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I ,  Execut ive  Summary 

The techn ica l  work addressed i n  t h i s  r e p o r t  had i t s  o r i g i n  i n  the  tech-  
n i c a l  support  e f f o r t  prov ided f o r  t he  proposed packed-bed scrubber f o r  
t h e  "Add-on" GDP a t  Portsmouth and a growing concern over t h e  s i t e s '  
a b i l i t y  t o  con ta in  and p r e d i c t  t he  o f f - s i t e  impact o f  UFg releases. I n  
the  mid 1970s the  techn ica l  managers agreed t h a t  scrubber s tud ies  would 
be conducted a t  Paducah and UFg knockdown work a t  Portsmouth. As a 
r e s u l t  o f  t h e  SAR e f f o r t  and d i s p e r s i o n  model ing s tud ies  conducted by 
g a t t e l l e  Labora tor ies ,  Columbus, Ohio, t h e  need f o r  data on the  bas ic  
chemist ry  and phys ics of t h e  i n t e r a c t i o n  o f  UF6 w i t h  atmospheric 
mo is tu re  was recognized. Th is  assignment was d i r e c t e d  t o  Oak Ridge i n  
1980. P r i o r  t o  the c o n s o l i d a t i o n  e f f o r t  o f  1980, p r o j e c t  a c t i o n  p lans 
and o b j e c t i v e s  were devel oped w i t h  modest i n t e r a c t i o n  between s i t e s  and 
w i thou t  a d i r e c t e d  se t  o f  o b j e c t i v e s  from management. Since t h a t  t ime,  
t h e  Environmental , Heal th ,  and Safe ty  (EH&S) Technical  Program Manage- 
ment Team (TPMT) has i nsu red  aga ins t  d u p l i c a t i o n  o f  t echn ica l  e f f o r t  
and prov ided p r o j e c t  guidance on a 1 i m i t e d  scale. The authors recog- 
n i z e  the  wea l th  of i n fo rma t ion  a v a i l a b l e  i n  t o p i c a l l y  r e l a t e d  techn ica l  
repor ts .  Th is  r e p o r t  addresses t h e  work i n  progress o r  i n i t i a t e d  a f t e r  
t h e  c o n s o l i d a t i o n  e f f o r t  o f  1980. The f o l l o w i n g  p r o j e c t  o b j e c t i v e s  
(and t h e i r  respec t i ve  s t a t u s )  have evolved f o r  t h e  t h r e e  s i t e s .  

4. PGDP 

1. Objec t ive :  Charac ter ize  the performance o f  se lec ted  aqueous 
scrubbers i n  s imul taneously  removing uF6 and i t s  h y d r o l y s i s  
p roduc ts  from gaseous streams. 

2. Status:  A novel  multichambered scrubber was found t o  remove 
b o t h  uranium and gaseous f l u o r i d e s  a t  g rea ter  than 99% e f f i -  
c iency  under op t ima l  cond i t ions .  

5. GAT 

1. Objec t ive :  Determine the  f e a s i h i l  i t y  o f  var ious  knockdown 
techniques f o r  c o n t a i n i n g  uF6 re leases i n  feed, wi thdrawal ,  
t r a n s f e r  and sampling areas. Charac te r i za t i on  of  the  r e a c t i o n  
between uF6 and atmospheric mo is tu re  and eva lua t i on  o f  t he  
v a r i a b l e s  of  uF6 c loud fo rmat ion  and u l t i m a t e  c loud f a t e  have 
been conso l ida ted  t o  ORGDP. 
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2. Status:  Scoping type  s tud ies  have i d e n t i f i e d  e l e c t r o s t a t i c  
p r e c i p i t a t i o n  as the  most e f f e c t i v e  means of p a r t i c l e  knock- 
down. 

C. ORGDP 

1. Objec t ive :  Determine (1) the  phys ica l  and chemical charac- 
t e r i s t i c s  o f  UFg h y d r o l y s i s  products ,  ( 2 )  t he  mechanism o f  t h e  
h y d r o l y s i s  r e a c t i o n  and the species and l i f e t i m e  of t he  i n t e r -  
mediates, ( 3 )  t he  morphology, change i n  morphology, and the  
r a t e  o f  morphology change over  a range of  meteoro log ica l  condi-  
t i o n s .  

2. Status:  These o b j e c t i v e s  have been met over a number of  
re lease c o n d i t i o n s  where t o t a l  UF6 released, humid i ty ,  tempera- 
t u r e  o f  uF6 a t  re lease,  and re lease r a t e  have been var ied.  The 
morphology o f  t h e  U02Fz formed has been charac ter ized  as a 
f u n c t i o n  of t h e  cond i t i ons  as has t h e  change i n  morphology 
a f t e r  re lease and the  s e t t l i n g  t ime  o f  t h e  c loud. 

Major  e f f o r t s  have gone i n t o  the  s tudy of  var ious types o f  UF6 
re leases,  t h e i r  p l a u s i b i l i t y ,  p r o b a b i l i t y ,  and consequences. These 
uF6 re lease scenar ios may be ca tegor ized  as i n s i d e  of  s t r u c t u r e s  o r  
i n  t h e  open. The re lease of UFg vapor i n  an autoc lave (est imated 
a t  about 80 lb /min  through a broken va l ve  o r  p i g t a i l )  i s  considered 
a maximum c r e d i b l e  occurrence, Scrubbers t e s t e d  under these 
re lease c o n d i t i o n s  have proven capable of >99 percent  removal e f f i -  
c iency f o r  uF6 and i t s  h y d r o l y s i s  products  and improv ing v i s i b i l i t y  
i n  the  area t o  a l e v e l  where emergency e f f o r t s  can commence. The 
des i red  concen t ra t i on  o f  uranium and HF i n  the  scrubber e f f l u e n t  
and t h e  degree o f  ope ra t i ona l  f l e x i b i l i t y  requ i red  by opera t i ng  
groups would c o n s t i t u t e  the  pr imary requirements f o r  which scrubber 
des ign would be chosen f o r  low assay areas. I f  t h e  d e c i s i o n  i s  
made t o  employ scrubbers f o r  t h i s  a p p l i c a t i o n ,  a d d i t i o n a l  scrubber 
s tud ies  cou ld  be conducted t o  min imize the  q u a n t i t y  o f  scrubber 
s o l u t i o n  generated i n  the  event o f  such a release. Wi th  s tud ies  i n  
progress,  t h e  chosen scrubber des ign cou ld  a l s o  be chal lenged by 
h ighe r  i n l e t  uranium concent ra t ions  and very low humid i t y  condi -  
t i o n s .  4ny f u t u r e  scrubber work would r e q u i r e  ex tens ive  renova- 
t i on /upgrad ing  o f  Paducah's t e s t  f a c i l i t y .  Severe equipment 
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r e s t r i c t i o n s  would be needed t o  adapt scrubbers f o r  use i n  h igh  
assay areas. Al though no t  evaluated t o  t h e  e x t e n t  t h a t  scrubbers 
have been, e l e c t r o s t a t i c  f i l t e r s  have been demonstrated t o  be 
f e a s i b l e  a t  Portsmouth. Add i t i ona l  t e s t i n g  would be needed t o  
op t im ize  opera t i ng  parameters f o r  containment a p p l i c a t i o n s .  

The most ser ious,  c r e d i b l e  re leases  de f i ned  by SAR work a r e  those 
i n v o l v i n g  l i q u i d - f i l l e d  c y l i n d e r s .  A major  scenar io  f o r  t he  
re lease o f  l i q u i d  UF6 i n s i d e  a b u i l d i n g  (such as a rup tured  
c y l i n d e r  i n  a feed f a c i l i t y )  i n d i c a t e s  t h a t  w h i l e  t h e  l i k e l i h o o d  of  
occurrence i s  smal l ,  t h e  p o t e n t i a l  impact t o  o n - s i t e  and o f f - s i t e  
personnel  i s  great .  Scrubbers a r e  capable of s i g n i f i c a n t l y  
reducing t h e  impact o f  t h i s  event. 

For  l i q u i d  re leases  ou ts ide  a b u i l d i n g ,  much can be learned f r o m  
t h e  re lease exper ienced a t  the  French Comurhex F a c i l i t y  i n  J u l y  
1977. Upon break ing  the  va lve  (6 o ' c l o c k  p o s i t i o n )  o f  a 7-tOt-1 

c y l i n d e r  a t  the  threads (environmental  c o n d i t i o n s  of 79"F, wind 
speed 20 mph), l i q u i d  UF6 s p i l l e d  t o  the  ground, w i th  subsequent 
fo rmat ion  o f  a l i n g e r i n g  dense cloud, f o r  1 5  minutes be fo re  a 
wooden p l u g  cou ld  be i n s e r t e d  t o  s top t h e  leak .  The use of water 
spray was at tempted f o r  re lease c o n t r o l  bu t  seemed det r imenta l  t o  
t h e  e f f o r t .  A b lanke t  o f  carbon d i o x i d e  was e f f e c t i v e  i n  knocking 
down the  cloud, probably  due t o  l i m i t i n g  access o f  atmospheric 
mo is tu re  t o  t h e  UF6 and c o o l i n g  e f f e c t s ,  thus p e r m i t t i n g  access o f  
personnel t o  t h e  area. Comparing these r e s u l t s  t o  the  worst  case 
scenar io  i n v o l v i n g  a 14- ton c y l i n d e r  p o i n t s  t o  a s i g n i f i c a n t  con- 
cern over  the  c o n t r o l  o f  an ac tua l  re lease and t h e  t ime span 
involved.  The dense c loud  l i m i t i n g  v i s i b i l i t y  and cont inued 
re lease and r e a c t i o n  o f  UFg p o i n t  t o  t h e  need f o r  an acceptable 
means o f  c loud  knockdown and r e a c t i o n  c o n t r o l  f o r  s p i l l e d  m a t e r i a l .  
Th is  same concern over  the  a v a i l a b i l i t y  o f  e f f i c i e n t  methods t o  
deal  w i t h  o u t s i d e  re leases  o f  l i q u i d  UFg, was voiced as t h e  f i r s t  
p r i o r i t y  concern by Paducah Operat ions D i v i s i o n  personnel when 
in te rv iewed  p r i o r  t o  p repara t i on  o f  t h i s  repo r t .  It i s  recommended 
t h a t  i n  a d d i t i o n  t o  cont inued suppor t  o f  those re lease p r o j e c t s  
a l ready  budgeted and i n  progress a t  Portsmouth and Oak Ridge t h a t  
funding and p r i o r i t y  be prov ided t o  develop a se t  o f  "second 
genera t ion"  techniques t o  handle ou ts ide  re leases  of  1 i q u i d  UFg. 
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I I .  Response t o  I l i  rec ted  Quest ions 

The f o l l o w i n g  responses were prepared by t h e  i n d i v i d u a l  s i t e  members t o  
t h e  E M S  TPYT. These responses a r e  d i r e c t e d  toward the  quest ions posed 
e a r l  i e r  by Donne1 1y. l  

4. What vJere the  o r i q i n a l  o b j e c t i v e s ?  
8. Have t h e  o r i q i n a l  o b j e c t i v e s  been met? 
C. Are t h e  o r i g i n a l  ob. ject ives approp r ia te  i n  t oday ' s  atmosphere? 
11. f ias the  work s i q n i f i c a n t l y  a f f e c t e d  our  a b i l i t y  t o  respond t o  d 

lJFg re1 ease? 
E. Has t h e  work s i q n i f i c a n t l y  increased our understandinq of  t h e  

mechani sins o f  UFg c loud behavior  and knockdown? 
F. What a d d i t i o n a l  work i s  des i rab le?  

The s i t e  p r o j e c t  o b j e c t i v e s  and t h e i r  s ta tus  a r e  presented i n  g rea te r  
d e t a i l  i n  t h e  Appendix. 

G. PGDP 

1. The o b j e c t i v e  o f  t h e  f i r s t  phase o f  t h e  scrubber e f f o r t  a t  
Paducah was t o  cha rac te r i ze  t h e  performance o f  se lec ted  aqueous 
scrubbers o f  t h e  f o l l o w i n g  types. 

3. Vet ted  F i b e r  Pad (WFP) 
b.  
c. Novel Multichambered Scrubber (MCS) 
d .  Conventional Nozz le less Ventur i  Scrubber (NVS)  

Sinqle-Stage Water Spray Chamber (SSN) 

The c h a r a c t e r i z a t i o n  i n v o l v e d  i n  s imul taneously  removing UF6, 
UOzFz, and HF from gaseous streams. A second phase o f  t e s t i n g  
qrew from t h e  h iqh  removal e f f i c i e n c i e s  seen f o r  t he  MCS system 
and the  need t o  t e s t  a Convent ional  Nozzleless Ventur i  Scrubber 
( N V S ) .  Second phase o b j e c t i v e s  i nc luded  o p t i m i z a t i o n  o f  water 
conruniption f o r  t h e  MCS, and eva lua t i on  o f  bo th  systems (MCS 
a n d  NVS)  over a wide ranqe o f  UFg concent ra t ions  i n c l u d i n q  
i n s u f f i c i e n t  mo is tu re  f o r  complete U F F ~  

A second suppor t i ve  area o f  study centered on t h e  i d e n t i f i c a -  
t i o n  o f  a s u i t a b l e  e l e c t r o l y t e  and sainplinq technique f o r  U02F;z 
p a r t i c l e  s i z e  a n a l y s i s  by Cou l te r  Counter rnethods. 
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2. 

3. 

These o b j e c t i v e s  have been met vr i th t h e  scrubber s tud ies  
completed i n  September 1981. The MCS system was found t o  
remove bo th  uranium and gaseous f l u o r i d e s  a t  g rea ter  than 99 
percent  e f f i c i e n c y  a t  optimum cond i t i ons .  f ittempts t o  reduce 
water  consumption below a weiqht  r a t i o  o f  1.8 k i lograms per  
k i l og ram incoming a i r  r e s u l t e d  i n  lowered e f f i c i e n c i e s  
e s p e c i a l l y  a t  very d ry  ambient cond i t ions .  The NVS system pro-  
v ided removal e f f i c i e n c i e s  (96.4 t o  99.7 percent )  s l i g h t l y  
lower  than t h a t  o f  t h e  MCS. The NVC system proved t o  be more 
s e n s i t i v e  t o  changes i n  re lease cond i t i ons  i n  t h a t  t h e r e  i s  
1 ess f l e x i b i l i t y  f o r  makinq opera t i ona l  adjustments. Per fo r -  
mance f o r  t h e  WFP was much lower f o r  uranium and gaseous 
f l u o r i d e s  w i th  removal e f f i c i e n c i e s  rang inq  from 69 t o  98 pe r -  
cent.  A p p l i c a t i o n  o f  t he  WFP system i s  thus marginal .  Tes t i ng  
o f  t h e  SSN system was te rmina ted  due t o  extremely poor  per fo r - .  
mance as evidenced by p e n e t r a t i o n  o f  t h e  spray c u r t a i n  and 
downstream depos i t i on  o f  UOzF2. 

S u i t a b l e  e l e c t r o l y t e  systems f o r  UOzF2 p a r t i c l e  s i z e  a n a l y s i s  
were i d e n t i f i e d  as L i  I / I sopropano l  and LiRF2/Isopropanol. .A 
m a j o r  improvement i n  sample p r e p a r a t i o n  was found t o  be c o l l e c -  
t i o n  of  t h e  sample on a f i l t e r  medium fo l lowed by u l t r a s o n i c  
d i s p e r s i o n  i n  t h e  e l e c t r o l y t e .  

The bas ic  understanding o f  t he  c a p a b i l i t i e s  o f  t h e  var ious  
scrubber systems w i  11 stand as excel  l e n t  core  in fo rmat ion .  
These s tud ies  p rov ide  conf idence t h a t  o f f - t h e - s h e l f  scrubbers 
remove p a r t i c u l a t e  uranium a t  t he  same e f f i c i e n c y  as they  
remove o the r  p a r t i c u l a t e  p o l l u t a n t s .  Should emDloyment o f  
scrubber  systems f o r  GDP a p p l i c a t i o n  be considered, a p a r -  
t i c u l a r  des ign can be chosen w i t h  conf idence depending upon tCle 
r e q u i r e d  exhaust uranium concen t ra t i on  des i red  and t h e  opera- 
t i o n a l  f l e x i b i l i t y / s e n s i t i v i t y  des i red  by t h e  opera t i nq  qroups. 

4. The work performed a t  Paducah, as de f i ned  b,y i t s  o b j e c t i v e s ,  
was in tended 
uF6 re lease 
s c rub be r em p 
t h e  scrubber 

t o  enhance the  c a p a b i l i t y  o f  a GDP t o  respond t o  a 
throuqh t h e  use o f  scrubber systems. Since 

oyment i s  n o t  c u r r e n t l y  considered, t h e  value o f  
e f f o r t  1 i e s  p u r e l y  i n  i t s  p o t e n t i a l  a p p l i c a t i o n .  

f 1 2 0 0 9 1  
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5. The o b j e c t i v e s  o f  t h e  scrubber s tud ies  conducted a t  Paducah d i d  
n o t  address these issues.  

6. Add i t i ona l  scrubber s tud ies  can be j u s t i f i e d  i f  a d e c i s i o n  is 
reached t o  employ scrubber systems for  GDP a p p l i c a t i o n .  The 
f i n a l  t e s t i n q  cons ide ra t i ons  a re  (a )  Doss ih le  r e c y c l e  of  
scrubbinq s o l u t i o n s  t o  min imize the volume o f  l i q u i d  suh- 
sequent ly  r e q u i r i n q  t reatment  (b)  ex tens ion  o f  t h e  s tud ies  t o  
h iqhe r  l e v e l s  o f  uranium concentrat ion.  The p o t e n t i a l  value of 
s o l u t i o n  recyc le  r e s t s  i n  the  reduc t i on  o f  waste s o l u t i o n  
t rea tment  and so l  i d  waste d isposa l  costs. These p o t e n t i a l  
savinqs would be considered i n  l i q h t  o f  t h e  p ro jec ted  i n f r e -  
quent use o f  t h e  scrubbers and t h e  known cos ts  requ i red  t o  
renovate/modify t h e  scrubber t e s t  f a c i  1 i t y  and conduct t h e  
r e q u i r e d  t e s t s .  As p a r t  o f  these s tud ies  t h e  proposed scrubber 
des iqn  should be chal  lenged by h igher  incoming uranium con- 
c e n t r a t i o n s  t o  s imu la te  more adverse re lease cond i t ions .  

Y. GAT 

1. In  response t o  recommendations r e s u l t i n g  f rom containment 
problems and t h e  increased emphasis i n  coqtainment f o r  employee 
and pub1 i c  safety ,  knockdown s tud ies  were i n i t i a t e d  a t  
Portsmouth. The o b j e c t i v e  o f  t h i s  work was t o  determine t h e  
f e a s i b i l i t y  o f  var ious  knockdown techniques f o r  c o n t a i n i n g  
re leases  i n  feed, w i thdrawal ,  t r a n s f e r ,  and sampl ing areas. 
Associated w i t h  t h i s  e f f o r t  were t h e  tasks o f  c h a r a c t e r i z i n g  
t h e  r e a c t i o n  between UF6 and atmospheric mo is tu re  and 
e v a l u a t i n g  environmental  v a r i a b l e s  o f  UFg cloud fo rmat ion  and 
u l t i m a t e  fa te.  Due t o  de lays i n  o b t a i n i n q  the  environmental  
chamber and changes i n  personnel ,  t h i s  work was n o t  s t a r t e d  
u n t i l  1978 and completed i n  1981. Current  s tud ies  i nc lude  
a c t i v i t i e s  i n  two areas. One deals  w i t h  UF6 containment vr i th 
t h e  o b j e c t i v e  o f  develop ing techniques f o r  m i t i q a t i n g ,  
c o n t r o l  l i n g ,  o r  e l  i i n i n a t i n q  e x i s t i n g  o r  pos tu la ted  c r e d i b l e  
acc ident  hazards t o  p l a n t  personnel and/or pub1 i c  safety  
r e s u l t i n q  f rom f a i l u r e  of  p l a n t  components c o n t a i n i n g  UFg. The 
o t h e r  deals  w i t h  uF6 re lease plume s tud ies  w i t h  t h e  o b j e c t i v e  
of  p r o v i d i n q  ass is tance on plume t rack inq ,  anal.ysis, and knock- 
down t o  t h e  DOE/French in fo rma t ion  exchanqe team, o r i r n a r i  l y  
u s i n q  t h e  environmental  chamber. 
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2. W i th in  the  SCODP o f  t h e  o r i q i n a l  o b j e c t i v e  t o  determine the  
f e a s i h i l  i t y  o f  var ious  knockdown techni~qupr ,  the o h j c c t i v e  h a s  
been met as e l e c t r o s t a t i c  p r e c i p i t a t i o n  u t i 1  { z i n g  a charqed 
stream o f  d r y  a i r  were i d e n t i f i e d  as t h e  most e f f e c t i v e .  The 
associated task  o f  c h a r a c t e r i z i n q  the  r e a c t i o n  between UF5 and 
a tnospher ic  mo is tu re  was conso l i da ted  t o  ORGDP and the  task o f  
e v a l u a t i n g  environmental  v a r i a b l e s  of  UFg c loud fo rmat ion  and 
u l t i m a t e  f a t e  was p a r t i a l l y  completed a t  Portsmouth w i t h  t h e  
remainder o f  t h i s  e f f o r t  be inq conducted a t  ORGDP. A t  

Portsinouth, no a s s o c i a t i o n  between s e t t l e d  U02F2 c loud  p a r t i c l e  
s i z e s  and temperature or humid i ty  e f f e c t s  i n  t h e  range 
encountered i n  GDP opera t ions  Nere observed. The m a j o r i t y  of  
p a r t i c l e s  analyzed were i n  the  0 . 5 ~  t o  $ range. I n  s p i t e  O f  

t h e  h igh  dens i t y  of U02F2 p a r t i  cu l  a t e  ma te r ia l ,  uF6 h y d r o l y s i  s 
c louds  were observed t o  r i s e  f o l 1  owed b.y d i  f f us ion .  Turhul ence 
was observed t o  shor ten  s e t t l i n g  t ime  by enhancing agglomera- 
t i o n ;  however, t h i s  would n o t  be expected i n  open a i r  env i ron-  
ments where c u r r e n t  UF6 containment s tud ies  have d e a l t  w i t h  
e v a l u a t i n q  commercial e l e c t r o s t a t i c  a i r  f i l t e r s  w i t h  reduc t i ons  I 

o f  97 percent  i n  a i rbo rne  p a r t i c u l a t e  concent ra t ions  be inq  
achieved. 4 r a i n  s i m u l a t i o n  t e s t  has i n d i c a t e d  l i t t l e  change 
i n  t h e  a i rbo rne  uranium content.  Future a c t i v i t i e s  i n  t h i s  
pro, ject  a r e  t o  p rov ide  t e c h n i c a l  support  and t e s t  environments 
f o r  t he  development o f  f a i l - s a f e  re lease a larm systems f o r  
cascade b u i l d i n g s  and a u x i l i a r y  f a c i l i t i e s .  UF6 re lease plume 
s tud ies  are  beinq conducted t o  p rov ide  c loud  s e t t l i n g  r a t e  data 
and e s t a b l i s h  means o f  see inq  UFg hydro l .ys is  c loud  growth, 
movement, and d i s s i p a t i o n .  

3. The o r i g i n a l  o b j e c t i v e s  a r e  approp r ia te  s ince  i n f o r m a t i o n  about 
var ious  knockdown techniques i s  e s s e n t i a l  f o r  a f e a s i b i l i t y  
s tudy  dea l i ng  w i t h  improved containment i n  areas w i t h  h ighe r  
p o t e n t i a l  for  f a i l u r e  o f  UF6 c o n t a i n i n g  equipment. Ob jec t ives  
o f  c u r r e n t  \JFg containment and re lease plume s tud ies  r e f l e c t  
near- term concerns and a re  rev i sed  as needed t o  respond t o  
chanqes i n  a n t i c i p a t e d  needs. 

4. As def ined by t h e  ob jec t i ves ,  t he  UFg containment work a t  
Portsmouth was i n tended t o  eva lua te  the  f e a s i b i l i t y  of var ious  
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knockdown techniques f o r  c o n t a i n i n g  releases. 9 t  t h i s  time, 
e l e c t r o s t a t i c  concepts i d e n t i f i e d  by t h i s  work a re  on ly  candi-  
dates unique f o r  f u t u r e  appl i c a t i o n  i n  the  GDPs. 

5. Cloud behavior and t h e  f e a s i b i l i t y  o f  var ious knockdown tech- 
niques, as def ined by t h e  ob jec t i ves ,  a re  w e l l  understood f o r  
c o n t r o l l e d  environments. Th is  i n f o r m a t i o n  i s  a p p l i c a b l e  t o  
smal l  process areas where re lease c louds cou ld  be conta ined and 
knockdown techniques, a s  tested,  u t i  l i r e d .  Current  uF6 re lease 
P I  ume s tud ies  a re  p r o v i d i  nq i n fo rma t ion  which should enhance 
our  understanding o f  c loud behavior  i n  open f i e l d  s i t u a t i o n s .  

6. Add i t i ona l  e l e c t r o s t a t i c  f i l t e r i n g  s tud ies  cou ld  be j u s t i f i e d  
i f a dec i s ion  t o  i n s t a l l  knockdown f a c i l i t i e s  such as e l e c t r o -  
s t a t i c  f i l t e r s  f o r  GDP a p p l i c a t i o n s  i s  made. F i n a l  t e s t i n g  
would be needed t o  e s t a b l i s h  optimum opera t i ng  cond i t i ons ,  
nuc lea r  safety  parameters, uranium recovery techniques, and- 
o t h e r  opera t iona l  cons idera t ions .  

I .  ORGDP 

1. The o r i q i n a l  ob . jec t i ve  was t o  fo rmula te  a model t h a t  would 
accu ra te l y  descr ibe  a !JF6 re1 ease g i  ven t h e  meteor01 ogi  c a l  
cond i t i ons ,  t h e  amount o f  re leased uF6, and a f f e c t e d  t e r r a i n .  
Th i s  model incorpora ted  t h e  var ious  heats  o f  reac t i on ,  asso- 
c i a t i o n ,  and phase change. To supply emp i r i ca l  in fo rmat ion  t o  
meet t h e  needs o f  t h e  model and t o  b e t t e r  understand uF6 
re leases,  exper imental  work was performed a t  Portsmouth and 
ORGDP t o  determine (a )  bo th  t h e  phys ica l  and chemical charac 
t e r i s t i c s  o f  h y d r o l y s i s  products ,  (b)  t h e  mechanism of t h e  
h y d r o l y s i s  r e a c t i o n  and species and 1 i f e t i m e  o f  in te rmed ia tes ,  
( c )  and t h e  morphology, t h e  chanqe i n  morphology, and the  r a t e  
of  t h a t  chanqe f o r  a wide range o f  meteoro log ica l  and t o t a l  UF6 
re leased cond i t ions .  

2. These o b j e c t i v e s  have been met over  a number o f  re lease condi -  
t i o n s  where t o t a l  UF6 released, humid i ty ,  temperature of Uf-6 
a t  re lease,  and re lease r a t e  were var ied.  The morphology of 
t h e  U02F2 formed has been cha rac te r i zed  as a f u n c t i o n  of  t he  



9 

cond i t i ons ,  as  has t h e  chanqe i n  morpholoqy a f t e r  re lease and 
t h e  s e t t l i n g  t ime  of  t h e  cloud. In termediates between UF6 and 
UO2F2 have no t  been observed under normal re lease cond i t i ons  
and, i f  they e x i s t ,  t h e i r  l i f e t i m e s  are  considered t o  be very 
sho r t .  The HF formed appears t o  weakly adduct t o  t h e  UOzF2, 
b u t  i s  e a s i l y  d i sp laced  by H20. The amount o f  h y d r a t i o n  a l s o  
i s  a v a r i a b l e  y i e l d i n q  a l a r g e  number o f  d i f f e r e n t  UO2F2 x H20 
h.ydrates. A l a r g e  e f f o r t  was made t o  cha rac te r i ze  t h e  UOzF2 x 
H20 formed, and t o  b e t t e r  understand t h e  problems associated 
w i t h  i t s  q u a n t i t a t i v e  de terminat ion .  The ex ten t  o f  hyd ra t i on  
o f  HF and t h e  onset o f  condensat ion as a f u n c t i o n  o f  HF and H20 
concen t ra t i ons  were determined. 

3. Tbe o r i g i n a l  o b j e c t i v e s  are  approp r ia te  s ince  t h e  has i c  i n f o r -  
mat ion about c loud  makeup i s  e s s e n t i a l  t o  t h e  understanding of 
c loud  behavior  and f a l l o u t .  

4. Outside o f  cons ide r inq  severa l  remote sensing techniques t o  
f o l l o w  a re lease,  p a r t i c u l a r l y  a f t e r  d i spe rs ion  has rendered i t  
i n v i s i b l e ;  no response has been considered o t h e r  than t h e  * 

c u r r e n t l y  i n  p lace  a c t i o n s  t o  ensure t h e  sa fe ty  o f  p l a n t  per-  
sonnel. 

5. Cloud behavior  i n  a c o n t r o l l e d  environment i s  w e l l  understood. 
Much l e s s  i s  known about c loud  behavior  i n  t h e  ac tua l  env i ron-  
ment. Cloud behav io r  i s  dependent upon t h e  c h a r a c t e r i s t i c s  of 
t h e  aerosol  p a r t i c l e s  composing t h e  cloud; thus,  a b e t t e r  
unders tand ing  o f  c loud  behavior  i n  t h e  ac tua l  environment 
e x i s t s  when wind and d i l u t i o n  a re  considered. 

6. More exper imentat ion i s  needed t o  eva lua te  t h e  e a r l y  stages of 
aerosol  p a r t i c l e  fo rmat ion  and t h e  e f f e c t s  o f  environment on 
t h a t  format ion.  I n  a d d i t i o n ,  cond i t i ons  approaching ambient 
need t o  be t e s t e d  t o  b e t t e r  determine how our  c u r r e n t  r e s u l t s  
min imize an ambient release. 

I I I .  Surnmar.y 

The p r o j e c t  o b j e c t i v e s  f o r  t h e  UFg re lease work performed a t  Paducah, 
Portsmouth, and Oak Ridqe a r e  completed o r  c u r r e n t l y  i n  progress. 
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These s tud ies  have been coord ina ted  by t h e  EH&S TPYT s ince  1980 t o  pre- 
vent d u p l i c a t i o n  of t echn ica l  e f f o r t s .  It i s  d e s i r a b l e  t o  cont inue t h e  
plume c loud s tud ies  i n  progress a t  Portsmouth and the  model ing s tud ies  
under way a t  Oak Ridge. Fu r the r  scrubber /e l  e c t r o s t a t i c  f i  1 t e r i n g  
s tud ies  a r e  no t  vrarranted unless a dec i s ion  f a v o r i n g  t h e i r  employment 
i s made. Add i t i ona l  scrubber s tud ies  would reqd i  r e  ex tens ive  upgrading 
o f  Paducah's scrubber f a c i l  i t y  and an assessment of  t h e  r e s u l t i n g  
t reatment /d isposal  requirements. IJse o f  e l e c t r o s t a t i c  f i l t e r i n g  tech-  
noloq,y would reqt i i  r e  a d d i t i o n a l  study t o  move Seyond t h e  feasi  b i  1 i t y  
s taqe and e s t a b l i s h  optimum opera t i ng  cond i t i ons ,  uranium recovery 
techniques and o ther  ope ra t i ona l  cons iderat ions.  5crubhers or  
e l e c t r o s t a t i c  f i l t e r i n q  would r e q u i r e  eva lua t i on  o f  nuc lear  safety  
parameters. 

Operat ions personnel were i n te rv iewed  p r i o r  t o  p repara t i on  of  t h i s  
r e p o r t  t o  de f i ne  t h e i r  p r i o r i t y  o f  needs concern ing re lease technology 
s tud ies .  Technical  support  was requested i n  the  f o l l o w i n g  areas. 

4.  Advanced technoloqies/procedures f o r  hand l ing  l i q u i d  re lease o f  UFg: 

5 .  T r a i n i n q  and equipment t o  make use o f  t h e  plume d i spe rs ion  model 
and topographica l  over1 ays i n  de termin ing  the  o f f - s i t e  impact o f  
uF6 re1 eases. 

C. IJpdatinq t h e  e x i s t i n g  UFg out leakage d e t e c t i o n  systems. 

0. Determinat ion o f  means f o r  eqress f rom f a c i l i t i e s  under re lease 
c o n d i t i o n s  where v i s i b i l i t y  i s  impaired. 

It i s  f e l t  t h a t  i n  these areas can the  g rea tes t  s t r i d e s  be taken t o  
reduce t h e  r i s k  t o  o n - s i t e  and o f f - s i t e  personnel as we l l  as the 
env i  ronrnent. 
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APPENDIX: STATUS OF SITE OBJECTIVES 

T h i s  Appendix has been provided in  order t h a t  a m r e  extensive l i s t i n g  by s i t e  o f  the ind iv idual  
p ro jec ts  and t h e i r  ob ject ives and status can be exanined. 
the s t a t i s t i c a l  design o f  the s t u d i e s  or the q u a l i t y  o f  the w r k  performed. 
conclusions provided by the authors are taken a t  face value. 

Pn a t t s r p t  was not  made t o  judge e i the r  
Rather the data and 

TABLE1 I" 

T i  t l  e / r )ocmnt  clb j ect ives StatuslRcsul t s  

Evaluat ion o f  Aqueous 
Sc rhbers  f o r  Ranoval 
o f  w(j l iydrolys i s  
P r oduc t s. 1. \Netted f i b e r  pad (W) 

(KY/L-n3, Pa r t  1) cha*er (Sw 

Characterize the p e r f o m n c e  
o f  aqueous scrubbers: 

2. Singl+Stage water spray 

3. %vel nul t i c h d e r e d  
device ( b U )  

i n  s irml taneously removing 
W6, uOf2, and I+ fran 
gaseous s t r e a m .  

Mvanced bueous  
Scrubber Stud i es 

(KY/L-lllO, Par t  

1. For t h e m :  

a. 
9 )  

b. 

Test  ramva l  e f f i c i e n -  
c ies  over a wider range 
o f  i n l e t  LF6 concentra- 
t ions inc lud ing insuf- 
f i c i e n t  mi sture f o r  
ccirplete LF6 hydrolysis. 

mt)Tlize w t e r  con- 
s l n p t i o n  a t  a t m i z e r  
chaher.  

1. 

2. 

3. 

1. 

P e r f o m n c e  (removal e f f i c i ency )  o f  the 
W var ied frm 69 t o  98 percent and 
nakes i t s  app l i ca t i on  m r g i n a l .  I n l e t  
uraniun concentrations fo r  the t r i a l s  

ed frm 5000 n7g U l d  t o  16,000 rrg 

The S 9 N  v a s  the poorest perfonner. 
Studies were terminated due t o  penetrh- 
t i o n  o f  t he  spray c u r t a i n  and dawn- 
s t r e a n  deposi t ion o f  QF2. 

The Ms p e r f o m  carparable (>99 percent 
ranova1 a t  op t imm conditions) f o r  e6 
system as f o r  other contaninants. 

a. I n le t  uraniun concentration f o r  
t r i a l s  where in 'ector  gas was a i r  
was 7900 mg U1r-J t o  47,000 rng u / d .  

b. I n l e t  uraniun concentration range 
f o r  t r i a l s  where i n j e c t o r  gas was 
s term was 8500 mg U / d  t o  38,000 ng 
U l d .  

&er tho r e l a t i v e  h u n i d i t y  range o f  15 
t o  75 percent, uraniun ranoval was not 
found t o  be a funct ion o f  r e l a t i v e  
hunidi  ty. 

a. 

b. 

Remval e f f i c i e n c i e s  r m i n e d  above 
99 percent f o r  uraniun and gaseous 
f l uo r ides  a t  op t imm conditions. 
Concentrations f o r  these t e s t s  ran ed 
frun 2660 mg U / d  t o  61,400 rrg U/ n J  . 
Reduction o f  water  conslnpt ion belaw 
a M i g h t  r a t i o  o f  1.8 k i l o g r a m  per 
k i l o g r m  i n l e t  a i r  resu l ted  i n  
1 ave red e f  f i c i  enci es. 

f 1 2 0 1 0 1  
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W f 2  P a r t i c l e  Size 
Analys i s  by Coul t er 
Counter ;vt thod 
(W/L-725) 

2. 

1. 

2. 

3. 

C. 

d. 

De tenni ne ramva l  
e f f i c i e n c y  as a func- 
t i o n  o f  p a r t i c l e  size. 

Invest igate poss ib I e 
e f f i c i e n c y  losses a t  Icw 
i n l e t  w6 concentrat ions. 

Evaluate a conventional 
nozzl e l e s s  ventur i  scrubber 
(“MI* 

I d e n t i f i c a t i o n  o f  a su i tab le  
e l e c t r o l y t e  f o r  ‘3392 par- 
t i c l e  s ize analysis by 
Coul t e r  Counter &del Tal 1. 

Detemine f e a s i b i l i t y  and 
w r k a b i l i t y  o f  p a r t i c l e  s ize 
analysis o f  W2F2 i n  the 111 
t o  < l p  range by the Coul t e r  
Counter mdel Tal  I using 
i dent i f i ed e I ectrolyte.  

Determine su i tab le  sarpl i ng  
technique f o r  c o l l e c t i n g  
smples o f  u)$2 p a r t i c l e s  
fran an a i r  s t rean  such t ha t  
p a r t i c l e  s izes are not 
a l t e r e d  and s o l u b i l i t y  pro- 
blems are not encountered. 

2. 

C. 

d. 

Insu f f i c i en t  data generated. &sed 
on manufacturers pro ject ions Sr e f f i -  
c iencies seen, a m a n  p a r t i c l e  s ize 
o f  3~ v a s  pro jected w i t h  1Wwt 
less than 1p st rongly  suspected. 

Over a wide range o f  anbient condi- 
t ions and a t  law i n l e t  IF6 concentra- 
t ions,  removal e f f ic iences remained 
greater than 86.6 percent. 

The conventional nozzleless ventur i  
scrubber provided r m v a l  e f f i c i e n c i e s  
(96.4 t o  99.7 percent) s l i g h t l y  l w c r  
than that  o f  the PXS f o r  u r a n i n  and 
gaseous f 1 uor ides. Se I ect ion f o r  m k i  ng 
operat ing adjust rents  (i.e. f i n e  tuning) 
was not  as great as f o r  the M3. These 
tes ts  included u r a n i n  concentrations of 
3,150 Uln? t o  44,700 rg U l d .  

1. a. 

bo 

C. 

2. a. 

bo 

C. 

Sui table e lec t ro l y tes  - re  found 
t o  be Li Il lsopropano1 and LiBF41 
Isopropanol. Both s y s t m  can be 
used w i t h  5% operature tube. 

Exclusion o f  mter fran the 
e l e c t r o l y t e  systun  i s  essential. 

S o l u b i l i t y  o f  LOf2 i n  these 
e lec t ro l y tes  i s  lw and only of  
concern fo r  < l u  par t i c l es .  

UD92 p a r t i c l e  s ize ranged f r m  
0 . 8 ~  t o  4%. 

Predaninance o f  p a r t i c l e s  i n  the 
0.811 t o  2 . 5 ~  range. 

Reduction o f  instrunent noise can 
be achieved by the placsnent of  
sh ie ld ing around the sarpl e beaker. 

1 1 2 0 1 0 2  
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d. Additional study i s  needed to 
inprove techniques for  sealing 
sarple beaker f r o n  hunidi ty during 
analys i S. 

3. Sanples should be taken on f i l t e r  media 
and then dispersed u l t rasonical ly  i n  
e I ectro l y t  e. 

I i 2 0 1 0 3  
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f f g  Contairment 1 .  QIaracter ize the react ion 
Studies betlrcen f f 6  and a m s p h e r i c  

mi s tur e. 

2. Evaluate e m i r o m n t a l  
(G4T-T-3124, Par t  6 )  
(Mar. 1982) mat ion and u l t inate cloud 

var iables o f  u6 cloud for-  

fate. 

3. Evaluate use o f  water ,  
s t e m ,  ca<)z, Freon, a i r  
j e t ,  b o r i c  acid, and a i r  on 
w6 cloud k n o c k d m  and 
I oca1 i za t ion. 

Pos i t i ve  IF6 1. 
Contai m n t  

(520 Subdivision 
P ro jec t  S t  atus 
Fi  l e )  
(Thru %y 1983) 

and 
(#GAT-T-3124, Parts 1,4, 
5,6,7,8,10,&12) 
(Fy-1982) 

r>evelop techniques fo r  
m i t i ga t i ng ,  con t ro l  I ing, or  
el h i n a t i n g  e x i s t i n g  or  
p o s t d a t e d  c red ib le  acci- 
dent hazards t o  p l a n t  per- 
sonnel and/or p h l i c  safety  
r e s u l t i n g  frm f a i l u r e  o f  
p l a n t  coTponents conta in ing 
lF6 

1 .  E f f o r t  consolidated t o  2RDp 

2. a. No associat ion betwtcn ‘3I.f~ cloud 
p a r t i c l e  s ize d i s t r i b u t i o n  and tan- 
perature o f  htmidi  t y  e f fec ts  i n  
range encountered i n  33’ operations. 
P h j o r i t y  o f  cloud p a r t i c l e s  i n  0.31.1 
t o  0 . 5 ~  range. Conclusions are f o r  
s e t t l e d  p a r t i c l e s  and nany not apply 
to  airborne pa r t i c l es .  

b. Turbulence i n  chrmbers m y  shorten 
s e t t l i n g  time by enhancing agglcmna- 
t ion. 9 p o s i  t e  may occur i n  open 
f i e l d  w i t h  cloud d i s t r i bu t i on .  - 

c. In spi te o f  higher Sensi ty o f  m2f-2- 
p a r t i c u l a t e  matter, lF6 release 
hydroloysis cloud i m d i a t e l y  r i s e s  
t o  c e i l  i ng  o f  c h d e r  f o l l u w d  by 
d i f f u s i o n  t o  f iI I chanber. 

3. Reproducible w6 re lease cloud k n o c k d m  
dunonstrated ( c lea r  chanber i n  5 
minutes) wi th e 1 ectros t a t  i +charged 
s t r e a n  o f  dry air .  
requi red 12 hours t o  16 hours to  s e t t l e .  

l hd i s tu rbed  c l o u d  

1. In progress - F e a s i b i l i t y  o f  c m r c i a l  
e l e c t r o s t a t i c  a i r  f i l t e r  demonstrated. 
Proposed use m u l d  be centra l ized loca- 
t i o n  w i t h  duct ing t o  r a v e  contaninated 
a i r  fran an t i c ipa ted  release areas. 

a. Ma te r ia l  balance ind icated 40 t o  60 
percent o f  release recovery w i t h  80 
t o  97 percent accounted for. 
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b. Indicated 96.8 percent reductions i n  
measurable p a r t i c u l a t e  U0$2 i n  a i r  
returned t o  chanber. Rain t e s t s  
i nd i ca te  l i t t l e  change in airborne U 
content. 

w6 Contairment 
S t u d i e s  

1. Provide assistance on p l m  
tracking, analysis and 
k n o c k d m  t o  DOE inforwu- 
t ion exchange t e a n  
p r - i n a r i l y  us ing the envirorr- 
mental chmrber. 

w(j Release Plune 
Studies a. Determine cloud s e t t l i n g  

(520 Subdivis ion 
P ro jec t  Statqs F i l e )  
(Thru May 1983) 

rates. 

b. Es tab l i sh  m a n s  of 
seeing w(j hydro lys is  
c l m d  gravth, m v c m n t ,  
and dissipat ion.  

1. In progress 

a. D i f f e r e n t i a l  sarpl ing point ,  ver- 
t i c a l  p r o f i l e  sarp ler  and timed 
dropout s a r p l e s  collected. hb 
s i g n i f i c a n t  concentrat ion d i f -  
ference encountered through one 
foo t  d i f f e r e n t i a l  sarpler. 
V e r t i c a l  p r o f i l e  sarp ler  ind icated 
gradual overal I diminishing con- 
centrat ion a t  a l l  levels. T i m d  
dropout sarpler indicated 0.17 
inlmin s e t t l  ing rate. 

b. UI t r av io le t ,  t hemgraph ic ,  and 
o p t i c a l  methods, t r i e d  i n  chanber 
were unsuccessful. UI t rasonic 
r e f l e c t i o n  and poss ib le  forward 
look ing i n f ra red  scanner w i l  1 be 
t r i e d  t o  t rack cloud. 
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Determination o f  the 
Rate o f  If twdrat  ion 
and the E f fec ts  o f  I f  
on kbi  s ture Onden- 
s a t  ion (K/PS-155) 

Character izat ion o f  
the Solid, Airborne 
Mater ia ls  Created by 
the In te rac t i on  o f  
IF6 w i t h  Atmospheric 
Moisture i n  a Con- 
ta ined Volvne (KP/S-144) 

Qlar acter iza t ion o f  
the Sol id  Product(s) 
F o m d  W e n  G 6  i s  
Released i n t o  
k r b i e n t  A i r  i n  a 
Contained Volune 
(K/FT-503) 

Characterize s o l i d  proclucts 1. w6 re lease exper imn ts  performed 
produced when w6 i s  released i n  mall, s t a t i c  chanbers a t  
i n t o  a i r  a t  spec i f i ed  r e l a t i v e  con t ro l l ed  a m s p h e r i c  conditions; 
hunidi t i e s  release chanbers up t o  8 CU. ft. i n  

volune, w6 release o f  5 mg t o  230 mg 
R L i  o f  2 t o  100 percent. 

2. S o l i d  products w r e  co l  lected and 
characterized by: elect ron micro- 
scopy, x-ray d i f f r a c t i o n ,  laser 
I igh t  scatter ing,  and cascade 
irrpactor using mss measurements. 

3. Various morphologies and several 
carpounds wre observed dependent 
upon condi t ions o f  release. The 
p a r t i c l e  s ize and degree o f  
agglanerat ion were dependent on the 
r e l a t i v e  hunidity o f  the a i r  and 
the tmpera tu re  o f  the LFg a t  tirne 
o f  r e l  ease. 

1 1 2 0 1 R b  
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DISTRIBUTION 

Paducah Gaseous Diffusion Plant  

S .  F.  S e l t z e r  
C .  W .  Walter 

/L i bra ry- RC 

Goodyear Atomic P1 a n t  

D .  E .  Boyd 
C .  A .  Mentges ( 6 )  

Oak Ridge Gaseous Diffusion Plant  

R .  G .  Donnelly (6 )  
C .  G .  Jones 
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