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THORIUM FUEL CYCLE DEVELOPMENT PROGRESS REPORT 

. 
DECEMBER 1969 

No. 5 - 
Compiled by 

The S t a f f  of the Chemical Technology and 
Metals and Ceramics Div is ions  

INTRODUCTION 

The thorium f u e l  cyc le  development a t  ORNL is  d i r e c t e d  almost s o l e l y  

a t  HTGR f u e l s .  These f u e l s  c o n s i s t  of l a r g e  b locks  of g r a p h i t e  conta in-  

i ng  coo lan t  channels and f u e l  and b l anke t  holes.  

are made of microspheres of uranium o r  thorium compounds sepa ra t e ly ,  o r  of 

mixtures of them i n  a s i n g l e  microsphere. The microspheres a r e  coated 

w i t h  l a y e r s  of p y r o l y t i c a l l y  depos i ted  carbon and i n  some cases  s i l i c o n  

The f u e l  and b l anke t  

carb ide .  The microspheres a r e  r e t a i n e d  i n  the ho le s  i n  the g r a p h i t e  

blocks i n  e i t h e r  unbonded o r  bonded forms. 

Development work on a l l  a s p e c t s  of HTGR f u e l  r ecyc le  i s  i n  progress  

a t  ORNL. In  a d d i t i o n ,  a major r ecyc le  development f a c i l i t y ,  the Thorium- 

Uranium Recycle F a c i l i t y  (TURF), has been b u i l t  a t  ORNL, and the  Coated 

P a r t i c l e  Development Laboratory (CPDL) has  been p u t  i n t o  ope ra t ion  i n  

Bui ld ing  4508. 
f o r  f u e l  r ecyc le .  The CPDL is f o r  engineer ing  development s t u d i e s  lead ing  

t o  des ign  of the p i l o t  p l a n t  equipment. 

TURF i s  intended to  be used as a development p i l o t  p l a n t  
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I HEAD-END REPROCESSING DEVELOPMENT 

(R. E .  Blanco, W. E. Unger) 

The o b j e c t i v e  o f  t h i s  program is t o  e v a l u a t e  head-end processes  f o r  

convert ing i r r a d i a t e d  HTGR f u e l s  t o  a form s u i t a b l e  f o r  recovery and de- 

contamination o f  the  thorium and uranium by the  s o l v e n t  e x t r a c t i o n  proc- 

ess. Small samples of i r r a d i a t e d  and u n i r r a d i a t e d  f u e l  a r e  processed t o  

determine i r r a d i a t i o n  e f f e c t s  which a f f e c t  f u e l  reprocess ing  s t e p s  and t o  

provide a comparison wi th  meta l lographic  s t u d i e s .  An important o b j e c t i v e  

i s  the  determinat ion of the  amount o f  breakage o f  c o a t i n g s  and the  re- 

s u l t a n t  amount of c r o s s  contamination of t he  f e r t i l e  Th-233U and f i s s i l e  

235U components i n  a l t e r n a t i v e  reprocess ing  s t e p s .  Mechanical systems are 

being developed f o r  degrading the  f u e l s  and providing a mater ia l  s u i t a b l e  

f o r  use i n  s t u d i e s  o f  the  burn-leach s t e p s  us ing  f l u i d i z e d  bed o r  f i x e d  

bed burners .  

i s  c a r r i e d  o u t  us ing  f u l l  scale u n i r r a d i a t e d  f u e l  and is  designed t o  

The mechanical and burn-leach engineer ing  development work 

provide scale-up d a t a  f o r  use i n  the des ign  o f  p i l o t  o r  f u l l  scale 

process ing  p l a n t s .  

1. S t u d i e s  w i t h  I r r a d i a t e d  Fuels  

(V. C. A. Vaughen, J .  H. Goode, G. Davis) 

Evaluat ion of t h e  d a t a  from t h e  crush-burn-leach experiment on 

Dragon f u e l  i s  being c a r r i e d  o u t  as t i m e  permits .  

2.  Head-End Engineering S t u d i e s  

(C. D. Watson, R. S .  Lowrie) 

The head-end engineer ing  s t u d i e s  are comprised of two p r i n c i p a l  areas 

o f  i n v e s t i g a t i o n  - mechanical and burn-leach. The p r e s e n t  g e n e r a l  ap- 

proach involves  the  mechanical d i s s e c t i o n  by sawing of f u l l - s i z e d  gra-  

p h i t i c  blocks conta in ing  f u e l  s t i c k s  followed by comminution t o  s i z e  

f r a c t i o n s  s u i t a b l e  f o r  the downstream burn-leach process .  However, r e c e n t  

d e c i s i o n s  lead ing  t o  the  p o s s i b l e  use of loose f u e l  p a r t i c l e s  r a t h e r  than 

f u e l  s t i c k s  may a l t e r  t h i s  approach q u i t e  d r a s t i c a l l y  i n  f u t u r e  work. 

0 

..- 

There i s  noth ing  t o  r e p o r t  i n  t h i s  area t h i s  month. 
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11. REFABRICATION DEVELOPMENT 

1. P a r t i c l e  P repa ra t ion  

(R. G .  Wymer - Coordinator) 

* 

- -  

The f u e l  material  of  primary i n t e r e s t  f o r  ORNL recyc le  s t u d i e s  i s  

the Tho UO p a r t i c l e ,  which has a thorium-to-uranium r a t i o  of about  4.2. 

The uncoated f u e l  p a r t i c l e s  are t o  be microspheres 350 + 100 ~ . l  i n  diameter ,  

made by the s o l - g e l  process .  Fuel  p repa ra t ion  inc ludes  development and 

demonstration of a l l  process  s t e p s  involved i n  making remotely the Tho 

UO microspheres.  The s t e p s  include demonstrating a r e l i a b l e ,  remote 

method f o r  reproducib ly  mixing Th(N0 ) and UO (NO ) s o l u t i o n s  i n  the 

des i r ed  thorium-to-uranium r a t i o ,  p repar ing  the mixed, s t a b l e  Tho 
U 0 3  

s o l  i n  concent ra t ions  exceeding 1 g-mole of oxides  p e r  l i t e r ,  forming 

Tho -UO g e l  microspheres,  and convert ing them t o  dense Tho UO i n  good 

y ie  Id. 

2- 2 
- 

2- 
2 

3 4  2 3 2  
2- 

2 3  2- 2 

1.1 So l  and Microsphere P repa ra t ion  Development 

(P. A. Haas, R. E. Brooksbank) 

Experimental  engineer ing  s t u d i e s  of  processes  and equipment f o r  

p repa ra t ion  of s o l s  and microspheres a r e  repor ted  here .  

s is  i s  on processes ,  procedures,  and prototype equipment f o r  p repa ra t ion  

of oxide microspheres i n  the Thorium-Uranium Recycle F a c i l i t y  (TURF). 

T e s t s  of f lowshee ts  and procedures  to be used f o r  tes t  m a t e r i a l s  prepara- 

t i o n  are a l s o  included.  

The p resen t  empha- 

During the p a s t  month the c r i t i c a l l y  s a f e  and alpha-contained Solex 

equipment was used f o r  tes t  runs  on a f lowsheet  f o r  the p repa ra t ion  of 

Tho -UO s o l  having a thorium-to-uranium r a t i o  of about two. Although 

w e  are s t i l l  n o t  c e r t a i n  t h a t  we w i l l  proceed wi th  a product ion run of 

s o l  of  t h i s  type, we want t o  be aware of problems which may arise i n  i t s  

prepara t ion .  This composition of s o l ,  conta in ing  enr iched  uranium, has 

been requested i n  connection wi th  f a b r i c a t i o n  of e i g h t  t es t  elements to be 

t e s t e d  i n  the Peach Bottom Reactor.  Test runs  t o  da t e  have shown t h a t  the 

so lven t  e x t r a c t i o n  process  f o r  s o l  p repa ra t ion  i s  s a t i s f a c t o r y ,  b u t  t h a t  

somewhat more e f f e c t i v e  n i t r i c  ac id  e x t r a c t i o n  cond i t ions  are necessary  t o  

2 3  
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g e t  an a p p r o p r i a t e l y  low n i t r a t e - t o - m e t a l  r a t i o  than a r e  r equ i r ed  f o r  

the  p repa ra t ion  of s o l s  which have a h igher  thorium-to-uranium r a t i o ,  

This work i s  d iscussed  f u r t h e r  under Sec t ion  1.3. 

1.2 Sphere-Forming Column Chemistry 

(W. D. Bond, K. S.  Warren, K. J. Notz) 

O u r  previous s t u d i e s  have shown t h a t  pH, s u r f a c t a n t  concen t r a t ion  

and water conten t  of 2-ethyl-1-hexanol (2EH) are important v a r i a b l e s  i n  

the microsphere forming process .  We a r e  p r e s e n t l y  examining methods f o r  

improving the c o n t r o l  of pH and s u r f a c t a n t  concen t r a t ion  dur ing  cont inuous 

opera t ion  of sphere forming columns. 

O u r  p re sen t  system f o r  c o n t r o l l i n g  the water  conten t  i s  adequate.  

For water conten t  c o n t r o l ,  a p o r t i o n  of the used so lven t  is heated a t  

15O-16O0C t o  remove most of the  water, and the des i r ed  water  conten t  i s  

obta ined  by mixing t h i s  r e l a t i v e l y  d r y  2EH w i t h  the remaining wet so lven t .  

However, the removal of n i t r i c  and formic a c i d s  from 2EH before  d i s t i l -  

l a t i o n  i s  d e s i r a b l e  (and probably necessary) .  N i t r i c  a c i d  a c c e l e r a t e s  

so lven t  and s u r f a c t a n t  degrada t ion  dur ing  the d i s t i l l a t i o n  s t e p  i n  which 

water i s  removed, and formic a c i d  i n t e r f e r e s  wi th  long-term column opera- 

t i o n  w i t h  u ran ia  s o l s  by promoting c l u s t e r i n g .  Therefore,  the use  of ion  

exchange r e s i n s  f o r  removing these a c i d s  from 2EH is being inves t iga t ed .  

Anion exchange r e s i n s  a r e  a v a i l a b l e  i n  several  chemical types (e.g., 

weak base and s t r o n g  base) and i n  two phys ica l  modi f ica t ions  (macroreticu- 

l a r  and g e l )  ; varying degrees  of ref inement  e x i s t  w i t h i n  these  ca t egor i e s .  

Chemically a s t r o n g  base r e s i n  should be more e f f e c t i v e  than the weak 

base type f o r  removing weak ac ids ,  such as formic, b u t  r egene ra t ion  of 

s t r o n g  base r e s i n s  i s  more d i f f i c u l t  than f o r  weak base r e s i n s ,  p a r t i c u l a r l y  

from the n i t r a t e  form. Therefore,  both chemical types were t e s t e d .  Only 

macro re t i cu la r  r e s i n s  were t e s t e d  i n i t i a l l y .  

It was found t h a t  a weak base r e s i n  (Amberlite IRA-93) is almost  as 

e f f e c t i v e  as a s t r o n g  base type (Amberlite IRA-900) f o r  the removal of 

both n i t r i c  and,formic a c i d s .  The n i t r i c  a c i d  is, of course,  removed i n  

? reference  t o  the weaker formic a c i d  and the  formic a c i d  breaks  through 
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f i r s t  as a column becomes loaded by a m i x t u r e  of bo th  acids. With the 

macro re t i cu la r  weak base r e s i n ,  even formic a c i d  w a s  taken o u t  a t  a f q f r l y  

f a s t  r a t e ;  a t  a flow rate o f  4 bed volumes p e r  hour, removal was quan t i t a -  

t i v e  up t o  the  bed capac i ty .  A t  16 bed volumes p e r  hour, removal was s t i l l  

very  e f f e c t i v e .  A flow rate of 10 bed volumes pe r  hour was adopted f o r  

subsequent work. 

While s u r f a c t a n t s  (Span 80 and Ethomeen S/15) do n o t  appear t o  i n t e r -  

f e r e  w i t h  a c i d  removal, Span 80 i s  he ld  up on the r e s i n  column, and 

Ethomeen S/15 may be. 

res i n  regenera t ion .  

This problem is  being inves t iga t ed  now, along w i t h  

1.3 P repa ra t ion  of Test Materials 

(J. R. P a r r o t t ,  F. L. Daley, R. J. Shannon) 

The sol-forming equipment i n  the  Solex Development Laboratory and 

the  c e l l  4 Microsphere-Forming F a c i l i t y  were opera ted  dur ing  the  month i n  

an attempt t o  make 235U0 -Tho microspheres con ta in ing  a Th-to-U r a t i o  of 

2-to-1. This material  w i l l  be used f o r  h igh  burn-up i r r a d i a t i o n  t e s t s  i n  

Peach Bottom Reactor as a p a r t  of the Nat iona l  HTGR Recycle Program. A 

2-to-1 r a t i o  of Th-to-U i s  lower than we have made on a l a rge  s c a l e  by the 

s o l v e n t  e x t r a c t i o n  process,  and w e  had reason t o  expec t  t o  have t o  do some 

p r e  l iminary  t e s t i n g  . 

2 2  

The f i r s t  a t t empt  t o  make UO -Tho2 s o l  produced s o l  w i th  a low (.06) 

NO -/metal r a t i o  which r e s u l t e d  i n  g e l a t i o n  a t  a low concen t r a t ion  during 

evapora t ion .  

o f  HNO bu t  an a t t empt  t o  form the r e s u l t a n t  s o l  i n t o  microspheres was un- 

success fu l .  Severe " r a i s i n  p i t t i n g "  of the  formed spheres  was noted i n  

the column dur ing  drying. 

3 

3 
The NO - / m e t a l  r a t i o  w a s  ad jus t ed  to 0.12 by the  a d d i t i o n  3 

3 

The second sol-forming run was made w i t h  a 15% reduc t ion  i n  the ex- 

t r a c t a n t  (Amberlite LA-2 i n  an n -pa ra f f in  d i l u e n t ) .  The r e s u l t a n t  sol 

was concent ra ted  t o  1 M i n  metal and according t o  the chemical a n a l y s i s  

c o n t a i n e d , a  NO -/metal r a t i o  of 0.146. 

spheres  b u t  a f t e r  approximately 20 minutes dry ing  t i m e  i n  the 2 -e thy l - l -  

- 
- 

The s o l  was formed i n t o  micro- 3 

hexanol column, c rack ing  became severe. This phenomenon had been observed 
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prev ious ly  when forming spheres  from a sol with  a high n i t r a t e - t o - m e t a l  

r a t i o .  The s o l  was found t o  be made up of 25 t o  40 angstrom c r y s t a l l i t e s  

r a t h e r  than the 50 t o  60 angstrom c r y s t a l l i t e s  u s u a l l y  observed i n  Tho -UO 
2 3  

s o l s  made by so lven t  e x t r a c t i o n .  Diges t ion  of the s o l  f o r  s e v e r a l  hours a t  

an e l eva ted  temperature f a i l e d  t o  improve the forming c h a r a c t e r i s t i c s .  

A t h i r d  run w i l l  be made wi th  an increased  e x t r a c t a n t  flow t o  decrease 

the N03-/metal r a t i o .  

2. Fueled Graphi te  F a b r i c a t i o n  Development 

(F. J. Furman, J .  D. Sease, and R. A.  Bowman) 

We are developing processes  and equipment f o r  the r e f a b r i c a t i o n  of 

HTGR f u e l  a s  d e t a i l e d  i n  the Nat ional  HTGR Recycle Development Program 

Plan.  

oxide o r  carb ide ,  coated wi th  mul t ip l e  l a y e r s  of p y r o l y t i c  carbon and 

s i l i c o n  carb ide .  These p a r t i c l e s  a r e  loaded i n t o  hexagonal g r a p h i t e  logs  

which con ta in  both f u e l  and coolan t  ho les .  

The f u e l  c o n s i s t s  of microspheres of thorium and/or  uranium as the 

Our work is  d iv ided  i n t o  p a r t i c l e  coa t ing ,  p a r t i c l e  handl ing and 

inspec t ion ,  p a r t i c l e  blending, f u e l  element assembly, and f u e l  element 

inspec t ion .  Most of the work t h i s  month was on p a r t i c l e  coa t ing  and 

inspec t ion .  

2.1 P a r t i c l e  Coating 

We have r e c e n t l y  completed cons t ruc t ion  of a 5-in.-diam pro to type  

remote coa t ing  furnace.  This furnace is  an advanced vers ion  of o u r  5- in . -  

diam l abora to ry  furnace which has been s u c c e s s f u l l y  coa t ing  p a r t i c l e s  f o r  

o v e r  two years .  The improvements incorpora ted  i n t o  the prototype furnace 

a r e  intended t o  demonstrate remote, product ion-scale  ope ra t ion  and mainte- 

nance. Besides being the prototype of a l a rge - sca l e  remote p a r t i c l e  coa t -  

ing furnace,  t h i s  furnace is  s u f f i c i e n t l y  instrumented t o  be a va luable  

development too l .  The furnace is  shown i n  Fig.  1. Also shown are some 

of the exhaust  handl ing equipment such as f i l t e r s ,  p re s su re  gages, and 

valves .  Figure 2 shows the c o n t r o l  panel  f o r  the furnace.  The e n t i r e  

opera t ion ,  inc luding  the furnace temperature,  the exhaus t  system, and the 
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Fig. 1. Pro.>typ- 5 "  Diameter Remote Caater 
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gas supply are c o n t r o l l e d  from t h i s  panel.  A no tab le  f e a t u r e  of the 

panel  i s  t h a t  no combustible gases  are routed through the panel .  A l l  

combustible gas  valves and p ip ing  are loca ted  elsewhere and con t ro l l ed  by 

pneumatic methods from the panel.  This approach minimizes the danger of 

combustible gas  leaks  i n  the ope ra t ing  area. Also seen i n  Fig.  2 a r e  the 

numerous s a f e t y  alarms along the panel  top and the gas ana lyzers  a t  the 

r i g h t  s ide  of the panel .  

the  condi t ion  is  p o t e n t i a l l y  dangerous, they au tomat i ca l ly  shut  down 

coa t ing  opera t ions .  

These devices  s i g n a l  unsafe condi t ions  and, i f  

-. 
. .- 

During the pas t  month we completed the remaining checkout of the 

furnace and opera ted  i t  f o r  the f i r s t  time. During the f i n a l  checkout 

phase we r epa i r ed  the s t a c k  0 monitor,  r epa i r ed  and modified the furnace 

exhaust ,  weather-proofed the exhaust  system, and completed the furnace 

temperature con t r o  l l e  r. 

2 

The s t a c k  0 monitor,  u sed  t o  ensure complete purging of the furnace 2 
and furnace exhaust  system p r i o r  t o  coat ing,  f a i l e d  when a f i lament  burn t  

ou t .  The u n i t  as - rece ived  was c a l i b r a t e d  f o r  He as the background gas,  

and when N was used, the g r e a t  d i f f e rence  i n  p r o p e r t i e s  of these gases  

caused the f i lament  to  overheat .  Af te r  rep lac ing  the f i lament ,  the i n s t r u -  

ment was c a l i b r a t e d  w i t h  N 

2 

2 '  

During the ope ra t ion  of the 5-in.-diam coa t ing  furnace i n  the Coated 

P a r t i c l e  Development Laboratory,  w e  d iscovered t h a t  a t  high gas flows, some 

p a r t i c l e s  were being blown ou t  the exhaust  of the furnace.  We i n s t a l l e d  a 

b a f f l e  i n  f r o n t  of the exhaus t  p o r t  t o  prevent  loss of the p a r t i c l e s  ou t  

the exhaust .  This b a f f l e  w a s  so  success fu l  t h a t  we a l so  have i n s t a l l e d  one 

on the prototype coa t ing  furnace.  

Work w a s  a l s o  completed on the furnace temperature c o n t r o l l e r  sensor .  

This  device i s  a h igh ly  s e n s i t i v e  p h o t o e l e c t r i c  c e l l  s igh ted  on the furnace 

cone wall  through a col l imator ' .  

We have a l s o  weather-proofed the water sea l ed  H pump used i n  the 
2 

exhaust  system of the coa t ing  furnaces .  The pump sys t em which is loca ted  

on the roof had t o  be heat- taped and in su la t ed .  
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Af ter  completing the above i tems, we made s e v e r a l  coa t ing  runs ' i n  the 

pro to type  c o a t e r  us ing  ace ty lene  as the  coa t ing  gas .  Using cond i t ions  

e s t a b l i s h e d  i n  our  5-in.-diam development c o a t e r  w i th  1 kg ba tches  of 

nominal 360 ~1 Tho microspheres,  the coa t ings  obtained appear t o  be as 

expected,  Deta i led  a n a l y s i s  of these coa t ing  runs a r e  now i n  progress .  
2 

111. MATERIALS IRRADIATION 

(A. L. Lo t t s ,  T. N. Washburn, J. D. Sease, and J .  H. Coobs) 

1. I r r a d i a t i o n  of Prototype Recycle F u e l s  

(A. R. Olsen, R. B. F i t t s ,  and F. J. Furman) 

I r r a d i a t i o n  t e s t s  f o r  the HTGR r ecyc le  program have a twofold o b j e c t i v e :  

(1) t o  provide i r r a d i a t e d  f u e l  f o r  head-end process  s t u d i e s ,  and (2) t o  

provide i r r a d i a t i o n  proof t e s t s  of the processes  and of  the products  of 

the var ious  s t a g e s  of process  development f o r  the Thorium-Uranium Recycle 

F a c i l i t y .  The t e s t  condi t ions  have been def ined  as f u e l  temperatures  
21  between 750 and 130OOC w i t h  f a s t  f luence  exposures  from 4 t o  8 x 10 

neutrons/cm2 and burnup l e v e l s  up t o  20% FIMA. 

A mul t i - s tage  program has been proposed, w i t h  two s t a g e s  t o  be 

implemented dur ing  FY-1970. These two s t a g e s  involve acce le ra t ed  capsule  

t e s t s  i n  the Advanced Test Reactor and e i g h t  Recycle T e s t  Elements t o  be 

i r r a d i a t e d  i n  the Peach Bottom Reactor.  

1.1 Capsule I r r a d i a t i o n s  

We have j u s t  been informed by Idaho Nuclear Corporation t h a t  on ly  

one "A" p o s i t i o n  in  the ATR i s  c u r r e n t l y  unassigned. They are c o l l e c t i n g  

d a t a  on t h i s  p o s i t i o n  and four  o t h e r  s i m i l a r - s i z e  t e s t  l o c a t i o n s  so  t h a t  

d e t a i l e d  experimental  design work can proceed. I f  these  a l t e r n a t e  ATR 

p o s i t i o n s  do not  have s a t i s f a c t o r y  f l u x  l e v e l s  and energy d i s t r i b u t i o n ,  we 

w i l l  be r e s t r i c t e d  to  a s i n g l e  capsule  in  the ATR. Because of t h i s  l imi t a -  

t i o n  we are i n v e s t i g a t i n g  a poss ib l e  a l t e r n a t e  t o  ATR i r r a d i a t i o n s .  The 

a l t e r n a t e  approach involves  the use  of a "par t ia l -e lement"  i n  the ORR. 

Deta i led  designs f o r  these  elements,  t h e i r  a v a i l a b i l i t y ,  c o s t  and informa- 

t i o n  on f l u x  energy spectrums and l e v e l s  have been requested from the ORNL 

Operat ions Divis ion.  
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1.2 Large-Scale I r r a d i a t i o n s  

Eight  tes t  f u e l  e lements  w i l l  be i r r a d i a t e d  i n  the Peach Bottom 

Reactor.  These elements,  designated Recycle Test Element (RTE's) ,  w i l l  

con ta in  samples of f u e l s  of the types proposed f o r  use i n  the  1100 Mw(e) 

HTGR. These t e s t s  w i l l  se rve  two purposes. 

(1) They w i l l  provide f u e l  w i t h  va r i ed  i r r a d i a t i o n  h i s t o r i e s  f o r  

l imi t ed  s c a l e  checkout of head-end reprocess ing  p r i o r  t o  f i n a l  

design of equipment f o r  TURF. 
(2) They w i l l  provide thorough t e s t i n g  of the i r r a d i a t i o n  performance 

of the candida te  recyc le  and make-up f u e l s .  

A schedule and proposed f u e l  loading f o r  the t es t  elements have been 

received from Gulf General Atomic. I n  t h i s  schedule the f i r s t  two R T E ' s  

are discharged a f t e r  one year  of i r r a d i a t i o n ;  two more a f t e r  two years ;  and 

the remaining f o u r  a f t e r  t h ree  years  in - reac tor .  The proposed f u e l  loading 

p l aces  primary emphasis on the i r r a d i a t i o n  of make-up types of f u e l  p a r t i -  

c les  ( a l l  carb ide)  w i th  less t e s t i n g  of recyc le  f u e l  p a r t i c l e s  (oxide-carbide 

combinations). We are p r e s e n t l y  eva lua t ing  t h i s  proposal .  

... .. 
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I V .  URANIUM-233 REPROCESSING+ 

(J.  R .  P a r r o t t ,  R .  G .  Nicol ,  W .  A .  Shannon) 

ORNL se rves  as a n a t i o n a l  d i s t r i b u t i o n  c e n t e r  f o r  233U.  The f a c i l i t y ,  

which con ta ins  a s m a l l  ba t ch  l e a c h e r ,  a b a t c h  d i s s o l v e r ,  and a s ingle-cyc le  

so lven t  e x t r a c t i o n  system, i s  capable  of p u r i f y i n g  2 3 3 U  a t  t h e  r a t e  of 

25 kg p e r  week. It inc ludes  s t o r a g e  systems f o r  l i q u i d s  and s o l i d s ,  wit-h 

c a p a c i t i e s  of 500 and 120 kg of 233U r e s p e c t i v e l y .  

1. Disso lu t ion  and P u r i f i c a t i o n  

The d i s s o l u t i o n  and p u r i f i c a t i o n  equipment were not opera ted  during 

t h e  month. 

a l l  t h e  sc rap  has been d i s so lved  and accounted f o r .  

Except f o r  9 kg of  uranium (84% 2 3 3 U )  remaining i n  t h e  v a u l t  , 

2. S torage  and D i s t r i b u t i o n  

The f a c i l i t y  p r e s e n t l y  con ta ins  226 kg of 233U which v a r i e s  i n  

i s o t o p i c  p u r i t y  between 84 and 98% and 232U conten t  between 4 and 250 ppm. 

No r e c e i p t s  or shipments were made during t h e  month. 

We .a lso have a f a c i l i t y  (TRUST-Thorium Reactor Uranium Storage  Tank) 

i n  which we s t o r e  1047 kg of h igh ly  enr iched  uranium (76.5% 235U,  9.7% 
2 3 3 U )  i n  t h e  form of a u rany l  n i t r a t e  s o l u t i o n .  This  m a t e r i a l  i s  t h e  

uranium product  from t h e  Indian  Po in t  r e a c t o r  f u e l ,  which w a s  p u r i f i e d  by 

so lven t  e x t r a c t i o n  a t  t h e  Nuclear Fuels  Se rv ices  P l a n t .  The s o l u t i o n  w i l l  

be s t o r e d  i n d e f i n i t e l y  s i n c e  t h e  232U conten t  (120 ppm) p r o h i b i t s  i t s  

d i r e c t  r e f a b r i c a t i o n  i n t o  f u e l  e lements ,  and t h e  low 233U content  makes it 

of l i t t l e  i n t e r e s t  f o r  r e a c t o r s  demonstrat ing t h e  thorium f u e l  c y c l e .  

Resu l t s  of t h e  a n a l y s i s  of s o l u t i o n  removed from s t o r a g e  t ank  P-25 

(TUC-7) , a f t e r  adding more cadmium and gadolinium ( s o l u b l e  neutron po i sons )  

and a i r  sparg ing  f o r  6 hours ,  showed t h e  amounts of poisons t o  cont inue  t o  

be l e s s  t h a n  t h a t  s p e c i f i e d  i n  t h e  c r i t i c a l i t y  review,  as fo l lows :  

Poison 

Cd 

Gd 

Mole Ra t io  wi th  r e s p e c t  t o  U 
Sample TUC-7 S p e c i f i c a t i o n  r -  

0.286 

0.0218 

> 0.313 - 
- > 0.0263 
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The t ank  w a s  a i r  sparged another  8 hours* and sampled (TUC-8) as b e f o r e .  

The r e s u l t s  showed t h e  C d / U  mole r a t i o  t o  be 0.307 and the  G d / U  r a t i o  t o  

be 0.0256; t h e s e  a r e  wi th in  t h e  accuracy of measurement. 

A new v e s s e l  o f f - g a s . l i n e  f o r  t a n k  P-25 was  i n s t a l l e d ,  except  for t h e  

p re s su re  c o n t r o l . v a l v e  and a s soc ia t ed  instrument  tub ing .  The va lve  i s  

scheduled t o  be shipped i n  e a r l y  December. 

3. LWBR Support Program 

Funding w a s  r ece ived  from B e t t i s  Atomic Power Laboratory t o  support  

ORNL p a r t i c i p a t i o n  i n  t h e  Light Water Breeder Reactor Program. 

r ece ive  approximately 650 kg of 233U from t h e  product ion p l a n t s ,  s t o r e  t h e  

m a t e r i a l  as a s o l i d  o r  s o l u t i o n ,  p u r i f y  and convert  t o  ceramic grade U02 

powder at a rate of 25 kg 233U pe r  week. 

i n  January,  1971. 

ORNL w i l l  

Operat ion i s  scheduled t o  begin  , 

Development programs t o  opt imize t h e  p u r i f i c a t i o n  as w e l l  as t h e  oxide 

forming f lowshee ts  a r e  underway. Detailed des ign  of t h e  a d d i t i o n a l  s to rage  

space and modi f ica t ions  t o  t h e  so lven t  e x t r a c t i o n  f a c i l i t y  have begun. 

t 

? 

! -  

*Sparging c o n s i s t e d  of e i g h t  1-hour t e s t s  because of t h e  h igh- rad ia t ion  
background c r e a t e d  i n  t h e  v e s s e l  off-gas  l i n e .  The t e s t s  were made a t  
2-day i n t e r v a l s  t o  a l low f o r  decay of 232U daughters .  
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