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THORIUM FUEL CYCLE DEVELOPMENT PROGRESS REPORT 

OCTOBER 1970 

No. 15 

Compiled by 

The S t a f f  of the Chemical Technology and 
Metals and Ceramics D i v i s i o n s  

INTRODUCTION 

The thorium f u e l  c y c l e  development a t  ORNL i s  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  

c o n t a i n i n g  coo lan t  channels  and f u e l  and b l a n k e t  h o l e s .  The f u e l  and 

b l a n k e t  are made of microspheres  of uranium o r  thor ium compounds 

s e p a r a t e l y ,  o r  of mix tu res  of them i n  a s i n g l e  microsphere .  The 

microspheres  are coa ted  w i t h  l a y e r s  of p y r o l y t i c a l l y  d e p o s i t e d  carbon 

and i n  some cases s i l i c o n  c a r b i d e .  The microspheres  are r e t a i n e d  i n  

the h o l e s  i n  the g r a p h i t e  b locks  i n  a bonded s ta te .  

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

p r o g r e s s  a t  ORNL. In a d d i t i o n ,  a major r e c y c l e  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 Labora tory  (CPDL) has  been p u t  

i n t o  o p e r a t i o n  i n  Bu i ld ing  4508. TURF i s  in t ended  t o  b e  used as a 

development f a c i l i t y  f o r  f u e l  r e c y c l e .  The CPDL i s  f o r  eng inee r ing  

development s t u d i e s  l e a d i n g  t o  des ign  of  t h e  equipment t o  b e  used i n  

TURF. 
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I. HEAD-END PROCESSING DEVELOPMENT 

The o b j e c t i v e  of t h i s  program i s  t o  e v a l u a t e  head-end p r o c e s s e s  

f o r  conve r t 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  r ecove ry  

and decontaminat ion  of t h e  thorium and uranium by a s o l v e n t  e x t r a c t i o n  

p r o c e s s .  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  are 

s t u d i e d  t o  de te rmine  e f f e c t s  of i r r a d i a t i o n  on f u e l  r e p r o c e s s i n g  s t e p s  

and t o  c o r r e l a t e  w i t h  me ta l log raph ic  s t u d i e s .  An impor t an t  o b j e c t i v e  

i s  t h e  d e t e r m i n a t i o n  of the amount of breakage  of p a r t i c l e  c o a t i n g s  

and the r e s u l t a n t  amount of c ross -contaminat ion  of t h e  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  p r o c e s s i n g  s t e p s .  

Mechanical systems are be ing  developed f o r  degrading  t h e  f u e l s  and 

p rov id ing  a material s u i t a b l e  f o r  use  i n  s t u d i e s  of the burn- leach  

s t e p s  u s i n g  f lu id i zed -bed  o r  f ixed-bed bu rne r s .  The mechanica l  and 

burn-leach e n g i n e e r i n g  development work i s  c a r r i e d  ou t  u s i n g  f u l l -  

scale u n i r r a d i a t e d  f u e l  of t h e  t y p e  t o  b e  used i n  PSC, and i s  des igned  

t o  p rov ide  sca le -up  d a t a  f o r  u se  i n  t h e  des ign  of p i l o t  o r  f u l l - s c a l e  

p r o c e s s i n g  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)  

Procurement of Dragon Fue l s  

The u n i r r a d i a t e d  compacts have a r r i v e d  from Dragon. There h a s  

been a l i t t l e  d i f f i c u l t y  i n  t r y i n g  t o  c o r r e l a t e  t h e  code numbers on 

t h e  compacts w e  r e c e i v e d  w i t h  t h e  compacts w e  r eques t ed .  W e  are 

p r e s e n t l y  t r y i n g  t o  r e s o l v e  t h e  problem t h i s  has  caused.  

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

(R. S .  Lowrie) 

The head-end eng inee r ing  s t u d i e s  comprise  two p r i n c i p a l  areas of 

i n v e s t i g a t i o n  - ' 'mechanical" and "burn-leach. 

fol lowed h a s  e n t a i l e d  t h e  comminution of a f u e l  e lement  t o  produce 

s u i t a b l e  feed  material f o r  t h e  burn-leach p rocess .  A number of 

The g e n e r a l  approach 
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changes have occurred  i n  t h e  o v e r a l l  HTGR program d u r i n g  t h e  p a s t  y e a r  

and some of them, such as the r e c e n t  d e c i s i o n  of GGA t o  u se  bonded 

f u e l  s t i c k s  i n s t e a d  of loose  p a r t i c l e s  i n  HTGR f u e l  e l emen t s ,  has  l e d  

t o  changes i n  ou r  i d e a s  of t h e  mechanical equipment r e q u i r e d  t o  reproc-  

ess s p e n t  r e a c t o r  f u e l .  

2 . 1  TURF Process  Flowsheet C a l c u l a t i o n s  (R. S .  Lowrie) 

D e t a i l e d  p rocess  f lowshee t s  have been prepared  showing t h e  

compositions of i n l e t  and o u t l e t  streams f o r  t h e  head-end, ac id - tho rex  

s o l v e n t  e x t r a c t i o n ,  s o l  fo rma t ion ,  and microsphere  p r e p a r a t i o n  s t e p s  

du r ing  t h e  h o t  demonst ra t ion  run i n  TURF. 

During t h e  p a s t  month w e  have been ana lyz ing  t h e  problems 

a s s o c i a t e d  w i t h  hand l ing  and d i spos ing  of t h e  v a r i o u s  p rocess  w a s t e  

streams from t h e  head-end o p e r a t i o n s .  It i s  clear t h a t  gaseous wastes 

w i l l  be our  o v e r r i d i n g  problem. The f lowshee t s  and waste problems 

w i l l  be  p r e s e n t e d  and d i s c u s s e d  i n  nex t  month's r e p o r t .  

t i m e ,  w e  have resumed f l u i d i z e d  bed bu rne r  s t u d i e s .  Here, our  major 

problem i s  g e t t i n g  p r o t o t y p e  f u e l  t o  work w i t h .  

I n  t h e  mean- 
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11. REFABRICATION DEVELOPMENT 

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

The f u e l  material of pr imary i n t e r e s t  f o r  ORNL r e c y c l e  s t u d i e s  i s  

the Th02-U02 p a r t i c l e ,  which has a tho r ium- to - f i s s i l e  uranium r a t i o  

of about  4 .2 .  

350 t 100 p i n  d i ame te r ,  made by t h e  s o l - g e l  p rocess .  

i n c l u d e s  development and demonst ra t ion  of a l l  p rocess  s t e p s  involved  

i n  making remotely the Th02-U02 microspheres .  The s t e p s  i n c l u d e  

demonst ra t ing  r e l i a b l e ,  remote p rocesses  f o r  r ep roduc ib ly  mixing 

Th(N0 ) and U 0 2 ( N 0  ) s o l u t i o n s  i n  t h e  d e s i r e d  thorium-to-uranium 

r a t i o ,  p r e p a r i n g  the mixed, s t a b l e  Th02-U0 

exceeding 1 g-mole of oxides  per  l i t e r ,  forming Tho -U03 g e l  micro- 

s p h e r e s ,  and conve r t ing  them t o  dense  Tho -UO 

The uncoated f u e l  p a r t i c l e s  are t o  be microspheres  

Fuel  p r e p a r a t i o n  

3 4  3 2  
s o l  i n  c o n c e n t r a t i o n s  3 

2 
i n  good y i e l d .  2 2  

Experimental  s t u d i e s  of p rocesses  and equipment f o r  p r e p a r a t i o n  

of s o l s  and microspheres  are r e p o r t e d  here. The p r e s e n t  emphasis i s  

on p r o c e s s e s ,  p rocedures ,  and p ro to type  equipment f o r  p r e p a r a t i o n  of 

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

Tests of f lowshee t s  and procedures  t o  be used f o r  tes t  materials 

p r e p a r a t i o n  are a l s o  inc luded .  

1.1 S o l  and Microsphere P r e p a r a t i o n  Development (P. A. Haas) 

The s t i l l  used f o r  a l c o h o l  p u r i f i c a t i o n  and r e c y c l e  i n  the 

Bldg. 4505 sphe re  p r e p a r a t i o n  system w a s  r e b u i l t  w i t h  l a r g e r  h e a t  

exchangers  and a l a r g e r  l iqu id-vapor  d isengaging  s e c t i o n .  The 

r e b u i l t  s t i l l  w i l l  be  adequate  f o r  l a r g e r  f lows t o  a l low e i t h e r  lower 

e q u i l i b r i u m  water c o n c e n t r a t i o n s  i n  t h e  2EH o r  h ighe r  s o l  f eed  f lows 

t o  t h e  sphe re  forming column. It w i l l  a l s o  be more s u i t a b l e  f o r  test 

of recovery of 2EH by complete d i s t i l l a t i o n ;  tests i n  t h e  p rev ious  

s t i l l  were l i m i t e d  by e x c e s s i v e  ca r ryove r  of sur fac tan ts - -probably  

by foaming. 
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1 . 2  Sphere-Forming Column Chemistry (W. D.  Bond, J. W. S n i d e r ,  
P .  A. Haas) 

Our p rev ious  s t u d i e s  have shown t h a t  pH, s u r f a c t a n t  c o n c e n t r a t i o n  

and water con ten t  of 2-ethyl-1-hexanol (2EH) are impor t an t  v a r i a b l e s  

i n  the microsphere forming p r o c e s s .  W e  are 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  c o n c e n t r a t i o n  du r ing  

cont inuous  o p e r a t i o n  of s p h e r e  forming columns. Our p r e s e n t  system 

f o r  c o n t r o l l i n g  t h e  water con ten t  i s  adequate .  For water con ten t  

c o n t r o l ,  a p o r t i o n  of t h e  used s o l v e n t  is  hea ted  a t  150-160°C t o  

remove most of t h e  water, and t h e  d e s i r e d  water con ten t  i s  ob ta 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  t h e  remaining w e t  s o l v e n t .  

I n  t h e  p a s t ,  sphe re  forming columns have been ope ra t ed  con t inuous ly  

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

s u r f a c t a n t  caused l a r g e l y  by r e a c t i o n  of t h e  n i t r i c  a c i d  ( e x t r a c t e d  

from t h e  s o l )  w i t h  t h e  s u r f a c t a n t s  du r ing  removal of water by 

d i s t i l l a t i o n .  I n  a d d i t i o n  t o  r e a c t i o n s  du r ing  d i s t i l l a t i o n ,  a 

r e l a t i v e l y  s m a l l  amount of r e a c t i o n  occur s  i n  t h e  forming column as 

evidenced by s low d i s c o l o r a t i o n  of t h e  s o l v e n t  when t h e  forming 

column i s  b a t c h  ope ra t ed  wi thou t  a d i s t i l l a t i o n  system. The pH o r  

a c i d  c o n t e n t s  of t h e  2EH t h a t  have been employed i n  cont inuous  opera- 

t i o n ,  have been mainly those  governed by t h e  amount of a c i d  e x t r a c t e d  

from t h e  s o l  which can subsequent ly  b e  main ta ined  i n  t h e  2EH w i t h  t h e  

d i s t i l l a t i o n  sys tem o p e r a t i n g .  When h i g h e r  a c i d  c o n t e n t s  are r e q u i r e d ,  

n i t r i c  a c i d  must be  added t o  t h e  2EH and r e a c t i o n s  w i t h  s u r f a c t a n t s  

and 2EH are i n c r e a s e d .  Labora tory  s t u d i e s  have shown t h a t  r e a c t i o n s  

of n i t r i c  a c i d  du r ing  d i s t i l l a t i o n  could e s s e n t i a l l y  b e  e l i m i n a t e d  

by removal of t h e  a c i d  p r i o r  t o  t h e  d i s t i l l a t i o n  s t e p  by i o n  exchange. 

The a c i d  con ten t  of t h e  a l c o h o l  could then  b e  main ta ined  by adding 

n i t r i c  a c i d  t o  t h e  a l c o h o l  a f t e r  t h e  removal of water by d i s t i l l a t i o n .  

We are p r e s e n t l y  e v a l u a t i n g  t h i s  procedure  as a means of c o n t r o l l i n g  

t h e  pH and s u r f a c t a n t  c o n c e n t r a t i o n  of t h e  UNOP sphe re  forming column 

d u r i n g  cont inuous  o p e r a t i o n .  S t u d i e s  are con t inu ing  on t h e  e f f e c t  of 

s u r f a c t a n t  and water c o n t e n t ,  and t h e  pH of 2EH on sphe re  forming 

u s i n g  d i f f e r e n t  s o l s  i n  b a t c h  ope ra t ed  l a b o r a t o r y  forming columns. 
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Recovery of 2EH f o r  Recycle  (W. D .  Bond, C. W. Greene) 

W e  are s t u d y i n g  a d i s t i l l a t i o n  p r o c e s s  f o r  p u r i f y i n g  2EH f o r  

r e c y c l e  t o  the sphere-forming column. The 2EH i s  recovered  from 

s u r f a c t a n t s  and degrada t ion  p roduc t s  by d i s t i l l i n g  2EH and w a t e r  from 

t h e  used s o l v e n t  a t  1 8 0 ° C  and t h e n  t h e  water c o n t e n t  is  a d j u s t e d  by 

a second d i s t i l l a t i o n  a t  1 6 0 ° C .  R e s u l t s  con t inue  t o  show that  t h e  

r ecove red  2EH + H 0 is  f r e e  of s u r f a c e  act ive materials. However, 

gas  chromatographic  a n a l y s e s  show t h a t  t h e  recovered  2EH i s  of 99.39% 

p u r i t y  as compared t o  99.93% f o r  t h e  2EH as r e c e i v e d  from t h e  manu- 

f a c t u r e r .  T h i s  amount of impur i ty  i s  s i m i l a r  i n  amount t o  t h e  l a r g e r  

amounts of  s u r f a c t a n t  w e  add.  Thus,  i t  may b e  impor t an t .  The 

impur i ty  i s  judged t o  have a lower b o i l i n g  p o i n t  t han  2EH from i t s  

o r d e r  of e l u t i o n  i n  t h e  gas  chromatographic  a n a l y s i s .  Experiments 

are i n  p r o g r e s s  t o  remove t h e  impur i ty  by f u r t h e r  d i s t i l l a t i o n .  

2 

1 .3  Equipment Development and Design (P. A .  Haas, C. C. Haws) 

We are rev iewing  t h e  f lowshee t  requi rements  f o r  f i r i n g  s o l - g e l  

s p h e r e s  i n  o r d e r  t o  select  the equipment f o r  development s t u d i e s .  

For Tho -UO 

f o r  12  kg/day of ox ides  in TURF. 

of muf f l e  f u r n a c e  i s  p r a c t i c a l  f o r  t h i s  scale of o p e r a t i o n .  W e  can 

probably  demonst ra te  o p e r a t i o n  of t h i s  t ype  of cont inuous  f u r n a c e  

as e a s i l y  as w e  can demonst ra te  t h e  long-term d u r a b i l i t y  and dependa- 

b i l i t y  of t h e  alumina p o t  and h y d r a u l i c  t r a n s f e r s  which w e  used f o r  

t h e  l a s t  Th02-U0 p r e p a r a t i o n s .  The cont inuous  f i r i n g  i s  p r e f e r r e d  

f o r  ease of sca le -up .  T h e r e f o r e ,  w e  p l a n  t o  purchase  a s t a n d a r d  push- 

t,hrough f u r n a c e  of  about  4 i n .  I D  f o r  t e s t i n g .  

s p h e r e s ,  w e  need t o  demonst ra te  t h e  f i r i n g  f lowshee t s  2 2  
A con t inuous ,  push-through type  

2 

Recent f i r i n g  tests f o r  l a r g e  UO s p h e r e s  show a need f o r  b e t t e r  
2 

atmosphere c o n t r o l  t han  i s  p o s s i b l e  i n  our  b a t c h  muf f l e  fu rnace .  We 

are adap t ing  h i g h  d e n s i t y  a lumina t u b e s  f o r  test f i r i n g  of 1 / 2  t o  1 

kg b a t c h e s  of U 0 2  s p h e r e s .  
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1 . 4  P r e p a r a t i o n  of Test Materials (P. A. Haas) 

F a b r i c a t i o n  of test e lements  f o r  HTGR head-end r e p r o c e s s i n g  

s t u d i e s  w i l l  r e q u i r e  5 t o  10 kg of 100 1-1 n a t u r a l  UO sphe res .  W e  

p l a n  t o  p r e p a r e  t h e s e  p a r t i c l e s  from CUSP s o l s  i n  our  non-f lu id ized  

column system. The c o o l i n g  water p i p i n g  t o  the s t i l l  f o r  t h i s  

column w a s  a l t e r e d  t o  a l low o p e r a t i o n  w i t h  h o t  a l coho l .  

o p e r a t i o n  a t  39°C gave less of the p i t t i n g  o r  dimple-type d i s t o r t i o n  

than  o p e r a t i o n  a t  28"C, b u t  the d i f f e r e n c e  w a s  s m a l l .  While our  

column w a s  n o t  t a l l  enough t o  complete  g e l a t i o n  i n  2EH a t  28"C, m a s s  

t r a n s f e r  c a l c u l a t i o n s  i n d i c a t e  t h a t  w e  can make these s p h e r e s  i n  2EH 

a t  4 O O C .  

2 

For - n-hexanol,  
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2. FUELED GRAPHITE FABRTCATTON DEVELOPMENT 

(F.  J .  Furman, W. H. Pechin ,  C .  B.  Po l lock ,  
J .  M.  Robbins,  and J. D.  Sease)  

W e  are  developing  p rocesses  and equipment f o r  t h e  r e f a b r i c a t i o n  

of HTGR f u e l  as d e t a i l e d  i n  t h e  Na t iona l  HTGR Recycle  Development 

Program Plan .  The f u e l  c o n s i s t s  of microspheres  of thorium and /o r  

uranium as t h e  ox ide  o r  c a r b i d e ,  coa ted  w i t h  m u l t i p 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  c a r b i d e .  These p a r t i c l e s  are loaded  

i n t o  hexagonal  g r a p h i t e  l o g s  which c o n t a i n  bo th  f u e l  and c o o l a n t  

h o l e s .  

Our work i s  d i v i d e d  i n t o  p a r t i c l e  c o a t i n g ,  p a r t i c l e  hand l ing  

and i n s p e c t i o n ,  f u e l  s t i c k  making, and element  assembly. L a s t  r e p o r t  

pe r iod  w e  concen t r a t ed  on p a r t i c l e  c o a t i n g  development.  We cont inued  

t h e  work r e p o r t e d  l a s t  pe r iod  on modifying t h e  p r o t o t y p e  c o a t i n g  

f u r n a c e  and con t inued  a series of  tests t o  e s t a b l i s h  load  l i m i t s  of  

a 5-in.-diam c o a t i n g  f u r n a c e ,  paying p a r t i c u l a r  a t t e n t i o n  t o  c o a t i n g  

HTGR r e f e r e n c e  r e c y c l e  p a r t i c l e s  w i t h  a minimum of  s o o t  i n c l u s i o n s  

and f a c e t i n g .  We began s e t t i n g  up a f u e l  s t i c k  f a b r i c a t i o n  l i n e .  

2 .1  P a r t i c l e  Coat ing 

W e  are i n v e s t i g a t i n g  how v a r i a t i o n  of t h e  parameters  used i n  

c o a t i n g  r e f e r e n c e  r e c y c l e  HTGR f u e l  p a r t i c l e s  a f f e c t s  t h e  q u a l i t y  of 

c o a t i n g s  and f u r n a c e  cone l i f e .  S p e c i f i c a l l y ,  w e  are i n t e r e s t e d  i n  

minimizing f a c e t i n g  and s o o t i n g  i n  propene c o a t i n g s .  We have 

e s t a b l i s h e d  t h e  d e n s i t i e s  which r e s u l t  from v a r i a t i o n  of propene 

f l u x  and f u r n a c e  t empera tu re  f o r  a 700 g s t a r t i n g  load  f o r  o u r  5-in.-diam 

l a b o r a t o r y  c o a t e r .  The r e s u l t a n t  cu rves  are shown i n  F ig .  2 .1 .  These 

cu rves  apply  f o r  c o a t i n g  w i t h  no d i l u t i o n  of  t h e  hydrocarbon g a s ,  

do n o t  y e t  have s u f f i c i e n t  q u a n t i t a t i v e  d a t a  t o  ana lyze  t h e  e f f e c t s  of 

t h e s e  c o a t i n g  parameters  on p a r t i c l e  shape ,  b u t  w e  now have methods f o r  

shape  d e t e r m i n a t i o n  as d e s c r i b e d  i n  S e c t i o n  2.2 and w e  w i l l  c o l l e c t  t h e  

same t y p e  of i n fo rma t ion  f o r  p a r t i c l e  shape  as is  shown f o r  c o a t i n g  

d e n s i t y  i n  F ig .  2.1.  

We 

A 
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2.2 Particle Inspection 

We have been investigating the measurement of particle shape. Two 

items are of interest: the geometric shape of the final particle and 

the variation of coating thickness at various points on the final particle 

The particle shape is of interest because of its effect on the packing of 

particles into molds prior to injection of binder in the fabrication of 

fuel sticks. The variation of coating thickness from point to point on 

the particle is of interest because of its expected influence on the 

irradiation performance of the particle. The shape of a solid particle 

is most easily characterized by the ratio of its maximum-to-minimum 

dimension. For simplicity we measure the maximum and minimum 

dimensions of the two-dimensional projection of the particle on a 

microradiograph. On the same microradiograph we can measure the maximum 

and minimum coating thickness of each particle. 

If the kernels are essentially round (shape factor = l.OOO>, then 

the particle shape factor can be determined from the ratio of maximum-to- 

minimum coating thickness. If shape is determined in this manner, however, 

the shape factor is also a function of the coating thickness. The 

analytical relationship is 

where 

= maximum coating thickness 

= minimum coating thickness 
max 

Tmin 

Dav 
Dk = average kernel diameter 

F 1  = ratio of maximum particle diameter to 

T 

= average particle diameter 

minimum particle diameter 

ratio represents a more max’Tmin The point here is that a given T 
irregularly shaped particle when the coating thickness is large than it 
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does f o r  a t h i n l y  coa ted  p a r t i c l e .  A t  t h e  p r e s e n t  t i m e  w e  are  p r i m a r i l y  

concerned w i t h  t h e  e f f e c t s  of c o a t i n g  parameters  on p a r t i c l e  shape;  

t h e r e f o r e ,  w e  w i l l  j udge  p a r t i c l e  shape on t h e  c o a t i n g  t h i c k n e s s  r a t i o  

T as measured from t h e  microradiograph .  This  i s  a somewhat more 

l a b o r i o u s  method than  t h e  t i l t i n g  p l a t e  which w a s  desc r ibed  i n  t h e  l a s t  

r e p o r t  of t h i s  series and w e  hope a comparison of d a t a  from t h e  two method 

w i l l  a l l ow us  t o  r e l y  more h e a v i l y  on t h e  t i l t i n g  p l a t e ,  e s p e c i a l l y  i n  

s i t u a t i o n s  where g r e a t  p r e c i s i o n  i s  n o t  r e q u i r e d .  

max’Tmin 

2.3 Fuel  S t i c k  F a b r i c a t i o n  

W e  are c o n s t r u c t i n g  an  HTGR f u e l  s t i c k  f a b r i c a t i o n  l i n e  w i t h  a 

product ion  c a p a c i t y  of up t o  400 i n .  of f u e l  s t i c k s  p e r  day. The l i n e  

w i l l  c o n s i s t  of a coa ted  p a r t i c l e  b a t c h  b l ende r  f o r  preb lending  t h e  f i s s i l e  

and f e r t i l e  p a r t i c l e  b a t c h e s  s e p a r a t e l y ,  a combinat ion f i s s i l e - f e r t i l e  

p a r t i c l e  b l ende r  and f u e l  s t i c k  mold l o a d e r ,  f u e l  s t i c k  molds, mold hea te r ,  

p i t c h  i n j e c t o r ,  and f u e l  s t i c k  e j e c t o r .  The b a t c h  b l e n d e r  h a s  been 

des igned  and t h e  p a r t s  are be ing  f a b r i c a t e d .  The combinat ion mixer- loader  

h a s  been f a b r i c a t e d .  I n i t i a l  t e s t i n g  w i l l  beg in  t h i s  month. The f u e l  

s t i c k  molds are a v a i l a b l e ,  a l though they  were o r i g i n a l l y  f o r  12-in.  f u e l  

s t i c k s  and must be  modif ied f o r  s h o r t e r  s t i c k s .  A mold h e a t e r  i s  a v a i l a b l e  

The p i t c h  i n j e c t o r  is be ing  f a b r i c a t e d  from a b o o s t e r  pump. The pump is  

being mounted and t h e  a u x i l i a r y  hardware assembled,  The pump f o r  t h e  f u e l  

s t i c k  e j e c t o r  i s  on hand. We expec t  t o  complete most of t h e  equipment 

f a b r i c a t i o n  du r ing  t h e  nex t  month and t o  beg in  t e s t i n g  t h e  i n d i v i d u a l  

components. 

111. TURF EQUIPMENT DESIGN AND ENGINEERING 

(A. L .  L o t t s ,  J. W. Anderson, J .  D. Sease, 
J .  W. S n i d e r ,  and J .  If.  Chandler)  

The o b j e c t i v e  of t h i s  p a r t  of t h e  program i s  t o  des ign ,  t o  cons t ruc t ,  

and t o  perform o p e r a t i o n a l  t e s t i n g  of t h r e e  p i l o t  p l a n t s  t o  demonst ra te  

r e c y c l e  of HTGR f u e l s .  These p i l o t  p l a n t s  are t h e  Head-End Reprocessing 

P i l o t  P l a n t ,  Acid Thorex P i l o t  P l a n t ,  and t h e  R e f a b r i c a t i o n  P i l o t  
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Plant, The Head-End Pilot Plant and the Refabrication Pilot Plant 

will be installed in Building 7930 and the Acid Thorex Pilot Plant 

will be installed in Building 3019. The design of these pilot 

plants will include processing equipment, materials handling equipment, 

waste treatment and disposal equipment, and modifications of the facilities 

of Buildings 7930 and 3019. These engineering efforts will include 

major processes and equipment involved in recycle Head-End, Solvent 

Extraction, Sol-Gel, and Refabrication, as well as Special Tasks such 

as waste and material handling and shipping. These are reported subse- 

quently under their respective subsections. 

General project activities during the reporting period included 

a continued effort toward updating the National HTGR Recycle Development 

Program Plan and the preparation of simplified process flow diagrams, 

task schedules, budget estimates, and illustration figures to be included 

in the program plan. The program letter containing budget information 

for the development program was received from RDT. A budget review 
was prepared summarizing the allocation of funds for the task within 

the program. 

1. Head-End Reprocessing Equipment 

summarizing the process proposed for the pilot plant Flowsheets 

were completed and made ready for inclusion in the program plan. A 
space utilization 

Building 7930, was begun and preliminary equipment layouts were developed 

utilizing Cell G and a portion of Cell C. 

layouts, some very preliminary conceptual equipment designs were prepared 

for estimating space requirements. 

study for the equipment to be installed in Cell G, 

To prepare these equipment 

2. SoJvent Extraction Equipment 

Flowsheets summarizing the process proposed for the Acid Thorex 

Pilot Plant were completed and made ready for inclusion in the program 

plan. 

task was completed for inclusion in the program plan. 

The overall schedule for performing the reprocessing demonstration 
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3 .  Sol-Gel Equipment 

Flowsheets  summarizing t h e  p rocess  proposed f o r  t h i s  p a r t  of 

t h e  R e f a b r i c a t i o n  P i l o t  P l a n t  were completed and made ready f o r  

i n c l u s i o n  i n  t h e  program p l a n .  The o v e r a l l  s chedu le  f o r  performing 

bo th  t h e  development and t h e  demonst ra t ion  p o r t i o n s  f o r  t h i s  program 

t a s k  w a s  completed and made ready  f o r  i n c l u s i o n  i n  t h e  program 

p l a n .  

4 .  R e f a b r i c a t i o n  Equipment 

Inc luded  i n  t h i s  s u b t a s k  i s  the remainder  of t h e  r e p r o c e s s i n g  

equipment t o  be  i n s t a l l e d  i n  t h e  R e f a b r i c a t i o n  P i l o t  P l a n t  n o t  

i nc luded  i n  Subsec t ion  3 above. General  work i n  t h i s  area dur ing  

t h e  r e p o r t i n g  pe r iod  inc luded  the development of a r e v i s e d  schedu le  

of t h i s  sub ta sk  t o  be  inc luded  i n  t h e  program p lan .  A pre l imina ry  

drawing l i s t  w a s  p repared  and a system f o r  numbering documents 

t h a t  w i l l  be  developed du r ing  t h e  des ign  of p i l o t  p l a n t  equipment 

w a s  e s t a b l i s h e d .  Meet ings were h e l d  w i t h  program pe r sonne l  t o  

e s t a b l i s h  a ser ies  of s t e p s  t o  gu ide  t h e  des ign  work. During t h e s e  

meet ings i t  w a s  agreed  t h a t  t h e  proposed f u e l  s t i c k  f a b r i c a t i o n  

machine desc r ibed  i n  t h e  l a s t  r e p o r t  of t h i s  series would b e  des igned  

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

4 . 1  R e f a b r i c a t i o n  Equipment Design 

(W. A. P a t e ,  F. C. Davis, and D.  D.  Cannon) 

The proposed f u e l  s t i c k  f a b r i c a t i o n  u n i t  i s  undergoing f i n a l  

d e s i g n  and w i l l  be  d e t a i l e d  f o r  f a b r i c a t i o n .  This  work w i l l  r e q u i r e  

%5 t o  6 weeks t o  complete  t h e  drawings and s p e c i f i c a t i o n s  r e q u i r e d  

f o r  shop f a b r i c a t i o n .  The concep tua l  des ign  of t h e  remotely ope ra t ed  

f u e l  element l oad ing  machine i s  p rogres s ing .  T h i s  concept  should  

be  completed by t h e  end of t h e  month. The 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  f u e l  p a r t i c l e  sample from a l a r g e  ba t ch  i s  be ing  

i n v e s t i g a t e d .  Two t y p e s  of samples are be ing  cons idered  a t  t h i s  

t i m e .  The f i r s t  is a m u l t i s t a g e  r i f f l e r  and t h e  second i s  a m u l t i s t a g e  
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conical divider. It is planned that development equipment will 

be designed so that both concepts can be tested through laboratory 

testing. 

5. Special Tasks 

5.1 Material Handling 
A brief study was prepared with a budget estimate of the 

cost involved in performing a very minimum demonstration of head- 

end reprocessing. This demonstration was based upon reprocessing 

through the Head-End Pilot Plant only a hundred spent fuel elements 

of the Ft. St. Vrain type. To perform the required demonstration 

in the Refabrication Pilot Plant, either U material would be 

taken from the storage facility in Building 3019 or the fuel elements 

233 

would be fabricated using 235U instead of 233U. 

A space utilization study was also made for using the facilities 
available in ORNL Building 7503 for receiving, handling, storage, 

and shipping of fuel. That study was based upon the assumption 

that the program would take beneficial occupancy of the facility 

and would clear out and renovate five cells which would be used 

as storage area for spent fuel elements being shipped from the 

Ft. St. Vrain Reactor for head-end reprocessing in Building 7930. 

Budget estimates were also prepared for this study to include cleanup 

of the cells in the facility with the modification and addition 

required to that facility, as well as those of Cell G and E in 
Building 7930. 

IV. MATERIALS IRRADIATION 

1. HTGR Recycle Fuels Irradiation 

(T. N. Washburn, R. B. Fitts, and A. R. Olsen) 
The irradiation tests on the HTGR recycle program have two 

main objectives: (1) to provide irradiated fuel for head-end 
process studies, and (2; to provide irradiation proof tests of 

k 
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the products of coated particle process development for the 

Thorium-Uranium Recycle Facility. The test conditions of interest 

include fuel temperatures between 600 and 13OO0C, burnup to 20% FIMA 
in the (Th,U)02 particles, and fast fluence exposures up to 

8 x lo2' neutrons/cm2. 

The first two stages in this program were implemented this 

year. They are: (1) the start of accelerated burnup rate capsule 
irradiation and (2) irradiation of eight fuel elements in the Peach 

Bottom Reactor. 

1.1 Capsule Irradiations 

(A.  R. Olsen) 
Fabrication of the experimental capsule components is %70% complete 

The mockup shroud was assembled onto the capsule satisfactorily so 

fabrication of the actual shrouds has been initiated. One shroud of each 

material, hafnium and Z A O %  Hf, has been preformed, etched, and welded. 

They are currently being annealed prior to final outer diameter sizing. 

All other capsule hardware components have been machined and preassembly 

of certain components has been initiated. 

1.2 Large Scale Irradiations 
(R. B. Fitts) 

The initial Set of s i x  RTE's is operating satisfactorily in the 
Peach Bottom Reactor. The reactor has now (to October 2 0 ,  1970) accumu- 

lated 83.8 days of full power operation since the installation of the 

RTE's, which is 9% of that planned for the highest burnup elements 

and 28% of that for the low burnup elements. 
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