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- A .DISPERSION MODEL FOR AIRBORNE PARTICULATES I N S I D E  A B U I L D I N G *  
I 

W i l l i a m  C .  P e r k i n s  and Dean H. S t o d d a r d  
Savannah R i v e r  L a b o r a t o r y  

Aiken, Sou th  C a r o l i n a  29808-0001 
E .  I .  du Pon t  de  Nemours & Co. 

A b s t r a c t  

An e m p i r i c a l  model has been deve loped  f o r  t h e  s p r e a d  o f  a i r -  
borne  r a d i o a c t i v e  p a r t i c l e s  a f t e r  t h e y  a r e  released i n s i d e  a 
b u i l d i n g .  The model has been u s e f u l  i n  p e r f o r m i n g  s a f e t y  a n a l y s e s  
of  a c t i n i d e  materials f a c i l i t i e s  a t  t h e  Savannah R i v e r  P l a n t  ( S R P ) ,  
o p e r a t e d  f o r  t h e  U.S. Department  o f  Energy  b y  t h e  Du Pont  Company. 
These f a c i l i t i e s  employ t h e  m u l t i p l e - a i r - z o n e  c o n c e p t ;  t h a t  i s ,  
v e n t i l a t i o n  a i r  f l o w s  from rooms o r  areas o f  l ea s t  r a d i o a c t i v e  
mater ia l  h a z a r d ,  t h r o u g h  zones  o f  i n c r e a s i n g  h a z a r d ,  t o  a t r e a t m e n t  
sys tem.  

A compos i t e  o f  t h e  data f o r  d i s p e r s i o n  o f  a i r b o r n e  a c t i v i t y  
d u r i n g  1 2  a c t u a l  case i n c i d e n t s  a t  SRP forms t h e  basis  f o r  t h i s  
model .  These i n c i d e n t s  o c c u r r e d  d u r i n g  a p p r o x i m a t e l y  9 0  p l a n t - y e a r s  
o f  e x p e r i e n c e  a t  SRP w i t h  t h e  chemica l  and m e t a l l u r g i c a l  p r o c e s s i n g  
of p u r i f i e d  neptunium and p lu ton ium a f t e r  t h e i r  r e c o v e r y  from 
i r r a d i a t e d  uranium. 

The model g i v e s  r a t i o s  o f  t h e  a i r b o r n e  a c t i v i t y  c o n c e n t r a t i o n s  
i n  rooms and c o r r i d o r s  n e a r  t h e  s i t e  o f  t h e  re lease .  A l l  data  a re  
norma l i zed  t o  t h e  data  from t h e  a i r  sampler n e a r e s t  t h e  release 
p o i n t .  The model can  be  a p p l i e d  i n  p r e d i c t i n g  a i r b o r n e  a c t i v i t y  
c o n c e n t r a t i o n s  from p a r t i c u l a t e  releases elsewhere,  i f  t h e  f a c i l i t y  
i n  q u e s t i o n  has similar f e a t u r e s  o f  f l o o r  p l a n ,  a i r  v e l o c i t y ,  and 
a i r  f l o w  d i r e c t i o n .  

The m u l t i p l e - a i r - z o n e  c o n c e p t  has been a p p l i e d  t o  many d e s i g n s  
of  n u c l e a r  f a c i l i t i e s  a s  a s a f e t y  f e a t u r e  t o  l i m i t  t h e  s p r e a d  o f  
a i r b o r n e  a c t i v i t y  from a r e l e a s e .  The model i l l u s t r a t e s  t h e  l i m i t a -  
t i o n s  o f  t h i s  c o n c e p t :  i t  p r e d i c t s  a n  a p p a r e n t l y  anomalous b e h a v i o r  
of a i r b o r n e  p a r t i c u l a t e s ;  namely,  a small m i g r a t i o n  a g a i n s t  t h e  f l o w  
of  t h e  v e n t i l a t i o n  a i r .  The f o l l o w i n g  phenomena are  s u g g e s t e d  as 
p o s s i b l e  mechanisms f o r  t h i s  m i g r a t i o n :  

Q eddy c u r r e n t s  i n  t h e  a i r  f l o w  
8 leaks of  v e n t i l a t i o n  a i r  between zones 
8 open d o o r s  
o movement o f  p e r s o n n e l  d u r i n g  an i n c i d e n t  
o, i n a d e q u a t e  f l o w  o f  v e n t i l a t i o n  ai? 
o thermal g r a d i e n t s  

* The i n f o r m a t i o n  c o n t a i n e d  ir. 7::’~ ? r z i . s l ?  was d e v e l o p e d  d u r i z z  
the  c o u r s e  o f  work un2e r  Ccn~.r:c; 39-AC09- 76s ; iooool  w i t h  t h e  
U.S. Department  o f  Ene rgy .  



I. I n t r o d u c t i o n  

T h i s  r e p o r t  documents t h e  r e s u l t s  o f  a n  e f f o r t  a t  t h e  Savannah 
R i v e r  L a b o r a t o r y  (SRL)  t o  c o n s t r u c t  a model t o  p r e d i c t ,  i n  a c c i d e n t  
s i t u a t i o n s ,  t h e  p o t e n t i a l  r a n g e  and magn i tude  o f  t h e  spread  o f  
a i r b o r n e  a c t i v i t y  i n s i d e  a p r o c e s s i n g  b u i l d i n g .  The model i s  
r e s t r i c t e d  t o  g lovebox  and c a b i n e t  f a c i l i t i e s  i n  which a c t i n i d e s ,  
i n c l u d i n g  p lu ton ium and neptunium, a r e  h a n d l e d .  I n  some Savannah 
R i v e r  P l a n t  ( S R P )  f a c i l i t i e s ,  p u r i f i e d  p lu ton ium and neptunium are  
c o n v e r t e d  t o  f i n a l  form,  s u c h  as compacted o x i d e s .  I n  o t h e r s ,  s c r a p  
materials are  p r e p a r e d  f o r  r e c o v e r y .  I n  a l l  c a s e s ,  t he -  m u l t i p l e -  
a i r - z o n e  c o n c e p t *  was used i n  t h e  d e s i g n  o f  t h e  v e n t i l a t i o n  s y s t e m .  

The d e c i s i o n  was made e a r l y  n o t  t o  a t t e m p t  a t h e o r e t i c a l  
c a l c u l a t i o n  o f  t h e  model from f i r s t  p r i n c i p l e s .  The d i f f i c u l t y  i n  
a c c o u n t i n g  f o r  t h e  many p e r t u r b i n g  i n f l u e n c e s  was deemed t o o  la rge .  
Rath r ,  a n  e m p i r i c a l  model was p l a n n e d ,  t o  b e  based  on e x p e r i e n c e  a t  
SRP. y1 , 2 )  These d e c i s i o n s  prompted a n  e x t e n s i v e  r e s e a r c h  o f  SRP 
h i s t o r y  t h a t  i d e n t i f i e d  a l i m i t e d ,  b u t  s u f f i c i e n t ,  number o f  c a s e  
i n c i d e n t s  t o  s u p p l y  data f o r  a model.  The d e t a i l s  o f  e a c h  case were 
o b t a i n e d  from a v a r i e t y  o f  i n f o r m a l  s o u r c e s ,  s u c h  as p e r s o n a l  

p r i n t s .  None o f  t hese  i n c i d e n t s  r e s u l t e d  i n  i n j u r y , + t o  any p e r s o n n e l  - ' 

o r  i n  a re lease t o  t h e  env i ronmen t .  S i n c e  t hese  c a s e  i n c i d e n t s  
o c c u r r e d  i n  a c t i n i d e  mater ia ls  h a n d l i n g  f a c i l i t i e s ,  t h e  r e s u l t i n g  
model a p p l i e s  o n l y  t o  a i r b o r n e  p a r t i c u l a t e  a c t i n i d e s ,  as opposed t o  
gases and f i s s i o n  p r o d u c t s .  

r e c o l l e c t i o n s ,  a i r  s a m p l e r  l o g s h e e t s ,  and h e a t i n g / v e n t i l a t i o n  b l u e -  " 

11. The D i s p e r s i o n  Model 

Only data  from i n c i d e n t s  i n  a c t i n i d e  mater ia ls  f a c i l i t i e s  a t  
SRP o p e r a t i n g  u n d e r  t h e  m u l t i p l e - a i r - z o n e  c o n c e p t  a r e  used  i n  t h e  
model.  The data  are  t a k e n  from r e l i a b l e  measurements  o f  a i r b o r n e  
a c t i v i t y  c o n c e n t r a t i o n s  r e c o r d e d  soon a f t e r  these i n c i d e n t s .  How- 
e v e r ,  t h e  model s h o u l d  b e  regarded as  a n  o rde r -o f -magn i tude  method 
f o r '  e s t i m a t i n g  t h e  consequences  of an  a c c i d e n t a l  re lease o f  p a r t i c -  
u l a t e  a c t i v i t y ,  s i n c e  i t s  p r e c i s i o n  has n o t  been  e v a l u a t e d .  

p // 'k1; &i $0 2:.J.*-.r:> ." I D i  s c u s s  i o n  

I n  e a c h  o f  t h e  i n c i d e n t s  t h a L F o r m A t h e  model ,  t h e  a i r b o r n e  
p a r t i c l e s  t e n d e d  t o  m i g r a t e  ups t r eam a g a i n s t  t h e  p r e v a i l i n g  f l o w  o f  
v e n t i l a t i o n  a i r .  I t  i s  t h i s  a p p a r e n t l y  anomalous b e h a v i o r  t h a t  
makes t h e o r e t i c a l  c a l c u l a t i o n  o f  t h i s  phenomenon d i f f i c u l t  and 
p o t e n t i a l l y  i n e f f e c t i v e .  Consequen t ly ,  a n  empir ica l  model based  on 
a c t u a l  i n c i d e n t s  was c o n s i d e r e d  t h e  more p r a c t i c a l  approach .  The 
f o l l o w i n g  a re  s u g g e s t e d  mechanisms f o r  t h e  observed,  ups t r eam 
m i g r a t i o n :  

* I n  t h e  m u l t i p l e - a i r - z o n e  c o n c e p t ,  v e n t i l a t i o n  a i r  f l o w s  from 
c l e a n  areas thro i lgh  areas o f  i n c r e a s i n g  p o t e n t i a l  f o r  r a d i o a c t i v e  
c o n t a m i n a t i o n .  



i 
o eddy c u r r e n t s  
0 leaks o f  v e n t i l a t i o n  a i r  t h r o u g h  bar r ie rs  
o movement o f  p e r s o n n e l  d u r i n g  t h e  i n c i d e n t  
o low v e n t i l a t i o n  a i r  f l o w  
6 t e m p e r a t u r e  g r a d i e n t s  

Some o f  t h e  i n c i d e n t s  used i n  t h e  model i l l u s t r a t e  s i t u a t i o n s  where 
one o r  more o f  these mechanisms have  been i d e n t i f i e d  as a p r i n c i p a l  
f a c t o r  i n  a g i v e n  re lease.  

The model d o e s  n o t  depend on t h e  mechanism o f  a release o r  on 
t h e  e n e r g y  i n v o l v e d  i n  c a u s i n g  t h e  release.  Al though t h e  i n p u t  
i n c i d e n t s  i n v o l v e  o n l y  low-energy e v e n t s ,  t h e  model may b e  a p p l i -  
cable  t o  some h igh -ene rgy  e v e n t s *  i f  t h e  f o l l o w i n g  a s s u m p t i o n s  are 
a c c e p t a b l e .  

a S i n c e  t h e  l i f e t i m e  o f  a shock  wave from a h igh -ene rgy  e v e n t  i s  
much s h o r t e r  t h a n  t h e  sampl ing  t i m e  f o r  a i r b o r n e  a c t i v i t y ,  t h e  
temporary  e f f e c t  o f  t h e  shock  wave i s  n o t  c o n s i d e r e d  s e p a r a t e l y .  

Q Missiles t e n d  t o  t r a v e l  i n  a s t r a i g h t  . l i n e ,  and t h e i r  e f f e c t  on 
m i g r a t i o n  o f  t h e  l i g h t e r  a i r b o r n e  p a r t i c u l a t e s  f rom t h e  room i s  
n e g l i g i b l e .  

o The s p r e a d  o f  a i r b o r n e  a c t i v i t y  beyond t h e  immediate  area ( t o  
o t h e r  rooms o r  c o r r i d o r s )  i s  i n d e p e n d e n t  o f  t h e  amount o f  f o r c e  
c a u s i n g  t h e  i n i t i a l  re lease .  On t h i s  basis ,  as l o n g  as t h e  room 
and c a b i n e t  v e n t i l a t i o n  s y s t e m s  a re  n o t  damaged, t h e  m i g r a t i o n  
from t h e  room soon a f t e r  t h e  re lease  i s  t h e  same f o r  a low- 
ene rgy  re lease  and a h igh -ene rgy  release.  

The model i s  a s e t  o f  r a t i o s  t ha t  d e s c r i b e ,  i n  terms o f  r a n g e  
and magn i tude ,  t h e  spread of a i r b o r n e  a c t i v i t y ,  g i v e n  t h a t  a 
release o c c u r s .  Each r a t i o  r e p r e s e n t s  t h e  maximum a c t i v i t y  t h a t  
reaches a g i v e n  p o i n t  w i t h  t i m e ,  s i n c e  only t h e  h i g h e s t  c o n c e n t r a -  
t i o n  measured a t  any  p o i n t  i s  used  i n  t h e  model.  

F e a t u r e s  

The s p e c i f i c  f e a t u r e s  of t h i s  model a re  p r e s e n t e d  i n  T a b l e  1 
and are  shown super imposed  on a t y p i c a l  f l o o r  p l a n  i n  F i g u r e  1. 
Each a i r b o r n e  a c t i v i t y  v a l u e  i s  n o r m a l i z e d  t o  t h e  v a l u e  from t h e  
a i r  s a m p l e r  n e a r e s t  t o  t h e  release p o i n t ,  u s u a l l y  i n  t h e  O p e r a t i n g  
Room. Normalized v a l u e s  f rom SRP i n c i d e n t s  are  a v e r a g e d  t o  p r o v i d e  
t h e  model v a l u e s .  T a b l e  1 a l s o  shows t h e  s p e c i f i c  s o u r c e  i n c i d e n t  
and p o s i t i o n  from which each i n p u t  v a l u e  was t a k e n .  The d e s i g n  
basis  f o r  t h e  SRP f a c i l i t i e s ,  on which t h i s  model i s  b a s e d ,  i s  
shown i n  T a b l e  2 a l o n g  w i t h  t h e  o p e r a t i n g  r a n g e s  f o r  # t h e  case 
i n c i d e n t s .  

* A h igh-ene rgy  e v e n t  i s  d e f i n e d  as one w i t h  s u f f i c i e n t  e n e r g y  t o  
p o t e n t i a l l y  d e s t r o y  b o t h  t h e  p r imary  con ta inmen t  ( v e s s e l )  and t h e  
secondary  con ta inmen t  ( c a b i n e t ) .  A l eak  i s  a n  example o f  a low- 
e n e r g y  e v e n t .  



The data  i n d i c a t e  t h a t  u n d i r e c t e d  re leases  from these  SRP 
f a c i l i t i e s  d i s t r i b u t e  u n e q u a l l y  between t h e  Main tenance  Room (MR) 
and t h e  O p e r a t i n g  Room ( O R ) .  The r a t i o  i s  a l m o s t  5 t o  1. T h i s  
r a t h e r  h igh  r a t i o  i n d i c a t e s  t h a t ,  d u e  t o  t h e  d e s i g n  of  SRP 
c a b i n e t s ,  n o n - d i r e c t i o n a l  e v e n t s  would b e  v e n t e d  more t o  t h e  MR 
( P o s i t i o n  2 )  t h a n  t o  t h e  more - f r equen t ly -occup ied  OR ( P o s i t i o n - 1 ) .  _- 

The e n t r y  t o  t he  OR i s  a n  i m p o r t a n t  b a r r i e r  t o  t he  spread- -of  
a i r b o r n e  a c t i v i t y .  The model g i v e s  two d i f f e r e n t : ,  va-hes  f o r  
P o s i t i o n  3 ,  depend ing  on t h e  e f f i c i e n c y  o f  t h i s  ba r r i e r .  P o s i t i o n  
3 A  r e p r e s e n t s  a r e l a t i v e l y  i n e f f i c i e n t  b a r r i e r ,  s u c h  as. a s i n g l e  
door  w i t h  a low p r e s s u r e  d i f f e r e n t i a l ,  l o u v e r s  i n  t h e  d o o r ,  a n d / o r  
open ings  a round  t h e  door .  P o s i t i o n  3B r e p r e s e n t s  a n  e f f i c i e n t  
s i n g l e  d o o r  o r  a n  a i r l o c k ,  i . e .  two d o o r s  w i t h  a n  a i r  s u p p l y  
between them. T h e r e f o r e ,  F i g u r e  1 shows t h r e e  e n t r i e s  t o  t h e  OR:  
a n  a i r l o c k  ( 3 B ) ,  a n  e f f i c i e n t  s i n g l e  d o o r  ( 3 B ) ,  and a n  i n e f f i c i e n t  
s i n g l e  d o o r  ( 3 A ) .  

The c o n c e n t r a t i o n  of a i r b o r n e  a c t i v i t y  m i g r a t i n g  down c o r r i -  
d o r s  t o  nea rby  rooms i s  dependent  on t h e  v a l u e  a t  P o s i t i o n  3 .  
Consequen t ly ,  two v a l u e s  are  g i v e n  f o r  P o s i t i o n s  5 and 6 ,  u s i n g  
data  from a p p r o p r i a t e  i n c i d e n t s  ( h a l l w a y  m i g r a t i o n s )  and e i t h e r  
P o s i t i o n  3 A  o r  3B. (See F i g u r e  1 and t h e  f o o t n o t e s  t o  T a b l e  1.) 

,--- ~ ("Lk/:,t .5' - \  

I n  c o n t r a s t  t o  t h e  da ta  i n  T a b l e  1 which i n v o l v e s  b o t h  p h y s i -  
c a l  ba r r i e r s  and d i s t a n c e ,  T a b l e  3 g i v e s  t h e  e f f e c t  o f  d i s t a n c e  
o n l y .  These v a l u e s  a r e  n o r m a l i z e d  and a v e r a g e d  v a l u e s  f rom i n c i -  
d e n t s  (1, 6 ,  8 )  where s e v e r a l  measurements  were made i n  a room. 

111. A c c i d e n t  A n a l y s i s  " 

The q u a n t i t y  o f  r a d i o a c t i v e  mater ia l  i n v o l v e d  i n  a n  a c c i d e n t a l  
re lease i s  n o t  p r e d i c t e d  by t h e  model.  Such da ta  must  come from 
o t h e r  a n a l y s e s .  If t h e  a i r b o r n e  a c t i v i t y  a t  t h e  m o n i t o r  n e a r e s t  
t he  release ( C , )  i s  known, the airborne activity concentration 
o u t s i d e  t he  o p e r a t i n g  room ( C 3 ~ )  i s :  

Cl 
- - 0.028 

c3B 1 0 0  

The c o n c e n t r a t i o n  a t  a n o t h e r  p o s i t i o n  may be  c a l c u l a t e d  from C ,  and  
the  a p p r o p r i a t e  r a t i o  from the  model.  

I V .  Basis f o r  the  Model 

The model i s  based on t h e  data a v a i l a b l e  from i n c i d e n t s  a t  S?? 
t h a t  meet t h e  f o l l o w i n g  c r i t e r i a :  

8 An e v e n t  r e l e a s i n g  s i g n i f i c a n t  a i r b o r n e  a c t i v i t y  i n  p , z r t i z u h ~ ~  
form from a con ta inmen t  s t r u c t u r e ,  s u c h  a s  a glov?>o:;. (?3o;e 
t h a t  small releases become i n d i s t i n g u i s h a b l e  from ' a z ~ k g z - o u s d  ZT; 
s h o r t  d i s t a n c e s  froin t h e  re lease  p o i n t . )  

ea A m u l t i ? l z - 2 i r - z o n e  c o n c e p t  f o r  v e n t i l a t i o n  of  t h e  2 2 5 2 .  

o A d e q u e t s  i n s t r u m e n t a t i o n  f o r  da t a  c o l l e c t i o n .  



D e s c r i p t i o n  o f  A i r  Samplers  

I n p u t  data f o r  the  model was o b t a i n e d  m a i n l y  from a i r  s a m p l e r s  
t h a t  measure  room a i r  a c t i v i t y  by c o l l e c t i n g  samples  o f  p a r t i c u -  
l a t e s  i n  t h e  a i r .  These samples  a re  c o n s i d e r e d  r e p r e s e n t a t i v e  of 
a i r  p r e s e n t  i n  t h e  room and a re  c o n v e r t e d  t o  a n  a v e r a g e  c o n c e n t r a -  
t i o n  f o r  t h e  t i m e  p e r i o d  of  t h e  sample.  

Samples are  c o l l e c t e d  by f i l t r a t i o n  o r  by i m p a c t i o n .  The 
f i l t r a t i o n  method draws a i r  a t  -6 cfrn t h r o u g h  a f i b e r g l a s s  f i l t e r  
p a p e r .  The i m p a c t i o n  method draws a i r  t h r o u g h  a n  o r i f i c e  and 
impac t s  i t  on a p l a n c h e t  a t  40  cfm. With t h e  sample  r a t e  and 
c o l l e c t i o n  e f f i c i e n c y  known, t h e  c o l l e c t e d  sample  i s  coun ted  t o  
d e t e r m i n e  t h e  c o n c e n t r a t i o n  o f  a c t i v i t y  p r e s e n t .  Some f i l t r a t i o n  
and i m p a c t o r  s amples  a r e  coun ted  w h i l e  b e i n g  c o l l e c t e d ;  t h e s e  
c o u n t e r s  are  connec ted  t o  a h i g h - a c t i v i t y  alarm sys t em.  These 
d e v i c e s  are  c a l l e d  c o n s t a n t  a i r  m o n i t o r s  ( C A M ) .  

Case I n c i d e n t s  

The t w e l v e  i n c i d e n t s  used  t o  form t h i s  model are  l i s t e d  i n  
T a b l e  4 and are  d i s c u s s e d  i n d i v i d u a l l y  below. I n  most c a s e s ,  t h e  
v i c i n i t y  o f  t h e  re lease  was e i t h e r  unoccupied  o r  o c c u p i e d  b y  
worke r s  a l r e a d y  w e a r i n g  p r o t e c t i v e  c l o t h i n g  and masks .  E v a c u a t i o n  
of  t h e  work area and t h e  s u r r o u n d i n g  areas p r e v e n t e d  e x p o s u r e  o f  
o t h e r  p e r s o n n e l .  I n  no case was t h e r e  a s i g n i f i c a n t  re lease o f  
r a d i o a c t i v e  mater ia l  t o  t h e  envi ronment .  

Glovebox F i r e .  An o v e r h e a t e d  p i e c e  o f  equipment  s t a r t e d  a 
f i r e  i n  a g lovebox  c o n t a i n i n g  d r y  PuO, and PuF, powders.  A p l a s t i c  
bag m e l t e d  on a b a g p o r t  n e a r  t h e  f i r e ,  r e l e a s i n g  a i r b o r n e  Pu 
a c t i v i t y  t o  the  room. O f  t h e  t h ree  e n t r i e s  t o  t h i s  room, t h e  one 
n e a r e s t  t h e  f i r e  w a s  a p p a r e n t l y  sealed s o  t h a t  no  a i r  o r  a c t i v i t y  
moved p a s t  i t ,  the  one d i r e c t l y  a c r o s s  t h e  room was l o u v e r e d  f o r  
air passage but air flow th rough it was practically nonexistent at 
t h e  time, and t h e  d o o r  most remote  from t h e  f i r e  was s o l i d  (non-  
l o u v e r e d )  w i t h  a small space unde rnea th .  

A s i m p l i f i e d  d rawing ,  showing a i r  f l o w  d i r e c t i o n s  and t h e  
r e l a t i v e  a i r b o r n e  a c t i v i t y  c o n c e n t r a t i o n s  t a k e n  from a i r  sampler 
and c o n s t a n t  a i r  m o n i t o r  ( C A M )  data ,  i s  g i v e n  i n  F i g u r e  2 .  A i r  i s  
s u p p l i e d  d i r e c t l y  t o  e a c h  room from d u c t s  shown i n  F i g u r e  2 .  A i r  
e x h a u s t s  f rom t h e  room t h r o u g h  t h e  g l o v e b o x ,  a chemica l  hood,  and a 
wall-mounted e x h a u s t  f a n .  The p r e s s u r e  d i f f e r e n t i a l  between t h e  
room and t h e  g lovebox  i s  n o r m a l l y  a b o u t  0 .05 i n .  H,O. ' 

C a b i n e t  F i r e .  A f i r e  s t a r t e d  from a n ' o v e r h e a t e d , p i e c e  o f  
equipment  i n  a g l o v e  c a b i n e t  c o n t a i n i n g  d r y  wastes c o n t a m i n a t e d  
w i t h  p lu ton ium.  A c a b i n e t  glo.ve b u r n e d ,  r e l e a s i n g  a i r b o r n e  Pu 
a c t i v i t y  t o  O p e r a t i n g  Room 1, E n t r y  t o  t h i s  room i s  by a d o o r , f r o m  
O p e r a t i n g  Room 2 ( O R 2 1  and by a n  a i r l o c k  t o  a p e r s o n n e l  c o r r i d o r .  
C o n s t a n t  A i r  Moni tor  ( C A M )  da t a ,  v e r i f i e d  by i m p a c t o r  s a m p l e r  data  
500 f t 3  o f  a i r ) ,  showed no de t ec t ab le  a i r b o r n e  a c t i v i t y  i n  O R 2 ,  i n  
t he  a i r l o c k ,  o r  i n  a n  a d j a c e n t  c o n t r o l  room. ( P r e s s u r e  d i f f e r e n -  
t i a l s  f o r  v e n t i l a t i o n  a i r  a t  t hese  doorways are  m a i n t a i n e d  between 



0 .01  and 0 . 1 0  i n c h e s  o f  H 0 . )  Pressures i n s i d e  c a b i n e t s  a r e  main- 
t a i n e d  between 0 .  7 and 1.8 i n c h e s  o f  H 0 below t h e  o p e r a t i n g  rooms. 
Maintenance rooms ( M R )  behind  t h e  c a b t n e t s  a re  m a i n t a i n e d  a t  0.01 
t o  0 .10  i n c h e s  o f  H,O below t h e  o p e r a t i n g  rooms. 

A s c h e m a t i c  drawing  o f  t h i s  i n c i d e n t  i s  shown i n  F i g u r e  3. 
A i r  l o c k s  i n  t h i s  area are  a b o u t  8 f t  x 8 f t  x 8 f t  w i t h  v e n t i l a -  
t i o n  a i r  s u p p l i e d  from t h e  c e i l i n g .  Doors a r e  s o l i d  ( n o t  l o u v e r e d )  
w i t h  nar row spaces b e n e a t h .  A i r  f l o w s  i n t o  a n  a i r   lock^ from the 
p e r s o n n e l  c o r r i d o r  and t h e n  from the  a i r  l o c k  i n t o  t h e  o p e r a t i n g  
room. A i r  i s  a l s o  s u p p l i e d  t o  o p e r a t i n g  rooms t h r o u g h  c e i l i n g  
d i f f u s e r s  and  e x i t s  t h e  rooms t h r o u g h  wal l -mounted g r i l l e s  n e a r  t h e  
f l o o r .  A r e l a t i v e l y  small amount o f  room a i r  a l s o  e x i t s  t h r o u g h  
t h e  c a b i n e t s .  O R 1  i s  a b o u t  40  f t  l o n g  and 1 0  f t  wide .  

Damper M a l f u n c t i o n .  Glove c a b i n e t s  were p r e s s u r i z e d  b r i e f l y  
when a m e c h a n i c a l  m a l f u n c t i o n  o c c u r r e d  i n  a c a b i n e t  e x h a u s t  damper.  
A i rbo rne  a c t i v i t y  measurements  showed t h a t  t he  a c t i v i t y  on the  
ma in tenance  s i d e  ( M R )  o f  t h e  l i n e  was 8 . 0  t imes t h a t  on t he  
o p e r a t i n g  s i d e  ( O R ) .  No a c t i v i t y  was d e t e c t e d  i n  t h e  OR o r  MR 
a i r l o c k s . *  T h i s  i n c i d e n t  i s  shown i n  F i g u r e  4 ,  and o c c u r r e d  i n  t h e  
same f a c i l i t y  as I n c i d e n t  Number 2 .  C a b i n e t  a i r  p r e s s u r e  i n  t h i s  
l i n e  i s  n o r m a l l y  m a i n t a i n e d  between 0 . 7  and 1 . 0  i n c h e s  of  H,O below 
the  O p e r a t i n g  Room a i r .  The p r e s s u r e  d i f f e r e n t i a l  between t h e  
O p e r a t i n g  Room and the  Main tenance  Room i s  m a i n t a i n e d  be tween 0 . 0 1  
and 0 .10  i n c h e s  o f  H,O; t h e  Main tenance  Room i s  a t  a lower  p r e s s u r e  
so  t h a t  any l e a k a g e  o f  v e n t i l a t i o n  a i r  g o e s  f rom t h e  O p e r a t i n g  Room 
t o  t h e  Main tenance  Room. 

R o u t i n e  Main tenance .  T h i s  case i s  composed o f  data  from three  
t y p i c a l  m a i n t e n a n c e  j o b s  where con ta inmen t  was b roken  f o r  t h e  work, 
and small a i r b o r n e  releases were r e c o r d e d  i n  t he  Main tenance  Room. 
The a v e r a g e  a i r b o r n e  a c t i v i t y  c o n c e n t r a t i o n  i n  the MR a i r l o c k  was 
0.7% of  t h e  a c t i v i t y  i n  t h e  MR. The a v e r a g e  o u t s i d e  t h e  MR a i r l o c k  
entry was ~ 0 . 0 1 5 %  of t h e  activity i n  t he  MR. T h e  movement o f  
worke r s  t h r o u g h  t h e  a i r l o c k  may e x p l a i n  these r e l a t i v e l y - h i g h ,  
a v e r a g e - c o n c e n t r a t i o n  r a t i o s .  

These j o b s  were per formed on t h e  same f a c i l i t y  d e s c r i b e d  i n  
I n c i d e n t s  2 and 3 ,  F i g u r e s  3 and 4 .  

F i l t e r  Change E r r o r .  C a b i n e t  v e n t i l a t i o n  was a c c i d e n t a l l y  
l o s t  f o r  a b o u t  two m i n u t e s  d u r i n g  r o u t i n e  f i l t e r  change  o p e r a t i o n s  
i n  t h e  c a b i n e t  e x h a u s t  t r e a t m e n t  sys t em.  Dur ing  t h i s  t ime t h e  
p r e s s u r e  i n s i d e  the  c a b i n e t s  was h igher  t h a n  the  p r e s s u r e s  i n  t h e  
o p e r a t i n g  and m a i n t e n a n c e  room; t h e  v e n t i l a t i o n  and room e x h a u s t  

* The O R 1  a i r l o c k  v a l u e  i s  c a l c u l a t e d  by:  

x (c0.1) = G.01 
800 



sys t ems  were n o t  a f f e c t e d  b y  t h e  m a l o p e r a t i o n  o f  t h e  c a b i n e t  
e x h a u s t  sys t em.  The c a b i n e t s  a re  d e s i g n e d  t o  a l l o w  some i n l e a k a g e  
from t h e  o p e r a t i n g  and ma in tenance  rooms i n t o  t h e  c a b i n e t s .  Loss  
of t he  c a b i n e t  v e n t i l a t i o n  caused a n  a i r  r e v e r s a l  a t  these  i n l e a k -  
age  p o i n t s ,  r e l e a s i n g  p a r t i c u l a t e  c o n t a m i n a t i o n  t o  b o t h  s i d e s  o f  
the  c a b i n e t .  The a i r b o r n e  a c t i v i t y  c o n c e n t r a t i o n  i n  t h e  MR was 
4.15 times t h a t  i n  t h e  OR ( s ee  F i g u r e  5 ) .  A i r b o r n e  a c t i v i t y  was 
n o t  de t ec t ed  i n  t h e  MR a i r l o c k ;  t h e  c o n c e n t r a t i o n  t h e r e  was ~0.017 
times t h e  OR c o n c e n t r a t i o n .  See I n c i d e n t  2 f o r  v e n t i l a t i o n  
d e t a i l s .  

P r e s s u r i z e d  Containment  Hut. A t empora ry  c o n t a i n m e n t  h u t  
was c o n s t r u c t e d  i n  a r e g u l a t e d  c o r r i d o r  n e a r  a s c r a p  p r o c e s s i n g  
f a c i l i t y .  A i r  f l o w  i n t o  t h i s  h u t  was 1 4 0  l i n e a r  f t / m i n  (1250  cfm) 
from v e n t i l a t o r s  i n  t h e  c o r r i d o r  c e i l i n g .  The h u t  was b e i n g  used  
t o  open s h i p p i n g  packages  c o n t a i n i n g  p lu ton ium o x i d e  s c r a p  from 
o f f s i t e ,  and t h e  packages  were n o t  e x p e c t e d  t o  b e  p r e s s u r i z e d .  
However, when one o f  t he  packages  was opened ,  t h e  c o n t e n t s  ( s e v e r a l  
welded c a n s )  were s u d d e n l y  e x p e l l e d  from t h e  c o n t a i n e r  a l o n g  w i t h  a 
p u f f  o f  a e r o s o l  ( smoke) .  The o p e r a t o r  f e l t  a surge o f  p r e s s u r e  
a g a i n s t  h i s  p r o t e c t i v e  s u i t .  Some o f  t h e  a i r b o r n e  a lpha  a c t i v i t y  
d e t e c t e d  o u t s i d e  t h e  h u t  may have  e scaped  t h r o u g h  a %- in .  f l a p  i n  
the wal l  o f  t h e  h u t .  A schematic drawing  o f  t h i s  i n c i d e n t  i s  shown 
i n  F i g u r e  6 .  Dimensions o f  t h e  c o r r i d o r  a re  a b o u t  5 f t  w i d e  and 
25 f t  l o n g .  To e x t r a c t  a d e q u a t e  data from t h i s  i n c i d e n t ,  i t  was 
n e c e s s a r y  t o  u s e  some v a l u e s  f rom p o r t a b l e  a i r  s a m p l e r s .  

Unexpected R e a c t i o n  i n  a S c r a p  D i s s o l v e r .  An u n u s u a l  r e a c t i o n  
o c c u r r e d  i n  a small s c r a p  d i s s o l v e r ,  p r o b a b l y  b e c a u s e  t h e  s c r a p  
c o n t a i n e d  t r a c e s  o f  p lu ton ium h y d r i d e .  Al though no p r o c e s s  mate- 
r i a l  was obse rved  o u t s i d e  t h e  d i s s o l v e r  ( o n  t h e  c a b i n e t  f l o o r ) ,  a i r  
samples  were t a k e n  i n  t h e  m a i n t e n a n c e  and o p e r a t i n g  rooms. The 
a i r b o r n e  a c t i v i t y  c o n c e n t r a t i o n  i n  t h e  m a i n t e n a n c e  room was 2 . 5  
t i m e s  t h a t  i n  t h e  o p e r a t i n g  room. The p r e s s u r e  i n s i d e  t h i s  c a b i n e t  
i s  m a i n t a i n e d  a b o u t  0 . 9  i n c h e s  o f  H 2 0  below the  o p e r a t i n g  room and 
a b o u t  0 .8  i n c h e s  o f  H,O below t h e  ma in tenance  room. P r e s s u r e  i n  
the  m a i n t e n a n c e  room i s  a b o u t  0 . 1  i n c h e s  o f  H 2 0  below t h e  p r e s s u r e  
i n  t h e  o p e r a t i n g  room. No a i r b o r n e  a c t i v i t y  was de tec t ed  i n  any o f  
t h e  a i r l o c k s  ( s e e  F i g u r e  7 ) .  

t r y i  
a c t i  

Release t o  C o r r i d o r .  While  o p e r a t o r s  i n  a s t o r a g e  room were 
ng t o  l o o s e n  a s t u c k  c a p  on a 238Pu02 c o n t a i n e r ,  a n  a i r b o r n e  
v i t y  re lease o c c u r r e d .  A i r b o r n e  a c t i v i t y  was de tec t ed  i n  t h e  

r e g u l a t e d  p e r s o n n e l  c o r r i d o r  and some o t h e r  p r o c e s s  rooms, as shown 
i n  F i g u r e  8 .  Some o t h e r  rooms may have  been  c o n t a m i n a t e d ,  b u t  data  
are n o t  a v a i l a b l e .  T y p i c a l l y ,  a i r  f l o w s  a t  a b o u t  50 cfm, from t h i s  
r e g u l a t e d  c o r r i d o r  i n t o  t he  p r o c e s s  rooms where measurements  were 
made. T h i s  c o r r i d o r  i s  a b o u t  '6 f t  wide .  A i r  i s  s u p p l i e d  t o  e a c h  
room i n  t h i s  area,  b u t  n o t  t o  t h e  r e g u l a t e d  c o r r i d o r .  A i r  e x h a u s t s  
f rom e a c h  p r o c e s s  room t h r o u g h  a room exhaust s y s t e m .  

Leak t o  C a b i n e t  Sump. C o r r o s i o n  cause.d a l eak  i n  a v e s s e l  
l o c a t e d  i n  a 2 3 8  Pu s c r a p  r e c o v e r y  f a c i l i t y  c o l l s i s t i n g  of  s e v e r a l  
g loved  c a b i n e t s .  T h i s  l e a k  d r i p p e d  i n t o  a c a b i n e t  sump u n d e r  t h e  
l e a k i n g  v e s s e l .  The l i q u i d - d e t e c t c -  2 5  t he  sump f a i l e d  t o  alarm. 
Ai rborne  a l p h a  a c t i v i t y  s p r e a d  from t h e  c a b i n e t  t o  t h e  o p e r a t i n g  



room and t o  the  r e g u l a t e d  c o r r i d o r  o u t s i d e  t h e  e n t r y  d o o r ,  as shown 
i n  F i g u r e  9 .  The release t o  t h e  c o r r i d o r  was a ided  by low a i r  f l o w  
from t h e  r e g u l a t e d  c o r r i d o r  i n t o  t h e  o p e r a t i n g  room and by o p e n i n g s  
a round t h e  e n t r y  d o o r .  The w i d t h s  o f  t h e  o p e r a t i n g  room and t h e  
r e g u l a t e d  c o r r i d o r  a r e  each  a b o u t  5 f e e t .  A c t i v i t y  was u n d e t e c t -  
able  i n  nea rby  rooms. 

Mal func t ion  of t h e  b u i l d i n g  a i r - s u p p l y  
f a n s  caused  a n  a i r  r e v e r s a l  i n  a p r o c e s s  area.  A i r b o r n e  a c t i v i t y  
was released from f a c i l i t i e s  i n  one room and migrated t h r o u g h  t h e  
doorway i n t o  t h e  r e g u l a t e d  c o r r i d o r  as i l l u s t r a t e d  i n  F i g u r e  1 0 .  
T h i s  d o o r  i s  s o l i d  ( n o n - l o u v e r e d )  w i t h  small t o l e r a n c e s  on e a c h  
s i d e .  

B u i l d i n g  A i r  R e v e r s a l .  

Glove F a i l u r e .  F a i l u r e  o f  a g l o v e  on t h e  m a i n t e n a n c e  s i d e  o f  
a p r o c e s s  c a b i n e t  released a i r b o r n e  Pu a c t i v i t y  t o  t h e  m a i n t e n a n c e  
room ( M R ) .  The a c t i v i t y  migrated i n t o  t h e  a i r l o c k  a d j o i n i n g  t h e  MR 
e n t r y  d o o r .  The a i r l o c k  i s  a b o u t  5 f t  w i d e .  Other d i s t a n c e s  and 
a i r  f l o w  d i r e c t i o n s  are  shown on F i g u r e  11. The e n t r y  t o  t h e  MR 
from t h e  a i r l o c k  i s  a s i n g l e ,  non louve red  d o o r .  No a c t i v i t y  was 
d e t e c t e d  i n  a second a i r l o c k  a t  t h e  OR e n t r y .  

Release Dur ing  C o n t a i n e r  Removal. As a p r o d u c t  s e c o n d a r y  
c o n t a i n e r  was moved from a c a b i n e t  t o  the  e n t r y  hood,  a i r b o r n e  Pu 
a c t i v i t y  was released i n t o  t h e  ma in tenance  room ( M R ) ,  a p p a r e n t l y  
because  o f  low a i r  f l o w  i n t o  t h e  e n t r y  hood.  T h i s  a c t i v i t y  
m i g r a t e d  t o  o t h e r  r e g u l a t e d  rooms and f a c i l i t i e s  i n  t h i s  b u i l d i n g ,  
as shown i n  F i g u r e  1 2 ,  p a r t l y  b e c a u s e  o f  a v e n t i l a t i o n  a i r  
i n b a l a n c e  i n  t h e  b u i l d i n g  a t  t h e  t i m e .  Subsequen t  h e l i u m  l eak  
tes t s  r e v e a l e d  a m i g r a t i o n  p a t h  t h r o u g h  some e l e c t r i c a l  c o n d u i t s  
c o n n e c t i n g  some o f  t h e  rooms. These p a t h s  were c l o s e d .  

V e n t i l a t i o n  a i r  f l o w s  from t h e  o p e r a t i n g  area ( O R )  t o  t h e  
ma in tenance  area ( M R )  t h r o u g h  r a c k s  a t  each end o f  t h e  p r o c e s s  
l i n e .  T h e  p r e s s u r e  d i f f e r e n t i a l  i s  about 0.02 inches  of H,O. A i r  
e x h a u s t s  from t h e  m a i n t e n a n c e  area t h r o u g h  f i l t e r s  below e a c h  cabi-  
n e t  on t h e  m a i n t e n a n c e  s i d e .  There are  a i r l o c k s  a t  each e n t r y ;  
each a i r l o c k  has a n  a i r  s u p p l y  i n  t h e  c e i l i n g  ( s e e  F i g u r e  1 2 ) .  

V. C o n c l u s i o n s  

It  i s  conc luded  t h a t  t h e  m u l t i p l e - a i r - z o n e  c o n c e p t  i s  a n  
e f f e c t i v e  method o f  c o n t r o l l i n g  released a i r b o r n e  p a r t i c u l a t e  
a c t  T v i t  y . 

S i n c e  t,he model i s  based  on a v e r a g e  v a l u e s  f rom a c t u a l  i n c i -  
d e n t s ,  i t  may p r o v i d e  a method f o r  a s s e s s i n g  t h e  e f f i c i e n c y  o f  
s a f e t y  f e a t u r e s  i n  m i t i g a t i n g  the  consequences  o f  i n c i d e n t s  i n  
o t h e r  f a c i l i t i e s .  Should a i r b o r n e  a c t i v i t y  m i g r a t e  s u b s t a n t i a l l y  
more t h a n  p r e d i c t e d  by t h e  model ,  a n a l y s i s  s h o u l d  b e  made t o  d e t e r -  
mine why t h e  m u l t i p l e - a i r - z o n e  c o n c e p t ,  combined w i t h  p h y s i c a l  
bar r ie rs ,  f a i l s  t o  p r o v i d e  e f f e c t i v e  con ta inmen t .  
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T a b l e  1. D i s p e r s i o n  v a l u e s .  

P o s i t i o n  R e l a t i v e  
D e s c r i p t i o n  A c t i v i t y *  

1. 
2. 

3. 

O p e r a t i n g  Room ( O R )  
Main tenance  Room ( M R )  

O u t s i d e  S i n g l e  OR 
E n t r y  Door: 
A. Low A i r  Flow 

B. High A i r  Flow 

4. O u t s i d e  A i r l o c k  

5 .  

6 .  

R e g u l a t e d  C o r r i d o r  
A .  f rom 3 A  

B. from 3 B  

Nearby Room 
A .  f rom 3A 

B. f rom 3 B  

100 
800 
415 
250 

1 . 4  
0.58 
0 . 7  
2 . 7  
0.005 
0.005 
0.01 
0.004 
0.022 
0.048 
0.1 

< O  .005 <o. 01 
0.015 

<0.004 
0 
0.02 
0 

0 . 2 8  

0.008 
0.016 

0.38 

0.12 
0.007 
0.27 
0 .17  

0.00015 

0.004 
0.006 

0.006 

* Normalized t o :  P o s i t i o n  1 = 100 

Source  of A c t i v i t y  Value  
I n c i d e n t  F i g u r e  P o s l t i o n  Model 
Number Number Number Value** 
- 
3 
5 
7 

1 -  
1 
4 
9 
2 
2 
3 
5 
10 
11 
12 
2 
3 
4 
5 
11 
12 
12 

1 
6 
6 
9 

1 
6 
8 
8 
6 
8 

9 
a 

** Average of  R e l a t i v e  A c t i v i t y  V a l u e s  
t I n f e r r e d  Va lue ;  n o t  shown on t h e  f i g u r e  

- 
4 
5 
7 

2 
2 

9 
3 
3 
4 
5 
10 
11 
12 

- 

2 - 
5 
11 
1 2  
12 

2 
6 
6 
9 

2 
6 
8 
8 
6 
8 
8 
9 

1 
2 
2 
2 

4 
5 
2 
2 
3 
4 
4 
2 
2 
4 
t 
t 

t 
3 
5 
6 

- 

- 

6 
t t  
tt 
3 

7 
t t  
¶ n 
t t  
¶ n 
4 

t t  C a l c u l a t e d  from: 

1 C a l c u l a t e d  from: 
( F i g u r e  6, T o s i t i o n  2 o r  3 )  x (Model Value ,  P o s i t i o n  3A o r  33)  

( F i g u r e  8 ,  P o s i t i o n  2 o r  3 )  x (Model Va lue ,  P o s i t i o n  3A o r  2s) 

100 

490 

1 . 4  

0.028 

0.008 

0.33 

0.012 

0.14 

0.0040 



Table 2. Pressure differentials for ventilation air. 

AP (in H , O )  Between 
OR and Corridor Cabinet and OR MR and OR 

Case Incidents: 0.01 - 0.1 0.7 - 1.0 0.01  - 0 . 1  

Design Basis : * 0.8 * 
* Designed to maintain ventilation air flow toward areas of 

increasing potential contamination on a once-through basis. 
The ranges necessary to meet these bases at all points are 
taken from the Case Incidents. 
OR - Operating Room 
MR - Maintenance Room 



T a b l e  3.  E f f e c t  o f  d i s t a n c e  on t h e  c o n c e n t r a t i o n  o f  a i r b o r n e  a c t i v i t y .  

S o u r c e  of Value  
D i s t a n c e  from F i g u r e  I n c i d e n t  P o s i t i o n  
Release,  f t  Number Numbe r Number 

1 2  

1 5  

2 1  

1 2  

2 
6 

1 2  

1 
6 

2 

2 
2 

2 1 3 
6 6 3 
1 2  1 2  3 

Value  

- 

38 

7 
2 7  

3.3 
0 - 5  
5.0 

Model 
Value* 

1 0 0  

40 

20 

3 
* Average v a l u e ;  one  s i g n i f i c a n t  f i g u r e .  



1 L 

Xmcident  
!Number 

2 

3 

:5 

;6 

‘7 

a 

9 

10 

-1.1 

1 2  

F i g u r e  
Number 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

1 2  

T a b l e  4 .  I n c i d e n t s  used i n  t h e  model .  

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

Overhea ted  equipment  s t a r t e d  f i r e  i n  g lovebox  c o n t a i n i n g  
Pu, b a g p o r t  b r e a c h e d .  

Overhea ted  equipment  i n  c a b i n e t  s t a r t e d  f i r e ,  g l o v e  
b r e a c h e d .  

Exhaus t  damper m a l f u n c t i o n e d ,  c a b i n e t s  p r e s s u r i z e d .  

R o u t i n e  ma in tenance  work, c o n t a i n m e n t  opened .  

C a b i n e t s  p r e s s u r i z e d  d u r i n g  f i l t e r  change .  

P r e s s u r i z e d  package  o f  P u  sc rap  opened i n  a t e m p o r a r y  h u t .  

U n c o n t r o l l e d  r e a c t i o n  i n  a s c r a p  d i s s o l v e r .  

Release t o  regulated c o r r i d o r  from p r e s s u r i z e d  Pu02 
c o n t a i n e r  i n  s t o r a g e  room. 

Unde tec t ed  leak  t o  c a b i n e t  sump u n d e r  P u  s c r a p  d i s s o l v e r .  

A i r  r e v e r s a l  i n  Np p r o c e s s  area. 

Pu c a b i n e t  g l o v e  f a i l u r e .  

Release from c a b i n e t  d u r i n g  removal  o f  a c o n t a i n e r .  



n 

Airlocks 

I '  

Regulated 

Corridors 
*- 

I 
I 
I m 

Process Cabinets * 

I A 

Room 

Personnel Corridor - - - + 

Circled numbers are 
position numbers. 

---* = Air Flow Direction 

Position Number 

1 
2 
3A 
3B 
4 
5 A  
5B 

6B 
B A  

I 

41 

GED 

' - -  @ 

Nearby 
Room 

Nearby 
Room 

G9 - - -  

Relative Airborne Activity 

100 
490 
1.4 
0.028 
0.008 
0.33 
0; 012 
0.14 
0.0040 

FIGURE 1. Dispersion Model 
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P o s i t i o n  

1 

2 

3 

4 

‘ 5  

6 

7 

Fire 

I I  
X I X X X X 

Louvered Door.. 0, --e, 
0 0 

Room 

Adjacent 
Clean Area 

. 
X X X @ 

@ I  

I I  I I I  ox 
Door 

Kela t  i v e  
A i  r borne 
Act i v  ity 

100 

6 .7  

3.3 

1.4 

0; 58 

0.28 

0.12 

-- - D e s c r i p t i o n  o f  P o s i t i o n  and Approximate D i s t a n c e s  

Above glovebox 

Across room from f i r e ,  15 f e e t  from 1 

F a r  end o f  room, 15 fee t  from 2 

Outs ide  Louvered d o o r ,  20 feet  from 1 

O u t s i d e  s o l i d  d o o r ,  door  i s  40 feet  Erom 1 

Adjacent  c l e a n  room, 75 feet  from 4 and 30 feet from 5 

F a r  room, 20  f e e t  Erom e n t r y  d o o r ;  Door i s  -45 f e e t  €rom 6 

Point 

A i r  Flow D i r e c t i o n  - 
- 
Toward f i r e  

Toward f i r e  

N e g l i g i b l e  Flow 

Unknown 

Toward F i r e  

From a d j a c e n t  c l e a n  room 

FIGURE 2. Glovebox Fire (Incident 1) 



I 

cx, 
I 

I- 

t Airlock 

Corridor I = Air Flow 
Direction 

Re lat  ive 
Air born e 

Position Activity Description of  Position and Approximate Distances 

1 

2 

3 

4 

100 I n  Operating Room 1 (ORl), 10 f ee t  from f i r e  

- Maintenance Room 

(0.005 Adjacent Room OR2, 20 f ee t  from 1 

<0.005 Airlock of O R 1 ,  12 f ee t  from f i r e  

FIGURE 3 .  Cabinet Fire (Incident 2) 



- *  Airlock@-' 
I- 

I I  

-- 
I 1  

Relative 
Air borne 

Pos i t ion  -- Activ i ty  Description o f  P o s i t i o n  and Approximate Distances - 

1 100 In Operating. Room l(ORl),  7 f ee t  from cabinets  

M R-3 M R-2 0 

2 800 Maintenance Room 2 ( M R 2 ) ,  3 f e e t  from cabinets  

I I  

MR-1 

3 <0.1 MR2 Airlock, 12 f e e t  from cabinets  

I - -. 
.. Airlock Room Control 

Room 

4 (0.01 OR1 Airlock, 12 f e e t  from cabinets  

1 1 '  
@ 

M R-4 - Airlock - 

FIGURE 4. Damper Malfunction (Incident 3)  



I 

N 

I 

I-- 

Posit ion 

Corridor 
__B = Air Flow 

D i rect ion 

Relative 
Airborne 
--- Activity Description of Position and Approximate Distances - 

100 In Operating Room l ( O R l ) ,  7 feet from cabinets 

415 Maintenance Room 2 ( M R 2 ) ,  3 feet from cabinets 

(0.017 M R 2  Airlock, 12 feet from cabinets 

(0 .004 OR1 Airlock, 12 feet from cabinets 

FIGURE 5. Filter Change Error (Incident 5 )  



I i 

Regulated 
Corridor y = A i r  Flow 

Direction 

Re 1 a t  i ve  
Airborne 

Posi t ion  Act iv i ty  Description o f  Pos i t ion  and Approximate Distances 

1 100 Corridor outside hut ,  3 f ee t  from hut entrance 

2 27 Far end of corridor,  1 5  f e e t  from hut entrance 

3 0 . 5  Far room, 22 f ee t  from Pos i t ion  1 

FIGURE 6 .  Pressurized Hut (Incident 6 )  
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I 
I 
I 

0 + Air- 

4 
Cabinets * 

t 4 
I I 
1 I 

+=Air Flow 

Re I at ive 
Air bo rne 

Position Activity Description of Position 

1 100 Operating Room 

2 250 Maintenance Room 

FIGURE 7. Unexpected Reaction in  Scrap Dissolver (Incident 7)  
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. 

I 
hl ul 

I 

Storage 
Room 

/ 
/ 

Regulated 
Corridor 

7 -  

---+ = Air Flow Direction 

Relative 
Airborn e 

Position Activity Description of Position and Approximate Distances* 

1 100 Regulated corridor 

2 19 Room down corridor; door i s  28 feet  from 1 

3 12 Far room down corridor; door i s  36 f ee t  from 1 

* Air samplers are about 10 f ee t  from door i n  each room. 

I 

FIGURE 8 .  Release t o  Corridor (Incident 8) 



Regulated - - -  Reg. Corr.- 1 @ 
-@ @ Corridor - - -  

Relative 
Airborne 

Position Act iv i ty  

1 100 

2 2.7 

3 0.016 

4 ~0.006 

Process Cabinets - 
--- += Air Flow Direction 

Description o f  Posit  ion and Approximate Distances 

Operating Room (OR), 1 2  feet  from entry door. 

Regulated corridor;  outside entry t o  OR, 3 f e e t  
from entry door 

Regulated corridor,  22 f e e t  from Posit ion 2 

Nearby Rooms 

FIGURE 9. Leak to Cabinet Sump (Incident 9) 



11 i 

Personnel, Corridor 

I I 

0 
Process Room 

4 = Air Flow 

Relative 
A i r  borne 

Pos i t ion  - Act iv i ty  Description of Pos i t ion  

1 100 Process room 

2 0.022 Regulated corridor 

FIGURE 10. Building Air Reversal (Incident 10) 
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i 

OR 

Process Cabinets’ 

4 = Air Flow 

Relative 
Airborne 

Posit ion Act iv i ty  Description o f  Posit ion and Distances 

1 100 Maintenance Room, 5 f e e t  from door 

2 0.048 Regulated Airlock, 8 f e e t  from 1 

3 < 10% Adjacent Airlock, 20 f e e t  from 2 

FIGURE 11.  Glove Fai lure (Incident 11) 
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'8 Q 
'I - + 

4- 

M R-2 

1- 

OR-1 M R-  

t 

Pos i t  ion 

1 

2 

3 

4 

5 

6 

Re 1 a t  ive 
A i r  borne 
Act iv i ty  

100 

38 

5 .O 

0.1 

0.02 

< 10-6 

--+ = Air Flow 

Description of Pos i t ion  and Distances 

MR-1, over entry hood 

MR-1 center ,  12 f e e t  from P o s i t i o n  1 

MR-1 end, 21 f ee t  from Pos i t ion  1 

MR-1 a ir lock ,  8 f e e t  from Pos i t ion  1 

OR-1 a i r l o c k ,  12 feet  from Pos i t ion  4 

Far a i r l o c k ,  24 f ee t  from Pos i t ion  4 '  

FIGURE 12. Release During Container Removal (Incident 12) 
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t i 

Position Number 

1 
2 
3 A  
3B 
4 
5A 
5 B  
6~ 
6B 

Relative Airborne Activity 

100 
490 

1 .4  
0.028 
0.008 
0.33 
0.012 
0.014 
0.0040 

FIGURE 1 
DISPERSION MODEL 



Pos i t  i o n  

1 
2 
3 
4 
5 
6 
7 

Re la t ive  
Ai rborne  
A c t i v i t y  

100 
6. 7 
3.3 
1 . 4  
0.58 
0.28 
0.12 

D e s c r i p t i o n  of P o s i t i o n  and Approximate D i s t a n c e s  

Above glovebox 
Across  room from f i r e ,  1 5  f e e t  from 1 

F a r  end o f  room, 15  f ee t  from 2 
O u t s i d e  l o u v e r e d  d o o r ,  20  f e e t  from 1 

O u t s i d e  s o l i d  d o o r ,  d o o r  i s  40 f e e t  from 1 

A d j a c e n t  c l e a n  room, 75 f e e t  from 4 and 30 f e e t  from 5 
F a r  room, 20 f e e t  from e n t r y  d o o r ;  Door i s  -45 f e e t  from 6 

A i r  Flow 
Direc t  i o n  

Toward f i r e  
Toward f i r e  
N e g l i g i b l e  Flow 
Unknown 
Toward F i r e  
From a d j a c e n t  
c l e a n  room 

FIGURE 2 
GLOVEBOX FIRE ( I N C I D E N T  1) 
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& 

Relative 
Airborne 

Position Activity Description of Position and Approximate Distances 

1 

2 

1 0 0  In Operating Room 1 ( O R l ) ,  1 0  feet from fire 

Maintenance Room - 

3 

4 

(0.005 

(0.005 

Adjacent Room OR2, 20 feet from 1 

Airlock of*ORl, 12 feet from fire 

FIGURE 3 
CABINET FIRE (INCIDENT 2 )  



Relative 
Airborne 

Posit ion Activity Description of Position and Approximate Distances 

1 100 In Operating Room 1(OR1), 7 feet from cabinets 

2 800 Maintenance Room 2 (MR2), 3 feet from cabinets 

3 GO.1 MR2 A i r l o c k ,  12  feet from cabinets 

4 G O .  01 OR1 Airlock, 12 feet from cabinets 

FIGURE 4 
DAMPER MALFUNCTION (INCIDENT 3)  



Rela t ive  
Ai rborne  

P o s i t i o n  A c t i v i t y  D e s c r i p t i o n  o f  P o s i t i o n  and Approximate D i s t a n c e s  

B 1 0 0  I n  O p e r a t i n g  Room 1 ( O R 1 ) ,  7 f e e t  f rom c a b i n e t s  

2 415 Main tenance  Room 2 ( M R 2 ) ,  3 f e e t  from c a b i n e t s  

3 60.017 MR2 A i r l o c k ,  1 2  f e e t  f rom c a b i n e t s  

4 60.004 O R 1  A i r l o c k ,  1 2  f e e t  from c a b i n e t s  

FIGURE 5 
FILTER CHANGE ERROR ( I N C I D E N T  5 )  



R e l a t i v e  
Ai rborne  

P o s t t i o n  A c t i v i t y  D e s c r i p t i o n  of P o s i t i o n  and Approximate D i s t a n c e s  

I: 

2 

100 

2 7  

C o r r i d o r  o u t s i d e  h u t ,  3 f e e t  from h u t  e n t r a n c e  

3 0 - 5  F a r  room, 2 2  f e e t  from P o s i t i o n  1 

FIGURE 6 
PRESSURIZED HUT ( I N C I D E N T  6 )  



Relative 
Airborne 

Position Activity Description of Position 

1 

2 

UNEXPECTED 

100 Operating Room 

250  Maintenance Room 

FIGURE 7 
REACTION IN SCRAP DISSOLVER (INCIDENT 



R e l a t i v e  
A i r b o r n e  

P o s i t i o n  A c t i v i t y  D e s c r i p t i o n  o f  P o s i t i o n  and Approximate D i s t a n c e s *  

1 100  R e g u l a t e d  c o r r i d o r  

2 1 9  Room down c o r r i d o r ;  d o o r  i s  28 f e e t  f rom 1 

3 .  1 2  F a r  room down c o r r i d o r ;  d o o r  i s  36 f e e t  from 1 

* A i r  samplers are  a b o u t  1 0  f e e t  from d o o r  i n  each room. 

FIGURE 8 
RELEASE TO CORRIDOR ( I N C I D E N T  8 )  



R e l a t i v e  
Ai rborne  

P o s f t i o n  A c t i v i t y  D e s c r i p t i o n  o f  P o s i t i o n  and Approximate D i s t a n c e s  

I 1 0 0  O p e r a t i n g  Room ( O R ) ,  1 2  f e e t  from e n t r y  d o o r .  

2. 2 . 7  R e g u l a t e d  c o r r i d o r ;  o u t s i d e  e n t r y  t o  O R ,  3 f e e t  
from e n t r y  d o o r  

3 0 .016  R e g u l a t e d  c o r r i d o r ,  2 2  f ee t  from P o s i t i o n  2 

4 (0.006 Nearby Rooms 

FIGURE 9 
LEAK TO CABINET SUMP ( I N C I D E N T  9 )  



c 

I . .  

R e l a t i v e  
A i r b o r n e  

P o s i t i o n  A c t i v i t y  D e s c r i p t i o n  of  P o s i t i o n  

1 

2 

100  

0.022 

B U I L D I N G  A I R  

P r o c e s s  room 

R e g u l a t e d  c o r r i d o r  

FIGURE 1 0  
REVERSAL ( INCIDENT 10) 



w . .  r 

R e l a t i v e  
A i r b o r n e  

P o s i t i o n  A c t i v i t y  D e s c r i p t i o n  of  P o s i t i o n  and D i s t a n c e s  

1 100  Maintenance R o o m ,  5 f ee t  from d o o r  

2 0 .048 R e g u l a t e d  A i r l o c k ,  8 f e e t  f rom 1 

3 <10-6 Adjacen t  A i r l o c k ,  20  f e e t  f rom 2 

F I G U R E  11 
GLOVE F A I L U R E  ( I N C I D E N T  11) 



R e l a t i v e  
A i r b o r n e  

P o s i t i o n  A c t i v i t y  D e s c r i p t i o n  o f  P o s i t i o n  and D i s t a n c e s  

1 1 0 0  MR-1, o v e r  e n t r y  hood 

2 38 MR-1 c e n t e r ,  1 2  f e e t  from P o s i t i o n  1 

3 5 . 0  MR-1 e n d ,  2 1  f e e t  from P o s i t i o n  1 

4 0 .1  MR-1 a i r l o c k ,  8 f e e t  from P o s i t i o n  1 

5 0.02 OR-1 a i r l o c k ,  1 2  f e e t  f rom P o s i t i o n  4 

6 <10-6 F a r  a i r l o c k ,  24 f e e t  from P o s i t i o n  4 

FIGURE 1 2  
RELEASE D U R I N G  COMTAINER REMOVAL ( I N C I D E N T  1 2 )  
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