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ABSTRACT 

Sa fe ty  assessments and env i ronmenta l  impact  s ta tements f o r  nuc lear- fue l -  
c y c l e  f a c i  1 i t i e s  r e q u i r e  an e s t i m a t e  o f  p o t e n t i a l  a i r b o r n e  re leases  caused by 
acc iden ts .  Aerosol  s generated by acc iden ts  a r e  be ing  i n v e s t i  ga ted  by Paci f i  c 
Nor thwest  Labora tory  t o  develop t h e  source terms f o r  these re leases .  An upper 
boundary a c c i d e n t a l  r e l e a s e  event  would be a p r e s s u r i z e d  r e l e a s e  o f  powder o r  
l i q u i d  i n  s t a t i c  a i r .  
p ressures  and measuring t h e  mass a i r b o r n e  and t h e  p a r t i c l e  s i z e  d i s t r i b u t i o n  o f  
a e r o s o l s  produced by these  p r e s s u r i z e d  re leases .  Two powder and two l i q u i d  
sources were used: T i 0 2  and d e p l e t e d  uranium d i o x i d e  (UUO); and aqueous 
u r a n i n e  (sodium f l u o r e s c e i n )  and u r a n y l  n i t r a t e  s o l u t i o n s .  Resu l t s  o f  t h e  
exper iments  showed t h a t  p r e s s u r i z a t i o n  l e v e l  and source s i z e  were 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 e  a i r b o r n e  powder re leases .  Fo r  t h i s  exper imenta l  c o n f i  gura-  
t i o n ,  t h e  l i q u i d  re leases  were a f u n c t i o n  o f  pressure,  b u t  volume d i d  n o t  
appear t o  be a s i g n i f i c a n t  v a r i a b l e .  

Experiments were r u n  u s i n g  v a r i o u s  source s i z e s  and 

Dur ing  t h e  exper iments  100 g and 350 g o f  DUO ( 1  pm d i a )  and TiU2 
3 (1.7 urn d i a )  powders and 100 cm3 and 350 cm 

s o l u t i o n s  were re leased  a t  p ressures  rang ing  f rom 50 t o  500 ps ig.  The average 
o f  t h e  l a r g e s t  f r a c t i o n s  o f  powder a i r b o r n e  was about  24%. The maximum amount 
o f  l i q u i d  source a i r b o r n e  was s i g n i f i c a n t l y  l e s s ,  about 0.15%. 

o f  u ran ine  and u r a n y l  n i t r a t e  

The median aerodynamic e q u i v a l e n t  d i  ameters (AED) f o r  c o l l  ec ted  a i  rbo rne  
powders ranged f rom 5 t o  19 pm; l i q u i d s  ranged f rom 2 t o  29 pm. A l l  o f  t h e  
re leases  produced a s i g n i f i c a n t  f r a c t i o n  o f  r e s p i r a b l e  p a r t i c l e s  o f  10 pm and 
1 ess. 

i i 
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SUMMARY AND CONCLUSIONS 

P a c i f i c  Northwest Labora tory  conducted exper iments t o  measure ae roso ls  
generated by p r e s s u r i z e d  re leases  o f  powders and l i q u i d s .  Data f rom these  
exper iments  w i  11 be used i n  deve lop ing  model s t o  p r e d i c t  a c c i d e n t a l  a i  rbo rne  
re leases .  The mass a i r b o r n e  and p a r t i c l e  s i z e  d i s t r i b u t i o n  o f  t h e  ae roso ls  
generated by p r e s s u r i z e d  re leases  were measured as a f u n c t i o n  o f  source s i z e  
and chamber p r e s s u r i z a t i o n  l e v e l .  Powder and l i q u i d  sources were p laced  i n  a 
c o n t a i n e r ,  p r e s s u r i z e d  t o  s e l e c t e d  l e v e l s ,  then re leased t o  t h e  ambient a i r  by 
r a p i d  d e p r e s s u r i z a t i o n  th rough r u p t u r e d  d i scs .  

Two T i 0 2  and DU masses (10 g and 350 g) ,  and two u ran ine  and UNH s o l u -  
t i o n  volumes (100 cm and 350 cm ), were re leased  from a p r e s s u r i z e d  chamber a t  
50, 250, o r  500 ps ig .  Releases were m de i n  t h e  Rad ioac t i ve  Aerosol Release 
Tank (RART) which has a volume o f  20 m’--about t h e  s i z e  o f  a smal l  room. The 
a i r b o r n e  m a t e r i a l  was c o l l e c t e d  by h i g h  volume samplers. 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  were c a l c u l a t e d  f rom samples c o l l e c t e d  u s i n g  a h i g h  volume cascade 
impactor .  

9 s 

P r e s s u r i z a t i o n  l e v e l  and source s i z e  were 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 e  
a i  rbo rne  powder re leases ,  w i t h  p ressu re  hav ing  a more pronounced e f f e c t .  
Releases f rom t h e  two types  of powders were comparable. The average we igh t  
percent  a i r b o r n e  f o r  these powders ranged f rom about 2% t o  24%. A l though t h e r e  
was l e s s  a i r b o r n e  mass from t h e  100-9 powder source, t h e  percentage a i r b o r n e  
was g r e a t e r  than f rom t h e  350-9 powder source. 

L i q u i d  mass re leases  were a f u n c t i o n  o f  pressure,  bu t  f o r  t h i s  e x p e r i -  
mental c o n f i g u r a t i o n  ( r u p t u r e  d i s c s  above t h e  l i q u i d )  t h e  source volume d i d  n o t  
appear s i g n i f i c a n t .  The average we igh t  pe rcen t  o f  l i q u i d  source t h a t  became 
a i r b o r n e  ranged f rom 0.0004% t o  0.15%, and as w i t h  powder, represented  a l a r g e r  
f r a c t i o n  o f  t h e  sma l le r  sources. 

Other f i n d i  ngs were : 

A l l  r e leases  produced 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  10 pm and l e s s  
i n  median aerodynamic e q u i v a l e n t  d iameter  (AED). These a re  cons ide red  
r e s p i r a b l e .  

0 Powder ae roso ls  ranged from an average o f  5 urn t o  19 pm AED. 

0 L i q u i d  ae roso ls  ranged f rom an average o f  2 pm t o  29 pn~ AED. 

0 Urani  ne sol u t i  ons produced t h e  f i n e s t ,  most homogenems aeroso l  s. 

Resu l t s  o f  these exper iments a r e  now be ing  used t o  develop models t o  
e s t i m a t 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  generated by t h e  energy i n  these 
events  . 

Some suggest ions f o r  f u t u r e  p r e s s u r i z e d  re lease  i n v e s t i g a t i o n s  are 
i n c l u d e d  i n  t h i s  r e p o r t .  





INTRODUCTION 

Aerosol genera t i on  c h a r a c t e r i s t i c s  o f  a c c i d e n t a l  p a r t i c l e  re leases  i n  
n u c l e a r  f u e l  c y c l e  f a c i l i t i e s  a r e  be ing  i n v e s t i g a t e d  a t  P a c i f i c  Northwest 
Labora to ry  (PNL). The work i s  sponsored by t h e  U.S. Nuclear  Regu la to ry  Com- 
m i  s s i  on, O f f i c e  o f  Nuclear  Regu la to ry  Research. Safe ty  a n a l y s i s  r e p o r t s  and 
env i ronmenta l  impact  s ta tements must e v a l u a t e  t h e  consequence of p o s t u l a t e d  
acc iden ts  i n  o r  i n v o l v i n g  t h e  f a c i l i t y  i n  ques t ion .  Dur ing  an a c c i d e n t a l  
re lease  f rom a n u c l e a r  f u e l  c y c l e  f a c i l i t y  t h e  dominant pathway t o  man i s  
u s u a l l y  t h rough  a i r b o r n e  p a r t i c l e s ,  so i t  i s  necessary t o  de termine an aeroso l  
source te rm (i.e., t h e  q u a n t i t y  o f  m a t e r i a l  i n i t i a l l y  a i r b o r n e  from an 
acc i  dent  ). 

Assessments o f  t h e  p o t e n t i a l  consequences o f  acc iden ts  a re  based on 
scenar ios  t h a t  de f i ne  t h e  sequence of l a r g e l y  i n a d v e r t e n t  c o n d i t i o n s  t h a t  
r e s u l t  i n  a i r b o r n e  re leases .  Typ ica l  events  range f rom s p i l l i n g  t h e  m a t e r i a l s  
i n  f r e e  f a l l  t h rough  a i r ,  t o  re leases  caused by f i r e  and exp los ion .  It i s  d i f -  
f i c u l t  t o  make reasonable assessments o f  acc iden t  scenar ios ,  l a r g e l y  because 
i n f o r m a t i o n  p e r m i t t i n g  such a n a l y s i s  i s  l a c k i n g  o r  s c a t t e r e d  i n  t h e  l i t e r a -  
t u r e .  Our research  has severa l  d i r e c t i o n s :  t o  d e f i n e  a range o f  acc iden t  
c o n d i t i o n s ,  t o  rev iew a v a i l a b l e  p u b l i s h e d  i n f o r m a t i o n  t o  assess t h e  aeroso l  
genera t i on  and behav io r  under these c o n d i t i o n s ,  and t o  per fo rm exper imenta l  
s t u d i e s  t o  p r o v i d e  new data. 

To g i v e  us an i n d i c a t i o n  o f  t h e  upper and lower  l i m i t s  o f  a c c i d e n t a l  a i r -  
borne re leases ,  we have suggested upper and lower  boundary events. F r e e - f a l l  
s p i l l s  i n  s t a t i c  a i r  a re  cons idered a l ower  bound re lease  event  ( S u t t e r  e t  a l .  
1981) and re leases  o f  p r e s s u r i z e d  powders and l i q u i d s  from r u p t u r e d  c o n t a i n e r s  
a r e  suggested as  an upper bound event. Th i s  r e p o r t  descr ibes  a s e r i e s  o f  
exper iments per formed t o  i n v e s t i g a t e  ae roso ls  generated by these re leases .  Such 
events  a re  o f  concern and have occu r red  i n  t h e  n u c l e a r  i n d u s t r y .  An example o f  
a p r e s s u r i z e d  re lease  scenar io  happened i n  a p l u t o n i u m  ox ide  s to rage  f a c i l i t y  
(Committee Report 1979). Presence of decomposi t ion p roduc ts  and water  i n  a can 
o f  p lu ton ium ox ide  powder l e d  t o  p r e s s u r i z a t i o n  and subsequent r u p t u r e  o f  t h e  
can and r e s u l t e d  i n  a p lu ton ium re lease.  

Oata t o  c a l c u l a t e  t h e  r e l e a s e  o f  p r e s s u r i z e d  powders and l i q u i d s  f rom con- 
t a i n e r s  were n o t  found i n  a l i t e r a t u r e  rev iew ( S u t t e r  1982). The o n l y  i n fo rma-  
t i o n  a v a i l a b l e  t o  e s t i m a t e  t h e  magnitude o f  t h i s  t y p e  of re lease  has been based 
on e s t i m a t i o n s  o f  a i r b o r n e  powder concen t ra t i ons .  Swain and Haberman (1961)  
rev iewed data  f rom nonnuclear  sources and c a l c u l a t e d  t h a t  33 mg/m3 WdS t h e  
maximum a i r b o r n e  powder c o n c e n t r a t i o n  a few minutes a f t e r  an acc iden t .  
Castleman, Horn and L indauer  (1969) generated f i n e  p a r t i c l e s  u s i n g  an e x p l o d i n g  
w i r e  techn ique  and found c o n c e n t r a t i o n s  as h i g h  as 7 1  mg/m3 p l u t o n i u m  a few 
minutes  a f t e r  generat ion.  Mishima (1975) a n t i c i p a t e d  an upper c o n c e n t r a t i o n  of 
100 mg/m3 f o r  quasi  -s tab1 e, acc ident -genera ted ,  a i  rborne  c o n c e n t r a t i o n s  o f  d r y  
powders. 
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I , 

Because t h e  l i t e r a t u r e  rev iew d i d  n o t  revea l  adequate i n f o r m a t i o n  t o  cha r -  
a c t e r i z e  p r e s s u r i z e d  re leases ,  an exper imenta l  program was implemented. 
Exper imenta l  p r e s s u r i z e d  re leases  o f  powders and l i q u i d s  were conducted i n  
s t a t i c  a i r  i n  an enc losure ,  and t h e  a i r b o r n e  mass and p a r t i c l e  s i z e  d i s t r i -  
b u t i o n  determined. We measured p r e s s u r i z e d  re leases  o f  two powders, t i t a n i u m  
d i o x i d e  ( T i 0 2 )  and dep le ted  uranium d i o x i d e  (DUO) and two l i q u i d s ,  sodium 
f l u o r e s c e i n  s o l u t i o n  ( u r a n i n e )  and u r a n y l  n i t r a t e  hexahydrate (UNH), a t  t h r e e  
pressures  50, 250, and 500 ps ig .  Abbrev ia t i ons  f o r  t h e  compounds a r e  used 
th roughou t  t h i s  r e p o r t  t o  a v o i d  c o n f u s i n g  u ran ine  and uranium. Data f rom these 
exper iments w i l l  be used i n  ongoing work t o  develop r e l e a s e  models based on 
phys i  c a l  parameters. P ressu r i  zed re1  eases r e s u l t i n g  f rom c l o s e d  c o n t a i n e r s  
t h a t  r u p t u r e  when exposed t o  excess ive  heat  (i.e., f i r e s )  a r e  n o t  cons idered i n  
t h i s  study. L i q u i d  spray da ta  can be used t o  e v a l u a t e  p r e s s u r i z e d  re leases  o f  
l i q u i d s  w i t h  t h e  f a i l u r e  p o i n t  below t h e  l i q u i d  l e v e l .  

General exper imenta l  procedures and t h e  r e s u l t s  a re  d iscussed i n  t h e  main 
p o r t i o n  o f  t h e  work. Th is  s tudy  i s  p a r t  o f  a c o n t i n u i n g  exper imenta l  program 
t o  measure acc iden t -genera ted  p a r t i c u l a t e  m a t e r i a l s .  Therefore,  t h e  same 
source m a t e r i a l s ,  sampl ing procedures, and sample a n a l y s i s  techn iques  used i n  
an e a r l i e r  work were employed here. These were desc r ibed  i n  d e t a i l  by S u t t e r  
(1981) i n  a r e p o r t  documenting f r e e  f a l l  s p i l l  exper iments.  A i rbo rne  mass mea- 
surements a re  i n  Appendix A. Appendix B l i s t s  t h e  median aerodynamic equ iva-  
l e n t  d iameters.  
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EXPERIMENTAL PROCEDURES 

Exper iments were per formed t o  de termine t h e  amount o f  a i r b o r n e  m a t e r i a l  

We were i n t e r e s t e d  i n  d e t e r -  
and t h e  aerodynamic p a r t i c l e  s i z e  o f  t h e  ae roso ls  generated by re leases  o f  
p r e s s u r i z e d  powders and l i q u i d s  i n  s t a t i c  a i r .  
m i n i n g  t h e  a i r b o r n e  mass generated d u r i n g  t h e  re lease  event  r a t h e r  than  t h e  
t ime-dependent behav io r  o f  t h e  aeroso l .  
bounding c o n d i t i o n s  (i.e., t h e  lower  and upper l i m i t  o f  t h e  a i r b o r n e  
re lease ) .  M i d p o i n t  va lues were measured, b u t  a s tudy  o f  a wide range of 
exper imenta l  parameters was n o t  w i t h i n  t h e  scope o f  t h i s  p r o j e c t .  
were l i m i t e d  by t h e  a v a i l a b i l i t y  o f  equipment and p l a n n i n g  dec i s ions .  We a r e  
i n t e r e s t e d  i n  i n d o o r  re leases ,  so most o f  t h e  exper iments  were per fo rmed i n  a 
room-s ize enc losure .  

Through our  exper iments we i d e n t i f i e d  

Experiments 

We used a m a t r i x  of exper iments u s i n g  T i 0 2  and DUO powders and u ran ine  and 
UNH l i q u i d s  t o  i n v e s t i g a t e  t h e  e f f e c t  o f  source s i z e ,  d e n s i t y ,  and chamber 
p ressu re  on t h e  a i r b o r n e  re lease.  
250, and 500 p s i g ) ,  w i t h  100 g and 350 g o f  powder o r  100 cm’ and 350 cm3 of  
l i q u i d .  Rad ioac t i ve  DUO and UNH were used because they  a re  found i n  n u c l e a r  
f u e l  c y c l e  f a c i l i t i e s  and a re  cons ide red  s u i t a b l e  su r roga tes  f o r  Pu02 powder 
and p l u t o n i u m  s o l u t i o n s .  
exper iments i s  be ing  developed f o r  use i n  e v a l u a t i n g  hazards i n  n u c l e a r  f u e l  
c y c l e  f a c i l i t i e s .  

We ran  exper iments a t  t h r  e p ressures  (50, 

Th is  was impor tan t  because t h e  i n f o r m a t i o n  f rom these  

EXPERIMENTAL CHAMBER 

A chamber c a l l e d  t h e  PARE (P ressu r i zed  A i rbo rne  Release Equipment) was 
des igned and f a b r i c a t e d  f o r  use i n  these exper iments.  
m a t i c a l l y  i n  F i g u r e  1, i 3  approx ima te l y  800 cm3 i n  volume and can be loaded 
w i t h  a maximum of 524 cm o f  powder. T i 0  i s  a l i g h t ,  l o o s e l y  compacted powder 
and 350 g f i l l e d  t h e  chamber. Th is  es tab  f i s h e d  t h e  maximum powder mass o f  bo th  
T i 0  and DUO used i n  t h e  exper iments;  100 g was t h e  second source q u a n t i t y  

The PARE, shown sche- 

use ii . 
A f t e r  p r e s s u r i z a t i o n  w i t h  a i r  t o  a p r e s e l e c t e d  exper imenta l  l e v e l ,  mate- 

A r u p t u r e  d i s c  i s  a t h i n ,  c i r c u l a r ,  m e t a l l i c  membrane clamped between 
r i a l  c o n t a i n e d  i n  t h e  PARE can be r e l e a s e d  e x p l o s i v e l y  by t h e  r u p t u r i n g  o f  
d i scs .  
meta l  f langes.  
u s u a l l y  used as a r e l i e f  va l ve  t o  p r o t e c t  a system f rom excess ive  pressure.  
The d i s c s  a r e  c o n s t r u c t e d  t o  r u p t u r e  a t  a s p e c i f i e d  pressure.  The PARE uses a 
doub le  d i s c  s a f e t y  head t o  g i v e  p r e c i s e  c o n t r o l  o f  t h e  chamber p ressu re  a t  t h e  
t i m e  o f  rup tu re .  Wi th  t h i s  d i s c  arrangement t h e  i n t e r m e d i a t e  chamber p ressu re  
can be v a r i e d  t o  keep t h e  p ressu re  d i f f e r e n c e  across  t h e  d i s c  w i t h i n  s a f e  
l i m i t s .  
i n t e r m e d i a t e  chamber depressur ize .  
d i s c  q u i c k l y  becomes t o o  g r e a t  and t h e  d i s c  r u p t u r e s ,  caus ing  t h e  upper d i s c  t o  
r u p t u r e  microseconds l a t e r .  

The complete assembly i s  c a l l e d  a s a f e t y  head, because i t  i s  

To cause t h e  powder re lease,  a s o l e n o i d  v a l v e  i s  opened l e t t i n g  t h e  
The p ressu re  d i f f e r e n c e  across  t h e  l ower  
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F I G U R E  1. PARE, P ressu r i zed  A i rbo rne  Release Equipment 

PROCEDURE 

'0 

The genera l  sampl ing procedure f o r  conduc t ing  t h e  experiments, shown i n  
F i g u r e  2, was t o  p r e s s u r i z e  bo th  chambers and then depressu r i ze  t h e  i n t e r -  
med ia te  chamber thus  e j e c t i n g  t h e  powder. 
and p a r t i c l e  laden a i r  p u l l e d  o n t o  f i l t e r s ,  as i n d i c a t e d  by t h e  s o l i d  ar rows i n  
F i g u r e  2. Clean a i r  e x i t s  f rom t h e  r e a r  as i n d i c a t e d  by t h e  l i g h t  arrows. 
F igu re  3 i s  a photo o f  one o f  t h e  exper iments showing a t y p i c a l  powder re lease.  

Samplers were immedia te ly  t u r n e d  on 
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FIGURE 2. Sampling f o r  a P ressu r i zed  Release w i t h  High 
Vol ume Sampl e r s  

The exper iments were conducted i n  a c y l i n d r i c a l  enc losu re  c a l l e d  t h e  
Rad ioac t i ve  Aerosol  Release Tank (RART). It i s  a s t a i n 1  s s  s t e e l  vessel  

s i z e  o f  a smal l  room. 
app rox ima te l y  3 m h i g h  and 2.9 m i n  d iameter  w i t h  a 20-m 5 volume, about t h e  

F i g u r e  2 shows f o u r  h i g h  volume samplers a t  t h e  l - m  and 2-m l e v e l  and one 
h i g h  volume cascade impac to r  a t  t h e  1.5-m l e v e l ,  equipped w i t h  a p p r o p r i a t e  
g l a s s  f i b e r  f i l t e r s ,  as t h e y  were used t o  sample aeroso l .  E i g h t  RART volumes 
o f  a i r  were p u l l e d  th rough  t h e  samplers i n  a 30-minute run. A f t e r  30 minutes,  
99% o f  t h e  a i r b o r n e  m a t e r i a l  shou ld  be c o l l e c t e d  s i n c e  t h e  aeroso l  concent ra -  
t i o n  decayed e x p o n e n t i a l l y .  Background samples a f t e r  e a r l y  runs showed t h a t  i n  
exper iments  genera t i ng  l a r g e  amounts o f  a i r b o r n e  powder, 1.5% o f  t h e  aeroso l  
mass c o u l d  remain a i r b o r n e  a f t e r  sampling. There fore ,  t w o  a d d i t i o n a l  h i g h  v o l -  
ume samplers were i n c l u d e d  and sampl ing t i m e  inc reased  t o  one hour. 
o f  o v e r n i g h t  d e p o s i t i o n  samplers p laced  i n  t h e  RART a f t e r  t h e  h i g h  volume sam- 
p l i n g  e s t a b l i s h e d  t h a t  l e s s  than  1% o f  t h e  c o l l e c t i o n  remained a i r b o r n e .  [Some 
o f  t h e  a i r b o r n e  m a t e r i a l  s e t t l e s  d u r i n g  t h e  sampling. As i n  t h e  case o f  t h e  
f r e e - f a l l  s p i l l s  da ta  ( S u t t e r  1981), c o r r e c t i o n s  can be made f o r  t h i s  s e t t l i n g  
l oss ,  b u t  t h e y  a r e  n o t  ex t reme ly  s i g n i f i c a n t . ]  

A n a l y s i s  

Exper imenta l  p ressures  were mon i to red  w i t h  a t ransducer  i n d i c a t o r  which 
was c a l i b r a t e d  before use t o  an accuracy of f0.5X- 
was d i s p l a y e d  as a d i g i t a l  readout .  

The chamber p ressure  l e v e l  
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FIGURE 3. PARE Experiment 
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ExDerimental Desian 

The exper imenta l  m a t r i x  was des igned f o r  a n a l y s i s  o f  va r iance  ( A O V )  t e c h -  
n iques.  AOV d i v i d e s  t h e  t o t a l  v a r i a t i o n  o f  t h e  dependent v a r i a b l e s  (mass a i r -  
borne)  i n t o  t h e  v a r i a t i o n  from: 

0 f a c t o r s  under i n v e s t i g a t i o n  
0 i n t e r a c t i o n  between f a c t o r s  under i n v e s t i  g a t i  on 
0 exper imenta l  e r r o r .  

The v a r i a t i o n  o f  t h e  f a c t o r s  under i n v e s t i g a t i o n  i s  compared t o  t h e  e x p e r i -  
menta l  e r r o r  t o  reach a c o n c l u s i o n  r e g a r d i n g  t h e  u n c e r t a i n t y  o f  t h e  r e s u l t s .  
Rep1 i c a t e  exper imenta l  runs a r e  i n c l u d e d  a t  a1 1 l e v e l  s. 

W a l l  D e p o s i t i o n  

I n  some o f  t h e  i n i t i a l  exper iments,  f o i l  squares were p laced  on p o r t i o n s  
Our work focuses on o f  t h e  RART w a l l s  t o  c o l l e c t  aeroso l  d e p o s i t i o n  samples. 

measur ing a i r b o r n e  m a t e r i a l  so sampl ing o f  w a l l  d e p o s i t i o n  was l i m i t e d .  

Sample A n a l y s i s  

Uranine ae roso ls  c o l l e c t e d  on t h e  f i l t e r s  were d i s s o l v e d  i n  water  and 
ana lyzed by f l u o r o m e t r y .  D i l u t i o n s  o f  a s tock  s o l u t i o n  r e p r e s e n t i n g  d i f f e r e n t  
c o n c e n t r a t i o n s  were made and t h e  r e s u l t s  read on a f l uo romete r .  The lower  
d e t e c t i o n  l i m i t  i s  about  1 x g/cm3. The r e s u l t s  were p l o t t e d  and t h e  
unknown sample va lues  read from t h i s  p l o t .  We f o r m u l a t e d  equat ions  f o r  t h e  
p l o t  a t  eac o f  t h e  f o u r  f l u o r o m e t e r  ranges and used these f o r  c a l c u l a t i n g  

approached one, i n d i c a t i n g  a good f i t  f o r  t h e  s tandard  cu rve  a t  a l l  
a t t e n u a t i o n s .  

r e s u l t s .  R b ( c o r r e l a t i o n  between observed and p r e d i c t e d  va lues )  va lues  

We d i s s o l v e d  f i l t e r  samples c o n t a i n i n g  c o l l e c t e d  uranium ae roso ls  i n  a c i d  
and ana lyzed t h e  samples u s i n g  l a s e r  f l u o r o m e t r y .  
n i t r o g e n  l a s e r  t o  e x c i t e  uranium i n  a s o l u t i o n  c o n t a i n i n g  a pyrophosphate 
reagent .  
a r e  d i s p l a y e d  on a meter. 
DUO r e s u l t s  and e s t a b l i s h e d  t h a t  t h e  e r r o r  was l e s s  than  10%. 

Th is  method employs a pu l sed  

The f l u o r e s c e n t  s i g n a l s  a r e  a m p l i f i e d  and i n t e g r a t e d ,  and t h e  r e s u l t s  
We ana lyzed s tandards  t h a t  were prepared u s i n g  our  

OTHER POWDER RELEASES 

I n i t i a l  exper iments revea led  an enc losu re  e f f e c t  f rom t h e  h i g h  pressure  
j e t t i n g  powder o u t  and i m p a c t i n g  i t  on t h e  RART c e i l i n g .  Th is  l e d  us t o  t h e  
q u e s t i o n  o f  how h i g h  an u n r e s t r i c t e d  r e l e a s e  would go. Two exper iments (350 g 
T i 0 2  a t  50 and 1000 p s i g )  were conducted ou tdoors  and t h e  re lease  h e i g h t  was 
measured u s i n g  t r i a n g u l a t i o n  methods. The r e l e a s e  volume was es t ima ted  f rom 
h i  gh speed photographs. 
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I I 

Unpressur ized  powder above a p r e s s u r i z e d  chamber can be i n v o l v e d  i n  an 
acc ident .  
above t h e  chamber. Only a l i m i t e d  number o f  these PRAC (Powder Release Above 
Chamber) exper iments were per formed s i n c e  t h e  PARE t y p e  event  i s  cons idered 
more i m p o r t a n t  i n  our  acc iden t  scenar ios .  
p ressure  and source s i z e  l e v e l .  

The PARE was mod i f i ed  as shown i n  F i g u r e  4 so powder c o u l d  be p laced  

T i 0 2  was re leased  once a t  each 

LIQUID RELEASES 

The PARE was m o d i f i e d  as shown i n  F igu re  5 t o  a l l o w  p r e s s u r i z e d  l i q u i d  
re leases  f rom t h e  same c o n f i g  r a t i o n  used i n  powder re leases .  

500 p s i g )  were completed u s i n g  u ran ine  and UNH. 

Experiments w i t h  
two source q u a n t i t i e s  (100 cm ‘3 and 350 cm3) a t  t h r e e  pressures  (50, 250, and 

NO LID 

AIR INLET 
A N D  EXIT 

POWDER 
CHAMBER 

HIGH 
PRESSURE 
AIR 

F I G U R E  4. PARE M o d i f i c a t i o n  f o r  Powder Release Above 
Chamber (PRAC) Experiments 
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RESULTS AND D I S C U S S I O N  

I n c l u d e d  i n  t h e  f o l l o w i n g  d i s c u s s i o n  a r e  r e s u l t s  o f  t h e  h i g h  volume sam- 
p l i n g  o f  t h e  powder and l i q u i d  r e l e a s e  exper iments.  These r e s u l t s  w i l l  be used 
t o  develop models which w i  11 e s t i m a t e  a i  rborne  re leases  o f  acc ident -genera ted  
aeroso ls .  These models, which a r e  t o  be based on p h y s i c a l  parameters, w i l l  be 
desc r ibed  i n  a l a t e r  r e p o r t .  

A complete l i s t i n g  o f  t h e  measured re lease  va lues f o r  t h e  mass a i r b o r n e  i s  
i n  Appendix A and va lues  f o r  p a r t i c l e  s i z e  a r e  i n  Appendix B. 

POWDER RELEASES -- PARE EXPERIMENTS 

PARE re leases  i n  t h e  RART were t h e  p r imary  t h r u s t  o f  t h e  p r e s s u r i z e d  pow- 
der  exper iments.  
t o t a l  mass a i r b o r n e ,  we igh t  pe rcen t  o f  source powder a i r b o r n e ,  and p a r t i c l e  
s i z e  d i s t r i b u t i o n ,  r e s u l t i n g  f rom p r e s s u r i z e d  powder re leases .  

I n  t h e  f o l l o w i n g  paragraphs we d i scuss  measurements o f  t h e  

Mass A i  rborne  

The average powder mass a i r b o r n e  f r o m  r e p l i c a t e  runs ( f o r  i n d i v i d u a l  r u n  

Two e x p l o r a t o r y  exper iments u s i n g  T i 0 2  a t  1000 p s i g  
r e s u l t s  see appendix)  o f  T i 0 2  and DUO re lease  exper iments  a re  l i s t e d  i n  Table 1 
and p l o t t e d  i n  F i g u r e  6. 
a r e  i n c l  uded. 

TABLE 1. Average Mass A i rbo rne  f rom Pressu r i zed  
Powder Re1 eases 

Pressure , 350 g Source 100 g Source 
~ i 0 7 ,  g DUO, g T i O p  9 DUO, 9 p s i  g 

1000 15.9 12.4 
500 27.8 30.2 24.1 19.8 
250 18.3 20.5 18.2 13.0 

50 3.3 6.9 4.4 3.6 

The r e s u l t s  i n  Table 1 f o r  T i 0 2  make i t  appear t h a t  t h e  r e l e a s e  q u a n t i t y  
was independent o f  source q u a n t i t y .  A rev iew o f  t h e  exper imenta l  data, how- 
ever ,  suggest t h a t  t h i s  i s  an e f f e c t  o f  t ime.  
re leases  were averaged. 
summer t o  check o u t  t h e  PARE apparatus,  and then  f u r t h e r  exper iments were 
postponed because o f  o t h e r  work requi rements.  
s p i l l  exper iments ( S u t t e r  1 9 8 l ) ,  t h e r e  was a t i m e  e f f e c t .  L a t e r  runs had 
h i g h e r  l e v e l s  o f  T i 0 2  than d i d  e a r l y  runs. 
re leases  were made a t  l ower  temperatures,  14°C t o  19"C, and e a r l y  runs a t  as 
much as 23°C. 

Two s i g n i f i c a n t l y  d i f f e r e n t  
F i v e  e x p l o r a t o r y  exper iments were per formed i n  t h e  

As was found i n  t h e  f r e e  f a l l  

R e p l i c a t e  runs y i e l d i n g  l a r g e r  

1 2  
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F I G U R E  6. Mass A i rbo rne  from t h e  P ressu r i zed  Release o f  Two Powders 

The average mass a i r b o r n e  f rom t h e  PARE exper iments i nc reased  as a f u n c -  
t i o n  o f  p ressure  f o r  bo th  T i 0 2  and DUO powders. Th is  i nc rease  con t inued  up t o  
500 p s i g  as shown i n  F igu re  6. The 1000 p s i g  e x p l o r a t o r y  runs u s i n g  bo th  
source q u a n t i t i e s  o f  T i 0  had a l ower  measured mass a i r b o r n e  than  t h e  500 p s i g  
runs. 
t h e  c e n t e r  o f  t h e  c e i l i n g  where a p o r t i o n  was re ta ined .  
c e i l i n g ,  t h e  remainder  spread t o  t h e  s i d e s  o f  t h e  RART where t h e r e  was f u r t h e r  
impact ion ,  and consequent ly ,  l e s s  o f  t h e  r e l e a s e  was i n  t h e  a i r b o r n e  f r a c -  
t i o n .  Because t h e  focus  of ou r  work i s  t o  i d e n t i f y  t h e  maximum a i r b o r n e  
re lease ,  runs a t  1000 p s i g  were n o t  con t inued.  C e i l i n g  impac t ion  was a f a c t o r  
a t  a l l  pressures,  however. 

T h i s  i s  a t t r i b u t e  5 t o  an enc losure  e f f e c t  because the  powder impacted on 
A f t e r  impac t ing  on t h e  

A m a t e r i a l  ba lance would be h e l p f u l  t o  e x p l a i n  t h e  above d i sc repanc ies ,  
b u t  a t tempts  made t o  c o l l e c t  t h e  e j e c t e d  powder were n o t  s a t i s f a c t o r y .  
e j e c t e d  m a t e r i a l  was so w i d e l y  d i spe rsed  t h a t  t h e  t e c h n i c i a n  was unab le  t o  
recove r  i t  comple te ly .  For example, d u r i n g  t h e  f i r s t  run  a t  250 p s i g ,  10 grams 
became a i r b o r n e ,  b u t .  o n l y  288 g were recovered f rom t h e  RART. Th is  leaves  50 g 
o f  t h e  350 g source unaccounted f o r .  

The 
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Chamber p ressure  and source q u a n t i t y  were s i g n i f i c a n t  v a r i a b l e s  f o r  aero-  
so l  genera t i on  f o r  bo th  powders, w i t h  t h e  pressure  hav ing  a more pronounced 
e f f e c t .  Release f rom t h e  d i f f e r e n t  types  o f  source powders were comparable f o r  
t h e  same exper imenta l  parmeters. Each h i g h  volume sampler had about t h e  same 
mass c o l l e c t i o n ,  i n d i c a t i n g  t h a t  t h e  aeroso l  achieved a f a i r l y  u n i f o r m  
d i s t r i b u t i o n  i n  t h e  RART. 

There was no pressure  r i s e  e v i d e n t  i n  t h e  RART. Th is  was a n t i c i p a t e d  
s i n c e  we c a l c u l a t e d  t h e  A P  u s i n g  t h e  express ion :  

where 
A P  = p ressure  r i s e ,  p s i  
V p  = PARE volume 
VR = RART volume 
Ta = ambient temperature,  O K  

Pg = pressure  o f  compressed gas, ps i .  

T o t a l  volume o f  
a d d i t i o n  1 5 cm f o r  t h e  dome shaped r u p t u r e  d i sc ) .  The RART volume i s  about 

he PARE i s  about 862 cm3 (812 cm3 f o r  the chamber and an 5 
2.0 x 10 7 9  cm , so even f o r  t h e  empty chamber a t  1000 p s i g  t h e  AP i s  0.05 p s i .  

Weight Percent  A i  r bo rne  

t o  e s t i m a t e  re leases ,  so our da ta  (average o f  r e p l i c a t e  runs )  f o r  powder a r e  
p resented  as we igh t  percents  i n  Table 2 and p l o t t e d  i n  F igu re  7. 

The we igh t  percent  o f  source t h a t  becomes a i r b o r n e  i s  a d i r e c t  method used 

The we igh t  percent  o f  t h e  source t h a t  became a i r b o r n e  i n  t h e  enc losu re  was 
l a r g e r  f o r  t h e  sma l le r  sources. 
f e r e n t  p ressures  was comparable f o r  bo th  powders. The maximum average va lue  o f  
24% might  be used t o  make a conserva t i ve  e s t i m a t e  of p r e s s u r i z e d  powder 
re leases  w i t h i n  p ressure  l i m i t s  used i n  t h i s  work. It i s  a l s o  p o s s i b l e  t h a t  i n  
an unconf ined exper iment ,  t h e  wei gh t  percent  a i r b o r n e  migh t  i nc rease  as p res -  
sure i s  increased.  

The we igh t  percent  o f  a i r b o r n e  source a t  d i f -  

TABLE 2. Average Weight Percent A i rbo rne  from 
Pressu r i  zed Powder Re1 eases 

Pressure, 350 g Source 100 g Source 
Dsi q T i 0 9  DUO TI 09 DUO " d -  I -  

1000 5 12 

5 00 8 9 24 20 

250 5 6 18 13 

50 2 2 4 4 
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FIGURE 7. Average Weight Percent o f  Powder A i rbo rne  as a F u n c t i o n  
o f  Pressure 

P a r t i c l e  S i ze  D i s t r i b u t i o n  

The median aerodynamic d iameters f o r  t h e  p a r t i c l e s  f o r  a l l  exper iments a re  
l i s t e d  i n  Appendix B. The average va lues f rom r e p l i c a t e ,  powder-release 
exper iments a re  shown i n  Table 3. These powders a re  s i m i l a r  i n  terms o f  
d iameter .  

TABLE 3. Average Median AED o f  P a r t i c l e s  Generated 
by Pressur ized  Powder Re1 eases,  urn 

Chamber 

p s i  g 
Pressure, 350 g 100 g 

DUO T i 0 2  DUO - 
5 00 14 16 5 14 

250 14 15 10 11 

50 18 19 8 19 

Some o f  t h e  c a l c u l a t e d  d iameters a r e  beyond t h e  range o f  t h e  impac to r  
sampler and were e s t i m a t e d  by e x t r a p o l a t i o n  o f  t h e  data.  
p robab ly  agglomerates s i n c e  they  a r e  l a r g e r  than  t h e  source powder p a r t i c l e  
s i z e .  The c o n f i n e d  r e l e a s e  i n  t h e  e n c l o s u r e  would n o t  g i v e  o p p o r t u n i t y  f o r  

These p a r t i c l e s  a re  
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d i s p e r s i o n  o f  agglomerates. It has been observed t h a t  t h e  e f f e c t i v e n e s s  o f  
d i s p e r s i o n  f rom t h i s  t y p e  o f  even t  i s  l i m i t e d ,  and t h e r e f o r e ,  r e s u l t s  i n  l a r g e r  
mean p a r t i c l e  s i z e s  ( S e e f e l d t  1977). S e e f e l d t  concluded t h a t  an a c c i d e n t a l  
e x p l o s i o n  w i l l  have t h e  g r e a t e s t  consequence i n  t h e  absence o f  conf inement 
because t h e  p a r t i c l e  s i z e s  would be smal ler .  

The geometr ic  s tandard  d e v i a t i o n  (ag )  o f  t h e  p a r t i c l e  s i z e  d i s t r i b u t i o n  i s  
a measure o f  t h e  ae roso l  homogeneity. These va lues ranged f rom 1.9 t o  14 f o r  
t h e  PARE powder exper iments i n d i c a t i n g  a d i s p e r s e  p a r t i c l e  s i z e  d i s t r i b u t i o n  
f o r  t h e  aerosols .  DUO ae roso ls  were t h e  most u n i f o r m  w i t h  ag va lues rang ing  
f rom 1.9 t o  4.8; T i 0 2  ranged f rom 4.1 t o  14. 

A l l  o f  t h e  re leases  generated 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  w i t h  
d iameters 10 pm and l e s s ,  p a r t i c l e s  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.  T h i s  p o r t i o n  ranged from 25% o f  t h e  source mass f o r  a DUO r e l e a s e  a t  
50 p s i g  t o  72% f o r  100 g T i 0 2  re leased  a t  500 ps ig .  
rep resen ted  f rom 1 t o  21% of t h e  ae roso l .  

Resp i rab le  p a r t i c l e s  

Wall D e p o s i t i o n  

An enc losu re  e f f e c t  can be a n t i c i p a t e d  f rom t h i s  event.  Dur ing  e a r l y  runs 
we p l a c e d  aluminum squares on t h e  RART w a l l s  t o  c o l l e c t  ae roso l  d e p o s i t i o n  
samples. Table 4 shows t h e  t o t a l  w a l l  d e p o s i t i o n  c a l c u l a t e d  f rom r e p l i c a t e  
T i 0 2  runs and t h e  pe rcen t  of source deposi ted.  The l a r g e s t  f r a c t i o n  o f  t h e  
e j e c t e d  m a t e r i a l  f e l l  t o  t h e  f l o o r  o f  t h e  RART. 

TABLE 4. C a l c u l a t e d  Average T i  02 Wall D e p o s i t i o n  

350 g Source 100 g Source 
9 % - -  Pressure g J- 

500 2.25 0.6 0.98 0.98 

2 50 2.31 0.7 1.14 1.14 

50 0.94 0.3 0.16 0.16 

About 1% o f  t h e  source was depos i ted  on t h e  w a l l s  i n  a l l  exper iments.  The 
presence o f  w a l l s  can cause two e f f e c t s :  1) t h e  t r a j e c t o r y  o f  t h e  i n i t i a l  
impact  i s  shor tened and t h i s  may e l i m i n a t e  added shear s t r e s s e s  on t h e  
p a r t i c l e s  t h a t  c o u l d  cause more a i r b o r n e  f i n e s ,  and 2) t h e  impact  i t s e l f  
p robab ly  c r e a t e s  some ae roso l  t h a t  would n o t  be generated i n  t h e  u n r e s t r i c t e d  
path.  
i s  1 i k e l y  t o  be smal l .  

These two e f f e c t s  counterbalance one another  and t h e i r  n e t  c o n t r i b u t i o n  

Powder E j e c t e d  

A t  500 and 250 ps ig ,  a l l  t h e  powder was e j e c t e d  f rom t h e  PARE. A t  
50 p s i g ,  some powder sometimes remained i n  t h e  PARE. 
recove red  f rom t h e  PARE, 7 7  t o  97% o f  t h e  source powder c o u l d  be e j e c t e d  f rom 
t h e  PARE d u r i n g  a r e l e a s e  a t  50 ps ig .  

Based on t h e  amount 
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The masses a i r b o r n e  f rom t h e  PRAC exper iments a r e  l i s t e d  i n  Appendix A, 
and median p a r t i c l e  s i z e s  i n  Appendix B. 
re leases.  It appears f rom t h e  p l o t  t h a t  a maximum r e l e a s e  would be about 38 g 
f o r  t h i s  c o n f i g u r a t i o n .  

F i g u r e  8 i s  a p l o t  o f  t h e  mass 

The v e n t i n g  o f  p r e s s u r i z e d  gases th rough  unpressu r i zed  powder r e s u l t e d  i n  
an a i r b o r n e  mass r a n g i n g  f rom 1.2 t o  2.3 t imes  g r e a t e r  t han  co r respond ing  
r e l e a s e s  f rom t h e  PARE, as shown i n  Table 5. Median p a r t i c l e  s i z e s  ranged from 
7 t o  15 urn, s i m i l a r  t o  t h a t  f rom PARE re leases .  

Because we cons ide r  t h e  PARE t y p e  r e l e a s e  (pressured powder and c o n t a i n e r )  
more i m p o r t a n t  i n  a c c i d e n t  scenar ios ,  t h i s  work was l i m i t e d  t o  a few 
e x p l o r a t o r y  exper iments.  

POWDER RELEASES -- OUTDOOR TESTS 

Two ou tdoor  t e s t s  measured t h e  plume h e i g h t  and volume produced by an 
u n r e s t r i c t e d  PARE r e l e a s e  o f  350 g T i 0 2  powder a t  50 and 1000 ps ig .  
generated f rom these  t e s t s  a r e  shown i n  Table 6. 

Data 
Plume h e i g h t s  measured u s i n g  

0 0 

0 

0 TiOz, 3509 

TiOz. lOOg 

0 

PRESSURE. Psig 

FIGURE 8. Mass A i r b o r n e  f rom PRAC Exper iments 
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TABLE 5. Comparison o f  PARE and PRAC Releases 

350 g T i 0 7  100 g T i 0 7  
Pressure PARE 9 9  PRAC , g x Grea te r  P A R t  s 9  PRAC, g x Grea te r  

500 27.8 38.2 1.4 24.1 28.7 1.2 

250 18.3 36.7 2.0 18.2 21.3 1.2 

50 7.4 16.9 2.3 4.4 8.2 1.9 

TABLE 6. R e s u l t s  o f  U n r e s t r i c t e d  PARE P ressu r i zed  Powder Releases 

Parameters 
P r e s s u r i  zed Powder Re1 eases 
50 p s i g  1000 p s i g  

P1 ume h e i  g h t  4.5 m 10.7 m 

Plume volume 2.2 m3 IO m3 

E x p e l l e d  f rom PARE -200 g 

Plume i n i t i a l  91 g/m3 
c a l  c u l  a t e d  
c o n c e n t r a t i o n  

350 g 

35 g / m 3  

Amount d e p o s i t e d  
i n  -2.25 m r a d i u s  
o f  PARE 

30 9 2 9  

Percent Expel l e d  and 15 
depos i t e d  near  
PARE 

<1 

an 
u r t h e r  
1 e c t e d  
ease 

zed 

t r i a n g u l a t i o n  techn iques  were 4.5 and 10.7 m f o r  50 and 1000 p s i g ,  respec- 
t i v e l y .  
graphs. 
t o  determine t h e  amount d e p o s i t e d  i n  t h e  immediate v i c i n i t y  o f  t h e  re lease .  

Volumes l i s t e d  i n  Table 6 were e s t i m a t e d  from h i g h  speed pho to -  
D e p o s i t i o n  samplers p laced  on t h e  ground near  t h e  PARE were analyzed 

There was no measurable windspeed a t  t h e  50-m e l e v a t i o n  d u r i n g  these  
ou tdoor  t e s t s ,  however, t h e  r e l e a s e  c l o u d  d r i f t e d  away. As a n t i c i p a t e d  
uncon f ined  event  would have more severe consequences, go ing  h i g h e r  and 
than  a r e l e a s e  i n  t h e  enc losure.  Even more i m p o r t a n t ,  i f  t h e  amount co 
i n  a 2.25-111 r a d i u s  rep resen ts  t h a t  n o t  a i r b o r n e ,  t hen  t h e  uncon f ined  r e  
can r e s u l t  i n  100% a i r b o r n e  a t  a h i g h  pressure.  

LIQUID RELEASES 

The m o d i f i e d  PARE equipment shown i n  F i g u r e  5 was used f o r  p ressu r  
1 i q u i d  re leases.  Exper iments measured re leases  f rom two source volumes a t  
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t h r e e  pressures.  I n  t h e  f o l l o w i n g  paragraphs we d i scuss  t h e  measurements o f  
mass a i r b o r n e ,  we igh t  pe rcen t  a i r b o r n e ,  l i q u i d  e j e c t e d ,  and p a r t i c l e  s i z e  
d i s t r i b u t i o n  r e s u l t i n g  f rom p r e s s u r i z e d  re leases  o f  1 i q u i d s .  

Mass A i  r b o r n e  

The average f rom r e p l i c a t e  runs o f  t h e  s o l u t i o n  mass a i r b o r n e  i s  l i s t e d  i n  
Table 7 and p l o t t e d  i n  F i g u r e  g3 These va lues were c a l  u l a t e d  u s i n g  measured 
s o l u t i o n  d e n s i t i e s  o f  0.99 g/cm f o r  u ran ine ,  1.54 g/cm5 f o r  UNH. 

The mass a i r b o r n e  i n c r e a s e d  as a f u n c t i o n  o f  p ressu re  f o r  b o t h  u r a n i n e  

Releases were a l s o  l ower  than  we had a n t i c i -  
s o l u t i o n s  and UNH. The source volume d i d  n o t  appear s i g n i f i c a n t  i n  d e t e r m i n i n g  
t h e  magnitude o f  t h e  re lease.  
pated. High speed photography revea led  t h a t  t h e  r e l e a s e  seemed t o  be a 
v a p o r i z a t i o n  o f  t h e  l i q u i d  caused by t h e  r a p i d  d e p r e s s u r i z a t i o n .  
n o t i c e a b l e  r e l e a s e  was a condensed vapor c loud. However, s i n c e  u r a n i n e  and UNH 
d i d  become a i r b o r n e ,  some s u r f a c e  d i s t u r b a n c e  had t o  occur  t o  e n t r a i n  t h e  
s o l u t e s .  The d i f f e r e n c e s  i n  t h e  mass a i r b o r n e  f rom t h e  d i f f e r e n t  volumes may 
be a r e s u l t  o f  exper imen ta l  v a r i a b i l i t y .  These measured re leases  were i n  t h e  
same range f o r  b o t h  s o l u t i o n s .  

The o n l y  

These r e s u l t s  were low enough t o  suggest comparison w i t h  f r e e  f a l l  s p i l l  
r e leases  ( S u t t e r  1981). It can be suggested t h a t  a i r b o r n e  re leases  f rom t h e  
two a c c i d e n t  t ypes  we have s t u d i e d  m igh t  be r e l a t e d .  
p r e s s u r i z e d  r e l e a s e  measurements c o u l d  be s i m i l a r  t o  t h e  h i g h e r  r e l e a s e  va lues 
f rom s p i l l s .  Th i s  hypo thes i s  was examined f o r  b o t h  powders and l i q u i d s .  

I n  o t h e r  words t h e  l o w e s t  

Whi le  v e r i f i c a t i o n  of t h i s  hypo thes i s  was n o t  e v i d e n t  i n  powder e x p e r i -  
ments, a rev iew  o f  t h e  l i q u i d  r e l e a s e s  i n d i c  t e s  a c l o s e  match i n  r e s u l t s .  
Releases r e s u l t i n g  f rom 3 m s p i l l s  o f  125 cm3 u r a n i n e  and UNH were measured and 
found t o  be e s s e n t i a l l y  t h e  same as  t h e  r e l e a s e  o f  100 cm3 o f  r e s s u r i z e d  
l i q u i d .  A l l  o f  t hese  re leases  ranged f rom 3 x l o m 3  t o  5 x lo-' g. This  c l o s e  
agreement m i g h t  be c o i n c i d e n t a l .  There a re  d i f f e r e n t  s t r e s s e s  be ing  p l a c e d  on 
t h e  l i q u i d  i n  t h e  two t ypes  o f  exper iments.  

TABLE 7. Average Mass A i r b o r n e  f rom P r e s s u r i z e d  L i q u i d  Releases 

350 cm3 Source 100 cm3 Source 
Pressure, Uranine, UNH, Uranine, UNH, 

p s i  g 9. - 9 '  9 9 
500 0.17 0.13 0.15 0.13 

250 0.03 0.05 0.06 0.08 

50 0.003 0.002 0.005 0.003 

Wei ah t  Percent A i r b o r n e  

The we igh t  pe rcen t  o f  t h e  source l i q u i d s  t h a t  become a i r b o r n e  i s  l i s t e d  i n  
Table 8 and p l o t t e d  i n  F i g u r e  10. 
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TABLE 8. Average Weight Percent A i rbo rne  
f r o m  Pressu r i zed  L i q u i d  Release 

3 100 cm Source 
P s i  9 Urani  ne UNH Urani  ne UNH 

500 0.05 0.025 0.15 0.08 

250 0.01 0.01 0.06 0.05 

3 Pressure,  350 cm Source 

50 0.0008 0.0004 0.005 0.002 

0 URANINE 3 350 cm3 

A UNH 

URANINE]  ,oo cm3 

A UNH 

0 

A 
0 
A 0 

A 

B 

0.0001 I 1 I 1 I .  
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PRESSURE, .psig 

F I G U R E  10. Average Weight Percent o f  L i q u i d  A i r b o r n e  
as a Func t i on  o f  Pressure 
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The we igh t  percent  o f  a i r b o r n e  m a t e r i a l  was comparable between t h e  two 
s o l u t i o n s  and inc reased  w i t h  i n c r e a s i n g  pressure.  The s o l u t i o n  d e n s i t i e s  were 
measured and used t o  c a l c u l a t e  t e source mass f o r  c a l c u l a t i o n s  o f  we igh t  pe r -  
cent .  
and 100 cm , r e s p e c t i v e l y .  Uran ine  s o l u t i o n  d e n s i t y  i s  0.99 g/cmg, which can 
be c a l c u l a t e d  t o  347 and 99 g sources. The u ran ine  source mass i s  about t h e  
same as t h a t  o f  t h e  source powders, and can be used t o  compare t h e  pe rcen t  
l i q u i d  and powder re leases  from t h e  same source mass. 
i n  Table 9 ,  u s i n g  an average o f  t h e  T i02  and DUO values. 

!I A t  9 d e n s i t y  of 1.54 g/cm , t h e  source UNH i s  539 and 154 f o r  350 

Th is  comparison i s  made 

TABLE 9. Comparison o f  Weight Percent  o f  Source Mass 
A i  rborne  f rom Pressu r i zed  Releases o f  
Uran i  ne Sol u t i  on and Powder 

-350 g Source -100 g Source 
p s i  g Powder Uran i  ne Powder Uran ine  

500 8.5 0.05 22.1 0.15 

250 5.6 0.01 15.6 0.06 
50 2.1 0.0008 4.2 0.005 

The pe rcen t  o f  powder re leased f rom t h e  same source mass ranges f rom 150 
t o  about 2600 t imes  g r e a t e r  than comparable l i q u i d  re leases .  D i s p e r s a l  
mechanisms p l a y  a r o l e  i n  t h i s  d i f f e r e n c e .  Small c a v i t i e s  i n  t h e  powder b u l k  
a r e  f i l l e d  w i t h  p r e s s u r i z e d  a i r .  T h i s  a c t s  t o  s h a t t e r  t h e  powder and 
e n e r g e t i c a l l y  d i spe rse  i t  on re lease.  The f o r c e  a c t i n g  on t h e  l i q u i d  was r a p i d  
d e p r e s s u r i z a t i o n  l e a d i n g  t o  v a p o r i z a t i o n  and en t ra inment  of t h e  s o l u t i o n .  

L i q u i d  E j e c t e d  

I n  l i q u i d  re leases  a s i g n i f i c a n t  amount rema ns i n  t h e  apparatus a f t e r  t h e  
p r e s s u r i z e d  re lease.  T h i s  amount was measured t o  determine t h e  f r a c t i o n  o f  
re leased  m a t e r i a l  ae roso l i zed .  These va lues a re  i s t e d  i n  Table A.6 o f  t h e  
appendix. 
pe rcen t  t h a t  became a e r o s o l i z e d  i s  l i s t e d  i n  Table 11. 

The average amount e j e c t e d  i s  shown i n  Tab le  10, and t h e  we igh t  

TABLE 10. Average Amount o f  L i q u i d  E j e c t e d  f rom PARE 

350 cm3 Source 100 cm3 Source 
Pressure, Urani  ne, UNH, Ura_ni ne, UNH, 

p s i  g 22-9 cmj-9 cm3-9  c m j 3  
500 14 14 10 15 5 5 8 12 

250 8 8 7 1 1 6 6 6 9  
50 7 7 6 9 3 3 5 8  
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TABLE 11. Average Weight Percent  o f  L i q u i d  Released 
t h a t  Became A e r o s o l i z e d  

350 cm3 Source 100 cm3 Source 
Pressure. Uran i  ne UNH Uranine UNH 
p s i  g w t  % w t %  w t %  w t %  
500 1.2 0.9 3 .O 1 .o 
250 0.4 0.5 1.0 0.09 

50 0.04 0.02 0.2 0.03 

P a r t i c l e  S i z e  D i s t r i b u t i o n  

Tab le  12 l i s t s  t h e  average 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  t h a t  were 
c a l c u l a t e d  f rom cascade impac to r  samples generated i n  r e p l i c a t e  runs. 

TABLE 12. Average Median AED o f  P a r t i c l e s  Generated 
by P ressu r i zed  L i q u i d  Releases, pm 

Chamber 

p s i  g 
Pressure, 350 cm3 100 cm3 

Uran ine  UNH Uranine - UNH - 
500 4 16 4 14 

250 4 29 3 13 

50 2 4 2 7 

Releases o f  u r a n i n e  s o l u t i o n s  generated t h e  f i n e s t ,  most u n i f o r m  
p a r t i c l e s .  Median d iameters  were 4 and less ,  w i t h  u values o f  1.6 t o  4. 
These p a r t i c l e s  were predominant ly  (70 t o  go%), i n  t h e  Yesp i rab le  s i z e  range o f  
10  pm and less .  I f  t h e r e  i s  a p ressu re  o r  source q u a n t i t y  e f f e c t  on t h e  a i r -  
borne p a r t i c l e  s ize ,  the exper imenta l  v a r i a t i o n  between t h e  2 and 4 pm va lues  
p rec ludes  a conc lus ion .  

The UNH re leases  produced l a r g e r  p a r t i c l e  s i z e s  and more po lyd i spe rsed  
aeroso ls .  
2.5 t o  7.5. 
34 t o  76% o f  t h e  aeroso l .  

Average median d iameters  ranged f rom 4 t o  29 pm and u values from 
Fewer r e s p i r a b l e  p a r t i c l e s  (10pm and l e s s )  were genzrated, f o rm ing  

The above 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  were measured by u s i n g  t h e  cascade 
impac to r  samples, and may n o t  be r e p r e s e n t a t i v e  o f  t h e  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  l i q u i d  d r o p l e t s .  
t h e  impac to r  c o u l d  mean t h a t  t h e  measured s i z e  d i s t r i b u t i o n  does n o t  correspond 
t o  t h a t  of t h e  a c t u a l  a i r b o r n e  aeroso l .  T h i s  problem w i l l  be handled i n  t h e  
model development and d iscussed i n  t h a t  r e p o r t .  

S i g n i f i c a n t  evapora t i on  of t h e  d r o p l e t s  captured  i n  
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FUTURE WORK 

The exper iments d iscussed i n  t h i s  r e p o r t  a re  a c o n t i n u a t i o n  o f  our  work 
i n v e s t i g a t i n g  a c c i d e n t  generated aeroso ls .  Through our work, o t h e r  p o t e n t i a l  
research  areas d e a l i n g  w i t h  p r e s s u r i z e d  re leases  have been i d e n t i f i e d  and a re  
d iscussed i n  t h i s  sec t i on .  

The behav io r  of l i q u i d  re leases  f rom p r e s s u r i z e d  con ta ine rs ,  p a r t i c u l a r l y ,  
suggests t h e  need f o r  f u r t h e r  exper imenta l  work. I n  our  exper imenta l  c o n f i g u -  
r a t i o n  t h e  p r e s s u r i z e d  a i r  en te red  t h e  bot tom of t h e  chamber, s t a b i l i z e d  i n  t h e  
volume above t h e  s o l u t i o n ,  and was re leased  when t h e  d i s c s  a t  t h e  t o p  o f  t h e  
chamber rup tured .  The r e l e a s e  seemed t o  be caused by t h e  r a p i d  dep ressu r i za -  
t i o n  v a p o r i z i n g  and e n t r a i n i n g  some o f  t h e  l i q u i d .  Most of t h e  s o l u t i o n ,  85% 
o r  more, was r e t a i n e d  i n  t h e  PARE. The a i r b o r n e  re lease  was low, (i.e., c l o s e  
t o  t h e  l e v e l  o f  s p i l l  r e leases ) .  It would be a p p r o p r i a t e  t o  i n v e s t i g a t e  a l eak  
below t h e  l i q u i d  l e v e l  w i t h  p ressu re  f o r c i n g  t h e  s o l u t i o n  out. 
v i a b l e  powder exper iment  a1 so). These re leases  m igh t  be desc r ibed  s a t i  s f a c t o -  
r i l y  u s i n g  t r a d i t i o n a l  spray r e l a t i o n s h i p s ,  and t h i s  c o u l d  be conf i rmed by t h e  
suggested expe r i  menta 1 work . 

( T h i s  i s  a 

Our l i t e r a t u r e  rev iew  ( S u t t e r  1982) i n d i c a t e d  l i t t l e  exper imenta l  work has 
been done t o  i n v e s t i g a t e  f l a s h i n g  sprays. These re leases  occur  i n  a c c i d e n t s  
where l i q u i d s  pass f rom a r e g i o n  of h i g h  pressure  t o  a low pressure  e n v i r o n -  
ment. I f  t h e  l i q u i d  vapor p ressure  exceeds t h e  low pressure,  some o f  t h e  mass 
s h i f t s  i n t o  t h e  vapor s t a t e  t o  m a i n t a i n  e q u i l i b r i u m .  Superheat ing o f  t h e  upper 
zone r e l a t i v e  t o  t h e  lower  zone of a system produces f l a s h i n g .  Th is  t y p e  o f  
r e l e a s e  would r e l a t e  p a r t i c u l a r l y  t o  f i r e  acc iden t  scenar ios  where heated s o l u -  
t i o n s  p r e s s u r i z e  and subsequent ly  r u p t u r e  con ta ine rs .  Thus, h o t  s o l u t i o n s  a r e  
j e t t e d  i n t o  t h e  a i r  p roduc ing  ae roso ls  o f  f i n e  p a r t i c l e s .  C u r r e n t l y ,  a v a i l a b l e  
e m p i r i c a l  da ta  a r e  used t o  es t ima te  drop s i zes ,  r e q u i r i n g  m u l t i p l e  models. 
Volume f low i n  f l a s h i n g  sprays has been c a l c u l a t e d  by summing over  d rop  s i z e  
ranges (Ostrowski  1966). C a l c u l a t i n g  from another  s tudy (Brown 1961) o f  f l a s h -  
i n g  sprays, Mishima (1976) es t ima ted  t h a t  <0.3% o f  t h e  amount re leased  would be 
i n  a s i z e  range t h a t  c o u l d  be t r a n s p o r t e d  downwind and become an i n h a l a t i o n  
hazard. 

Because enc losu re  s i z e  l i m i t e d  our  exper iments,  i t  would be d e s i r a b l e  t o  
pe r fo rm p r e s s u r i z e d  re leases  i n  a l a r g e r  enc losure ,  r e p r e s e n t i n g  a d d i t i o n a l  
r e a l i s t i c  s i t u a t i o n s .  Using a l a r g e r  enc losu re  would a l l o w  i n v e s t i g a t i o n  o f  
t h e  re lease  as a f u n c t i o n  o f  d i s t a n c e  f rom t h e  event .  

Another m a t t e r  o f  i n t e r e s t  i s  t h e  use o f  o t h e r  p a r t i c u l a t e  m a t e r i a l s  such 
as i o n  exchange r e s i n  i n  t h e  PARE. Contaminated i o n  exchange r e s i n s  have been 
i n v o l v e d  i n  p r e s s u r i z e d  r e l e a s e  acc idents .  A r a d i o a c t i v e l y  t r a c e d  r e s i n  c o u l d  
be e j e c t e d  f rom t h e  chamber and p a r t i c l e  s i z e  o f  t h e  re lease  compared t o  t h e  
o r i g i n a l  s ize .  Work u s i n g  t h i s  t y p e  o f  m a t e r i a l  i n d i c a t e s  t h a t  t h e  f r a c t i o n  
l e s s  than  10 urn i s  i n s i g n i f i c a n t  (Ames 1959, S w i f t  1962). However, r e s i n s  
m igh t  be s h a t t e r e d  i n  an event  and produce f i n e s .  
degraded p r i o r  t o  t h e  event  and c o n t a i n  f i n e s  t h a t  would become a i rbo rne .  The 
poss i  b i  1 i t y  t h a t  r e s i n s  burn upon re lease  e x i  s t s ,  and a f i  re -genera ted  aeroso l  
i s  p o s s i b l e .  

Or t h e  r e s i n  c o u l d  be 
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P r e s s u r i z e d  re leases  i n t o  f l o w i n g  a i r s t r e a m s  a re  another  p o t e n t i a l  s tudy  
area. S ince a d d i t i o n a l  s t resses  can be a n t i c i p a t e d  i n  t h i s  s i t u a t i o n ,  l a r g e r  
r e l e a s e s  m igh t  be expected. 

Thus, t h e r e  a r e  many o p t i o n s  f o r  c o n t i n u i n g  i n v e s t i g a t i o n s  o f  p r e s s u r i z e d  
r e l e a s e  a c c i d e n t  scenar ios .  Th is  p r o j e c t  i s  n o t  des igned t o  be a s tudy  o f  a l l  
parameters, b u t  r a t h e r  an e m p i r i c a l  l o o k  a t  l ower  and upper boundary a i r b o r n e  
r e l e a s e s  ( w i t h  minimum parameter v a r i a t i o n )  w i t h i n  a n u c l e a r  f u e l  c y c l e  manu- 
f a c t u r i n g  f a c i l i t y .  
c o u l d  be i d e n t i f i e d  t o  s tudy  f o r  ongoing work. 

There fore ,  a few p r e s s u r i z e d  re lease  a c c i d e n t  scenar ios  
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APPENDIX A 

MASS AIRBORNE RESULTING FROM PRESSURIZED POWDER 
A N D  LIQUID RELEASES IN STATIC A I R  



T - 
Source 
9 

350 

100 

BLE A.l. 

(a 1 Rep. 
1 
2 

1 
2 

1 
2 

1 
2 

1 
2 

1 
2 

Mass i r b o r n e  f rom Pressu r i zed  Releases o f  DUO Powder 

Weight , Average, w t %  Avg w t %  
Run(b) p s i $  g w t  g A i  rborne  A i  r bo rne  

1 500 29.7028 9 
13 500 30.7083 30.2056 9 9 

6 250 19.1341 6 
14 250 21.9318 20.5330 6 6 

4 50 7.0006 2 
88 50 6.7570 6.8788 2 2 

7 500 21.2210 21 
12 500 18.3406 19.7814 18 20 

3 250 12.6345 13 
98 250 13.3580 12.9963 13 13 

2 50 3.3166 3 
11 50 3.7947 3.5557 4 4 

( a )  This  i s  t h e  r e p l i c a t e  i d e n t i f i c a t i o n  number 
(b )  Run number, used t o  i d e n t i f y  exper iment  s i n c e  they  were done i n  a 

random sequence. 
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TABLE A.2. Mass A i rbo rne  f rom Pressur ized  Releases o f  T i02  Powder 

Source , Weight, Average, w t %  Avg w t %  
g Rep. Run p s i g  g w t  9 A i  rborne  A i  rborne  - 

350 1 5(a )  1000 15.8805 15.8805 4.5 4.5 

1 4 500 21.3782 6.1 
2 16 500 34.2035 27.7909 9.8 7.9 

1 3 250 10.1143 2.89 
2 14 250 26.4866 18.3005 7.6 5.2 

1 2 (a )  100 3.2783 3.2783 0.94 0.94 

1 1 50 2.1848 0.62 
2 15 50 12.5796 7.3822 3.6 2.1 

100 1 7 ( a )  1000 12.3933 12.3933 12.4 12.4 

1 13 500 29.4976 29.5 
2 18 500 18.7731 24.1354 18.8 24.1 

1 11 250 19.8395 19.8 
2 9 250 16.5683 18.2039 16.7 18.2 

1 189 11.0536 11.0536 11.1 11.1 

1 6 50 3.6082 3.6 
2 7 50 5.1346 4.3714 5.1 4.4 

50 1 8 ( a )  50 0.51 0.51 1.0 1.0 

- 

( a )  S ing le  va lue  o n l y  
( b )  Premature r u p t u r e  
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TABLE A.3. T i02  Powder Airborne, Powder Release Above Chamber (PRAC) 

Source , Weight , w t %  
g p s i g  g A i rbo rne  

350 1 500 38.2198 10.9 
5 250 36.6774 10.5 
4 50 15.8639 4.5 

100 6 500 28.7369 28.7 
3 250 21.3226 21.3 
2 50 8.1773 8.2 
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TABLE A. 4. Mass A i  r bo rne  f rom Pressu r i  zed Releases o f  Urani ne Sol u t i  ons 

D 
P 
. 

Urani  ne 
Col 1 e c t e d  Mass Avg Mass 

Sou y e  on Sampl es, A i  rborne  , A i  rborne,  w t %  
cm Rep. Run Psi  9 9 4 9 A i  rborne  

350 1 1 500 
2 13  500 

1 6 250 
2 14 250 

1 4 50 
2 8 50 

100 1 7 500 
2 12 500 

1 3 250 
2 9 250 

1 2(a,b) 50 
2 11 50 

2.0648 x lo-; 
1.2855 x 10- 

2.2858 x 10-44 
4.1983 x 10- 

1.2902 10-5 
4.2090 x 

1.8406 x 10'; 
1.1070 x 10' 

4.4711 x 10'; 
6.5027 x 10' 

4.4217 x 10'; 
5.0652 x 10' 

0.206 
0.129 

0.023 
0.042 

0.0013 
0.0042 

0.18 
0.11 

0.04 
0.07 

0.004 
0.005 

0.06 
0.167 0.04 

0.007 
0.033 0.012 

0.0004 
0.0028 0.0012 

0.18 
0.15 0.11 

0.04 
0.06 0.07 

0.004 
0.005 0.005 

Avg w t %  
A i  r bo rne  

0.05 

0.010 

0.0008 

0.15 

0.06 

0.005 

( a )  Impactor  sample suspect, removed f rom a n a l y s i s  
( b )  lg/!t, o t h e r  runs  used 10 g/!t s o l u t i o n  



TABLE A.5. Mass A i rborne  from Pressur ized  Releases o f  UNH Sol u t i  ons 

Urani  urn Mass (b )  
A i  rborne, A i  rborne, . .  Source 

- cm3 Uranium, g ( a )  Rep. Run Psi  9 Pg 9 

350 72.03 1 1 500 15,746 0.1180 
2 8 20,092 0.1504 

1 5 250 7,261 0.0544 
2 10 6,386 0.0480 

1 4 50 245 0.0016 
2 12 259 0.0022 

100 20.58 1 6 500 14,057 0.1052 
2 9 19,598 0.1466 

D 
Ln 

1 3 250 9,156 0.0685 
2 11 12,058 0.0902 

1 2 50 354 0.0026 
2 13 369 0.0028 

3 ( a )  Source = 0.2058 g/cm3; g/cm 
( b )  Ca lcu la ted  us ing  a measured UNH d e n s i t y  o f  1.54 g/cm3 

x cm3 = g i n  source 

Avg Mass 
A i  rborne, 

9 

0.1342 

0.0512 

0.0019 

0.1259 

0.0794 

0.0027 

w t %  Avg w t %  

A i  rborne  A i  rborne  

0.0219 
0.0279 

0.0101 
0.0089 

0.0003 
0.0004 

0.0683 
0.0952 

0.0445 
0.0586 

0.0017 
0.0018 

0.0249 

0.0095 

0.0004 

0.0818 

0.0516 

0.0018 
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TABLE A.6. Volume o f  L i q u i d  E jec ted  f rom t h e  PARE 

100 cm3 Source 350 cm3 Source 
Pressure, Uraniqe, UNlj, Urani  qe, UNq , 

cm - p s i  g cm cm3 cm3 
500 17, 10 10, 9 3, 6 9, 6 

250 7, 8 8, 5 2, 10 5, 7 

50 5, 9 4, 8 2, 4 3, 6 
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APPENDIX €3 

MEDIAN AERODYNAMIC EQUIVALENT DIAMETER (AED)  OF 
PARTICLES GENERATED BY PRESSURIZED POWDER 

AND L I Q U I D  RELEASES I N  S T A T I C  A I R  



TABLE B.l. Median AED o f  P a r t i c l e s  Produced by P ressu r i zed  Releases o f  DUO 

w t  x 
o f  Source 

Median t h a t  Becomes 
Source D i  ameter w t %  10 pm A i  r bo rne  

350 1 1 500 16 3.0 34 3.0 
2 13 500 16 3.0 31 2.7 

g Rep. 'Run p s i g  Ilm 49 o r  Less 10  pm and Less - 

1 6 250 12 2.1 42 
2 14 250 18 3.0 29 

1 4 50 16 3.0 33 
2 8B 50 21 4.8 3 1  

2.3 
1.8 

0.7 
0.6 

100 1 7 500 10 2.5 49 10.4 
2 12 500 18 4.0 38 7.0 

1 3 250 9 2.2 54 6.8 
2 9B 250 12 1.9 38 5.1 

1 2 50 13 2.9 41 
2 11 50 25 4.2 25 

1.4 
1.0 

B. 1 



J - I  I 7 

TABLE 6.2. Median AED o f  P a r t i c l e s  Produced by Pressur ized  Releases o f  Ti02 

Source , 
&Rep.  

350 1 

1 
2 

1 
2 

1 

1 
2 

100 1 

1 
2 

1 
2 

1 

1 
2 

50 1 

p s i  g 

1000 

500 
500 

250 
250 

100 

50 
50 

1000 

500 
500 

250 
2 50 

189 

50 
50 

50 

Median 
D i  ameter, 
w 

7.0 

15, 12 

14 

20, 16 

5.6 

4.6, 4.2 
6.9, 5.0 

10, 8.3 
17, 6.4 

14, 10 

8.2 
9.2, 6.8 

12 

ug 

4.1 

10.7, 0.6 

8.5 

13, 10.3 

8.2 

6.3, 5.5 
6.0, 6 

9.5, 5.7 
14, 5.8 

10.8, 4.5 

5.9 
5.1, 4.3 

8.6 

( a )  E x p l o r a t o r y  a t  1000 p s i g  
(b )  Impactor over loaded 
( c )  Data based on 2 impactors  where two s i z e s  a r e  shown 
( d )  Run o r i g i n a l l y  s e t  f o r  250 p s i g ,  went o f f  p remature ly  
(e )  E x p l o r a t o r y  a t  50 p s i g  and u s i n g  50 g t r a c e d  T i 0 2  

%10 pm 
o r  Less 

64 

40, 44 

44 

38, 48 

60 

68, 72 
54, 66 

50, 54 
42, 61  

44, 50 

54 
52, 60 

48 

w t %  
of  Source 

t h a t  Becomes 
A i  rborne 

10 pm and Less 

2.9 

3.9, 4.3 

3.3 

1.4, 1.7 

7.4 

20.1, 21.2 
10.1, 12.4 

9.9, 10.7 
6.9, 10.1 

4.9, 5.5 

1.9 
2.7, 3.1 

0.5 

8.2 



TABLE 8.3. Median AED of P a r t i c l e s  Produced by T i 0 2  Powder Releases 
Above Chamber (PRAC) 

Avg w t %  
o f  Source 

Median t h a t  Becomes 
Source , D i  ameter, % l o  pm A i rbo rne  and i s  
9 - Run p s i g  Pm ag and Less 10  pm and Less 

350 1 500 20(a)  11.8 54 
9 7 40 5.1 

5 250 11 5.5 48 
5 3.6 72 6.3 

4 50 12 9.2 46 

2.4 3.8 88 3.0 

100 6 500 11 7.7 48 
4.3 4.0 71 17.1 

3 250 10.1 5.3 48 
6.2 4.4 65 12.0 

2 50 8.4 6.5 53 
6 7.0 68 5.0 

( a )  Based on two impac to r  samples 

B. 3 



TABLE B.4. Median AED o f  P a r t i c l e s  Produced by P ressu r i zed  Releases 
o f  Urani  ne sol u t i  ons 

Sou ce, 
Rep. 5 cm 

350 1 
2 

1 
2 

1 
2 

100 1 
2 

1 
2 

2 

Run p s i g  

1 500 
13 500 

6 250 
14 250 

4 50 
8 50 

7 500 
12 500 

3 250 
9 250 

11 50 

- -  

Median 
Diameter, 

I lm 

4 
4.3 

4 
3.6 

1.5 
2.1 

4 
4.0 

2.4 
4 

2.1 

(J, 

3 
2.4 

1.6 
3 

3 
4 

3 
4 

4 
3.6 

4 

% 10 pm 
and Less 

w t  % 
o f  Source 

t h a t  becomes 
A i  r bo rne  

10 um and Less 

86 
85 

98 
84 

83 
87 

90 
70 

78 
77 

80 

0.05 
0.03 

0.007 
0.01 

0.0003 
0.001 

0.16 
0.08 

0.03 
0.05 

0.004 

B.4 



r , t ' %  

TABLE B.5. Median AED o f  P a r t i c l e s  Produced by Pressu r i zed  Releases o f  UNH 

Sou y e ,  
cm Rep. 

350 1 
2 

1 
2 

1 
2 

100 1 
2 

1 
2 

1 
2 

Run 

1 
8 

5 
10 

4 
12 

6 
9 

3 
11 

2 
13 

Median 
D i  ameter, 

PSig lJm 

500 1 7  4.0 
14 2.9 

250 45 5.9 
12 2.9 

50 3 4.8 
5 5.2 

500 14 2.5 
14 2.9 

250 14 2.7 
11 4.6 

50 6 7.5 
8 4.6 

% 10 pin 
and Less 

w t %  
o f  source 

t h a t  Becomes 
A i  r bo rne  

10  urn and Less 

34 
37 

20 
45 

76 
70 

46 
38 

36 
45 

61 
60 

0.0074 
0.0103 

0.0018 
0.0040 

0.0002 
0.0003 

0.0314 
0.0362 

0.0160 
0.0264 

0.0010 
0.0011 

8.5 
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