rep lacemen t  
of  t h e  t r i t i u m  g l a s s  v i a l  l i g h t  source.  M i c r o  D i s p l a y  Systems r e p o r t s  (1980- 
1981) were used t o  deve lop  t h i s  i n f o r m a t i o n .  No f u r t h e r  i n f o r m a t i o n  was 
a v a i l a b l e .  

G.4 MINNESOTA MINING AND MANUFACTURING, NEW BRIGHTON, MINNESOTA 

M i  nnesota  M i  n i  ng  and M a n u f a c t u r i  ng  (3M) o p e r a t e s  a  sea led -sou rce  produc-  
t i o n  f a c i l i t y  on t h e  2,370-acre s i t e  o f  t h e  Twin C i t i e s  Army Ammunit'ion P l a n t  
(TCAAP) n o r t h  o f  P l i nneapo l i s  and St .  Pau l ,  rvlinnesota. The f a c i l i t y  c o n s i s t s  of  
f o u r  p r i m a r y  b u i l d i n g s  (573, 575, 590, and 675) and an emergency power f a c i l -  
i ty .  The range o f  p r o d u c t s  produced i s  e x t e n s i  ve, b u t  c o n s i s t s  p r i ~ p - : l y ~ 8 , f ~  

caps r c e s l ~ g d  r a d i  oph maceut i  c a l  p r o d u c t s  u s i n g  
, Yb, and I .  B u l k  raw i s o t o p e s  a r e  purcLased ' 

f rom vendors,  b r o u g h t  t o  t h e  3M s i t e ,  and repackaged as s e a l e d  sou rces  
d i r e c t l y .  They can be f i r s t  c o n v e r t e d  t o  a n o t h e r  form such as m ic rospheres  and 
t h e n  be packaged and d i s t r i b u t e d .  The f a c i l i t y  i s  under  t h e  ausp ices  o f  3M's 
S t a t i c  C o n t r o l  Systems Department.  I n f o r m a t i o n  on t h e  3M sea led -sou rce  p l a n t  
was deve loped u s i n g  a r e p o r t  by M inneso ta  M i n i n g  and M a n u f a c t u r i n g  (1981) .  

Process D e s c r i  p t i  on 

O p e r a t i  on 

575 B u i l d i n g .  T h i s  b u i l d i n g  i s  shown i n  F i g u r e  G.1. I s o t o p e s  hand led 
r e g u l a r l y  i n c l u d e  8 5 ~ r ,  6 0 ~ o ,  gOsr ,  1 3 7 ~ ~ ,  2 1 0 ~ o ,  and 147~m. K r y p t o n  gas i s  
r e c e i v e d  f r o m  an o u t s i d e  vendor and used i n  t h e  n o r t h  w ing  t o  produce s e a l e d  
sources.  C o b a l t ,  s t r o n t i u m ,  and ces ium a r e  processed i n t o  m ic rospheres  and 
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FIGURE G.1. 575 B u i l d i n g  a t  t h e  3M S i t e  

i n c o r p o r a t e d  i n t o  a  v a r i e t y  of  sou rces  i n  modules i n  t h e  n o r t h  wing.  Po lon ium 
i s  pyrochemi c a l  l y  e x t r a c t e d  f r o m  n e u t r o n - a c t i  v a t e d  b i  smuth s l u g s  and 1  a t e r  
e l e c t r o p l a t e d  o n t o  p l  a t i  num gauzes and c o n v e r t e d  t o  mi c r o s p h e r e  form. 
Promethium i s  r e c e i v e d  a t  t h e  b u i l d i n g  and c o n v e r t e d  t o  m ic rospheres ,  t h e n  
t r a n s f e r r e d  t o  t h e . 6 7 5  b u i l d i n g  f o r . i n c o r p o r a t i o n  i n t o  sources.  Opera t i ons  
u s i n g  t h e s e  l a t t e r  i s o t o p e s  a r e  conducted i n  t h e  s o u t h  w i n g  o f  575. 

K ryp ton -85  sou rce  p r o d u c t i o n  r e q u i r e s  s e v e r a l  s t e p s  conducted Qng i n d l -  
v i d u a l  modules i n  t h i s  b u i l d i n g .  I n  module 116, 100 C i  of gaseous e n t e r s  

t h e  p r o d u c t i o n  p rocess  and i s  t r a n s f e r r e d  t o  i n d i v i d u a l  sources u s i v g  a n i t r o -  
gen c o l d  t r a p  and a s s o c i a t e d  vacuum pump system. Each sou rce  c o n t a i n s  a  1.5 C i  



maximum. The i n d i v i d u a l  m e t a l l i c  t u b e  sources a r e  sea led  w i t h  an LPG t o r c h .  
Three c y l i n d e r s  o f  LPG gas may be p r e s e n t  i n  t h e  p r o d u c t i o n  module. A l l  work 
i s  conducted i n  n e t a l  and P l e x i g l a s "  fume hoods. The f i n i s h e d  sources a r e  
t r a n s f e r r e d  t o  ozher  modules f o r  q u a l i t y  c o n t r o l  checks and s t o  ge b e f o r e  
packag ing  and shipp&g. u g d u l e  102 ' used f o r  s t o r a g e  o f  t h e  "Kr sources,  as 
w e l l  as s t o r a g e  o f  Sr,  and 13'Cs sources.  Up t o  100 C i  o f  each i s o t o p e  
may be p r e s e n t ,  excepE0137Cs wh ich  may have a  t o t a l  a c t i v i t y  o f  500 ~i . AI 1  
sou rces  a r e  s t o r e d  i n  a  s t e e l  and l e a d  safe .  Q u a l i t y  c o n t r o l  i s  pe r fo rmed  on 
t h e  s e a l e d  sources i n  a  remote -s laved  c o n c r e t e  f o r t .  

F o r  9 0 ~ r  s e a l e d  sou rce  p r o d u c t i  on, t h e  b u l k  i so tope  ( d o u b l e  encapsu l  a t e d )  
i s  r e c e i v e d  f r o m  vendors and t r a n s f e r r e d  t o  a  h o t  c e l l ,  module 112. It i s  
opened t h e r e ,  p l a c e d  i n  s o l u t i o n ,  t h e n  i n c o r p o r a t e d  i n t o  ce ramic  m i c r o -  
spheres.  The m ic rospheres  a r e  p l a c e d  i n  b r a s s  c y l i n d e r s  and t r a n s f e r r e d  t o  
module 110 f o r  t empora ry  s t o r a g e  i n  s t e e l  sa fes .  t o  1,000 C i  a r e  processed 
i n  t h i s  manner. Up t o  500 C i  of l i q u i d  and s o l i d  S r  waste  may be h e l d  i n  t h e  
h o t  c e l l  b e f o r e  removal and d i  sposa l  . 

P e r i  o d i  c a l  l y  , 1 - C i  samples of f i n i  shed p r o d u c t  a r e  t r a n s f e r r e d  t o  module 
111 f o r  assay i n  a  P l e x i g l a s "  fume hood. The rn ic rospheres  a r e  t r a n s f e r r e d  t o  
module 105 f o r  l o a d i n g  t o  i n n e r  capsu les ,  s e a l i n g  w i t h  a  t u n g s t e n  welder ,  and 
b r a z i n g  w i t h  a  propane t o r c h .  Then t h e y  a r e  moved t o  module 106 f o r  f i n a l  
s e a l e d  sou rce  e n c a p s u l a t i o n  and b r a z i n g  w i t h  an ace ty lene -oxygen  t o r c h .  
S h i e l d e d  remote -s laved  e n c l o s u r e s  a r e  used f o r  a1 1  p r o d u c t i o n  s t e p s  d u r i n g  t h i s  
s tage.  A d d i t i o n a l  f i n a l  sou rce  p r o d u c t i o n  i s  conducted i n  module 114. 

S i m i l  p r o d u c t i o n  s t e p s  f o r  t h e  manu fac tu re  o f  d i f f e r e n t  v a r i e t i e s  o f  
1 3 7 ~ s  and g6Co sources  a r e  conducted i n  n o r t h  w ing  modules 109, 113, 103, 104, 
115, 117, and 118. F i n a l  p r o d u c t s  a r e  s t o r e d  i n  module 101. A l l  t h e  sou rces  
a r e  hand led  i n  e i t h e r  s l a v e d  f o r t s  o r  P l e x i g l a s @  and s t e e l  fume hoods. 

Promethium-147 s e a l e d  sou rce  p r o d u c t i o n  occu rs  i n  s o u t h  w ing  module 118 
The c a p s u l e  c o n t a i n i n g  t h e  b u l k  i s o t o p e s  i s  opened i n  a  g l o v e  box and t h e  ' ~ m  
i s  d i s s o l v e d  and i n c o r p o r a t e d  i n t o  ce ramic  m ic rospheres .  The m ic rospheres  a r e  
packaged i n  Department o f  T r a n s p o r t a t i o n  (DOT) -approved c o n t a i  n e r s  and 
t r a n s f e r r e d  t o  B u i l d i n g  675 f o r  f u r t h e r  p r o c e s s i n g .  P e r i o d i c a l l y ,  1 - C i  samples 
a r e  t a k e n  t o  module 113 f o r  d i l u t i o n  and assay. 

Polonium-210 i s  a l s o  p rocessed  i n t o  m i c r o s p h e r e  f o r m  b e f o r e  s o u r c e  
f a b r i c a t i o n .  A l l  h a n d l i n g  o f  t h e  i s o t o p e  occu rs  i n  t h e  A lpha Module Complex, 
wh ich  c o n s i s t s  of modules 109, 110, 111, and 112 i n  t h e  s o u t h  wing.  These 
areas a r e  seg rega ted  f r o m  t h e  r e s t  o f  t h e  b u i l d i n g  process areas.  Polonium-210 
i s  e x t r a c t e d  f r o m  n e u t r o n - a c t i v a t e d  b i smuth  s l u g s  i n  modu$pol12. T h i s  p rocess  
i n v o l  ves c l e a n i n g  t h e  i r r a d i  a t e d  capsu les  c o n t a i n i n g  t h e  Po u s i n g  s o l  vent ,  
t h e n  removing and e l e c t r i c a l l y  m e l t i n g  t h e  me ta l  i s o t o p e  i n  c o n t a c t  w i t h  4 
sod i  urn h y d r o x i d e  s o l u t i o n .  The sodium h y d r o x i d e  s o l u t i o n  c o n t a i n i n g  t h e  ''PO 

i s  n e u t r a l i z e d  w i t h  n i t r i c  a c i d  and t h e  po lon ium i s  c a r r i e r - p r e c i p i t a t e d  f r o m  
s o l u t i o n  u s i n g  po tass ium manganate and manganous n i t r a t e .  The p r e c i p i t a t e  i s  

- 

@ P l e x i g l a s  i s  a  t rademark  o f  Rohn and Haas, P h i l a d e l p h i a ,  PA 19105 
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d i s s o l v e d  i n  a  n i t r i c  a c i d  and hydrogen p e r o x i d e  s o l u t i o n  and t h e  2 1 0 ~ o  i s  
s u b s e q u e n t l y  e l e c t r o p l a t e d  o n t o  p l a t i n u m  gauzes. O p e r a t i o n s  a r e  conduc ted  i n  a  
s e r i e s  o f  s h i e l d e d  s t e e l  and P l  e x i  g l  as@ enc losu res .  The gauzes a r e  t r a n s f e r r e d  
t o  module 109 where a  h y d r o c h l o r i c  a c i d  and ammonium h y d r o x i d e  s o l u t i o n  i s  used 
t o  produce m ic rospheres ,  w h i c h  a r e  subsequen t l y  h e a t  t r e a t e d  and n i c k e l  p l a t e d  
u s i n g  a  p l a t i n g  s o l u t i o n  o f  n i t r i c  a c i d ,  s tannous c h l o r i d e ,  and p a l l a d i a m  
c h l o r i d e .  The f i  n i  shed mi c rospheres  a r e  packaged i n  approved s h i  p p i  ng  con- 
t a i n e r s  and t r a n s f e r r e d  t o  t h e  675 b u i l d i n g  f o r  i n c o r p o r a t i o n  i n t o  p r o d u c t s .  
The above s t e p s  a r e  conduc ted  i n  a  sequence o f  P l e x i g l a s @ ,  s t e e l ,  and p lywood 
g l o v e  boxes and fume hoods. 

590 B u i l d i n g .  R a d i o n u c l i d e s  a r e  d e l i v e r e d  a t  t h e  590 b u i l d i n g  r e c e i v i n g  
dock and t r a n s f e r r e d  t o  a  m i c r o s p h e r e  p r o d u c t i o n  a r e a  t o  produce c a r b o n i z e d  
mi r cospheres .  These m i  c rospheres  a r e  p l a c e d  i n  g l a s s  v i a l s  and checked f o r  
q u a l i t y  c o n t r o l  b e f o r e  b e i n g  packaged i n  s h i e l d e d  c o n t a i n e r s  and s h i p p e d  t o  
cus tomers .  A l l  m a t e r i a l s  a r e  hand led  i n  fume hoods o r  s h i e l d e d  c o n t a i n m e n t  
areas.  V a r i o u s  i s o t o p e s  a r e  hand led  i n  t h i s  manner and a r e  1  i s t e d  i n  t h e  
s e c t i o n  on r a d i o a c t i  ve i n v e n t o r y .  

675 Bu i  1  d i n g .  Th i  s  b u i  1  d i n g  c o n t a i  a  warehouse, s h i  p p i  n g  and r e c e i v i n g  
area,  o f f i c e s ,  and p r o d u c t i o n  areas f o r  afoPo s t a t i c  e l  i m i n a t i o n  d e v i c e s ,  
r a d i  01 umi nous p r o d u c t s ,  and n u c l e a r  med ica l  sources.  A ~ o n r a d i  o a c t i  ve p r o c e s s  
a l s o  t a k e s  p l a c e  h e r e :  p l a s t i c  c y l i n d e r s  a r e  d i p p e d  i n  a  s o l u t i o n  o f  
t e t r a h y d r a f u r o n  and cyc lohexanon.  T h i s  work a rea  i s  a d j a c e n t  t o  t h e  1 4 7 ~ m  
p r o c e s s i n g  area.  Fume hoods a r e  used t o  exhaus t  vapors  f r o m  t h r e e  55-gal  s t e e l  
drums t h a t  compr i se  t h e  h o l d i n g  t a n k s .  

Po lon ium-210 m ic rospheres  a r e  t r a n s f e r r e d  by t r u c k  f r o m  t h e  575 b u i l d i n g  
t o  t h e  675 b u i l d i n g .  These m i c r o s p h e r e s  a r e  i n c o r p o r a t e d  i n t o  s t a t i c  
e l i m i n a t i o n  d e v i c e s .  A1 1  work i s  conduc ted  i n  s t e e l  and P l e x i g l a s @  g l o v e  boxes 
and t h e  f i n a l  p r o d u c t  i s  d r i e d  e l 5 t 6 r i c a l  l y  i n  a  fume hood w i t h  a  p lywood 
base. The m a t e r i a l  i n  wh ich  t h e  Po m ic rospheres  a r e  imbedded i s  
p r o p r i e t a r y .  Other  m ic rospheres  a r e  s i l k - s c r e e n e d  o n t o  a luminum s t r i p s  and 
f i x e d  w i t h  epoxy r e s i n  b e f o r e  i n c o r p o r a t i o n  i n t o  s t a t i c  e l i m i n a t i o n  d e v i c e s .  

Y t t e r b i u n - 1 6 9  i s  p rocessed  i n  two  areas.  Y t t e r b i u m  c h e l a t e  i n  l i q u i d  f o r m  
i s  d i spensed  t o  v i a l s  i n  fume hoods i n  t h e  c h e l a t e  l o a d i n g  room. The v i a l s  a r e  
a u t o c l a v e d  and packaged i n t o  l e a d  p i g s  f o r  sh ipment .  The c h e l a t e  i t s e l f  i s  
p roduced  inlQ$e c h e l a t e  p r o d u c t i o n  room i n  a  l e a d - s h i e l d e d  f o r t  i n s i d e  a  fume 
hood. The Yb i s  purchased i n  l i q u i d  f o r m  f rom a  vendor ,  a r r i v e s  a t  t h e  
590 b u i l d i n g  and i s  t r a n s f e r r e d  t o  675 b u i l d i n g  a f t e r  q u a l i t y  c o n t r o l  checks. 

Promethium-147 m i c r o s p h e r e s  manu fac tu red  i n  t h e  575 b u i l d i n g  a r e  t r a n s -  
f e r r e d  i n  DOT-approved packages t o  t h e  675 b u i l d i n g  by t r u c k .  The m i c r o s p h e r e s  
a r e  mi xed w i t h  phosphorous and b i n d i n g  agen ts  t o  p roduce  a  r a d i o l u m i n o u s  
p igment ,  w h i c h  i s  a p p l i e d  t o  a  number of  p r o d u c t s .  These i n c l u d e  wa tch  d i a l s ,  
compass faces ,  g l a s s  tubes ,  e t c .  The g l a s s  t u b e s a a r e  s e a l e d  w i t h  a  m i n i a t u r e  
a c e t y l  ene-oxygen t o r c h .  Acetone, i s o p r o p y l  a1 coho1 , t r i  c h l  o r o e t h y l  ene, and 
l a c q u e r  t h i n n e r  a r e  s t o r e d  i n  t h i s  a r e a  i n  s a f e t y  cans.  



I o d i n e - 1 2 5  i n  l i q u i d  fo rm i s  absorbed o n t o  i o n  exchange r e s i n s ,  t h e  r e s i n  
beads l o a d e d  i n t o  t i t a n i u m  cans and t h e  cans tungsten-welded.  A l l  o p e r a t i o n s  
a r e  conducted i n  s t e e l  g l o v e  boxes. A f t e r  i n s p e c t i o n  and l e a k  t e s t i n g ,  t h e  
cans a r e  a u t o c l a v e d ,  l e a k  t e s t e d  aga in ,  packaged and sh ipped.  

Waste D i s p o s a l  

S o l i d  waste  c o l l e c t i o n ,  compact ion ,  p r e p a r a t i o n ,  and s t o r a g e  b e f o r e  
o f  f s i  t e  d i s p o s a l  i s  conducted i n  573 b u i  1  d ing .  R a d i o a c t i v e  waste  i s  c o l l  e c t e d  
f r o m  a  v a r i e t y  o f  p rocess  s t e p s  w i t h i n  t h e  3M s i t e .  The b u i l d i n g  i s  d i v i d e d  
i n t o  c o n c r e t e - w a l l e d  modules f o r  s t o r a g e .  A l l  waste  i s  s t o r e d  i n  DOT-approved 
s h i p p i n g  c o n t a i n e r s .  T h i s  waste  g e n e r a l l y  i n c l u d e s  d i s c a r d e d  m ic rospheres ,  
g lassware,  f i l t e r s ,  p l a s t i c  c o n t a i n e r s ,  and s o l i d i f i e d  l i q u i d  waste. Waste 
f rom t h e  i n d i v i d u a l  p rocesses i s  packaged a t  t h e  work s i t e  and t h e n  t r a n s f e r r e d  
t o  t h e  573 b u i l d i n g .  

G.4.2 F a c i l i t y  D e s c r i p t i o n  

Bui l d i n g s  

The 573 b u i l d i n g  i s  des igned  w i t h  a  number o f  modules, w h i c h  a r e  separa ted  
by r e i n f o r c e d  c o n c r e t e  w a l l s .  One end o f  t h e  b u i l d i n g  has plywood w a l l s  w i t h  a  
wood- tar  r o o f .  The o t h e r  end has wood-framed w a l l s  w i t h  s t e e l  s i d i n g  and a  
r o o f  w i t h  f i b e r g l a s s  s k y l i g h t s .  The f l o o r  i s  a  c o n c r e t e  pad. The b u i l d i n g  
c o n t a i n s  a  waste compactor ,  f o r k  l i f t ,  and o t h e r  m a t e r i a l s  f o r  h a n d l i n g  
r a d i o a c t i v e  waste.  

Pr i rnary p r o d u c t i o n  o p e r a t i o n s  occu r  i n  t h e  575  b u i l d i n g .  O t h e r  f a c i l i t i e s  
i n c l u d e  o f f i c e s ,  s h i p p i n g  and r e c e i v i n g ,  qua1 i t y  c o n t r o l ,  and employee f a c i  1  i - 
t i e s .  P r o d u c t i o n  areas a r e  d i  v i d e d  i n t o  modules c o n s t r u c t e d  o f  r e i n f o r c e d  
c o n c r e t e  on a  c o n c r e t e  pad. Each module i s  a p p r o x i m a t e l y  7  by 14 f t  w i t h  a  
wood-framed o u t s i d e  w a l l  and wood- tar  r o o f .  Modules i n  t h e  n o r t h  w i n g  o f  t h e  
b u i  1  d i n g  h a n d l e  b e t a -  and gamma-emi t t i  ng' r a d i o n u c l  i d e s ;  modules i n  t h e  s o u t h  
w i n g  h a n d l e  b e t a -  and a l p h a - e m i t t i n g  i s o t o p e s .  Each w i n g  c o n t a i n s  20 modules. 

The 590 b u i l d i n g  houses o f f i c e s ,  l o c k e r  areas,  warehous ing o p e r a t i o n s ,  
m a n u f a c t u r i n g  o f  n o n r a d i o a c t i v e  p r o p e r t y ,  and p r o d u c t i o n  and q u a l i t y  c o n t r o l  o f  
n u c l e a r  med ica l  p r o d u c t s .  The b u i l d i n g  i s  wood frame c o n s t r u c t i o n  w i t h  a  t a r  
r o o f .  

The 675 b u i l d i n g  houses o f f i c e s ,  warehouse space, s h i p p i n g  and r e c e i v i n g  
areas,  and p r o d u c t i o n  areas f o r  s t a t i c  c o n t r o l  d e v i c e s ,  n u c l e a r  med ica l  p r o -  
d u c t s  and n o n r a d i o a c t i v e  pharmaceu t i ca l  s. The b u i  l d i n g  i s  c o n s t r u c t e d  o f  
r e i n f o r c e d  c o n c r e t e  p i l l a r s  s u p p o r t i n g  a  c o n c r e t e  r o o f  o v e r  a  c o n c r e t e  s l a b .  
O u t s i d e  and i n t e r i o r  w a l l s  a r e  of d r y - w a l l  c o n s t r u c t i o n .  

HVAC Svstems 

I n  573 b u i l d i n g ,  o n l y  t h e  compactor  module i s  heated,  w i t h  an LPG space 
h e a t e r .  No w a t e r  o r  sewer s e r v i c e  i s  p r o v i d e d .  



O t h e r  b u i l d i n g s  (575, 590, and 675) a r e  s t e  m  heated f r o m  t h e  f a c i l i t  9 @ c e n t r a l  b o i l e r .  H i g h - p r e s s u r e  steam (190 l b / i n .  ) i s  reduced t o  15 1 b I i n . l  a t  
s t a t i o n s  i n  each w i n g  b e f o r e  c i r c u l a t i o n  t o  t h e  b u i l d i n g .  

An emergency d i e s e l  g e n e r a t o r  and 265-gal  d i e s e l  f u e l  s t o r a g e  t a n k  a r e  
l o c a t e d  n e x t  t o  t h e  s o u t h  w ing  o f  575 b u i l d i n g  shown i n  F i g u r e  G.1. The 
g e n e r a t o r  i s  used t o  p r o v i d e  e l e c t r i c i t y  i n  even t  o f  power f a i l u r e .  

A1 1  areas where r a d i o a c t i v e  i s o t o p e s  a r e  hand led have systems t h a t  i n c l u d e  
a  c i r c u l a t i o n  fan ,  f i l t e r  u n i t s ,  and ductwork .  A i r  i n t a k e s  a r e  p r o v i d e d  a t  two  
p o i n t s  i n  t h e  575 b u i l d i n g  w i t h  exhaus t  a i r  e x i t i n g  t h r o u g h  fume hoods o r  
exhaus t  d u c t s  and d i s c h a r g e d  v i a  r o o f  s t a c k s .  Areas where s e a l e d  sources a r e  
hand led  g e n e r a l l y  do n o t  have f i l t e r  systems. Where f i l t e r s  a r e  used, t h e y  a r e  
u s u a l l y  banks o f  U l t r a - A i r e @  wh ich  a r e  99.97% e f f e c t i v e  f o r  0.3-pm-diameter 
p a r t i c l e s .  I n  t h e  590 b u i l d i n g ,  a l l  con ta inmen t  systems ( g l o v e  boxes)  a r e  
p r o v i d e d  w i t h  f i l t e r s  ( t y p e  n o t  i d e n t i f i e d ) .  S tandard  ductwork  ca r r i es l$ghaus t  
a i r  t o  a  r o o f  s tack .  I n  t h e  675 b u i l d i n g ,  con ta inmen ts  f o r  p t 9 c e s s i n g  I a r e  
f i l t e r e d  u s i n g  a  s e r i e s  o f  a c t i v a t e d  c h a r c o a l  f i l t e r s .  I $ $  Pm 418as a r e  
f i l t e r e d  by a  s e r i e s  o f  U l t r a - A i r e "  f i l t e r s ,  as a r e  t h e  Yb and Po 
p r o d u c t i o n  areas.  A i r  i n t a k e  t o  t h e  b u i l d i n g  i s  p r o v i d e d  by two i n f l o w  p o i n t s  
w h i l e  exhaus t  a i r  i s  removed v i a  ductwork  and a  roof -mounted exhaus t  s tack .  I n  
t h e  573 b u i l d i n g ,  t h e  waste  compactor  room i s  t h e  o n l y  one p r o v i d e d  w i t h  
f i l t r a t i o n  (99.97% e f f e c t i v e  f o r  3-pm p a r t i c l e s )  and v e n t i l a t i o n .  

I Eng ineered  S a f e t y  Systems 

V e n t i l a t i o n  a larms,  t e m p e r a t u r e  c o n t r o l  a la rms,  f i r e  a larms,  l i g h t n i n g  
p r o t e c t i o n ,  s p r i n k l e r  systems, and f i r e  e x t i n g u i s h e r s  a r e  p r o v i d e d  t h r o u g h o u t  
t h e  3M f a c i l i t y .  I s o t o p e  h a n d l i n g  modules a r e  separa ted  by r e i n f o r c e d  c o n c r e t e  
w a l l s .  An o n s i t e  f i r e  depar tment  i s  m a i n t a i n e d  f o r  t h e  e n t i  r e  army f a c i l i t y  
s i t e .  

S u r r o u n d i  ng  Area 

The e n t i r e  TCAAP s i t e  i s  a  r e s t r i c t e d  a rea  o f  2,370 a c r e s  w i t h  i t s  own 
road  system and r a i l w a y  s p u r  l i n e ,  wh ich  i s  o n l y  used o c c a s i o n a l l y .  M e d i c a l  
and f i r e  f i g h t i n g  f a c i l i t i e s  a r e  p r o v i d e d ,  and a  common sewer s e r v i c e  and 
c e n t r a l  h e a t i n g  a r e  p r o v i d e d  f o r  t h e  e n t i r e  s i t e .  The area o u t s i d e  t h e  TCAAP 
s i t e  i s  p r i m a r i l y  r e s i d e n t i a l  w i t h  some l i g h t  i n d u s t r y .  

P o t e n t i  a1 l y  hazardous o p e r a t i o n s  found  a t  f a c i  1  i t i e s  o t h e r  t h a n  3M w i t h i n  
t h e  TCAAP s i t e  i n c l u d e  sma l l  arms ammuni t ion  and gun powder, and e x p l o s i v e  
d e t o n a t o r  s t o r a g e .  These o p e r a t i o n s  a r e  seg rega ted  f r o m  t h e  3M sea led -sou rce  
o p e r a t i o n .  

@ U l t r a - A i  r e  i s  a  t rademark  o f  t h e  Mine S a f e t y  A p p l i a n c e s  Co., P i t t s b u r g h ,  
Pennsyl  v a n i  a  

G.9 



G.4.3 I n v e n t o r y  

Radi  o a c t i  ve I n v e n t o r y  

L i c e n s e  l i m i t s  o f  i s o t o p e s  a t  3M a r e  l i s t e d  i n  T a b l e  G.2. I n v e n t o r i e s  i n  
t h e  v a r i o u s  b u i l d i n g s  a r e  l i s t e d  i n  T a b l e  6.3 f o r  t h e  575 b u i l d i n g ;  T a b l e  G.4 
f o r  t h e  590 b u i l d i n g  and T a b l e  G.5 f o r  t h e  675 b u i l d i n g .  A l i s t  o f  t h e  maximum 
i n v e n t o r y  o f  i s o t o p e s  i n  DOT-approved c o n t a i n e r s  a w a i t i n g  shipment i n  t h e  was te  
s t o r a g e  b u i l d i n g ,  575, i s  g i v e n  i n  T a b l e  G.6. 

Hazardous and combust i  b l  e  I n v e n t o r y  

T a b l e  6.7 l i s t s  t h e  hazardous and c o m b u s t i b l e  m a t e r i a l s  a t  3M. I n  
a d d i t i o n  t o  t h e  l i s t e d  m a t e r i a l s ,  s e v e r a l  f u e l  s t o r a g e  t a n k s  a r e  p r e s e n t  on t h e  
3M s i t e .  These i n c l u d e :  

o 500-ga l  p ropane t a n k  a d j a c e n t  t o  573 b u i l d i n g  (was te  s t o r a g e )  
600-ga l  aboveground g a s o l i n e  t a n k  l o c a t e d  100 f t  f r o m  573 b u i l d i n g  

e 265-gal  d i e s e l  f u e l  s t o r a g e  i n  t h e  emergency power b u i l d i n g  
o 500-ga l  p ropane s t o r a g e  150 f t  f r o m  590 b u i l d i n g  ( s t a t i c  d i v i s i o n ) .  

G.5 MONSANTO RESEARCH CORPORATION, DAYTON, OHIO 

Monsanto Research C o r p o r a t i o n  (MRC)  o p e r a t e s  a  sea led -sou rce  p r o d u c t i o n  
f a c i l i t y  i n  Dayton,  Ohio,  under  t h e  c o n t r o l  o f  i t s  Eng ineered  P r o d u c t s  
Depar tment  ( E P D )  . T h i s  f a c i  1 i t y  manu fac tu res ,  t e s t s ,  and d i s t r i b u t e s  neu t ron ,  
be ta ,  and gamma sources  u s i n g  a  v a r i e t y  o f  i s o t o p e s .  I t  a l s o  f a b r i c a t e s  DOT- 
approved i s o t o p e  s h i p p i n g  c o n t a i n e r s .  The Dayton l a b  occup ies  a  20 -ac re  s i t e  

TABLE G . 2 .  L i c e n s e  L i m i t s  o f  I s o t o p e s  a t  3M 

Element  I s o t o p e  I n v e n t o r y ,  C i  

Arneri c i  um 2 4 1 ~ m  0.1 (any f o r m ) ,  5  ( s e a l e d  s o u r c e )  

B i s m u t h  
21OBi 200 

Cesi  um 1 3 7 ~ s  8,000 

C o b a l t  6 0 ~  200 

Hydrogen 3~ 1000 

I o d i n e  
12SI 100 

K r y p t o n  8 5 ~  r 1500 

Po l  o n i  um 2 1 0 ~ o  4000 

Promethium 1 4 7 ~ m  3500 

S t r o n t i  urn 9 U ~ r  3000 

Y t t e r b i u m  16'y b 100 

B y - p r o d u c t  
i so topes  atomi c 
number 3  t o  83 

10 each, 100 t o t a l  



TABLE G.3. T y p i c a l  R a d i o a c t i v e  I n v e n t o r y  i n  575  B u i l d i n g  Modules 

i n v e n t o r y ,  
E l e ~ n e n t  I s o t o p e  

. -. 
Form L o c a t i o n  C 1  

Cesium '"CS Sea led  Capsu les  112, h o t  c e l l  3000 

M i c r o s p h e r e s  

L i q u i d  

H i c r o s p h e r e s  o r  l i q u i d  

M i c r o s p h e r e s  

M i c r o s p h e r e s  

I n n e r  sou rce  

Sea led  s o u r c e  

Sea led  s o u r c e  

Mi c r o s p h e r e s  

I n n e r  s o u r c e  

Sea led  s o u r c e  

M i c r o s p h e r e s  

l n n e r  sou rces  

Sea led  sou rce  

H i c r o s p h e r e s  

1 n n e r  sou rces  

Sea led  s o u r c e s  

Sea l e d  sou rces  

Sea led  sou rces  

C o b a l t  6 U ~ o  Sed led  c a p s u l e s  

i 4 l c r o s p h e r e s  

L l q l l l d  

L i q u i d  o r  in1 c r o s p h e r e s  

Y i c r o s p h e r e s  

i4l c r o s p h e r ? ~  

l nner  s o u r l e s  

Sea led  s o u r c ? s  

Sea led  sosJrces 

i41crOSph?r?s 

i n n e r  sou rces  

Sea led  sou rces  

Sea lea  sou rces  

K r p t o ~  d 5 ~ r  Gas /s?d led  s o u r c e s  

Sea lpd  sou rces  

Sedlea sou rces  

P r o ~ s e t n ~ ~ ~ n  "'9m S e d l c d  c d ~ s u l e  

i l i c r o s p h e r e  

L i q u i d  (100  o n 3 )  

L i q u i d  o r  ~ n i c r o s p h e r e  

P o i l n i  ~ r n  21')?0 Sea 1 4 ? c 1  s o u r c e s  

L i q u i d  : W L )  

L i q u i d  

M i c r o s p h e r e s  

~ t r o n t l , j n  " " ~ r  Seal  ?a c d p s u l e s  

i 4 i c r o s p h e r e s  

L l q u i d .  ( 1 0 0  c1n3) 

L i q u i d  o r  ~ n i c r o s p h e r e  

H i c r o s p h e r e s  

H i c r o s p h e r e s  o r  
s e d l e d  s o u r c e  

Sea led  For j rce 

Seal  e d  sol r rcp 

111, assay 

110, s t o r a g e  

105, sou rce  p r o d u c t i o n  

106, s o u r c e  p r o d u c t i o n  

114, sou rce  p r o d u c t i o n  

109, sou rce  p r o d u c t i o n  

113, sou rce  p r o d u c t i o n  

103, sou rce  p r o d u c t i o n  

104, sou rce  p r o d u c t i o n  

117, s o u r c e  p r o d u c t i o n  

113, s o u r c e  p r o d u c t i o n  

101, s t o r a g e  

Q u a l i t y  c o n t r o l  

112,  h o t  c e l l  

111, assay 

1!0, s t o r a g e  

105, sou rce  p r o d u c t i o n  

105, sou rce  p r o d u c t i o n  

114, sou rce  p r o d u c t i o n  

109, s o u r c e  p r o d u c t 1  on 

113, s o u r c e  p r o d u c t i o n  

q u a l i t y  C o n t r o l  

116, p r o d u c t i o n  

1112, s t o r d y e  

Q u a l  i c y  C o n t r o l  

114, m i c r o s p h e r e  

u r o d u c t  i on 

113, assay  . 

112, e x t r a c t i o n  

X i c r o s p h e r e  p r o d u c t i o n  

M i c r o s p h e r e  p r o d u c t  I on 

112. ~ o t  c e l l  

111, assay  

110, s t o r a g e  

1117, sou rce  p r o d u c t i o n  

1116, s o u r c e  t e s t 1  ng 

l U 1 ,  sou rce  t e s t l n y  



TABLE G.4. Maximum Amounts o f  N u c l e a r  Med ica l  I s o t o p e s  
P resen t  i n  590 B u i l d i n g  a t  3M 

I n v e n t o r y ,  
Element I s o t o p e  Form L o c a t  i on C i 

C e r i  um 14'ce M i  c rospheres  NW Corne r  0.4 

Chromi um 5 1 ~ r  M i  c rospheres  NW Corne r  0.4 

C o b a l t  6 0 ~ o  Sea led sources Sh i  p p i  n g l r e c e i  v i  ng  10 

Cesi  um 1 3 7 ~ s  Sea led sou rces  Sh i  p p i  n g l r e c e i  v i  ng  40 

I o d i n e  1251 Sea led sou rce  Shi  p p i  n g l r e c e i  v i  ng  1 

M i  c rospheres  NW Corner  0.2 

K r y p t o n  8 5 ~ r  Sealed sou rce  Sh i  p p i  n g l r e c e i  v i  ng  10 

Ni  o b i  urn 9 5 ~ b  M i c r o s ~ h e c e s  NW Corne r  0.1 

Po l  o n i  um 2 1 0 ~ o  Sea led sources Sh i  p p i  n g l r e c e i  v i  ng  15 

Prometh i  urn 1 4 7 ~ m  Sealed Sources Sh i  p p i  n g l r e c e i  v i  ng  10 

Scandi um 4 6 ~ c  M i  c rospheres  NW Corner  0.3 

S t r o n t i  um 8 5 ~ e  M ic rospheres  NW Corne r  0.3 

'OS r Sealed sources Shi  p p i  n g l r e c e i  v i  ng  1 

Y t t e r b i  um l b 9 y b  M i  c r o s p h e r e  NW Corne r  0.05 

TABLE G.5. Maximum Amounts o f  I s o t o p e s  P r e s e n t  i n  Processes 
i n  B u i l d i n g  675 a t  3M 

I n v e n t o r y ,  
E l  ement I s o t o p e  Form L o c a t i  on C i 

I o d i n e  1251 KOH s o l u t i o n  P r o d u c t i o n  room 5 
I o n  exchange r e s i n s  P r o d u c t i o n  room 5 
Sea led sou rce  P roduc t  i on room 5 

Po l  o n i  um 2 1 0 ~ o  M i  c r o s p h e r e s  S t a t i c  e l i m i n a t i o n  room 16 0 
F i  n i  shed p r o d u c t s  S t a t i c  e l i m i n a t i o n  room 160 

Prometh i  um 1 4 7 ~ m  M i  c rospheres  Radi  01 umi nous p r o d u c t i o n  500 
a r e a  

P r o d u c t s  Radi 01 umi nous p r o d u c t i o n  1 0  
a r e a  

Y t t e r b i  um 16'yb L i q u i d  
L i q u i d  

Chel a t e  p r o d u c t i o n  room 5 
C h e l a t e  l o a d i n g  room 5 



TABLE G . 6 ,  Maximum I n v e n t o r y  o f  Waste i n  Storage i n  573 B u i l d i n g  

E l  ement I so tope  I nven to r y ,  C i  

Cesi um 1 3 7 ~  s  2,000 

Cer i  um 

Chromi urn 

Cobal t  

I o d i n e  

Kryp ton  

N i  o b i  um 

Pol on i urn 

Promethium 

Scandi urn 

S t  r o n t  i urn 

w i t h i n  t h e  Dayton c i t y  l i m i t s .  The s i t e  c o n s i s t s  o f  10 b u i l d i n g s ,  two o f  which 
a re  used f o r  hand l i ng  r a d i o a c t i v e  m a t e r i a l s .  F i g u r e  6.2 i s  a  s i t e  p l a n  w i t h  
t h e  EPD con t ro l l ed -access  area i n d i c a t e d .  A r e p o r t  by Monsanto Research 
Corpora t ion  (1981) was t h e  bas i s  f o r  t h i s  d e s c r i p t i o n .  

G.5.1 Process D e s c r i p t i o n  

Opera t ion  

Monsanto produces a v a r i e t y  o f  sea led sources. Genera l l y ,  t h e  i so topes  
a re  handled i n  enc losed boxes o r  remote c e l l s  and a re  doubly  encapsula ted.  
Three rooms i n  B u i l d i n g  2 c o n t a i n  g l ove  boxes cons t ruc ted  o f  sheet meta l  and 
g lass .  The remote c e l l s  a re  p laced  i n  a  s i n g l e  room and a re  a1 so c o n s t r u c t e d  
o f  sheet  meta l  and g lass.  

o topes i n  powder, w i r e ,  and pe l  l e t  fo rm i n c l u d e  2 3 8 ~ u  , 1 3 7 ~ s ,  
d2i2Cf. Amounts r e q u i r e d  f o r  p rocess ing  a re  removed f rom b u l k  s to rage  6 0 ~ o ,  and 

and i n s e r t e d  i n t o  t h e  process stream. One process produces neu t ron  sources 
f rom p lu ton ium and b e r y l l i u m  by f i r s t  c l e a n i n g  t h e  source capsu le  w i t h  acetone, 
c r u s h i n g  t h e  p l  u t o n i  um meta l ,  and measur ing t h e  r e q u i  r ed  amount. I n  a  g love  
box, t h e  metal  ch i ps  a r e  p laced  i n  a  b e r y l l i u m  cup, which i n  t u r n  i s  p laced  i n  
t h e  i n n e r  capsule,  welded w i t h  a  tungs ten  i n e r t  gas (TIG) welder  and l e a k  
t es ted .  The source i s  a c t i v a t e d  by h e a t i n g  t h e  t a n t a l u m  capsu le  t o  1300 t o  
1500°C i n  an i n e r t  atmosphere u s i n g  an i n d u c t i o n  c o i l .  The a c t i v a t e d  source i s  
t hen  sealed i n  t h e  second capsu le  and aga in  l e a k  t es ted .  Po lon ium/be ry l l i um  
sources a re  produced i n  a  s i m i l a r  manner. Polonium-210 as r ece i ved  i s  
e l e c t r o p l a t e d  on p l a t i n u m  gauzes; a  s i m i l a r  procedure i s  used w i t h  amer ic i  urn. 



TABLE G.7. Hazardous and Combus t ib le  M a t e r i a l s  a t  3M n 
O p e r a t i o n a l  Area 

L4 
B u i  l d i n g  ~ o d u l e  M a t e r i  a1 Notes 

575 103 Plasma need les  a r c  w e l d e r ,  S e a l i n g  1 3 7 ~ s  sou rce  
g l y c e r i n  c l e a n i n g  

104 N i c k e l  c h l o r i d e  P l  a t i  ng 1 3 7 ~ s  sou rce  

105 TIG(~) w e l d e r ,  propane, t r i -  Seal i n g  source,  
s o d i  um phosphate  c l e a n i n g  

106 TIG we lde r ,  a c e t y l e n e l o x y g e n  S e a l i n g  sources,  
t o r c h ,  g l y c e r i n ,  t o 1  uene c l e a n i n g  

107 TIG we lde r ,  g l y c e r i n ,  
t o 1  uene 

S e a l i n g  sources,  
c l  e a n i  ng 

109 Propane, n i t r i c  a c i d ,  s tannous Source b r a z i n g ,  
c h l o r i d e ,  p a l l a d i u m  c h l o r i d e  e x t r a c t i o n  

112 N i t r i c  a c i d ,  ammonium h y d r o x i d e  F o r  s o l u t i o n s  
h y d r o c h l o r i c  a c i d ,  n i t r i c  a c i d ,  
s o l u t i o n  p e r o x i d e  

113 TIG w e l d e r  Source s e a l i n g  

114 TIG w e l d e r  Source s e a l  i n g  

116 LPG 
117 Plasma a r c  w e l d e r  

675 
1251 

TIG we1 d e r  
p r o d u c t i  on 

3 c y l i n d e r s  
source s e a l i n g  

Seal  i ng r e s i  n  beads 
i n  cans i n  g l o v e  box 

Radi 01 umi nous Acetone, i s o p r o p y l  a l c o h o l ,  I n  s t o r a g e  
p r o d u c t i o n  a r e a  t r i  c h l o r e t h y l e n e ,  l a c q u e r  

t h i n n e r ,  o x y a c e t y l e n e  
t o r c h  

( a )  Tungsten I n e r t  Gas (T IG)  



BUILDING 7 

CONTROLLED 
ACCESS AREA 

I 

BLDG 2 

F I G U R E  G . 2 .  Monsanto S i t e  P l a n  

l i q u i d  sou rce  p r o d u c t i o n  f o l l o w s  s i m i l a r  s teps ,  w i t h  a d d i t i o n a l  p rocesses  f o r  
d i s s o l v i n g  s o l  i d  i s o t o p e s  and c h e c k i n g  f o r  p u r i t y  o f  t h e  s o l u t i o n .  

Waste D i s p o s a l  

R a d i o a c t i v e  waste  produced d u r i n g  p r o d u c t i o n  i s  packaged w i t h i n  t h e  
con ta inmen t  where i t  i s  genera ted ,  t h e n  removed f o r  drumming and s t o r a g e  i n  
B u i l d i n g  7. S o l i d  waste  i s  s e p a r a t e d  i n t o  b u r n a b l e  and nonburnab le  c a t e g o r i e s ;  
1 i q u i d  waste  i s  f i r s t  s o l i d i f i e d  b e f o r e  f i n a l  packag ing  and d i s p o s a l .  The 
f i n a l  s e p a r a t i o n  o f  waste  i s  based on whe the r  m a t e r i a l  i s  o f  low o r  h i g h  
s p e c i f i c  a c t i v i t y ,  o r  whether  i t  is. ,  t r a n s u r a n i c  waste  w i t h  s p e c i f i c  a c t i v i t y  
g r e a t e r  t h a n  10 mCi/g waste. A p p r o x i m a t e l y  t h i r t y  55-ga l  drums o f  waste  a r e  
g e n e r a t e d  each y e a r .  Any c o m b u s t i b l e  m a t e r i a l s  s t o r e d  i n  B u i l d i n g  7 w i t h  t h e  
r a d i o a c t i v e  waste  must be s e a l e d  i n  ~ n e t a l  o r  approved f i  r e - r e s i  s t a n t  
c o n t a i  ne rs .  

G.5.2 F a c i l i t y  D e s c r i p t i o n  

Bu i  l d i n g s  

I s o t o p e  p r o c e s s i n g  o c c u p i e s  rooms 3 t h r o u g h  14 i n  a  w i n g  o f  B u i l d i n g  2. 
B u i l d i n g  7 i s  a  be low-grade s t o r a g e  bunker  f o r  h o u s i n g  drummed r a d i o a c t i v e  
waste.  



B u i l d i n g  2 was b u i l t  i n  1929 and m o d i f i e d  i n  1962 t o  a l l o w  h a n d l i n g  o f  
r a d i o a c t i v e  m a t e r i a l s .  It i s  d i v i d e d  i n t o  two a reas :  one d e s i g n a t e d  a  s u p p o r t  
a r e a  f o r  h a n d l i n g  sou rces  and package p r e p a r a t i o n ,  t h e  o t h e r  d e s i g n a t e d  a  h o t  
a r e a  where l i q u i d  and powder i s o t o p e s  a r e  hand led  i n  g l o v e  boxes o r  c e l l s  and 
t h e  sou rces  a c t u a l l y  produced. The s u p p o r t  a r e a  c o n s i s t s  o f  6 rooms b u i l t  o f  
1 - f t - t h i c k  poured c o n c r e t e  w a l l s  f a c e d  w i t h  t i l e  on a  5 - i n . - t h i c k  c o n c r e t e  

9 
f l o o r .  Windows have been s e a l e d  w i t h  c o n c r e t e  b l o c k s  and t h e  r o o f  i s  con- 
s t r u c t e d  o f  c o n c r e t e  beams and deck cove red  w i t h  a s p h a l t .  The h o t  a r e a  
c o n s i s t s  o f  5 rooms b u i l t  f r o m  s t e e l  w a l l  p a n e l s  o v e r  mason i te  i n t e r i o r  p a n e l s  
on d r y  ,&a11 w i t h  s t e e l  f ram ing .  The f l o o r  i s  a  poured c o n c r e t e  s l a b ,  and t h e  
r o o f  i s  e i t h e r  s t e e l  r o o f  p a n e l s  w i t h  wood s h e e t i n g ,  o r  s t e e l  and wood f rame 
w i t h  t a r  paper  cove r  and d r y - w a l l  i n t e r i o r s .  

The waste  bunker,  B u i l d i n g  7, i s  b u i l t  be lo^ grade f r o m  poured r e i n f o r c e d  
c o n c r e t e .  It was s p e c i  f i c a l  l y  des igned  t o  p r o t e c t  drummed waste  f r o m  t o r n a d o  
damage. 

HVAC Systems 

A i r f l o w  i n  t h e  i s o t o p e  h a n d l i n g  rooms i s  frorn t h e  room t o  t h e  conta inmer i t  
such as hoods, g l o v e  boxes, o r  remote c e l l s .  A i r  i s  ex l iaus ted t h r o u g h  HEPA 
f i l t e r s ,  u s u a l l y  two i n  s e r i e s  w i t h  one a t  t h e  con ta inmen t  and t h e  o t h e r  a t  t h e  
exhaust  s t a c k .  Ductwork i s  s t a n d a r d  shee t  m e t a l  p i  p i n g .  The v e n t i  l a t i  on 
system i s  des igned  such t h a t  a i r f l o w  i s  f r o m  a reas  o f  l ow  c o n t a m i n a t i o n  t o  
a reas  where h i g h e r  c o n t a m i n a t i o n  m i g h t  e x i s t .  G love box and remote  c e l l  
a i r f l o w  i s  exhausted t h r o u g h  two a b s o l u t e  f i l t e r s  i n  s e r i e s ,  each 99.9% 
e f f i c i e n t  f o r  0.3-pm p a r t i c l e s .  

Eng ineered  S a f e t y  Systzrns 

B u i l d i n g  2 i s  f u l l y  s p r i n k l e r e d  and c o n t a i n s  rnon i to rs  and a larms f o r  f i r e ,  
a i r  c o n t a m i n a t i o n ,  and exhaus t  fan o p e r a t i o n .  Manual f i r e  e x t i n g u i s h e r s  a r e  
1  o c a t e d  i n s i d e  each g l o v e  box. F i  r e  e x t i  ngu i  s h e r s  a r e  au tomat i  c a l  l y  o p e r a t e d  
i n  t h e  remote c e l l .  The remote c e l l  sys tem i s  manua l l y  d e a c t i v a t e d  when 
l i t h i u m  i s  p r e s e n t  i n  t h e  c e l l .  

Su r round i  ng Area -- -- 

Monsanto i s  l o c a t e d  i n  an i n d u s t r i a l i z e d  a r e a  o f  Dayton. Ne ighbors  
i n c l u d e  a  j u n k  y a r d ,  a  s t e e l  p l a n t ,  an a u t o m o t i v e  p a r t s  p l a n t ,  and a  c o a l -  
b u r n i n g  power p l a n t .  Two g a s o l i n e  s e r v i c e  s t a t i o n s  a r e  l o c a t e d  about  h a l f  a  
m i l e  f r o m  t h e  f a c i l i t y .  

G.5.3 I n v e n t o r y  

R a d i o a c t i v e  I n v e n t o r y  

Possess ion  l i m i t s  o f  i s o t o p e s  a t  Monsanto a r e  l i s t e d  i n  Tab le  G.8. The 
i n v e n t o r i e s  on hand a r e  assumed t o  approach possess ion  l i m i t s .  Most o f  t h e  
m a t e r i a l ,  a p p r o p r i a t e l y  con ta ined ,  i s  h e l d  i n  s t o r a g e  i n  be low-ground " w e l l s "  
i n  B u i l d i n g  2. Only 80 t o  100 C i  of a  s i n g l e  m a t e r i a l  i s  i n  p r o c e s s  a t  one 
tkme i n  t h e  g l o v e  boxes o r  c e l l s .  S t o r e d  sou rces  a r e  doub ly  encapsu la ted.  



TABLE 6.8. Possession L i m i t s  of I so topes  a t  Monsanto 
Research Co rpo ra t i on  

E  1  ement 

Ameri c i  urn 

Antimony 

B i  smuth 

Cal i f o r n i  urn 

Cesi um 

Coba l t  

Cu r i  um 

Neptuni  urn 

P lu ton ium 

I sotope 

2 4 1 ~ r n  

'04sb 

2  1 oB 

25% f 

137cs 

6oco 

242crn 

243cm 

Z44cm 
237 

N P 
236,239,244,241 

2 4 2 ~ u  

Promethi  urn 1 4 7 ~ m  

p o l  on i  urn 2 1 0 ~ o  

S t r o n t  i um "S r 

T h a l l  i urn ' 0 4 ~ 1  

~ h u l  i urn O T ~  

By-product w i t h  
atorni c  number 
3  th rough  83 

Possession 
L i m i t ,  C i  

6,000 

10 rng 

200 

Al though Monsanto handles s o l i d . a n d  l i q u i d  i so topes ,  t h e  l i c e n s e  does n o t  

d i s t i n g u i s h  between bu l k  i so topes  i n  s o l u t i o n  and d r y  s o l i d  i so topes .  

Hazardous and combus t ib le  I nven to r y  

V o l a t i l e  o r  flammable l i q u i d s  and gases a re  handled on l y  i n  g love  boxes i n  
room 9, and o n l y  5 C i  o f  any i s o t o p e  a re  a l lowed i n  boxes c o n t a i n i n g  m a t e r i a l s  
such as benzene. Th i s  t ype  o f  o p e r a t i o n  u s u a l l y  occurs o n l y  2  weeks d u r i n g  t h e  
year .  Some o f  t h e  s h i e l d i n g  used on t h e  containment systems i s  p l a s t i c s  o r  
a c r y l  i cs. 

6.6 PAN AMERICAN WORLD AIRWAYS, KENNEDY SPACE CENTER, FLORIDA 

Pan American World Ai rways (Pan Am) i s  under c o n t r a c t u a l  'agreement w i t h  
NASA and t h e  U.S. A i r  Force t o  p rov i de  s e r v i c e  t o  o r g a n i z a t i o n s  t h a t  r e q u i r e  



t h e  h a n d l i n g  o f  r a d i o a c t i v e  m a t e r i a l s .  These se rv i ces  i n c l u d e  t h e  packing, 
s to rage ,  and d i sposa l  o f  waste, and h e a l t h  phys ics  ope ra t i ons .  The l a t t e r  
r e q u i r e  t h e  use of i n s t r u m e n t a t i o n  c o n t a i n i n g  sea led  sources. Pan American 
World A i  rways r e p o r t s  (1977-1979) were used t o  develop t h i s  appendi x. 

G .6.1 Process Descr i  p t i  on 

Sealed sources used by Pan Am's h e a l t h  phys ics  ope ra t i ons  i n c l u d e  sources, 
r e q u i r e d  f o r  dos imet ry  s t ud ies ,  f i e l d  i n s t r u m e n t a t i o n  c a l i b r a t i o n ,  and 
l a b o r a t o r y  i ns t r umen t  c a l  i b r a t i o n .  

Waste D i sposa l  I I 

Waste handled by Pan Am i n c l u d e s  any by-product  m a t y j i a l  w i t h  atomic 
number 1 th rough  83 and no t  t o  exceed 100 C i l n u c l i d e  o r  C i  t o t a l .  A l l  waste 
i s  s t o r e d  i n  55-gal metal  drums. 

G.6.2 Fac i  1  i t y  D e s c r i p t i o n  

Pan Am's mai n  bu i  1  d i  ng a t  Kennedy Space Center,  whi ch houses t h e  sources 
i s  cons t ruc ted  o f  cement b l ock  w i t h  conc re te  f l o o r s  and a  r e i n f o r c e d  conc re te  
and s t e e l  r o o f .  Waste i s  s t o r e d  i n  a  smal l  b u i l d i n g  b u i l t  o f  metal  s i d i n g  and 
r o o f  i ng. 

G .6.3 - I n v e n t o r y  

Radi oac t  i ve I n v e n t o r y  

Possession l i m i t s  f o r  t h e  f a c i l i t y  a re  l i s t e d  i n  Table  G.9. 

SAFETY LIGHT CORPORATION, SOUTH CENTRE, PENNSYLVANIA 

Safety  L i g h t  Co rpo ra t i on  (SLC), fo rmer ly  U.S. Radium and now a  d i v i s i o n  o f  
VSR I n d u s t r i e s ,  produces and d i s t r i b u t e s  a v a r i e t y  o f  sea led-source p roduc t s  
u s i n g  t r i t i u m ,  3 ~ .  The m a j o r i t y  of these  p roduc ts  a re  d i v i d e d  among t h e  
f o l  1  owi ng types :  s e l  f -1 umi nous sa fe t y  dev i  ces used i n  commerci a1 and m i  1 i t a r y  
a i  r c r a f t ;  t r i  t i  urn f o i  1s used f o r  i n d u s t r i a l  research  and development; t i t a n i u m  
t r i t i d e - c o a t e d  rods and p i n s  used i n  e l e c t r o n  tubes;  and t r i t i u m  t a r g e t s  f o r  
neu t ron -gene ra t i  ng dev ices.  I n f o r m a t i  on was developed u s i  ng a  r e p o r t  by Sa fe t y  
L i g h t  C o r p o r a t i  on (1981).  

6.7.1 Process D e s c r i p t i o n  

The main p rocess ing  b u i l d i n g  i n d i c a t e d  i n  t h e  s i t e  p lan,  F i g u r e  6.3, 
con ta i ns  two t r i t i u m  hand1 i n g  areas: t r i t i u m  p a i n t  p r e p a r a t i o n  u s i n g  t r i  t i a t e d  



TABLE G.9. Possession L i m i t s  f o r  Pan American World A i rways 
/ ' \ 

kd I nven to r y ,  C i  
E 1 ement I s o t  ope Form p e r  Source T o t a l  

Arneri c i  urn 2 4 1 ~ m  Sealed source, 5  x 5 
p l a t e d  source, 
f o i  1  

Cal i f o r n i  um 2 5 2 ~ f  Sealed source 11 11 

C u r i  urn 2 4 4 ~ m  Sealed source, 1 10-4 1 
p l  a t ed  source, 
f o i  1  

Po l  o n i  urn 

T h o r i  urn 

Uran i  um 

211)p0 
Sealed source 0.U25 5 

238,, 
Sealed source, 1 0.001 
p l  a ted  source, 
f o i  1 

2 3 8 ~  Dep le ted  u r a n i  um 15,000 kg 

phosphor, and t r i  t i  u~n p rocess ing  u s i n g  gaseous t r i  t i  urn. T r i  t i  a t e d  p a i n t  i s 
prepared by mi x i  ng t h e  phosphor w i t h  v a r i  ous adhesi ves w i  t h i  n  fume hoods. 
Luminous p a i n t  i s  then  a p p l i e d  t o  a  v a r i e t y  o f  p roduc ts ,  which a re  packaged--and 
shipped. 

I n  t h e  t r i t i u m  p rocess ing  area t h r e e  separate  processes occur :  
1) p r o d u c t i o n  o f  gaseous t r i t i u m  l i g h t  sources, 2) imp regna t i on  o f  f o i l  w i t h  
t r i t i u m ,  and 3) a  spark gap f i l l i n g  system. L i g h t  source p r o d u c t i o n  c o n s i s t s  
o f  f i l l i n g  phosphor-coated g l ass  ampules w i t h  94% pure  t r i t i u m  gas. The gas 
a r r i v e s  i n  c y l i n d e r s  f rom Oak Ridge i n  shipments o f  20,000 C i .  The gas i s  
t r a n s f e r r e d  t o  a  dep le ted  uran ium bed r e s e r v o i r  system f o r  s t o rage  and 
d ispens ing .  Gas i s  d r i v e n  o f f  t h e  beds by h e a t i n g  them w i t h  an e l e c t r i c  
hea te r ,  and i s  then  d ischarged  t o  g l ass  ampules. The ampules a r e  sea led  u s i n g  
i n f r a r e d  heat lamps. 

T r i t i u m  f o i l  impregna t ion  c o n s i s t s  o f  h e a t i n g  t i t a n i u m  agd scandium f o i l s  
i n  q u a r t z  r e a c t i o n  vesse ls  ugder vacuum and then  i n t r o d u c i n g  H gas, which 
impregnates t h e  f o i l s .  The H i s  s t o r e d  as above i n  dep le ted  uran ium 
r e s e r v o i r s .  These r e s e r v o i r s  a re  heated t o  above 250°C t o  d r i v e  gas o u t  o f  t h e  
beds. The impregnated f o i l s  a re  packaged i n  hoods and sent  on f o r  s t o rage  and 
shipment . 



MAIN BUILDING 

ONE STORY 
ETCHING BLDG 

PARKING 
AREA 

F I G U R E  6.3 .  S a f e t y  L i g h t  S i t e  P l a n  



The spark  gap t u b e  f i l l i n g  system cons s t s  of f i l l i n g  ceramic  and copper 
v e s s e l s  w i t h  hydrogen d i l u t e d  w i t h  gaseous 'H. The tubes  a r e  sea led,  packaged, 
and sh ipped  a f t e r  q u a l i t y  c o n t r o l  checks. A l l  work on t h e  tubes  i s  per formed 
i n  fume hoods. 

Waste D i s p o s a l  

Gaseous t r i t i u m  and o x i d e  e f f l u e n t s  a r e  d i s c h a r g e d  t o  t h e  atmosphere a f t e r  
f i l t r a t i o n .  L i q u i d  waste  e f f l u e n t s  f r o m  p r o c e s s i n g  areas and s i n k s  a r e  d i s -  
charged t o  h o l d i n g  t a n k s  f o r  decay b e f o r e  d i s c h a r g e  t o  a  nearby r i v e r .  Some 
l o w - l e v e l  l i q u i d  waste  i s  drummed and d i sposed  o f  a t  approved s i t e s .  Sol  i d  
waste  i s  composed o f  f o i l  sc raps,  p a i n t  r e s i d u e s ,  sc rubber  columns, and 
m i s c e l l a n e o u s  paper  and c l o t h i n g .  T h i s  m a t e r i a l  i s  drummed and d i sposed  o f  
p e r i o d i c a l  l y  . 

Used t r i t i u m  p r o d u c t s  such as s e l f - l u m i n o u s  s a f e t y  dev i ces ,  spent  t r i t i u m  
f o i l s ,  and watch d i a l s  a r e  r e t u r n e d  by customers f o r  d i s p o s a l .  These a r e  
accumula ted and d i  sposed o f  a t  approved d i  sposa l  s i t e s .  

G.7.2 F a c i  1  i t y  D e s c r i p t i o n  

Bu i  1  d i  ngs 

The f a c i l i t y  i s  l o c a t e d  on t h e  2 -ac re  s i t e  shown i n  F i g u r e  6 . 3 ,  i n  South  
Cent re ,  Pennsy lvan ia .  Another  VSR s u b s i d i a r y  l o c a t e d  on t h e  s i t e  i s  VSR 
M e t a l  s, which does n o t  hand1 e  r a d i  o a c t i  ve m a t e r i  a1 s. VSR Meta l  s  produces 
d i a l s ,  name p l a t e s ,  and o t h e r  p r o d u c t s  used by i n d u s t r y  and t h e  m i l i t a r y .  The 
SLC b u i l d i n g s  c o n s i s t  o f  main p rocess ing ,  l i q u i d  waste s to rage ,  and t h r e e  
s t o r a g e  b u i l d i n g s ,  and a  machine shop. 

The main p r o c e s s i n g  b u i l d i n g  i s  a  s t e e l - f r a m e d  s t r u c t u r e  g u i l t  on a  
c o n c r e t e  s l a b .  B u i l d i n g  d imens ions a r e  50 by 120 f t ,  6,000 f t  . I n n e r  w a l l s  
use s t e e l  s t u d s  covered by d r y  w a l l .  The b u i l d i n g  c o n t a i n s  s e r v i c e  l i n e s  f o r  
gas, oxygen, compressed a i  r, and e l e c t r i c i t y .  

The l i q u i d  waste  b u i l d i n g  i s  a  s t e e l - f r a m e d  s t r u c t u r e  c o n t a i n i n g  t h e  
h o l d i n g  Sanks. T h i s  b u i l d i n g  i s  a l s o  used as t h e  r e c e i v i n g  a rea  f o r  t h e  
gaseous H f r o m  Oak Ridge. The gas i s  subsequen t l y  t r a n s f e r r e d  t o  t h e  
p r o c e s s i n g  b u i  1  d i n g  i n  i t s  o r i  g i  n a l  c o n t a i n e r s .  

O f  t h e  t h r e e  s t o r a g e  b u i l d i n g s ,  one i s  a  t w o - s t o r y  wood-framed s t r u c t u r e ,  
w h i l e  t h e  o t h e r  two a r e  o f  c o n c r e t e  b l o c k  c o n s t r u c t i o n .  The wood-framed 
b u i l d i n g  houses b o t h  con tamina ted  and uncontaminated p r o d u c t i o n  equipment.  One 
o f  t h e  c o n c r e t e  b l o c k  b u i  l d i  ngs a1 so houses con tamina ted  equipment,  whi l e  t h e  
o t h e r  i s  used f o r  s t o r a g e  o f  uncon tamina ted  equipment and s u p p l i e s .  

HVAC Systems 

I n  t h e  main p r o c e s s i n g  b u i l d i n g ,  i n t a k e  and exhaus t  a i r  a r e  f i l t e r e d  as 
needed t o  m a i n t a i n  q u a l i t y  c o n t r o l .  Air c o n d i t i o n i n g  and hea t  a r e  p r o v i d e d  by 



t w o  s e p a r a t e  e l e c t r i c a l  h e a t  pump systems, one p r o v i d i n g  r e c i r c u l a t e d  a i r  t o  
n o n r a d i o a c t i v e  work areas and t h e  second p r o v i d i n g  a i r  t o  t h e  r a d i o a c t i v e  
areas.  A i r  f r o m  t h e  r a d i o a c t i v e  areas i s  n o t  r e c i  r c u l a t e d  b u t  i s  d i s c h a r g e d  
t h r o u g h  a  roof -mounted exhaus t  s t a c k .  

Eng ineered  S a f e t y  Systems 

The main p r o c e s s i n g  b u i l d i n g  i s  s p r i n k l e r e d  w i t h  w a t e r  p r o v i d e d  by an 
o n s i  t e  s u p p l y  system. F i  r e  e x t i n g u i s h e r s  a r e  s t r a t e g i  c a l  l y  p l a c e d  t h r o u g h o u t  
t h e  f a c i l i t y .  When t r i t i u m  i s  hand led,  a i r  i s  c o n t i n u o u s l y  m o n i t o r e d  f o r  
con tamin  t i o n .  S t a i n l e s s  s t e e l  i s  used as much as p o s s i b l e  f o r  c o n t a i n i n g  t h e  
gaseous 'H. A la rm systems a r e  l o c a t e d  t h r o u g h o u t  t h e  main p r o c e s s i n g  
b u i l d i n g .  Fume hoods and g l o v e  boxes a r e  used as needed i n  t h e  t r i t i u m  
hand1 i ng areas.  

The w a t e r  s u p p l y  and c o n t r o l s  f o r  t h e  s p r i n k l e r  system a r e  l o c a t e d  i n  a  
pump house i n  t h e  n o r t h e a s t  c o r n e r  o f  t h e  p l a n t  s i t e .  A g a s - f i r e d  h e a t e r  i s  
connec ted  t o  t h e  h o l d i n g  t a n k .  T h i s  b u i l d i n g  i s  o f  c o n c r e t e  b l o c k  
c o n s t r u c t i o n .  

S u r r o u n d i n g  Area 

The S a f e t y  L i  g h t  f a c i  1  i t y  i s  l o c a t e d  i n  r u r a l  P e n n s y l v a n i a  i m m e d i a t e l y  
a d j a c e n t  t o  t h e  Susquehanna R i v e r .  Grass-covered r i d g e s  and a g r i c u l t u r a l  l a n d  
form t h e  boundary o f  t h e  s i t e .  Some r e s i d e n t i a l '  h o u s i n g  i s  l o c a t e d  nearby.  
W i t h i n  1 m i l e  o f  t h e  p l a n t  s i t e  a r e  s e v e r a l  l i g h t  i n d u s t r i a l  f i r m s  and a  h i g h  
schoo l .  

The r i v e r  has f l o o d e d  t h e  SLC f a c i l i t y  waste  s t o r a g e  b u i l d i n g s  i n  t h e  
p a s t ,  a f t e r  H u r r i c a n e  Agnes i n  1972. 

I n v e n t o r y  

Radi o a c t i  ve I n v e n t o r y  

S a f e t y  L i g h t ' s  l i c e n s e  p e r m i t s  t h e  use of 1 mCi any b y - p r o d u c t  m a t e r i a l  i n  
sea led -sou rce  form as a r e f e r e n c e  s tandard .  The p r i n c i p a l  sources o f  r a d i o -  
a c t i v i t y  a t  t h e  S a f e t y  L i g h t  f a c i l i t y  a r e  shown i n  T a b l e  G . l O .  Gaseous t r i t i u m  
i,s r e c e i v e d  i n  sh ipments  o f  20,000 C i  o r  l e s s  and t h e n  d i v i d e d  i n t o  5,000 C i  
batches.  These ba tches  a r e  d i  s t r i  b u t e d  t o  t h e  s e l f  -1 umi nous d e v i  ce  p rocess  
system o r  t h e  t r i t i u m  f o i l  i m p r e g n a t i o n  system. A l l  o f  t h i s  a c t i v i t y  i s  i n  t h e  
p r o c e s s i n g  b u i l d i n g .  No e s t i m a t e s  a r e  a v a i l a b l e  of i n v e n t o r i e s  o f  r a d i o a c t i v e  
waste. 

Hazardous and Combusti  b l e  I n v e n t o r y  

L i m i t e d  q u a n t i t i e s  o f  s o l v e n t s  can be found i n  s e v e r a l  l o c a t i o n s  i n  t h e  
main p r o c e s s i n g  b u i l d i n g .  



TABLE G . l O .  Possess ion L i m i  t s  o f  P r i  n c i  p a l  I s o t o p e s  
a t  S a f e t y  L i g h t  C o r p o r a t i o n  

Possess ion  
Element I s o t o p e  Form L i m i t ,  C i  

Carbon 14c Sealed source gas, 2.05 

Hydrogen H Gas, t r i t i a t e d  p a i n t ,  1 x  l o 5  
s e a l e d  sources 

K r y p t o n  8 5 ~  Seal  ed source 5 

G.8 STOCKER AND YALE, INC., BEVERLY, MASSACHUSETTS 

The S t o c k e r  and Ya le  f a c i  li t y  produces s e l f - l u r n i  nous dev i ces ,  p r i m a r i  l y  
$and-he](7compasses, f o r  use by m i l i t a r y  pe rsonne l .  The o n l y  i s o t o p e s  used a r e  

ti and Pm. Possess ion l i m i t s  f o r  t r i t i u m  a r e  c u r r e n t l y  s e t  a t  12,000 C i ,  
and a r e  i n  t h e  f o r m  o f  phosphor p a i n t  and sea led  sources.  T r i t i u m  i s  seg re -  
ga ted  i n  two areas i n  t h e  f a c i l i t y  t h a t  may h o l d  up t o  6,000 C i  on each s$de o f  
a  4 - i n . - t h i c k  maple w a l l .  T h p 4 r o t a l  f l o o r  area o f  t h e  p l a n t  i s  50,000 f t  . 
The possess ion  l i m i t  f o r  t h e  Pm i s  10 C i  and i s  i n  t h e  f o r m  o f  l um inous  
p a i n t .  S t o f h e r  and Ya le  c u r r e n t l y  produce up t o  20,000 compasses p e r  y e a r  w i t h  
0.4 m C i  o f  Pm i n  each compass. The e n t i r e  f a c i l i t y  i s  s p r i n k l e r e d  ( S t o c k e r  
and Ya le  1975-1981). 

G.9 TECHNICAL OPERATIONS, BURLINGTON, MASSACHUSETTS 

T e c h n i c a l  O p e r a t i o n s  ( T e c h l o p s )  f u n c t i o n s  as a  sea l  ed -sou rce  m a n u f a c t u r e r  
p r o d u c i n g  sou rces  f r o m  a  number o f  i s o t o p e s .  T e c h n i c a l  O p e r a t i o n s  r e p o r t s  
(1957-1981) p r o v i d e d  background i n f o r m a t i o n  used f o r  t h i s  append ix .  

G.9.1 Process D e s c r i p t i o n  

Sources a r e  un loaded i n  a  h o t  c e l l  and encapsua l ted  i n  a n o t h e r  c e l l .  The 
m a t e r i a l  hand led w i l l  be i n  t h e  f o r m  o f  p e l l e t s  o r  wa fe rs ,  wh ich  a r e  p l a c e d  i n  
an i n n e r  capsu le .  T h i s  c a p s u l e  i s  welded and p l a c e d  i n  an o u t e r  capsu le ,  wh ich  
i s  a1 so welded. 

G .9.2 F a c i  1  i t y  D e s c r i p t i o n  

The r a d i o i s o t o p e  l a b o r a t o r y  a t  Tech lops  i s  l o c a t e d  underground i n  one end 
o f  t h e i r  main b u i l d i n g .  It c o n s i s t s  o f  two  X-ray a reas  f o r  e x p o s i n g  r a d i a t i o n  
sources;  a  genera l  s t o r a g e  a rea  f o r  h o l d i n g  s h i e l d e d  c o n t a i n e r s  o f  
r a d i  o i  so topes;  a  sou rce  c u t t i  ng a r e a  f o r  r e m o t e l y  removi  ng  s e a l e d  sources f r o m  
t h e i r  c o n t a i n e r  ag'd t r a n s f e r r i n g  t h e  sou rce  t o  a n o t h e r  s t o r a g e  c o n t a i n e r ;  a  
s t o r a g e  a rea  f o r  f g 2 s e a l e d  sources;  s t o r a g e  a rea  f o r  waste  i n  30- t o  55-gal  
s t e e l  drums; and a  I r  work a rea  f o r  u n l o a d i n g  and e n c a p s u l a t i n g  i t  i n t o  
s e a l e d  sources.  



G.9.3 R a d i o a c t i v e  I n v e n t o r y  /? 

Posses n  li s  f o r  T ~ g $ / O p s  a r e  l i s t e d  i n  T a b l e  G.11.  Sources w 
c o n t a i n i n g  Ii9Cs, "'Tm, o r  Yb a r e  p e r m i t t e d  as up t o  1 C i  o f  by -p roduc t  
m a t e r i a l  i n  unsea led  s o l i d  m e t a l l i c  f o r m  an p  t o  1200 C '  s  sea led  sou es. 
O p e r a t i n g  p rocedures  p e r m i t  up t o  1,000 C i  P9yIr, 100 C i  I3'Cs, o r  1 C i  '6Co i n  
t h e  l o a d i n g  c e l l  a t  one t ime.  

TABLE G . l l .  Possess ion L i m i t s  a t  Tech lops 

I n v e n t o r y ,  
Element I s o t o p e  Form L i m i t ,  C i  

Cesi  urn 13'cs Sea led source 1 l o 4  

C o b a l t  6 0 ~ o  S o l i d m e t a l l i c ,  1.5 x l o 4  
s e a l e d  sources 

Hydrogen 3~ Sealed sou rce  5  l o 3  

I r i d i u m  lg21r S o l i d  m e t a l l i c ,  5 x 10 
4 ( a )  

c a r b i d e ,  s e a l e d  
SOU r c e  

S t r o n t i  um 9 0 ~  Sealed sou rce  19 

Tan ta lum 18'1a S o l i d  me ta l  1  i c 200 
c a r b i d e ,  s e a l e d  
sou rce  

1 8 3 ~ a  Sol  i d  me ta l  1  i c, 2  l o 3  
c a r b i d e ,  s e a l e d  
SOU r c e  

Thu l  i um 17'~rn Sealed sou rce  5  l o 3  

( a )  A p p l i c a t i o n  f o r  amendment t o  change possess ion  
l i m i t  f r o m  25,000 C i  t o  50,000 C i  
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RESEARCH AND DEVELOPMENT OF NUCLEAR FUELS 

H.l  ISOTOPIC ANALYSIS, INC., TULSA, OKLAHOMA 

I s o t o p i  c  A n a l y s i s ,  195;. ess v i  des mass s p e c t r o g r a p h i c  a n a l y s i  s  o f  n u c l  e a r  
m a t e r i a l s ,  p a r t i c u l a r l y  , U, and p l u t o n i u m .  The b a s i s  f o r  t h e  f a c i  1  i t y  
d e s c r i p t i o n  p r e s e n t e d  h e r e  i s  a  r e p o r t  by I s t o p i c  A n a l y s i s  (1976) .  

H.l . l  Process D e s c r i p t i o n  

Opera t  i on 

Process s t e p s  i n c l u d e  chemica l  s e p a r a t i o n  o f  i m p u r i t i e s  f r o m  t h e  n u c l e a r  
m a t e r i a l  u s i n g  i o n  exchange t e c h n i q u e s ,  l o a d i n g  sma l l  samples o f  t h e  u ran ium o r  
p l u t o n i u m  o n t o  w i r e  f i l a m e n t s  f o r  t h e  s p e c t r o g r a p h i c  a n a l y s i s ,  a n a l y z i n g  t h e  
sampl e, and r e t u r n i n g  unused m a t e r i  a1 s  t o  t h e  customer.  

N u c l e a r  m a t e r i a l  i s  r e c e i v e d  i n  e i t h e r  s o l  i d  form as an o x i d e ,  a1 l o y ,  o r  
p u r e  m e t a l ,  o r  i n  l i q u i d  f o r m  as a  n i t r a t e  o r  s u l f a t e .  P l u t o n i u m  may a l s o  be 
r e c i e v e d  i n  a  c h l o r i d e  s o l u t i o n .  The m a t e r i a l  i s  packaged i n  p l a s t i c  con- 
t a i  n e r s  wh ich  a r e  packed i n s i d e  a  me ta l  c o n t a i n e r  w i t h  vermi c u l  i t e  s e p a r a t i n g  
i n d i v i d u a l  packages. The me ta l  c o n t a i n e r  i s  i n  t u r n  packed i n  a  m e t a l ,  c a r d -  
board,  o r  wooden o u t e r  c o n t a i n e r .  N u c l e a r  m a t e r i a l  i s  unpacked and d i spensed  
i n  s m a l l e r  q ~ g g t i t i e s  i n  a  g l o v e  box o r  hood. Uranium-235 i s  hand led  i n  fume 
hoods w h i l e  U  and p l u t o n i u m  a r e  hand led  i n  g l o v e  boxes. Unused m a t e r i a l s  
a r e  p l a c e d  i n  a  s p e c i a l  s t o r a g e  safe. 

Waste D i s p o s a l  

A l l  l o w - l e v e l  l i q u i d  waste  i s  c o l l e c t e d  i n s i d e  t h e  g l o v e  boxes o r  fume 
hoods and p l a c e d  i n  p o l y e t h y l e n e  b o t t l e s .  These b o t t l e s  a r e  assayed when f u l l  
f o r  r e c o v e r a b l e  m a t e r i a l .  I f  any i s  p r e s e n t  t h e y  a r e  r e t u r n e d  t o  t h e  cus tomer ;  
i f  n o t  t h e y  a r e  s o l i d i f i e d  and d i sposed  o f  a t  a  b u r i a l  s i t e .  S o l i d  was te  
(g lassware ,  paper,  e t c ; )  i s  s e a l e d  i n  p l a s t i c  bags o r  me ta l  c o n t a i n e r s  f o r  
shipment t o  a  b u r i a l  s i t e .  

F a c i  1  i t y  , D e s c r i p t i o n  

B u i  l d i  ngs 

The f a c i l i t y  where n u c l e a r  m a t e r i a l s  a r e  hand led  i s  d i v i d e d  i n t o  o f f i c e s ,  
a  c o l d  area,  an i n s t r u m e n t  room, and a  h o t  area. The b u i l d i n g  has c o n c r e t e  
o u t e r  w a l l  s  w i t h  no windows, sheet  r o c k  i n t e r i o r  w a l l  s, a  me ta l  - p a o l e l e d  r o o f  
w i t h  a s p h a l t  c o a t i n g  and an a c o u s t i c a l  t i l e d  d r o p  c e i  1  i n g  c o n c e a l i n g  shee t  
m e t a l  duc twork  and c o n d u i t s  f o r  s e r v i c e s .  



HVAC Systems 

V e n t i l a t i o n  i s  p r o v i d e d  by a  c e n t r a l  h e a t i n g  and a i r  c o n d i t i o n i n g  u n i t  
w i t h  exhaust  a i r  d i s c h a r g i n g  t h r o u g h  t h e  hoods and g l o v e  boxes i n  t h e  h o t  
area.  There  a r e  HEPA f i l t e r s  i n s t a l l e d  i n  t h e  h o t  a r e a  exhaust  system. 

H.1.3 I n v e n t o r y  

R a d i o a c t i v e  I n v e n t o r y  

Maximum amounts o f  n u c l e a r  m a t e r i a l s  i n  p rocess  a t  any one t i m e  a re :  
200 g  2 3 5 ~ ,  10 g  2 3 3 ~  and 3  g  Pu. Q u a n t i t i e s  d i spensed  f o r  i n d i v i d u a l  sample 
p r e p a r a t i o n  a r e :  0.05 t o  0.5 g  2 3 5 ~ ,  0.01 g  2 3 3 ~ ,  and 20 mg Pu. 

Unused m a t e r i a l s  a r e  accumula ted i n  ' t h e  d i s p e n s i n g  g l o v e  box/hood up t o  a  
l e v e l  o f  50 g of e n r i c h e d  uranium; t h e n  r e t u r n e d  t o  t h e  customer.  

Hazardous and Combus t ib le  I n v e n t o r y  

Flammable o r g a n i c  s o l v e n t s  a r e  s t o r e d  i n  a  s i n g l e  me ta l  s t o r a g e  c a b i n e t .  

H.2 BABCOCK AND NILCOX LYNCHBURG RESEARCH CENTER, LYNCHBURG, VIRGINIA 

Research and development u s i n g  source,  b y p r o d u c t ,  and s p e c i a l  n u c l e a r  
m a t e r i a l  i s  pe r fo rmed  a t  t h e  Lynchburg Research Center .  The f a c i l i t y  
d e s c r i p t i o n  i s  based on Babcock and W i  l c o x  r e p o r t s  (1978, 1981) .  

H.2.1 Process D e s c r i p t i o n  

I n  B u i l d i n g  A, wh ich  houses two r e s e a r c h  r e a c t o r s ,  e x p e r i m e n t s  a r e  con- 
duc ted  on m e t a l s  t h a t  a r e  p l a c e d  near  t h e  r e a c t o r  c o r e  and exposed t o  
r a d i a t i o n .  I n  B u i l d i n g  B h o t  c e l  l s ,  d e s t r u c t i v e  and n o n d e s t r u c t i v e  t e s t i n g  o f  
i r r a d i 3 t e d  m a t e r i a l s  t a k e s  p lace .  M a t e r i a l s  a r e  r e c e i v e d  i n  t h e  cask h a n d l i n g  
a r e a  i n  s h i e l d e d  c o n t a i n e r s ,  p l a c e d  i n  t h e  t r a n s f e r  c a n a l  and s t o r a g e  p o o l ,  and 
t h e  c o n t a i n e r s  a r e  opened. The m a t e r i a l  i s  t h e n  t r a n s f e r r e d  t o  t h e  h o t  c e l l s  
and exami ned. 

B u i l d i n g  B  a l s o  has r a d i o c h e m i s t r y  and c o u n t i n g  l a b o r a t o r i e s  t h a t  ana lyze  
sma l l  q u a n t i t i e s  o f  r a d i o a c t i v e  m a t e r i  a l s  t o  s u p p o r t  h o t  c e l l  a c t i v i t i e s .  

B u i l d i n g  C i s  equ ipped w i t h  g l o v e  boxes, and fume hoods t o  t e s t  methods o f  
n u c l e a r  f u e l  p r e p a r a t i o n .  Research and development of f u e l  m a n u f a c t u r i n g  
processes t a k e s  p l a c e  i n t e r m i t t e n t l y  i n  t h i s  b u i l d i n g .  Process s t e p s  may 
i n c l u d e  r e c e i v i n g  o x i d e  powders, b l e n d i n g ,  p e l  l e t  p r e s s i n g ,  s i  n t e r i  ng, 
g r i n d i n g ,  and packag ing  o f  t h e  f u e l .  



/ , Waste D i s p o s a l  

Exper imen ta l  appara tus  f r o m  i r r a d i a t i n g  meta l  samples i n  B u i l d i n g  A a r e  
d i sposed  o f  as s o l i d  waste. L i q u i d  waste f rom t h i s  f a c i l i t y  i s  d r a i n e d  t o  a  
h o l d i n g  t a n k  and pumped t o  t h e  l i q u i d  waste t r e a t m e n t  f a c i l i t y  a t  Rabcock and 
W i  1  c o x ' s  Naval Nuc lea r  Fue l  D i  v i  s i  on. 

S o l i d  waste  f r o m  t h e  h o t  c e l l s  i n  B u i l d i n g  B  i s  c o n t a i n e r i z e d  and h e l d  f o r  
o f f s i t e  shipment.  L i q u i d  wastes a r e  evapora ted  o r  s o l i d i f i e d  and hand led  as 
s o l i d  waste. F o l l o w i n g  e x a m i n a t i o n  i n  t h e  h o t  c e l l s ,  n u c l e a r  m a t e r i a l  i s  
r e t u r n e d  t o  t h e  sponsor a f t e r  packag ing,  o r  hand led as s o l i d  waste. Water i n  
t h e  t r a n s f e r  cana l  and s t o r a g e  poo l  i s  r e c i r c u l a t e d  t h r o u g h  i o n  exchange 
columns. When exhausted,  t h e  i o n  exchange r e s i n s  a r e  d r i e d  and d i sposed  o f  as  
s o l  i d  waste. 

S o l i d  wastes f r o m  B u i l d i n g  C a r e  c o l l e c t e d  and s t o r e d  f o r  sh ipment  t o  a 
l i c e n s e d  waste  d i s p o s a l  f a c i l i t y .  Low- leve l  l i q u i d  wastes f rom t h i s  area a r e  
t r a n s f e r r e d  t o  t h e  l i q u i d  waste  d i s p o s a l  f a c i l i t y  f o r  s to rage ,  m i x i n g ,  and Sam- 
p l  i n g ,  t h e n  d i s c h a r g e d  t o  t h e  l i q u i d  waste  t r e a t m e n t  f a c i l i t y  a t  t h e  Naval 
N u c l e a r  Fue l  D i  v i  s i  on. 

H.2.2 F a c i l i t y  D e s c r i p t i o n  

B u i  1  d i n g s  

2  B u i l d i n g  A  has an area o f  20,000 f t  on two l e v e l s  as shown i n  F i g u r e  H.1. 
The b u i l d i n g  can w i t h s t a n d  100 mph winds o v e r a l l  and 60 mph [sic] winds on t h e  
n o r t h w e s t  w a l l  . I n t e r i o r  w a l l  s  a r e  c i n d e r  b l o c k .  

2  B u i l d i n g  R, shown i n  F i g u r e  H.2, 5 a s  35,000 f t  o f  f l o o r  a rea  on t w o  
f l o o r s .  The h o t  c e l l s  occupy 6,000 f t  and have w a l l s  o f  11- t o  1 3 - i n . - t h i c k  
l e a d  sheet .  One h o t  c e l l  has 4 2 - i n . - t h i  ck c o n c r e t e  w a l l  s. The s t o r a g e  poo l  i s  
c o n c r e t e  and has d imens ions o f  10 by 10 by 22.5 f t  deep. The t r a n s f e r  cana l  i s  
a  c o n c r e t e  poo l  6  by 24 by 24 f t  deep. T h i s  b u i l d i n g  can w i t h s t a n d  100 mph 
w inds  o v e r a l l  and 60 mph ( s i c )  w inds on t h e  e a s t  end w a l l .  

B u i l d i n g  C, shown i n  F i g u r e  H.3, has 20,000 f t2  o f  f l o o r  a rea  and i s  a  
s t e e l  - framed, c i n d e r  b l o c k  b u i l d i n g  w i t h  me ta l  c e i  1  i n g s .  Glove boxes i n  t h e  
n u c l e a r  f u e l  r e s e a r c h  and development area a r e  s t a i n l e s s  s t e e l  w i t h  f i r e  
r e t a r d a n t  P l e x i g l a s @ .  Two s t o r a g e  v a u l t s  w i t h  1 2 - i  n. - t h i  ck  c o n c r e t e  w a l l  s  a r e  
a l s o  l o c a t e d  i n  t h e  f a c i l i t y .  

B u i l d i n g s  s h o ~ ~ l d  o n l y  s u s t a i n  mi n o r  damage f r o m  an ea r thquake  o f  up t o  V I  I 
on t h e  m o d i f i e d  M e r c a l l i  sca le .  E x t e n s i v e  damage t o  a l l  b u i l d i n g s  c o u l d  o c c u r  
f r o m  a  m a j o r  t o r n a d o  l o a d i n g .  

@ P l e x i g l a s  i s  a  t rademark  o f  Rohn and Haas, P h i l a d e l p h i a ,  PA 19105. 
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FIGURE H . 1 .  B u i l d i n g  A  of t h e  Lynchburg Research Center  

HVAC Systems I 
Hot c e l l s ,  g love  boxes, hoods, and o t h e r  forms of containment a re  kep t  

under nega t i ve  pressure.  A i r f l o w  i s  towards areas o f  g r e a t e r  p o t e n t i a l  
contaminat ion.  

B u i l d i n g  A  has a  s i n g l e  exhaust v e n t i l a t i o n  system, which passes a i r  
th rough  a  p r e f i l t e r  and a  HEFA f i l t e r  be fo re  re lease.  

I n  B u i l d i n g  B, h o t  c e l l s  and hoods have separate  v e n t i l a t i o n  systems f rom 
t h e  main v e n t i  1  a t i  on system. Ai  r from contami nated areas i s  screened th rough  
a t  l e a s t  two f i l t e r s  (a p r e f i l t e r  and an abso lu te  f i l t e r )  before combining w i t h  
t h e  main v e n t i l a t i o n  system and exhaus t ing  ou t  o f  t h e  stack.  
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FIGURE H.2. B u i l d i n g  B o f  t h e  Lynchburg Research Center 
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FIGURE H.3. B u i l d i n g  C o f  t h e  Lynchburg Research Center 



B u i l d i n g  C has two exhaus t  systems. Glove boxes and fume hoods a r e  
exhausted t o  two HEPA f i l t e r s  b e f o r e  r e l e a s e  t o  a  50-m s t a c k .  ilooin exhaus t  i s  
f i l t e r e d  t h r o u g h  one s t a g e  o f  HEPA f i l t e r s  b e f o r e  r e l e a s e .  

D u c t i n g  i s  m o s t l y  PVC w i t h  some carbon s t e e l .  

Eng ineered  S a f e t y  Systems 

B u i l d i n g  A  has smoke d e t e c t o r s ,  c r i t i c a l i t y  a la rms,  and a u t o m a t i c  shutdown 
systems f o r  t h e  two t e s t  r e a c t o r s .  

The h o t  c e l l s  i n  B u i l d i n g  B  have an a u t o m a t i c  f i r e  s u p p r e s s i o n  system. 
The c a s k - h a n d l i n g  a rea  has smoke d e t e c t o r s ,  an a i r  m o n i t o r ,  and c r i t i c a l i t y  and 
r a d i  a t i  on m o n i t o r s .  

B u i l d i n g  C has c o n s t a n t  a i r  m o n i t o r s  and c r i t i c a l i t y  m o n i t o r s .  

F i  1  t e r s  a r e  f i  r e  r e s i s t a n t .  

S u r r o u n d i n a  Area 

The Lynchburg  Research C e n t e r  occup ies  about  4 a c r e s  o f  a  525-acre  s i t e  
abou t  4 m i l e s  e a s t  o f  Lynchburg,  V i r g i n i a .  The s i t e  i s  n e x t  t o  t h e  Jarnes R i v e r  
i n  a  r u r a l  area.  Two f u e l  f a b r i c a t i o n  f a c i l i t i e s ,  t h e  Babcock and W i l c o x  
Commercial Nuc lea r  F u e l  P l a n t  and Naval Nuc lea r  Fue l  D i v i s i o n  P l a n t ,  a r e  a l s o  
l o c a t e d  on t h e  s i t e .  A c r i t i c a l i t y  a c c i d e n t  a t  e i t h e r  o f  t h e s e  two p l a n t s  
wou ld  a c t i v a t e  t h e  c r i t i c a l i t y  m o n i t o r i n g  sys tem f o r  t h e  r e s e a r c h  c e n t e r  and 
sound t h e  e v a c u a t i o n  alarms. 

I n v e n t o r y  

Radi  o a c t i  ve I n v e n t o r y  

L i c e n s e  l i m i t s  f o r  t h e  Lynchburg  Research Cen te r  a r e  shown i n  Tab le  H.1. 

The q u a n t i t y  o f  n u c l e a r  m a t e r i a l  t h a t  may be t r a n s f e r r e d  t o  ' f f e r e n t  
a reas  o f  t h e  p l a n t  depends on t h e  c o n c e n t r a t i o n  o f  p l u t o n i u m  o r  2"U. Mass 
l i m i t s  f o r  d i f f e r e n t  c o n c e n t r a t i o n s  a r e  g i v e n  i n  Tab le  H.2. Hot c e l l s  may 
h a n d l e  one u n i t  as g i v e n  i n  t h e  t a b l e .  

G love  boxes i n  B u i l d i n g  C a r e  l i m i t e d  t o  2.4 k g  o f  f i s s i l e  m a t e r i a l  i n  
each where d r y ,  o r g a n i c - f r e e  o p e r a t i o n s  t a k e  p lace .  

Hazardous and Combusti  b l ' e  I n v e n t o r y  

P l a s t i c  i s  used f o r  bagg ing  m a t e r i a l  t o '  t r a n s f e r  s p e c i a l  n u c l e a r  m a t e r i a l  
i n t o  and o u t  o f  contai-nment. 



TABLE H.1. L i cense  L i m i t s  a t  Lynchburg Research Center 

Ma te r i  a1 L i  cense L i  m i  t 

U enr i ched  t o  >20% i n  any form 4.9 k g  235" - 
U enr i ched  t o  - <20% i n  any form 900 kg 2 3 5 ~  

2 3 3 ~ ~  1 kg  233u 

Source Ma te r i  a1 6,000 kg  

By-product,  speci  a1 nuc lea r  ma te r i  a1 , 40 i r r a d i  a ted  Lynchburg Pool Reactor 
and source m a t e r i a l  f u e l  e lements 

By-product,  speci  a1 nuc lea r  ma te r i  a1 , I r r a d i a t i o n  o f  250 kg source ma te r i  a1 
and source m a t e r i a l  

F i s s i o n  p roduc ts  and t r a n s u r a n i  um 3 i r r a d i  a ted  comrnerci a1 f u e l  assembl ies 
elements 

F i s s i o n  p roduc ts  and t ransuran ium 5,000,000 C i  
elements 

Any by-product  rnater i  a1 ( neu t ron  50,000 c i  
i r r a d i  a t ed )  

Any by-product  ma te r i  a1 w i t h  3,000 C i  each no t  t o  exceed 
atomic  numbers 3-83 1,000,000 C i  

Transuranium elements 20 m C i  each 

2 5 2 ~ f  ( sea led  sources)  

2 4 1 ~ m  ( sea led  sources)  

3~ ( sea led  sources)  100 C i  

3~ (N i  a l l o y  p l a t e d  Sc t r i t i d e  f o i l )  3 C i  

3~ ( o x i d e )  3 C i  

Flammable l i q u i d  s to rage  cab ine t s  a re  l o c a t e d  i n  a1 1  b u i l d i n g s  f o r  sa fe  
s to rage  o f  b u l k  q u a n t i t i e s .  L i t e r  q u a n t i t i e s  o r  l e s s  a re  p e r m i t t e d  ou t  o f  
s to rage  f o r  l a b o r a t o r y  use. La rge r  q u a n t i t i e s  a re  p e r m i t t e d  ou t  o f  s to rage  i n  
s a f e t y  cases. 

Sodium-potassium a1 l o y s  i n  i r r a d i  a t ed  fue l  capsules a re  f lammable and can 
be found i n  t h e  ho t  c e l l  when t h i s  t y p e  o f  f u e l  i s  examined. 

Z i  r c a l o y  i s  ground up i n  t h e  ho t  c e l l  s  and up t o  16 g  may be accumu- 
l a t ed .  Ground Z i r c a l o y  i s  norma l l y  kep t  i n  a  f i r e  e x t i n g u i s h i n g  medium i n  a  
pan. 



TABLE H.2. Mass L i m i t s  f o r  Nuc lear  M a t e r i a l s  a t  Lynchburg 
Research. Center 

Mass L i m i t ,  
w t %  Pu o r  2  3  5u 4 

0  350 

80 t o  100 220 
735 

M i x t u r e  o f  2 3 3 ~  and - U 220 

M i x t u r e  o f  2 3 3 ~  and 
235u 250 

Urani  um en r i ched  t o  4% i n  
2351] 850 

H.3 ROCKWELL NUCLEAR DEVELOPMENT FUEL LABORATORY, SANTA SUSANA, CALIFORNIA 

Research and development o f  n u c l e a r  f u e l  s  and exani  n a t i  on o f  i r r a d i  a t ed  
f u e l s  t ake  p l a c e  a t  t h e  Rockwell Nuc lear  Development Fuel  Labo ra to r y  (NDFL).  
I n f o r m a t i o n  on t h i s  f a c i l i t y  i s  ob ta i ned  f rom Rockwel l  I n t e r n a t i o n a l  r e p o r t s  
(1976 and 1981) and f rom a  r e p o r t  by Mishima and Ayer (1981).  

H.3.1 Process D e s c r i p t i o n  

Opera t ion  

Two b u i l d i n g s  ope ra te  under t h e  same nuc lea r  m a t e r i a l  l i c e n s e .  R u i l d -  
i n g  020 c o n t a i n s  ho t  c e l l s  i n  which r e a c t o r  f u e l  i s  dec lad  and examined w i t h  
remote equipment. A s h i p p i n g  c a n i s t e r  c o n t a i n i n g  up t o  t h r e e  rods  (600 t o  
805 g of p l u ton ium t o t a l )  t r a n s p o r t s  t h e  f u e l  rods from a  f u e l  s t o rage  f a c i l i t y  
t o  t he  020 b u i l d i n g  and i n t o  one o f  t h e  ho t  c e l l s .  The end o f  t h e  f u e l  r o d  i s  
c u t  and f u e l  p e l l e t s  a re  removed. Approx imate ly  55 f u e l  p e l l e t s  a re  i n  each 
rod. These a r e  p laced  i n  a  t r a n s f e r  can and sealed. The cans a re  checked f o r  
con tamina t ion ,  weighed, and sh ipped t o  a  s to rage  f a c i  1  i t y .  Other i n t e r n a l  
p i eces  o f  t h e  f u e l  rod,  c l a d d i n g  scrap, and waste generated i n  t h e  process a r e  
p u t  i n  a p p r o p r i a t e  c o n t a i n e r s  and sh ipped o f f  s i t e .  Hot c e l l s  may be s u p p l i e d  
w i t h  n i t r o g e n  so t h a t  processes t a k e  p l a c e  i n  an i n e r t  atmosphere. 

Bui  1  d i n g  055 i s  used f o r  research  a,nd devel  oprnent work devel  op i  ng s o l  i d  
r e a c t o r  f u e l  ma te r i  a1 s', r a d i o i s o t o p e  h e a t  sources ; o r  r a d i a t i o n  sources i n  a  
v a r i e t y  o f  forms and composi t ions.  Plutonium, uran ium o r  o t h e r  h i g h l y  r a d i o -  
a c t i v e  f u e l s  a re  b rough t  i n  as ox ides,  n i t r i d e s ,  s u l f i d e s ,  o r  o t h e r  forms ':, 

depending on t h e  process under i n v e s t i g a t i o n .  Two g l o v e  box l i n e s ,  one f o r .  
f u e l  f a b r i c a t i o n  and t h e  o t h e r  f o r  a n a l y t i c a l  s e r v i c e s  a re  p r o v i d e d  i n  t h e  



p l a n t  t o  c o n t a i n  research  and development processes.  These processes va ry  f r o m  
wei g h i  ng, b l  end i  ~ g ,  c r u s h i n g  and s i  n t e r i  ng, t o  i n s p e c t i n g  and su rvey ing .  
M a t e r i a l s  a r e  t r a n s f e r r e d  f rom one g l o v e  box t o  ano the r  t h r o u g h  t r a n s f e r  
t u n n e l  s. 

kl.3.2 F a c i l i t y  D e s c r i p t i o n  

B u i  1  d i n g s  

2 B u i l d i n g  020, shown i n  F i g u r e  H.4, has 17,800 f t  o f  f l o o r  space. Hot  
c e l l s  i n  t h e  b u i l d i n g  a r e  c o n s t r u c  ed o f  4 2 - i n . - t h i c k  c o n c r e t e .  B u i l d i n g  055, h shown i n  F i g u r e  H.5, has 12,900 f t  o f  f l o o r  space and i s  c o n s t r u c t e d  o f  s t e e l  
and r e i n f o r c e d  conc re te .  G love boxes i n  t h i s  b u i l d i n g  a r e  s t e e l  w i t h  
P l e x i g l a s @  on each o f  two faces.  B o t h  ~ u i l d i n g s  a r e  b u i l t  t o  w i t h s t a n d  a  
maximum ground a c c e l e r a t i o n  o f  0.28 g. 

HVAC Systems 

B o t h  b u i l d i n g s  f i l t e r  exhaust  a i r  t h r o u g h  HEPA f i l t e r s .  F low  o f  a i r  goes 
f rom areas o f  1  ow p o t e n t i a l  c o n t a m i n a t i o n  t o  h i g h e r  p o t e n t i  a1 c o n t a m i n a t i o n .  

The ~ x h a u s t  system f o r  B u i l d i n g  020 has a  nominal  d i s c h a r g e  rage o f  
23,000 f t  /rnin f o r  exhaust  f r o m  t h e  genera l  f a c i l i t y  p l u s  13,000 f t  /m in  f r o m  
t h e  c e l l  h igh-vo lume exhaust .  The h o t  c e l l  s  a r e  equ ipped w i t h  n i t r o g e n  pu rge  
systems. 

B u i l d i n g  055 has a  h igh-vo lume exhaust  f o r  w o r k i n g  areas and a  s e p a r a t e  
low-volume exhaust  t o  m g i n t a i n  n e g a t i v e  p r e s s u r e  i n  t h e  g l o v e  boxes. B o t h  
systems t o t a l  23,000 f t  / m i n  o f  exhaust .  The g l o v e  box room undergoes about  
10 a i r  changes p e r  hour .  

Eng ineered  S a f e t y  Systems 

B u i l d i n g  055 i s  equ ipped w i t h  an a u t o m a t i c  wet p i p e  s p r i n k l e r  sys tem i n  
a l l  a reas excep t  t h e  g l o v e  box room and t h e  v a u l t ,  wh ich  can be f l o o d e d  w i t h  
argon t o  suppress a  f i r e .  Smoke d e t e c t o r s  and hea t  d e t e c t o r s  a r e  p r o v i d e d  
t h r o u g h o u t  t h e  b u i l d i n g  as w e l l  as a  manual f i r e  a larrn system. P o r t a b l e  f i r e  
e x t i n g u i s h e r s  a r e  a l s o  l o c a t e d  t h r o u g h o u t  t h e  f a c i l i t y .  

Hot  c e l l  s  and decontami n a t i o n  rooms have hea t  d e t e c t o r s ,  wh ich  a1 arm i n  
t h e  event  o f  a  f i r e  .and a c t i v a t e  a  n i t r o g e n  purge system. 

Sur round ing  Area 

The Rockwel l  NDFL i s  l o c a t e d  on a  p l a t e a u  about  29 m i l e s  n o r t h w e s t  o f  
downtown Los Angeles.  I t  i s  r e l a t i v e l y  i s o l a t e d  f r o m  s u r r o u n d i n g  communi t ies  
and o v e r  one m i l e  f r o m  t h e  c l o s e s t  d w e l l i n g .  
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FIGURE H.4. B u i l d i n g  020 F l o o r  Plan,  Rockwel l  NDFL 
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F I G U R E  H.5. B u i l d i n g  055 F l o o r  P l a n ,  Rockwell NDFL 



H.3.3 I n v e n t o r y  

Radi o a c t i  ve I n v e n t o r y  

I n  t h e  020 b u i l d i n g  o n l y  t h r e e . f u e 1  rods  c o n t a i n i n g  600 t o  805 g o f  
p l u t o n i u m  a r e  i n  process a t  one t ime .  The m a t e r i a l  i s  i n  t h e  form o f  f u e l  
p e l l e t s ,  55 p e l l e t s  p e r  rod,  18 t o  25% Pu i n  Pu02-U02. Unencapsulated f u e l  i s  
processed o n l y  w i t h i n  t h e  f o u r  h o t  c e l l s .  

I n  055 B u i l d i n g  r a d i o a c t i v e  m a t e r i a l  i s  mass l i m i t e d  t o  0.23 t o  
2.51 k g  f Q g P u / s t a t i o n  depending upon modera t ion  and c o n t a i n e r  geometry. T h i s  
m a t e r i a l  may be i n  any fo rm f rom powders t o  p e l l e t s .  Tab le  H.3 g i v e s  an 
i n v e n t o r y  a t  r i s k  f o r  t h e  g l o v e  box room. 

TABLE H.3. I n v e n t o r y - a t - R i  sk i n  Glove Box Room 

Amount o f  
Radi onuc l  i de 

Normal P rocess ing  
G l  ovebox 

Process Opera t ions  Pu, g  235" 
, P h y s i c a l  Form Cherni c a l  Compounds ( a )  

B a t c h i  ng, S l u g g i n g  225 540 Powder A, B 

Carbothermi c 0  t o  120 0  t o  350 Slugs A, B, C 

Si  ze r e d u c t  i on 0  t o  120 0  t o  350 Powder C 

Si  n t e r i  ng 0  t o  120 0  t o  350 P e l l e t s  C 

P r e s s i n g  and 0  t o  120 0  t o  350 Powder and C 
i n s p e c t i  on p e l  1  e t s  

Coul omet r y  10 40 D i s s o l v e d  i n  A, B, C 
s o l  u t i  ons 

Emi s s i o n  1 1 Crushed A, 0, C 
Spect roscopy p e l  1 e t s  

Carbon a n a l y s i s  2 0  8  0  Powder A, 0, C 

Meta l  1  ography 2  8  Pel  1  e t s  C 

Meta l  1  ography 2  0  8  0  Pel 1  e t s  C 

Oxygen a n a l y s i s  2  5  U-Pu-Pt C 

Thermograv imetr i  c  100 400 S o l i d i f i e d  A n a l y t i c a l  s o l u t i o n s  
waste  s o l i d i f i e d  i n  ben- 

t o n i  t e  c l  a y - - s t o r e d  
u n t i l  d i sposed  o f  

Storage of Fue l  0  t o  360 0  t o  1050 P e l l e t s  C 
Pel l e t s  

( a )  A  = P ~ 0 2 ,  B  = U02, C = Mixed (Pu U) C a r b i d e  T 



L icense  l i m i t s  r e s t r i c t  p l u t on ium i n v e n t o r y  t o  3.5 kg bu i  1  d- 
i n g ,  and g  Pu i n  t h e  055 i l d i n g .  F i f t e e n  hundred kg  "$U, 5 kg 
and 1 kg 13bPu, and 0.5 kg  2"Pu as sea led sources a re  a1 lowed Q 
Hazardous and Combusti b l e  I nven to r y  

I n  t h e  020 b u i l d i n g ,  waste such as p l a s t i c ,  paper towe ls ,  and g loves i s  
generated i n  t h e  dec ladd ing  process. A lcohol  and o t h e r  c l e a n i n g  l i q u i d s  a re  

3  l i m i t e d  t o  l e s s  than  500 cm i n  a  ho t  c e l l  a t  one t ime.  

D iese l  f u e l  i s  s t o r e d  i n  an underground tank  and an aboveground 50-gal 
t ank ,  bo th  o u t s i d e  t h e  055 B u i l d i n g .  Flammable l i q u i d s  such as benzene, 
methanol and vacuum pump o i l s  a re  s t o r e d  i n  a  metal  c a b i n e t  o u t s i d e  t h e  west 
w a l l  o f  t h e  b u i l d i n g  and brought  i n t o  t h e  b u i l d i n g  i n  q u a n t i t i e s  l e s s  than  
5  ga l .  Glove boxes have P l e x i g l a s B  windows and may c o n t a i n  p l a s t i c  bagging 
m a t e r i a l ,  neoprene g loves  and pump o i l .  Waste m a t e r i a l  i s  s t o r e d  i n  55-gal 
drums. An i n v e n t o r y  o f  combus t ib le  m a t e r i a l s  found i n  t h e  g l ove  box room i s  
shown i n  Table  H.4. Na tu ra l  gas i s  used f o r  space h e a t i n g  i n  b o t h  f a c i l i t i e s .  

TABLE H.4. Amounts o f  Combust ib le M a t e r i a l s  i n  Glove Rox Room 

M a t e r i a l  

Methanol 

Vacuum o i l  

Lapping o i  1  

EPOXY 

Paper t owe l s  

PVC sheet 

PVC bags 

Spray p a i n t  

F i l m  

Sodi urn 

Normal Amount 

500 cm3 

20 ga l  

500 cm3 

1 q t  

10 1b 

100 l b  

30 1b 

30 oz 

0.5 l b  

50 g  

Maximum Amount 

1000 cm3 

20 ga l  

1000 cm3 

2  q t  

15 1b 

224 1b 

40 1b 

40 oz 

1.0 1b 

200 g  

H.4 WESTINGHOUSE ELECTRIC CORPORATION, WALTZ MILL, PENNSYLVANIA 

The Westinghouse Waltz M i l l  f a c i l i t y  p rov i des  a  wide v a r i e t y  o f  research,  
development, and a n a l y s i s  of nuc l ea r  m a t e r i a l s .  I n f o r m a t i o n  on t h e  Waltz M i l l  
s i t e  i s  ob ta ined  f rom a  Westinghouse E l e c t r i c  Co rpo ra t i on  r e p o r t  (1980) and 
from o t h e r  docket  i n f o r m a t i o n .  



f \H.4.1 Process D e s c r i p t i o n  

NP' 
O p e r a t i  on 

N u c l e a r  m a t e r i a l  i s  r e c e i v e d  and s t o r e d  i n  t h e  t r a n s f e r  b u i l d i n g  ( F i g -  
u r e  H . 6 ) ,  wh ich  c o n t a i n s  a  l a r g e  poo l  f o r  underwa te r  s h i e l d i n g .  Smal l  samples 
o f  m a t e r i a l  a r e  t h e n  t r a n s f e r r e d  t o  o t h e r  l a b o r a t o r i e s  on s i t e  f o r  ana lyses .  

T-BUILDING ANNEX 

OVERHEAD 

ROLL DOOR P 
\I CONTAMINATED COMPONENT I 

1 I 

STORAGE I 

AREA 

OVERHEAD 

ROLL DOOR 

\ 

OVERHEAD 

RoLLDooR em 
FIGURE H..6. Wal tz  M i  11 T r a n s f e r  B u i l d i n g  F l o o r  P l a n  



A n a l y t i  c d l  1  a b o r a t o r i  es  c o n t a i n  g l o v e  boxes, fume hoods, s t o r a g e  v a u l t s  
and a  v a r i e t y  o f  a n a l y t i c a l  i n s t r u m e n t s .  Ana lyses pe r fo rmed  i n c l u d e  gamma 
s p e c t r o m e t r y ,  mass s p e c t r o m e t r y ,  and a n a l y s i s  o f  a1 k a l  i meta ls .  I n  t h e  sodium 
t e c h n o l  ogy 1  a b o r a t o r i  es, v a r i o u s  exper imen ts  i n v e s t i g a t i n g  t h e  per formance o f  
s e l e c t e d  m a t e r i a l s  and b e h a v i o r  o f  f i s s i o n  p r o d u c t s  i n  a  l i q u i d  sodium 
e n v i  ronment a r e  per formed.  

Waste D i s p o s a l  

R a d i o a c t i v e  l i q u i d  waste  i s  s t o r e d  i n  two 120,000-gal r e t e n t i o n  b a s i n s  and 
p rocessed  once a  y e a r  t h r o u g h  a c t i v a t e d  c h a r c o a l ,  i o n  exchange r e s i n s ,  o r  a  
chemi c a l  t r e a t m e n t  decontami n a t i o n  system. 

S o l i d  waste  i s  packaged i n  DOT-approved c o n t a i n e r s  and s t o r e d  on a  waste  
pad. 

H.4.2 F a c i l i t y  D e s c r i p t i o n  

B u i  1  d i n g s  

F o u r  b u i l d i n g s  h a n d l e  r a d i o a c t i v e  m a t e r i a l s .  These a r e  t h e  t r a n s f e r  
b u i l d i n g ,  r e a c t o r  s e r v i c e  b u i l d i n g ,  a n a l y t i c a l  l a b o r a t o r i e s ,  and sodium 
t e c h n o l  ogy 1 a b o r a t o r i  es. D i  agrams o f  t h e s e  f a c i  1  i t i  es  a r e  shown i n  F i  gures  H.6 

t h r o u g h  H.9. 

The r e a c t o r  s e r v i c e  b u i l d i n g  i s  o f  b r i c k  and c o n c r e t e  c o n s t r u c t i o n .  
R a d i o a c t i v e  m a t e r i a l  i n  t h e  b u i l d i n g  i s  i n  t h e  f o r m  o f  r e s i d u a l  c o n t a m i n a t i o n  
o f  f i e l d  s e r v i c e  equipment i n  t h e  b u i l d i n g ' s  d e c o n t a m i n a t i o n  and r e p a i  r area.  

The a n a l y t i c a l  l a b o r a t o r i e s  a r e  housed i n  a  b r i c k  and cement b l o c k  
b u i l d i n g .  A s h i e l d e d  v a u l t  i s  l o c a t e d  i n  t h e  b u i l d i n g  f o r  s t o r a g e  o f  
r a d i o a c t i  ve m a t e r i a l  s. 

The sodium t e c h n o l o g y  l a b o r a t o r i e s  a r e  i n  a  c o n c r e t e  and s t e e l  
b u i l d i n g .  M i  1  l i c u r i e  q u a n t i t i e s  of s e l e c t e d  i s o t o p e s  a r e  hand led  i n  t h e  
l a b o r a t o r i e s .  A s h i e l d e d  v a u l t  i s  p r o v i d e d  t o  s t o r e  r a d i o a c t i v e  m a t e r i a l s .  

HVAC Systems 

Hoods may have s e p a r a t e  v e n t i  1  a t i o n  systems. P r e f i  1  t e r s  and HEPA f i  1  t e r s  
a r e  used t o  remove p a r t i c l e s .  G love boxes and hoods a r e  k e p t  a t  n e g a t i v e  
p r e s s u r e  excep t  t h o s e  hand1 i n g  sodium w i t h  m i c r o c u r i e  t o  mi 11 i c u r i e  amounts o f  
r a d i o a c t i v i t y .  These a r e  under  i n e r t  atmosphere a t  s l  i g h t l y  p o s i  t i  ve 
p ressu re .  A i  r exhaust  systems a r e  c o n s t r u c t e d  o f  non-combust i  b l  e  m a t e r i  a1 . 
The HEPA f i l t e r s  a r e  e i t h e r  f l ame r p t a r d a n t  o r  noncombus t ib le  and a r e  des igned  
t o  w i t h s t a n d  a  minimum o f  3.4 l b / i n  o v e r p r e s s u r e  and 350°F. 



'qgi  neered Sa fe t y  Systems 

Severa l  f i r e  hoses, 1-112 i n .  i n  d iamete r ,  a r e  a v a i l a b l e  w i t h i n  t h e  b u i l d  
i n g s  and s p r i n k l e r s  a r e  p r o v i d e d  a t  s t r a t e g i c  1 o c a t i  ons. F i  r e  e x t i n g u i s h e r s  
i n c l u d i n g  Cog, water ,  and d r y  chetni c a l  a r e  l o c a t e d  a t  a p p r o p r i a t e  l o c a t i o n s  
t h r o u g h o u t  t h e  f a c i  1  i ty .  

LIQUID 
WASTE 

TANK 

OVERHEAD 

F I G U R E  H.7. Reac to r  S e r v i c e  W a l t z  M i l l  B u i l d i n g  F l o o r  P l a n  
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Gamma a la rms  a r e  l o c a t e d  i n  v a r i o u s  a reas  o f  t h e  f a c i  1  i t y  as we1 1  as 
c o n t i n u o u s  a i r  m o n i t o r s .  

F i  r e  a1 arms a r e  1  o c a t e d  t h r o u g h o u t  t h e  f a c i  1  i t y  . 
S u r r o u n d i  na Area 

The Wal tz  M i l l  f a c i l i t y  i s  l o c a t e d  on 850 a c r e s  i n  a  s p a r s e l y  s e t t l e d  a rea  
abou t  20 m i l e s  SE o f  t h e  P i t t s b u r g h  suburbs .  

H.4.3 I n v e n t o r y  

Radi  o a c t i  ve I n v e n t o r y  

The r e a c t o r  s e r v i c e  b u i l d i n g  has o n l y  r e s i d u a l  c o n t a m i n a t i o n  on f i e l d  
s e r v i c e  e q u i p m e ~ t .  C o n t r o l  l i m i t s  f o r  r a d i o a c t i v e  m a t e r i a l s  i n  t h e  a n a l y t i c a l  
and sodium t e c h n o l o g y  l a b o r a t o r i e s  a r e  g i v e n  i n  T a b l e  H.5. 
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TABLE H.5. L i m i t s  on Amounts o f  R a d i o a c t i v e  M a t e r i a l s  a t  t h e  
Wa l t z  M i  11 L a b o r a t o r i e s  

Loca t  i on E l  ement I s o t o p e  - Amount, C i  9 
0 

A n a l y t i  c a l  U r a n i  u~n 55g;diated 0.5 
L a b o r a t o r i e s  7.2 x  lo '4 344 

P l  u t o n i  uln i r r a d i  a t e d  0.5 

2 3 9 ~ u  0.3 

S t r o n t i  urn ' '~r  0.1 

I o d i n e  131 I 
0.1 

C o b a l t  6 0 ~ o  0.1 

Ces i  urn 13'c s  0.1 

134cs 0.1 

Nep tun i  urn 2 3 7 ~ p  0.1 

O t h e r s  0.1 each n o t  t o  exceed 
5  C i  o f  a l l  n u c l i d e s  

Sodi  urn Techno1 ogy S t  r o n t i  urn 0.1 
L a b o r a t o r i e s  C o b a l t  6 0 ~  o  0.1 

C o b a l t  5 8 ~ 0  0.1 

I o d i  ne 
131 I 

0.1 

Ces i  um 1 3 7 ~ s  0.1 

134cs 0.1 

Manganese 5 4 ~ n  0.1 

B a r i  urn 1 3 3 ~ a  0.1 

Sodi  um ~ a  0.1 

K r y p t o n  8 5 ~  r 0.1 

Xenon 1 3 5 ~ e  0.1 

O the rs  0.1 each n o t  t o  exceed 
5  C i  o f  a1 1  n u c l i d e s  

Uran ium 235" 344 
233" 

1 

~l u t o n i  urn 2 3 9 ~ u  5  
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APPENDIX I 

WASTE WAREHOUSING 

1.1 ATOMIC DISPOSAL. INC.. TINLEY PARK. ILLINOIS 

The Atomic  D i s p o s a l  f a c i l i t y  i n  T i n l e y  Park,  I l l i n o i s ,  r e c e i v e s  and s t o r e s  
r a d i o a c t i v e  waste  f o r  a  s h o r t  p e r i o d  o f  t i m e  u n t i l  -it - i s .  sh ipped  t o  a  l i c e n s e d  
b u r i a l  ground. I n f o r m a t i o n  on t h i s  f a c i l i t y  was o b t a i n e d  frorrl an Atomic 
Di sposa l  r e p o r t  (1980) .  

1.1.1 Process D e s c r i p t i o n  

O p e r a t i o n  

R a d i o a c t i v e  waste  i n  55-, 30-, and 5-ga l  b a r r e l s  i s  p i c k e d  up a t  t h e  
cus tomer ' s  f a c i l i t y  and t r a n s p o r t e d  t o  a  warehouse i n  T i n l e y  Park.  The waste  
i n  t h e  drums 18 p r i m a g i l y  l i q u i d  s c i n t i l l a t i o n  v i a l s  c o n t a i n i n g  t o l u e n e  and 
benzene w i t h  C and H  con taminan ts .  Absorbed l i q u i d s ,  an imal  ca rcasses ,  d r y  
wastes,  and some b u l k  l i q u i d s  a r e  a l s o  s t o r e d .  

Drums may be opened and repackaged a t  t h e  warehouse t o  ensu re  i n t e g r i t y  o f  
b a r r e l s  b e f o r e  sh ipment  o f f  s i t e .  

I .1.2 F a c i  1  i t y  D e s c r i p t i o n  

B u i  1  d i n g s  

The s t o r a g e  warehouse shown i n  F i g u r e  1.1 i s  50.5 by 40.5 f t  w i t h  a  
c e i  1  i n g  o v e r  9  ft t a l l .  An overhead door  and an emergency e x i t  p r o v i d e  
open ings t o  t h e  o u t s i d e .  An o f f i c e  i s  l o c a t e d  i n s i d e  t h e  warehouse wh ich  has 
an open ing  t o  t h e  s t o r a g e  a rea  and t o  t h e  o u t s i d e .  A  drum h a n d l i n g  a rea  (15 by 
15 by  9 f t  h i g h )  i s  proposed t o  be b u i l t  i n  one c o r n e r  o f  t h e  warehouse. 

The w a l l s  o f  t h e  warehouse a r e  6 - i  n. c i n d e r b l o c k .  The drum-hand1 i ng room 
i s  des igned  t o  have two w a l l s  and t h e  c e i l i n g  o f  1 1 8 - i n . - t h i c k  c l e a r  c a s t  
a c r y l i c  sheet .  The o t h e r  two w a l l s  a r e  warehouse w a l l s .  

HVAC Systems 

The open ing  and repackag ing  agea t o  be b u i l t  ( d rum-hand l i ng  room) i n c l u d e s  
f o u r  fume absorbe rs  d r a w i n g  234 f t  /m in  f r o m  t h e  room o r  about  seven a i r  
changes p e r  hour.  The system draws t h e  a i r  t h r o u g h  98% e f f i c i e n t  c h a r c o a l  
f i l t e r s .  

Eng ineered  S a f e t y  Systems 

An a u t o m a t i c  s p r i n k l e r  sys tem and f i r e  e x t i n g u i s h e r s  a r e  p r e s e n t  i n  t h e  
warehouse. M o n i t o r i n g  systems a r e  a1 so ava i  1  a b l e ,  p r i m a r i  l y  f o r  t h e  drum- 

/-, hand1 i ng room. 



WALL (TO CEILING) 

WAREHOUSE 

PARKING 

F IGURE 1.1. Atomic D i s p o s a l  Waste S t o r a g e  F a c i l i t y  

S u r r o u n d i n g  Area 

The s t o r a g e  warehouse i s  l o c a t e d  i n  an i n d u s t r i a l  c e n t e r .  A c t i v i t i e s  
w i t h i n  t h e  i n d u s t r i a l  c e n t e r  a r e  n o t  s p e c i f i e d .  No e s t i m a t e  can be made on t h e  
p o s s i b l e  impac t  o f  n e i g h b o r i n g  f a c i l i t i e s  on t h e  warehouse. 

I. 1.3 I n v e n t o r y  

Atomic  D i s p o s a l  i s  amending i t s  l i c e n s e  l i m i t  t o  read:  

o 25 .  C i  b y - p r o d u c t  m a t e r i a l  

s 100 k g  sou rce  m a t e r i a l  

o 1,900 k g  sou rce  m a t e r i a l  a t  t empora ry  j o b  s i t e s  i n  t h e  U n i t e d  S t a t e s  

u 7 5  g  t o t a l  o f  2 3 5 ~  and 
233" 



A  t y p i c a l  i n v e n t o r y  i n  t h e  warehouse i s  shown i n  T a b l e  1.1. 

6ld TABLE I .l. T y p i c a l  I n v e n t o r y  a t  A tom ic  D i s p o s a l  

Number o f  ~ a r r e l  s ( ~ )  
Avg. Range C o n t e n t s  Radi o n u c l  i d e s  

1 , 2 0 0 t o  1,500 L i q u i d  s c i n t i l l a t i o n  v i a l s  14c and 3~ 
( t o l u e n e  and benzene) 

200 Absorbed 1  i q u i  ds M i  xed 
200 Animal  ca rcasses  M ' xed 

400 t o  800 Dry waste  "'Tc a q j p  1311 
5 0  B u l k  l i q u i d  3~ and 

2300 2,000 t o  2,700 T o t a l  

( a )  90% o f  b a r r e l s  a r e  55 g a l  
-10% a r e  30 g a l  
A  few a r e  5  g a l  

The p r i m a r y  i s o t o p e s  p r e s e n t  i n  t h e  drums and t o t a l  a c t i v i t y  p r e s e n t  i n  s t o r a g e  
a r e  g i v e n  i n  T a b l e  1.2. 

TABLE 1.2. Drummed I n v e n t o r y  a t  A tomic  D i s p o s a l  

C i  P r e s e n t  
E lement  I s o t o p e  (in 2,200 drums) 

Carbon 14c 0.85 

Chromi urn 5 1 ~ r  0.63 

Hydrogen H 15 
I o d i n e  1251 3 .O 

I o d i  ne 
131  I 

0.21 

Molybdenum "MO 

Phosphorous 3 2 ~  

S u l f u r  3 5 ~  0.80 
T e c h n e t i  urn 9gTc 1.20 
Xenon 



Hazardous and Combust ib le  I n v e n t o r y  

P r o t e c t i v e  c l o t h i n g  (wh ich  i s  c o m b u s t i b l e )  i s  r e q u i r e d  when w o r k i n g  i n  t h e  w 
repackag i  ng area.  The waste  i n  t h e  drums c o n t a i n s  s o l  vents ,  c e l l u l o s i c s ,  and 
o t h e r  combus t ib les .  

1.2 INTEKEX CORPORATION, NATICK, MASSACHUSETTS 

The I n t e r e x  f a c i l i t y  i n  N a t i c k ,  Massachuset ts ,  i s  used t o  s t o r e  l o w - l e v e l  
r a d i o a c t i v e  waste  t e m p o r a r i l y  u n t i  1  i t  i s  sh ipped t o  a  l i c e n s e d  b u r i a l  
ground. I n f o r m a t i o n  on t h i s  f a c i l i t y  was o b t a i n e d  f r o m  docke t  m a t e r i a l  
( I n t e r e x  C o r p o r a t i  on 1971-1977). 

I .2.1 Process D e s c r i p t i o n  

O p e r a t i  on 

R a d i o a c t i v e  waste packaged by t h e  customer i n  5-, 30-, o r  55-gal  drums i s  
t r a n s p o r t e d  by I n t e r e x  t o  t h e  s t o r a g e  s i t e  i n  t r u c k s .  The waste  i s  s t o r e d  f o r  
a  maximum o f  6 months b e f o r e  b e i n g  moved by a  l i c e n s e d  c a r r i e r  t o  a  l i c e n s e d  
b u r i  a1 ground.  

I n t e r e x  i s  n o t  a u t h o r i z e d  t o  open waste  c o n t a i n e r s  a t  any t i m e .  Smear 
t e s t s  a r e  t a k e n  and i n s p e c t i o n s  made t o  ensure  t h e  l e v e l  o f  r a d i o a c t i v i t y  does 
n o t  exceed t h a t  pos ted  by t h e  customer.  

I .2.2 F a c i  1  i t y  D e s c r i p t i o n  

Bu i  1  d i n g s  

Waste i s  s t o r e d  i n  a  t r a i l e r  shown i n  F i g u r e  1.2 t o  t h e  r e a r  o f  t h e  main 
b u i l d i n g .  Dimensions a r e  15 by 40 f t .  No a d d i t i o n a l  i n f o r m a t i o n  on m a t e r i a l s  
o f  c o n s t r u c t i o n  and c a p a c i t y  o f  t h e  t r a i l e r  i s  a v a i l a b l e  f r o m  t h e  docke t .  

Two o t h e r  b u i l d i n g s  had p r e v i o u s l y  been used f o r  s to rage .  The o r i g i n a l  
s t o r a g e  area was i n  3 t w o - s t o r y  c i n d e r b l o c k  and s t u c c o  b u i l d i n g .  The s t o r a g e  
area occup ied  624 f t  o f  t h e  f i r s t  f l o o r ,  and had a  l o a d i n g  door  and f o u r  
windows p r o t e c t e d  by heavy s t e e l  mesh. C e i l i n g s  were 10 f t  h igh .  

The second s t o r a g e  b u i l d i n g  was an annex t o  t h e  o r i g i n a l  and had a  poured  
cement f o u n d a t i o n  w i t h  c o r r u g a t e d  me ta l  w a l l s  and r o o f .  The w a l l s  were 12 f t  
h i g h  and t h e  c e i  li n i  peaked a t  17 ft. The two windows w l r e  p r o t e c t e d  by heavy 
s t e e l  mesh w i r e .  The s t o r a g e  area occup ied  about  850 ft o f  t h e  t o t a l  
b u i l d i n g .  

HVAC Systems 

The o n l y  i n d i c a t i o n  of a  HVAC system g i v e n  i n  t h e  docke t  m a t e r i a l  i s  a 
r e f e r e n c e  t o  t h e  p rocedure  t o  f o l l o w  i n  t h e  even t  o f  an a c c i d e n t .  The 
p r o c e d u r e  i n d i c a t e s  t h a t  a l l  v e n t i l a t i o n  i n c l u d i n g  fans, duc ts ,  and windows 
s h o u l d  be s h u t  o f f .  



BUILDING 

PAVED AREA 

I 
STRATHMORE RD. 

FIGURE 1.2. I n t e r e x  Waste S to rage  B u i l d i n g  

Eng i  neered S a f e t y  Systems 

The o r i g i n a l  s t o r a g e  area was equ ipped w i t h  a  s p r i n k l e r  system. In fo rma-  
t i  on was. n o t  a v a i  l a b l e  on whether  t h e  c u r r e n t  s t o r a g e  t r a i l e r  c o n t a i n s  any 
eng ineered  s a f e t y  systems. R a d i a t i o n  su rveys  o f  t h e  f a c i l i t i e s  a r e  done a t  
i n t e r v a l  s. Personne l  a r e  m o n i t o r e d  weekly.  

S u r r o u n d i n g  Areas 

The s t o r a g e  area i s  n e x t  t o  t h e  main b u i l d i n g ,  wh ich  i s  assumed t o  c o n t a i n  
o f f i c e s  and labs .  A wooded area su r rounds  t h e  s t o r a g e  t r a i l e r .  



I .2.3 I n v e n t o r y  

R a d i o a c t i  ve I n v e n t o r v  

Possess ion  l i m i t s  a r e  l i s t e d  i n  T a b l e  1.3. The e x t e r n a l  r a d i a t i o n  l e v e l  
o f  most drums does n o t  exceed 2 mremlhr.  

TABLE 1.3. Possess ion L i m i t s  a t  I n t e r e x  C o r p o r a t i o n  

M a t e r i  a1 Amount 

By -p roduc t  mat r i  a1 
o t h e r  t h a n  H 3 

Source m a t e r i  a1 

Speci  a1 n u c l e a r  m a t e r i  a1 

Only r a d i o a c t i v e  s o l i d s  a r e  accepted.  No l i q u i d s ,  gases, o r  p y r o p h o r i c  o r  
e x p l o s i v e  m a t e r i a l  a r e  r e c e i v e d ,  excep t  f o r  t h e  f o l  l o w i n g :  

1 )  L i q u i d s  i n  s c i n t i l l a t i o n  v i a l s  a r e  accep ted  i n  55-ga l  drums i f  t h e  drum 
c o n t a i n s  a t  l e a s t  t w i c e  t h e  abso rben t  needed t o  absorb  t h e  l i g u i d .  The 
drum j s  marked. F o r  example, a  30-ga l  drum h o l d s  2,000 20 cm v i a l s  w i t h  
10 cm f 1  u i d  each and w i t h  75 1 b  o f  abso rben t  m a t e r i  a1 . 

2 )  Animal ca rcasses  i n  p r e s e r v a t i v e  i n  p l a s t i c  bags a r e  c o n s i d e r e d  s o l i d .  
They must be i n  55-ga l  marked drums. 

3 )  Smal l  amounts of  l i q u i d s  may be c o n v e r t e d  t o  a  s o l  i d  by a d d i n g  
abso rben t .  No l i q u i d  must be r e l e a s e d  when absorben t  i s  compressed. 

Hazardous and Combus t ib le  I n v e n t o r y  

L i t t l e  i n f o r m a t i o n  was g i v e n  f o r  t h i s  f a c i l i t y  excep t  t h a t  no p y r o p h o r i c  
o r  e x p l o s i v e  m a t e r i a l  i s  accep ted  i n  t h e  drums. 

Most waste  i s  f r o m  h o s p i t a l s  and c l i n i c a l  l a b s .  R a d i o a c t i v e  wastes  
expec ted  f r o m  t h e s e  f a c i l i t i e s  a r e  con tamina ted  r u b b e r  g l o v e s ,  c e l l u l o s i c  
m a t e r i a l s ,  g lassware ,  p l a s t i c ,  an imal  carcasses,  and some l i q u i d  wastes  packed 
i n  abso rben t .  

1.3 TELEDYNE ISOTOPES, INC., UESTWOOD, NEW JERSEY 

The purpose o f  t h e  Te ledyne I s o t o p e s  f a c i l i t y  i n  Westwood, New Je rsey ,  i s  
t o  r e c e i v e  and s t o r e  r a d i o a c t i v e  waste  t e m p o r a r i l y  f o r  a  maximum o f  6 months 
u n t i l  i t  i s  sh ipped  t o  a  l i c e n s e d  b u r i a l  ground. I n f o r m a t i o n  on t h i s  f a c i l i t y  
was t a k e n  f r o m  d o c k e t  m a t e r i  a1 ( T e l  edyne I s o t o p e s ,  I n c .  1968-1981).  



1.3.1 Process D e s c r i p t i o n  

O p e r a t i  on 

R a d i o a c t i v e  was te  i s  r e c e i v e d  a t  t h e  c u s t o m e r ' s  f a c i l i t y .  A swipe t e s t  i s  
made and c o n t a i n e r s  a r e  mon i to red .  C o n t a i n e r s  r e a d i n g  i n  excess o f  200 mR/hr 
a t  t h e  s u r f a c e  and 10 mR/hr a t  1 rn must be repackaged b e f o r e  acceptance.  
The c o n t a i n e r  i s  marked as t o  i t s  c o n t e n t s  and r a d i a t i o n  l e v e l ,  s e a l e d ,  and 
t r a n s p o r t e d  t o  t h e  waste  s t o r a g e  s i t e .  Drurns a r e  m o n i t o r e d  d u r i n g  s t o r a g e  and 
t r a n s p o r t e d  t o  a  l i c e n s e d  r a d i o a c t i v e  was te  b u r i a l  g round w i t h i n  6 months. 

Three s i z e s  o f  c o n t a i n e r s  a r e  used: 5, 30, and 55 g a l .  R a d i o a c t i v e  was te  
may be i n  t h e  form of an imal  ca rcasses  p r e s e r v e d  i n  f o r m a l i n  i n  p l a s t i c  bags, 
s c i n t i l l a t i o n  v i a l s  packed i n  an abso rben t ,  and o t h e r  con tamina ted  l a b o r a t o r y  
equipmeot.  The s t o r a g e  a rea  i s  s e p a r a t e d  a c c o r d i n g  t o  c o n t a i n e r s  h o l d i n g  
an imal  ca rcasses ,  c o n t a i n e r s  w i t h  a  dose g r e a t e r  t h a n  10 mR/hr, and a l l  o t h e r  
c o n t a i n e r s .  

Te ledyne  i s  n o t  a u t h o r i z e d  t o  open was te  c o n t a i n e r s .  

1.3.2 F a c i l i t y  D e s c r i ~ t i o n  

Rui  1 d i  ngs 

The s t o r a g e  b u i i d i n g  a t  103 Woodland Avenue i s  24.5 by 38.5 f t  w i t h  a  
t o t a l  a rea  o f  950 f t  and a  c e i l i n g  h e i g h t  o f  12 f t .  Seven windows and two 
d o o r s  a r e  l o c a t e d  a l o n g  t h e  w a l l s  of t h e  b u i l d i n g .  One door  i s  a  r o l l u p  d o o r  
and t h e  windows a r e  4 by 4 f t .  

The s t o r a g e  b u i l d i n g  i s  c o n s t r u c t e d  o f  c o n c r e t e  b l o c k  w i t h  a  c e i l i n g  
cove red  i n  518- i  n . - t l i i  ck f i  r e - r e t a r d a n t  shee t  rock  pane l  s. 

Former s t o r a g e  o p e r a t i o n s  took  p l a c e  i n  a  warehouse i n  Avon, Ohio. T h i s  
b u i l d i n g  was a l s o  c o n c r e t e  b l o c k  w i t h  s t e e l  mesh windows and s u r r o u n d e d  by a  
6 - f t - h i  gh c y c l  one fence.  

HVAC Systems 

The v e n t i l a t i o n  sys tem f o r  t h e  103 Woodland s t o r a g e  b u i l d i n g  i s  n o t  
d e s c r i b e d .  However, Te ledyne was p l a n n i n g  t o  use p a r t  o f  t h e  50 Van Buren 
Avenue b u i l d i n g  as a  s t o r a g e  l o c a t i o n .  The proposed a rea  c o n t a i n e d  a  s e l f -  
s u s t a i n e d  a i r  sys tem segrega ted  f r o m  t h e  rema inder  o f  t h e  b u i l d i n g .  

Eng ineered  S a f e t y  Systems 

The 103 Woodland S t o r a g e  b u i l d i n g  has an a u t o m a t i c  f i r e  a l a r m  and 
e x t i n g u i s h i n g  d e v i c e  u s i n g  C02. 



S u r r o u n d i n g  Area 

The waste  s t o r a g e  b u i  l d i n g  i s  l o c a t e d  n e x t  t o  a  r a d i o c h e r n i s t r y  b u i l d i n g  w 
o p e r a t e d  by Te ledyne I s o t o p e s  and on t h e  c o r n e r  o f  two s t r e e t s .  Other  
b u i l d i n g s  and o p e r a t i o n s  i n  t h e  a r e a  a r e  n o t  i d e n t i f i e d  i n  t h e  docke t  
i n f o r m a t i o n .  

1.3.3 I n v e n t o r y  

R a d i o a c t i v e  I n v e n t o r y  

Possess ion  l i m i t s  a r e  l i s t e d  i n  T a b l e  1.4. 

R a d i o a c t i v e  waste  may be i n  t h e  form o f  con tamina ted  an imal  ca rcasses  
p r e s e r v e d  i n  f o r m a l i n ,  p u t  i n  p l a s t i c  bags, and drummed, o r  s c i n t i l l a t i o n  v i a l s  
f i l l e d  w i t h  12.5 L  o f  l i q u i d  and packed i n  adso rben t ,  o r  o t h e r  l a b  wastes such 
as contami n a t e d  g l  oves , w i  pes,  g l a s s  and p l  a s t i  c  1  ab equ i  pment , and c l  o t h i  ng. 

Hazardous and Combusti b l e  I n v e n t o r y  

Comhusti  b l  es i n  t h e  f o r m  o f  con tamina ted  g l o v e s ,  rags ,  c e l l  u l  o s i  c  
m a t e r i a l s ,  and p l a s t i c  bags may be p a r t  o f  t h e  waste  i n  t h e  drums. 

TABLE 1.4. Possess ion L i m i t s  a t  Te ledyne I s o t o p e s ,  I n c .  

M a t e r i  a1 L i m i t  

By -p roduc t  m a t e r i  a1 750 C i  

H 5,000 C i  

Source m a t e r i  a1 12,500 l b  

Spec i  a1 n u c l e a r  rnater i  a1 200 g 
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APPENDIX J 

UNIVEKSITY RESEARCH AND DEVELOPMENT 

J . l  HARVARD UNIVEKSITY, CAMBRIDGE, MASSACHUSETTS 

H a r v a r d  Uni  v e r s i  ty  uses r a d i  o a c t  i ve i s o t o p e s  f o r  r e s e a r c h  and development 
i n  h o s p i t a l s ,  med ica l  and d e n t a l  schoo ls ,  and animal  r e s e a r c h  c e n t e r s .  I n f o r -  
m a t i o n  on t h i s  f a c i l i t y  was t a k e n  f r o m  docke t  m a t e r i a l  (Harva rd  U n i v e r s i t y  
1965-1981 ) . 
J. l . l  Process D e s c r i p t i o n  

I s o t o p e s  a r e  assumed r e c e i v e d  a t  a  c e n t r a l  p o i n t  and d i s t r i b u t e d  t o  
use rs .  I s o t o p e s  a r e  used t o  pe r fo rm i o d i n a t i o n s  and i n j e c t  an ima ls .  I o d i n a -  
t i o n s  a r e  pe r fo rmed  i n  g l o v e  boxes a t t a c h e d  t o  hoods equ ipped w i t h  a  c h a r c o a l  
f i l t e r  f o r  o u t l e t  a i r .  

Animal  i n j e c t i o n s  a r e  pe r fo rmed  on t r a y s  l i n e d  w i t h  abso rben t  paper.  
An imals  a r e  t h e n  k e p t  i n  l a b e l e d  cages w h i l e  under  s tudy .  

Some r a d i o i s o t o p e s  a r e  hand led i n  s p e c i a l  l a b s  equ ipped w i t h  cave boxes. 
The boxes have remote tongs ,  1-112 i n .  o f  l e a d  s h i e l d i n g ,  l e a d  g l a s s  v i e w i n g  
windows, and a b s o l u t e  f i l t e r s  f o r  t h e  exhaust .  

Waste D i s p o s a l  

The Env i ronmen ta l  H e a l t h  and S a f e t y  group r e g u l a t e s  t h e  d i s t r i b u t i o n  and 
d i s p o s a l  o f . w a s t e s  a t  Harvard .  L i q u i d  wastes a r e  e i t h e r  d i s c h a r g e d  i n t o  t h e  
sewer i f  a c t i v i t y  i s  under  t h e  r e q u i  r e d  1  eve1 , o r  n e u t r a l  i zed t o  a  pH o f  6 t o  8 
and s t o r e d  i n  nonbreakab le  b o t t l e s ,  such as p o l y e t h y l e n e ,  b e f o r e  b e i n g  d i s p o s e d  
o f  by a  commercia l  waste  company. 

S o l i d  wastes  w i t h  l o w  a c t i v i t y ,  such as animal  ca rcasses  and combus t ib les ,  
a r e  i n c i n e r a t e d  i n  t h e  power house i n c i n e r a t o r .  Some animal  ca rcasses  a r e  
bagged and s t o r e d  i n  a  f r e e z e r ,  t hen -  s e n t  t o  t h e  p r i m a t e  c e n t e r  f o r  b u r i a l .  

About 90% o f  t h e . r a d i o a c t i v e  waste  genera ted  i s  packed i n  30-gal  m e t a l  
b a r r e l s  and s t o r e d  i n  a  s to re room i n  t h e  Harva rd  Med ica l  School b e f o r e  removal 
by a  commercia l  d i s p o s a l  f i r m .  

J  .1.2 F a c i  1  i t y  D e s c r i p t i o n  

B u i  1  d i  nas 

Some r a d i o i s o t o p e  l a b s  have cave boxes w i t h  1 - 1 1 2 - i n . - t h i c k  l e a d  
s h i e l d i n g ,  arid 1  ead v i  ewi ng w i  ndows. 



HVAC Systems 
n 

Charcoa l  f i  1 t e r s  a r e  used f o r  i o d i  n a t i  on processes.  Areas hand1 i ng 
v o l a t i l e  m a t e r i a l s  a r e  equ ipped  w i t h  e x t r a  v e n t i l a t i o n  equipment,  such as 

w 
hoods, t o  p r e v e n t  b u i  1  d-up o f  r a d i  o a c t i  ve m a t e r i  a1 s. 

Eng ineered  S a f e t y  Systems 

F i r e  e x t i n g u i s h e r s  a r e  l o c a t e d  c l o s e  t o  me ta l  waste  baske ts  i n  t h e  l a b s  
and a t  v a r i o u s  l o c a t i o n s  i n  t h e  f a c i l i t i e s .  The recommended method o f  h a n d l i n g  
f i r e s  i n  g l o v e  boxes o r  hoods i s  t o  c u t  o f f  a i r  supp ly  t o  t h e  u n i t  by s h u t t i n g  
o f f  v e n t i l a t i o n  and c l o s i n g  open ings.  

I n v e n t o r y  

Radi  o a c t i  ve I n v e n t o r y  

I o d i n a t i o n s  i n v o l v e  up t o  10 mCi of 1 2 5 ~  a t  one t ime .  L i c e n s e  l i m i t s  f o r  
r a d i o a c t i v e  m a t e r i a l  a t  Harva rd  U n i v e r s i t y  a r e  shorn i n  T a b l e  J.1.  

Hazardous and Combus t ib le  I n v e n t o r y  

Gloves,  p l a s t i c  bags, abso rben t  m a t e r i a l ,  an imal  ca rcasses ,  and an imal  
e x c r e t a  a r e  some of t h e  c o m b u s t i b l e  m a t e r i a l s  t h a t  may be con tamina ted  and may 
be found  i n  t h e  l a b s  o r  waste  s t o r a g e .  

5.2 MICHIGAN STATE UNIVERSITY, EAST LANSING, MICHIGAP4 

M i  c h i  gan S t a t e  U n i v e r s i t y  (MSU) uses r a d i o i s o t o p e s  f o r  r e s e a r c h  and 
development s t u d i e s  on p l a n t s  and an ima ls .  Some d i a g n o s i s  a ~ d  t h e r a p y  i s  
performed. I n f o r m a t i o n  on t h i s  f a c i l i t y  was o b t a i n e d  f r o m  d o c k e t  m a t e r i a l  
(Mi c h i  gan S t a t e  U n i v e r s i t y  1963-1981). 

Process D e s c r i  p t i  on 

g p e r a t i  ons 

R a d i o a c t i v e  m a t e r i a l s  a r e  r e c e i v e d  and s t o r e d  a t  a  c e n t r a l  l o c a t i o n  b e f o r e  
d i s t r i b u t i o n  t o  u s e r s  a t  350 d i f f e r e n t  l a b s  on t h e  MSU campus. o f  t h e  

S O ~ $ c  3H 32 reseggch and development a c t i  v i  t i es i n v o l  ve mi 11 i c u r i e  amounts o f  , , p, 
and S  i n  t h e  f o r m  of amino a c i d s  and m e t a b o l i t e s ,  wh ich  a r e  used f o r  
entornol ogy s t u d i  es. Some of  t h e  p rocesses  a r e  d e s c r i  bed be1 ow. 

Carbon-14 i s  a p p l i e d  t o  marsh p l a n t s  by a c i d i f y i n g  1 0  t o  100 m C i  of  
N ~ H ~ ~ C O ~  i n  a  c l o s e d  chamber. The p l a n t  r e t a i n s  5% o f  t h e  a c t i v i t y .  The s t u d y  
i s  done i n  s i t u .  

S u l f u r - 3 5  i s  a p p l i e d  t o  c o d l i n g  moth eggs (0.08 pCi t o t a l  i n  300 eggs).  
The eggs a r e  p l a c e d  i n  s m a l l  a p p l e  t r e e s .  L a t e r  t h e  l a r v a e  and a p p l e s  a r e  
c o l  1 e c t e d  and s t u d i e d .  



TABLE J.1. L i c e n s e  L i m i t s  f o r  R a d i o a c t i v e  M a t e r i a l s  
a t  Ha rva rd  U n i v e r s i t y  

i 1  ernent I so tope  C i 

Atornic No. 3  - 38 1 each 

Ameri c i  urn 241~rn 5  

A ~ n e r i  c i  urn ( s e a l e d  s o u r c e s )  2 4 1 ~ m  0.5 

Cal i f o r n i u m  ( s e a l e d  sou rces )  2 5 2 ~ f  5.6 x 

Carbon 14c 10  

Ces i  urn ( s e a l  ed sou rces )  13'cs 10 

C o b a l t  ( s e a l e d  s o u r c e s )  6 0 ~ o  2  0  

C u r i  um 2 4 4 ~ m  1 

C u r i  urn ( s e a l e d  sou rces )  2 4 4 ~ m  5  x 1 0 ' ~  

Hydrogen H 300 

I o d i  ne 12SI 2  

1291 1 
1311 3  

K r y p t o n  K r 10  

Phosphorous 3 2 ~  3  

p o l  o n i  urn 2 1 0 ~ ~  2  x 10-2 

S t r o n t i  urn 9 0 ~  r 5 x 

S t r o n t i u m  ( s e a l e d  s o u r c e s )  1 

S u l f u r  3 5 ~  5  

T h o r i  urn 2 3 8 ~ h  1.5 x 1 0 ' ~  

Xenon 1 3 3 ~ e  10 

A  bone m i n e r a l  a n a l y z e r  c o n t a i n i n g  400 mCi o f  s e a l e d  l Z 5 1  sou rce  i s  used 
' o r  s t u d i e s  on humans and an imals .  The a n a l y z e r  may be t r a n s p o r t e d  i n  t h e  
runk  o f  a  c a r  t o  a reas  w i t h i n  t h e  s t a t e .  The machine o p e r a t e s  i n  a  s c a n n i n g  

mode. 

A  9 9 ~ o / 9 9 m ~ c  g e n e r a t o r  i s  s t o r e d  i n  a  s p e c i a l  u n i t .  The e l u a t e  9 9 m ~ c  i s  
e x t r a c t e d  and s t o r e d  i n  a  v i a l  i n  a  l e a d  p i g  b e f o r e  use. 

A "51- eye a p p l i c a t o r  i s  used on humans and an imals .  



Waste D i  s ~ o s a l  

L i q u i d  wastes a r e  s t o r e d  i n  d i s p o s a b l e  meta l  cans, p o l y e t h y l e n e  jugs ,  o r  
g l a s s  carboys,  wh ich  must be s e t  i n  a  l a r g e  pan t o  c o n t a i n  s p i l l s .  So- l id  
wastes  a r e  s t o r e d  w i t h i n  p l a s t i c  l i n e r s  i n  waste c o n t a i n e r s .  Wastes a r e  
d i sposed  o f  by a  l i c e n s e d  f i r m .  S h o r t - l i v e d  m a t e r i a l s  a r e  s t o r e d  f o r  decay a t  
t h e  MSU r a d i o a c t i v e  waste  b u i l d i n g  b e f o r e  d i s p o s a l  w i t h  r e g u l a r  waste. 
Exhausted Mo/Tc g e n e r a t o r s  a r e  decayed i n  s t o r a g e  f o r  15 h a l f - l i v e s  o r  more 
b e f o r e  d i s p o s a l  . 
J .2.2 F a c i l i t y  D e s c r i p t i o n  

B u i  1  d i n g s  

The r a d i o i s o t o p e  shipment s t o r a g e  area i s  a p p r o x i m a t e l y  6 f t  by 6 f t  and 
i s  l o c a t e d  on t h e  f i r s t  f l o o r  of t h e  Department o f  P u b l i c  S a f e t y  b u i l d i n g .  

The s t o r a g e  room f o r  t h e  Mo/Tc g e n e r a t o r  and o t h e r  r a d i o a c t i v e  m a t e r i a l s  
i s  i n  t h e  MSU C l i n i c a l  Cen te r  (shown i n  F i g u r e  J . l ) .  Dimensions a r e  about  
14 ft bjj 10 ft. A s a f e  f o r  t h e  s t o r a g e  o f  r a d i o a c t i v e  m a t e r i a l s  has a  volume 
of 1 f t  and has 2 - i n . - t h i c k  l e a d  s h i e l d i n g .  The n u c l e a r  med ic ine  room 
c o n t a i n i n g  a  gamma camera i s  nearby. T h i s  room i s  about  17 f t  by 26 ft. 

The l e a d  s h i e l d i n g  h o u s i n g  t h e  Mo/Tc g e n e r a t o r  i s  a l s o  2 i n .  t h i c k .  

HVAC Systems 

R a d i o a c t i v e  m a t e r i a l s  a r e  hand led i n  hoods equ ipped t o  g i v e  a  minimum o f  
100 l i n e a r  f e e t  p e r  m i n u t e  a i r  f l o w .  

J .2.3 I n v e n t o r y  

Radi  o a c t i  ve I n v e n t o r y  

T a b l e  5.2 l i s t s  t h e  q u a n t i t y  o f  r a d i o a c t i v e  m a t e r i a l s  t h a t  M i c h i g a n  S t a t e  
i s  l i c e n s e d  f o r .  

J .3 OHIO STATE UNIVERSITY, COLUFIBUS, OHIO 

Ohi o  S t a t e  Uni v e r s i  t y  uses r a d i  o a c t  i ve i ,sotopes f o r  r e s e a r c h  and 
development p r i m a r i l y  i n  t h e  area o f  n u c l e a r  medic ine .  I n f o r m a t i o n  on t h i s  
f a c i  1  i t y  was o b t a i n e d  f rom docke t  m a t e r i  a1 (Ohio  S t a t e  U n i v e r s i t y  1979).  

5.3.1 Process D e s c r i p t i o n  

O p e r a t i  on 

Ohi o  S t a t e  has a  r a d i  opharmacy t h a t  d i spenses  r a d i  o a c t i  ve rnater i  a1 s  f o r  
use i n  t r e a t m e n t  and t h e r a p y  of p a t i e n t s  as w e l l  as med ica l  research.  T h i s  
d e s c r i  p t i  on emphasi zes areas e x c l  u s i  ve o f  t h e  rad iopharmacy s i n c e  
rad iopharmac ies  a r e  covered i n  ano the r  ca tegory .  



G A M M A  

CAMERA 

F I G U R E  J.1.  MSU C l i n i c a l  C e n t e r  - R a d i o l o g y  S e c t i o n  

I n  t h e  h o s p i t a l ,  6 0 ~ o ,  1 3 7 ~ s ,  l g 8 ~ u ,  and l g 2 1 r  i m p l a n t a t i o n  i n  p a t i e n t s  
i j l j e s  p lace .  P a t i e n t s  a r e  f@t hosp i  i z e d  u n t i l  t h e  i m p l a n t  i s  removed. The i9Q 

Cs i s  i n  t u b e s ,  and t h e  I r  and Au a r e  seeds. These i s o t o p e s  a r e  k e p t  
i n  a  l e a d - l i n e d  s a f e  u n t i l  r e q u i r e d ,  Then t h e y  a r e  t r a n s p o r t e d  on c a r t s  l i n e d  
w i t h  s t e e l .  S t r o n t i  um-90 i s  a1 so used f o r  t h e r a p y .  S t r o n t i  urn d i s k s  a r e  s t o r e d  
i n  wooden boxes and used a t  t h e  s t o r a g e  l o c a t i o n .  



TABLE 5.2. R a d i o a c t i v e  M a t e r i a l s  a t  M i c h i g a n  S t a t e  U n i v e r s i t y  

E l  ement I so tope  C i 

By-p roduc t  m a t e r i  a1 w i t h  
a tomic  No. 3  - 84 10 t o t a l  

By -p roduc t  m a t e r i  a1 w i t h  
a t o m i c  No. 85 - 103 0.25 

14c 5  10-3 

Ces i  um ( s e a l e d  sou rces )  0.1 max each source 

Hydrogen 3~ 300 

~ ~ d r o ~ e n ( ~ )  3~ 1 x  

I o d i n e  ( s e a l e d  s o u r c e )  
1251 

0.4 

Molybdenum/Technetium 9 9 ~ o / 9 9 m ~ c  1 g e n e r a t o r  

Phosphorous P 2  l o - 3  

S t r o n t i u m  9 0 ~  r 0.1 

~ u l  f u r ( a )  3 5 ~  2  10-3 

( a )  I s o t o p e s  used i n  entomology s t u d i e s  i n  t h e  f o r m  o f  amino 
a c i d s  and rnetabol i t e s .  

I o d i n e - 1 3 1  and 3 2 ~  a r e  i n j e c t e d  as i o d i d e  and s o l u b l e  phosphate  respec -  
t i v e l y  f o r  t r e a t m e n t  o f  d i seases .  The i o d i n e  i s  g i v e n  i n  30 m C i  doses o r  l e s s  
w h i l e  t h e  phosphorous i s  g i v e n  i n  0.5 t o  5.0 m C i  doses. 

Xenon-133 i s  g i v e n  t o  p a t i e n t s  i n  e i t h e r  a  gaseous o r  s a l i n e  f o r m  f o r  
b l o o d  f l o w  s t u d i e s .  Doses o f  10  t o  30 m C i  a r e  a p p l i e d .  Xenon i s  a1 so used i n  
a  l a b  f o r  r e s p i r a t o r y  s t u d i e s .  The gas i s  i n j e c t e d  i n t o *  a p p a r a t u s  i n  a  hood i n  
28 mCi  q u a n t i t i e s .  The l u n g s  o f  a  dog a r e  used i n  t h e  exper imen t  and t h e n  a r e  
d i sposed  o f  by packag ing  i n  r a d i o a c t i v e  waste  c o n t a i n e r s .  

Waste Di sposa l  

A commerci a1 waste  d i  sposa l  s e r v i c e  removes 1  i q u i d  waste,  9 9 ~ o / 9 9 m ~ c  
g e n e r a t o r s ,  and o t h e r  s o l i d  waste.  Some s o l i d  waste  i s  h e l d  f o r  decay and 
d i s p o s e d  o f  as o r d i n a r y  waste. L i q u i d  waste  below a  s p e c i f i e d  r a d i o a c t i v e  
l i m i t  i s  d i sposed  o f  i n  a  sewer. 

5.3.2 F a c i l i t y  D e s c r i p t i o n  

B u i  1  d i n g s  

Room d i n e n s i o n s  a r e  l i s t e d  i n  T a b l e  5.3. 



TABLE 5.3. Room Dimens ions  o f  Labs a t  Oh io  S t a t e  U n i v e r s i t y  

Room Dimens ions ,  f t  Volume, f t  3 

N u c l e a r  pharmacy 20 by 16 by 8 2560 

I n  v i t r o  room 12 by 16 by 8 1500 

I n j e c t i o n  room 5 by 16 by 8 640 

N-165 2000 

N-149 2400 

HVAC Systerns 

Room v e n t i l a t i o n  f o r ' l a b  rooms i n  t h e  n u c l e a r  m e d i c i n e  a rea  was measured 
a t :  

17 t o  30 l i n e a r  f t l m i n  under  open doo rs  

80 t o  300 l i n e a r  f t / m i n  under  c l o s e d  d o o r s  

180 t o  145 l i n e a r  f t / m i n  f r o m  s u p p l y  a i r  

90 t o  300 l i n e a r  f t l m i n  f r o m  v e n t s  

3 
Hood f l o w  r a t e s  p r o v i d e  600 f t  /mi n. About 9 a i  r changes p e r  hou r  a r e  

p r o v i d e d  i n  t h e  w ing.  

J .3.3 I n v e n t o r y  

Radi o a c t i  ve I n v e n t o r y  

T a b l e  5.4 g i v e s  t h e  l i c e n s e  l i m i t s  o f  r a d i o a c t i v e  m a t e r i a l  a t  Oh io  S t a t e  
as o f  December 1979. 

I n d i v ' d u a l  oses g i v e n  t o  p a t i e n t s  r e  3 x 10" C i  4 3$ - 9 l3' i n j e c t e d ,  5 x  
t o  5 x 10- $i P n j e c t e d ,  and 1 x I0  t o  1 x  ii i n j e c t e d .  Doses 

1 3 3 ,  
o f  2.8 x 10- C i  Xe a r e  used f o r  one s e t  o f  expe r imen ts .  

Chemica ls  and Hazardous M a t e r i a l s  

Combus t i b les  such as l a b  c o a t s ,  g loves ,  w ipes ,  and p l a s t i c  bags can be 
found  i n  t h e  l a b s  and h o s p i t a l .  S t r o n t i u m  sources  i n  d i s k s  a r e  k e p t  i n  wooden 
boxes. 

5.4 ORAL ROBERTS UNIVERSITY, TULSA, OKLAHOMA- 

O r a l  R o b e r t s  U n i v e r s i t y  uses r a d i  o a c t i  ve i s o t o p e s  i n  r e s e a r c h  and 
development s t u d i e s  i n v o l v i n g  a n i m a l s  and b i o l o g i c a l  t i s s u e .  I n f o r m a t i o n  on 
t h i s  f a c i  1  i t y  was o b t a i n e d  f r o m  d o c k e t  m a t e r i a l  ( O r a l  R o b e r t s  U n i v e r s i t y  
1979-1981). 



TABLE J.4. L i c e n s e  L i m i t s  a t  Ohio s t a t e  U n i v e r s i t y  

n 
Element I s o t o p e  Form/Use C i 'd 

By-p roduc t  rna ter i  a1 Med ica l  research ,  d i a g n o s i s  and 
a tomic  No. 3  - 83 t h e r a p y  10 any 

Arneri c i  urn 2 4 1 ~ m  5 

Cal  i f o r n i u r n  2 5 2 ~ f  S e a l e d s o u r c e s  

Ces i  urn 1 3 7 ~ s  Sea led source/R&D 

1 3 7 ~ s  Sea led s o u r c e / s t o r a g e  

C o b a l t  6 0 ~ o  Sea led s o u r c e s / t r a i  n i  ng source 3  x each 

6 0 ~ o  Sealed s o u r c e / s t o r a g e  5 

Hydrogen 3~ Med ica l  research ,  d i  agnos i  s  100 
and t h e r a p y  

' H Sealed sources 9 0 

'H Gas 500 

I o d i  ne 

K r y p t o n  

Nep tun i  urn 

N i c k e l  

Phosphorous 

P o l  o n i  um 

Po l  o n i  um 

S t  r o n t  i um 

Xenon 

Y t t e r b i  urn 

J  .4.1 Process D e s c r i  p t i  on 

O p e r a t i o n  

T r i t i a t e d  compounds i n c o r p o r a t e d  2UUO 
i n t o  c e l l s  

I od ide /med i  c a l  t r e a t m e n t  0.7 

Sealed sou rce  1.5 

0.1 

Sealed sou rce  1 

S o l u b l e  phospha te lmed ica l  0.1 
t r e a t m e n t  

100 

Sealed s o u r c e  2  5 

500 

Gas o r  s a l i n e / b l o o d  f l o w  s t u d i e s  2000 

100 

Severa l  depar tments  use r a d i  o i  so topes i n  r e s e a r c h  s t u d i e s  . I s o t o p e s  a r e  
r e c e i v e d  and d i s t r i b u t e d  f r o m  a  c e n t r a l  o f f i c e .  Some of t h e  processes and 
s t u d i e s  a r e  d e s c r i b e d  below. 



L a b e l i n g  o f  o r g a n i c  compounds such as c e l l u l a r  p r o t e i n s ,  enzymes, and 
o t h e r  b i o l o g i c a l  m a t e r i a l s  t a k e s  p l a c e  i n  l a b s .  I o d i  n a t i o n s  may be pe r fo rmed  
i n  i s o l a t e d  h o t  l abs .  

I s o t o p e s  a r e  i n j e c t e d  i n t o  an ima ls  and animal  t i s s u e  t o  s t u d y  v a r i o u s  
b i o l o g i c a l  p rocesses.  The an ima ls  a r e  k e p t  i s o l a t e d  i n  l a b e l e d  cages d u r i n g  
s t u d i e s .  

Americ ium-241 sources a r e  used t o  e l  i m i  n a t e  s t a t i c  e l e c t r i c i t y  i n  w e i g h i n g  
c e l l s  d u r i n g  some s t u d i e s .  

Waste D i s p o s a l  

Animal  ca rcasses  a r e  s t o r e d  i n  f r e e z e r s  u n t i l  a c t i v i t y  has decayed 
s u f f i c i e n t l y  t o  a l l o w  i n c i n e r a t i o n s  o r  d i s p o s a l  t o  a  l i c e n s e d  b u r i a l  s i t e .  
L i q u i d  waste  i s  n e u t r a l i z e d  and s t o r e d  i n  p o l y e t h y l e n e  b o t t l e s  b e f o r e  d i s p o s a l  
i n  30-gal  s t e e l  b a r r e l s .  S o l i d  wastes a r e  packed i n  5-, 30-, o r  55-gal  s t e e l  
b a r r e l s ,  t h e n  sh ipped  t o  a  l i c e n s e d  d i s p o s a l  s i t e .  

F a c i  1  i t y  D e s c r i p t i o n  

Most  o f  t h e  l a b s  a r e  i n  one b u i l d i n g ,  t h e  Graduate  Center .  Room s i z e s  a r e  
about  12 by 20 f t  t o  10 by 12 ft. 

The an imal  f a c i  1  i t i e s  c o n t a i n i n g  rooms f o r  s u r g e r y ,  necropsy,  l o c k e r s ,  
cage wash, and i n c i n e r a t o r  has an a rea  o f  46,000 f t  . Animals  c o n t a i n i n g  
r a d i o a c t i v e  m a t e r i a l  a r e  k e p t  i n  i s o l a t e d  rooms. 

Labs a r e  equ ipped  w i t h  1  i noleum t i l e  f l o o r s ,  v i n y l  -coated s h e e t r o c k  w a l l  s, 
epoxy r e s i n  bench t o p s  and me ta l  casework. 

HVAC Svstems 

La s  have hoods w i t h  a b s o l u t e  f i l t e r s  and f l o w  r a t e  c a p a c i t i e s  o f  3 1300 f t  /min.  The rooms have one o r  two a i r  c o n d i t i o n i n g  d u c t s  as w e l l  as an 
o u t l e t  t o  t h e  r e t u r n  a i r  d u c t  i n  t h e  c e i l i n g s .  

J .4.3 I n v e n t o r y  

Radi  o a c t i  ve I n v e n t o r y  

T a b l e  5.5 g i v e s  t h e  l i c e n s e  l i m i t s  f o r  r a d i o a c t i v e  m a t e r i a l  a t  O r a l  
R o b e r t s  U n i v e r s i t y .  Organ ics  a r e  i n  t h e  f o r m  o f  amino a c i d s ,  c a r b o h y d r a t e s ,  
n u c l e o s i d e s ,  n u c l e o t i d e s ,  p u r i n e s ,  p y r i m i d i n e s , .  p r o t e i n s ,  v i t a m i n s ,  and f a t t y  
a c i d s .  I n o r g a n i c s  a r e  i n  w a t e r  and h y d r i d e  s a l t s  o r  a p p r o p r i a t e  a c i d s .  

Hazardous and Combus t ib le  I n v e n t o r y  

Rubber g loves ,  p r o t e c t i v e  c l o t h i n g ,  abso rben t  paper,  and o t h e r  c o m b u s t i b l e  
i t e m s  can be found  i n  t h e  l abs .  



TABLE 5.5. L i c e n s e  L i m i t s  a t  Ora l  Rober ts  U n i v e r s i t y  n 

E l  ernent I so tope  ForrnIUse C i 
w 

Arneri c i  urn 2 4 1 ~ r n  1 

Cadrni urn l o 9 c d  

Cal c i  urn 4 5 ~ a  I n o r g a n i c  

Carbon 4~ Organic  

C e r i  urn l 4 ' ce  

Cesi  urn 13'cs Sealed source  

Chl o r i  ne 3 6 ~  1  

Chrorni urn 5 1 ~ r  I n o r g a n i  c  

Hydrogen 3~ Organ ic  

3~ I n o r g a n i c  
1251 

I o d i n e  I n o r g a n i c  
12SI P r o t e i n  

1311 I n o r g a n i c  

1311 
P r o t e i n  

I r o n  5 9 ~ e  I n o r g a n i c  

N i c k e l  63~i  

Phosphorous 

P l a t i n u m  

P o t a s s i  urn 

Rubi d i  urn 

Scandi urn 

S t  r o n t  i urn 

S u l f u r  

Technet i urn 

T i n  

Z i n c  

3 2 ~  Organi  c  

3 2 ~  I n o r g a n i c  

3 3 ~  Organ ic  

3 3 ~  I n o r g a n i c  
19 5rnp 

4 2 ~  

8 6 ~  b  

4 6 ~ c  F o i  1  

85s r 
5~ Organ ic  

3 5 ~  I n o r g a n i c  

9 9 r n ~ c  

l 1 3 s n  

6 5 ~ n  



Organ ics  a r e  used i n  l a b e l i n g  p rocesses  i n  t h e  l a b s  and a r e  i n  t h e  forms 
f \ ment ioned  under  r a d i o a c t i v e  i n v e n t o r y .  

J.5 UNIVERSITY OF ILLINOIS, URBAN*, ILL INOIS 

The Uni v e r s i  t y  o f  I 1  1  i n o i  s  uses r a d i  o i  so topes  f o r  v a r i o u s  r e s e a r c h  and 
deve l  opment o p e r a t i o n s .  Animal s t u d i e s ,  d i  agnos i  s  and t h e r a p y  o f  v e t e r i  n a r y  
d i seases ,  s o i  1  s c i e n c e s  and p l  a n t  s t u d i e s  a r e  per formed.  I n f o r m a t i  on on t h i  s  
f a c i  1  i t y  was o b t a i n e d  f r o m  docke t  m a t e r i  a1 ( U n i v e r s i t y  o f  I 1  1  i n o i  s  1957-1981). 

J .5.1 Process D e s c r i    ti on 

Operat  i on 

Over 320 l a b o r a t o r i e s  i n  40 d i f f e r e n t  b u i l d i n g s  conduc t  s t u d i e s  u s i n g  
r a d i o a c t i v e  m a t e r i a l s .  The i s o t o p e s  a r e  o r d e r e d  and r e c e i v e d  by a  c e n t r a l  
h e a l t h  and s a f e t y  group,  wh ich  a l s o  c o l l e c t s  and d i sposes  o f  waste  m a t e r i a l s .  

~ Some o f  t h e  r e s e a r c h  and development o p e r a t i o n s  a t  t h e  u n i v e r s i t y  a r e  d e s c r i b e d  
be1 ow. 

I o d i n a t i o n s  i n v o l v i n g  2  t o  4  m C i  of l Z 5 1  p e r  r e a c t i o n  a r e  pe r fo rmed  i n  
hoods on abso rben t -1  i n e d  me ta l  t r a y s .  D i s p o s a b l e  p l a s t i c  l a b  equipment may b e  
used f o r  t h i s  o p e r a t i o n .  

An imals  may be i n j e c t e d  w i t h  v a r i o u s  i s o t o p e s  and s t u d i e d .  The cages a r e  
l a b e l e d  and an imal  ca rcasses  and e x c r e t a  a r e  m o n i t o r e d  b e f o r e  d i s p o s a l .  

Amer ic ium-241 and 13'cs a r e  used o f f -campus as m o i s t u r e  and d e n s i t y  gages 
and we1 1-1 o g g i  ng d e v i  ces. 

The 6 0 ~ o  and 1 m C i  13'cs sou rces  a r e  used f o r  t r a i n i n g  cou rses  t h r o u g h o u t  
t h e  s t a t e .  

Phosphorous-32 i s  used i n  s o i  1  s c i e n c e  and p l a n t  and an imal  s t u d i e s  on 
e x p e r i m e n t a l  f a rm p l o t s .  

Waste D i s p o s a l  

Combus t ib le  l i q u i d  waste  i s  me te red  i n  w i t h  f u e l  o i  1  and i n c i n e r a t e d  a t  a  
l o c a l  power p l a n t .  T h i s  waste  comes f r o m  l i q u i d  s c i n t i l l a t i o n  v i a l s  and con- 
t a i n s  60 t o  70% t o l u e n e ,  30 t o  40% xy lene ,  4 t o  5% d ioxane,  and 1 t o  10% w a t e r  
and mi s c e l l  aneous compounds. About 1200 t o  1500 g a l  / y r  a r e  genera ted.  

Animal ca rcasses  may be i n c i n e r a t ' e d ,  s h i p p e d  t o  a  l i c e n s e d  b u r i a l  s i t e ,  o r  
d i sposed  o f  w i t h  sewage a f t e r  g r i n d i n g  o r  chemica l  d i g e s t i o n .  

S o l i d  waste  i s  d i sposed  of t h r o u g h  a  commercia l  waste  d i s p o s a l  firm. 
L i q u i d  waste  t h a t  i s  n o t  i n c i n e r a t e d  may be d i s p o s e d  o f  i n  a  sewer i f  a c t i v i t y  
i s  below a  c e r t a i n  l e v e l .  O t h e r w i s e  i t  may be s o l i d i f i e d  i n  cement o r  p l a s t e r  
o f  P a r i s ,  o r  pH-ad jus ted  t o  6.8 t o  8.0 and s t o r e d  i n  1- t o  5-ga l  b r e a k -  
r e s i  s t a n t  c o n t a i n e r s  b e f o r e  d i  sposa l  by a  commerci a1 f i  rm. 



5.5.2 F a c i l i t y  D e s c r i p t i o n  

B u i  1  d i n g s  

$he s t o r a g e  room f o r  we1 1  - l o g g i n g  sources has b r i c k  masonry w a l l  s  and 
35 f t  o f  f l o o r  space. 

HVAC Systems 

I o d i  n a t i  on hoods have f l o w  r a t e s  o f  1000 f t 3 / m i  n. 

I n v e n t o r y  

R a d i o a c t i v e  I n v e n t o r y  

T a b l e  5.6 g i v e s  t h e  l i c e n s e  l i m i t s  o f  r a d i o j c t i v e  r n a t e r j a l  a t  t h e  
U n i v e r s i t y  o f  I l l i n o i s .  I o d i n a t i o n s  use 2  x 10- t o  4 x 10- C i  amounts o f  
i o d i  ne i s o t o p e s .  

Hazardous and Combusti  b l  e  I n v e n t o r y  

Gloves,  absorbent  paper,  p l a s t i c  t e s t  tubes,  and p l a s t i c  bags a r e  some 
c o m b u s t i b l e  m a t e r i a l s  t h a t  may be found i n  t h e  l a b o r a t o r i e s .  

L i q u i d  waste  has some v o l a t i l e ,  f lammable, and t o ' x i c  components as 
d i s c u s s e d  above. A1 though no i n f o r m a t i o n  was g i  ven on t h e  c o n t a m i n a t i o n  1 eve1 
o f  t h e  l i q u i d ,  i t  i s  assumed l e s s  t h a n  t h a t  g i v e n  i n  T a b l e  5.7 t o  be a b l e  t o  
i n c i n e r a t e  t h e  1  i q u i d  a t  t h e  power p l a n t .  

5.6 UNIVERSITY OF WISCONSIN, MADISON, WISCONSIN 

The U n i v e r s i t y  o f  W iscons in  uses r a d i o a c t i v e  i s o t o p e s  f o r  r e s e a r c h  and 
development i n  t h e  f o l l o w i n g  areas:  med ica l  research ,  d i a g n o s i s  and t h e r a p y  t o  
human be ings,  and t r a c e r  s t u d i e s  i n  l a b o r a t o r y  an imals .  I n f o r m a t i o n  on t h i s  
f a c i  1  i t y  was o b t a i n e d  f r o m  docke t  m a t e r i  a1 ( U n i v e r s i t y  o f  W iscons in  1956-1981). 

J  .6.1 Process D e s c r i p t i o n  

O p e r a t i  on 

Radi o a c t i  ve i s o t o p e s  a r e  d e l  i ve red  i n  f r o m  r a d i  opharmaceut i  c a l  manu- 
f a c t u r i n g  f a c i  1  i t i e s ,  t h e  U n i v e r s i t y  o f  W iscons in  r e a c t o r ,  and t h e  U n i v e r s i t y  
of  W iscons in  a c c e l e r a t o r .  M a t e r i a l s  a r e  r e c e i v e d  by a  c e n t r a l  o r d e r i n g ,  
r e c e i v i n g ,  and d i s t r i b u t i o n  group. T h i s  group does n o t  do any a l i q u o t i n g  o f  
m a t e r i a l s  b u t  su rveys  t h e  packages and s h i p s  them t o  t h e  l a b o r a t o r i e s  and 
h o s p i t a l  f a c i l i t i e s  where t h e y  a r e  used. 

The Veterans Admi n i  s t r a t i  on H o s p i t a l  i n  Madi son admi n i  s t e r s  13'cs and 
l g 2 1 r  i m p l a n t s  t o  humans. Other  t r e a t m e n t s  and t h e r a p y  per formed i s  



TABLE J.6. L i c e n s e  L i m i t s  a t  U n i v e r s i t y  of I l l i n o i s  

Element - I s o t o p e  ForrnIUse C i 

By-p roduc t  m a t e r i  a1 25 each, 
a tomic  No. 3  - 83 500 t o t a l  

Ameri c i  um 2 4 1 ~ r n  5 

2 4 1 ~ m  Sealed sou rces  1 p e r  sou rce  
5  t o t a l  

2 4 1 ~ m  Sealed sources/moi  s t u r e  gage 1 x l o - z  
p e r  sou rce  

Cal  i f o r n i u m  2 5 2 ~ f  Sealed sou rces  9  1 0 ' ~  

Cesi  um 1 3 7 ~ s  Sea led sou rces /dens i  t y  gage 3.5 
p e r  sou rce  

1 3 7 ~ s  Sea led s o u r c e s l t h i  ckness 5  l o - 3  
measurement p e r  sou rce  

1 3 7 ~ s  Sea led s o u r c e s l t r a i  n i  ng 1 1 0 ' ~  
c o u r s e  

1 3 7 ~ s  We1 1  l o g g i n g  sources ( 2 )  0.125 

C o b a l t  6 0 ~ o  Sea led s o u r c e s l t  r a i  n i  ng c o u r s e  

Hydrogen H 

I o d i  ne 
1251 

I o d i  n a t i o n s  
1311 I o d i  n a t i  ons 

Nep tun i  um 2 3 7 ~ p  

Phosphorous 3 2 ~  S o i l ,  p l a n t ,  and an imal  s t u d i e s  

p o l  o n i  urn 2 1 0 ~ o  

2 1 0 ~ o  Sea led s o u r c e s  

2 1 0 ~ o  Covered a l p h a  e m i t t i n g  sou rces /  
vacuum sys tem 

P r o t a c t i n i u m  2 3 3 ~ a  
231.pa 

1 x 10-2 
p e r  sou ce 
3  x 10- 5 
t o t a l  

2000 

T h o r i  urn 2 3 9 ~ h  Ox ide d e p o s i t e d  on n i c k e l  f o i  1  1 
p e r  sou rce  



TABLE J.7. Maximum C o n c e n t r a t i o n  o f  R a d i o a c t i v e  I s o t o p e s  
A l l owed  i n  L i q u i d  Waste I n c i n e r a t e d  a t  t h e  
Uni v e r s i  t y  o f  I 1  1  i n o i  s  Power P l a n t  

Compound 

Cal c i  um 

Carbon 

Ch r o ~ n i  um 

Hydrogen 

I o d i  ne 

Phosphorous 

S t r o n t i  um 

S u l f u r  

I s o t o p e  

4 5 ~ a  

4 7 ~ a  

14c 

5 7 ~ r  

3~ 

12 5  I 

131 I 

3 2 ~  

8 5 ~ r  

' O S ~  

35s 

adrnini s t r a t i o n  o f  6 0 ~ o  i m p l a n t s ,  13'1, and "'A, t r e a t m e n t .  I m p l a n t  p a t i e n t s  
s t a y  a t  t h e  h o s p i t a l  u n t i  1 t h e  i m p l a n t  i s  removed. Therapy p a t i e n t s  t r e a t e d  
w i t h  i o d i n e  o r  g o l d  a r e  h o s p i t a l i z e d  u n t i l  t h e  r e s i d u a l  a c t i v i t y  i s  30 m C i  o r  
1  ess. 

L a b o r a t o r y  a n i m a l s  a r e  t r e a t e d  w i t h  r a d i o a c t i v e  m a t e r i  a1 f o r  r e s e a r c h  
s t u d i e s .  Other  u n s p e c i f i e d  r e s e a r c h  and development e x p e r i m e n t s  t a k e  p l a c e  i n  
t h e  l a b s .  

The U n i v e r s i t y  o f  W i  sc  censed 55 p e r f o r m  r e s e a r c h  e x p e r i m e n t s  

i n v o l v i n g  1 - m C i  amounts o f  P, and S  a t  s e v e r a l  l a k e s  and s t reams  
away f r o m  o f  t h e  Uni v e r s i  t y  campus. 

Waste D i s p o s a l  

3  
L i q u i d  ~ a s t e  c o n t a i n i n g  14c and H  c o n c e n t r a t i o n s  o f  3 m C i  p e r  5  ga l  o r  

l e s s  a r e  k e p t  i n  5-ga l  j u g s  p a r t i a l l y  f i l l e d  w i t h  f u e l  o i l .  T h i s  l i q u i d  i s  
t h e n  fed t o  an i n c i n e r a t o r .  Less t h a n  50 m C i  p e r  day can be i n c i n e r a t e d .  

By -p roduc t  m a t e r i  a l s  i n  an imal  ca rcasses  and an imal  waste  a r e  a1 so 
i n c i n e r a t e d .  The ash f r o m  t h e  i n c i n e r a t i o n s  i s  m o n i t o r e d  and d i s p o s e d  o f  w i t h  
o r d i n a r y  waste  if i t  g i v e s  l e s s  t h a n  300 cpm o r  0.5 mR/hr a t  1 m f r o m  t h e  waste  
package. R a d i o a c t i v e  ash i s  p u t  i n  b a r r e l s  f o r  d i s p o s a l  a t  a  l i c e n s e d  s i t e .  

S o l i d  waste  such as s y r i n g e  need les ,  b roken  g l a s s ,  g l o v e s ,  aprons and 
c e l l u l o s i c  wastes  a r e  packaged i n  bags, boxes, and drums p r i o r  t o  p i c k  up by a  
r a d i  o a c t i  ve waste  d i s p o s a l  s e r v i  ce. 

5.14 
A 



J .6.2 I n v e n t o r y  
/'\ 

Radi o a c t i  ve I n v e n t o r y  

T a b l e  J.8 g i v e s  t h e  l i c e n s e  l i m i t s  of r a d i o a c t i v e  m a t e r i a l  f o r  t h e  U n i v e r -  
s i  t y  o f  Wiscons in .  F i f t e e n  hundred C i  o f  t h e  t r i t i u m  a r e  used f o r  r e s e a r c h  and 
development.  The o t h e r  1500 C i  a r e  s t o r e d  i n  t h e  waste  s t o r a g e  a rea  i n  t h e  
o r i g i n a l  s  i p p i n g  c o n t a i n e r s  o r  as c o n c e n t r a t e d  waste ( > l o  C i  p e r  55-gal  drum 9 where t h e  H i s  absorbed on a  m o l e c u l a r  s i e v e  and i m m o b i l i z e d  i n  c o n c r e t e ) .  
Cesium-137 i s  s t o r e d  i n  a  rad ium bank w i t h i n  a  s h i e l d e d  s t o r a g e  a rea .  

TABLE J.8. L i c e n s e  L i m i t s  f o r  U n i v e r s i t y  o f  W iscons in  

- E l  ement I s o t o p e  FormIUse C i 

By-p roduc t  rna ter i  a1 3  each, 
a tomic  No. 3  - 83 30 t o t a l  

Amer ic ium 2 4 1 ~ m  2 

I Carbon 4~ 5 

I Cesi  um 1 3 7 ~ s  15 

C o b a l t  OC o  

C u r i  um 2 4 4 ~ m  

Gad01 i n i  um 1 5 3 ~ d  Sea led Sources 12 

Hydrogen H 3000 

Molybdenum1 9 9 ~ o /  
Technet ium 9 9 r n ~ c  

Phosphorous 3 2 ~  

U r a n i  urn d e p l e t e d  P l a t e d  m e t a l / c o l l  i m a t e r  i n  500 kg  
X-ray u n i t  

M i  1 1  i c u r i e  amounts o f  3 ~ ,  14c, 3 2 ~ ,  and 3 5 ~  a r e  a l l o w e d  a t  v a r i o u s  
l o c a t i o n s  o f f  o f  t h e  u n i  v e r s i  t y  campus f o r  r e s e a r c h  e f f o r t s .  

Hazardous and Cornbusti b l e  I n v e n t o r y  

Combust ib les  such as g loves ,  aprons,  l a b  coa ts ,  p l a s t i c  bags, w ipes,  and 
c e l l u l o s i c  wastes may be found  i n  t h e  l a b  where a d i o a c t i v e  m a t e r i a l  i s  ? 5 
hand led  and i n  waste s t o r a g e  areas.  The 4~ and H a r e  mixed w i t h  a  f lammable  
l i q u i d  ( f u e l  o i l )  i n  5-ga l  drums b e f o r e  b e i n g  i n c i n e r a t e d .  



5.7 UNIVERSITY OF WYOMING, LARAMIE, WYOMING 

The Uni v e r s i  t y  of Wyomi ng uses r a d i o a c t i v e  i so topes  f o r  f i e l d  exper iments 
and l a b o r a t o r y  research  and development o f  p l a n t s  and an imals .  I n f o r m a t i o n  on 
t h i s  f a c i  1  i t y  was ob ta i ned  f rom docket ma te r i  a1 (Uni v e r s i  t y  o f  Wyomi ng 
1966-1979). 

5.7.1 Process D e s c r i p t i o n  

Opera t ion  I 
Rad ioac t i ve  rnater i  a1 s  a re  r ece i ved  and d i s t r i b u t e d  th rough  t h e  R a d i a t i o n  

Safety  O f f i c e .  The l a b o r a t o r i e s  no rma l l y  hand le  l e s s  t han  1 rnCi o f  r a d i o -  
n u c l  i d e s  w i t h  f i  ve s h i e l d e d  s to rage  areas ava i  1  ab l  e  f o r  s to rage  o f  r a d i  o a c t i  ve 
m a t e r i a l .  About 50 l a b o r a t o r i e s  on campus handle  t h e  i s o t o p e s  as w e l l  as areas 
o f f  campus where s t u d i e s  a re  performed on p l a n t s  and animals.  Some o f  these 
s t u d i e s  a re  desc r i bed  be1 ow. 

M i l l i c u r i e  amounts o f  7 5 ~ c  were f e d  t o  p l a n t s  i n  greenhouses on campus. 

3  
M i  11 i c u r i e  amounts o f  H and 14c were admi n i  s t e r e d  t o  pronghorn ante1 ope 

and b i g  horn  sheep a t  a  game research  u n i t .  The agimals were k e p t c i n  a  c o r r a l  
f o r  t h e  s tudy.  To ta l  q u a n t i t i e s  used were 0.3 C i  H and 0.3 C i  

Antimony-124 i n  10 pCi  imp lan t s  was embedded i n  brown t r o u t  i n  a  creek. 
The s t ream was fenced o f f  and imp lan t s  removed a f t e r  t h e  exper iment.  Twenty- 
f i v e  t o  50 f i s h  were s tud ied .  

Waste Di sposal  

Most r a d i o a c t i v e  waste i s  c o l l e c t e d  i n  drums i n  a  c e n t r a l  s t o rage  area 
u n t i l  enough accumulates f o r  b u r i a l  a t  t h e  u n i v e r s i t y  r a d i o a c t i v e  waste b u r i a l  
grounds. The u n i v e r s i t y  i s  au tho r i zed  f o r  27 b u r i a l s  per  ye  o r  one fGC 3H 19koUt 
SZFTY7E 

weeks. The most common i so topes  found i n  waste a r e  , , I, and 
, Se i s  l i m i  t e d  t o  10 pCi per  b u r i  a1 . 

L i q u i d  r a d i o a c t i v e  waste i s  absorbed i n t o  d r y  sawdust i n  55-gal drums 
l i n e d  w i t h  p l a s t i c  be fo re  b u r i a l .  About 1 C i l y r  can be bu r i ed .  There fo re ,  up 
t o  36 m C i  migh t  be s t o r e d  i n  each b u r i a l  load. 

5.7.2 F a c i l i t y  D e s c r i p t i o n  

Bui  l d i  ngs 

About 50 1  a b o r a t o r i  es hand1 e  r a d i  o a c t i  ve ma te r i  a1 . The 1 abs a r e  equi  pped 
w i t h  fume hoods, s i nks ,  nonporous t a b l e  tops ,  r e f r i g e r a t o r s ,  and areas spe- 
c i a l l y  designed f o r  s to rage  of by-product  m a t e r i a l .  F i v e  s h i e l d e d  rooms a r e  
a v a i l a b l e  f o r  s t o rage  of r a d i o a c t i v e  m a t e r i a l .  Storage b i n s  f o r  r a d i o a c t i v e  
m a t e r i a l s  have l e a d - l i n e d  covers,  Doors t o  t h e  l a b s  may be l e a d  l i n e d .  



R a d i o a c t i v e  waste  i s  s t o r e d  i n  a  s e p a r a t e  b u i l d i n g  t h a t  has p r o t e c t e d  
windows and a  s e p a r a t e  h e a t i n g  system. Waste i s  accumula ted h e r e  u n t i l  enough 
f o r  one b u r i a l  has been s t o r e d .  Lead b r i c k s  and shee ts  may a l s o  be s t o r e d .  

HVAC Systems 

L a b o r a t o r i e s  a r e  equ ipped w i t h  fume hoods w i t h  a  c a p a c i t y  t o  draw 
200 f t l m i  n  v e l  o c i  t y  . 
5.7.3 I n v e n t o r y  

Radi  o a c t i  ve I n v e n t o r y  

T a b l e  3.9 g i v e s  an i n v e n t o r y  of t h e  m a j o r  i s o t o p e s  l lsed a t  t h e  U n i v e r s i t y  
o f  Nyomi ng f o r  t h e .  f i  r s t  6  months o f  1978. 

R a d i o a c t i v e  waste  i s  con tamina ted  m a i n l y  w i t h  3  
l Z 5 1  3 2 ~ ,  7 5 ~ e ,  and H  14~,125 , 

w i t h  t h e  ma jo r  a c t i v i t y  ( g r e a t e r  t h a n  90%) coming f r o m  I. 

L i c e n s e  l i m i t s  f o r  t h e  U n i v e r s i t y  a r e  shown i n  T a b l e  3.10. 

TABLE J.9. I n v e n t o r y  o f  Frlajor I s o t o p e s  a t  U n i v e r s i t y  o f  Wyoming 

E l  ernent I s o t o ~ e  Number o f  I tems C i 

Carbon 4~ 2  1 2.2 1 0 ' ~  

Hydrogen H 13 0.1236 

I o d i n e  12SI 8  3.9 x l o - *  

Phosphorous 3 2 ~  14 6.95 x lo - '  

Sel e n i  um 7 5 ~ e  1.3 x 10-3 

O t h e r  1.4 x 1 0 ' ~  

Hazardous and Combus t ib le  I n v e n t o r y  

P r o t e c t i v e  c l o t h i n g  i s  worn i n  c o n t r o l l e d  areas.  Rubber o r  p l a s t i c  
g l  oves, paper  t o w e l  s, and d i s p o s a b l e  h a n d k e r c h i e f s  may be found  i n  1 a b o r a t o r i e s  
and r a d i o a c t i v e  waste  s to rage .  These m a t e r i a l s  a r e  combus t ib le .  



TABLE J.lO. L icense  L i m i t s  a t  t h e  U n i v e r s i t y  o f  Wyoming n 
E l  ement I so tope  Forrn/Use C i b d  

By-product  ma te r i  a1 Any form/on-campus 1 each, 
10  t o t a l  

Atomic No. 3 - 83 Sealed sources/on-campus 2 each, 
20 t o t a l  

Arneri c i  um 2 4 1 ~ m  On-campus 0.5 

2 4 1 ~ m  Sealed source/on-campus 5 

Cal i f o r n i  um z52c f  Sealed sources/on-campus 1.5 x 10 '~  
each, 0.1 
t o t a l  

Carbon 14c Nat i ona l  f o r e s t  and park  2 l o - 3  
14c S y b i l l e  game research  u n i t  0.30 

Cesi urn 1 3 7 ~ s  Sealed sou rces / s ta te  o f  Wyoming 1 10'~ 

Chromi um 51~r  Off-campus 5 

C o b a l t  6 0 ~ o  Sealed sou rces / s ta te  o f  Yyomi ng 3 x l o m 2  
Hydrogen 3~ On-campus 5 

3~ U n i v e r s i t y  fa rm and ag. s u b s t a t i o n  4 

3~ off-campus 

Mercury ?03Hg Medic ine box - 

Pol on i  um 

Tan ta l  um 

2 1 0 ~ o  Sealed sources/on-campus 1 x each 
0.1 t o t a l  

1 8 2 ~ a  Jackson Hole 1 x l o - 2  
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APPENDIX K 

GLOSSARY 

By-p roduc t  m a t e r i a l  - Any r a d i  o a c t i  ve m a t e r i a l  ( e x c e p t  s p e c i  a1 n u c l e a r  
m a t e r i a l )  y i e l d e d  i n  o r  made r a d i o a c t i v e  b.y exposure  t o  t h e  r a d i a t i o n  
i n c i d e n t  t o  t h e  p rocess  o f  p r o d u c i n g  o r  u t ; l i z i n g  s p e c i a l  n u c l e a r  m a t e r i a l .  

Carboy - A  l a r g e  b o t t l e  f o r  h o l d i n g  c o r r o s i v e  l i q u i d s .  

"Cracked" Ammonia - Ammonia t h a t  has been t h e r m a l l y  d i s s o c i a t e d  t o  p r o v i d e  H2 
as a  p rocess  gas. 

C r i t i c a l i t y  - A s e l f - s u s t a i n i n g  n u c l e a r  c h a i n  r e a c t i o n .  

Cyanocobalamin - V i t a m i n  B-12. 

C y c l o t r o n  - An a c c e l e r a t o r  i n  wh ich  charged p a r t i c l e s  a r e  s u c c e s s i v e l y  
a c c e l e r a t e d  by a  c o n s t a n t - f r e q u e n c y  a1 t e r n a t i  ng  e l e c t r i c a l  f i e l d  t h a t  i s  
s y n c h r o n i z e d  w i t h  movement o f  t h e  p a r t i c l e s  on s p i r a l  p a t h s  i n  a  c o n s t a n t  
magne t i c  f i e l d .  

C y l i n d e r  Heel - R e s i d u a l  c o n t e n t  o f  an empt ied  UF6 c y l i n d e r .  

Dead Load - A  s t a t i c  o r  n o n v a r y i n g  l o a d ;  t h e  basa l  p r e s s u r e  e x e r t e d  by t h e  
w e i g h t  o f  a  mass a t  r e s t .  

E x c u r s i o n  - An a c c i d e n t a l  i n c r e a s e  i n  n e u t r o n  m u l t i p l i c a t i o n .  

F i b r i n o g e n  - A  plasma p r o t e i n  e s s e n t i a l  t o  b l o o d  c l o t t i n g .  

F i s s i o n  - The s p l i t t i n g  o f  t h e  n u c l e u s  of  an atom i n t o  n u c l e i  o f  l i g h t e r  atoms, 
accompani ed by t h e  r e 1  ease o f  energy .  

F - s c a l e  - F u j i t a  s c a l e  f o r  c l a s s i f y i n g  t h e  magni tude o f  to rnadoes.  

D 

Green S a l t  - Uran ium t e t r a f l u o r i d e ,  c o r r o s i v e  green c r y s t a l s  used i n  t h e  
manu fac tu re  o f  u ran ium meta l .  

H a l f - L i f e  - The average t i m e  i n t e r v a l  r e q u i r e d  f o r  o n e - h a l f  o f  any q u a n t i t y  o f  
i d e n t i c a l  r a d i o a c t i v e  atoms t o  undergo r a d i o a c t i v e  decay. 

Halon@ - Ha logena ted  f i r e  e x t i n g u i s h i n g  agent .  

@ Ha lon  i s  a  t rademark  of t h e  A l l i e d  Chemical  Corp., M o r r i s t o w n ,  NJ 07960 



H i g h - E f f i c i e n c y  P a r t i c u l a t e  A i r  F i l t e r  - A f i l t e r  hav i ng  a  minimum p a r t i c l e  
removal e f f i c i e n c y  o f  no l e s s  than  99.97% f o r  0.3-pm p a r t i c l e s ;  a  maximum 
res i s t ance ,  when c lean,  o f  1.0-in. water  gauge when operated a t  r a t e d  a i r f l o w  
c a p a c i t y ;  a  r i g i d  cas i ng  ex tend ing  t h e  f u l l  depth o f  t h e  medium. 

L i v e  Load - A moving l o a d  o f  v a r i a b l e  f o r c e  a c t i n g  upon a  s t r u c t u r e  i n  a d d i t i o n  
t o  i t s  own weight .  

M e r c a l l i  Sca le  - Scale f o r  c l a s s i f y i n g  t h e  magnitude o f  an earthquake. 

Purex - Process u s i n g  s o l v e n t  e x t r a c t i o n  and i o n  exchange f o r  s e p a r a t i n g  
p l u ton ium and uranium from i r r a d i a t e d  f u e l .  

R a f f i n a t e  - I n  s o l v e n t  r e f i n i n g ,  t h a t  p o r t i o n  o f  t h e  s o l u t e  t h a t  i s  n o t  
e x t r a c t e d  by t h e  se l  e c t i  ve so l  vent.  

"Red O i  1"  Exp los i on  - An exp los i on  t h a t  may occur as a  r e s u l t  o f  s o l v e n t  
deg rada t i on  i n  t h e  Purex process. 

Sealed Source - Any byproduct  t h a t  i s  encased i n  a  capsule  designed t o  p reven t  
leakage, o r  escape o f  t h e  byproduct  m a t e r i a l .  

Spec ia l  Form - A  p h y s i c a l  fo rm o f  l i c e n s e d  m a t e r i a l  o f  any t r a n s p o r t  group as 
d e f i n e d  i n  10 CFR 71. 

Spec ia l  Nuc lear  M a t e r i a l  - Pluton ium;  uranium en r i ched  i n  t h e  i s o t o p e  233 o r  
235, and any o t h e r  m a t e r i a l  as d e f i n e d  i n  10 CFR 70 by t h e  NRC. 

TNT Equ i va len t  - A measure of t h e  energy produced by an e x p l o s i v e  event  
expressed i n  terms o f  t h e  weight  of TNT t h a t  would r e l e a s e  t h e  same amount o f  
energy when exploded. 

T r i t i u m  - The hydrogen i s o t o p e  hav ing  mass number 3, 3 ~ .  

Type B Conta i  ne r  - Shipp ing  packagi  ngs t h a t  must meet s t  r i  ngent r equ i  rements . 
Ye1 lowcake - The f i n a l  p r e c i p i t a t e  formed d u r i n g  m i l l i n g  o f  uranium ores.  

Z i r c a l o y  - Z i rcon ium a l l o y e d  w i t h  t i n  and i r o n .  
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