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FOREWORD 

T h i s  q u a r t e r l y  r e p o r t  i s  t h e  f i r s t  i n  a s e r i e s  t o  be i s s u e d  on 

"LWR F u e l  Reprocess ing  and Recycle  Program." 

E i g h t  t a s k s  were a s s i g n e d  t o  UCC-ND w i t h  major  e f f o r t s  c e n t e r e d  

a t  t h e  Oak Ridge N a t i o n a l  L a b o r a t o r y .  Because of t h e  c l o s e  r e l a t i o n s h i p  

of t h e  r e p r o c e s s i n g  a c t i v i t i e s  w i t h  t h e  ongoing LMFBR F u e l  Reprocess ing  

Program a t  ORNL, t h o s e  t a s k s  w i l l  be managed w i t h i n  a combined LWR/ 

LMFBR F u e l  R e p r o c e s s i n g  Program under t h e  d i r e c t i o n  of W .  D .  Burch, 

Program D i r e c t o r .  B .  L. Vondra, a s  LWR Program Manager, w i l l  c o o r d i n a t e  

a l l  a c t i v i t i e s  r e p o r t e d  h e r e .  R e s p o n s i b i l i t y  f o r  t h e  c o o r d i n a t i o n  and 

c o l l a t i o n  of r e p o r t s  of a l l  work a t  Oak Ridge was a s s i g n e d  t o  ORNL by 

SRO/SRL, who i s  d e s i g n a t e d  a s  t h e  l e a d  o r g a n i z a t i o n  f o r  t h e  LWR F u e l  

Recyc le  Program. 

P r o j e c t s  f o r  which budget  and work p l a n s  have been e s t a b l i s h e d  

a r e  a s  f o l l o w s :  

F-OR-02-001 SRO/LWR: A s s i s t a n c e  i n  S h e a r  Development and R e l a t e d  Problems 

F-OR-02-002 SRO/LWR: Head-End S t u d i e s :  V o l o x i d a t i o n  and D i s s o l u t i o n  

F-OR-02-003 SRO/LWR: Off-Gases F luo roca rbon  A b s o r p t i o n  S t u d i e s  

F-OR-02-004 SRO/LWR: Purex P r o c e s s  S t u d i e s  ( S o l v e n t  E x t r a c t i o n )  

F-OR-02-005 SRO/LWR: F i n i s h i n g  P r o c e s s e s  - MOX F u e l  F a b r i c a t i o n  

~ - 0 ~ - 0 2 - 0 0 6  SRO/LWR: Uranium H e x a f l u o r i d e  Conversion 

F-OR-02-007 SRO/LWR: Economic S t u d i e s  

~ - 0 ~ - 0 2 - 0 0 8  SRO/LWR: R a d i o l o g i c a l  Techniques f o r  Environmental  

Assessments  of t h e  LWR F u e l  Cycle  
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P r o g r e s s  i s  r e p o r t e d  under t h e  r e s p e c t i v e  s e c t i o n s  co r re spond ing  

t o  t h e  189s. Each s e c t i o n  head ing  i s  i d e n t i f i e d  by t h e  l a s t  d i g i t  i n  

t h e  189 number. A scope i s  inc luded  f o r  t h o s e  p r o j e c t s  which a r e  j u s t  

g e t t i n g  under way. 



SUMMARY 

An LWR F u e l  Reprocess ing  and Recycle  Suppor t  Program i n  s u p p o r t  of 

t h e  Energy Research and Development A d m i n i s t r a t i o n  (ERDA) program 

a d m i n i s t e r e d  by Savannah R i v e r  O p e r a t i o n s  - Savannah River Labora to ry  

(SRO/SRL) has  been e s t a b l i s h e d  a t  Union Carb ide  C o r p o r a t i o n ' s  Nuclear  

D i v i s i o n  ( U C C - N D ) .  

f o r  t h e  e i g h t  a s s i g n e d  t a s k s  i s  p r e s e n t e d  i n  t h i s  f i r s t  q u a r t e r l y  r e p o r t  

A summary of t h e  o b j e c t i v e s  and i n i t i a l  e f f o r t s  

Two d i s s o l u t i o n s  were made u s i n g  i r r a d i a t e d  LWR f u e l  from the  

H .  R .  Robinson I1 r e a c t o r .  C h a r a c t e r i z a t i o n  of t h e  s o l i d s  and t h e  

r e s u l t i n g  s o l u t i o n s  i s  i n  p r o g r e s s .  P r e l i m i n a r y  d a t a  i n d i c a t e  t h a t  

e s s e n t i a l l y  a l l  of t h e  i o d i n e  was evolved d u r i n g  t h e  d i s s o l u t i o n .  

Gene ra l  e n g i n e e r i n g  d e s i g n  c r i t e r i a  have been completed f o r  a 

model 1 /2 - ton -pe r -day  v o l o x i d i z e r .  



1. ASSISTANCE I N  SHEAR DEVELOPMENT AND RELATED PROBLEMS 

C . D . Wa t son ( Chemica 1 Technology D i v i s  i on ,  ORNL) 

T h e  j o i n t  ORNL-SRL program, " A s s i s t a n c e  i n  Shea r  Development and 

R e l a t e d  Problems," w a s  i n i t i a t e d  r e c e n t l y  through two l i a s i o n  mee t ings  

of SRL and ORNL s t a f f  members a t  ORNL. I n  t h e  f i r s t  meet ing,  a 

consensus of conduc t  between t h e  two s i t e s  was ag reed  upon. I n  t h e  

second meet ing,  which w a s  h e l d  on March 22, 1976, a p r e l i m i n a r y  program 

and a schedu le  f o r  FY 1976, 1976A, and 1977 were o u t l i n e d .  

B a s i c a l l y ,  t he  i n i t i a l  e f f o r t  w i l l  i nvo lve  i d e n t i f i c a t i o n  and 

d e t e r m i n a t i o n  of t h e  un reso lved  LWR s h e a r i n g  and r e l a t e d  head-end 

problems.  A survey of i n d u s t r y  and ERDA s i t e s  w i l l  be made f o r  t h e i r  

r e s p e c t i v e  i n p u t s .  
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2. HEAD-END STUDIES : VOLOXIDATION AND DISSOLUTION 

2 . 1  Vo lox ida t ion  

D .  C .  Hampson (Chemical  Technology D i v i s i o n ,  ORNL) 

The v o l o x i d a t i o n  p r o c e s s  i s  b e i n g  developed a s  a head-end p r o c e s s i n g  

method f o r  removing tritium from t h e  f u e l  p r i o r  t o  aqueous p r o c e s s i n g .  

Based on e x p e r i m e n t a l  work, i t  a p p e a r s  t h a t  t h i s  o b j e c t i v e  can  be  m e t  by 

h e a t i n g  t h e  ox ide  f u e l  t o  a b o u t  4 5 0 ° C  i n  f lowing  oxygen o r  a i r .  

t i l i z a t i o n  of t r i t i u m ,  and t o  a lesser  e x t e n t  some of t h e  o t h e r  f i s s i o n  

p roduc t s ,  i s  e f f e c t e d  as  t h e  UO becomes r e s t r u c t u r e d  d u r i n g  o x i d a t i o n  

Vola- 

2 

E a r l y  removal of t r i t i u m  from t h e  f u e l  i n t o  a r e l a t i v e l y  s m a l l  
to u3°8. 
volume i s  d e s i r a b l e  t o  avo id  e x t e n s i v e  d i l u t i o n  of t h e  tritium wi th  

w a t e r  i n  t h e  subsequen t  f u e l  d i s s o l u t i o n  s t e p .  

2 .1 .1  Exper imenta l  e n g i n e e r i n g  s t u d i e s  

W .  S .  Groei i ier  and 6.  H.  Srown (Chemical  Technology D i v i s i o n ,  ORNL) 

The type  of equipment be ing  c o n s i d e r e d  f o r  v o l o x i d a t i o n  i s  a r o t a r y  

k i l n  t o  which t h e  shea red  f u e l  i s  f ed  c o n t i n u o u s l y  and ox id ized  from 

s o l i d  UO t o  a f r e e l y  f lowing  U 0 powder. During t h e  o x i d a t i o n  and 

p u l v e r i z a t i o n ,  a l a r g e  f r a c t i o n  of t h e  t r i t i u m  should  be r e l e a s e d  t o  a 

f i l t e r e d  o f f - g a s  system. 

2 3 %  

An e x i s t i n g  s m a l l - s c a l e  k i l n  has  been r e a c t i v a t e d  t o  o b t a i n  

n e c e s s a r y  e n g i n e e r i n g  d a t a  on r o t a r y  k i l n  performance.  The r o t a r y  

k i l n  c o n s i s t s  of a r e t o r t  t ube  t h a t  i s  7.5 f t  (2.29 m) l ong  and 

6 .5  i n .  (0.17 m) i n  d i a m e t e r .  S i x  mixing f l i g h t s ,  which a r e  1 i n .  

(0.025 m )  deep,  a r e  e q u a l l y  spaced r a d i a l l y  abou t  t h e  i n n e r  d i ame te r  

of t h e  r e t o r t  tube  and ex tend  a l o n g  t h e  e n t i r e  l e n g t h  of t h e  t u b e .  
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A c l a m s h e l l  f u r n a c e  which i s  a b o u t  2.5 f t  (0.76 m )  l ong  and i s  r a t e d  

a t  16 kW a t  a maximum tempera tu re  of 2000°F (llOOcC) su r rounds  t h e  k i l n  

t u b e .  T h i s  furnace,which i s  p o s i t i o n e d  immediately downstream of t h e  

f e e d  i n l e t ,  p r o v i d e s  a h e a t  sou rce  f o r  t h e  h igh - t empera tu re  o x i d a t i o n  

r e a c t i o n .  Immediately downstream of t h e  h e a t e d  zone i s  a n  e x t e r n a l  w a t e r  

s p r a y  c o o l e r  which w i l l  p rov ide  c o o l i n g  of t h e  k i l n  tube  and i t s  c h a r g e .  

2 The a v a i l a b l e  area f o r  h e a t  t r a n s f e r  i n  t h e  c o o l e r  i s  a b o u t  2.2 f t  

(0.21 m ) .  Cold p r o c e s s  w a t e r  c a n  be metered t o  t h e  s p r a y  c o o l i n g  

j a c k e t  a t  f l o w  ra tes  up t o  4.3 gpm (2.71 x 

t r a n s f e r  and r e s i d e n c e  t i m e - d i s t r i b u t i o n  d a t a ,  t o  be o b t a i n e d  o v e r  a 

p e r i o d ,  w i l l  comprise  t h e  e x p e r i m e n t a l  program w i t h  t h e  u n i t .  

2 

m3/sec) .  Some h e a t  

2.1.2 Component development 

D .  C .  :<ampson and E .  L .  Nicholson (Chemical Technology D i v i s i o n ,  ORNL) 

A l a r g e r - s c a l e  e x p e r i m e n t a l  r o t a r y  k i l n  i s  b e i n g  des igned  t o  p rov ide  

e n g i n e e r i n g  d a t a  on seals  and h e a t  t r a n s f e r  f o r  t h e  p i l o t - p l a n t  scale 

model (1/2 t o n / d a y ) .  The c r i t e r i a  f o r  t h i s  u n i t  have been completed.  

E f f o r t s  t o  p rocess  t h e  u n i t  through a n  i n d u s t r i a l  f i r m  expe r i enced  

w i t h  such equipment w i l l  b e g i n  immediately.  

2 .2  D i s s o l u t i o n  S t u d i e s  

D.  0 .  Campbell and S .  R .  Buxton (Chemical Technology D i v i s i o n ,  ORNL) 

An e x p e r i m e n t a l  e f f o r t , i n c l u d i n g  h o t - c e l l  s t u d i e s ,  w a s  i n i t i a t e d  

i n  Janua ry  1976 i n  s u p p o r t  of LWR f u e l  r e p r o c e s s i n g .  

p r i o r  work, several  p o t e n t i a l  problem areas had been r ecogn ized .  These 

areas were p r i m a r i l y  r e l a t e d  t o  i n s o l u b l e  phases  and non ion ic  s p e c i e s  

i n  p r o c e s s  s o l u t i o n s .  Some f u l l y  i r r a d i a t e d  PWR f u e l  w a s  d i s s o l v e d  

A s  a r e s u l t  of 
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a t  ORNL a b o u t  1 y e a r  ago,  and one c o n c l u s i o n  from t h i s  work was t h a t  

t h e  p re sence  of s o l i d s  i n  r e a l  p r o c e s s  s o l u t i o n s  d i d  c a u s e  d i f f i c u l t i e s .  

The g o a l s  of t h i s  program i n c l u d e  t h e  s t u d y  and d e f i n i t i o n  of  

s e v e r a l  s u s p e c t e d  problem a r e a s ,  a s  w e l l  a s  t h e  i d e n t i f i c a t i o n  of poten-  

t i a l  problems which have n o t  been r ecogn ized  i n  p r i o r  work. Recognized 

problems i n c l u d e  (1) t h e  p re sence  of  s o l i d s  i n  d i s s o l v e r  s o l u t i o n  

because of t h e  e x i s t e n c e  of m a t e r i a l  i n  i r r a d i a t e d  UO which d o e s  n o t  

d i s s o l v e  i n  HNO ( 2 )  t h e  subsequen t  appea rance  of p r e c i p i t a t e s  because 

of i n t e r a c t i o n s  of f i s s i o n  p r o d u c t s  o r  o t h e r  i n s t a b i l i t i e s  i n  p r o c e s s  

s o l u t i o n s ;  (3) t h e  g e n e r a t i o n  of i n s o l u b l e  ma te r i a l  due t o  p r o c e s s  

o p e r a t i o n s  such a s  v a l e n c e  a d j u s t m e n t ,  d e n i t r a t i o n ,  o r  e v a p o r a t i o n ;  

( & )  t h e  e x i s t e n c e  of i n e x t r a c t a b l e  s p e c i e s ,  p a r t i c u l a r l y  plutonium, 

and (5) s e v e r a l  l o n g - s t a n d i n g  q u e s t i o n s  such a s  t h e  f a t e  of i o d i n e ,  

tritium, and C d u r i n g  p r o c e s s i n g .  The r e a s o n s  f o r  conce rn  a b o u t  

s o l i d s ,  which have p r e v i o u s l y  been t o l e r a t e d  i n  chemica l  p r o c e s s i n g ,  

r e l a t e  b o t h  t o  t h e  e f f e c t  of s o l i d s  on p l a n t  o p e r a b i l i t y  ( p l u g g i n g  of 

equipment and h e a t  g e n e r a t i o n )  and t o  p o t e n t i a l  losses of m a t e r i a l  

a s s o c i a t e d  w i t h  t h e  s o l i d s  ( e s p e c i a l l y  a c t i n i d e s  f o r  which losses may 

have t o  be e x t r e m e l y  s m a l l ) .  

2 

3; 

14 

Accomplishment of t h e  g o a l s  f o r  t h i s  program r e q u i r e s  h i g h l y  

a c c u r a t e  a n a l y t i c a l  d a t a  and p h y s i c a l  measurements t o  c h a r a c t e r i z e  

t h e  m a t e r i a l s .  Because of t h e  

€ u e l ,  s e v e r e  h a n d l i n g  problems 

t i o n a l  t a s k  i s  t h e  development 

h i g h  r a d i a t i o n  l e v e l  of t h e  i r r a d i a t e d  

may be encoun te red ;  t h e r e f o r e ,  a n  a d d i -  

of methods t o  o b t a i n  r e p r e s e n t a t i v e  
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samples ,  which w i l l  be ana lyzed  and c h a r a c t e r i z e d  by t h e  b e s t  means 

a v a i l a b l e  a t  ORNL. I n i t i a l l y ,  severa l  methods are  b e i n g  s t u d i e d  and 

cross -checked  i n  a n  e f f o r t  t o  o b t a i n  a c c u r a t e  and r e l i a b l e  r e s u l t s .  

2.2.1 H o t - c e l l  d i s s o l u t i o n  

During January 1976, g l a s s  equipment was assembled and t e s t e d  f o r  

e f f e c t i n g  t h e  d i s s o l u t i o n  of i r r a d i a t e d  UO and s c r u b b i n g  t h e  o f f - g a s  

from d i s s o l u t i o n  w i t h  NaOH. Two d i s s o l u t i o n s  of u n i r r a d i a t e d ,  d e p l e t e d  

UO., were made i n  t h e  l a b o r a t o r y  t o  t e s t  t h e  equipment .  The a p p a r a t u s  

was t h e n  i n s t a l l e d  i n  a c e l l  mock-up, and necessa ry  m o d i f i c a t i o n s  were 

made t o  f a c i l i t a t e  man ipu la to r  o p e r a t i o n .  The equipment was s u b s e q u e n t l y  

assembled i n  C e l l  4 of Bu i ld ing  2026 {High-Radiat ion-Level  A n a l y t i c a l  

L a b o r a t o r y ) ,  and a d i s s o l u t i o n  of u n i r r a d i a t e d  UO was made i n - c e l l .  

2 

c- 

2 

I n  t h e  f i r s t  d i s s o l u t i o n  of i r r a d i a t e d  f u e l  which w a s  made i n  

February  (Run I > ,  250 g of i r r a d i a t e d  PWR f u e l  j U 0  f ragments '  from 

West inghouse w a s  d i s s o l v e d .  T h i s  f u e l  which h a s  a somewhat u n c e r t a i n  

h i s t o r y ,  i s  probably  n o t  r e p r e s e n t a t i v e  of PWR r e f e r e n c e  f u e l  because  

t h e  i n i t i a l  enr ichment  was h i g h e r  and t h e  i r r a d i a t i o n  t i m e  may have been 

s h o r t e r .  The f u e l  w a s  d i scha rged  from t h e  r e a c t o r  approximate ly  5 y e a r s  

ago .  

2 

I n  t h e  second d i s s o l u t i o n  <Run I I ; ,wh ich  was made i n  March, 240 g 

of f u l l y  i r r a d i a t e d  f u e l  ( U O ,  f ragments ,  a b o u t  50,005 MM/MTU) from t h e  

H .  B .  Robinson r e a c t o r  was d i s s o l v e d .  S i n c e  t h i s  f u e l  w a s  d i scha rged  

i n  A p r i l  1974, i t s  c o o l i n g  t i m e  i s  a s  s h o r t  a s  t h a t  f o r  any f u e l  which 

w i l l  need t o  be processed  commercial ly  f o r  many y e a r s  t o  come. We 

have o b t a i n e d  a moderate  supply  of t h i s  f u e l ,  i n c l u d i n g  f u l l y  i r r a d i a t e d  

i 



9 

UO fragments  and several  c '  t i o n s  oi rlacidin,; of lower i r r a d i a t i o n  

from t h e  ends of r o d s ,  f o r  u s e  i n  s e v e r a l  subsequen t  e x p e r i m e n t s .  

2 

D i s s o l u t i o n  c o n d i t i o n s  were s e l e c t e d  t o  approximate r e a s o n a b l y  

t h e  p r o j e c t e d  c o n d i t i o n s  f o r  t h e  A l l i e d - G e n e r a l  Nuc lea r  S e r v i c e s  

(AGNS)  p l a n t  a t  Barnwell ,  South C a r o l i n a ,  whose proposed o p e r a t i n g  

c o n d i t i o n s  a r e  w e l l  d e f i n e d .  A i r  w a s  drawn i n t o  t h e  d i s s o l v e r  

s o l u t i o n  through a s p a r g e  t u b e  a t  a f low r a t e  of  a b o u t  0.4 d i s s o l v e r  

s o l u t i o n  volume p e r  minu te .  Off-gas  from t h e  d i s s o l v e r  flowed 

s u c c e s s i v e l y  through a condenser ,  a condensa te  r e c e i v e r ,  a backflow 

t r a p ,  two NaOH s c r u b b e r s  i n  ser ies ,  a c o n t r o l  valve, and a s m a l l  

vacuum pump. One-half  of t h e  UO w a s  d i s s o l v e d  i n  one -ha l f  of t h e  2 

a c i d  wh i l e  t h e  system w a s  h e a t e d  t o  a b o u t  90°C. Subsequen t ly ,  t h e  

remainder  of  t h e  UO 

added as d i s s o l u t i o n  proceeded.  

smoothly i n  a l l  c a s e s ;  no p a r t i c u l a r  problems w e r e  encoun te red .  

was added and t h e  l a s t  h a l f  of t h e  a c i d  was s lowly  
2 

The d i s s o l u t i o n  p rogres sed  v e r y  

2.2.2 R a d i o a c t i v i t y  i n  off-gas  

There i s  a c o n s i d e r a b l e  i n t e r e s t  i n  t h e  d i s t r i b u t i o n  of c e r t a i n  

r a d i o a c t i v e  p r o d u c t s ,  p a r t i c u l a r l y  129T., 'H, and 14 C ,  between t h e  

d i s s o l v e r  s o l u t i o n  and o f f - g a s .  A t t empt s  a re  b e i n g  made t o  measure 

t h e  c o n c e n t r a t i o n s  of  t h e s e  i s o t o p e s ,  as  w e l l  as a l l  gamma-emitting 

f i s s i o n  p r o d u c t s ,  i n  each s o l u t i o n  i n  t h e  d i s s o l u t i o n  and o f f - g a s  

t r a i n .  

f o r  3 H have been r e c e i v e d ;  methods f o r  d e t e r m i n i n g  14 C a re  s t i l l  under 

development.  

A t  t h i s  t i m e ,  t h e  d a t a  f o r  1291 are  complete  and some r e s u l t s  
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The d i s t r i b u t i o n  d a t a  p r e s e n t e d  i n  Tab le  1 show t h a t  g r e a t e r  t han  

99$ of t h e  1291 c a n  be removed from t h e  d i s s o l v e r  s o l u t i o n  i n t o  t h e  

o f f - g a s .  The t o t a l  amount of 1291 found i s  g i v e n  f o r  (1) t h e  d i s s o l v e r ,  

( 2 )  t h e  condensa te  p l u s  wash s o l u t i o n s  from t h e  condenser  and backflow 

t r a p ,  (3)  t h e  f i r s t  NaOH s c r u b b e r ,  and (4) t h e  second NaOH s c r u b b e r .  

I n  Run I1 t h e  a i r  spa rge  r a t e  w a s  lower,  e s p e c i a l l y  d u r i n g  times of 

maximum d i s s o l u t i o n  r a t e ,  and t h e  d i s s o l u t i o n  t ime was s h o r t e r .  S i n c e  

l e s s  t o t a l  a i r  flowed through t h e  system d u r i n g  t h i s  r u n  i t  was expec ted  

t h a t  more 1271 would be l e f t  i n  t h e  d i s s o l v e r  s o l u t i o n .  Run I more 

n e a r l y  matched p r o j e c t e d  AGNS c o n d i t i o n s .  

129 Tab le  1. I d i s t r i b u t i o n  d u r i n g  LWR d i s s o l u t i o n  s t u d i e s  

Amount of 12% found 
Run I Run I1 

mg 4 of t o t a l  mg $ of t o t a l  

D i s s o l v e r  0.15 0 . 5 2  0 . 5 2  0.97 
a Condenser 

1 s t  NaOH t r a p  

0.039 0.14 0.36 1.08 

27.8 99.26 32.4 97.4 
2nd NaOH t r a p  0.023 0.08 0.19 0.57 

T o t a l  28.0 100 3 5 . 2 7  100 

-34 - ? 33.0 
b ORIGEN c a l c u l a t i o n  

a Condensate p l u s  washings from a l l  equipment between t h e  d i s s o l v e r  
and t h e  f i r s t  c a u s t i c  s c r u b b e r .  

bFor a d i s c u s s i o n  of t h e  ORIGEN code, s e e  M .  J .  B e l l ,  ORIGEN - 
The ORNL I s o t o p e  D e p l e t i o n  Code, ORNL-4628 (May l9n). 
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The a n a l y t i c a l  method depends on o x i d a t i o n  of t h e  '"1 and a s t a b l e  

i o d i n e  c a r r i e r  t o  i o d a t e  i n  b a s i c  s o l u t i o n ,  a c i d i f i c a t i o n ,  and r e d u c t i o n  

Both l2'1 and I t o  e l e m e n t a l  i o d i n e ,  which i s  e x t r a c t e d  i n t o  C C 1  

a re  determined by a c t i v a t i o n  of t h i s  s e p a r a t e d  p r o d u c t .  Because t h e r e  

w a s  some q u e s t i o n  t h a t  e q u i l i b r i u m  w i t h  t h e  i o d i n e  c a r r i e r  might n o t  be 

e s t a b l i s h e d  i n  t h e  few minutes  normally a l lowed  p r i o r  t o  a n a l y s i s ,  t h e  

d i s s o l v e r  s o l u t i o n  from Run I1 w a s  r e a n a l y z e d  a f t e r  b e i n g  al lowed t o  

s t a n d  f o r  s e v e r a l  d,-, s .  The r e a n a l y s i s  gave a v a l u e  8Cd of t h a t  shown 

i n  Tab le  1, which i s  r e a s o n a b l e  s i n c e  some '"I may have been l o s t  from 

s o l u t i o n  d u r i n g  t h e  t h r e e  weeks between a n a l y s e s .  

1C7 
4' 

1,- The t o t a l  amount of d91 found i n  t h e  system i s  i n  remarkably good 

agreement w i t h  O R I G E N  c a l c u l a t i o n s ,  e s p e c i a l l y  vjhen compared w i t h  t h e  

agreement  o b t a i n e d  f o r  o t h e r  f i s s i o n  p r o d u c t s .  R e p r o d u c i b i l i t y  i s  

r a t h e r  good; t h u s  t h i s  method a p p e a r s  t o  be a d e q u a t e .  

The l i m i t e d  d a t a  o b t a i n e d  f o r  t r i t i u m  a r e  i n  agreement  wi th  t h e  

t r a n s p o r t  of wa te r  from t h e  d i s s o l v e r .  The f r a c t i o n s  of tritium found 

i n  t h e  d i s s o l v e r ,  t h e  condensa te ,  and t h e  two N a O H  t r a p s  were 98.b, 

1 .2 ,  0.14, and 9 x r e s p e c t i v e l y .  The t o t a l  t r i t i u m  found from 

250 g of U 0 2  was 7.3 x 10" d i s l m i n ,  which i s  a p p r e c i a b l y  lower t h a n  

t h e  amount c a l c u l a t e d  by t h e  ORIGEN code .  There a re  two s o u r c e s  of 

t r i t i u m  i n  t h e  ORIGEN c a l c u l a t i o n s :  

from heavy e l emen t s ,  and 'H formed by n e u t r o n  c a p t u r e  i n  

Each s o u r c e  i s  p r e d i c t e d  t o  c o n t r i b u t e  a b o u t  2 x 10 d i s l m i n .  

'H p r e s e n t  a s  a f i s s i o n  p roduc t  

6 L i  i m p u r i t y .  

11 



2.2.3 I n s o l u b l e  d i s s o l u t i o n  r e s i d u e  

A l l  t h e  d i s s o l v e r  s o l u t i o n s  are b l a c k  because  of t h e  p re sence  of a 

small  amount of f i n e l y  d i v i d e d  i n s o l u b l e  mater ia l .  I n  t h e s e  s t u d i e s ,  

t h e  s o l u t i o n s  were t r a n s f e r r e d  from t h e  d i s s o l v e r  and c e n t r i f u g e d .  

Some of t h e  s o l i d s  t h a t  remained i n  t h e  d i s s o l v e r  v e s s e l  were washed 

o u t  w i t h  3 E H N O  and s i m i l a r l y  r ecove red  by c e n t r i f u g a t i o n .  S e v e r a l  

l a r g e r  p i e c e s  of s o l i d s ,  i n c l u d i n g  a Z i r c a l o y  end p i e c e  and several  

brown-colored fragments  up  t o  0.1 i n .  a c r o s s  were p r e s e n t  i n  Run I; 

i n  Run I1 t h e r e  were no l a r g e r  p a r t i c l e s .  

3 

The t o t a l  we igh t  of  s o l i d s  ( e x c l u d i n g  t h e  Z i r c a l o y )  w a s  app rox ima te ly  

r j . j $  of t h e  weight  of UOn i n  each c a s e .  T h i s  i s  i n  g e n e r a l  agreement 

wi th  o t h e r  d a t a  f o r  f u e l  of  t h i s  burnup. The s o l i d s  a r e  ex t r eme ly  

r a d i o a c t i v e ,  p r i m a r i l y  as  t h e  r e s u l t  of t h e  p re sence  of ruthenium. 

The i n - c e l l  mon i to r  i n d i c a t e d  approx ima te ly  4000 RJhr  p e r  gram of 

c 

r e s i d u e  f o r  t h e  5-year-cooled f u e l ,  and 

f u e l .  

The s o l i d s  were l eached  r e p e a t e d l y  

HNO s o l u t i o n s ,  each of which d i s s o l v e s  

m a t e r i a l .  T h i s  t r e a t m e n t  gave a h i g h l y  
3 

much more f o r  t h e  2-year-cooled 

by r e f l u x i n g  i n  j, 6, o r  8 g 

a f r a c t i o n  ( b u t  n o t  all:; of t h e  

r a d i o a c t i v e ,  r e d - c o l o r e d  s o l u t i o n  

c h a r a c t e r i s t i c  of ruthenium s p e c i e s .  Subsequen t ly ,  p o r t i o n s  of t h e  

l eached  s o l i d s  were fused  i n  N a  CO and d i s s o l v e d  i n  HNO a g a i n ,  

a red  s o l u t i o n  was o b t a i n e d .  I t  i s  n o t  c e r t a i n  t h a t  t h e  s o l i d s  were 

comple t e ly  d i s s o l v e d  by t h i s  t r ea tmen t ;  t h u s  d i s s o l u t i o n  p rocedures  

2 5  3; 

a r e  s t i l l  under development.  

P r e l i m i n a r y  gamma spec t roscopy  r e s u l t s  show t h a t  t h e  r a d i a t i o n  i s  

predominant ly  due t o  t h e  ' % u - " ~ R ~  p a i r  and, i n  some c a s e s ,  a 



s u r p r i s i n g l y  l a r g e  amount of 125Sb. 

scann ing  e l e c t r o n  microscopy (SEM).  Microprobe a n a l y s e s  of t h o s e  

samples which had s u i t a b l e  r a d i o a c t i v i t y  l e v e l s  i n d i c a t e  t h e  p re sence  

of molybdenum, ruthenium, and t echne t ium.  Alpha a n a l y s e s  demons t r a t e  

t h a t  t h e s e  s o l i d s  c o n t a i n  v e r y  l i t t l e  plutonium, americium, o r  curium 

a f t e r  l e a c h i n g  ( i . e . ,  g e n e r a l l y  0.01% of t h e  t o t a l  p r e s e n t  i n  t h e  i n i t i a l  

f u e l ) .  

Samples a re  b e i n g  examined by 

A n a l y t i c a l  d a t a  a r e  n o t  y e t  complete  f o r  any run,  and many r e r u n s  

and c r o s s - c h e c k s  a r e  b e i n g  made f o r  v e r i f i c a t i o n .  The c h a r a c t e r i z a t i o n  

of  t h e  s o l i d s  i s  r e c e i v i n g  major  a t t e n t i o n  because  they  c o u l d  c a u s e  

s e v e r e  problems from h e a t  g e n e r a t i o n  i f  t hey  shou ld  s e g r e g a t e  o r  

accumulate  i n  p r o c e s s  equipment.  

2.2.4 S o l u t i o n  s t a b i l i t y  

A second problem i n v o l v i n g  s o l i d s  a r i s e s  from t h e  p r e c i p i t a t i o n  

t h a t  o c c u r s  i n  c l a r i f i e d  s o l u t i o n s  d u r i n g  p r o c e s s i n g .  Numerous 

samples of d i s s o l v e r  s o l u t i o n  were aged f o r  several  weeks a t  t e m p e r a t u r e s  

of 70 t o  90°C a f t e r  a d j u s t m e n t  t o  HNO c o n c e n t r a t i o n s  of 3 t o  5 E.  

Most of t h e  uranium and plutonium w a s  e x t r a c t e d  w i t h  t r i b u t y l  phosphate  

from p a r t  of t h e  d i s s o l v e r  s o l u t i o n ,  and samples of t h e  r a f f i n a t e  were 

s i m i l a r l y  aged .  I n  a l l  c a s e s ,  s m a l l  amounts of s o l i d s  appea red  i n  t h e  

s o l u t i o n s  w i t h i n  a few days .  

3 

I t  w a s  observed t h a t  s o l u t i o n s  w i t h  h i g h e r  a c i d  c o n c e n t r a t i o n s  

produced s o l i d s  which adhe red  t o  t h e  g l a s s  w a l l s  of t h e  sample t u b e s .  

S o l u t i o n s  of t h e  lower a c i d  c o n c e n t r a t i o n s  d i d  n o t  show t h i s  tendency, 

b u t  s o l i d s  formed more r a p i d l y .  Although a number of s o l i d s  samples 

have been submi t t ed  f o r  a n a l y s i s  and SEM examina t ion ,  r e s u l t s  a r e  n o t  
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y e t  a v a i l a b l e  i n  most c a s e s .  

compos i t ion  q u i t e  s i m i l a r  t o  a 2 : l  mo1ybdenum:zirconium compound 

Some of t h e s e  s o l i d s  appea r  t o  have a 

p r e c i p i t a t e d  from s y n t h e t i c  waste  under s imi l a r  c o n d i t i o n s .  

Both t h e  d i s s o l v e r  s o l u t i o n  and t h e  e x t r a c t i o n  r a f f i n a t e  sponta- 

neous ly  change c o l r r  ;rom ver;j d a r k  browr, t o  a much l i g h t c r  c o l o r  over 

a p e r i o d  of s e v e r a l  days .  

t h e  i n t e r a c t i o n  of ruthenium w i t h  a r a d i o l y s i s  product ;  s imi l a r  r e s u l t s  

c a n  be o b t a i n e d  by t h e  a d d i t i o n  of n i t r i t e  i o n  t o  s y n t h e t i c  s o l u t i o n s .  

T h i s  c o l o r  change presumably r e s u l t s  from 

R a d i o l y s i s  p r o d u c t s  may a l s o  e f f e c t i v e l y  a d j u s t  t h e  plutonium 

v a l e n c e  f o r  e x t r a c t i o n  s i n c e  e x c e l l e n t  e x t r a c t i o n  b e h a v i o r  w a s  observed 

i n  bo th  r u n s .  S o l u t i o n s  were e x t r a c t e d  a f t e r  s t a n d i n g  f o r  several  

days; more t h a n  99.7% of t h e  plutonium w a s  r e a d i l y  e x t r a c t e d .  
* 

A l l  i n t e r f a c i a l  "crud" from t h e  TBP e x t r a c t i o n s  w a s  c o l l e c t e d .  

T h i s  m i x t u r e  of b l a c k  "crud," o r g a n i c ,  and aqueous s o l u t i o n s  was washed 

s u c c e s s i v e l y  w i t h  3 E H N O  

phases .  

and dodecane t o  remove t h e  e n t r a i n e d  l i q u i d  
3 

A f i n a l  wash wi th  a c e t o n e  y i e l d e d  a s i n g l e  l i q u i d  phase from 

which s o l i d s  cou ld  be r ecove red  by c e n t r i f u g a t i o n .  

of s o l i d s  r e s u l t e d  from each of t h e  two runs ,  and t h i s  m a t e r i a l  h a s  been 

p repa red  f o r  a n a l y s i s .  

Only a few m i l l i g r a m s  

I t  i s  p o s s i b l e  t h a t  some s o l i d s  were d i s s o l v e d  

d u r i n g  t h e  r a t h e r  e x t e n s i v e  washing t o  remove t h e  e n t r a i n e d  l i q u i d  

phases .  

* 
D e t a i l e d  e x t r a c t i o n  s t u d i e s  a re  b e i n g  made w i t h  some of  t h e s e  
s o l u t i o n s  i n  t h e  Waste S t r e a m  P r o c e s s i n g  Program, which i s  suppor t ed  
by DPR, ERDA. 



2.2.5 C h a r a c t e r i z a t i o n  methods 

A n a l y t i c a l  r e s u l t s  o b t a i n e d  t h u s  f a r  o f f e r  encouragement t h a t  we 

c a n ,  i n  f a c t ,  o b t a i n  mean ingfu l  d a t a ;  however, several  problem a r e a s  

have been i d e n t i f i e d .  Promising a n a l y t i c a l  methods i n c l u d e  c o n v e n t i o n a l  

a l p h a  c o u n t  a n a l y s i s  ( i n c l u d i n g  some chemica l  s e p a r a t i o n s  and a l p h a - p u l s e  

a n a l y s i s ) ,  gamma s p e c t r o s c o p y  f o r  t h o s e  i s o t o p e s  which a r e  a p p r o p r i a t e  

gamma-emitters, s p a r k - s o u r c e  mass s p e c t r o s c o p y  (SSMS) f o r  e s s e n t i a l l y  

a l l  i s o t o p e s  p r e s e n t  i n  a p p r e c i a b l e  q u a n t i t i e s ,  and SEM examina t ion  

combined w i t h  X-ray f l u o r e s c e n c e  o r  microprobe a n a l y s i s  f o r  samples 

which are  n o t  t o o  h i g h l y  r a d i o a c t i v e  t o  p e r m i t  h a n d l i n g  i n  unsh ic lded  

equipment .  S p e c i a l  methods must be used f o r  c e r t a i n  e l emen t s  such 

a s  1291, 'H, 

s e p a r a t i o n s  ( i n c l u d i n g  e m i s s i o n  s p e c t r o s c o p y )  are  less  d e s i r a b l e  because 

of t h e  p o s s i b i l i t y  of  f r a c t i o n a t i o n  d u r i n g  t h e  s e p a r a t i o n .  

14 C ,  and 99Tc. I n  g e n e r a l ,  methods t h a t  r e q u i r e  chemica l  

C o n s i d e r a b l e  e f f o r t  i s  b e i n g  devoted t o  t h e  SSMS method because of  

i t s  g r e a t  p o t e n t i a l .  I n i t i a l  r e s u l t s  i n c l u d e d  a few s e r i o u s  d i s c r e p a n c i e s  

and somewhat m a r g i n a l  a c c u r a c y  i n  most c a s e s .  However, w e  a r e  i n v e s t i g a t -  

i n g  t h e  use of s e l e c t e d  s e p a r a t e d  i s o t o p e s  as  s p i k e s  t o  pe rmi t  t h e  

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

and, a t  t h e  same t i m e ,  t o  p rov ide  b e t t e r - q u a l i t y  s t a n d a r d s  f o r  t h e  

remainder  of  t h e  f i s s i o n  p r o d u c t s .  I t  i s  a n t i c i p a t e d  t h a t  t h i s  method 

w i l l  y i e l d  much more a c c u r a t e  r e s u l t s  once improved p rocedures  a re  

deve loped .  

The SEM and microprobe a p p e a r  t o  o f f e r  a n  e x c e l l e n t  approach t o  t h e  

s t u d y  of s o l i d s ;  p r e l i m i n a r y  r e s u l t s  a r e  v e r y  encourag ing .  S i n c e  a 

s h i e l d e d  i n s t r u m e n t  i s  n o t  a v a i l a b l e  f o r  h a n d l i n g  h i g h  l e v e l s  of 
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r a d i a t i o n ,  i t  i s  n e c e s s a r y  t o  u s e  ve ry  small  samples .  S i m i l a r l y ,  a 

s a m p l e  w i th  a v e r y  h igh  r a d i o a c t i v i t y  l e v e l  w i l l  swamp t h e  X-rays from 

t h e  microprobe, t h e r e b y  p r e v e n t i n g  e l e m e n t a l  d e t e r m i n a t i o n .  The use of 

small q u a n t i t i e s  of m a t e r i a l  f o r  a n a l y s i s  i n t r o d u c e s  t h e  problem of 

o b t a i n i n g  a r e p r e s e n t ' a t i v e  sample.  The b e s t  method a p p e a r s  t o  be t o  

p r e p a r e  a r a p i d l y  s t i r r e d ,  d i l u t e  s l u r r y  of t h e  s o l i d s  and t o  t r a n s f e r  

a v e r y  s m a l l  d r o p l e t  t o  t h e  sample mount. 

We b e l i e v e  t h a t ,  once p rocedures  a re  b e t t e r  opt imized,  t h e  methods 

p r e s e n t l y  be ing  used w i l l  be adequa te  f o r  d e t a i l e d  s t u d y  of f u l l y  

i r r a d i a t e d  UO f u e l .  C e r t a i n  r a d i a t i o n  e f f e c t s  must be compensated f o r ,  

and some chemical  p rocedures  w i l l  be u n s a t i s f a c t o r y  u n l e s s  t h i s  i s  t aken  

i n t o  a c c o u n t .  I t  i s  a p p a r e n t  t h a t  r a d i o l y s i s  p roduc t s  i n t e r a c t  w i th  

ruthenium, a s  i n d i c a t e d  by t h e  c o l o r  changes of s o l u t i o n s ;  t h e y  probably 

a l s o  a f f e c t  t h e  v a l e n c e s  of  e l emen t s  such a s  plutonium. 

2 

The Robinson r e a c t o r  f u e l  t h a t  w a s  d i s c h a r g e d  from t h e  r e a c t o r  abou t  

2 y e a r s  ago i s  s u f f i c i e n t l y  r a d i o a c t i v e  t h a t  sample h a n d l i n g  problems 

a re  d i f f i c u l t ;  however, i t  a p p e a r s  t h a t  c u r r e n t  methods w i l l  be adequa te  

f o r  a d e t a i l e d  s t u d y  of t h i s  f u e l .  I t  i s  i n t e r e s t i n g  t h a t ,  w i t h  p r e s e n t  

t r e n d s  i n  n u c l e a r  power development,  p r o c e s s i n g  of s h o r t e r - c o o l e d  f u e l  

w i l l  n o t  be r e q u i r e d  u n t i l  n e a r  t h e  end of t h i s  c e n t u r y ;  a c c o r d i n g l y ,  

t h e r e  a p p e a r s  t o  be no i n c e n t i v e  f o r  h a n d l i n g  m o r e - r a d i o a c t i v e  f u e l  a t  

t h i s  t i m e .  



3. PUREX PROCESS STUDIES (SOLVENT EXTRACTION) 

B.  L. Vondra (Chemical  Technology D i v i s i o n ,  ORNL) 

T h i s  program i n v o l v e s  t h e  i n t e g r a t i o n  of l a b o r a t o r y  development 

s t u d i e s ,  f l o w s h e e t  t e s t s  employing s y n t h e t i c  s o l u t i o n s ,  and c o n f i r m a t o r y  

i n v e s t i g a t i o n s  i n  a h o t - c e l l  sys tem u s i n g  i r r a d i a t e d  LWR f u e l s .  

3 .1  L a b o r a t o r y  S t u d i e s  

3.1.1 S o l v e n t  c l e a n u p  

0. K.  T a l l e n t  and K. D .  Wi l l i ams  (Chemical  Technology D i v i s i o n ,  ORNL) 

The s o l v e n t  from t h e  Purex p r o c e s s  i s  p r e s e n t l y  t r e a t e d  w i t h  sodium 

c a r b o n a t e  and sodium hydroxide  t o  remove i m p u r i t i e s  b e f o r e  i t  i s  r eused .  

Th i s  t r e a t m e n t  g e n e r a t e s  l i q u i d  was te  wi th  a h i g h  sodium c o n t e n t  and may 

r e s u l t  i n  a n  i n s o l u b l e  plutonium phase; bo th  of t h e s e  r e s u l t s  a r e  

u n d e s i r a b l e .  S o l v e n t  h a s  been s u c c e s s f u l l y  r e g e n e r a t e d  u s i n g  macro- 

r e t i c u l a r  r e s i n s  .' R e g e n e r a t i o n  of t h e  r e s i n  r e q u i r e s  HF-HNO r e a g e n t .  
3 

We hope t o  deve lop  s o l v e n t  c l e a n u p  methods which do n o t  produce a 

high-sodium was te  and which s e r v e  t o  r e c o v e r  t h e  plutonium v a l u e s  o r  

r e s u l t  i n  t h e i r  i s o l a t i o n  from o t h e r  waste materials.  I n i t i a l  emphasis 

w i l l  be p l aced  on f u r t h e r  s t u d y  of m a c r o r e t i c u l a r  r e s i n s  t o  conf i rm t h e i r  

u t i l i t y  and t o  i n v e s t i g a t e  a l t e r n a t i v e  r e g e n e r a t i o n  methods.  I f  regen-  

e r a t i o n  i s  n o t  p r a c t i c a b l e ,  t h e  c a p a c i t y  of  t h e  r e s i n s  w i l l  be de te rmined  

and p o s s i b l e  r e s i n  d i s p o s a l  methods w i l l  be  a s s e s s e d .  
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3 . 1 . 2  Plutonium v a l e n c e  ad jus tmen t  

0. K .  T a l l e n t  and K. D. W i l l i a m s  (Chemical Technology D i v i s i o n ,  ORNL) 

Reduc t ion  of Pu t o  Pu b e f o r e  s o l v e n t  e x t r a c t i o n  c a n  be 6s 4+ 

accomplished by t r e a t m e n t  w i t h  n i t r o g e n  o x i d e s .  However, t h e  k i n e t i c s  

of t h e  r e d u c t i o n  as  a f u n c t i o n  of t empera tu re ,  n i t r i c  a c i d  c o n c e n t r a t i o n ,  

plutonium c o n c e n t r a t i o n ,  and v a r i a t i o n s  i n  t h e  NO/NO r a t i o  need f u r t h e r  

s t u d y .  To i n i t i a t e  t h i s  i n v e s t i g a t i o n ,  we p l a n  t o  i n s t a l l  a system f o r  

supp ly ing  known m i x t u r e s  of NO and NO and c o n t a c t i n g  them w i t h  plutonium 

2 

2 
6+ 

s o l u t i o n s  i n  a c o n t r o l l e d  manner. The k i n e t i c s  of Pu r e d u c t i o n  by 

v a r i o u s  NO-NO m i x t u r e s  w i l l  t h e n  be determined a t  s e v e r a l  t empera tu res .  

The a c c e p t a b l e  r ange  of c o n d i t i o n s  f o r  r e d u c t i o n  of Pu w i l l  be 

e s t a b l i s h e d  from t h e s e  s t u d i e s .  

2 
6+ 

3.1.3 Methods f o r  removing i o d i n e  from f u e l  s o l u t i o n s  

J .  C .  Mailen and D. E .  Horner (Chemical Technology D i v i s i o n ,  ORNL) 

Methods f o r  removing i o d i n e  from f u e l  d i s s o l v e r  s o l u t i o n s  a re  

normally based on t h e  d e s t r u c t i o n  of n o n v o l a t i l e  o r g a n i c  i o d i d e s  such as  

i o d o a c e t i c  a c i d  ( b y  ozone t r e a t m e n t )  fo l lowed  by a d j u s t m e n t  of t h e  i o d i n e  

v a l e n c e  t o  y i e l d  v o l a t i l e  e lemental  i o d i n e  ( e . g . ,  by a d d i t i o n  of NOx o r  

hydrogen p e r o x i d e ) .  

may be  v o l a t i l i z e d .  L imi t ed  h o t - c e l l  t e s t s  i n d i c a t e  t h a t  i o d i n e  i s  more 

e a s i l y  removed from r a d i o a c t i v e  s o l u t i o n s  than  from n o n r a d i o a c t i v e  

s o l u t i o n s .  

The o z o n a t i o n  s t e p  i s  d i sadvan tageous  s i n c e  ruthenium 

We have found t h a t  p e r o x y n i t r o u s  a c i d  i s  c a p a b l e  of removing 

i o d i n e  from i o d o a c e t i c  a c i d ,  a p p a r e n t l y  by o x i d i z i n g  i t  t o  i o d i c  a c i d  

( ev idenced  by a c o l o r l e s s  s o l u t i o n  immediately a f t e r  r e a c t i o n  of I 

w i t h  p e r o x y n i t r o u s  a c i d ) .  

2 



I t  i s  known t h a t  n i t r o u s  a c i d  r e a c t s  w i th  hydrogen pe rox ide  i n  

2 a c i d s  t o  g i v e  p e r o x y n i t r o u s  a c i d :  

The p e r o x y n i t r o u s  a c i d  t h e n  decomposes t o  y i e l d  f r e e  r a d i c a l s :  

H O O N O a  OH + NO2. 

These r a d i c a l s  have been shown t o  be c a p a b l e  of e f f e c t i n g  t h e  o x i d a t i o n  

of  bromide i o n  t o  bromine under c o n d i t i o n s  where n e i t h e r  pe rox ide  no r  

n i t r o u s  a c i d  a l o n e  h a s  s u f f i c i e n t  power. I o d o a c e t i c  a c i d  h a s  been 2 

i d e n t i f i e d  as  a n o n v o l a t i l e  i o d i n a t e d  o r g a n i c  which i s  formed from 

i o d i n e  and a c e t i c  a c i d  ( a  known con taminan t  i n  r e c y c l e  a c i d  i n  n i t r i c  

a c i d  under i r r a d i a t i o n .  A f t e r  t h e  i n i t i a l  o x i d a t i o n  o c c u r s ,  i o d i n e  

3~ 

4 

c o l o r  s lowly  a p p e a r s  i n  t h e  s o l u t i o n ,  probably due t o  t h e  r e d u c t i o n  

of i o d a t e  t o  e l e m e n t a l  i o d i n e  by e x c e s s  pe rox ide  o r  n i t r o u s  a c i d .  I t  

w a s  f u r t h e r  de t e rmined  t h a t  t h e  a d d i t i o n  of n i t r o u s  a c i d  t o  a s o l u t i o n  

i n i t i a l l y  c o n t a i n i n g  II 0 such t h a t  t h e  pe rox ide  was i n  e x c e s s  d u r i n g  
2 2  

much of t h e  a d d i t i o n  gave more complete  i o d i n e  removals from t h e  o r g a n i c  

i o d i d e  ,:TO$ vs j IO$) t h a n  when t h e  r e a g e n t s  were added i n  t h e  r e v e r s e  

o r d e r .  Both n i t r o u s  a c i d  and hydrogen pe rox ide  a r e  produced i n  

i r r a d i a t e d  n i t r i c  a c i d ,  w i t h  t h e  n i t r o u s  a c i d  b e i n g  produced i n  l a r g e  

e x c e s s .  Thus, a l t h o u g h  some p e r o x y n i t r o u s  a c i d  w i l l  be formed ( and  

would a i d  i n  t h e  d e s t r u c t i o n  of  o r g a n i c  i o d i d e s ) ,  i t  seems l i k e l y  t h a t  

t h e  complete  removal of o r g a n i c  i o d i d e s  would b e n e f i t  from a r t i f i c i a l l y  

i n t r o d u c e d ,  l a r g e r  q u a n t i t i e s  of hydrogen pe rox ide .  

W e  p l a n  t o  de t e rmine  t h e  c o n d i t i o n s  under which p e r o x y n i t r o u s  a c i d  

i s  most e f f e c t i v e  i n  decomposing o r g a n i c  i o d i d e s .  O u r  o b j e c t i v e s  a re  t o  

unde r s t and  i o d i n e  b e h a v i o r  i n  f u e l  s o l u t i o n s  and, p o s s i b l y ,  t o  deve lop  



p r o c e s s e s  t h a t  t a k e  advan tage  of p e r o x y n i t r o u s  a c i d  r e a c t i o n s .  These 

i n v e s t i g a t i o n s  w i l l  i n c l u d e  s i m u l a t i o n s  of f u e l  s o l u t i o n  c o n d i t i o n s ,  

i n  t h e  absence of i r r a d i a t i o n ,  t o  examine our a b i l i t y  t o  t e s t  i o d i n e  

p r o c e s s i n g  systems i n  a n o n r a d i o a c t i v e  environment .  

3.1.4 Chemistry of ruthenium 

Many a r e a s  of ruthenium c h e m i s t r y  a re  of importance i n  f u e l  r e p r o c -  

e s s i n g :  of p a r t i c u l a r  i n t e r e s t  a r e  t h e  fo rma t ion  of ruthenium s o l i d s  

and v o l a t i l e  RuO d u r i n g  t h e  f u e l  d i s s o l u t i o n  and t h e  removal of RuO 

from gas  s t r e a m s .  T h e  fo rma t ion  of  v a r i o u s  complexes w i t h  f u e l  s o l u t i o n  

4 4 

components and i m p u r i t i e s  and t h e i r  s o l v e n t  e x t r a c t i o n  behav io r  a re  a l s o  

of i n t e r e s t ,  C o n s i d e r a b l e  i n f o r m a t i o n  i s  a v a i l a b l e  conce rn ing  t h e  

complexes of ruthenium wi th  n i t r i c  a c i d  and NO and t h e  behav io r  of 

t h e s e  complexes i n  t h e  s o l v e n t  e x t r a c t i o n  system; however, less  i s  known 

a b o u t  t h e  fo rma t ion  of complexes w i t h  i m p u r i t i e s  i n  r e c y c l e  a c i d  and 

t h e i r  s o l v e n t  e x t r a c t i o n  b e h a v i o r .  

X 

3.1.5 Program p lann ing  - h o t  c e l l s  

J .  H .  Goode, R ,  G .  S t a c y ,  11.  C .  A .  Vaughen ;Chemical  Technology D i v i s i o n ,  
ORNL j 

We have begun t h e  p r e l i m i n a r y  p l a n n i n g  r e l a t i v e  t o  d e s i r e d  improve- 

ments of  t h e  Purex p r o c e s s ,  O u r  s t u d i e s  i n  t h i s  a r e a  w i l l  l e ad  t o  t h e  

c o n s t r u c t i o n  of a s m a l l - s c a l e  Purex s o l v e n t  e x t r a c t i o n  system i n  a h o t  

c e l l .  In a d d i t i o n ,  b a t c h  s o l v e n t  e x t r a c t i o n  t e s t s  w i l l  be made t o  

ex tend  the  b a s i c  e q u i l i b r i u m  d i s t r i b u t i o n  d a t a ,  d i t h  t h e  a i d  of SEPHIS 

code p r e d i c t i o n s  on r a d i o a c t i v e  f e e d s .  Feed t r e a t m e n t s  w i l l  be 

developed t o  a d j u s t  t h e  plutonium v a l e n c e ,  and t o  t r e a t  c e r t a i n  f i s s i o n  

p roduc t s  as  needed. 
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3.2 B u i l d i n g  b5O? Hot -Ce l l  O p e r a t i o n s  

V .  C .  A .  Vaughen (Chemical Technology D i v i s i o n ,  ORNL'  

3 . 2 . 1  Head-end s t u d i e s  w i t h  LWR f u e l s  

J .  H .  Goode, R .  G .  S t a c y ,  E .  C .  Hendren, and 0 .  L .  K i rk l and  {Chemical 
Technology D i v i s i o n ,  ORNL) 

P l a n n i n g  of program d e t a i l s  h a s  been i n i t i a t e d ;  t h e  i n t e n t  i s  t o  

c o o r d i n a t e  s p e c i f i c  t a s k s  t o  be performed a t  SRL and ORNL. Th i s  program 

will i n c l u d e  e x p e r i m e n t a l  s t u d i e s  t h a t  encompass a number of f u e l s  of 

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

3.3 Cold S t u d i e s  

W .  D .  Bond (Chemical Technology D i v i s i o n ,  ORNL) 

Two m i x e r - s e t t l e r  u n i t s  a r e  be ing  i n s t a l l e d  i n  B u i l d i n g  3508. 

Flowsheet  c o n d i t i o n s  w i l l  be s t u d i e d  u s i n g  s y n t h e t i c  s o l u t i o n  p r i o r  

t o  t e s t s  i n  t h e  h o t  c e l l s .  

3.3.1 Development of i n - c e l l  equipment 

I n - c e l l  r e p r o c e s s i n g  equipment p r e v i o u s l y  des igned  and f a b r i c a t e d  

f o r  on-going ( i n t e r m e d i a t e  100-g s c a l e )  s t u d i e s  w i t h  LMFBR f u e l s  w i l l  

a l s o  be u t i l i z e d  f o r  s i m i l a r  e x p e r i m e n t a l  o p e r a t i o n s  i n v o l v i n g  f u l l y  

i r r a d i a t e d  LWR f u e l .  Th i s  equipment i n c l u d e s :  (1) a new f u e l  s h e a r  

w i t h  t h e  c a p a b i l i t y  of c u t t i n g  l l h -  o r  1 / 2 - i n . - d i a m  r o d s  i n t o  p i e c e s  

u p  t o  3 i n .  l ong ,  ( 2 )  a s t a i n l e s s  s t e e l  v o l o x i d a t i o n  b u r n e r  complete  

w i t h  f u r n a c e  and r o t a r y  d r i v e  mechanism, ( 3 )  a s t a i n l e s s  s t e e l  d i s s o l v e r  

w i t h  i t s  own p a d d l e - s t i r r i n g  system and p r o v i s i o n s  f o r  gas  pu rg ing  and 

s o l u t i o n  r e f l u x i n g ,  and ( 4 )  a c o n t i n u o u s  t r i t i u m  mon i to r .  T h i s  



equipment i s  d e p i c t e d  i n  t h e  photographs shown i n  F i g s .  1 through 5 .  

A c o l d  t e s t i n g  and m o d i f i c a t i o n  program f o r  t h e  equipment i s  c u r r e n t l y  

under way i n  t h e  l a b o r a t o r y  as  t h e  c e l l  c l e a n o u t  o p e r a t i o n  p r o g r e s s e s  

a t  B u i l d i n g  4507. 

A r e c e n t  s e r i e s  of t r i a l  c u t s  was made u s i n g  t h e  f u e l  s h e a r  on 

1 /2 - in . -d i am p o r c e l a i n - f i l l e d  s t a i n l e s s  r o d s  s i m u l a t i n g  LWR-sized f u e l .  

With each c u t ,  on ly  minimal de fo rma t ion  ( p i n c h i n g :  of t h e  ends was 

obse rved .  W e  e x p e c t  i r r a d i a t e d  Z i r c a l o y  c l a d d i n g  t o  e x h i b i t  even more 

e m b r i t t l e m e n t  ( and  hence l e s s  p inch ing)  upon s h e a r i n g .  

Shakedown r u n s  u s i n g  chipped s i m u l a t e d  f u e l  i n  the  r o t a r y  v o l o x i -  

d i z e r  have been made t o  t e s t  i t s  mechanical  o p e r a b i l i t y  and t o  o b t a i n  

the rma l  p r o f i l e s  a l o n g  i t s  open end, where p l a t e o u t  of f i s s i o n  p roduc t s  

from t h e  bu rne r  o f f - g a s  i s  most l i k e l y  t o  o c c u r .  Removable i n s e r t s  f o r  

t h e  c o l l e c t i o n  of f i s s i o n  p r o d u c t s  w i l l  be used a s  p a r t  of d e p o s i t i o n  

s t u d i e s .  Temperature measurements were made a l o n g  t h i s  r e g i o n  f o r  

purge a i r  f lows from 50 t o  500 cc/min and r e a c t i o n  chamber t empera tu res  

r a n g i n g  from 5 5 0  t o  7 0 0 ° C .  A d d i t i o n a l  measurements a t  r e a c t i o n  chamber 

t empera tu res  between 400 and 5 5 0 ° C  a r e  planned.  

been o b t a i n e d  i n d i c a t e  t h a t  t h e  w a l l  t empera tu re  p r o f i l e  can  be 

e s t i m a t e d  r e l a t i v e l y  c l o s e l y .  

The d a t a  t h a t  have 

Mechanical  shakedown r u n s  w i t h  t h e  s t i r r e d  d i s s o l v e r  have been 

made t o  e l i m i n a t e  problems caused by jamming of t h e  shea red  f u e l .  A 

s e r i e s  of n i t r i c  a c i d  d i s s o l u t i o n s  of chopped ( and  v o l o x i d i z e d )  p i e c e s  

of c o l d  U 0 2  f u e l  rod i s  planned.  These r u n s  w i l l  s e r v e  t o  t e s t  t h e  



PHOTO 0979-76 

Fig. 1. Hydraulic shear f o r  c l a d  f u e l .  
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PHOTO 0982-76 

F i g .  5 .  Volox ida t ion  b u r n e r  w i t h  h e a t e r  and r o t a r y  d r i v e  assembly.  
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PHOTO 0981 -76 

d i  
F i g .  5 .  D i s s o l v e r  system (a s sembled ;  w i t h  h e a t i n g  system a 

. r e c t - d r i v e  paddle  s t i r r e r .  
nd 
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i n t e g r i t y  and d u r a b i l i t y  of  t h e  b u r n e r  and d i s s o l v e r  seals  wh i l e  

p r o v i d i n g  d a t a  a b o u t  t h e  o v e r a l l  performance c h a r a c t e r i s t i c s  of t h e  

equipment.  

3.3.2 Continuous t r i t i u m  m o n i t o r i n g  system 

Developmental improvements and m o d i f i c a t i o n s  are  c o n t i n u i n g  t o  be 

made on t h e  c o n t i n u o u s  t r i t i u m  m o n i t o r i n g  system ( b u i l t  by t h e  

I n s t r u m e n t a t i o n  and C o n t r o l s  D i v i s i o n )  f o r  t h e  a n a l y s i s  of t r i t i a t e d  

w a t e r  ;'H 0) i n  gas  streams. 

i s  c a p a b l e  of d e t e c t i n g  t h e  'H 0 c o n t e n t  of s i m u l a t e d  v o l o x i d i z e r  o f f - g a s e s .  

The system p rov ides  f o r  con t inuous  measuring and r e c o r d i n g  of c o u n t i n g  

r a t e s ,  and f o r  i n t e g r a t i n g  t h e  t o t a l  c o u n t s  ove r  a s p e c i f i e d  t ime 

i n t e r v a l .  System re sponse  t i m e s  t o  i n c r e a s i n g  c o n c e n t r a t i o n s  of 

'H 0 i n  a i r  a re  abou t  1 min. 

t e m p o r a r i l y  suspended u n t i l  semipermeable d ime thy l  s i l i c o n e  membranes 

can  be t e s t e d  f o r  t h e i r  e f f e c t i v e n e s s  i n  s e p a r a t i n g  t h e  t r i t i u m  sample 

from K r  ( a n o t h e r  component of v o l o x i d i z e r  o f f - g a s ) .  Our t e s t s  have 

shown t h a t  t h e  c o u n t i n g  s i g n a l  from "Kr s t r o n g l y  o v e r r i d e s  t h a t  of 

t r i t i u m  even a f t e r  t h e  t r i t i a t e d  water h a s  been scrubbed from t h e  gas  

s t r eam.  A two-stage membrane system h a s  been des igned  and i s  now under 

c o n s t r u c t i o n .  

Shakedown r u n s  have shown t h a t  t h e  mon i to r  
2 

2 

A d d i t i o n a l  c a l i b r a t i o n  r u n s  have been 
2 

85 

3.3.3 Equipment i n s t a l l a t i o n  

The b u r n e r  f eed  g a s  and o f f - g a s  systems have been des igned .  T h e  

l a y o u t  of t h e  v o l o x i d a t i o n  gas  f low system t o  be used i n  subsequen t  

h o t - c e l l  expe r imen t s  i s  shown i n  F i g .  6 .  I t  p rov ides  f o r  (1) a v a r i e t y  

of  f e e d  o r  purge g a s e s  t o  be manifolded i n t o  t h e  system, (2) measurement 
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of t o t a l  mass f l o w s  and oxygen c o n t e n t s  of bo th  i n l e t  and o u t l e t  gas  

s t r eams ,  (3) con t inuous  mon i to r ing  of t h e  o f f - g a s  s t r e a m  f o r  3H 0 and 

85Kr ,  (4) c o l l e c t i o n  of s e m i v o l a t i l e s  u s i n g  removable d e p o s i t i o n  i n s e r t s ,  

( 5 )  t r a p p i n g  of p a r t i c u l a t e s  on d i s p o s a b l e  i n - c e l l  f i l t e r s ,  and 

( 6 )  d i r e c t  sampling of t h e  o f f - g a s .  P r o v i s i o n s  have been made t o  add 

14 

2 

C measurements, mo lecu la r  s i e v e s  a n d / o r  s i l i c a  g e l  t r a p s ,  hygrometers ,  

e t c . ,  a s  they  a r e  needed. Procurement of v o l o x i d a t i o n  c o n t r o l  and 

mon i to r ing  equipment h a s  been completed,  and t h e  f eed  gas  man i fo ld  

has  been c o n s t r u c t e d .  C e l l  r e f u r b i s h m e n t  and i n s t a l l a t i o n  of o f f - g a s  

l i n e s  w i l l  c o n t i n u e  a s  t h e  c e l l  c l e a n o u t  p e r m i t s .  



4. OFF-GASES - FLUOROCARBON ABSORPTION STUDIES* 

W .  E .  Unger ;Chemical Technology D i v i s i o n ,  ORNL'  

T h i s  program i s  concerned w i t h  t h e  development of t h e  Krypton 

A b s o r p t i o n  p r o c e s s  on a n  a c c e l e r a t e d  b a s i s .  Funding i s  provided f o r  

expans ion  of t h e  p i l o t - p l a n t  development,  i n i t i a t i o n  of p l a n t  e n g i n e e r i n g  

d e s i g n  c r i t e r i a ,  performance of a proposed system r e l i a b i l i t y  a n a l y s i s ,  

and a s t u d y  of t h e  chemica l  e f f e c t s  of i m p u r i t i e s  i n  t h e  f l u o r o c a r b o n  

s o l v e n t  on t h e  p r o c e s s  and equipment .  

4 . 1  F l u o r o c a r b o n  A b s o r p t i o n  P r o c e s s  Development f o r  Off -gas  Decontamination* 

M .  J .  Stephenson 'ORGDP)  

The ORGDP e f f o r t  i n v o l v e s  t h e  o p e r a t i o n  and a n a l y s i s  of a develop-  

ment p i l o t  p l a n t  and e n g i n e e r i n g  s t u d i e s  r e l a t e d  t o  a p p l i c a t i o n  of  t h e  

p r o c e s s .  

4 . 1 . 1  P i l o t - p l a n t  o p e r a t i o n  

P i l o t - p l a n t  work i s  b e i n g  d i r e c t e d  toward d e f i n i n g  t h e  g e n e r a l  

p r o c e s s  b e h a v i o r  of f eed  g a s  components, such a s  ca rbon  d i o x i d e ,  

n i t r o g e n  d i o x i d e ,  i o d i n e ,  methyl  i o d i d e ,  and water,  and t h e  e f f e c t s  

of t h e s e  components on t h e  g e n e r a l  o p e r a b i l i t y  and o v e r a l l  performance 

of t h e  p r o c e s s .  Tes ts  conducted l a s t  y e a r  under t h e  LMFBR program 

showed t h a t  ca rbon  d i o x i d e  i s  s i g n i f i c a n t l y  more s o l u b l e  t h a n  k ryp ton  

i n  R e f r i g e r a n t - 1 2  &,R-12 and ca rbon  d i o x i d e  removals i n  e x c e s s  of 

99.94 were measured under t h e  same c o n d i t i o n s  where k ryp ton  removals 

' J o i n t l y  funded by LWR Recycle  and LMFBR Reprocess ing  programs. 



of abou t  99$ had been a c h i e v e d .  The c o n c e n t r a t i o n s  of  CO and K r  were 
2 

t o  lC00 ppm and 0.1 pprn r e s p e c t i v e l y .  More d e f i n i t i v e  t e s t s  a r e  

now i n  p r o g r e s s  t o  e s t a b l i s h :  , l  s o l u b i l i t y  v a l u e s  f o r  ca rbon  d i o x i d e  

i n  R-12 a s  a f u n c t i o n  of t empera tu re ,  p r e s s u r e ,  and o t h e r  components 

i n  t h e  system; 12) process  removal performance a s  a f u n c t i o n  of v a r i o u s  

o p e r a t i n g  v a r i a b l e s ,  (3, f r a c t i o n a t i o n  r equ i r emen t s ,  :4) product  

c o l l e c t i o n  e f f i c i e n c y ,  and ,5 produc t  f i x a t i o n  schemes. Recent  p i l o t -  

p l a n t  t e s t s  c o n t i n u e  t o  show t h a t  ca rbon  d i o x i d e  i s  s i g n i f i c a n t l y  e a s i e r  

t o  remove from t h e  b u l k  c a r r i e r  gas  t h a n  k ryp ton .  F i n a l  p roduc t  s t r i p p i n g  

of ca rbon  d i o x i d e  from t h e  s o l v e n t  w a s  found t o  be s l i g h t l y  more d i f f i c u l t  

b u t  w e l l  w i t h i n  t h e  c a p a b i l i t y  of t h e  p i l o t  p l a n t  s t r i p p e r .  The s o l u b i l -  

ity of ca rbon  d i o x i d e  i n  R-12 i s  c l o s e  t o  t h a t  observed f o r  xenon. 

Recent  p i l o t - p l a n t  t e s t s  demonstrated t h a t  l L t C  c a n  be s e p a r a t e d  from 

t h e  k ryp ton  p roduc t  by a second i L . 'iaLr. E r a r t i c n a t i o n  s t ep .  nowevcr, 

a v a i l a b l e  d a t a  i n d i c a t e  t h a t  a ba t ch  c o l d  t r a p  cooled t o  N -250 F wi th  

l i q u i d  n i t r o g e n  would be a more e f f i c i e n t  method f o r  s e p a r a t i n g  t h e  two 

components. I n  a d d i t i o n ,  t h e  u s e  of t h e  c o l d  t r a p  would a l s o  a l l o w  

d i r e c t  s e p a r a t i o n  and i s o l a t i o n  of by-product  xenon. A p roduc t  c o l d  

t r a p  i s  c u r r e n t l y  b e i n g  c o n s t r u c t e d  f o r  p i l o t - p l a n t  e v a l u a t i o n  and i s  

scheduled t o  be i n  o p e r a t i o n  by l a t e  summer. 

P i l o t - p l a n t  t e s t s  c o n t i n u e  t o  show t h a t  NO i s  compa t ib l e  w i t h  t h e  
2 

process  s o l v e n t .  I n  t h e s e  r e c e n t  s t u d i e s ,  which l a s t e d  f o r  more than  

a month, n i t r o g e n  c o n t a i n i n g  50 t o  300 pprn of NO, was c o n t i n u a l l y  f ed  

i n t o  t h e  p i l o t  p l a n t  5 days p e r  week. Performance c a l c u l a t i o n s  i n d i c a t e  

t h a t  g r e a t e r  t h a n  99.9% of  t h e  incoming NO was b e i n g  removed from t h e  

f eed  g a s ,  a l t h o u g h  e x p e r i m e n t a l  v e r i f i c a t i o n  of t h i s  e x t e n t  of removal 

2 



cou ld  n o t  be made w i t h o u t  s p e c i a l  a n a l y t i c a l  equipment which i s  c a p a b l e  

of d e t e c t i n g  low-ppm q u a n t i t i e s  of NO Such equipment i s  now b e i n g  

i n s t a l l e d .  However, a v a i l a b l e  equipment d i d  show g r e a t e r  t h a n  90% 

removal .  The r e s u l t s  of t h e s e  t e s t s  i n d i c a t e  t h a t  o v e r a l l  p i l o t - p l a n t  

o p e r a b i l i t y  i s  n o t  a f f e c t e d  by moderate l e v e l s  of NO i n  t h e  f eed  gas  

and a l s o  t h a t  t h e  s o l v e n t  i s  s t i l l  a n  e f f e c t i v e  means f o r  removing t h e  

h i g h e r - b o i l i n g  components from t h e  r e c i r c u l a t i n g  s o l v e n t .  

2. 

2 

The p i l o t  p l a n t  was r e c e n t l y  approved f o r  '"1 s t u d i e s .  T h i s  

r e q u i r e d  p l a n t  m o d i f i c a t i o n s  and t h e  f o r m u l a t i o n  of s p e c i a l  o p e r a t i n g  

p r e c a u t i o n s  t o  minimize t h e  chance of  a n  i n a d v e r t e n t  r e l e a s e  of i o d i n e .  

P r e l i m i n a r y  d e t e r m i n a t i o n  of t h e  p r o c e s s  behav io r  of  i o d i n e  and methyl  

i o d i d e  w i l l  be completed i n  t h e  f o u r t h  q u a r t e r  of t h i s  f i s c a l  y e a r .  

P rocess  c a l c u l a t i o n s  based on a v a i l a b l e  d a t a  i n d i c a t e  t h a t  v e r y  h igh  

i o d i n e  r e c o v e r y  e f f i c i e n c i e s  a r e  p o s s i b l e .  P r e l i m i n a r y  work w i t h  

t r i t i a t e d  w a t e r  i s  planned f o r  e a r l y  summer. 

4 . 1 . 2  P r o c e s s  a p p l i c a t i o n  

P r o c e s s  model ing and o p t i m i z a t i o n  s t u d i e s  have been i n i t i a t e d  t o  

i d e n t i f y  t h e  r e l a t i v e  e f f e c t s  and importance of i n d i v i d u a l  p r o c e s s  e l emen t s  

and o p e r a t i n g  c o n d i t i o n s  on t h e  o v e r a l l  system f u n c t i o n .  T h i s  work 

c l e a r l y  shows t h a t  t h e  o v e r a l l  e f f e c t i v e n e s s  and e f f i c i e n c y  of t h e  

p r o c e s s  c a n  be v a r i e d ,  depending on t h e  j u d i c i o u s  s e l e c t i o n  of t h e  

p r o c e s s  o p e r a t i n g  p a r a m e t e r s .  F o r  example, t h e  e f f e c t i v e n e s s  of any 

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

s o l u b i l i t y  d i f f e r e n c e s  between v a r i o u s  c o n s t i t u e n t s  of a gas  m i x t u r e  
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and t h e  p rocess  s o l v e n t .  When a t t e m p t i n g  t o  i s o l a t e  one component 

from a n o t h e r ,  t h e  c l o s e r  t h e  two s o l u b i l i t i e s  a r e ,  t h e  more d i f f i c u l t  

t h e  s e p a r a t i o n  becomes. 

Another  parameter  t o  c o n s i d e r  i s  t h e  amount of k ryp ton  r e t a i n e d  

r e l a t i v e  t o  t h e  amount of n i t r o g e n .  F i g u r e  7 shows t h e  e f f e c t s  of 

f l a s h  t empera tu re  and p r e s s u r e  on t h e  r e l a t i v e  k ryp ton  enrichment  of 

t h e  s o l v e n t  p a s s i n g  through t h e  f l a s h  u n i t .  These c a l c u l a t i o n s  show 

t h a t ,  on t h i s  b a s i s ,  lower f eed  t empera tu res  and lower f l a s h  p r e s s u r e s  

a r e  f a v o r e d .  I n  t h e  f i n a l  a n a l y s i s ,  obv ious ly ,  a ba l ance  has  t o  be 

ach ieved  between t h e  deg ree  of s o l v e n t  enr ichment  and t h e  amount of 

k r y p t o n  deso rbed .  

F l a s h  u n i t  c a l c u l a t i o n s  are  based on t h e  assumption t h a t  thrrmo- 

dynamic e q u i l i b r i u m  i s  ma in ta ined ,  and r a t e  e q u a t i o n s  a r e  n o t  n e c e s s a r y  

i n  t h e  q u a n t i t a t i v e  d e s c r i p t i o n  of t h e  f l a s h  phenomena. Comparison of 

t h e  c a l c u l a t e d  f r a c t i o n  of k r y p t o n  f l a s h e d  w i t h  t h e  a v a i l a b l e  p i l o t - p l a n t  

v a l u e s  i s  g i v e n  i n  Tab le  2. Th i s  comparison s u g g e s t s  t h a t  e i t h e r  

e q u i l i b r i u m  c o n d i t i o n s  were n o t  a c t u a l l y  a c h i e v e d  o r  k ryp ton  a n d / o r  

n i t r o g e n  i s  s l i g h t l y  more s o l u b l e  t h a n  t h e  a v a i l a b l e  d a t a  imply.  A l l  

of t h e  e a r l i e r  t e s t s  were conducted w i t h  a c o n s t a n t  l i q u i d  f eed  r a t e .  

Modeling s t u d i e s  a re  s t i l l  i n  p r o g r e s s  and, o t h e r  p rocess  components 

a re  b e i n g  a n a l y z e d .  O the r  p i l o t - p l a n t  d a t a  w i l l  be i n t e g r a t e d  i n t o  t h e  

b a s i c  model a s  it becomes a v a i l a b l e  and, u l t i m a t e l y ,  a d e t a i l e d  d e s i g n  

code w i l l  be evolved f o r  o v e r a l l  p rocess  o p t i m i z a t i o n  and a p p l i c a t i o n .  
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Table 2. Comparison of f l a s h  c a l c u l a t i o n s  wi th  measured v a l u e s  

F l a s h  F l a s h  Measured f r a c t i o n  
Run t empera tu re  p r e s s u r e  C a l c u l a t e d  f r a c t i o n  f l a s h e d  o f  k ryp ton  P e r c e n t  of  

s e r i e s  ( O F )  ( P s i 4  N i t rogen  Krypton f Lashed c a l c u l a t e d  

1-8-75 
1-21-75 
1 - 23 -75 
2-25-75 
2-26-75 
2 - 2 7 - 75 
j - 11-75 
3-12-75 
3 - 14 -75 
3-19-75 
4-2-75 
4-3-75 
4-4-75 
4 -8- 75 
4 - 16- 75 
4-17-75 
4 - 18 - 75 
4-22-75 
4-23-75 

4-25-75 
4 -24 - 75 

- 15 
- 22 
- 24 
- 19 
- 19 
-8 
-9 
-8 
-9 
-5 
-I+ 
-8 
-11 
-9 
-3 
-4 
-3 
-8 
-2 
0 
-1 

64.5 
61+. 5 
64 .j 
64 .j 
64.3 
64.3 
64.3 
64 .j 
64 .j 
64 .3 
64 .j 
49.3 
49.3 
49.3 
49.3 
'19.3 
49.3 
49.3 
49.5 
49.3 
49.3 

0.850 
0.861 
0.867 
0.853 
0.825 
0.839 
0.865 
0.866 
0.881 
0.857 
0.877 
0.911 
0.898 
0.915 
0.908 
0.906 
0.908 
0.899 
0.928 
0.906 
0.728 

0.606 
0 .611 
0.610 
0.566 
0.551 
0.598 
0.645 
0.650 
0.677 
0.636 
0.670 
0.744 
0.-(11 
0.752 
0.747 
0.'741 
0.747 
0.71-9 
0,800 
0.748 
0.731 

0.~~16 
0.50'7 
0 .h30 
0.518 
0. '115 
0. ,io 
c) . :bi+ 
0. 
0. ,:6 
0.569 
0.559 
0.6'71 
0.654 
0.66,; 
0 .686 
0.685 
0.676 
0.673 
0.730 

0.704 
0.705 

91.3 
80. '7 

Average 88.6 



14 . 2 Chemical S t u d i e s  of Contaminants  i n  LWR Off-Gas P r o c e s s i n g  

L .  M. Toth and J ,  T .  B e l l  (Chemis t ry  D i v i s i o n ,  ORNL; 

We have begun a n  i n v e s t i g a t i o n  which w i l l  u t i l i z e  s p e c t r o p h o t o m e t r i c  

t e c h n i q u e s  t o  s t u d y  t h e  c h e m i s t r y  of LWR f i s s i o n  p r o d u c t s  and p r o c e s s i n g  

p roduc t s  i n  t h e  o f f - g a s e s  of  LWR f u e l  r e p r o c e s s i n g  p l a n t s .  The c h e m i s t r y  

of I , ,  H,O, NO3? CH I ,  and o t h e r  o f f - g a s  con taminan t s  i n  t h e  c h l o r o -  

f l u o r o c a r b o n  s o l v e n t s  used i n  krypton-xenon i s o l a t i o n  system i s  t h e  

pr imary i n t e r e s t .  R e a c t i o n s  t h a t  c a u s e  c o r r o s i o n  o r  form s o l i d s  w i l l  

be p a r t i c u l a r l y  emphas i z e d ,  and gas  - 1 i q u i d  d i s t r i b u t i o n  c oe f f i c  i e n t s  

f o r  t h e  v a r i o u s  components K i l l  be de t e rmined .  These s t u d i e s  a r e  

c l o s e l y  r e l a t e d  t o  on-going d e s i g n  and t e s t i n g  of t h e  krypton-xenon 

i s o l a t i o n  system and w i l l  be used i n  f u t u r e  development of t h a t  s y s t e m .  

.~ 5 L C  

L .3 R e l i a b i l i t y  S t u d i e s  

W. E .  Unger  chemical Technology D i v i s i o n ,  ORNL'  

A r e l i a b i l i t y  a n a l y s i s  of t h e  k ryp ton  s e l e c t i v e  a b s o r p t i o n  p i l o t  

p l a n t  h a s  been i n i t i a t e d .  A s u 3 c o n t r a c t  h a s  been awarded t o  Kaman 

S c i e n c e  Company, Colorado S p r i n g s ,  Colorado,  f o r  t h e  s t u d y .  

& . ) +  Enginee r ing  Design C r i t e r i a  S t u d i e s  

R .  W .  G la s s  :Chemical Technology D i v i s i o n ,  ORNL, 

Work h a s  begun on t h e  development of e n g i n e e r i n g  c r i t e r i a  which 

w i l l  l e a d  t o  t h e  d e s i g n  of a c o n c e p t u a l  p l a n t  system. 



$ .  FINISHING PROCESSES - MOX FUEL FABRICATION 

T .  N .  Washburn 'Me ta l s  and Ceramics D i v i s i o n ,  0RNL:l 

Th i s  program was i n i t i a t e d  d u r i n g  t h i s  q u a r t e r .  A meet ing M a s  

h e l d  w i t h  r e p r e s e n t a t i v e s  of  SRL t o  d e f i n e  ou r  r o l e  i n  t h e  t o t a l  MOX 

f u e l  r e f a b r i c a t i o n  e f f o r t .  V i s i t s  were made t o  HEDL, General  E l e c t r i c ,  

Exxon, NUMEC, and Westinghouse t o  d i s c u s s  t h e  c u r r e n t  s t a t u s  of t h e i r  

e f f o r t s  i n  MOX f a b r i c a t i o n .  A form 189 was prepared and submi t t ed  t o  

ORNL and program management. 

The major o b j e c t i v e  of t h i s  program i s  t o  a s s i s t  SRL by p r o v i d i n g  

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

f o r  LWR MOX f u e l  r e f a b r i c a t i o n ,  f o r  t h e  e s t a b l i s h m e n t  of d e s i g n  

ph i losophy ,  and f o r  t h e  development of d e s i g n  c r i t e r i a  f o r  M3X r z f a b r i -  

c a t i o n  f a c i l i t y .  An a d d i t i o n a l  o b j e c t i v e  i s  t o  deve lop  remote manipu- 

l a t i o n  of viewing components f o r  u se  i n  a LbJR r e c y c l e  f a c i l i t y .  



6 .  UFL'lNIUM HEXAFLUORIDE CONVERSION 

J .  H .  Pash ley ,  J .  E .  Vath,  R .  P.  M i l f o r d ,  J .  Dykstra  :ORGDP) 

Uraniuin r e c o v e r e d  i n  a n u c l e a r  f u e l  r e p r o c e s s i n g  p l a n t  must be 

c o n v e r t e d  t o  LJF i f  i t  i s  t o  be f e d  t o  u ran ium- i so tope  s e p a r a t i o n  p l a n t s  

f o r  r e e n r i c h m e n t .  Although UF h a s  been made from o r e  c o n c e n t r a t e  

m a t e r i a l  f o r  many y e a r s  i n  s a t i s f a c t o r i l y  o p e r a t i n g  p l a n t s ,  t h e  p r o c e s s i n g  

of  r e c o v e r e d  uranium from power r e a c t o r  f u e l s  i s  c u r r e n t l y  n o t  on a f u l l -  

p l a n t  s c a l e  i n  t h e  Un i t ed  S t a t e s .  Major d i f f e r e n c e s  a r i s e  w i t h  r e g a r d  

t o  v i r g i n  uranium because of t h e  f i s s i o n  p roduc t  and t r a n s u r a n i c  c o n t e n t s  

of p u r i f i e d  u r a n y l  n i t r a t e  hexahydra t e  UKH r e c o v e r e d  from i r r a d i a t e d  

LWR f u e l ,  even though t h e  a c t i v i t y  l e v e l  may be r e l a t i v e l y  s m a l l .  T h e  

o b j e c t i v e s  of t h i s  work a r e  t o  e v a l u a t e  e x i s t i n g  t echno logy  f o r  c o n v e r s i o n  

of UNH t o  UF i n  t h e  l i g h t  of t h e s e  somewhat d i f f e r e n t  problems posed by 

t h e  u s e  of r e c o v e r e d  UNH a s  t h e  i n p u t ,  t o  i d e n t i f y  needs f o r  development 

6 

6 

6 

i n  t h e  main s t e p s  and a n c i l l a r y  p r o c e s s e s ,  i n c l u d i n g  h e a l t h  and s a f e t y  

r e q u i r e m e n t s ,  t o  pu r sue  s m a l l - s c a l e  development on a l i m i t e d  b a s i s ,  

and,  u l t i m a t e l y ,  t o  p r e p a r e  c o s t - e f f e c t i v e  exemplary f l o w s h e e t s  and 

c r i t e r i a  f o r  u se  i n  t h e  d e s i g n  of UF c o n v e r s i o n  p l a n t s .  6 
The immediate g o a l  i s  t o  accumulate  a v a i l a b l e  i n f o r m a t i o n  on t h e  

p r o c e s s e s  invo lved  i n  t h e  c o n v e r s i o n  of UNH t o  UF so  t h a t  p r e l i m i n a r y  

f l o w s h e e t s  may be fo rmula t ed  and equipment c h o i c e s  compared. I d e n t i f i -  

c a t i o n  of needed development areas w i l l  t h e n  be p o s s i b l e  based on t h i s  

6 

systems s t u d y  which h a s  j u s t  been i n i t i a t e d .  

P r e l i m i n a r y  d i s c u s s i o n s  were h e l d  w i t h  s t a f f  members invo lved  wi th  

uranium i s o t o p e  s e p a r a t i o n  a t  B r i t i s h  Nuclear  F u e l s ,  L t d .  ,BNFL, r e g a r d i n g  
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t h e i r  e x p e r i e n c e  wi th  UF, r ecove red  from i r r a d i a t e d  f u e l s .  C o n t r o l  

of  t h e  t r a n s u r a n i c  problem, p a r t i c u l a r l y  f o r  neptunium, and of f i s s i o n  

p roduc t s  such a s  ru thenium were mentioned a s  mat te rs  of  conce rn .  

Neptunium forms a v o l a t i l e  h e x a f l u o r i d e  which i s  i n t e r m e d i a t e  between 

1JF and t h e  r e l a t i v e l y  e a s i l y  decomposed PuF i n  s t a b i l i t y ,  \<bile 

ru thenium n o t  on ly  forms a q u i t e  v o l a t i l e  f l u o r i d e  b u t  has  a complex 

c h e m i s t r y .  Sampling and a n a l y s i s  f o r  ve ry  low c o n c e n t r a t i o n s  of t h e s e  

con taminan t s  a r e  problems of c o n s i d e r a b l e  t e c h n i c a l  d i f f i c u l t y .  The 

p o s s i b l e  use of c o b a l t o u s  f l u o r i d e  f o r  neptunium),  magnesium f l u o r i d e  

f o r  technet ium , and c r y o l i t e  f o r  ruthenium: t r a p p i n g  was d i s c u s s e d .  

G 

6 6 
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7. ECONOMIC STUDIES 

J. M .  Mor r i son  (ORGDP)  

T h i s  t a s k  which was a u t h o r i z e d  on March 25, 1976, w i l l  s u p p o r t  t h e  

f u e l  c y c l e  development and d e m o n s t r a t i o n  programs b e i n g  conducted by 

ERDA c o n t r a c t o r  o r g a n i z a t i o n s .  

LWR f u e l  c y c l e ,  

and t h e  i n t e r f a c e s  among t h e  v a r i o u s  ERDA c o n t r a c t o r s  as  w e l l  a s  p r i v a t e  

i n d u s t r i a l  o r g a n i z a t i o n s  i n v o l v e d .  

Primary emphasis w i l l  be p l aced  on t h e  

i t s  r e l a t i o n s h i p  t o  t h e  o t h e r  n u c l e a r  f i s s i o n  c y c l e s ,  



e .  RADIOLOGICAL TECHNIQUES FOR ENVIRONMENTAL ASSESSMENTS 
OF THE LWR FUEL CYCLE 

S. V. Kaye, R .  E .  Moore and G .  S .  H i l l  (Environmental  S c i e n c e s  D i v i s i o n ,  ORNLl 

S t r u c t u r e s  such a s  homes, f a c t o r y  b u i l d i n g s ,  o f f i c e s ,  and s c h o o l s ,  

i n  which man spends most of h i s  t ime,  p rov ide  r a d i o l o g i c a l  p r o t e c t i o n  

from a i r b o r n e  r a d i o a c t i v i t y .  C o n c e n t r a t i o n s  of r a d i o n u c l i d e s  a r e  l e s s  

i ndoor s  than  ou tdoor s ,  r e s u l t i n g  i n  a r e d u c t i o n  of r a d i a t i o n  dose 

through i n h a l a t i o n ,  a i r  submersion, and exposure  t o  contaminated s u r f a c e s .  

T h i s  p r o j e c t  w i l l  e v a l u a t e  t h e  e f f e c t  of man's l a r g e l y  indoor  environment 

on e s t i m a t e s  of p o p u l a t i o n  doses  compared w i t h  t h e  u s u a l  assumption of 

con t inuous  out-of  -doors  r e s i d e n c e .  Equa t ions  were d e r i v e d  r e l a t i n g  

r a t i o s  of i ndoor - to -ou tdoor  c o n c e n t r a t i o n s  of r a d i o n u c l i d e s  i n  a i r  and 

s u r f a c e  c o n c e n t r a t i o n s .  

s e n s i t i v i t y  a n a l y s i s  of t h e  many pa rame te r s  i n v o l v e d .  

A computer code i s  be ing  w r i t t e n  t o  c a r r y  o u t  a 
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