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1. NTGR REPROCESSING DEVELOPMENT (SUBTASK 110)  

Overall HTGR f u e l  r e c y c l e  i n v o l v e s  shipment  and s t o r a g e ,  r e p r o c e s s i n g ,  
r e f a b r i c a t i o n ,  and waste d i s p o s a l .  Reprocess ing  d e a l s  w i t h  t h e  chemica l  
r e p r o c e s s i n g  of s p e n t  f u e l  t o  r e c o v e r  usefu l .  f u e l  v a l u e s  - b o t h  r e s i d u a l  
235TJ and 2 3 3 L J  c o n v e r t e d  from 232Th - and a l s o  t o  i s o l a t e  and c o n v e r t  
t h e  fission p r o d u c t s  and o t h e r  wastes i n t o  forms s u i t a b l e  f o r  d i s p o s a l .  
These chemica l  p r o c e s s i n g  s t e p s  are c o n v e n i e n t l y  grouped into f o u r  
areas: head  end ,  s o l v e n t  e x t r a c t i o n ,  o f f - g a s  c l e a n u p ,  and w a s t e  
p r o c e s s i n g  and i s o l a t i o n .  For  HTGR r e c y c l e ,  t h e  p r o d u c t  is i n  t h e  form 
of u r a n y l  n i t r a t e  s o l u t i o n ,  which w i l l  be t h e  €eed  f o r  a r e f a b r i c a t i o n  
plant. Reprocess ing  development is d i v i d e d  i n t o  t h e s e  work u n i t s :  

General Developnent  (Work U n i t  l l O O >  
Head End Development (Work U n i t  1101)  
S o l v e n t  E x t r a c t i o n  Development (Work U n i t  1102)  
Off-Gas Cleanup Development (Work Un i t  1103) 
P r o d u c t  P r e p a r a t i o n  (Work U n i t  1104) 
Waste P r o c e s s i n g  and I s o l a t i o n  (Work U n i t  1105) 

I n  g e n e r a l ,  r e p r o c e s s i n g  development i n  t h e  Thorium U t i l i z a t i o n  
Program p r o c e e d s  through s u c c e s s i v e ,  a l t h o u g h  f r e q u e n t l y  o v e r l a p p i n g ,  
s t a g e s  o f :  c o l d  l a b o r a t o r y  development ,  hot_ l a b o r a t o r y  development ,  
c o l d  e n g i n e e r i n g  development , hot  e n g i n e e r i n g  development ,  and c o l d  
p r o t o t y p e  development.  During t h e  p e r i o d  r e p o r t e d  h e r e i n ,  t h e  program 
01,ject:ive was t o  s u p p l y  t h e  t echno logy  r e q u i r e d  t o  d e s i g n ,  b u i l d ,  and 
o p e r a t e  a r e p r o c e s s i n g  p i l o t  p l a n t  (Sub task  1 2 0 ) .  T h i s  p r o g r e s s  r e p o r t  
d e s c r i b e s  t h o s e  ac t iv i t i e s  conducted a t  O W .  Work w a s  a l s o  c a r r i e d  
a u t  a t  Idaho N a t i o n a l  E n g i n e e r i n g  L a b o r a t o r y  by A l l i e d  Chemical Company 
a n d  by t h e  General. Atomic Company a t  San Diego. 

Gene ra l  Development (Work U n i t  1100) 

E-xperimental p l a n s  were p r e p a r e d ,  program c o o r d i n a t i o n  w a s  carr ied 
ori, and review-and-comment services w e r e  p r o v i d e d  t o  o t h e r  p a r t i c i p a n t s  
and t o  Sub task  120 ,  

Head End Development (Work Un i t  I l O l )  

Work w a s  done i n  t h r e e  major  a r e a s :  small-scale hot cell tests,  
v a p o r  t r a n s p o r t  s t u d i e s ,  and an al ternate b u r n e r  c o n c e p t .  The hot  ce l l  
tests c h a r a c t e r i z e d  the o f f - g a s e s  and f i s s i o n  p r o d u c t  d i s t r i b u t i o n s  
r e s u l t i n g  from t h e  b u r n i n g  of t h r e e  d i f f e r e n t  i r r a d i a t e d  f u e l  specimens:  
a Tr -ko-Bi sn  c a r b i d e ,  a B i s o - B i s o  o x i d e ,  and a T r i s o - T r i s o  c a r b i d e .  

x i  
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S t o r a g e  tests were a l so  conducted  i n - c e l l .  T race r - type  work on t h r  
vapor-phase t r a n s p o r t  of s e m i - v o l a t i l e  f i s s i o n  p r o d u c t s  w a s  i n i t i a t e d .  
Both expe r imen ta l  l y  and t h e o r e t i c a l l y  , wc s t u d i e d  3 whole-block b u r n e r  
concep t ,  which uses  gas  r e c y c l e  f o r  h e a t  removal and ra te  c o n t r o l .  

So lven t  E x t r a c t i o n  Development (Work Un i t  1102) 

In a d d i t i o n  t o  p r o v i d i n g  r e v i e w  and c o n s u l t i n g  services t o  t h e  
p i l o t  p l a n t  d e s i g n  s u b t a s k ,  w e  i n i t i a t e d  hot. c e l l  s t u d i e s  and upgradcd 
a computer model. The f u e l  a s h  r e s i d u e s  g e n e r a t e d  under  work u n i t  1101 
were d i s s o l v e d  and w i l l  b e  used  f o r  tests of f e e d  ad jus tmen t  and h a t c h  
shakeou t  e q u i l i b r a t i o n s .  The SEPHTS code w a s  modif i e d  and improved 
Fur  t l ie  Pu rex  s y s t e m  and thet i  adap ted  t o  thp 'l'horex s y s t e m  w i t h  e x i s t i n g  
d a t a .  

Of f-Gas Cleanup Development (Work Un i t  1103) 

Development of t h e  U 1 2 C  p rocess  con t inued .  Labora to ry  equi l - ibr iurn  
d a t a  on t l ie  Xe-CO2 sys t em were o b t a i n e d ,  work w a s  s t a r t e d  on a b s o r p t i o n  
from l i q u i d  COS,  and t h e  che iu is t ry  of t h e  C 0 2 - H ~ 0 - 1 2  sys t em w a s  s t u d i e d ,  
Engineer ing-s  ca1.e developiaent of t h e  KALC p rocess  i n c l u d e d  two campaigns 
i n  t h e  expe r imen ta l  e n g i n e e r i n g  f a c i l i t y ,  two campaigns i n  t h e  K-25 
p i l o t  p l a n t ,  development of an i n - l i n e  * 5 K r  ( b e t a )  de! :ec tor ,  and s i g n i f -  
i c a n t  improvemmts  i n  t h e  mathernat ieal  model f o r  t h e  KALC system. Pi1 
o t h e r  areas, a pape r  s t u d y  on 2 2 0 K n  ho ldup  was done,  and t h e  f e a s i b i l i t y  
of  u s i n g  t h e  Iodox p r o c e s s  ( f o r  12 removal)  i.n a C O P  a tmosphere was 
demons t r a t e d  . 

Product  P r e p a r a t i o n  (Work Uni-t 1104)  

N o  development a c t i v i t y  w a s  s chedu led  under  t h i s  work u n i t ,  b u t  
c a l c u l a t i o n s  on r a d i o a c t i v i t y  c o n t r o l  by s p n r g i n g  and i o n  exchange 
w e r e  done i n  s u p p o r t  of Subtask  1 2 0 .  

Waste P r o c e s s i n g  and I s o l a t i o n  (Work Un i t  1105) 

Two reviews were conducted :  one on r e p r o c e s s i n g  w a s t e s  i n  g e n e r a l ,  
The generaL review and one on t h e  f i x a t i o n  of 1 4 C  as ca l c ium c a r b o n a t e .  

i d e n t i f i e d  and c h a r a c t e r i z a d  r e p r o c e s s i n g  wastes i n  terms of s o u r c e ,  
form,  q u a n t i t y ,  and r a d i o a c l i v i t y .  The l 4 C  s t u d y  e v a l u a t e d  two p r o c e s s c s  
f o r  &he c a r b o n a t e  conve r s ion  r e a c t i o n ,  v a r i o u s  methods or packaging  
tlie p rod i i r t ,  and t h e  p r e f e r r e d  l o c a t i o n  of   he f i x a t i o n  s t e p  i n  
r e l a t i o n  t o  k ryp ton  removal .  
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2. HTGR REPROCESSING PILOT PLANT (SUBTASK 120)  

The HTGR Reprocess ing  P i l o t  P l a n t ,  p lanned  f o r  c o n s t r u c t i o n  a t  
TNEI,, w a s  c o n c e p t u a l l y  d e s i g n e d  t o  d e m o n s t r a t e  t h e  technology r e q u i r e d  
f o r  t h e  d e s i g n  of  a commerc ia l - sca le  f a c i l i t y .  The p i l o t  p l a n t  was 
des igned  f o r  1 2  F o r t  S t .  V r a i n  f u e l  e l e m e n t s  p e r  day ,  expandab le  t o  
24 e:Lements p e r  day. The f i r s t  phase of t h i s  d e s i g n  a c t i v i t y  was t h e  
p r e p a r a t i o n  of System Design D e s c r i p t i o n s  (SDns) , which p a r a l l e l  t h e  
Work U n i t s  under  Sub task  110. The Subtask 120 Work Unlits and t h e  
s p e c i f i c  SDDs w e r e :  

‘Cu‘ork Un i t  SDD No. 
1200 1.. 0 

1.5.1 
1 .5 .2  
1.5.3 
1 . 5 . 4  
1.5.5 
1.5.6 
1 . 5 . 7  
1 .5 .8  
1 . 5 . 9  
1 .5 .10  

1 2 0 1  1.1 
1.2(32 1 . 2  
120 3 1.3  
1204 1 . 4  
1205 

T i t  Le 
O v e r a l l  P l a n t  Design Descript Lori 
Fuel T r a n s f e r  and Handl ing  System 
I n s t r u m e n t a t i o n  and C o n t r o l  Sys t em 
Waste Handl ing  System 
Ut i l i t i e s  System 
F i r e  P r o t e c t i o n  System 
V e n t i l a t i o n  and Vessel O f  F -Gas  S y s t e m  
Decontaminat ion  Sys rem 
Remote Handl ing  and Maintenance System 
Sampling System a i d  A n a l y t i  caL Labora tory  
B u i l d i n g  and A s s o c i a t e d  Systems 
Headend P r o c e s s i n g  System 
S o l v e n t  E x t r a c t i o n  P r o c e s s i n g  System 
Off-Cas Cleanup System 
L i q u i d  P roduc t  Loadout and Sh ipp ing  
( s e e  1.5.3 above)  

The o v e r a l l  d e s i g n  r e s p o n s i b i l i t y  w a s  c a r r i e d  by ACC, w i t h  OtWL 
per fo rming  t h e  l e a d  r o l e  on t h e  Off-Gas SDD. I n  a d d i t i o n ,  ORIVL 
rev iewed and commented on a l l  SDDs and per formed s u p p o r t i n g  s t u d i e s  
f o r  SDD1.4. 

Off-Gas SDD (Work U n i t  1203)  

T h i s  SDD w a s  w r i t t e n  t o  m e e t  t h e s e  f u n c t i o n a l  and d e s i g n  r e q u i r e m e n t s :  
(1) t o  p r o v i d e  a d e c o n t a m i n a t i o n  f a c t o r  (DF) of at least PO0 f o r  t r i t i u m ,  
k r y p t o n ,  and r adon  and a DF of a t  least  1000 f o r  i o d i n e ;  (2)  t o  a c c e p t  
o f f - g a s e s  a t  ra tes  v a r y i n g  from 0 t o  0 .24  s t d  m3/sec (500 s e f m ) ,  c o r r e -  
spond ing  t o  up t o  36 F o r t  S t .  Vra in  f u e l  e l emen t s  p e r  day;  and 93) t o  
i so la te  t h e  w a s t e s  f rom t h e s e  removal  sys t ems  i n  a form s u i t a b l e  for 
subsequen t  d i s p o s a l .  The d i r e c t  p r o c e s s e s  t o  accompl ish  t h e  r e y u  i r e d  
decon tamina t ions  w e r e :  (I) i o d i n e  s o r p t i o n  on z e o l i t e s ,  ( 2 )  t r i t i u m  
s o r p t i o n  on molecul.ar s i e v e ,  (3) radon holdup (and decay)  on molecu la r  
s i e v e ,  and ( 4 )  k r y p t o n  c o n c e n t r a t i o n  by t h e  KALC p r o c e s s .  Two o t h e r  
d i r e c t  p r o c e s s e s  w e r e  a l s o  r e q u i r e d :  
( v i a  NH3 and a c a t a l y s t  bed)  and o x i d a t i o n  of CO (and any m o l e c u l a r  
t r i t i u m )  t o  CO2 (and t r i t i a t e d  w a t e r ) .  The w a s t e s  r e q u i r i n g  f i n a l  

c o n v e r s i o n  of NO, t o  N:! arid ti20 
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d i s p o s a l  i n c l u d e d  iod ine - loaded  z e o l i t e s ,  s p e n t  niolecular  s i e v e s  arid 
c a t a l y s t s  .) c o n c e n t r a t e d  t r i t i a t e d  water ( f i x e d  i n  c o n c r e t e  or some 
o t h e r  s u i t a b l y  s t a b l e  fo rm) ,  and k r y p t o n  i so la te t i  i n  p r e s s u r i z e d  
bor  t 1 es . 

L i q u i d  P roduc t  Loadout and Shipp:i.ng (Work Uni t  1.204) 

A d e s i g n  r e p o r t  was i s s u e d  on a c a s k  s u i t a b l e  f o r  s h i p p i n g  u r a n y l  
n i t r a t e  ( 2 3 3 U  + abou t  500 ppm 237U). A series of s t u d i e s  w a s  done on 
t h e  d e p r e s s i o n  of  a l p h a  a n d / o r  gamma activit:i.~?s i n  t h i s  u r a n y l  n i t r a t e  
s o l u t i o n  by s p a r g i n g  ( t o  remove 2 2 0 R L ~  from the decay c h a i n )  o r  by i o n  
exchange ( t o  remove tho r ium and o t h e r  decay p r o d u c t s  from the c h a i n ) .  
Ion exchange i s  an e f f e c t i v e  way t o  rninirriize t h e  gamma act:i:vity, b u t  
t h e  a l p h a  d o s e ,  which d e r i v e s  from t h e  2 3 3 U  c h a i n  as w e l l  as t h e  2 3 2 U  
c h a i n ,  canno t  be g r e a t l y  d e c r e a s e d  f o r  uranium s o l u t i o n s  o f  the i s o t o p i c  
composi t ions of i n t e r e s t .  

3 .  HTGK RKFARKTCATION PROCESS DEVELOPMENT (SUBTASK 2 1 0 )  

Kefabricat.i.cm is t h e  s t e p  i n  t h e  HTGR f u e l  c y c l e  t h a t  b e g i n s  w i t h  
t h e  r e c e i p t  of n i t r a t e  s o l u t i o n  c o n t a i n i n g  reprocessed U and ends  
w i t h  i t  r e f a b r i c a t e d  i.nto f u e l  el-ernents f o r  u s e  i n  a n  HTGR. The b a s i c  
s t e p s  i n  r e f a b r i c a t i o n  are v e r y  siiiiilar to  f r e s h  f u e l  manufac tu re  e x c e p t  
t h a t  the  r e c y c l e  fuel. must be f a b r i c a t e d  r e m o t e l y  i n  hot: c e l l  Faci1it:iesj 
t h e r e f o r e ,  t h e  r e f a b r i c a t i o n  development program i s  d i r e c t e d  toward t h e  
development of  p r o c e s s e s  and equipment f o r  remote a p p l i c a t i o n .  I ts  
u l t i m a t e  g o a l  i s  t o  deve lop  t:echnol.ogy needed t o  d e s i g n  and o p e r a t e  t h e  
r e f  a b r i c a t i o n  p o r t i o n  of a n  ERDA-supported RTGK Recyc le  Tkmonstration 
F a c i l i t y  (HRDF) . The development program will be accompl.ished i n  fi.ve. 
phases: (1) c o l d  l a b o r a t o r y  development ( 2 )  h o t  laboi:atory develnp-  
ment , ( 3 )  c01.d e n g i n e e r i n g  devel.opment > (/+) h o t  e n g i n e e r i n g  d e v e l o p m a  I:, 
and ( 5 )  c o l d  p r o t o t y p e  development.  Work d u r i n g  t h i s  repor t :  p e r i o d  h a s  
p r i m a r i l y  been i n  c o l d  e n g i n e e r i n g  de-velopment. Expanded work i n  waste 
and s c r a p  h a n d l i n g  w a s  i n i t i a t e d  d u r i n g  t h i s  r epo l - t  p e r i o d .  The work 
i s  r e p o r t e d  i n  sect:i.ons p a r a l l e l  t o  t h e  major sys t em of  t h e  r e f a b r i c a t : i o n  
p o r t i o n  of t h e  HRDF. 
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Gene-ral Devel.opment (Work U n i t  2100) 

Thi.s a r e a  i s  i~nvol.ved i n  the c o o r d i n a t i o n  and revi.ew o f  all. fuoc-- 
t i o n s  o f  t h e  s u b t a s k  and techni.cal .  i - n t e r f a c i n g  wi.t'n S u b t a s k s  220, 310, 
and 320. A summary work p l a n  f o r  t h i s  subtask.  w a s  p r e p a r e d  and  c o n t r i -  
but:i.orrs were made t o  t h e  c o n c e p t u a l  d e s i g n  of the  HTGK-FLPP (Fuel  
R e f a b r i c a t i o n  Pi.1.o.t: P l a n t )  . An env i ronmen ta l  s t a t e m e n t  was i s s u e d  f o r  
t h e  FRPP a l o n g  w i t h  r e p o r t s  a s s e s s i n g  t h e  r a d i o l o g i c a l  s a f e t y  r e q u i r e -  
ments  and t h e  assay and a c c o u n t a b i l i t y  requireineriTs f o r  a n  HTGR F u e l  
R e f a b r i c a t i o n  P l a n t .  



Uranium Feed P r e p a r a t i o n  (Work U n i t  2101) 

(NCO a c t i v i t y  w a s  s c h e d u l e d )  

R e s i n  Loading (Work U n i t  2102) 

The i n i  t i a l  s t a g e  o f  a n  e n g i n e e r i n g - s c a l e  r e s i n  l o a d i n g  sys t em was 
compl.eted and o p e r a t e d  w i t h  n a t u r a l  uranium. A b o u t  235 kg o f  r e s i n  
l o a d e d  wi.th n a t u r a l  uranium (110 kg U) and 20 kg loaded  w i t h  er>.r:i.c.hed 
uranium (10 kg U, 93% e n r i c h e d )  w e r e  p r e p a r e d  f o r  r e f a b r i c a t i o n  develop-  
iiierit s t u d i e s .  A l t e r n a t e  methods f o r  r e s i n  l o a d i n g  were i n v e s t i g a t e d ,  
and l o a d i n g  of r e s i n  i n  t h e  a c i d  forin was s e l e c t e d  as t h e  r e f e r e n c e  pro- 
c e s s ,  R e s i n  was I.oaded s u c c e s s f u l l y  w i t h  h i g h l y  a c t i v e  U con t a i x i  i ng 
250 ppm 2 3 2 U  . E q u i l i b r i u m  c o n s t a n t s  f o r  r e s i n  1.oading i n  the a c i d  form 
w e r e  measured. S o l v e n t  e x t r a c t i o n  of n i t r i c  a c i d  by a 0 . 3  M secondary  
amine i n  a hydrocarbon d i l . u e n t  was demons t r a t ed  f o r  o b t a i n i n g  t h e  r e q u i r e d  
a c i d  d e f i c i e n c y  i n  t h e  uranium f e e d  f o r  l o a d i n g  iuranium on a 1 : i d - : f o r m  
r e s i n .  Tn r e s i n  f e e d  p r e p a r a t i o n ,  two a c c e p t a b l e  comnerc i a l  c a r b o x y l i c  
acid c a t i o n  exchange r e s i n s  were i d e n t i f i e d .  The c o s t  of f e e d  r e s i n  i s  
a b o u t  $0.05 to  $0.09 p e r  gram of uranium. 

2 3 3  

R e s i n  C a r b o n i z a t i o n  (Work U n i t  2103) 

E x t e n s i v e  p r o g r e s s  was made i.n s c a l i n g  the re!;-j.ri carhoniza t :i.on axid 
conversi .on p r o c e s s e s  t o  e n g i n e e r i n g - s i z e  equipment.  W e  made 134 carbon- 
i.zat:ion and 82 c o n v e r s i o n  r u n s  u s i n g  0.10- and 0 .31 -m-d im ( 4  anti 5 - in .  j 
f u r n a c e s  A 0.23-m-diam ( + i n . )  c a r b o n i z a t i o n  f u r n a c e  w a s  desPg.tic:tl, 
f a b r i c a t e d ,  and i n s t a l l e d .  'L'hree r e s i n  b a t c h e s  l.o;ided w i t h  334-enriched 

U were p r e p a r e d  f o r  s u b s e q u e n t  c o a t i n g  and i r r a d i a t i o n  t e s t i n g .  
Carbonized r e s i n  k e r n e l s  had h i g h  s t r e n g t h ,  as measured by a c . rushing 
t e s t ,  Converted k e r n e l s  a re  weaker ,  hav ing  s t r e n g t h s  t h a t  d e c r e a s e  from 
a b o u t  8 .9  N (2  11)) f o r  p a r t i c l e s  h a v i n g  1.5% of t h e  o x i d e  c o n v e r t e d  t o  
c a r b i d e  t o  a b o u t  4.4  N ( L  l b )  f o r  75% c o n v e r s i o n .  

1. 3 5. 

Microspl iere  Coa t ing  (Work Un i t  2 104) 

The 0.13-m-diam (5-i.n. ) c o a t i n g  f u r n a c e  w a s  improved by s e v e r a l  
rnodif i c a t i o n s  made t o  t h e  f r i t - t y p e  g a s  d i s t r i b u t o r  and by ehe at1tl:i.ti.on 
o f  i n s  tsrumen ta  t i o n  and liner t-atmo sp here p a r  t i c  l e  h a n d l i n g  equipment t o  
a l l o w  c a r b o  n i z a t i o n  , c o n v e r s i o n ,  and T r i s o  coat.i.ng of uranium- loaded  
r e s i n  k e r n e l s .  The d e s i g n  of equipment t o  p e r m i t  remote l o a d i n g  and 
unl.oading of t h e  c o a t i n g  fi1rnac.e as well. as remote siirupI.ing a n c l  w e i  ghi-ng 
of t h e  c o a t i n g  b a t c h  w a s  completed arid f a b r i c a t  ion begun. C o n s i d e r a b l e  
e x p e r i m e n t a t i o n  h a s  d e f i n e d  t h e  p r o c e s s  v a r i a b l e s  t h a t  c o n t r o l  broken 
and permeab1.e I,TI c o a t i n g s .  Several. factors  a f  fe r - t i r ig  t h e  amount of  
urani.um d i s p e r s i o n  i n  t h e  1,u.f fer have been determ:i.ned. S% ILicon t x r b i d e  
c o a t i n g s  h a v e  been more comp1.etely c h a r a c t e r i z e d  as r e g a r d s  bor:-h t h e i r  
m i c r o s t r u c t u r e  and c r u s h i n g  s t r e n g t h .  Pneumatic t r a n s f e r  of par t :Lc le  
b a t c h e s  was e x t e n s i v e l y  i n v e s t i g a t e d .  Three  b a t c h e s  o f  Tri .so-coated 
9.3%-enric.hed-uranium-loaded r e s i n  w e r e  f a b r i c a t e d  i n  t h e  0,13-11i-diani 
(5 - in . )  c o a t e r  f o r  i r r a d i a t i o n  t e s t i n g .  
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F u e l  Rod F a b r i c a t i o n  (Work U I l i t  2105) 

The p r i n c i p a l  a c t i v i t i - e s  w e r e  development  o f  f u e l  rod  molding and 
i n s p e c t i o n .  Improved methods f o r  f a b r i c a t i o n  and a n a l - y s i s  of f u e l  rod 
matrix s l u g s  w e r e  deve loped .  The s o u r c e s  of   fuel^ parl:.i.cJ e f a i l u r e  
d u r i n g  fue l .  r e f a b r i c a t i o n  were i n v e s t i g a t e d ,  and methods of  improvii-ig 
t h e  f a i l e d  pa r t i c1 . e  f r a c t i - o n  were i d e n t i f i e d .  A r emote ly  o p e r a b l e  aild 
m a i n t a i n a b l e  commerc ia l - sca le  machine f o r  molding of f u e l  r o d s  w a s  con- 
c e p t u a l l y  des igned .  T h i s  machine w i l l  d i s p e n s e  and b l end  f u e l  p a r t i c l ~ e s ,  
mold t h e  r o d s  by t h e  s l u g  j h j e c t i o n  p r o c e s s ,  and i n s p e c t  t h e  f u e l  rod  
l e n g t h s  a t  a r a t e  of 40,000 s o d s / d a y .  The f e a s i b i 1 i t : y  of a num1,i:r of 
n o n d e s t r u c t i v e  i n s p e c t i o n  methods f o r  fuel .  rod  homogenei ty  ~7as demon- 
s t r a t e d .  A l a b o r a t o r y  i n s t r u m e n t  f o r  n o n d e s t r u c t i v e  uranium a s s a y  o i  
HTGR f u e l  r o d s  h a s  been  f a b r i c a t e d  and i s  c u r r e n t l y  b e i n g  i n s t a l l e d  i n  
t h e  TURF h o t  c e l l s .  The a s s a y  i n s t r u m e n t  i n t e r r o g a t e s  t h e  f u e l .  r o d s  
w i t h  t h e r m a l  n e u t r o n s  from a. "*Cf s o u r c e .  'These n e u t r o n s  induce  
f i s s i o n s  i n  t h e  uraililim, and  t h e  r e s u l t i n g  prompt f i s s i o n  n e u t r o n s  a re  
d e t e c t e d  as  a measure of uranium c o n t e n t .  

F u e l  Element Assembly (Work Un i t  2106) 

The p r i n c i p a l  development  a c t l v i  t y  i n  f u e l  e lement  assembly  h a s  been 
c a r b o n i z a t i . ~ ~ ~  anti a n n e a l i n g  of HTGR f u e l  e l emen t s .  The f e a s i b i l i t y  of 
t h e  in -b lock  c a r b o n i z i z a t i o n  and annealing (cure-- in--pJ-ace)  p r o c e s s  was 
demons t r a t ed  i n  1/6-segnreats of f u e l  e lement  b l o c k s .  Cure- in-p la~ce  
p r o c e s s  c o n d i t i o n s  w e r e  de te rmined  t o  a t t a i n  a c c e p t a b l e  f u e l  rod  micro-  
s t r u c t u r e s .  Samples i n  which in-bl-ock ca rbon iza t i . on  w i  11 b e  s t u d i e d  
were f a b r i c a t e d  f o r  i r r a d i a t i o n  expe r i a i en t s  HT-26, HT-27, and OF-?. A 
r e m  t e l y  operab1.e e n g i n e e r i n g - s c a l e  f u r n a c e  f o r  i n -b l~ock  c a r b o n i z a t i o n  
atid h e a t  t r e a t m e n t  h a s  been des igned .  The con t i r iuous l~y  o p e r a t e d  v e r t i c a l  
f u r n a c e  has a c a p a c i t y  of  16 f u e l  elements p e r  day .  A d e t a i l e d ,  compuirer- 
a s s i s t e d  h e a t  t r a n s f e r  s t u d y  h a s  conf i rmed t h e  desi.gn of  t h e  f u r n a c e .  

Sample I n s p e c t i o n  (Work U n i t  2107)  

Development work on t h e  p a r t i c l e  s i z e  a n a l y z e r  has been compl-eted,  
and t h e  d e v i c e  i s  c u r r e n t l y  o p e r a t i n g  r o u t i n e l y  i n  s u p p o r t  of p r o c e s s  
development .  The PSA measures  and c o u n t s  c o a t e d  f u e l  p a r t i c l e s  a t  ra tes  
up t o  1500/min with a n  a c c u r a c y  of  51 lim. The f e a s i b i l i t y  of vacuum 
t r a n s f e r r i n g  sinall samples  o f  fuel.  pa r t i . c l . e s  and e n c a p s u l a t e d  f u e l  rod  
samples  w a s  e s t a b l  i - shed .  Des ign  of a sample subdivi.de-r c a p a b l e  o f  
ob1:aining t e n  represent :af : ive siubsamples f rom a 1-to-10-g i n i t i a l  sample 
is  n e a r i n g  comple t ion .  We r o u t i n e l y  u s e  a gaseous  c h l o r i n e  l e a c h  t ech -  
n i q u e  f o r  t h e  d e t e r m i n a t i o n  of  p a r t i c l e  f a i l u r e  f r a c t i o n  i n  b o t h  1-oose 
p a r t i c l e  samples  and f u e l  r o d s .  



P l a n t  Management (Work U n i t  2108) 

A programmable l o g i c  c o n t r o l l e r  (PIX) h a s  been : i . m  t:aJ.Ieti on the 
l . abo ra to ry  f u e l .  r o d  machine t o  rep1ac.e the r e l a y  c o n t r o l  sys t em.  T h e  
i n s t a l l a t i o n  and o p e r a t i o n  of the PLC on t h e  l a b o r a t o r y  fuel. r c d  111a1::'ciine 

h a s  demonst.rated t h e  versati1it .y and v a l u e  of: thli.s c.nmputer-based con- 
t r o l l e r  f o r  t h e  o p e r a t i o n  and ma in tenance  of remote refabrica.t::i.on equip- 
ment" A development minicomputer  lias been ins t;tJ.l.ed t.o s u p p o r t  develop-  
iiientl work i n  nondes t ruc ' t iv r?  a s s a y  arid t h e  f u e l  r o d  s t o r a g e  maga zi.i-te 

l o  a d  e r - un lo  a d e r  eq u ipine n t . 

Waste and S c r a p  Hand1:i.n~ (Work U n i t  2 109) 

Uevel-opment s t a r t e d  in two a r e a s  of w a s t e  handl i -ng and Scrap re-- 
cove ry  t h a t  a r e  p e ~ . t ~ l . i a r  t o  tihe HTGR f u e l  c y c l e  These are reclamation 
of the p e r c h l o r o e t h y l e n e .  fur r iace  s c r u b b e r  s o l u t i o n s  and rec.yc1.e o f  r e j  ec. t 
f u e l  material.. W e  comp:I.et:ed bench- sca l e  d e m o n s t r a t i o n  of feasib i - l i t y  
o f  d i s t i l l i n g  d i r t y  p e r c h l o r o e t h y l e n e  and b u r n i n g  t h e  sti.1.1. bnttoiils 
S Fjvera I t ecliniq ue 3 f 01: re cl. aiiia t i.o n o f hi.gh-ta-t- aai.uln-c C)TI t e n  t .re j e c il :j c: rap 
material  are  under  i n v e s t i g a t i o n .  These. inc- lude a gr ind--b! l r~l-- l .eac~l  
cycle rind a mol.ten s a l t  i-nc:inerntion -t:ecbni.qi.ie dcwtAopc:!cl by Atomics  
3.n t e r n a t % o n a  1 .) 

The TURF material  h a n d l i n g  sys t em was s t u d i e d  ia detail. aiid w a s  
found t o  be  o f  a d e q u a t e  m~tc'riani.c:al. conf:i.gu.ration (i. e. , crane h o i s t  and 
m a n i p u l a t o r  d e s i g n s )  b u t  e x t r e m e l y  d e f i c i e n t  i n  control .  funct iozlaI .  
capab:i.lity and leve l  o f  aut.ornatioa. C i i r r e r r t  rese.arch and d.evelopment 
a s s o c i a t e d  w i t h  remote handl - ing  and commercial. s u p p l i e r s  of IIt:Iii(> t:e tianti- 
I.:i.ng equipinent were sulrveyecl. We coritac t e d  14 research o r g a n i z a t i o n s  
and 14 commercial  s u p p l i e r s  a s s o c i a t e d  w i t h  r o b o t s  manipul.at:ors, and 
' I T  v i ewing  systems. Art autortiat:ed rnaterial tiandling system coriccq)t. 
u s i n g  e l e c t r o m e c h a n i c a l  m a n i p u l a t o r s ,  which i s  c o n s i s t e n t  w i t h  HTGR f u e l  
r e c y c l e  r e q u i r e m e n t s ,  w a s  deve l  oped. 

4 .  REFABRICATION PILOT PT&JT (SUETASK 220) 

The BTGK F u e l  R e f a b r i c a t i o n  P i l o t  P l a n t  w a s  c o n c e p t u a l l y  des igned  
t o  d e m o n s t r a t e  t h e  techno1 ogy r e q u i r e d  f o r  a conuriercial f u e l  rPfdl)r i -  
caticln p l a n t  t h a t  can p roduce  r e c y c l e  f u e l  e l e m e n t s  f o r  High-Temperature 
Gas-Cool ed R e a c t o r s  u s i n g  U ,  w i t h  r a d i o a c t i v i t y  e q u i v a l e n t  t o  material 
con ta  ining 500 ppm 2 3 2 U  and aged f o r  up t o  90 days. 

7 3 3  

Such a plant m i s t  
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must be s a f e ,  r e l i a b l e ,  l i c e n s a b l e ,  and economic. The t s chno logy  mus~ 
be a v a i l a b l e  on a t i m e l y  b a s i s  and e n s u r e  t h a t  any r i s k s  are  comparable 
w i r h  t h o s e  of a f i r s t - o f - a - k i n d  r a d i o c h m i c a l  p l a n t .  

and 

1. 

2. 

3 .  

4 .  

T h i s  p i l o t  p l a n t ,  as concep tua l  1 y d e s i g n e d ,  w i l l  produce about. 
2 3 3 U  150 r e c y c l e  f u e l  z1emeol.s f o r  t h e  F o r t  S t .  Vrairi Reactor u s i n g  

will d e m o n s t r a t e  t h e  f o l l o w i n g :  

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

c o n t r o l  of r a d i a t i o n  h a z a r d s  a s s o c i a t e d  with the 3 2 U  c o n t e n t  
of  rec:yi..led U f u e l  so t h a t  o p e r a t i n g ,  ma in tenance ,  sam-pI.iog, 
an3  a n a l y t l i c a l  a c t i v i t i e s  can  b e  conducted s a f e l y ;  

2 3 3  

f e a s i b i l i t y  of rem t e  maintenance f o r  a l l  in--reJ 1 equipment 
th rough  l o a d i n g  of t h e  f u e l  e l e m e n t s ;  

p r a c t i c a l  methods f o r  a s s a y ,  q u a l i t y  c o n t r o l ,  and q u a l i t y  
a s s u r a n c e  f o r  i n t e r m e d i a t e s  and t h e  completed r e a c t o r  g r a d e  
f u e l  e l emen t s .  

Ihe r e f a b r i c a t i o n  p i l o t  p l a n t  w i l l  he  s c a l e d  t o  h a n d l e  a heavy m e t a l  
t h roughpu t  of 25 kg of uranium and tho r ium p e r  day ,  o r  2 .5  f u e l  e lc inents  
p e r  day on a n  intermif-lri’nt b a s i s .  The d e s i g n  is  broken down i n t o  t e n  
separate f m r t i o i i s  : 

Uranium Feed P r e p a r a t i o n  
Res in  F u e l  Kerne l  P r e p a r a t i o n  
Res in  C a r b o n i z a t i o n  
Microsphere Coa t ing  
F u e l  Kod F a b r i c a t i o n  
F u e l  E l r m e n t  A s s e m l i l y  
Sample I n s p e c  t i c m  
P 1 a n t  Ma nd ge men t: 
Waste Handling 
Materials Handl ing 

5. RECYCLE FUEL I W I A T I O N S  (SUBTASK 230) 

The r e o r g a n i z a t i o n  of t h e  HTGR F u e l  Development Program, which 
o c c u r r e d  a t  t h e  end of r11~ r e p o r t i n g  p e r i o d ,  i s  d e s c r i b e d .  Only two 
a r e a s  of  ac t iv- i ty  remain under  Sub task  230 of  the Thorium U t i l i x a t  i o n  
Prograin - t h o s e  a s s o c i a t e d  w i t h  Work U n i t s  2302 (Peach Bottom I r r a d i a t i o n s )  
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and 2303 (Large Scale R t x y c l e  Element 3 r r a d i a t i o n s )  . The p o s t i r r : i d i a t i o n  
examLnation of rhc Yeach Bottom Recyc le  Test: IAements (RTfC) is  r e p o r t e d ,  
and t h e  For i  S t .  V r a i i i  Reac to r  (FSVR) tes t  elemenr: program i s  b r i e f l y  
d e s c r i l i e d .  The tes t  element program does n o t  b e g i n  u n t i l  t h e  f i r s t  
FSVK r e l o a d  c -u r ren t ly  schetliil ed f o r  Spr ing  1977. 

6 ENGINEERING AND ECONOMIC STOIIXES 

Sub task  310 u t i l i z e s  t h e  work done i n  o t h e r  subtasks t o  p r o v i d e  
t h e  l i a s o n  between t h e  devel.opment e f f o r t s  and t h e  tleslgn o f  a comniercinl 
recyc1.e p l a n t  Ihr i .ng  t h e  r e p o r t h g  per i -od ,  t h e  following a c t i v i t i e s  
w e r e  under  way i n  Sub task  310: 
( 2 )  a n a l y s i s  of receiving and storage ilf HTGR fuel., ( 3 )  charact:e.r~izat:i.on 
of  e f f  l i i e n t s  . f r o m  a comercial. HTGR f u e l  refabrication p.l.ant, ( 4 )  su rvey  
of saft:guards probIerns a s s o c i a t e d  w i t h  fihe HTGR fuel .  c y c l e ,  and (5)  
a n a l y s i s  of tlie ctrivironmenta~. i m p a r t  of 141: K e l i Z l S e S  f rom a n  ZTGR fuel 
reprocessi-ng p l a n t "  

(1) economic a n a l y s i s  of AII'GR f u e l  r e c y c l e ,  

7. CONCEPTUAL msux OF A COMMERCIAT., RECYCLE PLANT (SUBTASK 320) 

A major partr of the c u r r e n t  p l a n s  f o r  deve lop ing  HTGR r e c y c l c  
t echno logy  i s  t h e  d e s i g n  and construe-t itsn of an ERDA-supported H'FGCI 
Rccycle Demons t r a t ion  F a c i l i t y  (XmDF>. 

The o b j e c t i v e  of t h i s  subtask i s  t o  assist  i n  the concepflual design 
of the RRIIF. During t h i s  r e p o r t  p e r i o d ,  a p reconcep tua l  l ayout  s t u d y  
of an HKDF c a p a b l e  of r e p r o c e s s i n g  20,000 elements per y e a r  and r e fab r i -  
c a t i n g  10, OOQ elements per  year  was completed (i e r , 20/ 10) 'rhj-s 
20/10 HKDF i s  e s t i m a t e d  t o  r e q u i r e  a b o u t  46,000 m2 (501),000 f t 2 >  f l . oo r  
space for process o p e r a t i o n  and u t i l i t y  service, 'The d e s i g n  study also 
incl.udes s e c t i o n s  on d e s  Lgn p h i l o s o p h y  a.ntl treminology geaera l ly  a p p l i -  
cal:,:le t o  the des ign  of an '3RDF. 





1. HTGK REPKOCESSXNG DEVELOPMENT (SUBTASK 110) 

K .  J. N o t z  

1.1 I N T K O D U C T I O N  

Reprocess ing  development  :i.s d i v i d e d  i n t o  f i v e  work u n i t s ,  which 

paral le l  t h e  major  sys t ems  f o r  which d e s i g n  d e s c r i p t : i o n s  w e r e  p repa red  

f o r  a planned  p i . lo t  p l a n t .  Four of these s y s t e m s  - head-end,  s o l v e n t  

e x t r a c t i o n ,  o f f - g a s  c l eanup ,  and w a s t e  p r o c e s s i n g  and i s o l a t i o n  ---. are  

c o u n t e r p a r t s  t o  sys t ems  t h a t  wou1.d ex i s t  i n  a commercial  reproc.pss . ing 

p l . an t ,  and are. t h e  s u b j e c t s  of ongoing development  ac t - i . v i ty  a t  ORNL as 

w e l l  as a t  Genera l  Atomic C o .  (GAC) and A l l i e d  Chemical C o .  (ACC)  . The 

o t h e r  s y s t e m  - produc t  p r e p a r a t i o n  - i s  f o r  t h e  s o l i d i f i c a t i o n  of re- 

covered  u r a n y l  n i t r a t . e  f o r  shipment  t o  a p lanned  refabrication p i l o t  

p l a n t  a t  a n o t h e r  l .oca t ion ,  and i s  n o t  R c o u n t e r p a r t  t o  a commercial  

p l a n t ,  where r e p r o c e s s i n g  and  r e f a b r i c a t i o n  would be back-to-back on 

t h e  same s i t e .  

1.. 2 GENERAL DEVELOPMEN'I' (WORK U N I T  1100) K. . T .  Notz  

A s s i s t a n c e  w a s  f u r n i s h e d  t o  GAC and ACC i n  all.  areas o€ reproc.essi .ng,  

by p r o v i d i n g  review-and-comment and c:oiisul t i n g  s e r v i c e s .  General. ovc:rnll  

gu idance  w a s  p rovided  i:i all. a r e a s  of reprocessi .ng development:, arid de- 

t a i l e d  e x p e r i m e n t a l  p l a n s  were p r e p a r e d  f o r  all. work i i t i i  t s  u n d e r  t h i s  

s u b t a s k  (except: 11.04, f o r  whic.h no devel.opment a c t i v i t y  i s  s c h e d u l e d ) .  

h1.l development  a c t i v i t i e s  were re l . a t ed  d i r e c t l y  t o  t h e  r e f e r e n c e  

f lowshee t  e x c e p t  some work on an  a l t e r n a t e  b u r n e r  concep t .  The whole- 

b l o c k  lliurner work had been s t a r t e d  ea r l i e r ,  arid w a s  t e rmina ted  d u r i n g  

this p e r i o d ;  these r e s u l t s  are  si.~miiiar-ized i n  S e c t .  1 .3 .  

1 . 3  HEAD-END D E V E L O P P E N T  (WORK U N I T  1101) V .  C . A .  Vaughen 

Our p r imary  effort i n  t h i s  work u n i t  i s  i n  small-scale h o t  c c ~ l l  

s t u d i e s  r e l a t d  t o  b u r n i n g ,  u s i n g  i n d i v i d u a l  i r r a d i s t c > d  f u e l  st  i c k s .  

'lliesc- r e s u l t s  p r o v i d e  d a t a  m d  i n fo rma t  i o n  needed For t h e  d e s i g n  of  t h e  

1 
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head-end subsys  t e m s .  

c e l l  rac.i 1 i - i i es  were 

Vapor t r a n s p o r t  

'This work is  d e s c r i b e d  i n  Sect.  1 .3 .1 .  i'he h o t  

a l s o  used  t o  p r e p a r e  some 

of s e l e c t e d  f i s s i o i i  p r o d u c t s  and a c t i n i d e s  i s  be ing  

3 U - - l ~ n d e d  resiii. 

s t u d i e d  out-of-ce1.1. by  a t racer  t e c h n i q u e .  T h i s  work i s  j u s t  b e g i n n i n g ,  

and w i l l  p r o v i d e  d a t a  re levan 'c  t o  the c o n d e n s a t i o n  of s l i g h t l y  vo1.atil.e 

components. Th i s  work i s  d e s c r i b e d  i n  S e c t .  1.3.2. 

A n  a l t e r n a t e  b u r n e r  concept  , a whole-block. hili-nejc, w a s  c o n s i d e r e d .  

h l i m i t e d  amount of  e x p e r i m e n t a l  work w a s  done:  and two s t u d y  r e p o r t s  

were i s s u e d ,  one  of which intt-odiiced t h e  concep t  of "adiabat- i .c  b u r n i n g  t ' l  

which may a l s o  be  appl.icab1.e t u  f l u i d  bed bu rn ing .  T h i s  work i s  r e p o r t e d  

i n  S e c t .  1 . 3 . 3 .  

1 . 3 . 1  Hot C e l l  S t u d i e s  . .  

1 . 3 . 1 . 1  Burner- Off-Gas S t u d i e s  with RL'E-2-3 - C .  T,. F i t z g e r a l d  and 
V. C . A .  Vaughen 

Design informat i -on  on t h e  b u r n e r  off-gas. w a s  needed by ACC. S p e c f i -  

c a l l y ,  t h e  i n f o r m a t i o n  d e s i r e d  was t h e  amounts aid kinds of f i s s i o n  

p r o d u c t s  t h a t  r e p o r t e d  t o  t h e  b u r n e r  of f -gas  from an S75'C f 1u id i . t ed  bed 

at: a g a s  v e l o c i t y  of 0 . 3  m/sec ( I  f p s ) ;  t h a t  platcct  o u t  ori t h e  s i n t e r e d  

metal pr imary  f i l t e r s  h e l d  a t  500 ,  150 ,  and 75°C; t h a t  p a s s e d  through 

t h e s e  f i l - t e r s ;  t h a t  d e p o s i t e d  downstream on 1- ines ;  and t h a t  w e r e  t r apped  

on a b s o l u t e  fi.1lterr:; downstream. De te rmina t ion  of t h e s e  v a l u e s  r e q u i r e d  

t h r e e  comp 1 e t c  head-end e x p e r i m e n t s ,  one a t  each  s i ~ n t e r c d  metal f i l t e r  

t cnip e ra t tire . 
F u e l  f o r  t h e s e  exper imei i t s  w a s  t aken  from i n d i v i d u a l  chariiirls ( 2 ,  

5 ,  and 6 )  of RTE. - -2 - - ' 3 ,  a T r i s o  UC2-Eiso ThC2 ( t y p e  f )  fuel-  i r r a d i a t e d  as  

a bl-ended bed of c o a t e d  p a r t i c l e s  a t  1320 t u  1360°C ( e s t i m a t e d  maximum 

e n d - o f - - l i f e  t e m p e r a t u r e )  I Each c h a n n e l -  c o n t a i n e d  approximatel-y 3.4 g TI 

and 1 6 . 3  g Th. 

'The p o s t i r r a d i a t i o n  examinat  i o n  da t a  f o r  KTE-2 a r e  r e p o r t e d  e l  se- 

where. I n i t i a l  gamma s c a n s  of t h e  i r i - a d i n t e d  f u e l s  i n d i c a t e d  a small  

c o n c e n t r a t i o n  (%5%) of t h e  maximum a c t i v i t y  l eve l  of 3 7 C s  and 9 5 Z r  a t  

t h e  f u e l  h o l e  ends .  A f a i l u r e  r a t e  of  2 . 5  t o  5.42 (95% c o n f i d e n c e  i n t e r -  

v a l )  w a s  found f o r  the S ic -coa ted  U C ,  ( f i s s i l e )  p a r t i c l - e s ;  t h e  per formance  
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limits of t h e  S i c  l a y e r s  of t h i s  b a t c h  of Tri-so-coated IJC7 p a r r  iclc?s 

i n  t h i s  KTE e l emen t  were exceeded.  

.1.3.1.1.1 - Ecp&>ment. -- The equipment I-ayout diagram. f o r  t h e  experi.-- 

merits is shown in F i g .  1.1. A s t a n d a r d  conical-body rn:i.n:i.bumer 11'3 nim 

I D  a t  t h e  base, 38 mm I D  a t  t h e  t o p ,  and 254 mm h i g h  ( 3 / 4  X 1 . 5  X 10 i~i.) 

was used f o r  t h e  t h r e e  r u n s .  The normal  b u r n e r  t o p  f i l t e r  w a s  per fora ted  

w i t h  1.6-mm (1 /16 - in . )  h o l e s  t o  more c l o s e l y  s i m u l a t e  t.he d u s t y  gas 

1.oading on t h e  t e s t  5-Lim s i n t e r e d  m e t a l  f i l t e r  t h a t  would be e x p e r i e n c e d  

i n  the r e p r o c e s s i n g  p l a n t .  The b u r n e r  w a s  h e l d  i n  a c y l i n d r i c a l .  r?.l.ectri.c 

heater at 8 7 5 ° C  d u r i n g  b u r n i n g .  

'The S-lim s i n t e r e d  nickel fil.ter d i s k s  ( g r a d e  IJN) were m a d e  by t h e  

P a l L  T r i n i t y  Company. These d i s k s  w e r e  mounted i n  a f l a n g e  hol.der a n d  

connec ted  t o  t h e  t o p  of t h e  b u r n e r  by 6-mi (1/4-in.) stainless steel. 

tu.bi.ng and Swagelok ('SM) f i t t i n g s .  The o u t l e t  s t a i n k s s  s t ee l  t u b i n g  

w a s  b e n t  t i g h t l y  twice t o  b r i n g  i t  back down t h e  o u t s i d e  of t h e  f i l t e r  

h o l d e r  and  t o  a l l o w  a second e l e c t r i c  f u r n a c e  t o  f i t  down over t h e  

assembly from the t o p  f o r  t empera tu - re  c o n t r o l .  T h e  t e m p e r a t u r e  of t h i s  

f u r n a c e  w a s  rep,ulinted so  t h a t  t h e  f i l t e r  was h e l d  a t  500°C (.in Run 1.) 

1 ~ ~ _ _  
............. ~- ~.- -1 

I 1  ! 

L ... ~J 

...... .... -- .. 

O R N L  GUG 7s-4321 

7 R i N  I , M S i P  

5 w m  SINTFRED METRl FILTER 

... ...... 

d F P A  io i GO2 
F I L T E R  INALYLCH 

F i g .  1.1. Equipment Flowsheet  f o r  Burner O f f - G a s  S t u d i e s  on Fue l  

f rcm RTE-2. 



a n d  150°C ( i n  Run 3 ) .  I t  was removed for t h e  7 5 ° C  t e s t  (ambient  tcmpcra- 

t u ~ e ,  Run 2 ) .  The HEPA f i l t e r  (COMFO Type "H" u l t r a f i l t e r  made by Mine 

S a f e t y  App l i ances ,  P i t t s b u r g h  P a .  ) w a s  mounted ciiid s p e c i a l  1 y mrrapped 

b e f o r e  b e i n g  inser i i - .d  inLo t h e  h o t  e ~ l l  50 that  t h e  u n i t  cou ld  b e  

unwrappc.d,  rwnoved, and d i sas sembled  i n  a c l e a n  hood. The f i l t e r e d  

b u r n e r  o f f -gas  was s u b s e q u e n t l y  pas sed  th rough  t h e  normal o f i - g a s  t r a i n  - 

t h a t  i s ,  s u c c e s s i v p l y  througli  C 0 z  and CO d e t e c t o r s ,  a 85kr c o u n t p r ,  a 

CuO o x i d i z e r  (500"C), two b e d s  of  Linde  MvPecular S i e v e s  (Type /lA), and 

a wet-trst meter and w a s  f i l i a l l y  touted t o  the g;ls cs l lec t io t - I  bag .  

1.3.1.1.2 Procedures .  Each sample  of t h e  f u e l  was weighed,  s i e v e d  

t o  remove t h e  graphi i ie  f i n u r  ( abou t  6 g ) ,  reweighed ,  and charged  t o  t h e  

~x11a1.l f l~u i t l i zed -bed  b u r n e r .  A srna1.1- p u r g e  of  N2 (100 crn3/rnin) W C . ~  i n i -  

t i a t e d  w h i l e  t h e  b u r n e r  and f i l t e r  were be ing  h e a t e d  t o  o p e r a t i n g  t e m -  

p e r a t u r ~ s .  The gas f l o w  (N2 + 0 2 )  W ; ~ S  ma in ta ined  a t  1 . 4  s c d  l i t e r s / m i n .  

T h i s  c o r r e s p o n d s  t o  0.3 m / s e c  (I f p s )  a t  875°C on the 1.9--mm-IJ) (0 .75 - in . )  

bot tom f r i t .  Oxyt.,c?ri ? l o w  was s t a r t e d  when t h e  b u r n e r  t e m p e r a t u r e  r eached  

650°C. 1:rrmeCiiaEe coinbustion w a s  obv ious  f r o m  t h e  C 0 2  contct!rlt of t h e  o f f -  

g a s  and  a l s o  from t h e  i n c r e a s e d  h e a c i ~ n g  rate i.nsi.de t h e  b u r n e r .  The 

t e m p e r a t u r e  w i t h i n  t h e  b u r n e r  w a s  a d j u s t e d  t o  8 7 5 ° C  w i t h  an  "on-off" 

t e m p e r a t u r e  c o n t r o l l e r  on t h e  f u r n a c e  and by changing  t h e  0 2  f l o w  ra te .  

A CO s p i k e ,  noted a t  the b e g i n n i n g  of combusti.on, d i s a p p e a r e d  w i t h i n  3 t o  

5 min. 'The C02 concantrat jLon i n  t he  off-gas ave raged  abou t  15%. These  

p a r t - i c u h r  c o n d i t i o n s  g i v e  a AT a c r o s s  t h e  b u r n e r  of  abou t  25°C.  

Al .1  b u r n e r  g a s e s  were c o l l e c t e d  i n  i n f l a t a b l e  bags .  'The h i g h e r  

volume f low rates  made i t  n e c e s s a r y  t o  sample and change bags  a t  abou t  

30-min i n t e r v a l s  d u r i n g  bu rn ing .  T h i ~ s  f a s t  pace  may n o t  have  a l lowed  

ti.me to hoiiiogeni-ze t h e  g a s  Sag c o n t e n t s  b e f o r e  sampl ing .  These  s a m p l e s  

were a n a l y z e d  f o r  G O 2 ,  02, A r ,  (N2 .+ C O ) ,  " ' C ,  and 8 5 K r .  A f t e r  con)-- 

p l e t i o n  o f  bu rn ing  ( d e f i n e d  as z e r o  CO? c o n c e n t r a t i o n ) ,  t h e  b u r n e r  was 

h e l d  a t  t e m p e r a t u r e  f o r  about  I. h r  w i t h  il 300-c11i3/min p u r g e  t o  e n s u r e  

t h a t  a l l  the 8 5 K r  a n d  I4C had been ~ 0 1 1 - e c t e d  and all.owed t o  c o o l  over -  

n i g h t .  
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The a s h  was removed from the b u r n e r ,  weighed, and s i e v e d  t o  separate 

the f e r t i l e  and f i s s i l e  f r a c t i o n s .  

f u r  s i e v e  losses lZ> . On d i sas sembly  (manual) of t h e  5-1m f i l t e r  

h o l d e r  i n  t h e  h o t  cel.1, a r e l a t i v e l y  l a r g e  amount ( 1 . 5  t o  3 g) of 

dust: GELS obse rved  on t h e  i n l e t  s i . d r  o f  t h e  F i l te r .  T h i s  d u s t ,  which cane 

Erom tine c o a t e d  par t ic les ,  was c o l l e c t e d ,  weighed, and a n a l y z d  separa te ly  

from the Fertile and f i s s i l e  f r a c t i o n s .  The a b s o l u t e  f i l t e r  (HEPA) 

h o l d e r  W.RS d i sas sembled  i n  t h e  c l e a n  hood t o  minimize c ros s -con tamina t%on .  

T h e  o . f f -gas  l i n e  w a s  c u t  i n t o  approximately e q u a l  l e n g t h s  i n  t h e  cave .  

A l . 1  s a m p 1 . e ~  werc s u ' b m i  t t ed  f o r  ganiia s c a n s ;  heavy-metal  nna.l.yses were 

relquested f o r  t h e  powders. 

Each f r a c t i o n  was weighed t o  account: 

1 . 3 .  1.. 1.. 3 R e s u l c s .  T h e  weights of t h e  materials r e c o v e r e d  i.n t h e  

v a r i o u s  s t e p s  a r e  p r e s e n t e d  i.n Table 1.. 1. The i n p u t  w e i g h t s  were between 

98.9 and 99.8% of t h e  r e p o r t e d  v i . u e  of 63.954 g .  ']laking o n l y  t h e  b u r n e r  

'I'able 1.1. M a t e r i a l  Balance Data f o r  Burner  Runs on 
RTE-2 Sampl.es  

Filter Input Output Measured, g Material 
Run Temperature Measureda - Balanceb 

("(3 ( 9 )  +80 Mesh -80 Mesh Filter Dust ( X I  
____II_._.. . 

Combined Tho2 and Sic-Coated Particles 

1 500 63.233 30.102 7.782 3 * 399 94.6 

3 150 63.656 32.168 5.836 1.568 97.4 

2 75 63.815 30.479 8.390 2.537 97.1 

1 500 

Tho2 Dis tr ibut ionC 
d 8.59 7.78 -0" 2 .. 

3 150 10.66 6.84 Q.gd -9 8 

2 75 8 . 9 7  8.39 -0.8 -97 

a The input is reported by R. P. Morisette et al., Recycle Yes t  6lement 
Pr2ogrdm D e s i p ,  Fabricution, and. Assembly, GA-10109 (September 19711, to be 
63.954 g ,  corresponding to a calculated total output of 40.044 g .  

included. 

are broken, so the entire 21.51 g is in the + 80 mesh fraction. 

ash). The remainder would be burnable carbon. 

b(Burner product output/calculated output) X 100. Filter dust is not 

c Obtained by assuming that none of the 5iC-coated (fissile) particles 

dEstimated f rom gamma-scan contributions (as originating f rom f u e l  



c o n t e n t s  as a s h  product.,  t h e  r e c o v e r i c s  w e r e  between 9 4 . 6  and 9 7 . 4 %  of 

t h e  t h e o r e t i c a l  o u t p u t  f o r  combined ThQ2 and Sic-conted  p a r t i c l e s .  

Because t h e  d a t a  are incomple t e ,  w e  rough ly  e s t i m a t e d  t h e  Tho2 material 

b a l a n c e  by assuming t h a t  no SiC-coa&csd p a r t i c l e s  were broken  and L h d t  

che f i l t e r  d u s t  c o n t a i n e d  less  t h a n  1 g of iIine bu rne r  a s h  (as determined  

from t h e  a v e r a g e  of t h e  gamma s c a n s  as compdred w i t h  t h e  gamma s c a n  of 

SO mesh b u r n e r  a s h ) .  Thp r e s u l t i n g  Tho2 ma te r i a l  balar ice  v a l u e s  rangc 

from 89 t o  98%. These are r e a s o n a b l e  r e c o v e r i e s .  

Tab le  1 .2 l is is  t h e  i o t a 1  q u a n t i t i e s  of gamma emitters found i n  

each  u n i t  on comple t ion  of t h e  r u n s .  The v a l u e s  i n  t h e  b u r n e r  column 

are  based  on t h e  gamma s c a n s  of "grab" samples of 80 mesh a s h  s o l i d s  

and s c a l e d  t o  t h e  L h e o r e t i c a l  amount of Tho2 we igh t  (18.535 g)  p l u s  t h e  

amounts ( u s u a l l y  less t h a n  I%) of  f i s s i o n  p r o d u c t s  found on t h e  p e r f o -  

r a t e d  p ? a t e  i n s i d e  t h e  b u r n e r .  

t o t a l s  appea r  h i g h .  

C o n t r i b u t i o n s  of 9 5 Z r  and 1 4 4 C c - ,  t o  t h e s e  

1.3.1.1.4 Conc lus ions .  tl d e t a i l ~ e d  a n a l y s i s  of t h e  above r e s u l ~ t s  

l e a d s  t o  a number of  t e n t a i i i v e  c o n c l u s i o n s ,  which f o l l o w .  

1. Releases of c e r t a i n  f i s s i o n  p r o d u c t s  t h rough  a i -wm s i n t e r e d  

n i c k e l  f r i t  w e r e  usual.1.y G0.1-Z and a lways  <1.0% of t h e  i n v e n t o r y .  

2, Expertments a t  t h r e e  f i l t e r  t e m p e r a t u r e s  (500, 150,  and 7 5 ° C )  

y i e l d e d  less Ehan one o r d e r  of magni tude v a r i a t i o n  i n  rel.ease of  

f i s s i o n  p r o d u c t s  t h rough  t h e  s i n t e r e d  n i - cke l  f r i t .  

3. The d u s t  t r a p p e d  by t h e  s i n t - e r e d  n i c k e l  f r i t  c o n t a i n e d  most of 

t h e  f i s s i o n  p r o d u c t s  (and buri ier  a s h  f i n e s )  t h a t  l e f t  t h e  b u r n e r .  

Recycle  of t h i s  d u s t  t o  t h e  p r imary  burr ier  w i l l  r e t u r n  t h i s  mater ia l  t o  

t h e  c i r c u i t .  To avo id  an  accumula t ion ,  some s o r t  of  a purge  mechanism 

must be  p rov ided .  

4 .  'The p r imary  b u r n e r  p r o d u c t  from a Biso ThC2-Triso UC2 f u e l  

( p o t e n t i a l  1100-MlJe r e a c t o r  f u e l )  w a s  n o t  s e p a r a b l e  i n t o  f i s s i 1 . e  and 

f e r t i l e  f r a c t i o n s  by s i ev i -ng  . 
5 .  These r u n s  d o  no t  p r o v i d e  i n f o r m a t i ~ o n  p e r t a i n i n g  t o  long-tex-m 

p1.ateout  e f f e c t s  on the v a r i o u s  s u r f a c e s .  

6 .  Some 1 ~ 5 0 ° C  f i l ~ t e r  r e s u l t s  are  i n c o n s i s t e n t .  
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'I'abLe 1.2. Gamma Activity Found After Burning Coatred Par t ic les  
from RTE-2, Body 3 

-_ - I_-_l-._--XII--l 

Activity,  dislmin 

5-pm F i l t e r  O f f - C a s  Lines Absolute F i l t e r  
-__ canma I_ 

E m i t  t er a b Burner Dust 
-- 

I Run 1, 63.233 g Par t i c l e s  from Hole 5 ,  5-um F i l t e r  a t  500°C 

1.46 x 10" 9.86 x l o 9  2.95 x 10' 2.64 x l o 6  1 .40  x 1 0 4  

7.11 x io1*  1.84 x i o l o  5.74 x i o 9  7.78 x l o 6  2.97 x i o 4  

1.27 x 5.91 x lo9 8-70 x i o 0  9.27 x i o 5  5.18 x l o 4  

1.50 x lo1 '  8.94 x lo1 '  5.28 x lo9 6.27 x l o 6  2.07 x 104 

3.79 x 10" 5.17 s l o 9  2.59 x 10" 2.66 x I O 7  1.72 x lo6 

6.08 X 10" 2.34 x lo9 8.62 x lo7 5.99 x LO6 1.20 x IO4 

1.48 X 10" 1.01 x 10'l 1.50 x 10' 5.64 X LO6 5.38 x I O 4  

1.81 x io11 1.28 x i o l o  7.40 x i o 7  1.39 x 10' 1.58 x i o 7  
8.69 *: 10" 6.01 x 10" 3.22 x 10' 6.97 x l o 6  4.74 x i o 3  

1.28 x 3.04 x i o 9  4.94 x i o 9  6 - 2 5  x i o7  4.55 x i o4  

5.64 x i o l 0  2.09 x i o 9  7.48 x io9 2.04 x lo6  7.05 x i o 3  
8.29 x 10" 8.73 x 10" 1.04 x l o ' *  4.17 x l o6  8.44 x i o 3  
2.30 x 8.30 X 7.20 x l o 9  2 . 2 2  x lo6  5.74 x 10% 

8.15 x 1011 7.61 X 1010 5-67 x 109 1.55 X l o 6  1.41 x 10' 

2.67 x l o 1 '  4.08 x 10' 9.84 x IO1' 1.38 X l o 7  7.34 x i o 5  

4+15 X 10" 3 . 4 7  A 10" 3.30 x lo9 2.88 x l o 6  2.06 x I O 4  

9.03 x 10" 5.17 x 10'' 3.13 x 10' 3.38 x l o 6  1.24 x 10' 

Run 3 ,  63.656 g Pa r t i c l e s  from Hole 2 ,  5-prn F i l t e r  a t  150°C 

7.89 x 10'l 6.27 x 10" 1.85 x 10' 1-54 x i o 7  1.04 x IO4 

1.44 X 10" 1.05 X 10" 5.78 X 10' 1.15 x i o 7  6.65 x l o 3  

RUR 2 ,  63.815 g Par t i c l e s  from Hole 6 ,  5-pm F i l t e r  a t  75°C 

1.98 x 10'l 1.53 v 10" 1.78 X l o 9  3.55 x l o5  4.56 x l o 5  

1.37 1.30 x i o l l  9.82 x i o 9  3.26 x lo6 1.86 x l o 4  

a Includes Tho;! ash and material from perforated p l a t e  inside burner. 
lns ide  Sic-coated UC2 p a r t i c l e s  is  not included. 

Dust trapped on i n l e t  side of 5-pm f i l t e r .  

Material 

b 



8 

1 . 3 . 1 . 2  Rel-ease of ' " C  During Pr imary  Burning of RTE-2-3 
C .  L .  F i t z g e r a l d  and V . C . A .  Vaughen 

The o f f - g a s e s  f o r  t h e  t h r e e  bu rn ing  r u n s  d e s c r i b e d  i n  t h e  p r e v i o u s  

s e c t i o n  were ana lyzed  f o r  1 4 C  and C02. 

bctween g a s  c o l l e c t i o n  bag changes di.d n o t  a l ~ l o w  adequa te  t i m e  t o  homoge- 

n i z e  t h e  c o n t e n t s  b e f o r e  sampl ing ,  t h e  i n - l i n e  C02 and CO m o n i t o r s  d i d  

i - n d i c a t e  t h a t  approx ima te ly  c o r r e c t  amounts of carbon were burned.  

However, t h e  material  b a l a n c e  on carbon y i e l d e d  o n l y  about  SO% of  t h e  

c a l c u l a t e d  amount i n  t h e  g a s  bags.  Thus one can  s t a t e  w i t h  some a s s u r -  

ance  t h a t  tile 1 4 C  r ecove ry  i s  a l s o  incomple te .  However, i t  i s  u n l i k e l y  

t h a t  t h e  '''C-to-COz r a t i o  is g r e a t l y  a f f e c t e d  by t h e  p r o b a b l e  n o n r e p r e -  

s e n t a t i v e  sampl ing ,  and the r a t i o  may shed  some J- ight  on t h e  release 

p a t t e r n  f o r  1 4 C  even though t h e  t o t a l  amount i s  u n c e r t a i n .  

a comparison of t h e  t h r e e  r u n s  shou ld  i n d i c a t e  any t r e n d s .  

Although t h e  30-min i n t e r v a l  

I n  a d d i t i o n ,  

The f u e l ,  T r i s o  UC2-Biso ThC2, should  bu rn  t o  Sic-coa ted  IJC2 and 

b a r e  Tho2 a sh .  Thus t h e  b u r n a b l e  carbon i s  t h e  o u t e r  p y r o l y t i c  c o a t i n g s  

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

c o a t i n g s  and carbon from t h e  ThC2 k e r n e l s  of  t h e  f e r t i l e  p a r t i c l e s .  

Any broken f i s s i l e  p a r t i c l e s  would a l s o  release t h e i r  1 4 C .  

S i x  g a s  bags w e r e  sa i ip led ,  each  about  40 t o  60 l i t e rs ,  on about  

30-min in t e rva1 . s .  The r e s u l ~ t s  are p r e s e n t e d  i n  Tab le  1 . 3 .  The m o s t  

i n t e r e s t i ~ n g  f e a t u r e  s e e n  i n  t h i s  t a b l e  i s  t h e  a p p a r e n t  peaking  of 1 4 C  

c o n c e n t r a t i o n  ( i n  two cases by a f a c t o r  > l o )  n e a r  t h e  midpoin t  of t h e  

r u n s .  The carbon c o n t e n t  v a r i e d  o n l y  w i t h i n  a f a c t o r  of 2 d u r i n g  the 

c e n t r a l  four sampI.es. 

One conc ludes  from t h e s e  d a t a  t h a t  t h e  14C i s  n o t  un i fo rmly  d i s -  

t r i b u t e d  w i t h i n  t h e  coa ted  p a r L i c l e s ;  however,  no c lear  ev idence  p o i n t s  

t o  t h e  l o c a t i o n  of t h e  r e g i o n  of h i g h e s t  c o n t e n t ,  e x c e p t  t h a t  i t  i s  

p robab ly  not  w i t h i n  t h e  o u t e r  p y r o l y t i c  carbon c o a t i n g s .  

Each experiment: had about  20  g heavy metals (U +- Th).  The measured 

1 4 C  releases range  from 15 t o  1 9  C i / m e t r i c  t o n .  

1 . 3 . 1 . 3  A n a l y s i s  of I n d i v i d u a l  P i s s i l e  P a r t i c l e s  from RYE-2-3 - 
V . C . A .  Vaughen, F. F .  Dyer,  and  T .  B. J.indemer 

The release of f i s s i o n  p r o d u c t s  from IiTGR f u e l s  i s  c u r r r n t l y  t h e  

s u b j e c t  o f  s t u d y  i n  t h e  HTGR Base and Thorium U t i l i z a t i o n  Programs. In 
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T a b l e  1 . 3 .  Release of '.ItC f r o m  RTE-2-3 During Primary Burning 

Run 1 ( 5 0 0 O C )  Run 2 (75OC) Run 3 (l50"C) 
I_ __.___.I___. .-- a Sample 

c ,  W i / g  c c 9  g 1 4 C 9  p c u g  c 14c9 pcijg c C, g 1 4  
C', g 

- 

1 0.67 10.2 1.44 3.8 1.03 9 . 2  

2 1 . 7 2  27.3 2.58 42,6 2.00 43.1 

3 1.87 36.0 3. 1lC 5 1 " 4 c  2.25 73 .0  

4 1.66 46.8 2.69 14.6 2.18 

5 3 .32  21.6 2 . 5 3  7 .4  2 . 2 9  7.5 

6 2.36 11.4 0.45 11.0 2.04 5.8 
T o t a l s  11.59 25.7 d 1 2 . 8 1  26.4 d 12.15 e -3p 9 f 

a Samples taken nominally about 30 min a p a r t  a t  nominal volumes of about 
50 l i ters of off-gas. 

'Carbon c a l c u l a t e d  f rom gas l a w s  and C 0 2  analyses.  

d 

e 

fSamples  4 and 7 were omitted.  

C 
COz concen t r a t ion  taken as the  average of samples 2 and 4 .  

T o t a l  1 4 C  f o u n d j t o t a l  C found. 

A seventh sample  had 0.36 g C but w a s  not analyzed f o r  14Ca 

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

are the! d e s i r e d  d a t a ,  and s t a r t i n g  i n v e n t o r i e s  are r e q u i r e d  to n o r m a l i z e  

the  data. While t h e  t o t a l .  amounts of materials formed i n  t h e  r e a c t o r  

c o r e  and p r e s e n t  i n  t y p i c a l  d i s c h a r g e d  f u e l  a t  var:i.ous decay  t h e s  can 

be ( .- .alculated from burnup estimates, r e a c t o r  o p e r a t i n g  parameters and 

deca.-y t i m e s ,  e . g . ,  by the ORIGEN code,2 t h e s e  r e s u l t s  s e l d o m  a g r e e  w e l l .  

€ o r  t h e  s m a l l  samples used i n  t h e s e  s t u d i e s  s i n c e  t h e  small. s a m p l e s  

t y p i c a l l y  do n o t  see "average" c o n d i t i o n s  i n  the r e a c t o r .  

To a l l ev ia t e  t f h i s  sho r t coming ,  we e.xamined i n d i v i d u a l  c o a t e d  p a r t i  - 
c les  and f u e l  s t i c k s  n o n d e s t r i i c t i v e l y  by gamma-scan a n a l . y s i s  , T h i s  pro- 

v ides  a measurement O E  the gamma-emitting i s o t o p e s  f o r  c:acli c o a t e d  p a r t i -  

c le .  With d i m e n s i o n a l  d a t a  and w-ith s u i t a b l e  c a l c u l a t i o n s ,  i n v e n L o r i e s  

of f i - ss ion  p r o d u c t s  and estimates of hurnup can be made f o r  each c o a t e d  

p a r t i c l e  o r  fue l .  s t i c k .  E s t h a t e s  de te rmined  .in t h i . s  way a l s o  Lier-ve as an 

indep  enderit msasurement € o r  p o s t  irradiat i-on examinat  i o n  of :irradiation 



t e s t  e l emzn t s .  The p o s t i r r a d i a t i o i i  examina t ion  of F .  F .  Dyer and 

T.  B. Lindemer i s  r e p o r t e d  e l sewhere .  1 

Seven of t h e  S ic -coa ted  p a r t i c l e s  were s e p a r a t e d  from t h e  b u r n e r  

ash and s u b m i t t e d  f o r  ga.mma-scan a n a l y s i s  and f i . s s i o n  gas release.  A 

summary of t h e  d a t a  i s  p r e s e n t e d  h e r e .  ' T h e  f i s s i l e  p a r t i c l e s  had a v e r a g e  

mens u r emen t s 3 9 4  as follows: k e r n e l ,  99 lirn d iam,  d e n s i t y  1.0.bh g/cm 3 ; 
b u f f e r ,  51  prn t h i c k ,  1 .30 g/cm3;  inner PyC, 21 pin t h i c k ,  1 .81 g/Ciil 3 ; 

S i c ,  20 ~JKI  t h i c k ,  3 .21  g/cm3.  We c a l c u l a t e  an a v e r a g e  kernel- uranium 

content .  of abou t  4.81 x g b e f o r e  i r r a d i a t i o n .  

T a b l e  1 . 4  l i s t s  t h e  a c t i v i t y  i n  d i s i n t e g r a c i  ons p e r  s e c o d  measured 

f o r  t h e  S ic -coa ted  p a r t i c l e s  on t h e  day of measurement. Count ing  t imes  

w e r e  1~000 sec; decay  t i m e ,  4 .777  x l o 7  sec.  

p r e s e n t  a t  r e a c t o r  shutdown, back- -ca l cu la t ed  from t h e  d a t a  i n  Tab le  1 . 4 .  

Tab le  I.. 6 g i v e s  e s t i m a t e d  burnups  ca lcu l .a ted  from t h e  f i .ssion y i e l d  

datia. Although t h e  ave rage  d i a m e t e r  was l i s t e d  as 99 pm, a c t u a l  k e r n e l  

d i a m e t e r s  were measured d i r e c t l y  by rad iograpi iy  . The a p p a r e n t  low 

burnup v a l u e s  c a l c u l a t e d  f rom ' 5 Z r  m e a s u r m e n t s  a re  n o t  s i .gnif  i c a n t  , 
s i n c e  its a c t i v i t y  approaches  s a t u r a t i o n  d u r i n g  i r r a d i a t i o n  and t h u s  

does  n o t  measure burnup.  The Sow a p p a r e n t  buraup  val-ues e s t i m a t e d  from 

t h e  1 4 4 C e  v a l u e s  are a t  p r e s e n t  unexp la ined .  

T a b l c  7..5 l i s t s  t h e  n c t i - v i t y  

1 . 3 . 1 . 4  Long--Term S t o r a g e  Experirrient w i t h  RrE-2-5 B i s o  (LTh,U)O2-Kiso 
ThC2 ---- C .  L.  F i t z g e r n l d  and V . C . A .  Vaughen 

'The release of  r ad? -oac t ive  mater ia l s  d u r i n g  sturage of HTGR f u e l  

e l emen t s  i s  of i n t e r e s t  t o  t h e  des i -gner  of t h e  r e p r o c e s s i n g  p1.ant s t o r a g e  

f a c i l i t y .  The impact  of releases on t h e  r e q u i r e m e n t s  f o r  c l e a n u p  o f  t h e  

cooli-rig g a s  and t h e  c o s t  of s p e c i - f i c a t i o n  s t o r a g e  c o n t a i n e r s  prompted 

a r e q u e s t  by GAC f o r  some h o t  c e l l  s t u d i e s .  The r e q u e s t s d  s t u d y  w a s  t o  

measlire t h e  releases of  8 5 K r ,  311, and o t h e r  i s o t o p e s  f r o m  a s t o r e d  fuel 

e lement  and d e t e r m i n e  t h e  r e 1  ease p a t t e r n s  a t  several  t e m p e r a t u r e s .  

F u e l  body RTE-2-5 was a v a i l a b l e  f o r  t h e s e  t es t s .  I t  c o n s i s t s  of a 

c y l i n d r i c a l  g r a p h i t e  body abou t  76 iiim diam by 0.38 m long  ( 3  by 15 i n . )  

c o n t a i n i n g  a c e n t r a l  h o l e  and e i g h t  smal1.e~- h o l e s  a r r a n g e d  1-ike a te1.e- 

phone di-al.. Seven of t h e  h o l e s  s t i l l  have t h e  o r i g i n a l  loadi-ag of l o o s e  



Table 1 .4 .  Analysis of Seven I n d i v i d u a l  Sic-Coated F i s s i l e  P a r t i c l e s  from RTE-2-3. Nucl ide 
c o n t e n t s  a t  t i m e  of ana lys i s  ( Janua ry  2 2 ,  1975)  ( 4 . 2 7 7  x IO7 sec decay) 

~~ ~ ~~ 

Activity, d i s / s e c ,  per  P a r t i c l e  i n  each Sample 
Fission Product  

Average 1 2" 3 4 5 6 

' 5 ~ r  4.377 x l o 4  4.833 x lo4 3.785 x IO4 2.856 x 10' 1.993 x l o 4  4.857 x l o 4  3.243 x lo4 

lo6Ru 1.705 x l o 5  1.989 x l o 5  1.535 x l o 5  1.192 x I O 5  8.688 x l o4  2.101 x l o 5  1.342 x 10' 

5Sb b 1.394 x lob b b b b 
P 4.554 x i o 5  4.982 x i o 5  3.772 x i o 5  2.929 x io5 2.178 x i o 5  5.202 x i o 5  3.390 x i o 5  c1 34cs 

'CS 4.907 x 10' 5.318 X l o 5  3.973 x lo5 3.066 x l o 5  2 . 2 7 1  x l o 5  5.412 x l o5  3.564 x 10' 

44Ce 1.654 x 106 1.793 X 10' 1.312 x l o 6  9.940 x lo5 7.299 x lo5 1 .684  X IO6 1.167 X 106 

a 

bNot: determined. 

Two p a r t i c l e s  i n  t h i s  sample. 



1 2  

Tab le  1 . 5 .  Nuc l ide  Con ten t s  of I n d i v i d u a l  Sic-Coated F i s s i l e  
P a r t i c l e s  froin RTE-2-3 a t  Reac to r  Shutdown 

(September 14,  1973) "  

A c t i v i t y ,  pCi p e r  Coated P a r t i c l - e ,  i n  each  Sample 
. . ................... F i s s i o n  P roduc t  __-- 

3 4 5 6 Is 
1 

9 5 Z r  2 22 246 192 146 1 0 1  247 

'*'Sb C 0.54 C C C c 

1 3  'cs 

Ru 1 1 . 7  13.6  1 0 . 5  8.18 5 .9s  14 .4  1 0 6  

4cs 1 9 . 9  21.2 16 .1  12.5 9 . 2 9  2 2 - 2  

13.7 14.8 11.1 8.54 6.32 1 5 * 1  

1h9 161 118 89.3 65.6 1 5 1  1"ct 1 L e  

a V a r i a t i o n s  i n  f i s s i o n  p roduc t  c o n t e n &  from p a r t i c l e  1-11 p a r t i  - 
c l e  are a t t r i b u t e d  t o  v a r i a t i o n s  i n  kernel d i a m e t e r s  among t h e  
p a r t i c l e s .  

TWQ par t ic les .  

Not de te rmined .  

b 

c 

Tab le  1.6. B u r n u p  C a l c u l a t e d  from F i s s i o n  P roduc t  Con ten t s  
Found i n  A n a l y s i s  of I n d i v i d u a l  F i s s i l e  P a r t i c l e s  

from Ri'E-2-3 

.................... .................... __ ............... .......... .. 

Kernel. Burnup, 2 FIMA, Calcul .a ted from A c t i v i t y  of 
_..I_ .__ Sample Diameter 

9 5 Z c  l o 6 R u  7 C s  1 4 4 C e  
- 

(urn) 
I 

1 124 33.3 42 ,a  4 2 . 7  30.1 

2 100, ma 26.5 31.7 3 3 . 3  23.6 

3 1 2  5 28.0 32.2 33 .6  23.9 

4 115 

5 100 

27-11. 31.0 33 .4  22.2 

29.0 38.3 37.7 26.0 

135 28.6 35 .3  36.5 26.4  
___ 

6 
. 

a ?_ i w o  p a r t i c l e s  i n  t h i s  sarripl-e. 
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:ISiso-coated (4Th,U)02 and Biso  T h C a  ( t y p e  a) f u e l .  The f u e l  in the o t h e r  

h o l e  h a s  been removed f o r  p o s t i r r a d i a t i o n  examinat Lon. Exper imen ta l  

w o r k  descri .bed here began on January  2 7 ,  1975, and is c o n t i n u i n g ,  

P o s t i r r a d i a t i o n  e.xarninati.on of  c o a t e d  p a r t i c l e s  f r o m  the maxri.mum 

tempera t:ure r e g i o n  of  f u e l  body 5 r e v e a l e d  no unusual m i c r o s t r u c t u r a l  

featurr?s ,  110 e v i d e n c e  of m i g r a t i o n  i n  e i t h e r  t : y p  of k e r n e l ,  and no 

i n d i c a t i o n  of f a i l u r e  o r  p~tent: i .al .  f a i l u r e  of the c o a t i n g s ,  A more 

comprehensive d e s c r i p t i o n  o f  restil-ts €o r  RTE-2 is r e p o r t e d  el.:;ewhere 1 

The amount of * 5 K r  i n  RTE-2-5 h a s  been est:i.matecl by ana logy  t o  

KYE-2-3 w i t h  t h e  O K I G E N  code.  

p r e d i c t e d  f o r  KTE-2.-3. 

c u l a t e d  amount) i n  the expe r imen t  w i t h  fuel. cl:annrl RTE-2--.?--2 e The f l u x  

at KlX-2-5 was 75% of t h e  f l u x  a t  RTE-2-3. Al-so, KTE-2-5 has seven  f u e l  

c h a n n e l s  f i l l e d  w i t h  f u e l ,  and :i.t  contained more uranium and thorii.rrn t h a n  

WE-2-3 .  

f a c t o r s ,  w e  have. es t imnt .ed an. i n v e n t o r y  o f  2 . 6  CIi. *'Kr i n  RTE-2-S. 

About  0.38 C:i. 8 5 K ~  p e r  f u e l  channel was 

WE measured 0.30 C i  "Kr (about. 802 o.f t he  cal- 

By adjus t i -ng  the ORIGEN y i e l d  of 85Kr f o r  WE-%-I! by s i .mple 

The f u e l e d  body was pl-aced i n t o  a c l o s e d  syst:i:~m as shown i.11 F i g .  1 . 2 .  

The eiemcnt. w a s  purged  w i t h  m o i s t  a i r ,  co t i~ i i iu i : )us l .y  a t  f i r s t .  Afte-r t i l e  

d a i l y  release rates f e l l .  t o  levels :tppro'nch.i.ng t h e  a n a l y t i c a l  I . i m i t s ,  t:he 

systeiii WRS seal.ed and purged week3.y. The f i l t e r i n g  u n i t s  w e r e  added 

a f t e r  t h e  ambient  t e m p e r a t u r e  r u n  w a s  f i n i s h e d .  

ORNL DWG 75-8360 - 
WUMlDlF1E.R AIR SUPPLY 

IN 

LECULAR SElVE 

GAS COLLECTION 

F i g .  1.2 Equi.pmen t Fl.owsheet f o r  the I.,ong-Term F u e l  Element 
S t o r a g e  Experiment .  

BAG 



1 4  

The releases of 05Kr i n  t h i s  experiment  are shown i n  Tab le  1 . 7 .  

Almost any change resul.l:ed i n  a n  i n c r e a s e d  r e l e a s e  ra te  t e m p o r a r i l y .  

The i n t e g r a t e d  amounts r e l e a s e d ,  t h e  in i t i . aJ .  r e l e a s e  ra tes ,  and t h e  

f i n a l  release rates a.re g i v e n  i n  t h e  t a b l e .  The t o t a l  release ( i n  the 

s t a b i l i z e d  release ra te  r e g i o n  f u r  J.50"C) w a s  184  mCi., o r  abou t  7 %  of  

t h e  t o t a l  c a l c u l a t e d  i n v e n t o r y .  The release ra te  of 200 t o  400 uCi/day 

c o r r e s p o n d s  t o  less t h a n  abou t  0 .02% p e r  day.  

'Table 1.7. Release of "Kr from RTE-2-5 i n  S t o r a g e  

T o t a l  Release Rate,  iJCi/day 
a t  Temperature  - 

Temperature  Exposure 

(rnci) J n i t i a l  F i n a l  ( " C >  (days)  
.......... ~ ......... 

7 1  13.7 9190 9 4  
a 25 ? 5 

100 78 1 3 1 . 1  6530 55 

150 110 39 1171 302 

T r i t i u m  release rates a r e  l i s t e d  i n  Table 1.8.  By dnalogy t o  Kf&-2-3 

and u s e  of t h e  same o v e r a l l  f a c t o r  (75x1 as f o r  85Kr, the t o t a l  3 H  inuen- 

t o i y  i n  RTE-2-5 was e s t i m a t e d  t o  be  56 m C i .  Approximately 0.2% of t h e  

c a l c u l a t e d  t o L a l  3 H  h a s  been r e l e a s e d .  

'Table 1 . 8 .  Release of 3H from RTE-2-5 i n  S t o r a g e  

Total  ReleasP R a l e ,  iJCi/day 
a t  Temp era t u r  e - ...- Temperature  

( W i )  I n i t i a l  F i n a l  ( " e )  

, h b  i en t 6 . 6  2.98 0.021a 

100 9 .0  0 . 2 4  0. 014a 

150 -90 -0.2 -1 
b b 

a 

1) 
Average v a l u e .  

Being r e e v a l u a t e d .  
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T a b l e  1 . 9 .  Coated P a r t i c l e  C h a r a c t e r i s t i c s  

Dimensions, urn 
-. .... ____.. Density, g/cm3 Fu e 1 . ......... 

Outer PyC 
Diam Thickness Thickness Kernel Buffer  Outer PyC Rod Material Kernel Buffer 

H-2-2 uo 2 114 53 70 1.83-1.95 

H-2-3 (2Th,U)02 355 7 7  134 10.18 1.1 1 . 9  

H-2-4 (hTh,U)02 355 77  134 10.10 1.1 1 . 9  
A 1  1 Tho2 440 46.5 73.3 10.10 1.10 1 . 9  

Es t ima ted  burnups i n  t h e  f i s s i l e  p a r t i c l e s  f o r  r o d s  H2-2, -3, -4 

w e r e  31, 11, and 7 .5% FIMA, r e s p e c t i v e l y ;  c a l c u l a t e d  maximum c e n t e r - l . i n e  

t e m p e r a t u r e s  were 1200 , 1350 and 1.430°C, r e s p e c t i v e l y .  The s h i p p i n g  

c o n t a i n e r s  w e r e  n o t  i d e n t i f i e d ,  and some q u e s t i o n  r ema ins  as t o  which 

saiip1.e w a s  which f u e l  r o d .  The i d e n t i f i c a t i o n  of  t h e  specimens w a s  

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

The g e n e r a l  f l o w s h e e t  w a s  Burn-Leach s i n c e  a l l  t e s t  specimens w e r e  

B i s o - c o a t e d  f u e l  combina t ions .  Emphasis duri.ng bu rn ing  w a s  c o n c e n t r a t e d  

on (1) r e c o v e r y  and c h a r a c t e r i z a t i - o n  of v o l a t i l e  and e n t r a i n e d  materials 

i n  t h e  o f f - g a s e s  and ( 2 )  r e d u c t i o n - o x i d a t i o n  c y c l i n g  in'cended t o  f o r c e  

t r i t - i u m  release. 

s t a g e  of  the p r o c e s s i n g .  A s i m p l e  s i z e  s e p a r a t i o n  ( e . g . ,  by s i e v i n g )  

canno t  be  depended on t o  s e p a r a t e  t h e  f e r t i l e  and f i s s i l e  f r a c t i o n s  s i n c e  

t h e  oxi.de f i s s i 1 . e  k e r n e l s  may n o t  b e  reduced t o  a f i n e  powder d u r i n g  the 

burni-ng p r o c e s s .  T h e r e f o r e ,  each  sieve f r a c t i o n  w a s  t e s t e d  f o r  s e l e c t i v e  

d i s s o l u t i o n  of t h e  uranium-bearing f i s s i l e  f r a c t i o n  by use of b o i l i n g  

c o n c e n t r a t e d  n i t r i c  a c i d  b e f o r e  comple t e  d i s s o l u t i o n  i n  Thorex r e a g e n t  

(13 M HM03-0.1 A1-0.05 F-) . 
d e s c r i b e d  below. 

F i s s i o n  g a s  release d a t a  (*'Kr) w e r e  c o l . l e c t e d  a t  each  

S p e c i f i c  p r o c e d u r e s  f o r  each  o p e r a t i o n  are 

1.3.1.5.2 Primary - Burning. The o f f - g a s  sys t em i s  shown schemati-  

tally i n  F i g .  1 .3 .  It c o n s i s t s  of a g raded  f i l t e r  sys t em,  c a s c a d e  

impac to r  , water-cooled condenser  , m o l e c u l a r  s ieve t r a p s  f o r  3Ei r e t e n t i o n ,  

i n s t r u m e n t a t i o n ,  and a n  i n f l a t a b l e  bag t o  c o l l e c t  a11 b u r n e r  g a s e s  f o r  
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HOT CEL.1. 

PENTHOUSE 
- - -- - -- 

ORNL-DWG 75-1 5 0 0 0  

-I - - _  

CONDENSER 

1 

MOLECULAR 
GELMAN ( A B S O L ~  

F I L T E R  
AMBIENT 

TEMPERATURE 

--Q S I E V E  FIL.TER 
AM6 I ENT MANIFOLD 

I METER METER 

F i g .  1.3. F l o w  Diagram f o r  H-Capsule Hot C e l l  Experiment  

subsequen t  a n a l y s i s .  To accompl ish  t h e  o x i d a t i o n - r e d u c t i o n  c y c l i n g ,  

the b u r n i n g  o p e r a t i o n  w a s  b roken  down i n t o  s i x  s t a g e s :  

1. h o l d  a t  850°C f o r  1 h r  i n  A r 4 Z  H2 b e f o r e  bu rn ing  (100 cm3/min), 

2 .  bu rn  w i t h  wal l  t e m p e r a t u r e  a t  750°C i n  s a t u r a t e d  air- f o r  t h e  

time r e q u i r e d  (300 c m 3 / n i n ) ,  

h o l d  a t  850°C f o r  2 h r  i n  s a t u r a t e d  a i r  (100 cm3/min), 

ho ld  a t  8 5 O o C  f o r  8 h r  i n  s a t u r a t e d  a i r  (100 cm3/min) ,  

r e d u c t i o n  c y c l e  i n  Ar-4% I12 f o r  6 hr at  850°C (100 crn3/min),  

3 .  

4 .  

5. 
6 .  o x i d a t i o n  c y c l e  i n  s a t u r a t e d  0,  f o r  2 h r  a t  850°C (109 c.m3/min). 

Thc> p r e s e n c e  of hydrogen o r  water vapor  a t  e a c h  s tage w a s  t o  pro-  

v i d e  i s o t o p i c  d i l u t i o n  for 3H. 

f o r  3H r ecove ry  w a s  p rov ided  so  t h a t  t h e s e  cou ld  be  changed a t  each 

A mani fo ld  with i n o l e c ~ u l a r  s i e v e  t r a p s  
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s t a g e .  A d d i t i o n a l l y ,  i l l  f l a  t ab 1 c c o l l e c t i o n  b<+g W A S  changed a t  

t h p  elid of each  s t ae -  aiid s m p l c c i  for H5Kr , i n a l y s i s .  

A f t e r  C O I I I I )  1 r t i o n  of t i t ( ,  h c 1 r  n i n g  and nsidat ion-rnr i r :c t  ion c y c l i  iig , 
t h c  P q i i i i j m e I J t  was 2 1  lowed t o  c o o l  overh ig l i t  and cllpri d i s a s s p  1b1Pd. Thc 

c a s c d e  impac to r ,  condense r ,  and a1 1 f i l t e r  holdei*s  wcrc d=rcntarninaccAJ 

b e f o r e  d i s a s s b  l y  t o  i r i i i i i i n  i d e  cr~ss-coll^LaTllination. These samplps biere 

bagcrd  o i i t  of t h r  f a c i l i t y  and ,ubrnitted f o r  a n a l y s i s .  Thr ? O - i i m  

s i n i t - r e d  m e t a l  f i  I t - r  wit: t akr r ,  t ~ 1  t h e  a n a l y t i c a l  l abora t  t ~ c j ~  i n  a 

s h i e l d e d  c a r r i c r  t o  iriinimiLe exposure t o  o p e r a t i n g  persolr l ie l .  The biirirer 

a s h  7~2s rcwved f r o m  t h e  l i t i L r i e r ,  we ighpd:  . i d  sicsTed to o b t a i n  <-LO 

( 4 2 0  jin) and t50 ( 2 9 1  sm) I I ~ C S ; ~ I  i i a T t i o n s  as we!l as a f i n e s  ( 53 m e s h )  

f r a c t i o n .  Each fc ,3c t ion  was w e i g h e d  

d i s s o l u t i o n .  Tile t w n  sirve p r o d u c t s  

F i g .  1 . 4 .  F r a c t i o n s  f r m ,  H-7-4 
fissile p a r t i c l r c ,  (41'h,U)02. (b) +LO mesh feriiJr p a t - t i c l e s ,  T h 0 2 .  
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L.3.1.5.3 D i s s o l u t i o n .  The d i s s o l u t i o n  p r o c e d u r e  was d e s i g n e d  t o  

d e t e r m i n e  i f  t h e  u ran ium-con ta in ing  f i s s i l e  f r a c t i o n  cou ld  b e  s e l e c t i v e l y  

d i s s o l v e d  from t h e  t h o r i a  f e r t i l e  f r a c t i o n .  The equipment c o n s i s t e d  of  

a 100-mL g l a s s  d i s s o l v e r  f i t : t e d  w i t h  a side-arm ( f o r  pu rge  g a s )  and 

ref lux  condense r .  

g a s e s  w e r e  c o l l e c t e d  f o r  8 5 K r  a n a l y s c s .  

each  case. T h i s  was n o t  l ong  enough f o r  complete  r e c o v e r y  of heavy metals 

from t h e  b u r n e r  ash. 

The d i s s o l v e r  w a s  purged w i t h  air a t  100 cm3/min; a l l  

The l e a c h i n g  t i m e  w a s  2 h r  i n  

Each of t h e  t h r e e  f r a c t i o n s  w a s  f i r s t  t e s t e d  € o r  s e l e c t i v e  d i s s o -  

l u t i o n  of t h e  uranium w i t h  b o i l i n g  15 .7  M H N 0 3  b e f o r e  two Thorex l e a c h e s .  

The f e r t i l e  and f i n e s  f r a c t i o n s  were l e a c h e d  once and t h c  f i s s i le  f r a c t i o n  

t w i c e  w i t h  n i t r i c  a c i d .  The r e s i d u e  and f i l t e r  p a p e r  from each  l e a c h  

s e r v e d  as f e e d  f o r  t h e  n e x t  l e a c h .  The f i n a l  f i l t e r  pape r  was ana lyzed  

as r e s i d u e  when the l e a c h i n g  sequence  w a s  completed.  A l l  l i q u i d  and 

s o l i d  samples  w e r e  a n a l y z e d  f o r  heavy metals and p r i n c i p a l  f i s s i o n  

p r o d u c t s .  

The d e t a i l e d  a n a l y s i s  of t h e  b u r n e r  material b a l a n c e s  and l e a c h i n g  

r e s u l t s  are o m j t t e d  h e r e ,  €or  b r e v i t y .  S u f f i c e  i t  t o  say t h a t  t h e  two 

selective l e a c h e s  ( e a c h  2 h r )  w i t h  15.7 M HNO3 d i s s o l v e d  abou t  30X of: 

t h e  235U i n  t h e  (4Th,U)02 sample and about  74 of t h e  233LJ. 

2 3 5 U  and 233U was d i s s o l v e d  i n  t h c  o t h e r  tests w i t h  t h e  (2Th,U)02 and 

UO;! s amples .  O n e  c o n c l u d e s  t h a t  l e a c h i n g  f o r  4 h r  i n  15.7 M HNO3 i s  

n o t  se lect ive enough t o  s e p a r a t e  t h e  2 3 5 U  and 2 3 3 U  i s o t o p e s .  A more 

d i l - u t e  a c i d  may be more e f f e c t i v e .  

More of t h e  

1.3 .1 .5 .4  Burner O f  €:Gas C o n t a m i n a s ?  and F i s s i o n  Gas ._---____ Release. Two 
8 5  p r imary  p u r p o s e s  of these e x p e r i m e n t s  w e r e  t o  d e t e r m i n e  

release p a t t e r n s ,  and t o  c h a r a c t e r i z e  t h e  b u r n e r  o f f - g a s  con taminan t s .  

The b u r n i n g  o p e r a t i o n s  ( d e s c r i b e d  e a r l i e r )  w e r e  done w i t h o u t  i n t e r r u p t  ion 

tho rugh  t h e  8-hr p o s t b u r n  h o l d i n g  p e r i o d ;  t h e  r e d u c t i o n - o x i d a t i o n  opern- 

tions were done t h e  f o l l o w i n g  day. A m o l e c u l a r  sieve m a n i f o l d  w a s  c l o s e -  

coupled t o  t h e  f i l t e r  a s sembly  t o  c o l l e c t  t h e  3H from each o p e r a t i o n ;  

t h e  o f f - g a s e s  f o r  each o p e r a t i o n  w e r e  c o l l e c t e d  i n  i n f l a t a b l e  hags  and 

sampled Cor 8 5 K r  a n a l y s e s .  

K r  and 3H 

The c a s c a d e  impac to r  and f i l t e r  h o l d e r s  w e r e  



d i sas sembled  i n  a shiel .ded cave l o c a t e d  above t h e  h o t - c e l l ,  and spec ia l .  

p r e c a u t i o n s  57ere t a k e n  t o  minimize c ros s -con tamina t ion .  'rhe f i.l.ter 

h o l d e r s  and impac to r  were derlontarniLnated between expe r imen t s .  A l l  

connect: i.ng l i n e s  w e r e  r e p l a c e d  w i t h  new t u b i n g  b e f o r e  each  expe r imen t .  

The f i s s i o n  g a s  rei-eases are shobm i n  Tab le  1 . 1 0 .  The r e s u l t s  show 

t h a t  r ecove red  tritium v a l u e s  agree w i t h i n  a f a c t o r  of 3 ,  and 8 5 K r  w i t h i n  

a fac t i i r -  of 6 .  The c o n d i t i o n  uf che samples  i n d i c a t e s  t h a t  t h e  i n i t i a l .  

c o n t e n t s  may have been n o n r e p r e s e n t a t i v e .  

R e s u l t s  f Kom expe r imen t s  K-2-2 (UO2) and 11-2-4 [ (4T l i ,U)C2  ] show t h a t  

al.1. t h e  h igh - t empera tu re  o p e r a t i o n s  were requi - red  t o  e f f e c t  abou t  89% 

3H removal ,  w h i l e  t:hc a d d i t i o n a l  2-hr p o s t b u r n  h o l d i n g  p e r i o d  w a s  all 

t h a t  was r e q u i r e d  t o  accomplish the same e f f e c t  i n  11-2-3 [ (2Th,U)02] .  

T h i s  i s  one area t h a t  c o n t i n u e s  t o  ra ise  d o u b t s  as t o  t h e  i d e n t i t y  of 

t h e  samples .  The U 0 2  p a r t i c l e  was expec ted  t o  release t h e  38 e a s i l y .  

The (2Th,U)02 and (4Th,U)O;I s a m p l e s  w e r e  e x p e c t e d  t o  have nonporous 

kerne ls  and t h u s  have s low d i f f u s i o n  p r o c e s s e s .  Pe rhaps  t h e  h i g h  s u r -  

f a c e  a r e a  w i t h  t h e  1irani.a f i s s i l e  p a r t i c l e  may have  I.ed t o  c h e m i s o r p t i o n  

of t h e  t r i t i u m .  

The b u l k  of t h e  "Kr a s s o c i a t e d  w i t h  H-2-2 (+30y/_) W ~ S  r e l e a s e d  

d u r i n g  t h e  bu rn ing  operation, w h i l e  on ly  abou t  50% of t h e  8 5 K r  w a s  

released from t h e  rnriked 'Th-U k e r n e l s .  Although t h e  f i r s t  2-hr soak 

r e l e a s e d  up t o  10% more, t h e  b u l k  of tihe r e s i d u a l  8 5 K r  was i re leased 

d u r i n g  d i . s s o l u t i o n .  'This t y p e  of b e h a v i o r  i s  to be expec ted  w i t h  o x i d e  

f u e l s ,  and s i m i l a r  b e h a v i o r  has been obse rved  i.n Germany. 6 

A l l  f i l t e r s  and t h e  condense r  w e r e  scanned d i r e c t l y  w l t h o u t  p re -  

t r e a t m e n t .  The amount of eacli n u c l i d e  found on each  component w a s  

summed and d i v i d e d  by t h e  t o t a l  g a s  volume t o  g i v e  an a v e r a g e  contcen- 

t r a t i o n  i.n t h e  o f f - g a s  stream f o r  the burn ing  o p e r a t i o n s .  These r e s u l t s  

are  p r e s e n t e d  i n  T a b l e s  l. .l .l  and 1 . 1 2 .  The c o n c e n t r a t i o n s  found i n  t h e  

o f f - g a s e s  a g r e e  between r u n s  w i t h i n  352 € o r  I o 6 R u ,  and with.i.n abou t  20% 

f o r  other n u c l i d e s .  T h i s  i s  e x c e l l e n t  agreement .  G e n e r a l l y ,  more t h a n  

95% of t h e  con taminan t s  were found upstream from t h e  cascade  i m p a c t o r ,  

so t h e  hu7.k of t h e  d e p o s i t l o n  occur red  between abou t  850 and 500°C. 

The two ~ x ~ e p t i o i ~ s  were 9 5 Z r  and 1 4 4 C e  i n  expe r imen t  H-2-4,  and we f e e l  
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Tab le  1 . 1 1 .  F i s s i o n  Product Concentrations 
H--2 Kxperiments 

i.n Burner Off - -Gas  in 

11 .- 2 -7 136 0 .73  150.8 121.4  567 9 . 2  

I-I--2-- 3 133 0.93 122 98 441 10 .7  

H-2-4 148 0 . 7 1  190 97 .2  454 14.0 

Tab le  1 . 1 2 .  F i s s i o n  P roduc t  D i s t r i b u t i o n  i n  Burner 
O f f  -Gas i n  H--2 Experiments 

Comp o n m t  

.- 

S t a i n l e s s  s t e e l  f r i t  

Hot o f f - - g a s  l i n e  

I m p a c t o r  

Hot Ag f i l t e r  

Condenser  

Cold Ag f i l t e r  

G e l m a n  f i l t e r  

Cold o f f - g a s  l i n e  

S t a i n l e s s  s t ee l  f r i t  

Hot o f f - g a s  l i n e  

I m p a c t o r  

Hot Ag f i l t e r  

Condenser  

Cold Ag f i l t e r  

Geliilan f i l t e r  

Cold o f f - g a s  l i n e  

S t a i n l e s s  s t e e l  f r i t  

Hot o f f - g a s  l i n e  

I m p a c t o r  

Hot Ag f i l t e r  

Condenser  

Cold Ag f i l t e r  

Gelman f i l t e r  

Cold o f f - g a s  l i n e  

- .~. - 

<750 

500 

500 

500 

20 

Room 

Room 

Room 

<750 

500 

500 

500 

20 

Room 

Room 

Room 

<750 

500 

500 

500 

20 

Room 

Room 

Room 

5 ~ r  0 6 R U  
___.___._.___ 

Exper imen t  H-2-2 ...___...__ 

99.91 9 9 . 4 1  

0.059 

0.044 0.061 

0.011 0.001 

0.036 0.014 

0.012 0.001 

0 . 4 6 0  

Exper imen t  H-2-3 ___.-. 

8 9 . 2 1  80.96 

10.04 18 .89  

0.02 0 .02  

0.004 0.001 

0 .004  0.001 

0 .004  0.001 

0.006 0.002 

0 .68  0.12 

Exper imen t  H-2-4 

83.97 98.58 

7 . 7 1  1.04 

0 .25  0.18 

0 .006  <0.001 

0.005 <0.001 

0.007 <0.001 

0.01 <o. 001 

8 . 0 5 ( ? )  0 .19  

' 4 ~ e  1 3 4 c s  1 3 7 ~ ~  

.... 

75.723 

23.732 

0 .23  

0 .005  

0.002 

0 .004  

0.0001 

0 .301  

84 .96  

14,85 

0.14 

<o,  001 

0.001 

<o. 001 

<0.001 

0.06 

97.15 

2.29 

0.49 

0.001 

<0.001 

<o.  001 

<o. 001 

0.17 

74 (. 504 99.133 

24.621 

0 .24  0.375 

0.005 0.028 

0.0002 0.020 

0.004 0.020 

0.0001 0.054 

0 , 6 5 1  

85.22 

14 .59  

0 . 1 3  

<0.001 

0.001 

<o. 001 

<o. 0 0 1  

0.06 

97.13 

2.32 

0.47 

0.001 

<0.001 

<0.001 

<o. 001 

0.08 

73.56 

16.67 

0.05 

0.008 

0.007 

0.008 

0.010 

0 .69  

64.89 

7.58 

0.09 

0.01 

0.01 

0 .01  

0.02 

27 .44 (? )  
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F i g .  1 .7 .  Scanning E l e c t r o n  
Micrographs of Cascade Impactor  
Samples from Experiment H-2-4. 
1000 x. Reduced 27%. ( a )  P l a t e  1. 
(b) P l a t e  2 .  ( c )  P l a t e  3 .  (d)  P l a t e  
4 .  ( e )  P l a t e  5. 
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w e r e  a v a i l a b l e .  F i g u r e  1 . 9  shows t h e  b u r n e r  and meta l l ic  f i l t e r  assembly,  

and F i g s .  1-10 and 1.11 are t h e  equipment f l o w s h e e t s  used f o r  the two f u e l  

s t i c k s .  

R e s u l t s  of  t h e  second experiment  are p r e s e n t e d  h e r e .  I n  g e n e r a l ,  

t h e  f i r s t :  and second expe r imen t s  a g r e e d ,  b u t  where t h e y  d i d  n o t  tile 

second i .s c o n s i d e r e d  t o  be t h e  more r e l i a b l e  s i n c e  i t  i n c o r p o r a t e d  i m -  

provements i n  b o t h  equipment and t e c h n i q u e  d e s i g n e d  t o  minimize uncon- 

t r o l l e d  hydro l .ys i s ,  g a s  1-osses,  e t c .  T h i s  f u e l  had a thorium-to-uranium 

r a t i o  of abou t  4 ,  w a s  exposed t o  a f a s t  n e u t r o n  Eliuence of abou t  1 .6  x 

l o z 1  n/cm2 and a t h e r m a l  n e u t r o n  f l u e n c e  of abou t  l . 2  x l O ” l  n/cm2. The 

burnup (FLMA) was c a l . c u l a t e d  t o  be  20% f o r  t h e  f i s s i l e  p a r t i c l e s  and 

0.23% f o r  t h e  f e r t i l e  par t ic les .  

Tab1.e 1..13 shows t h e  d i s t r i b u t i o n  of v a r i o u s  n u c l i d e s  between t h e  

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

b u r n i n g s  (p r imary ,  s e c o n d a r y - f i s s i l e ,  and s e c o n d a r y - f e r t i l e ) .  Obviously,  

most of t h e  a c t i v i t y  w a s  a s s o c i a t e d  w i t h  t h e  f iss i .1-e  p a r t i c l e s .  O f  t h e s e  

n u c l i d e s ,  s i g n i f i c a n t  q u a n t i t i e s  of Ru (25%) ,  Cs ( 5 4 ) ,  SS ( 2 % ) ,  and Nb-Zr 

( O . H . 9 % )  were found i.n t h e  o f f - g a s  t r a i n .  G e n e r a l l y ,  t h e  bu1.k of t h i s  

a c t i v i t y  i n  t h e  o f f - g a s  t r a i n  w a s  r e t a i n e d  on t h e  s i n t e r e d  metal f i l t e r s  

f o r  t h e  f i s s i l e  f s a c t i o n ,  w i t h  s i g n i f i c a n t  q u a n t i t i e s  be ing  d e p o s i t e d  

downstream i n  t h e  c o l d  p o r t i o n  of t:he l i n e  (Tab le  1 . 1 4 ) .  For t h e  p r imary  

and s e c o n d a r y - f e r t i l e  b u r n i n g s ,  a lmos t  a l l  t h e  o f f - g a s  a c t i v i t y  p1.ated 

o u t  on t h e  c o l d  l i n e  (Tab le  1 . 1 4 ) .  R e t u r n i n g  t o  T a b l e  1 .13,  €or  t h e  

pr imary burn t h e r e  i s  more a c t i v i t y  found i n  the r e s i d u e s  t h a n  i n  t h e  

l e a c h e r ,  w h i l e  t h e  reverse i s  t r u e  f o r  b o t h  secondary  b u r n i n g s .  T a b l e  

1 .14  a l s o  shows ” S e .  e x c l u s i v e l y  i n  t h e  p r imary  b u r n i n g ,  t r a p p e d  on t h e  

m e t a l  f r i t .  T h i s  n u c l i d e  i s  a n  a c t i v a t i o n  p r o d u c t ,  and t h e  q u a n t i t y  

found i s  e q u i v a l e n t  t o  abou t  3 ppm n a t u r a l  Se  i n  t h e  f u e l  rod  m a t r i x .  

‘The k r y p t o n  release i s  Table. 1 . 1 5  shows 3H20 and 8 5 K r  releases. 

1arge l .y  as e x p e c t e d :  a s m a l l  release d u r i n g  pr imary b u r n i n g ,  i n d i c a t i n g  

a s m a l l  f r a c t i o n  o f  broken p a r t i c l e s ;  a much l a r g e r  release from t h e  

f i s s i l e  t h a n  from t h e  f e r t i l e  f r a c t i o n ;  and s i g n i f i c a n t  release when t h e  

p a r t i c l e s  were c r u s h e d .  The t r i t i u m  release d e v i a t e s  from t h i s  p a t t e r n  

i n  s e v e r a l  r e s p e c t s :  26% release d u r i n g  p r imary  b u r n i n g ,  i n d i - c a t i n g  
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Q X Y G E  

I 6 )' 

STICK 

Fig .  1.. 9.  Miniburner-Filter AssemSly. Height i s  0.4 rn (16 i n .  ) . 
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T a b l e  1 . 1 4 .  Plateout and Trapp ing  of Fission Products i n  Downstrea:n Off-Gas Equipment  f o r  
Second RTE-7 E x p e r i m e n t a  

Total  found i n  off-gas t r a i n ,  dpm 

Percent of grand t o t a l  
Distr ibut ion within f r ac t ions  

Initial 5urn.b g c i t i i t e r  
SS f r i t  No. 1, % 

H o t  Ag f i l t e r ,  7' 

Line leach, % 

Cold Ag f i l t e r ,  % 

Gelman absolute f i l t e r ,  ? 

F e r t i l e  burn.c QCitl icer 
S S  f r i t  No. 1, Z 

SS f r i t  No. 2 ,  % 

Hot Ag f i l t e r ,  4 

Line leach, 1 

Cold Ag f i l t e r ,  % 

Celnlan absolute f i l t e r ,  X 
F i s s i l e  burnd and soak, o C i / l i t e r  

S S  f r i t  Tqo. 1, % 

ss f r i t  No. 2 ,  :: 
Hot Ag f i l t e r ,  X 
Line lea::?, X 

Cold Ag f i l t e r ,  pb 

Gelman absolute f i l t e r ,  X 

cs 1 3  'CS " 4 ~ e  7 5 ~ e  I 2  S S b  I 3 4  'I 'Nb 9 5 Z r  1 0 6 R ~  

1.004 x 10' 1.446 x l o 8  3.250 x 10" 9.708 X lo8 

0.47 0.94 25.65 

0.02 c.i0 0.41 
- - - 

- - - 
100 100 91.96 

No de tec t ab le  gamma a c t i v i t y  
60 de tec r sb le  gamma a c t i v i t y  

0.16 0.34 7.8 
- <3.74 5.10 

<0. 75 1.28 - 

0.08 G.08 c0.01 

99.92 C55.43 93.61 

No de tec t ab le  gamma a c t i v i t y  
k o  de t ec t ab le  gamma a c t i v i t y  

3.85 1.3 30 6 

67.65 60.35 54.46 

26.86 li.24 35.68 

0.07 a . 2 2  0.53 

5.43 2.19 9.33 

Trace of 0.24 MeV gamma a c t i v i t y  
Trace of C.24 He\' gamma a c t i v i t y  

2.10 

- 

- 

- 
- 

0.13 
- 
- 
._ 

100 

9.2 

93.52 

4.88 

0.03 

i.56 

1.i97 x 10" 

6.04 

0.25 

1.21 
- 
58.79 

3.47 

0.90 

0.06 

0.01 

99.03 

114 

98.91 

0.99 

co.01 

0.li 

asought - not found (where dashes a re  shown). 

'Voliime = 21.925 l i t e r s .  
'Volume = 47.04 l i t e r s  (with soak).  
%olume = 30.0 l i t e r s  ( w i t h  soak).  

6.09  

1 .2  

0.45 

- 

79.54 

1.4 

1.48 

0.06 

0.01 

98.45 

345 

98.84 

1.05 

<o. 01 
0.12 

0.042 

10.5 (? )  
- 
- 

100 

2.4 

7.76 

1.17 

0.02 

90.91 

8.8 

67.27 

7.57 

<0. 33 

4.83 

9 . 7 3 8  x lo5 

100 

0.G2 

99.1 

0.9 
- 
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T a b l e  1 . 1 5 .  F i s s i o n  Gas Relp,astA e o  t h e  Burpe r  Off-Cas During 
P r o c e s s i n g  of  Second RTE-7 Experiment  

T o t a l  

T n i t i  a1 burn  

F i n e s  l e a c h  

h ’ c r t j  I e f r a c t i o n  (+45) 

Grind  

Burn 

S o a k  (2 h r )  

T,each 

T o t a l  

F i s s i l e ,  frac t i o n  (+80) 

G r i n d  

Burn 

Soaks  ( 2  h r )  

Soak (8 hr) 

Leach 

T o t a l  

1.746 x l o 9  100 

26.0 

0.06 

0.06 

13 .23  

0.211 

0.02 

1’3.52 

0.01 

56.47 

2.24 

1.46 

0.04 

60.42 

1.525 x 10’l 100 

0.329 

10.010 

0 . 2 2 1  

3. 220a 

b <o.  020 
3 . 4 6 1  

19.016 

7 7 . 3 7 7  

b 

b 

0.125 

96.518 

a Value is known to be low bccriiis-. of a leak i n  t h e  CuO u n i t ,  which 
o c c u r r e d .  

bSought ,  n o t  foul id .  

i o r m a t i o n  by a c t i v a t i o n  ( c > . g . ,  of L i )  s i n c c  ‘ 1 1  frolli t e r n a r y  f i s s i o n  

s h o u l d  be  r e t a i n e d  w i r h i n  t h e  Triso c o a t j i i g s ;  3 r e l a t i v e l y  l a r g e  f r a c t i o n  

from t h e  f e r t i l e  p a r t i c l e s  ( n o t e ,  however, t h a t  t h c  “ K r  r e s u l t  f o r  t l i ~  

f e r t i l e  p a r i : i c J ~ s  may be  low) ;  and thc d e l a y e d  re lease of SOUIC of  t h e  

t r i t  i i i r i i  d u r i n g  p ro longed  thrrirlal “soak” a t  tempera tur t . .  0 v e r ; l l l  ~ i n -  

c l u d i n g  t h e  t h e r m d l  s o a k ,  0 .127  of  t h e  3 H  appeared jn the l e a c h e s  f o i  

an ove~d11 d r c o n t a m i n a t i o n  f a c t o r  Froiir b u r n i n g  of  8 3 0 .  



1 . 3 . 2  Vapor T r a n s p o r t  of F i s s i o n  P r o d u c t s  -- E. E .  FlcCombs and 
I_ .--.--_-.-.-.-I_ 

J. W .  S h a f f e r  

An e x p e r i m e n t a l  program w a s  i n i t i a t e d  t o  examine t h e  vapor  t r a n s p o r t  

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

head-end r e p r o c e s s i n g  of s p e n t  HTGR f u e l  e l emen t s  I n  t h i s  head-end 

p r o c e s s ,  f u e l  b l o c k s ,  g r a p h i t e  m a t r i x ,  and p a r t i c l c  c o a t i n g  ma te r i a l s  

w i l l  be burned w i t h  oxygen, and t h e  r e s i d u a l  a s h  p rocessed  by s o l v e n t  

e x t r a c t i o n  f o r  t h e  r e c o v e r y  of f i s s i l e  and fert i .1.e materials.  The gas 

e f f l u e n t  from t h e  g r a p h i t e  b u r n e r  wil.1- l i k e l y  c o n t a i n  p r o h i b i t i . v e  

q u a n t i t i e s  o f  r a d i o n u c l i d e s  and must ,  t h e r e f o r e ,  be  p rocessed  t o  a c h i e v e  

s u i t a b l e  decon tamina t ion  f o r  i t s  d i s c h a r g e  i n t o  the atmosphere.  Expected 

contarninat:i.on cons i . s t s  of known ga.seous f i s s i o n  p r o d u c t s  --.- xenon krypton , 
t r i t i u i n ,  and i o d i n e  and c e r t a i n  o t h e r  s e m i - v o l a t i l e  and p a r t i c u l a t e  

f i s s i o n  p r o d u c t s  a.nd a c t i n i d e s ,  which may be  e n t r a i n e d  as a e r o s o l s  i n  

t h e  b u r n e r  e f f l u e n t  s t r e a m .  E f f e c t i v e  s e p a r a t i o n s  p r o c e s s e s  f o r  t h e s e  

materi.alk are current1.y under  development.  I n  a d d i t i o n  t o  t h e  a n t i c i p a t e d  

t y p e s  o f  contarninatiori ,  some f i s s i o n  p r o d u c t s  and a c t i n i d e s  may have 

s i i f  f i c i e n t  v o l a t i l i t y  unde r  b u r n e r  cond i - t i ons  t o  r e q u i r e  means t o  p reven t  

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

T h i s  proposed e x p e r i m e n t a l  program w i l l  examine t h e  vapor  t r a n s p o r t  of 

e l emen t s  and compounds s e l e c t e d  from t h i s  group a t  t e m p e r a t u r e s  i n  t h e  

r ange  from 750 t o  1300°C under  c o n d i t i o n s  t h a t  w i l l  be  a p p l i . c a b l e  t o  

b u r n e r  technology.  

Re levan t  l i t e r a t u r e  h a s  been ex'mined , and v a r i o u s  e x p e r i m e n t a l  

t e c h n i q u e s  have been a s s e s s e d  f o r  measuring v e r y  l o w  vapor  p r e s s u r e s  

[ l o d 4  Pa (lo-' t o r r )  and below] i n  t h e  t e m p e r a t u r e  r ange  o f  i n t e r e s t  i n  

t h i s  program. A t r a n s p i r a t i o n  method by which burrier enviroornental  con--- 

d i t i o n s  can be s i .mu1ta ted  h a s  been des igned  and is d e p i c t e d  i n  Fig. 1 . 1 2 .  

The h e a t i n g  r1n.i.t i s  a h o r i z o n t a l l y  motmted resir; tor t u b e  f u r n a c e  

i n t e r n a l l y  wound w i t h  P t ~ ~ ~ 4 0 %  Rh wi.re and i s  des igned  t o  o p e r a t e  a t  tern-- 

p e r a t u r e s  up t o  1540°C. Centered i n  tile f u r n a c e  i s  a n i u l ~ l i t e  combustion 

t u b e  w i  t l i  a n  alumina b o a t  c o n t a i n i n g  t h e  mater ia l  under  i n v e s t i g a t i o n .  

Two P t  vs Pt-10% N i  thermocouples  are l o c a t e d  w i t h i n  t h e  mulli te t u b e :  

o l ~ e ,  c e n t e r e d  i n  t h e  t u b e  above t h e  s a m p l e ,  masures  t h e  t e m p e r a t u r e  

of t h e  s a t u r a t e d  v a p o r ,  and t h e  o t h e r ,  above one end of t h e  sample b o a t ,  
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d e t e r m i n e s  t h e  l o n g i t u d i n a l  u n i f o r m i t y  of t e m p e r a t u r e ,  T,ocated above 

t h e  s a m p l e  b o a t  and exit.i.ng from one end of t h e  m u l l i t e  t u b e  i s  a 

Pt---30% Rh condenser  t u b e .  Leading i n t o  and o u t  of  t h e  m u l l i t e  t ube  are 

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

as well as r e v e r s e  flow and bypass  operat i -on.  Mass f l o w  meters are used 

t o  measure t h e  v o l u m e t r i c  f low ra te  i n  b o t h  upstream and downstream l i n e s  

The c o n c e n t r a t i o n s  o f  C 0 2 ,  CO, and 0 7  are determined by i n - l i n e  g a s  

anal .yzers .  

A compoiiiid (usua1.I.y the ox ide )  of t h e  element  under i n v e s t i g a t i o n  

will be  loaded  i n t o  t h e  sample b o a t  exposing as much s u r f a c e  area as 

p o s s i b l e .  During t h e  hentup cycJ.e, t h e  system w i l l  be  purged by r e v e r s e  

E l o w  of  t h e  desi-red carrier gas.  Idhen the r u n  t empera tu re  has been 

reached and s t a b i l i z e d ,  t h e  gas  f low w i l l  be d i r e c t e d  over t h e  specimen 

and o u t  t h e  condenser  t u b e  f o r  t h e  d u r a t i o n  of t h e  expe r imen t ,  fo1.l.owed 

by reverse f l o w  f o r  tl-ie c o o l i n g  c y c l e .  

A f t e r  e a c h  t r a n s p i r a t i o n  experiment:, t h e  condenset: t u b e  wi.J.1 be 

removed and t h e  c o n t e n t s  ana lyzed .  Si .nce nanogram and subnanogram 

amounts of condensed vapor  s p e c i e s  are a n t i c i p a t e d ,  a n  i s o t o p e  d i l u t i o n  

t e c h n i q u e  Eollowed by the rma l  e m k s i o n  m a s s  a s s a y  a n a l y s i s  was s e l e c . t e d  

as be ing  t h e  most s e n s i t i v e .  I n  t h i s  method, t h e  element r ecove red  from 

t h e  condenser  t u b e ,  be ing  of normal a s s a y ,  w i l l  be s p i k e d  by a known 

arriount of an enhanced i s o t o p e  of the s a m e  e l emen t .  The q u a n t i t y  of 

v a p o r i z e d  element i s  t h e n  a f u n c t i o n  of t h e  a s s a y  of the m i x t u r e ,  and 

i s  c a l c u l - a t e d  t h u s :  

where 

LrV = weight  of e lement  i n  t h e  condensed v a p o r ,  

W = weight  of e lement  i n  t h e  spi.ke,  
S 

= assay of i s o t o p e  X i n  t h e  m i x t u r e ,  
"x/m 
A = a s s a y  I].€ i s o t o p e  X i n  t h e  s p i k e ,  

A = a s s a y  of i s o t o p e  X i n  t h e  condensed vapor .  
4 s  

X / V  
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I n i t i a l l y ,  t h e  v o l a t i l i t y  of Eu2O3 w i  11 b e  measured, w i t h  normal europium 

(assay:  

hanced l s3Eu (assay:  1.242 151Eu, 98.76% 1 5 3 E ~ )  as l h e  s p i k e .  Assuming 

a s p i k e  o i  100 ng, t h e  fo l lowing  t a b l e  p r e s e n t s  t h e  c a l c u l a t e d  weights  

of europium i n  the  condensed vapor cor responding  t o  v a r i o u s  a s s a y s .  

47.82% 151Eu, 52.18% l S 3 E u )  used a s  t h e  vapor  s p e c i e s  and en- 

Eu i n  Condensed Vapor, ng 0.00 0.1.3 0.34 0.56 0 .78  

5 1 E ~  i n  Europium, % 1.24  l.30 1.40 1.50  1.60 

Not(:!: Mass a s s a y  a n a l y s e s  are a c c u r a t e  t o  ?I.% of t h e  minor c o n s t i t u e n t .  

The above v a l u e s  a t t e s t  t o  t h e  e x c e l l e n t  s e n s i t i v i t y  and accuracy  

of t h e  i s o t o p e  d:i.l.ution technique .  The method h a s  t h e  a d d i t i o n a l  advan- 

t a g e  t h a t ,  a f t e r  t h e  s p i k e  h a s  been added and e q u i l i b r a t e d ,  l o s s e s  of 

euorpium d u r i n g  I i ransfer ,  d r y i n g ,  e t c .  have no e f f e c t  on t h e  f i n a l .  d e t e r -  

m i n a t i o n .  Except i n  t h e  i n v e s t i g a t i o n  of t h e  a c t i n i . d e s ,  r a d i o a c t i v e  

material w i l l  n o t  be encountered when i s o t o p e  d i l u t i o n  i s  used.  

U n f o r t u n a t e l y ,  t h i s  s u p e r i o r  a n a l y t i c a l  t e c h n i q u e  cannot be used 

i n  t h e  i n v e s t i g a t i o n  of sollie of t h e  E i s s i o n  product  and a c t i n i d e  e lements ,  

narnel-y: (1) t h e  mononuclides and ( 2 )  t h o s e  whose m a s s  a s s a y  cannot  be 

determined by t h e  v e r y  s e n s i t i v e  thermal  emiss ion  method. Al te rna t i -ve  

methods of a n a l y s i s  i n c l u d e  neut ron  a c t i v a t i o n ,  r a d i o a c t i v e  s p i k i n g ,  

a tomic a b s o r p t i o n ,  and s p a r k  s o u r e @  m a s s  spec t romet ry .  

1 . 3 . 3  I.Jhole-Bl.ock ----- Burner StudAdi - P .  A .  Haas, J. W. S n i d e r ,  
H.  Rarnert-Wiemer,;k and D .  C.  Watkin 

An e x p e r i m e n t a l  program demonstrated t h e  p h y s i c a l  f e a s i b i l i t y  of 

t h e  whole-block approach t o  burning.  These r e s u l t s  have been r e p o r t e d  

as an  appendix t o  an e v a l u a t i o n  s tudy . ’  

exper imenta l  s t u d y  used one-s ix th  of a F o r t  S t .  Vrain f u e l  b lock ,  and 

i s  shown s c h e m a t i c a l l y  i n  F i g .  1.13. Two p a r t i a l l y  burned segments a r e  

shown wi.th an unburned p i e c e  i.n F i g .  1 . 1 4 .  The a b s t r a c t  of t h e  e v a l u a t i o n  

s tudy’  i s  r e p e a t e d  below. 

i s  shown i n  F i g .  i..1.5. 

‘The. burner  employed f o r  t h e  

A suggested l a y o u t  f o r  a who1.e-block burner  

*Guest s c i e n t i s t  from KFA JGli.ch. 
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ORNL PHOTO 2 C 2 0 - 7 3 A  

F i g .  1.1.4. Experimental  Whole- 
Block Burner,  Showing Thermocouple 
Loca t ions .  
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"An economic and t e c h n i c a l  comparat ive s t u d y  was made of the 

r e f e r e n c e  method, f l u id i zed -bed  b u r n i n g ,  and an a l t e r n a t i v e  method, 

whole-block b u r n i n g ,  f o r  pe r f  oiming t h e  pr imary bu rn ing  s t e p  i n  IITGR 

f u e l  r e p r o c e s s i n g .  For  each  method c o n s i d e r a t  i.<)ns  ere made of t h e  

a n c i l l a r y  equipment f o r  h e a t  removal and t h e  f u e l  and asli hand]-ing ; 

c r u s h i n g  w a s  a l s o  inc luded  i n  the case of f lu id i zed . - -bed  bu rn ing .  The 

scale of pr imary bu rn ing  was t h a t  of a r e p r o c e s s i n g  p l a n t  hand l ing  

t h e  s p e n t  .fuel from -50,000-MbJ(e) HTGR g e n e r a t i n g  c a p a c i t y .  P r e l  i m i -  

n a r y  d e s i g n s  were p repa red  f o r  t h e  iiiaj o r  equipment components a n d / o r  

modules i n  canyons equipped w i t h  t h e  n e c e s s a r y  remote maintenance 

f e a t u r e s .  Cost estimates were p repa red  f o r  t h e  equipment i t : ems  u s i n g  

a f r a c t i o n a l  c o s t  f a c t o r  f o r  m i i l . t i p l e  modules.  T h e  c o s t  o f  t h e  

b u i l d i n g  a s s o c i a t e d  w i t h  t h e  pr imary burning s t e p  was e s t i m a t e d  usi-ng 

t h e  volume of c o n c r e t e  i n  the h e a v i l y  s h i e l d e d  canyons and. the a r e a  

of t h e  opera1:ing c o r r i ~ d o r s  a d j a c e n t  t-o o r  above t h e  canyons. The 

c o s t  of pr-i.mary burning i s  g u e s s t i m a t e d  'io be about  $100 mi l l - ion ,  

w i t h  no s i g n i f i c a n t  d l f  f e r e n c e  between f l u id i zed -bed  and whole-hlock 

bu rn ing .  The 1.ayout of t h e  v a r i o u s  canyons s u g g e s t s  t h a t  a modul.ar 

head-end p l a n t  w i t h  add-on c a p a b i l i t y  i s  more e s s i l y  o b t a i n a b l e  w i t h  

t h e  whole-block bu rne r  t h a n  w i t h  t h e  f l u id i zed -bed  b u r n e r .  The 

development of a f l u i d i z e d - b e d  b u r n e r  w i t h  a  OW l e n g t h / d i a m e t e r  

r a t i o  should be a developmental  g o a l .  

"A report of s t u d i e s  made by D r .  8. Barnert-Wicmer wPth a one- 

s i x t h  whole-block b u r n e r  i s  i n c l u d e d  as an appendi-x. " 

A t h e o r e t i c a l  s t u d y  w a s  made of t h e  s o - c s l l ~ e d  " a d i a b a t i c "  b u r n e r ,  

wherein h e a t  i s  removed from the  systeiii downstream of t h e  bu rne r  v i a  a 

s e p a r a t e  h e a t  exchanger .  Burner condi . t ions are c o n t r o l l e d  by appro- 

p r i a t e  r e c y c l e  o€ b u r n e r  o f f - g a s ,  u t i l i z i n g  t h e  endothermic r e a c t i o n ,  

CO? + C -f 2 0 ,  and h i g h  gas  v e l o c i t i e s .  F i g u r e  1.1.6 p l o t s  t h e  c a l c u l a t e d  

c o n d i t i o n s  f o r  a g a s  e x i t  ternyerature  of 1.00O"C and p r e s e n t s  a s chemat i c  

equipment l a y o u t  t o  accomplish a d i a b a t i c  bu rn ing .  'i.'he a b s t r a c t  of t h i s  

s t u d y  Collows: 

"Burniag of whole f u e l  bl.ocks (hexagonal  p r i s m s  abou t  1-4 i n .  

a c r o s s  t h e  f l a t s  and 3 1  i n .  long)  i s  be ing  i n v e s t i g a t e d  3s orie 
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head-end t r e a t m e n t  f o r  r e p r o c e s s i n g  t h e  G e n e r a l  Atoiuic Company 

t y p e  of HTGK f u e l .  ExperimentaJ. r e s u l t s  w i t h  a o n e - s i x t h  3l.ock 

b u r n e r  have  shown p r a c t i c a l  b u r n i n g  r a t e s  arid good u t i l i z a t i o n  of 

0 2 .  'This r e p o r t  d e s c r i b e s  a n d  p r e s e n t s  a n a l y s e s  f o r  a whole-b lock  

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

and heat: removal .  A s i m p l i f i e d  model. w a s  sei-ected and compute-t- 

programs were w r i t t e n  to c a l c u l a t e  g a s  c o m p o s i t i o n s  and t e m p e r a t u r e s  

t h r o u g h o u t  t h e  b u r n e r .  Complete u t i l i z a t i o n  of 0 2  o r  low concen-  

t r a t i o n s  o t  0 2  i n  t h e  e x i t  g a s  depend on g r a p h i t e  t e m p e r a t u r e s  that 

are s u f f i c i e n t l y  hi-gh to produce  C O ,  which reacts  wi th  0 2  i n  t he  

b u l k  g a s .  It d o e s  n o t  a p p e a r  p r a c t i c a l  t o  o p e r a c e  u n d e r  c o n d i t i o n s  

t h a t  promote b o t h  h i g h  u t i l i z a t i o n  of  0 2  and l o w  CO c o n c e n t r a t i o n  

i.n t h e  ex i - t  g a s .  I n s t e a d ,  t h e  b u r n e r  c o n d i t i o n s  s h o u l d  be  chosen  

t i7 c l e a r l y  f a v o r  modera t e  c o n c e n t r a t i o n s  of e i t h e r  02 o r  CO i n  t h e  

e x i t  g a s .  Modera te  c o n c e n t r a c i o n s  of  0 2  i n  the e x i t  gas b707lId a1. l -o~ 

lower g r a p h ?  te t e m p e r a t u r e s  and wo111.d probab1.y g i v e  t h e  d e s i r e d  

b u r n i n g  rates i o r  t h r e e  a x i a l l y -  a l - igned  b l o c k s .  Modera te  concen-  

t r a t i o n s  of CO i n  t h e  e x i t  g a s  would FiiFiure h i g h  b u r n r r  c a p a c i - t i e s  

b u t  wcluld r e s u l t  i n  h i g h e r  t e m p e r a t u r e s  and more coinpl.ex b u r n e r  

c o n t r o l  b e h a v i o r .  An e x p e r i m e n t a l  b u r n e r  i s  recommended t o  v e r i f y  

t h e  c a l c u l a t e d  r e s u l t s .  'I 

C u r r e n t l y ,  e x p e r i m e n t a l  work on the a d i a b a t i c  concep t  i s  b e i n g  c a r r i e d  

o u t  unde r  f u n d i n g  by t h e  D i v i s i o n  of P h y s i c a l  R e s e a r c h .  T h i s  work 

f o c u s e s  on c o n t r o l  modes and r e c y c l e  of o f f - g a s ,  and  i s  beibig r e p o r t e d  

e l s e w h e r e .  1 0  

1 . 4  SOLVENT KXTR4CTTON (WOFX U N I T  1 1  02) - R. d. Rai11c.y 

Three  major a c t i v i t e s  w e r e  conduc ted  u n d e r  this work u n i t :  con- 

s u l t i n g  w i t h  GAC and ACC on t h e i r  deve lopment  work,  u p g r a d i n g  and 

expand ing  t h e  SEPHIS code ,  and p r e p a r i n g  f o i  i n - c e l l  tests of f e e d  ad- 

j u s t m e n t  and s o l v e n t  e x t r a c t i o n .  

1 . 4 , 1  S o l v e n t  E x t r a c t i o n  ____ P r o c e s s i n s - -  _ _ _ _  R. B. Rainey 

The Sys1-etu Design  D e s c r i p t i o n  f c ~ r  t h e  IiTGR F u e l  R e p r o c e s s i n g  

F a c i l i t y  f o r  t h e  S o l v e n t  E x t r a c t i o n  P r o c e s s i n g  System a t  Idaho  was 
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c r i t i q u e d ,  and t h e  feed  ad jus tment  and pulse-column experiments  a t  

General  Atomics were reviewed. The SEPRIS-Thorex computer c a l c u l a t i o n s  

were clsed t o  h e l p  e v a l u a t e  t h e  s o l v e n t  e x t r a c t i o n  f l o w s h e e t s  a t  b o t h  of 

t h e s e  si.tes. h t e n t a t i . v e  s o l v e n t  e x t r a c t i o n  f 1.owshee.t. . for r e p r o c e s s i n g  

e n g i n e e r i n g  h o t  c e l l  t e s t s  w a s  p repared .  

1.4.2. (-hmputer Code f o r  S imula t ing  t h e  Acid l'f-iorex So1ven.t E x t r a c t i o n  
_.__.__I 

. System . .- K .  13. Kairiey and S .  B. Watson* 

The Solvent  E x t r a c t i o n  Processes  Having, I n t e r a c t i n g  S o l u t e s  (SEPHIS) 

computer program, whi.ch W ~ S  o r i g i n a l l y  w r i t t e n  t o  s i m i i l . a t e  h h e  Purex 

s o l v e n t  e x t r a c t i o n  system, i s  be:i-ng modi f ied  t o  s i m u l a t e  t h e  A c i d  'Chorex 

system. The SEPHIS program c a l c u l a t e s  t h e  c o n c e n t r a t i o n  of the p r i n c i p a l  

s o l u b l e  components ( i .e . ,  thorium, uranium, and n i t r i c  a c i d )  i n  b o t h  

phases  of each s t a g e  of a c o m t e r c u r r e n t  s y s t e m  throughout  t h e  t r a n s i e n t  

from s t x r t - u p  t o  s t e a d y - s t a t e  o p e r a t i o n .  The u s e  of t h i s  program can 

t h e r e f m e  grea t l -y  s i m p l i f y  t h e  d e s i g n  of t h e  f lowshee t ,  the d e s i g n  of 

the c o n t a c t o r  equipment,  t h e  d e t e r m t n a t i o n  of  o p e r a t i n g  c o n d i t i o n s ,  

t h e  s a . f e t y  e v a l u a t i o n s ,  e tc .  

As a r e s u l t  o f  this program, t h e  b a s i c  SEPHIS-Purex code s t r u c t u r e  

and the  mathemat ica l  inadel- were modif ied so t h a t  t h e  computer c o r e  

st.orage was reduc.ed by about l O O K  and t h e  c d . c u l a t i o n a l  t i m e  was reduced. 

The prograrn was f u r t h e r  modif ied s o  t h a t  when convergence times became. 

long t h e  program a c c e p t s  a L o w e r  q u a l i t y  value f o r  p r i n t o u t  so as t o  

g u i d e  f u t u r e  f lowshee t  trials. 1 1  

T h e  SEPHIS program w a s  t h e n  modi f ied  t o  c a l c u l a t e  t h c i  Acid Tt-rorex 

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

c o e f f i c i e n t s  of thori.um-urani.ian-nitric acid system i n  30% TBP i n  a 

i!ianner similar t o  t h a t  used  f o r  t h e  SEPHIS-Purex system. I n  0rde.r t o  

o b t a i n  s a t i s f a c t o r y  :f-its of t h i s  d a t a  i t  w a s  n e c e s s a r y  t o  u s e  a 

Th(NO3) 4-3TBP complex f o r  t he  thorium extrac:t:i.on inste-ad of t h e  2TBP 

comp1ex u s u a l l y  r e p o r t e d  i n  the l i t e r a t u r e .  A l s o  i n  c o n t r a s t  w i t h  t h e  

P-urex s y s t e m ,  whltrh uses m i l l a l  c o n c e n t r a t i o n s ,  a b e t t e r  f i t  w a s  o b t a i n e d  

*Cumpu t er S c i e n c e s  Divisions 



i n  t h e  'Thorex sys tem when molar c o n c e n t r a t i o n s  were used .  The computer 

code usi .ng t h e s e  e m p i r i c a l  e q u a t i o n s  r e s u l t e d  in a good f i t  t o  l a b o r a t o r y  

c o u n t e r c u r r e n t  b a t c h  e x t r a c t i o n  d a t a  (Tab le  1.. 1 6 ) .  Copies  of [:lie p re -  

l i m i n a r y  SEPHLS-Thorex computer program were s e n t  t o  e n g i n e e r s  a t  GAC a t  

L a  J o l l a  and ACC a t  Idaho F a l l s .  The program w a s  used at t h o s e  si tes t o  

e v a l u a t e  t h e  proposed s o l v e n t  e x t r a c t i o n  f l o w s h e e t s  and t o  c a l c u l a t e  t h e  

h e i g h t  e q u i v a l e n t  t o  a t h e o r e t i c a l .  stage of t h e  experi i i iental  pulse columns. 

The c a l c u l a t i o n s  u s i n g  e q u a t i o n s  Erom t h e  f i t  of t h e  d i s t r i b u t i o n  

c o e f f i c i e n t s  f a i l e d  t o  converge when t h e  c o n c e n t r a t i o n  of s a l t s  in t h e  

o r g a n i c  phase  approached s a t u r a t i o n .  A new approach i s  be ing  t r i e d  i n  

which the c o n c e n t r a t i o n s  of thorium, uranium, and n i t r i c  a c i d  i n  t h e  

o r g a n i c  phase are ca l cu l . a t ed  instiead of t h e  d i s t r i b u t i o n  coe f f  i - c i e n t  . 
T h i s  p rocedure  e n a b l e s  i n c l u d i n g  a n  es t imate  of t h e  e r r o r  of t h e  d a t a  

i n  t h e  l eas t  s q u a r e s  f i - t t i n g .  S o  f a r  o n l y  t h e  thorium e x t r a c t i o n  

e q u a t i o n s  have been d e r i v e d  by t h i s  system. An improved s t a t i s t i . c a 1  

f i t  of  t h e  d a t a  t o  the d e r i v e d  e q u a t i o n  w a s  o b t a i n e d .  

Other pa rame te r s  i n  t h e  c a l c u l a t i o n  of t h e  Acid Thorex e x t r a c t i o n  

system t h a t  have n o t  been completed i-nclude TRP c o n c e n t r a t i o n  and 

t empera tu re .  

1 . 4 . 3  Feed . _. ... . Adjustment and S o l v e n t  E x t r a c t i o n  ~ D e v e a t i l t  - .- - R.  11. Rainey 

Hot c e l l  expe r imen t s  are b e i n g  planned i n  which h i g h l y  i r r a d i a t e d  

f e r t i 1 . e  f u e l  p a r t i c l e s  w i l l  be  d i . s so lved ,  a d j u s t e d  t o  a c i d  d e f i c i e n t  

s o l v e n t  ex1:raction f eed  c o n d i t i o n s ,  and t h e n  b a t c h  s o l v e n t  e x t r a c t e d .  

The pu rpose  of the expe r imen t s  will be t o  de t e rmine  t h e  p a t h  of t h e  

f i s s i o n  p r o d u c t s  and g a t h e r  o t h e r  d a t a  t o  be used t o  deve lop  chemical  

f l o w s h e e t s .  A p r i n c i p a l  problem i n  t h e s e  expe r imen t s  i s  t h e  s m a l l  amount 

of fuel.  a v a i l a b l e .  A t  t h e  p o i n t  of m a x i m u m  c o n c e n t r a t i o n  i n  t h e  f e e d  

a d j u s t m e n t ,  t h e  s o l u t i o n  o c c u p i e s  Shout 5 m l .  Feed ad jus tmen t  equi~pment: 

h a s  been developed and demonstrated i n  co ld  tests ailti is  be ing  i n s t a l l e d  

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

The a d j u s t e d  f e e d  s o l u t i o n  w i l l  h e  used f o r  b a t c h  s h a k e o u t s .  T h i s  

equipment and p rocedure  must a l s o  be  devel.oped, s i n c e  on ly  small  amounts 

of f e e d  w i l l  be  a v a i l a b l e .  



Tab le  1 .16 .  CoKiparison of Experimental  and Calculated Results of A c i d  T h o r e s  
So lven t Extract i on System 

Flowsheet Condit ions 

Feed: 278  g / l i t e r  T h ,  1 7 . 6  g / l i t e r  2 ,  0.21 M -0, 1 volume. 
Scrub 1: H20, 0 .8  volume a t  stage 6s. 
Scrub 2: 5 M KtYtL~,  0 . 2  volume at s t a g e  35. 
Salting ac-id: 13 M WNO3, 0.5 volume at: s t a g e  4 E .  
Solvent :  307; TBP-NDD, 7 volumes at stage 5E. 

Heavy Metal Concenrrat ioas ,  g / l i t e ~  Acid ,  M 
Stage  

Aqueous Th Organic Th Aqueous U Organic U Aqueous Organic  

0 
4 

Expt l  Calcd E x p t l  Calcd Exp t l  Calcd E x p t 1  Calcd E x p t l  Calcd E x p t l  Calcd 

65 65.9 86.0 4 0 . 2  39.5 0.31 0.32 2.64 1.51 0.42 0.46 0.07 0.08 

5s 95.7 43.3 0.30 2.57 0.88 0.13 

4s 103 90.9 50,s 50.5 0.28  0.28 2 . 6 9  2.55 1.2s 1.31 0.19 0.18 

3s 8 5 . 4  49.8 0.26 2.53 1.81 0 .23  

2s 90.6 96.9 52.6 51.6 0.28 0.27 2.74 2.55 1.60 1.60 0.23 0.19 

1s 109 53.2 0.28 2.55 1.38 0. L6 

lE 1 2 6  11: 55.8 55.1 0.30 0.29 2 3 4  2.55 1 - 0 3  1.10 0.13 0.13 

?E 4G. 9 3 3 . 2  5.016 3.08 9.85 5.28 

3E 11.6 8.2 11.6 1 1 . 6  0.0001 0.001G G.002 0.004 2.36 2.65 0.50 0.49  

4 E  0.50 2.3 2 x 0.0005 4.40 0 - 7 2  
5 E  0.27 0.89 0.27 C.15 < C . O 0 O l  3 x :V5 0.0005 7 x IO-' 1.85 2.71 0.47 0.60 



1 . 5  OFF--CAS CLEANUP (WORK UNLT 1103) A .  D .  Kyon 

T,aboratory development under t h i s  work u n i t  w a s  d i r e c t e d  mainly a t  

s u p p o r t  f o r  the KALG p r o c e s s :  s o l u h i l i t i e s  i n  t h e  COZ-Kr and COz-Xe  

sys t ems ,  removal 01 H30 and I2 from l i q u i d  C02, and i n t e r a c t i o n s  i n  t h e  

CO2--H2O.- I2  system. Other work i n c l u d e d  a tes t  of t h e  Iodox p r o c e s s  a n d  

paper  s t u d i e s  of "'Rn removal.  

Rnginpering development w a s  i nvo lved  o n l y  w i t h  t h e  KALC p r o c e s s ,  and 

inclrided mathemati cal modeling and a n a l y s i s  and e x p e r i m e n t a l  work i n  two 

f a c i l  i t i e r ,  : the Exper imen ta l  Kngineering P a c i l i  t y ,  and t h e  ORGDP P i l o t  

P l a n t .  

1.5.1. Labora to ry  __ Development 

1.5.1.1.  The Systems Kr-CO2 and X e - - C 0 2  - R. ri. Ackley and J .  H .  S h a f f e r  

The Krypton Absorp t ion  i n  L i q u i d  C o 2  (KALC) p r o c e s s  i s  b e i n g  

developed f o r  removing 8 5 K r  from t h e  b u r n e r  o f f  -gas g e n e r a t e d  i n  t h e  

head-end r e p r o c e s s i n g  of HTGR f u e l .  To p r o v i d e  d a t a  f o r  p r o c e s s  d e s i g n  

c a l c u l a t i o n s ,  t h e  d i s t r i b u t i o n  of k r y p t o n  and of xenon between gaseous 

and l i q u i d  C 0 2  h a s  been i n v e s t i g a t e d  i n  t h e  1.aboratory as r e p o r t e d  

previ.ous1y. ' 9 ' The resul ts  w e r e  expres sed  i n  ~erms of a d i s t r i -  

b u t i o n  r a t i o ,  Y lX. 

f r a c t i o n  of k ryp ton  o r  xenon i n  tihe gaseous phase t o  t h a t  i n  t h e  1-iquid 

phase.  

o r  YXe/XXe, which i s  t h e  r a t i o  o f  t h e  mole KR K r  

E x p e r i m e n t a l l y ,  t h e s e  d i s t r i b u t i o n  r a t i o s  w e r e  o b t a i n e d  by in si tu 

gainrna coun t ing  o f  8 5 K r  o r  ' 3 X e  i.n the s a t u r a t e d  vapor  and i-n the l i q u i d  

phase,  i n  a v e r t i c a l  c y l i n d e r  that  c o n t a i n e d  COa and e i t h e r  85Kr - l abe led  

k ryp ton  o r  3Xe-labelcd xenon a t  low concen t r a t i -ons .  For  each d e t e r -  

mi.nation, t h e  c y l i n d e r  was inaintai-ned a t  constar l t  t e m p e r a t u r e ,  and t h e  

l i q u i d  l e v e l  was ma in ta ined  nea7- t h e  midpo in t  of t h e  c y l i n d e r .  

During t h e  1 . a t t e r  s t a g e s  of t h i s  e x p e r i m e n t a l  work, some concern 

developed over t h e  p o s s i b i l i t y  " t h a t  t h e s e  s e p a r a t i o n  f a c t o r s  as 

determined iiiight be b i a s e d  h i g h  because  of one o r  b o t h  of t h e  f o l l o w i n g  

pos t -u l a t ed  s i t u a t i o n s :  (1) a s i g n i f i c a n t l y  t h i c k  condensed F i l m  of C 0 2  

on t h e  w a l l  of the c y l i n d e r  above Lhe l i q u i d  l e v e l  and ( 2 )  a n  a p p r e c i a b l e  
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amount of m i s t  i n  t h e  vapor .  I n  v i e w  of t h i s  concern,  an a d d i t i o n a l  

group of Xe-CO2 d i s t r i b u t i o n  r a t i o  measu'rements w a s  perfornled i n  wh ich  

a p o r t i o n  o f  t h e  vapor  phase main ta ined  a t  a t empera ture  some 10°C higher  

clian that of  the Liquid phase w a s  gamma counted,  

might have been p r e s e n t  p r e v i o u s l y  s h o u l d  have been v:i.rtual.l.y e l imi t ia ted  

by t h i s  m o d i f i c a t i o n  i n  t e c h n i q u e  - 
k r y p t o n ,  provides  t h e  more sensitive test. 

Any f i l m  o r  mist that  

Xenon, b e i n g  more so lub le  t h a n  

The. r e s u l t s  o b t a i n e d  are  p r e s e n t e d  i n  Tab le  1 . 1 7 ,  which ;&w i n c l u d e s  

s e p a r a t i o n  f a c t o r  v a l u e s  t a k e n  f r o m  a smoothed ctilrve th rough the earlier 

Xe-COZ r e s u l t s .  A s  may b e  n o t e d ,  the t w o  se t s  of r e s u l t s  are i n  

good agreement,  t h u s  i n d i - c a t i n g  r a t h e r  d e f i n i t e l y  t h a t  the p r e v i o u s l y  

r e p o r t e d  Xe-CO, and Kr-CQ;? s e p a r a t i o n  f a c t o r  ( lata w e r e  n.ot si.gni.fic,antly 

a f f e c t e d  by f i l m  and/or  m i s - t  e f fects .  

Tab1.e 1 . 1 7 .  D i s t r i b u t . i o n  R a t i o s  f o r  t h e  Xe-COz S y s t e m  

1__1__ I__ ----.--L-_- -l̂l_llll.. 

Temperature,  'C Approach t o  S e p a r  a t  i o n  :Fat t o r ( Yxe / X x e )  
__ ll_l _._._. I____ T a r g e t  lll_--.lll__lll 

a b Liquid  Vapor Temperature Later Resul-ts Earlf.er Results 
.--_. _-II__.- -.-.----L-__------III l_l_ x_I_I._.____ ~ 

-20.6 -12.5 From below 3.30 3 . 3 5  

3 . 3 5  3.36 -20.7 -12.9 

-20.5 -12.6 3.27 3 . 3 4  

-21.0 -8.9 3.19 3*18 

-30.5 -21.1 4.02 4.08 

-39.7 -28.1 5.08 5 "  0.5 

-20.6 ----12.9 From above 3.39 3 " 3 5 

a T h e  tempera ture  of p r i n c i p a l  i n t e r e s t  w i  ~h respect t o  the: 

l'he vapor  ad jo in ing  

cor responding  s e p a r a t i o n  f a c t o r  v a l u e .  

t h e  l i q u i d  was a t  t h e  l i q u i d  tempera ture ,  
bFor t h e  zone used i n  gamins count ing .  



l. 5 . 1 . 2  S o r p t i o n  oLc T r i t i a t e d  Watev and E l e m e n t a l  I o d i n e  f rom Flowing 
L i q u i d  CO2 -- R. D .  Ackley ,  J.  N. Shaffe- ; ,  and  D .  C .  GJatkin 

The b u r n e r  of f -gas  g e n e r a t e d  i n  t h e  head-enti r e p r o c e s s i n g  of IITGR 

f u e l  w i l l  c o n t a i n  CO2 'as t h e  major component and K r ,  X e ,  KR, 3H ( a s  H 2 0 ) ,  

and 12 as low- .c .oncent ra t ion  conta i i i ihants .  A s  p r e s e n t l y  p l a n n e d ,  t h e  R ~ I ,  

3H,  and I2 are t o  be removed from t h e  o f f - g a s  ( w h i l e  in t h e  g a s e o u s  

s t a t e )  by s o l i d  s o r b e n t s .  Then,  f u r t h e r  downstream and Eollowi.ng com- 

p r e s s i o n  and l i q u e f a c t i o n  of  t h e  CO2, the K r  (and p o s s i b l y  tile Xe) are 

t o  b e  removed by u s i n g  t h e  KALC p r o c e s s .  However, s h o u l d  i t  p r o v e  

f e a s i b l e  t o  t r a p  3 2 0  a n d / o r  1 2  €rom l i q u i d  CO2, the a d d i t i o n a l  removal  

of one  o r  bo th  of t h e s e  con ta in inan t s  f rom t h e  1- iquid  would p r o v i d e  pro.-  

t e c t i o n  of t h e  KaLC equipment  a g a i n s t  f r e e z e - u p  or c o r r o s i o n  and would 

also p r o v i d e  s u p p l e m e n t a l  c a p a b i l i t y  f o r  oEf --gas d e c o n t a m i n a t i o n .  

Accord i -ngly ,  an i n v e s t i g a t i o n  t o  determicie  t h e  f e a s i b i l i - t y  of removing 

1120 and I2 f rom f l o w i n g  l i q u i d  C O Z  has begun.  

A l a b o r a t o r y  sys t em f o r  this i n v e s t i g a t i o n  h a s  been d e s i g n e d ,  and 

t h e  v a r i - o u s  components and s p e c i a l  equi-pment t h a t  w i l l  b e  needed  f o r  

asseiiibly of t h e  sys t em have  been  o r d e r e d .  L i q u i d  C 0 2  c o n r a i n i n g  e i t h e r  

311-l~abeled 1120 o r  1 3 1 1 - l n b e l e d  1 2  w i l l  b e  pas sed  t h r o u g h  beds  o f  t h e  

s o r b e n t ( s )  u n d e r  tes t  i n  series. F u r t h e r  downstream, t h e  C 0 2  will b e  

v a p o r i z e d ,  d e p r e s s u r i z e d ,  and t h e n  passed  t h r o u g h  backup s o r b e n t  b e d s  

c a p a b l e  of  q u a n t i t a t i v e  removal  of any  3 H  o r  l 3 I I  p e n o t r a f i . n g  the tes t  

b e d s .  S u b s e q u e n t l y ,  t h e  exposed  s o r b e n t  b e d s  w i l l  be  a n a l y z e d  by w e l l  

e s t a b l i s h e d  t e c h n i q u e s .  

The p la rmed e x p e r i m e n t a l  work may be d i v i d e d  i n t o  f o u r  p h a s e s  i n  

c h r o n o l o g i c a l -  o r d e r :  (1.) s u r v e y  t e s t i n g  of poss ib1 .e  s o r b e n t s  f o r  S I 2 0  

removal ,  ( 2 )  t h e  same f o r  1 2 ,  (3) d e t a i l e d  i n v e s t i . g a t i o n  o f  H 2 0  reinoval 

by s o r b e n t s  found most  e f f e c t i v e  ( i f  d e g r e e  of e f f e c t i v e n e s s  w a r r a n t s  

d o i n g  s o ) ,  and ( 4 )  t h e  s a m e  fo r  12. Thus,  t h e  f e a s i - b i l i t y  of t h i s  

approach  t o  t r a p p i n g  H 2 0  a n d / o r  1 2  f rom b u r n e r  o f f - g a s  will f i r s t  be 

a s c e r t a i n e d .  Then,  i f  i n d i c a t i o n s  are  f a v o r a b l e ,  t h e  d a t a  needed f o r  

o p t i m i z a t i o n  of s o r b e n t  bed d e s i g n  and o p e r a t i o n  w i l l  s u b s e q u e n t l y  be  

a c q u i r e d .  
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1..5.1.3 Removal of 2 2 0 K ~ ~  from H'I'GR F u e l  Reprocessing and K e f a b r i e a t i o n  
Off-Gas S t r e a m s  by Adsorp t ion  - R. D.  Ackley and W. T,. C a r t e r  

Off-gas streams from 3U r e p r o c e s s i n g  and r e f  abri.cat:i.on operat . ions 

wi1.l be c.ontaminated w i t h  220Rn, and, as a consequence, some e f - f e c t i v e  

m e m s  f o r  i t s  removal w i l l  be  r e q u i r e d .  In.  view of i t s  s h o r t  h a l f - l i f e  

and r e l a t i v e l y  f a v o r a b l e  v o l a t i l i t y ,  a method based on a d s o r p t i v e  holdup 

and decay should  b e  f e a s i b l e  f o r  coping w i t h  t h i s  decontaminat ion  probl.ern - 
A s  a. means of o b t a i n i n g  f u r t h e r  i n f o n n a t i o n  r e g a r d i n g  radon a d s o r p t i o n  

b e l a v i o r ,  a l i t e r a t u r e  s e a r c h  was made, and subsequent ly  a r e p o r t  pre-  

s e n t i n g  a v a i l a b l e  t h e o r y  and d a t a  c o n s i d e r e d  r e l e v a n t  t o  t h e  removal. of 

220Rn from of f -gas  streams by a d s o r p t i o n  w a s  i s s u e d .  l 4  An e x p e r i m e n t a l  

program o u t l i n e  w a s  a l s o  p r e p a r e d ,  b u t  never  c a r r i e d  o u t  a t  ORXL because  

ACC, assumed t h i s  r e s p o n s i b i l i t y .  The proposed experiment .a l  arrangement 

i s  shown i n  F i g .  1 .17 .  

'The t r e a t m e n t  of  dynamic a d s o r p t i o n  t h e o r y  t h a t  w a s  inc luded  f o r  

p o s s i b l e  u s e  i n  d a t a  ana1ysi.s  and a d s o r b e r  d e s i g n  i s  based on t h e  as- 

sumption of a l i n e a r  a d s o r p t i o n  i so therm.  T h i s  t r e a t m e a t  y i e l d s  an 

e q u a t i o n  r e l a t i n g  decontaminat ion  f a c t o r  w i t h  a holdup c o e f f i c i e n t ,  t h e  

mass of s o r b e n t ,  the vo1umet.ri.c f l o w  rate. of t he  carrier gas ,  t h e  number 

of t h e o r e t i c a l  p l a t e s ,  and t h e  decay c o n s t a n t .  The holdup c o e f f i c i e n t  

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

tempera ture .  

T h e  d a t a  t h a t  were c o n s i d e r e d  i n c l u d e  e q u i l i b r i u m  a d s o r p t i o n  coef- 

f i c i e n t s  f o r  radon 01-1 a c t i v a t e d  carbon ( c h a r c o a l )  and silitra g e l  i n  the  

p r e s e n c e  of a i r  and o t h e r  g a s e s ,  and f o r  radon on mo1ecul.ax- sieve Type 5A 

i n  t h e  presence of a i r .  A l s o  i n c l u d e d  w e r e  a few dynamic a d s o r p t i o n  d a t a  

( a d s o r p t i o n  c o e f f i c i e n t s  and v a l u e s  f o r  t h e  number of t:heoret:i.cal p l .a tes  

p e r  f o o t )  f o r  radon on c h a r c o a l ,  w i t h  a i r  as t h e  carr ier  g a s .  These 

var:i.ous d a t a ,  wh i . ch  were o b t a i n e d  rriainly at o r  n e a r  2S°C,  are a c t u a l l y  

for 27.7. Rn; however, they  shou1.d a l s o  be appl.ic.able t o  2 2  '[Rn, provided 

the  c o n d i t i o n s  are t h e  same. Based on t h e  a v a i l a b l e  i n f o r m a t i o n ,  t h e  

radon a d s o r p t i o n  c o e f f i c i e n t s  d e c r e a s e  i n  t h e  expected o r d e r :  c h a r c o a l ,  

nioelcular  sieve Type SA, and s i l i c a  g e l .  Thus, c h a r c o a l  should  b e  t h e  

most effecrive of t h e s e  s o r b e n t s  f o r  2 2 0 R n  removal; however, i t s  use f o r  
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this a p p l i c a t i o n  canriot b e  recommended u n t i l  t h e  associat:ed f i . re  and 

e x p l o s i o n  baza-t-as, p a r t i c u l a r l y  those w i t . h  regard  t o  i n t e r a c t i o n  w i t h  

ozone, are r e s o l v e d .  

So rben t  poi-soning and p a r t i c l e  p e n e t r a t i o n  due t o  a lpha recoi.1. w e r e  

b r i  d1.y t r e a t e d .  Adsorber de.sign w a s  d i s c u s s e d .  E x i s t i n - g  informati-on 

appears adequate  f o r  s i z i n g ,  a l b e i t  c r u d e l y ,  t h e  sorbent bed f o r  ;-? ""'Rn- 

c h a r c o a l - a i r  11-atm (0 . l  PPa) , <lo% re la t i .ve  humidi ty]  system, and a 

s u g g e s t e d  approach f o r  doing  this w a s  o u t l i n e d .  

l . J . l . 4  Lodine  Removal v i a  Iodox Process - B. A. Hannaford 

Tire :Codox process '  f o r  i o d i n e  decontaminat ion  from ai.r by n i t r i c  

a c i d  scrubbing  Is be-i-ng developed f o r  LMFBR a p p l i c a t i o n .  For HTGR 

r e p r o c e s s i n g ,  t h e  i o d i n e  w i l l .  be  i n  a predomi-nantly CO2 atmosphere, and 

a se.ries of tests w a s  conducted t o  t es t  t h e  Iodox process in such  a n  

atmo:;phere. 

Tests were run with  a CO2-CR3I  m i x t u r e  and w i t h  a C:O2-CO-I2 m i x t u r e  

t o  s i m u l a t e  NTGR of f -gas .  I n  b o t h  tests, some a i r  w a s  a l s o  added t o  

s i m u l a t e  t o  0 2  aad N z  con ten t s  of HTGR off-gas.  A c o n t r o l  test w a s  a l s o  

run, us ing  air-CH3I. The r e s u l t s ,  summarized i n  Table. 1.18, show t h a t  

Table  1.1.8. I o d i n e  Removal from Simulated H'IXR Off-Gas" 

Decontamination Fact or 
.... Stage of - 

Apparatus CH3I in Air CHqL i n  C02-Aj.r 12 in COe-Air-CO 
(conrrol) (7X air, 93X C O z )  (7% air, 1Z C O ,  97.2 C02) 

Plate 1 

2 

3 

4 

5 

6 

7 
Average' 

Whole column 

Condenser 

@<ern11 

6.3 

4.0 

2.7 

3.0 

2.9 

2.4 

3.1 

3.3 

4700 

13 

6 X 10' 

3 . 9  

3.6 

3.0 

2.8 

3.1 

2.5 

3.3 

3 . 4  

5000 

10 

5 x i o 4  

6.4 

5.5 

4.4 

4.9  

4.0 

1. 6b 

6.Sb 

4.4 

33,000 

3 

1 x lo5 

"Gas flow rate, 28 std literlmin; scrub solution. 20 M HhTO3. 

bReflecting poor 1 3 1 1  coimting statistics for plate 7. 

cGsometric mean for all seven p l a t e s .  
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t h e  todox p r o c e s s  w i l l  work i n  a p redominanf ly  CO2 a tmospherc  r o n t d i n i n g  

some CO and 0 2 ,  t y p i c a l  of HTGK o f f - g a s .  

1 . 5 . 1 . 5  S t u d i e s  of t h e  C02-12-Li:!O System - J .  T.  B e l l  and T,.  M.  To th  

S p e c t r o p h o t o m e t r i c  s t u d i e s  of t h i s  s y s t m  1 7 ' 1 8  w e r e  c a r r i e d  o u t  

under f u n d i n g  by t h e  D i v i s i o n  of  P h y s i c a l  Resea rch  and a rc  i n c l u d e d  h e r e  

b e c a u s e  of  t h e  a p p l i c a b i l i t y  t o  ongoing  WTGK work.  These  s t u d i e s  have  

i n d i r a t e d  t h a t  c o r r o s i o n  a t t a c k  by i o d i n e  on s t a i n l e s s  steel  i s  g r e a t l y  

enhanced wheq m o i s t u r e  i s  p r e s e n t .  D i s t r i b u t i o n  c o e f f i c i e n t s  f o r  1 2  

WPT-F d e t e r m i n e d  i n  t h e  a b s e n c e  of mois i -ure  (Table 1 . 1 9 ) .  

lable  1 .19 .  D i s t  t - i b u t i o n  Coef f i c i en t : ;  of 1 2  

Between CO? L i q u i d  and Vapor 

~ -.. .. . -. -. ................. ~ ~. .- ..-. . -. . . . .. ._ .. . . .. .- 

'Temperature  ( " C )  D q  

29 

2 5  

1 9  

15 

10 

5 

0 

-1 0 

-2 0 

- 26 

2.2 

5 .2  

1 0 . 0  

1 4 . 5  

27.5 

54.0 

80.0  

135 

260 

320 

S p e c i f i c  
Oef ined  as :  :?q - -_-____. . S p e c i f i c  Absorbance 
a 

- m o l e  f r a c t i o n  i n  l i l u i d  
mole f r a c t i o n  i n  v a p o r  

whcrc 

12 a b s o r b a n c e  a t  520 nm 
p a t h  l e n g t h  

-- __ s p e r i f i c  a b s o r b a n c e  - 

and 

p T- d e n s i t y  C 0 2  . 
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I.. 5 .2  ?xinee.- -- Development - I-J.W.R. Reaujean,"  H. D. Cochran, J r . ,  
V. I , .  Fowler,  T .  PI. G i l l i a m ,  R.  W. Glass, I). J .  T n r r l a r ~ . ,  
D. M. Lev ins ,+  J. C. M u l l i n s , f  A .  11. :[<yon, F. H. Wilson,S and 
W. M. Woods 

Reprocess ing  of HTGR f u e l  i n v o l v e s  burni.ng of t h e  g r a p h i t e - m a t r i x  

e l emen t s  t o  release t h e  . f u e l  f o r  r ecove ry .  The r e s u l t i n g  o 

p r i m a r i l y  C O 2 ,  wi.tl-1 r e s i . dua1  amount-s of N2 ~ 0 2 ,  and CO,  t o g e t h e r  w i t h  

f i s s i o n  products .  Trace q u a n t i t i e s  of "Kr must be  r ecove red  i n  a con- 

c e n t r a t e d  form from t h e  gas  stream, b u t  processes C~I ' IEI- I~I I~ . ;~  employed f o r  

rare g a s  removal and c o n c e n t r a t i o n  are n o t  suita.1il.e .for u s e  w i t h  o f f - g a s  

from g r a p l i i t e  bu rn ing .  T h e  KALC p r o c e s s  employs l i q u i d  C 0 2  as a v o l a t i l e  

s o l v e n t  f o r  t h e  krypto i i  and i s ,  t h e r e f o r e ,  un ique ly  s u i t e d  to t h e  t a s k .  

Eng inee r ing  devel.opment of the KALC p rocess '  is  c u r r e n t l y  under  way 

u s i n g  f a c i - l i t i e s  at b o t h  t h e  Oak Ridge Na t iona l  L,aboratory (OKNL) and t h e  

Oak Ridge Ga.seous D i f f u s i o n  P l a n t  (ORGDP) . The OWL system' a i.s de s igned  

for (:lose s t u d y  of t h e  %ntl i .vidt ia l  s e p a r a t i o n  o p e r a t i o n s  invo lved  i n  the 

KALC p r o c e s s ,  w h i l e  the ORGDP syst:i:m p r o v i d e s  a couiplete p i l o t  f a c i l i t y  

f o r  d e m o n s t r a t i n g  combined o p e r a t  i o n s  on a somewhat l a r g e r  sca1.e ~ Packed 

colxmil pi:.rEomance and p r o c e s s  c o n t r o l  p r o c e d u r e s  have been of  prj.me 

irnpc~rtance i.n the i.ni 1: i.a:l s t u d i e s .  

Computer programs have been p repa red  t o  nnnlyze and model. o p e r a t i o n a l  

performctnce of t h e  KALC s t u d i e s ,  and s p e c i a l  sampl ing  and i n - l i n e  rnoni- 

t o r i n g  systenis have been devel-oped for u s e  i n  t h e  e x p e r i m e n t a l  f a c i l i t i - e s  

1.5.2.1.  Proc.ess A n a l y s i s  
I .  2 1  1 . 1 ~  m o n i t o r i n g ,  s .mpl . ing,  a n d  ana1ys:i.s of  v a r i o u s  pro(:ess streams 

i.s ex t r eme ly  impor t an t  i n  t h e  q u a n t i f i c a t i o n  of KALC e x p e r i m e n t a l  

q e r a . t i n n s .  

g as s t:r e am s at-c mo t i  i. t: o red con t ixiuo 11 :j 1.y wi 1: 11 be t a- s ens  i t ive x' ad i a t  i. on 

I n  t h e  OtiNL system "Kt- c o n c e n t r a t i o n s  i.n t h e  most impor t an t  

..... __ ~ 

% ~ e s t  s c i e n t i s t  from West Germany. 

t Cu e s t: :j. c .i.en t is t. .F r om Aus t 1-a 1. :i a . 
If: [<e s e x  cti p art i. c i p a n t  f r om <:I. em son ~n i.v er s i t  y . 
5Student from Georg ia  I n s t i t u t e  of Technology. 
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d e t e c t o r s  u s i n g  a CaF2 (Eu) s c i n t i l l a t i o n  d i s c .  These  d e t e c t o r s  ( see  

F i g .  1.18) were d e s i g n e d  specif ical .1 . l .y  f o r  u s e  wi-th c o r r o s i v e  f l . i i j~ds  a t  

h i g h  p r e s s u r e s .  I n  a d d i t i o n ,  r e p r e s e n t a t i v e  samples  of g a s  aind l i q u i d  

are wi thdrawn from 1 4  p r o c e s s  s t r e a m s  v i a  a s e m i a u t o m a t i c  s ampl ing  sys t em;  

t h e s e  s a m p l e s  are t h e n  a n a l y z e d  f o r  8 5 K r  w i t h  a b e t a  d e t e c t o r  and f o r  

oilier c o n s t i t u e n t s  by mass s p e c t r o m e t r y .  

The i - n - l i n e  m o n i t o r s  have  o p e r a t e d  s a t  Psfactor i .1 .y  f o r  several  months 

w i t h o u t  r e q u i r i n g  m a i n t e n a n c e .  They pe r fo rm f o u r  main f u n c t i o n s :  

1. They f u r n i s h  a permanent  r e c o r d  of t h e  r a d i o a c t i - v i t y  i n  the  

main p r o c e s s  streams t h r o u g h o u t  a n  e x p e r i m e n t .  

2 .  They m o n i t o r  t h e  approach  of t h e  sys t em t o  s t e a d y - s t a t e  con- 

d i t i o n s .  B e f o r e  samples  are wi thdra$m f o r  a n a l y s i s ,  i t  i s  e s s e n t i a l  t o  

e s t a b l - i s h  t h a t  

v a r y i n g  w i t h  t i m e .  A p a r t i c u l - a r l y  good i n d i c a t o r  of o v e r a l l  p l -an t  p e r -  

formance  i s  t h e  85Kr o f f - g a s  c o n c e n t r a t i o n ,  whi-ch i s  v e r y  s e n s i t i v e  t o  

changes  i n  t h e  l i q u i d - t o - v a p o r  r a t i o  i n  t h e  a b s o r b e r  column o r  t o  p e r i -  

0di.c f l u c t u a t i o n s  due t o  cycl.i.ng of  t h e  r e f r i g e r a t i o n  s y s t e m s .  

5 K r  c o n c e n t r a t i o n s  are ,  w i t h i n  a c c e p t a b l e  l i m i t s ,  n o t  

3 .  They p r o v i d e  a fi.rst estimate of t h e  d e c o n t a m i n a t i o n  and con- 

c e n t r a t i - o n  f a c t o r s  at ariy g i v e n  t i m e .  

4 .  'They e n a b l e  t r a n s i e n t  e f f e c t s  r e s u l t i n g  f rom changes  i n  o p e r a t i n g  

c o n d i t i o n s  t o  be i n v e s t i g a t e d .  

Another  h p o r t a n t  a n a l y s i s  a s p e c t  i n  t h e  developriient o f  t h e  KALC 

p r o c e s s  and one  t o  which c o n s i d e r a b l e  a t t e n t i o n  h a s  been  g i v e n  i s  the 

computer  model ing  of o p e r a t i o n a l -  and e q u i l i b r i u m  p r o c e s s e s  of c o n c e r n .  

I n  1973,  Wha t l ey22  c o r r e l a t e d  d a t a  a v a i - l a b l e  i n t o  a model  of t h e  KALC 

sys t em.  T h i s  model d e s c r i b e d  t h e  mul t icomponent  s y s t e m  a d e q u a t e l y  

i o  provi .de a b a s i s  t o  assess t h e  f e a s i b i l i - t y  of t h e  p r o c e s s .  More 

r e c e n t ] - y ,  a n  e m p i r i c a l  e q u i l i b r i u m  model- f o r  t h e  C02-02-Kr-Xe sys t em 

has  been  deve loped  t o  p r o v i d e  r a p i d  h u t  a c c u r a t e  i n f o r m a t i o n  € o r  d a t a  

ana1ys i . s  and e x p e r i m e n t a l  p l a n n i n g .  F i g u r e  1 . 1 9  p r e s e n t s  some of t h e  

more import :ant  r e s u l t s  of  t h i s  e m p i r i c a l  model .  A t  t h e  p r e s e n t  t i m e  a n  

advanced e q u i l i b r i u m  s t a g e  model2 i s  i n  u s e  f o r  mii1.ticomponent, m u l t i -  

column c a l c u l . a t i o n s .  T h i s  program r e p r e s e n t s  tlisrmodyiarnic p r o p e r t i e s  

of t h e  C02-Or-N2-CO-Kr--Xe sys t em a c c u r a t e l y  o v e r  t h e  e n t i r e  t e m p e r a t u r e ,  

2 3  
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HIGH VOI-TAGE 

r,Ew .ti.,, 

VO LT.4GE 
DIVIDER -, 
V E TWO RK 

. . .. .. . . r-- - - -  - 

MAGNETIC 
SHIELD 

N EOPRE NE 
GASKET 

S T A I N L E S S  

S E L E C T E D  
A P E R T U R E  

MONITORING' 'OUTLET 
CHAMBER 

I ~ 4"- ~ ___ 

F i g .  1.18. High-Pressure Beta S c i n t i  l . l a t ion  DetPctor w i t h  F 1 . o ~  
C1.11. 1) i rnens ions  s h o w n  are in inches :  t o  convert to millimeters 
m u l t . i p l y  by 2 5 . 4 .  
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p r e s s u r e ,  and c o n c e n t r a t i o n  r a n g e  of i n t e r e s t  

are used t o  solve s e l e c t e d  e q u i l i b r i u m  s t a g e  c o n f i g u r a t i o n s  I 

M a t r i x  a l g e b r a  t e c h n i q u e s  

3..  5.  2.2 Exper:imental. Engineer ing  :Faci l . i ty  
2 0  T h e  O-RNT, e x p e r i m e n t a l  KALC system is  de.scr--ibed c o m p l e t e l y  e:l.sewhere, 

b u t  a s imple  equipment f l o w s h e e t  i s  p r e s e n t e d  as F i g .  1 .20 .  T h e  system 

c o n s i s t s  of two packed columns f o r  g a s - l i q u i d  c o n t a c t i n g  and a s s o c i a t e d  

s u p p o r t  i t e m s ,  i n c l u d i n g  gas compressors ,  so lveot  p imps ,  condensers,  

h e a t e r s ,  and complete  sampI.ing and moni tor ing  c a p a b i l i t i e s .  'Process 

cool.ing is achieved  b y  means of two c o n v e n t i o n a l  e v a p o r a t i v e  r e f r i g e r a t i o n  

u n i t s  . 

sys 
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Preli.mj.nary operat iorr  of t he  system began i n  March 1974,  and s i n c e  

that t i m e  two exper imenta l  KALC campaigns have been completed.  The f i r s t  

campaign w a s  p r e l i m i n a r y  and w a s  comple!:ed i n  October 1.974. A p r h i a r y  

goa l  f o r  tha t  campaign i n  a d d i t i o n  t o  shakedown w a s  t o  o b t a i n  column 

packing f l u i d  dynamics. The f l o o d i n g  curve  r e s u l t i n g  f rom t h e s e  and 

subsequent  s t u d i e s  i s  p r e s e n t e d  as F i g .  1.. 21.  The packing rnateri-al- used 

i n  t h e s e  experiments  i s  of t h e  I J O V ~ L I  w i r e  m e s h  c a n i i i s t e r  type .*  

75.- 5186 

-7 

L b =  c = -0.315457 0.379889 
io-6 I- 

F i g ,  1 21. Genera l ized  Flooding Curve f o r  thi: Experimental  KALC 
C o lumn s . 

i 

-kGoodloe packing;  Packed CoI.unm Company; a d iv i . s ion  of Metex C o r p . ,  
Edison ,  New J e r s e y .  



The second KALC campaign2 i n  t h e  OWL sys t em prirnari.1.y concerned 

t h e  mass t r a n s f e r  ( a b s o r p t i o n )  of k r y p t o n  i n t o  t h e  l i q u i d  CO2 phase.  

Some 30 exper iments  were conducted a t  1 . 7 2  t o  2 ,83 PIPa gage (250-410 p s i g )  

and .--28" t o  - 1 1 ° C .  For column k r y p t o n  decontaminat ion  f a c t o r s  of 100 

t o  1.0,OOO R t.heoret.i.cal t r a n s f e r  u n i t  h e i g h t  of about  0.1.2 rn (0 .4 f t )  

was observed 1se.e Fig .  1 . 2 2  ( a )  1.  Absorber column k r y p t o n  decontaminat ion  

f a c t o r  as a f u n c t i o n  o:f t h e  combined r a t i o  of a b s o r b e r  1-i-quid-to-vapor 

rates ( L / V )  and p r o c e s s  krypton  s e p a r a t i o n  f a c t o r  (K) i s  sliown i n  F i g .  

1 .22(b)  a 

1.5 .2 .3  Experiments i n  t h e  ORGDP P i l o t  P l a n t  

The U L C  system w a s  t e s t e d  i n  tile ORCDP P i l . o t  P l a n . t . 2 c  i.n May and 

June  1974 and i n  a. four-month czuinpnign s t a r t e d  i n  May 3.975. The f i r s t  

campaign s e r v e d  main1.y as a shi3kedown of t h e  equipment and t h e  d e t e r -  

ni innt ion of f l o o d i n g  ra te  of a packed column. The pr imary o b j e c t i v e  of 

t h e  second campaign w a s  t o  demonst ra te  s imul . t . a r i eous  deeont.amination of 

a g a s  st..ream cons isLiag  of CO2-02 w i t h  r e s p e c t  t o  K r  and c o n c e n t r a t i o n  

of the "Kr i n  t h e  w a s t e  s t ream.  

2 7  

8 5  

The r e s u l t s  of t h e  f i r s t  campaign showed t h a t  g e n e r a l  1.y s a t i s f a c t o r y  

performance of the equipment w a s  a t t a i n e d  a.t the end of tlne campaign 

e x c q  t: f o r  d i f f i c u l t y  w i t h  t h e  g a s  compressor and t h e  r e f r i g e r a t i o n  u n i t s .  

The shakedown tests also showed t h a t  a d d i t i o n a l  instrumentat :  i o n  wou1.3 be 

r e q u i r e d  t o  improve f l o w  c o n t r o l  and f 1 . e x i b i l i t y  of o p e r a t i o n .  Equipment 

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

h e a t  exchangers  and condensers .  Flooding test d a t a  f o r  t h e  f r a c t i o n a t o r  

agreed v e r y  wel.1. with d a t a  obta ined  on t h e  same diameter  column i n  tilie 

ORNL, f a c i l i t y  ( s e e  S e c t .  1.%.2.2), b u t  t h e  c a p a c i t y  w a s  only about  50% 

of t h a t  p r e d i c t e d  by t h e  packing manufacturer .  

The r e s u l t s  of t h e  second campaign through June  1975  slmw t h a t  

o p e r a t i o n  i s  s i g n i f i c a n t l y  improved w.ith n e w  ins t rumenta t i -on .  

€a i lu re  o f  r e f r i g e r a t i o n  u n i t s  has caused i n t e r r u p t e d  ope.rat ion.  The 

systeni c o n t r o l  modes w e r e  a d j u s t e d  t o  reduce  flow o s c i l l a t i o n s ,  and rims 

w e r e  made w i t h  tracer ' 5Kr. 
f a c t o r s  g r e a t e r  than 200 were o b t a i n e d  i n  t h e  a b s o r b e r .  

d u r i n g  t h e  four-month campaign w i l l  be  r e p o r t e d  later. 

However, 

P r e l i m i n a r y  r e s u l t s  show t h a t  decontaminat ion  

Data o b t a i n e d  
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6 3  

1 . 6  PROIXJCT PREPAKATLON (WORK U N I T  1104) 

This work u n i t  d e a l s  w i t h  the c o n v e r s i o n  of r ecove red  u r m y l  n i t r a t e  

t o  a f o r m  s u i t a b l e  f o r  s h i p p i n g .  A l t h u i i g h  no development x t i v i t y  was 

schedu led ,  c a l c u l a t i o n s  and p a p e r  s t u d i e s  r e l a t e d  t u  r a d i o s c t  i v i t y  con-- 

t r o l  (by s p a r g i n g  t o  r e i i i ov~  220b. and by i o n  exchange t o  r m o v e  232U 

decay p r o d u c t s )  were c a r r i e d  o u t .  

1 . 6 .  l I2S-ioactiviFj.- C o n t r o l  - W. I,. Carter 

Hand.l.ing UO2 (NOs) 2. product. d u r i n g  s h i p p i n g  and resin I.oad i n g  opera- 

t i o n s  can b e  t roublesome because  of r a d i a t i o n  f r o m  232u decay products .  

A typ.i.ca1 HTGR f u e l  after six y e a r s  i r r a d i a t i o n  may conta:i.n about  350 ppm 

U ( t . o r . a l  U b a s i s )  , arid, even though solvent extract:.i.o.n g:i vcis r a t h e r  232 

h i g h  decon tamina t ion  f a c t o r s  f o s  

rebui.l.ds t o  l e v e l s  t h a t  r e q u i r e  remote Iiandling csf the s o l u t i o n s  ~ S t u d i e s  

w e r e  made t o  a.ssi?,ss the benefii:.s of t r e a t i n g  p roduc t  solutions by 

s p a r g i n g  t o  remove Riz o r  i(1n e:xclia.nge t o  rmriove decay p r o d u c t s ,  i n  

p a r t i  c u ~ . a r  ” * r ,  11-1. 

decay chain,  as t h e  cusves of F i g s .  1 . 2 3  and 1 . 2 4  show. (The o r d i n a t e s  

of t h e s e  f i g u r e s  are normalized t o  a me t r i c  t o n  of heavy metal c’riarged 

t o  the reactior. ‘ Y t i e  a c t i v i t y  i s  f o r  the 2 3 2 U  decay prod(1ct.s t:’nat have 

s i g n i f  Lcant gamma ( m i s s i o n s  ) In t h e  case of spa rg i r ig  (Fig.  1. 23)  , 
a c t . i v i t y  d e c r e a s e ,  as shown by the bottom er1vizl.ope c u r v e ,  i s  c . o n t r o l l e d  

by t h e  10.58-hr h a l f - l i f e  o f  2 1 2 P b ,  b u t  t h e  b u i l d u p  of act.:i.vi.I:y t o  t.he 

val.ue t h a t  would have obtained wi.t.houc sparg ing  (cu rve  A) is  q u i t e  r a p i d .  

T h i s  o c c u r s  because  t h e  2 2 0 ~ ~  p a r e n t s ,  ’ ’ $ ~ a  and 2 2 8 r l  l h ,  cont:i.nuc-? t o  

i n c r e a s e  i n  t h e  so1ut . ion d u r i n g  s p a r g i n g  and v e r y  q u i c k l y  r e p l e n i s h  t h e  

s h o r t - l i v e d  2”Rn  when t h e  iner t -gas  f low i.s s t o p p e d .  

a spa rged  2 3 3 ~ ~ 2 ( ~ ~ 3 ) 2  s o l u t i o n  at. i ts  lowes t  a c t i v i t y  i s  on1.y a few 

h o u r s ,  making s p a r g i n g  a somewhat: imprac t i . ca1  way of decontaminat i .on.  

‘ IJ decay p r o d u c t s ,  the a c t i v i t y  soon  

2. 7 0 

Both t:li.ese t r e a t m e n t s  r educe  t h e  activ:i.i-y o f  t h e  ’U 

The dwell- t ime of  

2 2 3 , ,  F i g u r e  1 . 2 4  shows t h a t  i o n  exchange, which removes 1.11, i s  a 

considt:r;ibl~y more effect- i .ve t r e a t m e n t  e A demons t r a t ed  t r e a t m e n t  i s  

shown by c u r v e  A ,  which d e p i c t s  a p e r i o d  of rnlniinum act:ivii:.y at: tiwo t o  

three day:; a f te r  i.on ctxcliimge. I)ur:i.ng c h i s  p e r i o d  t h e  p roduc t  cou ld  be 

han.dled w i t h  m i n i m a l  s h i e l d i n g .  Curve B i s  i n c l u d e d  t o  show t h e  i d e a l  
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case where 100% decontaminat ion  is  a c h i e v e d ,  and c u r v e  C shows t h e  normal 

a c t i v i t y - v e r s u s - t i m e  r e l a t i o n s h i p  o f  UOZ(NOJ)Z s o l u t i o n  t h a t  h a s  not 

been t r e a t e d  by i.on exchange. 

2 3 3  

The s t u d y  w a s  extended t o  d e t e r m i n e  t h e  b e n e f i t  of an  i o n  exchange 

3 U 0 2  ( N 0 3 )  2 s o l u t i o n s  t r e a t m e n t  f o r  1oweri.ng r a d i o l y s i s  due t o  

d u r i n g  shipment.  Only a nominal b e n e f i t  of about  7% i s  achieved  (F ig .  

1.25). Solvent  e x t r a c t i o n  r a t h e r  comple te ly  removed 32U decay p r o d u c t s ,  

s o  t h a t  t h e  dose  r e c e i v e d  by t h e  so:l.ution i s  i n i t i a l 1 . y  about  94% from 

2U i n  

U, hence an i o n  exchange t r e a t m e n t  t o  remove t h e  f e w  remaini.ng decay 2 3 2  

products  causes l i t t l e  r e d u c t i o n  i n  t h e  dose .  These cnl.cul-ations d i d  

n o t  i n c l u d e  2 3 3 1 T ;  a c t i v i t y  f r o m  t h e  much l a r g e r  amouiit of 2 3 3 U  c.ould make 

this i s o t o p e  a more s i g n i f i c a n t  c o n t r i b u t o r  t o  t h e  ove-ral l .  dose.  

These s t u d i e s  p o i n t  out t h e  importance of c lose-coupl ing  an i o n  

exchange c leanup s t e p  w i t h  f u e l  r e f a b r i c a t i o n .  Uranyl. n i t r a t e  s o l u t i o n  

can be loaded on r e s i n  dur ing '  t h e  f i r s t  f o u r  t o  f i v e  days a f t e r  i o n  

exchange t o  t a k e  advantage  of t h e  10- t o  20-fold I.owering of  gamia ac- 

t i v i t y  and a corresponding  r e d u c t i o n  i n  Rn release d u r i n g  c a r b o n i z a t i o n  

and convers ion .  

2 2 0  
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1..7 WASTE PROCESSI.NG AND TSOLATlON (WORK U N I T  I l O S )  - K.  13. L i n  

Waste streams of v a r i o u s  forms  a re  produced  a t  d i f f e r e n t  p r o c e s s  

s t e p s  i n  f u e l  r e p r o c e s s i n g .  The m a j o r  s o u r c e s  of t:hese wastes may be 

grouped  i n t o  f o u r  areas - head-end p r o c e s s i n g ,  s o l v e n t  extract:-i.on, o f f -  

g a s  c l e a n u p  and m i s c e l l a n e o u s  s o u r c e s .  The o v e r a l l  o b j e c t i v e s  o f  t h e  

s t u d i e s  p e r t a i n i n g  t o  waste p r o c e s s i n g  and i s o l a t i o n  are (1) t o  d e f i n e  

r a d i o a c t i v e  wasre s t r e a m s  f rom a n  HTGR f u e l .  r e p r o c e s s i n g  p l a n t ,  ( 2 )  t o  

i d e n t i f y  r e q u i r e m e n t s  f o r  i s o l a t i o n  and d i - s p o s a l  of i n d i v i d u a l  w a s t e  

stream ( 3 )  t o  e v a l u a t e  v a r i o u s  p o t e n t i a l  t e c h n t q u e s  f o r  p r o c e s s i n g  and 

i s o l a t i o n ,  and ( 4 )  t o  c a r r y  o u t  deve lopment  work on p r o c e s s i n g  t e c h n i q u e s  

f o r  s e l e c t e d  waste stre.?ms t o  a c q u i r e  d e s i g n  d a t a  F o r  a w a s t e  p r o c e s s i n g  

f a c i l i t y .  

1 . 7 . 1 .  I d e n t i f i c a t i o n  and C h a r a c t e r i z a t i o n  of Waste S t r e a m s  ....... ___ .-- K .  11. L i n  ............. ~ ...... 

V a r i o u s  key p r o c e s s  s t e p s  i n  HTGK f u e l  r e p r o c e s s i n g  have been re- 

viewed i n  d e t a i l  t o  i d e n t i f y  i m p o r t a n t  rrraste streams t h a t  r e q u i r e  f u r t h e r  

p r o c e s s i n g  b e f o r e  d i s p o s a l  o r  lhng-term s t o r a g e .  E s s e n t i a l l y  all t l i e  

waste streams r e s u l ' i  i.rig Lrorn head-end p r o c c s s i n g  are in s o l i d  fo rms ,  

w h i l e  t h o s e  d i s c h a r g e d  from t h e  s o l v e n t  e x t r a c t i o n  sys t em are  p r a c t i c a l - l y  

a l l  l i q u i d s .  S o l i d ,  l i q u i d ,  and g a s e o u s  wastes are produced i n  the o f f -  

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

Most of  t h e  w a s t e  slrrenins a re  u n i q u e  t o  LITGK f u e l  r e p r o c e s s i n g ,  

a l t h o u g h  t h o s e  froin t h e  s o l v e n t  e x t r a c t i o n  sys t em and from t h e  pJ.ant 

f a c i l i t i e s  are not v e r y  much d i f f e r e n t :  f rom wastes d i s c h a r g e d  from an 

LWR f u e l  r e p r o c e s s i n g  p l a n t .  The l i q u i d  h igh - l eve l .  w a s t e ,  however ,  i s  

somewhat d i ~ f f  e r e n h  f rom t h e  c o r r e s p o n d i n g  w a s t e  i n  LWR f u e l  r e p r o c e s s i n g  

i n  t h a i  i t  c o n t a i n s  f1iinri.des t h a t  were i n t r o d u c e d  to f a c i l i t a t e  d i s s o -  

l u t i o n  o f  t h o r i a .  Thus,  an  a d d i t i o n a l  p r o c e s s i n g  s t e p  would b e  r e q u i r e d  

t o  c o n v e r t  f l u o r i d e s  i n t o  a stab1.e f orrn b e f o r e  s o l i d i f i c a t i o n  o f  t h e  

wastes a t  h i g h  t e m p e r a t u r e s .  

Sol.id w a s t e  streams from t h e  head-end sys t em are  u n i q u e  t o  HTGK f u e l  

r e p r o c e s s i n g .  T h i s  i s  e s p e c i a l l y  t r u e  of w a s t e  f i s s i l e  p a r t i c l e s  (fl-oin 

25W f u e l  e l e m e n t s )  S i c  h u l l s ,  and c l - inke r s .  S e l e c t i o n  of  s p e c i f i c  
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p r o c e s s i n g  methods (e .g .  , whether t o  s e p a r a t e  a c t i n i d e s  from f i s s i o n  

p r o d u c t s  o r  n o t )  f o r  t h e s e  wastes w i l l  b e  governed 1-argely by f u t u r e  

Federa l  r e g u l a t i o n s  and o t h e r  noneconomic f e a t u r e s .  A l s o  unique i s  t h e  

14C-containing waste stream, which may have t o  b e  coizverred i n t o  a form 

a c c e p t a b l e  f o r  i s o l a t i o n .  

T a b l e  1 .20  summarizes p e r t i n e n t  c h a r a c t e r i s t i c s  of w a s t e  stre-ams 

from an  HTGR f u e l  r e p r o c e s s i n g  p l a n t  i n  regard  t o  t h e i r  s o u r c e s ,  f o r m s ,  

and approximate q u a n t i t i e s .  A l s o  shown are r a d i o n u c l i d e s  t h a t  may be 

p r e s e n t  i n  d e t e c t a b l e  q u a n t i t i e s  i n  i n d i v i d u a l  waste streams and e s t i m a t e d  

amounts of r a d i o n u c l i d e s .  The r e s u l t  of t h e  s t u d y  p r e s e n t e d  i n  the t a b l e  

i s  based on t h e  fo l lowing  assumptions:  

1. The f u e l  c y c l e  h a s  reached s t e a d y - s t a t e  c o n d i t i o n  (“8-10 y e a r s  

a f t e r  t h e  s t a r t ) .  

2 .  Three d i f f e r e n t  t y p e s  of s p e n t  commercial f u e l  e lements  (25Ii ,  

2311, and 25W; see Table  1 . 2 1  f o r  d e f i n i t i . o n )  are r e p r o c e s s e d .  

3 .  The f u e l  c o n t a i n s  Tr i so-coa ted  f i s s i l e  p a r t i c l e s  and Riso-coated 

f e r t i l e  p a r t i c l e s  (Table I.. 21). 

Assumptions r e g a r d i n g  t h e  ra te  of fue l .  r e p r o c e s s i n g  and heavy metal. (U and 

Th) c o n t e n t s  of t h e  i n i t i a l  and s p e n t  f u e l  e lements  are a l s o  sammarized 

i n  Tab1.e 1 . 2 1 .  

1 . 7 . 2  O v e r a l l  P r o c e s s  E v a l u a t i o n  - K. H. L in  -- 
This phase  of .the HTGR w a s t e  s t u d i e s  is  concerned w i t h  c r i t i c a l  

rev iew and e v a l u a t i o n  of a v a % l a b l e  i n f o r m a t i o n  r e k i t e d  t o  p r o c e s s i n g  and 

i . s o t a t i o n  of waste s t r e a m s  from t h e  UTGK :fuel r e p r o c e s s i n g  pl.ant:. Waste 

streams t h a t  r e q u i r e  f u r t h e r  proce-ssing b e f o r e  d i sposa l .  o r  long-term 

s t o r a g e ,  as i d e n t i f i e d  i n  t h e  s t u d y  d e s c r i b e d  i n  S e c t .  1 . 7 . 1 ,  a r c !  

emphasized. 

E v a h a t i o n s  are i n  p r o g r e s s  of var:i.ous a l t e r n a t i v e s  f o r  i n t e r i u i  arid 

f i n a l  p r o c e s s i n g  of d i . f f e r e n t  w a s t e  streams as shown : i n  F i g .  1 . 2 6 .  

pel-ti1lent development work i n  p r o g r e s s  and a v a i l a b l e  t e c h n i c a l  d a t a  a re  

being e v a l u a t e d  i n  t h e  1 i g h t  of t h e  requi rements  imposed by the c u r r e n t -  

F e d e r a l  r e g u l a t i o n s .  W e  are  also c o n s i d e r i n g  the proposed rule-making 

by EKDA and NKC, e x p e r i e n c 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 ,  and o t h e r  



Table 1 . 2 0 .  Sources and Estimated F l o w  Rates of Waste Streams froiii HTGR Fuel Reprocessing 
Plant [Basis: 20,000 Fuel Elementslyear; 58% 2 5 R ,  39% 23R, 3% 25K]  

Estimated Q u a n t i t i e s  P e r  Year  
Stream Source (Subsystem) Waste Forn 

Masses and Volumes F'robable Key R a d i o n u c l i d e s  

H-1 

tl-2 

H- 3 

H-4 

R-5 

S- l  

S-5 

s-7 

s-2 

S-3 

s-4 

s-5 

S-8 

Pr-imary and secondary  
b u r n e r s  

Primary and secondary  

Crushe r s ,  hoppe r s ,  

F i s s i l e  p a r t i c l e  
canning s t a t i o n  

P a r t i c l e  d i s s o l v e r ,  
c e n t r i f u g e  

bi lsners  

c l a s s i f i e r  

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

Uranium salvage 

F i r s t  and second c y c l e  

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

? i z s t  and second c y c l e  

F i r s t  and second c y c l e  

F i r s t  and second c y c l e  
ex t r a c t i o n  

So lven t  c l e a n ~ p  

e x t r a c t  i o n  

e x t r a c t i o n  

e x t r a c t i o n  

Head-End P r o c e s s i n g  System 

S e m i - v o l a t i l e  110 k g ,  10 M C i ;  
n u c l i d e s ,  p a r t i -  p a r t i c u l a t e s  
a l a t e s  i n c l .  i n  H-3 

C l i n k e r s  H M T ~  

P a r t i c u l a t e s  1 2  MT 

F i s s i l e  p a r t i c l e s  4 MT 
(from 2515 b l o c k s )  

r e s i d u e s  {ii lcl .  
n o b l e  m e t a l s )  

sic h u l l s ,  i n s o l .  20 MT 

S o i v e n t  E x t r a c t i o n  System 

Stream s t r i p p e r  4200 m 3  
ov e 1 he  ad ( ~ , ~ O O , O O O  ga l ) '  

Evapora io r  conden- {solid c o n t e n t  
sate %I, 5-1% vt) 

Carbonate  wash 
s o h  t i o n  

Insol. r e s i d u e  1-3 MT 

I l i gh - l eve l  l i q u i d  760 a3 
b 

?l*13Ste (2G0 ,XE gal) 

T h o r i m  n i t r a t e  190 313 

Kerosene s c r u b  2 1  m3 

s o l u t i o n  (50,000 gal) 

(5500 gal] 
Crud -1 MT 

F i s s i o n  p r o d u c t s  ( e . g . ,  Z r ,  N b ,  Ru, 
Sb, C s ,  Ce, e t c . ) ,  a c t i n i d e s  

F i s s i o n  p r o d u c t s ,  a c t i n i d e s  

F i s s i o n  p r o d u c t s ,  a c t i n i d e s  

A c t i n i d e s  (U = 1 . 3  ?iT; 170 C i ) ;  
f i s s i o n  p r o d u c t s  (1 M T ;  62  M C i )  

Actinidss ( 5  kg ,  4300 C i ) ;  f i s s i o n  
p r o d u c t s  (-1 M; 70  NCi) ( c s g ,  
n o b l e  m e t a l s )  

I, Ru 

Z r ,  Nb, Ru, Kh, 1 

Z r ,  Nb 

F i s s i o n  p r o d u c t s  (15 KT, 1400 MCI); 
a c t i n i d e s  (2 WT, 95 Ki) 

% _. (166 M T ,  53 kCi) a c t i n i d e s ;  Z r ,  
Nb, Xu, Rh ( t o t a l  F.P. -2 X i )  

F i s s i o n  p r o d u c t s ,  a c t i n i d e s  

F i s s i o n  p r o d u c t s  (-2 k g ,  -150 C i ) ,  
act in%ds_s (-170 'Kg, -95 kci) 

cn 
co 



T a b l e  1.20. (Continued) 

Estimated Quantities Per Year 
Stream Source (Subsystem) Waste Form 

Masses and Volumes Probable Key Radionuclides 

0-1 

0-2 

0-3 

0-4 

0-5 

0-6 

0-7 

M- 1 

M-2 

M-3 

WO, decomposition, 

Iodine removal 

catalytic oxidation 

Radon removal 

Tritium removal 

Tritium removal 

Krypton removal 

Krypton removal 

HTGR 

Facilities 

Facilities 

Off-Gas Cleanup System 

Spent catalysts 4 rn3  

(140 Et3) 

Spent zeolite Pb zeolite = 34 m 3  

Ag zeolite = 
(1200 ft3) 

4.2 m3 (150 ft'j 

Spent molecular 12 m3 

Spent molecular 4.2 m3 

Tritiated water 14 m3 

Kr product stream Kr: 460 kg 

con gas 6680 M 

sieve ( 4 4 0  ft3) 

sieve (150 f t 3 )  

(3700 gal) 

Miscellaneous 

Reflector blocks 160 m 3  
(5600 ft3) 
350 FIT 

Decontamination 4-8 x i o 3  rn3 

solution (1-2 Y l o 6  gal) 
Rags, spent fil- 2100 rn3  
ters, failed (?~C,OOO f t 3 )  
equipment and 
tools, etc. 

Fission products ( e s p . ,  semi- 

Iodine isotopes ( 6 0  Ci, 35 kg) 

volatile) 

Rn decay products, traces of I and 
HTO 

HTO 

HTO ( 3 H  = 277,000 Ci) 

*'Kr (11 MCi) 

14C (-1 kg ' ' C 0 2 ) ,  traces of R5Kr 

"c, neutron-activation products 

Variable 

Variable 

~ 

aAssune 452 of the  fuel material formed clinkers. 

bunconcentrated solutions. 

NT means metric ton. 



Table 1.21. Estimated P r o c e s s i n g  Rate arid C h a r a c t e r i s t i c s  of I n d i v i d u a l  Types of 
F u e l  Elements"  

~_____ ~ _ _ _ _ _ _  ______~ 
d Average  C o n t e n t s  of Heavy Metals {kg/Ei iel  Elerza-1:) 
_. ____. P r o c e s s i n g  

~ y p e s ~  ( ~ u e l  E l e m e n t s  xe ta lc  
Fuel Rate Heavy I n i t i a l  F u e l  S p e n t  F u e l  

__- ___ 

Per Y e a r )  Fissile F e r t i l e  F i s s i l e  Fertile 
Partic-le P a r t i c l e  P a r t i c l e  P a r t i c l e  

IM-25R I1 , f IOO u 0.7G6 G 6.216 0.222 
Th 0 8.553 0 7.926 

2313 7,800 u 0.742 0 0.226 0.222 
Th 0 8.830 0 7.926 

2 5 R- 2 5W 503 . 7  i! 3.25cI 0 2.24 0.19 
Th 0 7 .0@0 0 5.63 

a 

b 
Based on a XTGR f u e l  r e p r o c e s s i n g  p l a n t  of 211,000 f u e l  elernerits p e r  y e a r .  

A l l  f u e l  t y p e s  c o n t a i n  B i s o - c o a t e d  ( i n n e r  p o r o u s  carbon and o u t e r  dense carbon)  
fertile p a r t i c l e s  sild T r i s o - c m t e d  ( p o r o u s  c a r b o n ,  d e n s e  c a r b o n ,  S i c ,  and  d e n s e  c a r b o n )  
f i s s i l e  p a r t i c l e s .  F e r : i l e  p a r t i c l e s  cor , ta in  t h o r i u m ,  while f i s s i l e  p a r t i c l e s  c o n t a i n  
. , v c  c l L ~ n i i i i n  of  v a r y i n g  i s o t o p i c  c o m p o s i t i o n s  d e p e n d i n g  upon t h e  f u e l  type a s  follows: 

IN: 
25R: 
23R: c o n t a i n s  r e c y c l e  ' j 3 U  
25V: c o n t a i n s  uranium of -4-5% 2 3 5 U  ( b u r n e d  25R) 

contains virgin u r a n i u m  of ' 9 3 %  2351J, i n i t i a l l y  c h a r g e d  'LO HTGR 
c o n t a i n s  r e c y c l e  u r a n i u m  of -30% 2 3 5 U  (refabricated f rom b u r n e d  IM) 

L z r a 2 i u m  i s  p r e s e n t  a s  U C ~ ,  and thorium as i"h02. 

AdaPted  froin Ge.rieral Ato:nic C o . ,  L'onceptunZ Design Sun?v?ar_u cad Desigx Q u a l i f i -  
d 

cut&ms dxor HTGR Target Recyc le  P l a n t ,  GA-A-33365, V o l s .  T and  II <Marcti 1975). 



7 1  

- 
...... 

OHNL D W G  . f5 - -5281 

, . iTCFlU  
T I E A I V E * T  . -- ........ 

~~ 

W A S T E  F C R U  - 
~ 

C L C C  - 

.......... ... -~ ........ ~. . .  - . .  ~~ ..... ........ ........ -. 

... 1 - .. ~~ ..... _- ... ~ ......... - ~ ~ _ _  ....... 

-1 

C T S I t Y  h..UL.CIAI .. .- -_-__ liLTt'hi,, i . " . C i i i  1 T L  .......... +CL'II\ TiD M * F 8 . . b f 2  . PR-m.56r b L , C I S s s  8,Ir .. ~- . . . . . .  L! :e  .ro 
-. . . -...- .. ... 

F i g .  1 . 2 6 .  Overall Schematic Flow Diagram f o r  HTGR F u e l  Reprocessing 
Wastes (Semi-Volatiles, L i q u i d s ,  and S o l i d s ) .  



f a c t o r s  t h a t  might i n f l u e n c e  t h e  requi rements  i n  t h e  f u t u r e .  T h e  es t i -  

mated rad iochemica l  composi t ions and f low r a t e s  of i n d i v i d u a l  w a s t e  

streams a r e  used as p a r t  of t h e  c r i t e r i a  i n  de te rmining  which of t h e  

a v a i l a b l e  p r o c e s s  a l t e r n a t i v e s  should be employed. 

E v a l u a t i o n  of w a s t e  p r o c e s s i n g  a l t e r n a t i v e s  h a s  i d e i i t i f  i e d  w a s t e  

s t reams t h a t  r e q u i r e  h o t  c e l l  development programs t o  suppl~y  d e s i g n  d a t a .  

The t e n t a t i v e  scope  of  t h e  recommended h o t  c e l l  development work f o r  

t h e s e  w a s t e  streams i s  o u t l i n e d  i n  'Table 1 . 2 2 .  I n  a d d i t i o n  t o  these 

was te  s t r e a m s ,  c o l d  e n g i n e e r i n g  development i s  r e q u i r e d  f o r  CO2 

f i x a t i o n ,  a s  d e s c r i b e d  i n  S e c t .  1 .7 .3 .  

14 

1 . 7 . 3  F i x a t i o n  .. . and Disposa l  of "'C02 Waste . St reams  . .... . . . . .- -- A .  G .  Croff 

A scoping s t u d y  has  been contluct:ed t o  de te rmine  t h e  b e s t  method f o r  

t h e  f i x a t i o n  of 14C-con.l:aminated C02 as C a C O 3 ,  and t o  eva1uat.e t h e  

v a r i o u s  o p t i o n s  a v a i h b l e  f o r  d i s p o s i n g  of t h e  CaCO3 t h u s  produced. The 

f i x a t i o n  and d i s p o s a l  o p t i o n s  w e r e  e v a l u a t e d  on t h e  b a s i s  of t e c h n i c a l  

m e r i t ,  economics, and r e g u l a t o r y  a c c e p t a b i l i t y .  

The two CO2 f i x a t i o n  p r o c e s s e s  cons idered  w e r e :  

1. a d i r e c t  p r o c e s s ,  wherein t h e  CO? r e a c t s  d i r e c t l y  w i t h  a s l a k e d  

1.i.me [Ca(OH)Z] s l u r r y  t o  form a G a C 0 3  s l u r r y ;  and 

2 .  n double  a l k a l i  p r o c e s s ,  wherein t h e  CO2 reacts w i t h  an  NaOH s o l u t i o n  

t o  form N a 2 C O 3 ;  t h e  N a ~ C 0 3  subsequent ly  reactis w i t h  a s l a k e d  l i m e  

s l u r r y  t o  produce t h e  C a C 0 3  p roduct  and r e g e n e r a t e  t h e  N a O B  s o l u t i o n .  

The d i r e c t  C o p  f i x a t i o n  process  a p p e a r s  t o  be s u p e r i o r  t o  t h e  double  

a l k a l i  p r o c e s s  because of reduced complexi ty ,  reduced c o r r o s i v e n e s s  of 

t h e  chemical  r e a g e n t s  involved ,  and reduced c o s t .  The two p r o c e s s e s  

were judged t o  3e e q u i v a l e n t  w i t h  respect t o  t h e  amount of s o l i d s  

handl ing  r e q u i r e d .  The double  a l k a l i  p r o c e s s  h a s  an  advantage w i t h  

respect t o  d e s i g n  d a t a  a v a i l a b i l i t y ,  s i n c e  t h e  NaOH-C02-H20 system h a s  

been w e l l  c h a r a c t e r i z e d .  

The C a C 0 3  d i sposa l .  o p t i o n s  cons idered  were as f o l l o w s :  

1. sha l low land  3 u r i a l  of 

( a )  unpackaged, unconcreted C a C 0 3 ,  

(b) packaged, uncoacre ted  C a C 0 3 ,  



Table 1.22. IiTGK F u e l  Reprocessing Waste Streat?s that  Require  
Hot-Cell Development Work 

Scope of Development Work 
Waste Streams 

C h a r a c t e r i s t i c s  p r o c e s s  A l t e r n a t i v e s a  

Semi-vola t i le  and e n t r a i n e d  Criteria f o r  replacement  of co ld  
r a d i o n u c l i d e s  t r a p s  and f i l t e r s .  

Types, chemical  and p h y s i c a l  forms, 
and relati-le amsunts of r a d i o n u c l i d e s .  

Loading on f i l t e r s  and c o l d  t r a p s  a t  
t h e  t i m e  of replacement .  

Types, chemical  forms and concentra-  
t i o n s  of r a d i o n u c l i d e s ,  e s p e c i a l l y  
U concent ra t ion .  

Leachabi l icy  of r a d i o n u c l i d e s .  

Sic h u l l s  

Ret i red  f i s s i l e  p a r t i c l e s  Radiochemical composi t ion of f u e l  

C h a r a c t e r i s t i c s  of SiC h u l l s  a s  above. 
k e r n e l s .  

C l i n k e r s  Chemical and rad iochemica l  composi t ion.  

High-level  l i q u i d  was tes  CheIIiiC.dl and rad iochemica l  coinpositifin, 
e s p e c i a l l y  of f l u o r i d e s .  

Krypton product  

R e f l e c t o r  b locks  

Chemical and rad iochemica l  composi t ion,  
e s p e c i a l l y  %, Cot ,  and o t h e r  
i m p u r i t i e s .  

Types, f o m s ,  and 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  

Decontamination s o l u t i o n  from Chemical and rad iochemica l  composicion. 
head-end system 

Mechanical volume r e d u c t i o n .  " 
Separa t ion  of r a d i o n u c l i d e s  from removal 

a g e n t s  by chemical  means. 

F i x a t i o n  and d i s p o s a l  as HLW. 

Chemical s e p a r a t i o n  of r a d i o n u c l i d e s ,  and 

F i x a t i o n  and d i s p o s a l  as BLW. 

Recovery of U and o t h e r  u s e f u l  a c t i n i d e s ,  

Same a s  above. 

Conversion of f l u o r i d s s  t o  n o n v o l a t i l e  
compounds b e f o r e  high-temperature  
s o l i d i f i c a t i o n  process .  

e f f e c t  sf r a d i o l y s i s  of C O z ,  etc., by 
"Kr. 

r ecovery  of uranium, i f  j u s t i f i e d .  

and d i s p o s a l  of t h e  r e s i d u e  as BLW. 

Storage  in compressed g a s  c y l i n d e r s ;  

F i x a t i o n  i n  s o l i d s .  

F i x a t i o n  and d i s p o s a l  as ilLW. 

Removal and f i x a t i o n  of r a d i o n u c l i d e s  
a f t e r  burning.  

h igh- leve l  was tes .  

and d i s p o s a l  sr' t h e  r e s i d u e  a s  HLW.' 

Concentrate  and combhe wi th  l i q u i d  

Rezsvery of U and o t h e r  usefu l  acti::idea, 

'HLW = high- leve l  waste .  

bFrocessing of removal a g c n t s  (e .g. ,  cold  s u r f a c e s  and f i l t e r s )  contaminatEd with r a d i o n u c l i d e s .  

'Requires a minimum modif ica t ion  of t h e  e x i s t i n g  techniques .  
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( c )  unpackaged, c o n c r e t e d  C a C O 3 ,  

(d)  packaged, c o n c r e t e d  C a C 0 3 ;  

2 .  h y d r a u l i c  f r a c t u r i n g  (mixing a C a C 0 2  s l u r r y  wi.tii cement and i n j e c t i n g  

i t  i-nto deep g e o l o g i c a l  s t r a t a )  ; 

3 .  deep sea d i s p o s a l  ( c o n c r e t i o n  aiicl dumping i n  t h e  deep s e a ) ;  

4 .  p a r t i a l  b l o c k  bu rn ing ;  

5 .  emplacement i n  a g e o l o g i c  r e p o s i t o r y  f o r  mater ia l  contaminated w i t h  

a l p h a  emi t t e r s .  

Shallow l and  b u r i a l  of t h e  C a C 0 3  a p p e a r s  t o  b e  t h e  b e s t  d i s p o s a l  o p t i o n  

availah1.e.  The b u r i a l  of unpackaged, unconcrcted C a C 0 3  [Option l ( a > ]  

w i l l  p robab ly  n o t  be  a c c e p t a b l e .  The f u t u r e  a c c e p t a b i l i t y  of bu ry ing  

packaged, unconcreted C a C 0 3  [Option l ( b ) ]  o r  u n p x k a g c d ,  conc re t ed  C a C 0 3  

[Option l ( c ) ]  i s  not: c lear  a t  t h e  p r e s e n t  time. The b u r i a l  of pac-kaged, 

conc re t ed  C a C 0 3  [Option l ( d ) ]  wi.1.1 p robab ly  b e  acceptnbl-e  i n  t h e  f u t u r e ,  

'rhus, t h e  p o t e n t i a l l y  a c c e p t a b l e  sha l low l a n d  hui-ial  o p t i o n s ,  i n  

d e c r e a s i n g  o r d e r  of  economic p r e f e r e n c e ,  are: 

B u r i a l  of packaged, unconcreted C a C 0 3  ($18.47/kg heavy m e t a l )  

B u r i a l  of unpackaged, conc re t ed  C a C 0 3  ( $ 2 9 . 1 l / k g  heavy m e t a l )  

Buri.al of packaged, conc re t ed  C a C O 3  ($55.54/kg henvy m e t a l )  

($43.33/kg heavy m e t a l  when c o n c r e t e d  a t  b u r i a l  s i t e ;  $55.54 kglheavy 

metal. when c o n c r e t e d  a t  r e p r o c e s s i n g  p l a n t .  ) 

The d i s p o s a l  of C a C O 3  by h y d r a u l i c  f r a c t u r i n g  does n o t  appea r  t o  be  

a t t r a c t i v e  based on a combinat ion of  economic ($36.7S/kg heavy m e t a l ) ,  

r e g u l a t o r y ,  and t e c h n i c a l  grounds.  Dumping of the C a C 0 3  i n  t h e  deep sea 

does not a p p e a r  t o  be a t t r a c t i v e  OJI b o t h  economi-c ($56.43/kg heavy m e t a l )  

and r e g u l a t o r y  a c c e p t a n c e  grounds.  P a r t i a l  b l o c k  bu rn ing  i s  unattractive 

because t h e  inaximum volume r e d u c t i o n  i s  o n l y  about  50% sild t h e  f i s s i o n  

produci:s sorbed on t h e  un rep rocessed  b l o c k s  e l e v a t e  t h e  waste f:coiil low 

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

C a C 0 3  i s  econoinically u n a t t r a c t i v e  ($281.39/kg heavy m e t a l )  and 

t e c h n i c a l l y  u n j u s t i f i a b 1 . e  i.n view of tlie r e l a t i v e l y  l o w  t o x i - c i t y  of C .  

The f e a s i b i l i t y  of p l a c i n g  t h e  CO2 f i x a t i o n  system b e f o r e  t h e  

1 4  

kryp ton  removal system t o  r educe  o r  e l i m i n a t e  t h e  g a s  VOl71mc? t ha t  t h e  

k ryp ton  removal system must hand1.e w a s  a l s o  inves t f iga t ed .  The p r o c e s s  



75 

complexity and increased  cos t  r e s u l t i n g  from t h i s  change ind ica t e  t h a t  

p u t t i n g  t h e  CO:! f i x a t i o n  process  a f t e r  the  krypton removal proc.ess would 

be more advantageous. 
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2 .  KKPKOCESSINC PROTOTYPE FAC ILL'I'Y (SUBTASK 1213) 

.J. W. S n i d e r  

2 .  1. INTLIODUCTION 

A Reprocess ing  P r o t o t y p e  F a c i l i t y  t o  be f a b r i c a t e d  by t h e  hl.li.ed 

Chemical Company (ACC) a t  Idaho F a l l s ,  Idaho .) w a s  planned t o  demons t r a t e  

hot: H.'TGK head-end reproc.ess ing. :Because of c o s t  c o n s i d e r a t i o n s  and uncer- 

tai1it:i.r.s i n  HTGR sales, this f a c i l i t y  h a s  been dropped from ERDA plan- 

n ing .  However, d u r i n g  t h i s  r e p o r t  p e r i o d  ORNL w a s  a s s i g n e d  t h e  task of 

des  j.g~i.i.ng a 1iquri.d carr:ier for t . ranspor t  of the 

t h i s  f a c i l i t y  t o  ORNL and f o r  p r e p a r a t i o n  of t h e  system d e s i g n  d e s c r i p -  

t i o n  (SDD), f o r  t i l e  o f f - g a s  c l e a n u p  systems.  

3 U Q 2  ( N 0 3 )  2 produc t  from 

2.2 GENERAL PLANT RE(jUIKEMENTS (WOPX U N I T  1200) 

Space and service r equ i r e inen t s  f o r  the  o f f -gas  c l e m u p  system ( see  

Sects 2 . 3 )  f o r  t h e  HITGR P r o t o t y p e  F u e l  P r o c e s s i n g  F a c i l . i . t y  was e:;timated 

f o r  ACC. The a.mount of s h i e l d e d  space  ( c o n c r e t e  t h i c k n e s s  t o  h e  de t e r - .  

mined) and t h e  amount of cori ta : i .n~:cl  space r e q u j r e d  f o r  a 13. 24 s t d  m3/sec 

(51 iO scfm) oEf-gas syste.:li are sumii iar iz~d on Tab le  2. 1. 

2 . 3  HEAD-END PROCESSING (NOW UNIT 1201) 

The a c t i v i t y  of t h i s  work u n i t  c o n s i s t e d  o f  parc i .c i .pa t fo t i  in review 

mee t ings  w i t h  ACC, General  A t o m i c  C o m p a n y  (GAC) ,  and R .  M. P a r s o n s  

p e r s o n n e l  I T h e  major techIiica.1 i s s u e  c o n s i d e r e d  h a s  been t h e  i . n t e r a c t i o n  

between t h e  b u r n e r s  a i d  the ~Kh1-X p r o c e s s .  This s t u d y  r e s u l t e d  i n  t h e  

s u b s t i t u t i o n  of C 0 2  for a i r  i n  two appl . ica t i .o i i s :  t h e  i i ~ i ~ x t i : i r c ~  w i t h  oxygen 

and t h e  pu rge  of t h e  c r u s h e r ,  hoppers ,  e t c . ,  which may rei-ease soiaI1. 

q u a n t i t i e s  of k ryp ton .  

2 - 4  SOLVENT EXTIUCTION PROCIXSING (W02X. UN [ ' I '  L202) 
T h i s  work is r e p o r t e d  under  S e c t .  1 . 4  (1Jorlc Un i t  1113%). 

7 9  
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Tab1.e 2.1.. E s t i m a t e d  Space Requi rements  f o r  
t h e  Off-Gas Cleanup System 

Subsys tem Space  Type 
Requ i red  

Width x Leng th  X Heigh t  

................... ~. ..... ............. 
NO_ d e c o m p o s i t i o n  S h i e l d e d  1 . 5 2  x 1 . 5 2  x 2 . 4  5 x 5 x 8 

Gas c o l l e c t i o n  S h i e l d e d  1 0 . i  x 4 . 6  x 2.4 35 X 1 5  A 8 

Of f -gas  o x i d a t i o n  

I o d i n e  removal  and  d i s p o s a l  

Radon remov?l  and d i s p o s a l  

T r i t i u m  remova l  

L 

S h i e l d e d  4:6 x 4 . 6  x 2.4 1 5  x 15 x 8 

T r i t i u m  f i x a t i o i l  and d i s p o s a l  

G a s  c o m p r e s s i o n  

Gas c o o l i n g  

Kryp ton  a b s o r p t i o n  

Kryp ton  f r a c t i o n a t i o n  

K r y p t m  s t r i p p i n g  I 
A x 10 x 20 

30 x 15 y 8 

2 . 4  Y 3 . 0  x 6 . 1  

9 . 1  4 .6  x 2 . 4  

Conta ined  

S h i e l d e d  

C o n t a i n e d  7 . 3  x 9 . 1  x 1 8 . 3  2 4  X 30 x 6 0  

S h i e l d e d a  3 . 0  x 2 . 4  X 2 . 4  1 0 X 8 * 8  

8 . 5  X 1 5 . 2  x 6.1 28  x 50 x 2 0  

Kryp ton  c o n c e n t  r a  t i n 8  

K r y p t m  c o m p r e s s i n g  and  b o t t l i n g  

L i q u i d  CO2 e v a p o r a t i o n  and r e c y c l e  

L i q u i d  CO? s t o r a g e  and m e t e r i n g  

R e f r i g e r a t i o n  ( two l e v e l s )  C o n t a i n e d  7 . 3  X 1 3 . 7  X 6 . 1  24 x 4 5  x 20  

Chemica l  r e q u i r e m e n t s  C o n t a i n e d  2.4 x 6 . 1  x 6.1 8 x 20  x 20  

aDes igned  t o  e a r t h q u a k e  C a t e g o r y  11. 

2 . 5  OFF-GAS CLEANUP (WORK U N I T  1203)  - W. L.  Ca-r:ter, R .  W. Glass, 
K. 1-1. T,in, and J .  W. S n i d e r  

The Off-Gas Cleanup System (OGCS) i s  b e i n g  c o n s i d e r e d  f o r  t h e  

removal o f  t h e  radioact:i.ve and v o l a t i l - e  c o n s t i t u e n t s  from head-end oper -  

a t i o n s  f o r  gaseous  rel.ease t o  t h e  envi ronment .  S p e c i f i c a l l y ,  s e p a r a t e  

p r o c e s s e s  are p lanned  f o r  t h e  removal and s e p a r a t i o n  of i o d i n e ,  t r i t i u m ,  

r adon ,  and k r y p t o n .  S o l i d  a b s o r b e r s  (molecu la r  s i e v e s  and z e o l i t e s )  

are b e i n g  c o n s i d e r e d  f o r  t h e  removal of  i o d i n e ,  t r i t i u m ,  and r a d o n ,  and 

t h e  KALC p r o c e s s  i s  b e i n g  c o n s i d e r e d  f o r  removal o f  t h e  k ryp ton .  

The r o l e  o f  ORNL under  a c o o p e r a t i v e  program w i t h  ACC w a s  t o  p r o v i d e  

t e c h n i - c a l  a s s i s t a n c e  t o  ACC i n  t h e  d e s i g n  o f  the OGCS f o r  t h e  HTGR F u e l  

Reprocess ing  F a c i l i t y  (HTGK-FRF) t o  b e  l o c a t e d  i n  Idaho  F a l l s .  Dur ing  

t h e  p a s t  y e a r ,  t h e  p r imary  e f f o r t  had been  d i r e c t e d  toward p r e p a r a t i o n  

of t h e  sys t em d e s i g n  d e s c r i p t i o n  (SDD 1 .3 )  f o r  t h e  OGCS, as d e p i c t e d  
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i n  ~ i ~ .  2.1.  
d r y  head-end streams are shown i n  F i g .  2 . 2 .  

Tile v a r i o u s  g a s  streams t h a t  make UP t h e  W e t  head-end and 

The SDD h a s  been w r i t t e n  t o  a s s u r e  t h a t  t h e  OGCS satisfies t h e  

f o l l o w i n g  f u n c t i o n  and d e s i g n  r e q u i r e m e n t s :  

1.. t o  demonst ra te  t h e  c a p a b i l i t y  of removing r a d i o a c t i v e  i o d i n e ,  t r i t i u m ,  

k r y p t o n ,  and radon from t h e  head-end of f -gas  s t r e a m s  t o  predetermined 

levels (minimum decontaminat ion  f a c t o r s :  lo3 f o r  i o d i n e  and 10’ f o r  

t r i t i u m ,  k r y p t o n ,  and radon) ;  

2 .  t o  p r o c e s s  t h e  of f -gas  streams a t  rates r a n g i n g  from 0 t o  0 .24  s t d  

m3/sec (500 scfm),  c o r r e s p o n d h g  t o  a maximum of 36 f u e l  e lements  

p e r  day through t h e  head-end system; 

3 .  t o  i s o l a t e  r a d i o a c t i v e  w a s t e s  from v a r i o u s  removal sys tems,  e i t h e r  

as c o n c e n t r a t e d  contaminants  o r  as i n t e g r a l  p a r t s  o f  s p e n t  removal 

a g e n t s  f o r  l o a d i n g  i n t o  i n d i v i d u a l  approved c o n t a i n e r s  f o r  f i n a l  

d i s p o s a l .  

A s  shown i n  F i g .  2 . 1 ,  t h e  OGCS s h a l l  be des igned  t o  accomp1.ish t h e  

f o l l o w i n g  major f u n c t i o n s :  

1. C a t a l y t i c a l l y  decompose NOx i n  t h e  of f -gas  from t h e  p a r t i c l e  

d i s s o l v e r  i n t o  n i t r o g e n  and w a t e r  vapor .  

2. Provide  a cons tan t -subatmospher ic -pressure  vessel t o  accumulate  

and mix of f -gas  streams from v a r i o u s  s o u r c e s  i n  t h e  head-end system and 

a pr ime mover t o  t ranspor t .  t h e  of f -gas  t o  o t h e r  OGCS p r o c e s s  s t e p s .  

3 .  C a t a l y t i c a l l y  o x i d i z e  CO t o  C 0 2  and t r i t i u m  t o  t r i t i a t e d  water 

vapor ,  and i f  r e q u i r e d  c o n v e r t  excess 0 2  t o  C O z .  

4 .  Remove i o d i n e  by a d s o r p t i o n  on exchangeable-metal  z e o l i t e s .  

5. Remove radon by d e l a y  t e c h n i q u e s  u s i n g  molecular  seives. 

6 .  Remove t r i t i u m  by a d s o r p t i o n  on molecular  sieves. 

7 .  Remove k r y p t o n  by u s e  of l i q u i d  CO2 as s o l v e n t  (KALC p r o c e s s )  

i n  t h r e e  s t e p s  - namely, a d s o r p t i o n ,  f r a c t i o n a t i o n ,  and s t r i p p i n g  - 
fo l lowed by c o n c e n t r a t i o n .  

8. S e p a r a t e  and i s o l a t e  r a d i o a c t i v e  w a s t e s  from i n d i v i d u a b  removal 

subsystems,  and p r e p a r e  them f o r  s t o r a g e  a n d / o r  d i s p o s a l .  The wastes 

w i l l  b e  e i t h e r  c o n c e n t r a t e d  r a d i o a c t i v e  contaminants  ( e . g . ,  t r i t i a t e d  

water i n  c o n c r e t e ,  and k r y p t o n )  o r  s p e n t  a d s o r b e n t s  c o n t a i n i n g  contami- 

n a n t s  ( e . g . ,  z e o l i t e s  w i t h  i o d i n e ,  and molecular  s i e v e s  e i t h e r  w i t h  radon 
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Fig .  2.2. A Flowsheet of t h e  Various Off-Gas Streams Originating from HTGR Head-End Processing 
that are Trea ted  by the Off-Gas Cleanup System and the Wet Vessel Off-Gas System. 
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and i t s  decay p r o d u c t s  o r  w i t h  t r i t i a t e d  w a t e r ) .  

9 .  Provide  t h e  r e q u i r e d  r e f r i g e r a t i o n  f o r  t h e  KALC p r o c e s s .  

F ive  modes of KALC o p e r a t i o n  were cons idered .  They were as fol.lows: 

1. Normal Opera t ing  Mode, I n  t h i s  mode 0.19 s t d  m3/sec ( 4 0 0  scfm) 

of of f -gas  i s  be ing  f e d  i n h i  t h e  KALC pi-ocess.  This s t ream combines w i t h  

0.033 s t d  m 3 / s e c  ( 7 0  scfm) of f r a c t i o n a t i o n  r e c y c l e  f o r  a combined f e e d  

of 0 .22 s t d  m 3 / s e c  ( 4 7 0  scfm) t o  t h e  a b s o r b e r .  The absorber  v e n t s  

0.080 s t d  rn3/sec (170 scfm) i n t o  t h e  v e n t i l a t o r  exhaus t  system, and 

0.11 s t d  m 3 / s e c  (230 scfm) of s t r i p p e r  CO2 i.s e i t h e r  r e c y c l e d  t o  t h e  

head-end systems o r  d i scharged  i n t o  t h e  v e n t i l a t i o n  exhaus t  system. The 

s t r i p p e r  releases less t h a n  0.5 s t d  m3/sec (1 scfm) of product  f o r  krypton  

a m c e n t r a t i o n  and b o t t l i n g .  

2 ,  ___. Reduced ...__.. Feed . . Opera t ion  .. .-. . . .. . Mode, T h i s  mode of  o p e r a t i o n  i s  

encountered d u r i n g  p e r i o d s  i n  which some head-end p r o c e s s e s  are  noL oper- 

a t i n g .  

c l i n g  s u f f i c i e n t  s t r i - p p e r  C 0 2  o r  a b s o r b e r  of f -gas .  

T h e  a b s o r b e r  feed  i s  he1.d a t  0 .22 s t d  m3/sec  ( 4 7 0  scfm) by recy- 

3 .  - Maximum . Feed Rate  Mode. A 25% h e r e a s e  over normal f l o w  from 

head-end f o r  a 30-min p e r i o d  was cons idered .  By i n c r e a s i n g  t h e  feed  g a s  

r a t e  t o  t h e  KALC p r o c e s s  by 10% w h i l e  accumulat ing t h e  remainder i n  a 

s u r g e  v e s s e l  t h i s  c o n d i t i o n  can be a d e q u a t e l y  handled a 

4 .  __....I._. T o t a l  Recycle  Opera t ing  Mode. When no Eeed i s  be ing  in t roduced  

t o  t h e  KALG p r o c e s s  t h e  subsystem w i l l  o p e r a t e  on t o t a l .  r e c y c l e  a t  a r a t e  

equi.valent IZO t h e  normal r a t e .  

5.  High and Low L i g h t  Gas Concent ra t ion  O p e r a t 3  Modes. During 

p e r i o d s  i n  which h i g h  c o n c e n t r a t i o n s  of 1-ight g a s e s  a r e  e n t e r i n g  from 

hend-end t h e  s u r g e  vessel w i l . 1 ~  i n c r e a s e  i n  p r e s s u r e ,  and s t r i p p e r  COS i s  

r e c y c l e d  to l i r n i t  t h e  l i g h t  g a s  c o n c e n t r a t i o n  e n t e r i n g  t h e  a b s o r b e r .  

During p e r i o d s  i n  which low c o n c e n t r a t i o n s  of l i g h t  gases a r e  e n t e r i h g  

from head-end t h e  s u r g e  v e s s e l  w i 1 . 1  d e c r e a s e  i n  p r e s s u r e ,  and a b s o r b e r  

of f -gas  i s  r e c y c l e d  t o  m a i n t a i n  l i g h t  g a s  c o n c e n t r a t i o n  e n t e r i n g  the 

absorber .  

W e  c o n c e p t u a l l y  designed an automat ic  control.  mode t h a t  u s e s  p r e s s u r e  

and I-iglit g a s  composi t ion i n  t h e  s u r g e  vessel f o r  b i a s i n g  tilie c o n t r o l  

v a l v e s  € o r  au tomat ic  c o n t r o l .  Thus t h e  KALC p r o c e s s  can a u t o m a t i c a l l y  
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s w i t c h  t o  t h e  v a r i o u s  o p e r a t i n g  modes and accommodate flows f rom zero  t o  

t h e  maximum d e s i g n  w h i l e  accommodating v a r i o u s  l i g h t  gas  composilions. 

Thus, t h e  KALG p r o c e s s  w i l l  n o t  be  r e q u i r e d  t o  h a n d l e  t h e  maximum i n s t a n -  

taneous F low and composi t ion p e r t u r b a t i o n s  from head-end, as t h e s e  will 

be dampened by the u s e  of  a s u r g e  vessel. 

The p e r t i n e n t  column d a t a  are shown on Table  2 .2 ,  and a p r e l i m i n a r y  

l a y o u t  f o r  s p a c e  a l l o c a t i o n  i s  shown i n  F i g s .  2 .3  and 2 . 4 .  

Table  2.2. Opera t ing  and Design Requirements f o r  
Krypton Removal (KALC) Columns 

Adsorber F r a c t i o n a t o r  S t r i p p e r  
Column Column Go lumn 

a Normal Opera t ing  Condi t ions  

P r e s s u r e ,  MPa (atm) 2.0 ( 2 0 )  
Temperature,  O C ,  R e b o i l e r  -35 

( s u r g e  p o t )  
Upper column s e c t i o n  -3 0 

Liquid  Rate lvapor  R a t e  (mole/mole) 12 

Design Datx- 

Diameter, m ( i n . )  
Packing l e n g t h ,  m ( f t )  
R e b o i l e r  l o a d ,  kW 

Condenser load ,  kW 
Btu/hr  

Btu /hr  

0.33  (14) 
6.7 (22) 

1.8 (18) 
-2 2 

-3 5 
10 

0.46 (98) 
4.9 (16) 

4-7 3 
+250,000 
-7 3 
-250,000 

1 .5  (15) 
-2 0 

-3 0 
4 

0.61. ( 2 4 )  
4.3 ( 1 4 )  

+220 
+750,000 

- 4 5 0  000 
-190 

The m a x i m u m  p r e s s u r e  drop i n  each column is 0.82 P a l m  packing a 
(1 i n .  HnO/ft packing) .  

2.6 PRODUCT PREPARATION (WORK UNIT 1204) 

T h i s  work was performed t o  s t u d y  t h e  problems a s s o c i a t e d  wit11 s h i p -  

i n g  t h e  23 3U02 (N03) 2 product  from t h e  proposed HTCR Head-End P r o c e s s i n g  

P r o t o t y p e  F a c i l i t y  t o  b e  l o c a t e d  a t  ACC i n  Idaho F a l l s ,  Idaho,  t o  O m .  

C u r r e n t  p l a n s  do n o t  c a l l  f o r  t h i s  f a c i l i t y  t o  b e  b u i l t ,  and t h i s  s h i p -  

ment w i l l  n o t  b e  r e q u i r e d .  

s o l u t i o n s  w i l l  be  r e q u i r e d  i n  any HTGR Reprocessing and R e f a b r i c a t i o n  

o p e r a t i o n s .  

However, t h e  h a n d l i n g  of 233UQ2(N03)2 
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F I N A L  
S T R I P P E R  

C O N D E N S E R  X 3  

M A I N  
S T R I P P E R  

CONDENSER t?. 

F RACT IO NATOR 
CONDENSER X1 

A B S O R B E R  
C O L b M N  

FRACTIONATOR 
COLUMN 

1 1  
4 1  

REEOlLEi l  
FR4CTIONATOR 

REBOlLF2  
STRIPPtH-  

F i g .  2.3. Elevation V i e w  of the Space R e q u i r e m e r r t s  for the KALC 
Columns Capable of Handling 0.24 s t d  m3/sec (500 scfm) . 
sions shown are 7.62 by 1 5 . 2 4  m (25.0 by 50.0 ft). 

Overall dimen- 
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M A I N  STRIPPER 
CONDENSEA# 2 

FINAL S T R I P P E R  
CONDENSER # 3 

A B S  
CO 

",, 
'1 

i 
R E B O I L E R  ,) 
S T R I P P E R  ~ 

F i g +  2 .4 .  Plan V i e w  of the Space Requirements f o r  the KALC Columns 
C:ipi jble  o€ Haiid1.ing 0.24 s t d  m 3 / / s e c  (500 scfm). 
7.62 by 7 . 6 2  M (25.0 by 25.0 ft). 

Dimensions shown are 
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2 , 6 . 1  Product  Shipping L. €3. Shappert  and W. C ,  U l r i c h  

A r e p o r t '  d e s c r i b i n g  t h e  d k s i g n  f e a t u r e s  of a package f o r  s h i p p i n g  

l i q u i d  plutonium and u r a n y l  n i t r a t e s  was p u b l i s h e d .  The a b s t r a c t  f o l l o w s :  

"Packages i n t e n d e d  t o  b e  used f o r  t h e  shipnient of aqueous 

n i t r a t e  solut- iot is  c o n t a i n i n g  2 3 9 P u  and 7 . 3 3  U must s a t i s f y  

t h e  same requi rements  a s  packages € o r  s h i p p i n g  c t h e r  forms 

of r a d i o a c t i v e  mater ia l ,  such as t h o s e  r e l a t e d  t o  h e a t  

t r a n s f e r ,  sh i -e ld ing ,  and c r i t - F c a l i t y ;  i n  addi t - ion,  o t h e r  

f a c t o r s  which must b e  cons idered  a r e  p o t e n t i a l l y  h i g h  

g e n e r a t i o n  ra tes  of r a d i o l y t i c  g a s e s  w i t h  a t t e n d a n t  

p r e s s u r e  b u i l d u p  and hydrogen-oxygen r e a c t i o n  p o s s i b i l -  

i t i e s ,  material c o m p a t i b i l i t y ,  and o p e r a t i o n a l  r e q u i r e -  

ments. T h i s  r e p o r t  d i s c u s s e s  t h e s e  probl.ems i n  terms of 

t h e i r  e f f e c t s  on t h e  d e s i g n  of  packages f o r  s h i p p i n g  plu-  

tonium and u r a n y l  n i t r a t e  s o l u t i o n s  and d e s c r i b e s  a con- 

cept. f o r  an  improved package c a p a b l e  f o r  s o l v i n g  them." 

2 .6 .2  G a m m a  A c t i v i t y  Depression i n  2 3 3 U 0 z ( N 0 3 ) 2  -_ S o l u t i o n s  W. T.,. Carter 

A s t u d y  was made t n  de te rmine  t h e  e x t e n t  t o  which t h e  gaiiima a c t i v i t y  

of a 2 3 3 U 0 2 ( N 0 3 ) 2  so l -u t ion  could be depressed  b e f o r e  shipment by s p a r g i n g  

i t  t o  remove 220Rn and by i o n  exchange t o  remove 2 3 2 U  decay p r o d u c t s .  

The ORIGEN' program w a s  used t o  compute t h e  i s o t o p i c  composi t ion 

of HTGR fuel- t h a t  had been i r r a d i a t e d  s i x  y e a r s  and cooled 180 days 

b e f o r e  s o l v e n t  ext i -actI .on.  It was assumed t h a t  s o l v e n t  e x t r a c t i o n  p a r t i -  

t i o n e d  thorium and uranium t o  g i v e  a 2 3 3 U 0 2 ( N C 3 ) 2  product  having a Th/U 

r a t i . 0  of 1 .00  x l o 3  and t h a t  t h e  s o l u t i o n  was decontaminated from a l l  

o t h e r  232U decay products  (Ka, K n ,  Po ,  Pb, B i ,  'TI) by a f a c t o r  of lo6. 

The 2 3 3 U 0 2 ( N 0 3 ) 2  s o l u t i o n  w i l l  probably be s t o r e d  f o r  a s h o r t  p e r i o d  

b e f o r e  loading  i n t o  shi-pping c a s k s ,  and d u r i n g  t h i s  t i m e  t h e  q u a n t i t i e s  

of 232U decay products  w i l l  i n c r e a s e .  4 s t o r a g e  ti .mc?.  a f t e r  s o l v e n t  

e x t r a c t i o n  of 1 4  days was assumed. A f t e r  t h a t  t i m e ,  t h e  c a l c u l a t e d  

q u a n t i t i e s ,  normalized t o  one m e t r i c  t o n  of heavy inetal charged t o  t h e  

r e a c t o r ,  a r e  shown i n  Table  2.3. The gamma a c t i v i t y  of t h e  232U decay 

products  o r i g i n a t e s  from t h r e e  i s o t o p e s  ('"Pb, 2 1 2 B i ,  and 2 D 8 T 1 ) .  



T a b l e  2 .3 .  Q u a n t i t i e s  of 232U Decay P r o d u c t s  i n  Uranyl 
Nit rate  Sol-ut ion A f t e r  1 4  Days S t o r a g e  

Q u a n t i t y  Corresponding t o  1 Itnetri-c Ton 
Th + U Charged t o  Reac tor  

~ - Nuc 1 i d  e 

( g )  (Ci)  

232u 

228Th 

2 2 4 R a  

220Rn 

21 GPO 

212Bi 

*m 

‘ l2Pb 

2 1 

2 0 Bpb 

17.  83a 

6 . 4 4  x 1 0 - ~  

2-16 x 1 0 - ~  

3.76 X lo-’ 
1.09 x 

2.31 x 3.23 

2 .19  x loe7  3.21 

3.95 x 1 0 - 9  1 . 1 5  

1 . 1 6  

2.88 x 

a Corresponds t o  346 ppni 232U i n  t h e  u r a n i m .  

2 .6 .2 .1  E f f e c t  of Sparging 

A computer program w a s  w r i t t e n  t o  s t u d y  t h e  e f f e c t  of gas  s p a r g i n g  

U decay 2 7 2  of 233U02(N03)2 s o l u t i o n  t o  r e d u c e  t h e  gamma a c t i v i t y  of t h e  

c h a i n .  The c h a i n  would b e  broken a t  220Rn, which w a s  assumed t o  b e  

i n s t a n t a n e o u s l y  removed i n  t h e  s p a r g e  g a s ;  hence,  t h e r e  would b e  no 

f u r t h e r  accumula t ion  o f  radon decay p r o d u c t s  d u r i n g  t h e  s p a r g i n g  c y c l e .  

However, when s p a r g i n g  ceases, accumulat ion o f  daughter  product s resumes. 

Obviously,  228Th and 2 2 4 R a  are i n c r e a s i n g  d u r i n g  t h e  e n t i r e  c y c l e .  

model w a s  chosen € o r  the computat ion t o  de te rmine  (1) t h e  s p a r g i n g  

t ime r e q u i r e d  t o  o b t a i n  s i g n i f i c a n t  r e d u c t i o n s  i n  a c i t i v i t y  and (2)  t h e  

p o s t s p a r g i n g  i n t e r i m  p e r i o d  of reduced a c t i v i t y  d u r i n g  which t h e  

233U02(N03)2 s o l u t i o n  might  b e  handled w i t h  minimal o r  no s h i e l d i n g ,  

f o r  example,  d u r i n g  t r a n s f e r  t o  s h i p p i n g  c o n t a i n e r s .  The resu1t.s of 

t h e s e  c a l c u l a t i o n s  are shown i n  F ig .  2 . 5 ,  and t h e  gamma a c t i v i t y  a t  t h e  

end of s e l e c t e d  s p a r g i n g  cyc le s  i s  g iven  i n  Table  2 . 4 .  

T h i s  
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I i N  , W 6  7 5  P ,  
. , ........ , ....... .,. .................. .- 

C U R V E  A O C T I W T Y  A F T E R  S O L ' V E N T  E X T R A C T I O N  
C F  U N S P h R G E D  S O L U T I O N  

B A C T  V I T I  D U R I N G  S P A R G I N G  

F i g .  2 .5 .  The EXfect of S p a r g i h g  U02(N03)2 S o l u t i o n s  t o  Reduce 
t h e  Gamma A c t i v i t y  o€ the 232U Decay Chain .  

Table  2 .4 .  E f f e c t  o f  S p a r g i n g  on  t h e  Combined A c t i v i t y  of 712Pb, 
' * B i ,  and  208Tl i n  14-Day-Stored U r a n y l  Ni t ra te  So lu t  i o n  
Cor re spond ing  t o  1 Metric Ton Heavy MeLal i n  Reactor 

0 7 .59  

0 . 5  7 .47  

1 7 . 3 2  

2 6.97 

4 6.19 

8 4 - 7 9  

20 2.18 

S p a r g i n g  Time Activi  i:y 

(hr )  ( C i >  
.................. .- .- 

4 0  0 .59  

60 0.16 

80 0 ,043  

100 0.011 

150 4.36  x l o m b  

250 6 .22  x 

200 1.65 x 
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The bot tom envelope  c u r v e  of F ig .  2.5 graphs  t h e  decay of 212Pb!, 

217Ri, and 2 0 8 T 1  w h i l e  s p a r g i n g  i s  i n  p r o g r e s s ;  the s l o p e  of t h e  curve 

is  determined by t h e  decay of ' I2Pb,  whose 10.58-11r h a l f - l i f e  c o n t r o l s  

t h e  decay ra te .  

sparged f o r  r a t h e r  l+ong p e r i o d s  t o  o b t a i n  s u b s t a n t i a l  r e d u c t i o n s  in t h e  

garma a c t i v i t y .  A t  s e l e c t e d  t i m e s ,  s p a r g i n g  was s topped  and gamma 

a c t i v i t y  b u i l d u p  i n  t h e  s o l u t i o n  w a s  c a l c u l a t e d ;  these r e s u l - t s  a r e  shown 

as t h e  b u i l d u p  c u r v e s  on F ig .  2 .5 .  It i s  i n t e r e s t t r i g  t o  n o t e  t.'riat t h e  

ra te  of  r e c o v e r y  of gamma a c t i v i t y  becomes i n c r e a s i n g l y  fas ter  as sparg-  

i n g  t i m e  increases. T h i s  happens because  the p o p u l a t i o n  of p a r e n t  atoms 

(228Th and 224Ra)  i n c r e a s e s  d u r i n g  t h e  s p a r q e  p e r i o d ,  and,  sina-c 

i s  i n  e q u i l i b r i u m  w i t h  22BTh and 2 2 4 R a ,  the radon d a u g h t e r s  i n c r e a s e  

r a p i d l y  when radon removal s t o p s .  Hence any o p e r a t i o n s  t h a t  are  LO be 

c a r r i e d  o u t  w i t h  t h e  2 3 3 U 0 2 ( N 0 3 ) 2  at reduced a c t i v i t y  must b e  s t a r t e d  

i n m e d i a r e l y  a f t e r  s p a r g i n g  and completed q u i c k l y .  The b u i l d u p  c u r v e s  

converge w i t h i n  about  60 h r  i n t o  an  upper envelope c u r v e  t h a t  r e p r e s e n t s  

t h e  nomtal a c t i v i t y  growth f o r  t h e  system wi thout  s p a r g i n g ,  

T h i s  curve  shows t h a t  2 3 3 U U 0 2 ( N 0 3 ) 2  s o l u t i o n  must b e  

22ORn 

An u n d e s i r a b l e  consequence of  s p a r g i n g  i s  t h e  n e c e s s i t y  or t r e a t i n g  

l a r g e  q u a n t i t i e s  of s p a r g e  g a s  f o r  removal of cadon and i t s  decay p r o d u c t s  

h e f o r e  t he  g a s  i s  r e l e a s e d .  A d s o r p t i o n  of radon f o r  decay and 

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

2 .6 .2 .2  E f f e c t  of  Ion Exchange 

A more e f f e c t i v e  method of r e d u c i n g  t h e  gamma a c t i v i t y  of t h e  7 3 2 % 1  

decay c h a i n  (exc luding  i s o t o p i c  s e p a r a t i o n  of 2 3 3 U  and 2321J) is t o  break  

t h e  decay c h a i n  a t  thorium, l e a v i n g  o n l y  t h e  p a r e n t  ( 2 3 2 U )  having the 

l o n g e s t  h d C - l i f e .  

decontaminat ing  u r a n y l  n i t r a t e  s o l u t i o n s  by s e p a r a t i n g  thorium and 

uranium and has been demonst ra ted  on a scale t h a t  produced k i logram 

q u a n t i t i e s  of uranium product .  R a i n e y ' s  work i n d i c a t e d  t h a t  more t h a n  

99% of t h e  thorium, about  98% o€ t h e  radium, and about  SO% o f  t h e  lead 

coultd be  e a s i l y  r e t a i n e d  on t h e  r e s i n .  

w e r e  not: o b t a i n e d .  The f i r s t  uranium product  t o  break  through t h e  r e s i n  

i s  p r a c t i c a l l y  f r e e  o f  thorium and radium; hence,  a t  lower throughputs  

ex t remely  h i g h  decontaminat ion  f a c t o r s  can b e  o b t a i n e d .  

A cation exchange p r o c e s s 3  was developed a t  ORNL f o r  

Data f o r  o t h e r  2 3 2 U  decay products  
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Two c a l c u l a t i o n s  were made t o  de te rmine  t h e  a c t i v i t y - v e r s u s - t i m e  

c h a r a c t e r i s t i c s  of 3 U 0 2  (NO3) 2 s o l u t i o n s  t h a t  had been decontaminated 

by i o n  exchange. Curve A of Fig.  2 .6  was computed f o r  an i o n  exchange 

cl-eanup t h a t  removed 228Th,  

by R a i n e y ' s  d a t a ;  decontaminat ion f a c t o r s  f o r  decay products  f u r  which 

t h e r e  were no i o n  exchange d a t a  w e r e  assumed t o  b e  t h e  same as f o r  lead. 

Ion exchange i n i t i a l l y  h a l v e s  t h e  gamma act:i-vity, and t h i s  i s  fol1.owed 

by a f u r t h e r  d e c r e a s e  i n  a c t - i v i t y  as 212Ph ,  2 1 2 B i ,  and 208T1 decay 

f a s t e r  t h a n  t h e y  are b e i n g  produced. Approximately 55 h r  a f t e r  i o n  

exchange t h e  a c t i v i t y  p a s s e s  %h-uough a minimum, a f t e r  which t h e  daughter  

product ion  from t h e  p a r e n t s  exceeds decay and t h e  curve rises. 

2 2 IC Ka, and 212Pb t o  t h e  ex1:eiit i n d i c a t e d  

Curve B of F ig .  2 .6  shows t h e  l i m i t i n g  c a s e  f o r  100% removal o f  

U decay products .  T h i s  c u r u e  rises r a t h e r  s t e e p l y ,  and i n  f i v e  all 2 3 2  

days t h e  s o l u t i o n  gamma a c t i v i t y  approaches t h a t  of t h e  cation-exchange- 

t r e a t e d  so l .u t ion .  The gamma a c t i v i t y  of t h e  t r e a t e d  sol.ution graduaI.1.y 

approaches t h a t  of t h e  untreat:ed s o l u t i o n  (Curve C ) .  At t h e  end of one 

month t h e  g a m a  a c t i v i t y  of t h e  t r e a t e d  s o i u t i o n  i s  only  t w o  t h i r d s  

t h a t  of u n t r e a t e d  s o l u t i o n s .  

2 . 6 . 3  Alpha and ..... ~ Beta Act iv i ty  Depression i n  
W. L. Carter 

3 U 0 2  (N03)2 S o l u t i o n s  

During t h e  t r a n s p o r t  of uranyl. n i t r a t e  soI .ut ions of r e c y c l e  I i X R  

f u e l ,  absorbed energy from decaying n u c l i d e s  decomposes a p o r t i o n  of t h e  

aqueous medium i n t o  hydrogen and oxygen. T h i s  r a d i o l y s i s  c a u s e s  a 

p r e s s u r e  i n c r e a s e  i n  t h e  s h i p p i n g  c o n t a i n e r  arrd i s  a f a c t o r  i n  s h i p p i n g  

cask  d e s i g n  and a l l o w a b l e  trai1s:i.t t i m e .  T h e  major s o u r c e  of r a d i o a c t i v i t y  

in r e c y c l e  f u e l  i s  t h e  U decay c h a i n ,  account ing  f o r  about 57% of  t h e  

t o t a l  a c t i v i t y  irnrnediately afI:er soluenii e x t r a c t i o n .  However, as t h e  

u r a n y l  n i t r a t e  s o l u t i o n  a g e s ,  t h e  f r a c t i o n  of a c t i v i t y  due t o  t h i s  decay 

c h a i n  i n c r e a s e s  toward 91%, whi-ch i s  a t t a i n e d  a t  e q u i l i b r i u m .  The 

remainder of t h e  a c t i v i t y  i s  p r i m a r i l y  from o t h e r  uranium i s o t o p e s ;  t h e s e  

i s o t o p e s  have such long  h a l f - l i v e s  t h a t  t h e i r  decay product  a c t i v i t i e s  

are minor i n  comparison w i t h  2 3 2 U  decay product  a c t i v i t i e s .  

2 3 7 .  

'To reduce t h e  a l p h a  and b e t a  a c t i v i t y ,  t h e  s a m e  i o n  exchange method 

used i n  S e c t i o n  2 .6 .2  was assumed t o  b e  used. t o  t r ea t  t h e  s a m e  feed  
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Fig .  2 .6 .  The Ef fec t  o f  Ion Exchange Treatment: on U92(NOj)2 Solu- 
t i o n s  t o  Reduce the Gamma Act iv i ty  of t h e  23.3U Ilecay Chain, 

conta in ing  346 ppm 2U i n  t o t a l  uranium, Fission produc t  decontamina- 

t i o n  f a c t o r s  of I O 6  w e r e  a l s o  assumed; t h i s  l a r g e  DP e s s e n t i a l l y  

removed f i s s i o n  products  from cons ide ra t ion  i n  dose  c a l c u l a t i o n s  since> 

t h e i r  a c t i v i t y  i s  only about  1.3% 05 t o t a l  a c t i v i t y  irninediate~~y a f te r  

so lvent  ex t r ac t ion .  

given i n  T a b l e  2.5. 
Nuclear d a t a  used i n  t h e  a c t i v i t y  c a l c u l a t i o n s  are 

Total a c t i v i t y  and cumulative dose f o r  t h e  e n t i r e  232U decay chair1 

in t h e  uranyl n i t r a t e  s o l u t i o n  are p l o t t e d  i n  F i g s .  2 .7  and 2 . 8 ,  respec- 

tively, as func t ions  o f  t i m e  a f t e r  ion  exchange. Curve A on each f i g u r e  

shows the i nc rease  f n  a c t i v i t y  (Pig. 2.7)  o r  cumulativt? d o s e  (Fig,  2 . 8 )  

f o r  

figure shows a c t i v t . t y  and dose f o r  the 233U0&J03)2 s o l u t i o n  a f t e r  ion  

exchange t reatment .  Ion  exchange i n i t i a l l y  lowers t h e  a c t i v i t y  about 

4 2 ;  however, t h e  a c t i v i t y  cont inues  t o  decrease  f o r  about 50 h r  as 232U 

decay products  decay f a s t e r  than  they  are  produced. 

3 U 0 2  (NO31  2 s o l u t i o n  un t r ea t ed  by  i o n  exchange. Curve B on each 

When Curve R begins  
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Table 2.5. Data f o r  t h e  232U Decay Chain 
( d a t a  from OKTGEN l i b r a r y )  

T o t a l  Decay Energy y Energy 
(MeV) F r a c t i o n  Half-Lif e Type of 

Decay Nu c 1 i d  e 

2 32u 

2 2  8Th 

2 2 4Ra 

220Kl, 

6Po 

2PR 
2 1 "Bi 

2 0 8 T I  

2Po 

8Pb 

a 

a 
a 

a 

a 

B 
36% a,  64% B 

P 
c1 

stab I e 

72 y e a r s  

1 . 9 1  y e a r s  

3.64 days 

55.88 sec 

0.15 sec 

10. .58 hr 

60.5 m i n  

3 . 1 n i t n  

0.3  usee 

5 . 4 1 4  

5 .525  

5 . 7 7 1  

6 .  396 

6 .903  

0 .242 

2.929 

3.929 

8.940 

0 

0 

0 

0 

0 

0 .51  

0.10 

0.85 

0 

46.047 

4 50 - 
3 
+ 
$ 440 

a2 c E 

9 430 - 
V 
I 

z 4. 420 
I 
U 

2- 

U W 
cf 410 

a 
3 
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N 

Lc 
0 
2- 390 
!z 
? 
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b 

_I 
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Pig.. 2.7. Total. A c t i v i t y  of the 232U Decay Chain f o r  Ion Exchange 
T r e a t e d  and Untrea ted  U02(N03)2 S o l u t i o n s .  
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t o  r:i.se (Fig .  2 . 7 )  the i o n  exchange s o l u t i o n  is  about 7 . 5 %  lower in 

a c t i l r i t i y  than t h e  s o l v e n t  e x t r a c t i o n  p r o d u ~ t  , and t1ii.s difference holds 

ove r  m o s t  o f  t h e  t : h w  span of t h e  graph. The c.wnubative dose ( F i g .  2 .8)  

i s  a~>notonica l . ly  i n c r e a s i n g  f o r  lmth untreated and i o n  exchange p r o d u c t s  ; 

t h e  :i.on-exchange-treated s o l u t i o n  receives about  3 %  less dose.  

The curnulat%vc: dose was c a l c u l a t e d  by assuming tha t  a l l  energy i n  
2 3 2  t h e  U decay cha:i.i-r was de-pos l ted  In t1)t-i “ 0 2  (NO3 1 2  sol.i.ition. About 

92% of t o t a l  2 3 2 -  U c h a i n  energy i s  a l p h a  and b e t a  eneri;.,:y (Tab1.e 2.51, so 

:i.gnor’ing the s~al.3.  p o r t i o n  of the gamna. energy tha t  escapes i n t  roduc.es 

I . i t t l e  error. 

The reason t h a t  ion  exchange c l eanup  t l cx reases  t he  raclLittion dose 

by o n l y  7% i s  made clearer by examisiing the da t a  in Table 2-6. ‘rhese 

d a t a  show tha t  sol .vent  ex t ra -c t ion  p a r t i t i o n s  uranium and thoriu!n -rather 

completePy and removes other  

a c t i v i t y  i s  90 to 9 4 2  of the a c t i v i t y  of t:be e n t i r e  decay cha in  d u r i n g  

the fli.rst f e w  days a f t e r  solvent  ex t r ac t ioo .  Hence t:he predoniinant 

d o s e  to the sol.utPon i s  from 232U, and i o n  exchange  treatment t o  remove 

3 2 U  decay p r o d u c t s  s ~ t c h  t h a t  the 3”!J 
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Table  2 .6 .  Comparison of 237U A c t i v i t y  w i t h  T o t a l  A c t i v i t y  
U P l u s  Decay Products  i n  HTGR Fuel  oc 2 3 2  

~ 

Rat io :  232U A c t i v i t y f T o t a l  2 3 2 U  C h a i n  A c t i v i t y  f o r  each  Time (days)  
......... ~ ........ .......... ...... Treatment of  U02(N03)2 

Oa 7 30 60 300 1000 3000 
__-_ ______ .......... ___ .... ___..~. .... - _ _  .......... ____ 
No t r ea tmen t  0.190 0.190 0.187 0.184 0.168 0.142 0.125 

( e q u i l  hrium) 

Solvent  e x t r a c t i o n  0.935 0.903 0.792 0 .687  
1000 ppm Th in roduct’ 
DF = lo6 f o r  23’U decay  p roduc t s  

Ion Exchange‘ 0 . 9 7 8  0 .977  0 .856  0 .734  
99.9% Th removed 
98% Ra removed 
502 other decay  p roduc t s  removed 

Ion  exchange‘ 1.0 0.980 0.856 0.734 
100% d11 2 3 2 U  decay p roduc t s  

removed 

%02(N03)2 s o l u t i o n  w a s  assumed t o  be s t o r e d  14 days  a f t e r  s o l v e n t  e x t r a c t i o n ;  zero t ime is measured 

‘Ratio: Til ( t o t a l )  /U ( t o t a l ) .  
c ,  I 

a t  t h i s  p o i n t  when UOZ(NOB)L is  t r e a t e d  by i o n  exchange. 

l r ea tmen t  a p p l i e d  t o  product  from s o l v e n t  e x t r a c t i o n .  

t h e  remaining thorium and o t h e r  decay p r o d u c t s  h a s  o n l y  a s m a l l  e f f e c t  

on t h e  o v e r a l l  dose.  The benef i - t  from an  i o n  exchange t r e a t m e n t  would be 

more pronounced i f  c a r r i e d  o u t  on 2 3 3 U 0 2 ( N 0 3 ) 2  t h a t  had been s t o r e d  much 

l o n g e r  t h a n  t h e  14 days assumed f o r  t h i s  s t u d y  because ,  a s  equi lbr iurn i s  

approached, t h e  f r a c t i o n  of 2 3 2 U  a c t i v i t y  d r o p s  t o  1.2.5%. However, such 

long  s t o r a g e  times would be i m p r a c t i c a l  and uneconomic t o  any RTGR f u e l  

r e c y c l e  program. 

 or- p r a c t i c a l  233u02 ( N 0 3 ) ~  s t o r a g e  t i m e s  a f t e r  s o l v e n t  e x t r a c t i o n ,  

t h e  r a d i o a c t i v i t y  of  t h e  2 3 3 U  decay c h a i n  i s  n e g l i b l e .  

2 3 3 U  i s  p r e s e n t  in such l a r g e  amounts compared w i . t h  

energy r e l e a s e d  i n  t h e  decay of t h e  p a r e n t  2 3 3 U  n u c l i d e  makes a s i g n i f i -  

c a n t  c o n t r i b u t i o n  t o  t h e  dose t h a t   he s o l u t i o n  receives. C a l c u l a t e d  

val.ues of t h i s  dose a r e  p l -o t ted  i n  F i ~ g .  2 . 9  f o r  s e v e r a l  c o n c e n t r a t i o n s  

of 2 3 3 U  i n  t h e  t o t a l  f u e l .  

t h a t  i s  wi-thdrawn from t h e  HTGR a f L e r  one y e a r ’ s  i r r a d i a t i o n ;  t h e  o t h e r  

curves  a r e  f o r  f u e l  t h a t  h a s  been i r r a d i a t e d  f o r  succeedingly  7.onger 

p e r i o d s  of t i m e .  Dose v a l u e s  from F i g .  2 . 9  inay b e  added t o  those  of  

F i g .  2 . 8  t o  o b t a i n  an  e s t i m a t e  of t h e  dose  t o  u r a n y l  n i t r a t e  s o l u t i o n  

f o r  v a r i o u s  c o n c e n t r a t i o n s  oE 2 3 3U c o n t a i n i n g  346 ppm 2 3 2 ~  . 

However, s i n c e  

U, t h e  amount of 2 3 2 -  

T h e  uppermost c u r v e  i s  t y p i c a l  of a f u e l  

Doses f r o m  
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EXPOSURE TIME ( h o u r s )  

Fig ,  2.9.  Cumulative Dose from t h e  233U i n  U02(NO3)2 Solu t ions  
as a Function of 2 3 3 U  Enrichment. 

t h e  234U9 2 3 5 U ,  and 2 3 6 U  decay cha ins  w e r e  c a l c u l a t e d  f o r  HTGR r ecyc le  

f u e l s  and found t o  be n e g l i g i b l e  i n  comparison wi th  d o s e s  from 232U and 
2 3 3 ~  

2.7 SUPPORT FACILITIES (WORK U N I T  3.205) 

The a c t i v i t y  of t h i s  work u n i t  cons i s t ed  of p a r t i c i p a t i o n  i n  review 

meetings wi th  ACC, GAC, and R.  M. Parsons personne.1. 
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3 I HTGR REFABRICATION PROCESS DEVELOPMENT (SUBTASK 21.0) 

J. D. Sease and K. J. Notz 

3 .  :L INTRODUCTION 

Refab r i ca t ion  is  t h e  s t e p  i n  t h e  HTGR f u e l  c y c l e  t h a t  begins  wi th  

the r e c e i p t  of n i t r a t e  s o l u t i o n  conta in ing  recovered 3U and r e f a b r i -  

c a t e s  t h i s  material  i n t o  f u e l  elements f o r  use i n  an HTGR. The b a s i c  

s t e p s  i n  r e f a b r i c a t i o n  are similar t o  t h o s e  i n  f r e s h  f u e l  manufacture 

and c o n s i s t  of p repa ra t ion  of  f u e l  k e r n e l s ,  a p p l i c a t i o n  of 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 c ,  p repa ra t ion  o f  f u e l  rods ,  and 

assembly of f u e l  rods i n t o  f u e l  elements.  The major d i f f e r e n c e  between 

t h e  manufacture of f r e s h  f u e l  and r ecyc le  f u e l  i s  t h a t  t h e  r e c y c l e  f u e l  

must be  f a b r i c a t e d  remotely i n  h o t - c e l l  f a c i l i t i e s .  The WTGR f u e l  

r e f a b r i c a t i o n  development program i s  t h e r e f o r e  d i r e c t e d  toward t h e  

development o f  processes  and equipment f o r  remote a p p l i c a t i o n .  

A t  t h e  start  of t h i s  pe r iod ,  t h e  o v e r a l l  HTGR f u e l  r e c y c l e  program 

included a proposed Fuel Re fab r i ca t ion  P i l o t  P l a n t  (FRPP) a t  OIWL as 

well as a Fuel Reprocessing P i l o t  P l a n t  t o  he  l o c a t e d  in Idaho. These 

p i l o t  p l a n t s  w e r e  i n  suppor t  of a commercial HTGR r ecyc le  p l a n t  proposed 

by General Atomic Company. Esca la t ing  c o s t s  and o t h e r  programmatic 

cons ide ra t ions  l e d  t o  t h e  p repa ra t ion  of an  alternate p lan .  The alternate 

p lan ,  prepared near  t h e  end of t h i s  r e p o r t i n g  per iod ,  included t h e  des ign  

and c o n s t r u c t i o n  of an  ERDA-supported HTGR Recycle Demonstration F a c i l i t y  

(HIIDF) as i t s  u l t i m a t e  goa l .  This  change i n  programmatic d i r e c t i o n  

tended to  i n c r e a s e  t h e  scope of the  r e f a b r i c a t i o n  development e f f o r t  t o  

i nc lude  an expanded co ld  pro to type  development phase.  E s s e n t i a l l y  a l l  

development work done i n  suppor t  of  t h e  FRPP is  app l i cab le  t u  t h e  

a l t e r n a t e  plan.  

The cu r ren t  program i s  subdivided i n t o  f i v e  phases l ead ing  t o  t h e  

des ign ,  c o n s t r u c t i o n ,  and o p e r a t i o n  o f  t h e  HKDF. These development 

phases are : (1) cold l a b o r a t o r y  development, ( 2 )  h o t  l a b o r a t o r y  devel-  

opment, (3) co ld  engineer ing  development, ( 4 )  h o t  engineer ing  development, 

and (5) co ld  pro to type  development. The o b j e c t i v e  of co ld  and hot  

99 
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l a b o r a t o r y  developmen?. i s  t o  prove process  feasib i.1.i tiy. Fo r  c o l d  and 

h o t  engi.ni:eriug developrnerit , the olij cxtives are t o  e s r a b l i s h  t h e  s p a c e  

envelope r e q u i r e d  f o r  i n - c e l l  p r o c e s s  equipment and t o  v e r i f y  p r o c e s s  

f e a s i b i l i t y .  The o b j e c t i v e s  f o r  c-old p r o t o t y p e  dnvplopillent are t o  

e s t a b l i s h  i.n-cell equi.pmen~. c o n f i g u r a t i o n  and t o  deve lop  p r o c e s s  

p rocedures .  The t e r m  c o l d  development r e f e r s  t o  work n o t  requ:ir:i.ng 

t h e  p re sence  of r a d i o a c t i v i t y  whi1.e h o t  development requires -the 

presenc-n of r a d i o a c t  i v i . t y .  The phases  will. n o t  n e c e s s a r i l y  be  accom-. 

p l i s h e d  s e q u e n t i a l l y .  Work d u r i n g  t h i s  r e p o r t  p e r i o d  h a s  pri-mari1.y 

been i n  c o l d  e n g i n e e r i n g  devel.opme.nt. Work i n  waste and s c r a p  h a n d l i n g  

(Work U n i t  2109) h a s  been expanded o v e r  t h a t  r e q u i r e d  f o r  t h e  FRPP, 

and a l l  t h e  work i n  this area i s  i n  t h e  c o l d  l a b o r a t o r y  development 

phase .  

The work i n  r e f a b r i c a t i o n  development i s  subd iv ided  i n t o  11. work 

u n i t s  p a r a l l e l .  t o  the inajor systems of the ref;ibricaj;i.on p o r t i o n  o f  t h e  

HRDF. The,se are:  

1. Work Unit  21.00 - General Development;, 

2 .  Work Unit  21.01 - Uranium Feed P r e p a r a t i o n ,  

3 .  Work Unit: 2102 -- Resin Loading, 

4. Work Uni t  2103 - Resin C a r b o n i z a t i o n ,  

5. Work Unit  2104 - Microsphere C o a t i n g ,  

6 .  Work Unit  2105 - F u e l  Rod F a b r i c a t i . o n ,  

7 .  Work Un i t  2106 - F u e l  Element Assembly, 

8.  Work Unit  2107 - Sample I n s p e c t i o n  

9. Work Uni.t 2108 - Plant: Management , 
10. Work Un i t  2109 - Waste and Scrap Handl ing,  an3  

11. Work Unit 2110 - Matierial Hand1.in.g. 

3.2 GENERAL DEVELOPMENT (WORK UNIT 2100) - A .  R .  Olsen and J .  D .  Sease  

T h i s  a r r n  i s  invo lved  in the c o o r d i n a t i o n  and rev iew of a l l  

f u n c t i o n s  of t h i s  s u b t a s k ,  i n t e r f a c i n g  with Sub task  220, p r o v i d i n g  

c r i t e r i a  and t e c h n i c a l  guidance f o r  t h e  r e f a b r i c a r  i o n  process  p o r t i o n s  

of  Subtask 320,  t h e  p r e p a r a t i o n  o f  r e c y c l e  f u e l  s p e c i f i c a t i o n s ,  deve l -  

opment of  t h e  material a c c o m i t a b i l i t y  , n i ~ c l  car m a t e r i a l  s s a f e g u a r d s  
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and c r i t i c a l i t y  c o n t r o l  programs, t h e  assessment  of s a f e t y  c o n s i d e r a t i o n s  

f o r  development ac t iv i t i e s  and t h e  proposed o p e r a t i n g  p l a n t ,  and coord i -  

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

t e s t i n g  . 

3.2.1 General  Coordina t ion  A c t i v i t i e s  - R. A .  Bradley ,  A .  R. Olsen ,  
and J. D. Sease 

I n  accordance w i t h  t h e  o b j e c t i v e s  o f  t h i s  work u n i . t ,  a Summary Work 

P l a n  and Schedule  w a s  p repared  f o r  Subtask 210. T h i s  document i s  t h e  

p r i n c i p a l  p l a n n i n g  ins t rument  on which d e r a i l e d  exper imenta l  programs 

f o r  a l l  t h e  work u n i t s  i n  Subtask  210 are b a s e d ,  

S i g n i f i c a n t  e f f o r t  w a s  expended i n  a s s t s t i n g  i n  t h e  w r i t i n g ,  

rev iewing ,  and e d i t i n g  of t h e  overa1.l p l a n t  d e s i g n  d e s c r i p t i o n  a1-d 

i n d i v i d u a l  system d e s i g n  d e s c r i p t i o n s  i n c o r p o r a t e d  i n  t h e  conceptual.  

d e s i g n  r e p o r t  f o r  the proposed HTGR Rue1 R e f a b r i c a t i o n  P i l o t  Pl.ant. 

With t h e  e v o l u t i o n  of a p o s s i b l e  a l t e r n a t e  program wi.th the end o b j e c t i v e  

o - E  d e s i g n i n g  c o n s t r u c t i n g ,  and o p e r a t i n g  an  HTGR Recycle Demonstration 

F a c i l i t y  (HRDF) , a new phased g e n e r i c  development program o u t l i . n e  

d i r e c t e d  a t  s u p p o r t i n g  t h e  d e s i g n  and o p e r a t i o n  o f  t h e  HKDF was d r a f t e d .  

T h h  o u t l i n e  is  expected t o  p r o v i d e  t h e  b a s i s  f o r  s p e c i f i c  exper imenta l  

program d e f i n i t i o n  when t h e  new o v e r a l l  HTGR r e c y c l e  program has been 

es t :ablished by ERDA. 

Reviewing t h e  proposed p i l o t  p l a n t  concept  and the HRDF s t u d y  

showed t h a t  i n c r e a s e d  emphasis was r e q u i r e d  on s c r a p  p r o c e s s i n g  and 

waste t r e a t m e n t  f o r  t h e  r e f a b r i c a t i o n  p o r t i o n  of t h e  r e c y c l e  p l a n t .  

Work i n  r h i s  area w a s  i n c r e a s e d  ( s e e  S e c t .  3.11.) .  

The f a b r i c a t i o n  e f f o r t  i n  producing mater ia ls  for i r r a d i - a t i o n  

t . es t ing  i n  experiments  OF-2 and t h e  planned E a r l y  Val ida . t - ion  T e s t  1 was 

c o o r d i n a t e d  and monitored as were a.11 s c h e d u l e s  and funding of  t h e  work 

u n i t s  w i t h i n  Subtask  210. 

3 .2 .2  

A 

i s s u e d  

Environmental  and S a f e t y  C o n s i d e r a t i o n s  - R. A .  Bradley and 
J. E. Till 

2 f i n a l  Environmental Statement  f o r  t h e  proposed HTGK FKPP was 

by t h e  TJSAEC. The c o n c l u s i o n  o f  t h i s  s t u d y  from t h e  f inal .  summary 
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s h e e t  w a s  : "The environmental  impacts and a d v e r s e  e f f e c t s  f rom t h i s  

p r o j e c t  are expected t o  be minor.  The gaseous and l i q u i d  e f f l u e n t s  

result:i.ng from o p e r a t i o n  of t h e  p i l o r  p l a n t  wFZ.1 h e  d i s c h a r g e d  i n t o  

e x i s t i n g  w a s t e  h a n d l i n g  and t r e a t m e n t  systems.  The subsequent  coiicen-., 

K r a t i o n s  of' t h e  r a d i o a c t i v e  and chemical. d i s c h a r g e s  t o  t h e  environment 

w i l l  h e  several o r d e r s  of magnitude below the e s t a b l i s h e d  limits and 

background r a d i a t i o n  levels .  The s o l i d  wastes r e s u l t i n g  f rom p i l o t  

p l a n t  o p e r a t i o n  and decommissioning w i l l  b e  d isposed  of  i n  e x i s t i n g  

s o l i d  waste s t o r a g e  f a c i l i t i e s . "  Assessment o f  t h e  s o u r c e  terms f o r  

a corirmei-cia1 scale p lan t  i s  d i s c u s s e d  i n  Sec t .  S , 3  of  t h a t  r e p o r t .  

The r a d i o l o g i c a l  s a f e t y  requi rements  a s s o c i a t e d  w i t h  t h e  r e f a b r i -  

c a t t o n  of HTGR f u e l s  depend i n  p a r t  on t h e  r a d i - o l o g i c a l  hazard  a s s o c i a t e d  

w i t h  the 33U. T h e r e f o r e ,  t h e  Environmental  S c i e n c e s  D i v i s i o n  w a s  asked 

t o  compare t h e  re la t ive r a d i o l o g i c a l  h a z a r d s  of LMFBR plutoniiim f u e l  

and r e c y c l e  233U RTCR f u e l .  

been r e p o r t e d ,  9 incl-uding a b r i e f  review of t h e  p h y s i c a l  charac te r - .  

i s t i c s  of uranium and plutonium i s o t o p e s  i n  the f u e l s .  Natural uraniunt 

and l i g h t - w a t e r - r e a c t o r  uranium f u e l  are chemical  t o x i c a n t s ;  t h e r e f o r e ,  

t h e  chemical vs r a d i o l o g i c a l  t o x i c i t y  of 2 3 3 U  HTGR f u e l  and pl-utonium 

LMFBK fuel. i s  d.iscussc?.d. 

The r e s u l t s  of t h i s  i n v e s t i g a t i o n  have 

The r e c y c l e  uranium i s  p r i m a r i l y  233U, b u t  it a l so  c o n t a i n s  up t o  

1200 ppm 232U. The h i g h l y  r a d i o t o x i c  232U c o n t r i b u t e s  €rom 50 t o  30% of 

t h e  i n t e r n a l  dose  t o  m a n  from t h i s  r e c y c l e  uran i im.  Four computer codes 

developed by t h e  ORNL Environmental. Hazards Study Group are  used t o  

p r e d i c t  p o t e n t i a l  h a z a r d s  t o  man and b i o t a  f r o m  h y p o t h e t i c a l  exposure 

t o  recyc1.e 2 3 3 U  f u e l  and LMFBR plutonium f u e l .  

of each f u e l  are assumed t o  be  r e l e a s e d  t o  tlhe environment o r  inges ted  

by iiian d i r e c t l y .  All c a l c u l a t e d  d o s e s  are h y p o t h e t i c a l  and are  n o t  

r e p r e s e n t a t i v e  of a c t u a l  i n s u l t  t o  man from a n u c l e a r  f a c i l i t y  h a n d l i n g  

233U o r  plutonium f u e l .  

doses  from each t y p e  of f u e l  t h a t  i.s s i g n i f i c a n t .  

Equal m o u n t s  (by wei-ght) 

I n s t e a d ,  i t  is  t h e  re la t ive  magnitude o f  t h e  

From a r a d i o l o g i c a l  i m p a c t  s t a n d p o i n t ,  LMFRR plutonium f u e l  i s  

approximately 500 t:i.rnes more r a d i o t o x i c  t h a n  

i s  t h e  exposure pat.hway. I n  terns of doses  t o  man via  i n g e s t i o n  and 

3U f u e l  when i n h a l a t i o n  



103 

doscs  t o  b i o t a  the two f u e l s  are comparable. It is  concluded t h a t  i f  

attriosphcric release i s  t h e  o n l y  s o u r c e  o f  e f f l u e n t ,  LMFBR plutonium f u e l  

is more  hazardous t h a n  r e c y c l e  232U f u e l  by a f a c t o r  of  approximate ly  

500; however, i f  t h e s e  f u e l s  are predominant ly  p r e s e n t  i n  t h e  terrestrial  

environment ,  t h e i r  r a d i o l o g i c a l  impact on man is  s i m i l a r .  

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

e f f l u e n t  t r e a t m e n t  i n  t h e  FRPP and HRDF have been based on e x i s t i n g  

c r i t e r i a  f o r  plutonium, a l t h o u g h  w e  r e c o g n i z e  t h a t  t h i s  may b e  u l t r a -  

c o n s e r v a t i v e  i n  some i n s t a n c e s  . 

3 . 2 . 3  Recycle  Fuel  S p e c i f i c a t i o n  - R. A. Bradley and J. M. Chandler 

Although a number of  f e e d  material and i n t e r m e d i a t e  product  s p e c i -  

f i c a t i o n s  w i t h i n  t h e  t o t a l  f u e l  r e c y c l e  p r o c e s s  must e v e n t u a l l y  b e  

a d d r e s s e d ,  the primary s p e c i f i c a t i o n s  are t h o s e  d e a l i n g  with t h e  uranium 

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

LJrOdllct. 

I n t e r i m  1 s p e c i f i c a t i o n s  f o r  t h e  3U02 (NQ3)  2 s o l u t i o n  recovered  

from spent  BTGR f u e l  by s o l v e n t  e x t r a c t i o n  w e r e  p repared  and forwarded 

t o  A l l i e d  Chemical C o r p o r a t i o n  f o r  comments. 

I n t e r i m  I HTGR Recycle  Fuel  Product  S p e c i f i c a t i o n s ,  based on General. 

Atomic's f r e s h  f u e l  draf t :  s p e c i f i c a t i o n ,  w e r e  p repared  and i s s u e d  f o r  

~ e v i e w  by GAC and USAEC-KKD. R e s o l u t i o n  of t h e  comments is  scheduled  

f o r  e a r l y  n e x t  y e a r ,  and a n  I n t e r i m  I1 v e r s i o n  of t h e  s p e c i f i c a t i o n s  

w i l l .  b e  i s s u e d  t h e n  f o r  u s e  i n  deve loping  r e f a b r i c a t i o n  p r o c e s s e s  and 

q u a l i t y  c o n t r o l  t e c h n i q u e s .  

3 .2 .4  Material A c c o u n t a b i l i t y  and Safeguards  - S. R. McNeany 

A s  conce ived ,  t h e  purpose of t h e s e  s t u d i e s  w a s  twofold.  F i r s t ,  

estimates o f  uranium and thorium a v e r a g e  f low rates through a r e f a b r i -  

cat  ion  f a c i l i t y  w e r e  r e q u i r e d  f o r  equipment des ign .  Second1 y , t h e s e  

s t u d i e s  are t o  lead t o  a n  e f f i c i e n t  d e s i g n  of a material  a c c o u n t a b i l i t y  

s y s t m .  

A computer program c a l l e d  NQMUF was w r i t t e n  t o  calculate time- 

averaged uranium and thor ium f low rates  through a semigenera l ized  model 
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of  a r e f a b r i c a t i o n  f a c i l i t y .  

i n  a n  ORNL i n t e r n a l  r e p o r t ,  and a s a m p l e  problem d e m o n s t r a t i n g  i t s  

a p p l i c a t i o n  t o  t he  proposed FRPP i s  p u b l i s h e d .  

The program documentat ion i s  w r i t t ~ i t n  up 

The code o u t p u t  can b e  used d u r i n g  system development t o  s t u d y  t h e  

s e n s i t i v i t y  of  c a l c u l a t e d  l i m i t s  o f  e r r o r  on materials unaccounted f o r  

(LEMUF) on t h e  p r e c i s i o n  and l o c a t i o n  of  v a r i o u s  measureiiient d e v i c e s  

i n  t h e  p r o c e s s  I - ine.  T h i s  a p p l i c a t i o n  i s  u s e f u l  t o  o p t i m i z e  an a s s a y  

system w i t h  respect t o  a s s a y  l o c a t i o n s  and r e q u i r e d  p r e c i s i o n  O E  t h e  

proposed a s s a y  d e v i c e s .  

F u t u r e  p lans  c a l l  f o r  the development o f  a real-time dynamic model 

of  mater ia l  f lows th rough  a r e f a b r i c a t l i o n  f a c i l i t y .  Such a model will 

have s e v e r a l  uses. During p l a n t  o p e r a t i o n ,  t h e  prograru w i l l  e s t  isiiate 

f low rates a t  v a r i o u s  p o i n t s  i n  t h e  p r o c e s s .  I f  a c t u a l  measurements 

d i f f e r  s i g n i f i c a n t l y  from t h e s e  estimates, management w i l l  b e  n o t i f i e d  

s i n c e  t h i s  might indicatre  i i  d i v e r s i o n  of  material  from t h e  p r o c e s s  l i n e .  

The model w i l l  a l s o  p r o v i d e  e s t i m a t e d  quant l i t i -es  of  mater ia l s  l o c a t e d  

i n  nonineasurement p r o c e s s  a r e a s  and w a s t e  s treams. 

Thus,  t h e  real- t ime s i m u l a t i o n  model w i l l  b e  u s e f u l  as a devel.opment 

t o o l  i n  t h e  opt i .mizat ion of  a n  a s s a y  sys t em,  as a mon i to r  f o r  mater ia l  

d i v e r s i o n  o r  e r r o r s  i n  m a t e r i a l  t r a n s f e r ,  and a s  a n  e s t i m a t o r  o f  

unmeasured mater ia l  f lows i n  a n  o p e r a t i n g  p l a n t .  C u r r e n t l y ,  a dynamic 

model has been developed t o  t h e  p o i n t  where uranium m a s s  movement i s  

simul.ated th rough  40% of  the  proposed FKPP. 

3.2.5 Nondes t:ructi.ve Assay Techniques - J .  E .  Kushton , S .  R. McNeany , ~. 
and J .  D.  J e n k i n s  

A conceptIual. d e s i g n  o f  t h e  s p e c i a l  n u c l e a r  material nondes t ruc t i . ve  

a s s a y  and a c c o u n t a b i l i t y  system h a s  been p r e p a r e d .  The r e p o r t  u s e s  t h e  

NOMUF model d e s c r i b e d  i n  Sect .  3 . 2 . 4  t o  c a l c u l a t e  t y p i c a l  f i s s i l e  and 

f e r t i l e  m a t e r i a l  f l ows  and t o  i d e n t i f y  n e c e s s a r y  measuremcnt p o i n t s  

w i t h i n  t h e  r e f a b r i c a t i o n  p r o c e s s .  Measurement p o i n t s  t h a t  r e q u i r e  o r  

would b e n e f i t  by t h e  a p p l i c a t i o n  o f  n o n d e s t r u c t i v e  a s s a y  measurements 

are  d e s c r i b e d .  The main body o f  t h e  r e p o r t  a d d r e s s e s  I:he s e l e c t i o n  of 

a p p r o p r i a t e  o o n d e s t r u c t i v e  a s s a y  methods.  The pr imary f a c t o r s  af f eccrirrg 
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t h e  s e l e c t i o n  of  n o n d e s t r u c t i v e  assay t e c h n i q u e s  are  t h e  p h y s i c a l  and 

n u c l e a r  c h a r a c t e r i s t i c s  of t h e  f u e l  fo rms .  A p a r t l . a l  1 i . s t i n g  o f  the. 

p r o p e r t i e s  d e s c r i b e d  i n  t h e  r e p o r t  i n c l u d e s  t h e  gamma radiar :  ion l~vel.:;, 

t h e  uranium i s o t o p i c  composi t ions ,  t h e  spontaneous (a , Y L )  neut ron  p ro -  

duct.i.on rates, and t h e  chemical  and physi.ca1. composi t ions  o f  t h e  f u e l  

a t  each s t a g e  i n  t h e  p r o c e s s .  Based upon t h e s e  material  pri:)pertj.es9 

spec:i.f:ic, a s s a y  t e c h n i q u e s  w e r e  i d t n t i f  i e d  f o r  each of  the measurement 

requi rements .  T h e  fol.lowing g e n e r a l  c o n c l u s i o n s  are  a l s o  d e r i v e d  from 

t h i s  a n a l y s i s  : 

1. The h i g h  gamma a c t i . v i t y  o f  t h e  r e c y c l e d  fuel p r e c l u d e s  t h e  

appl . ica t ion  of many n o n d e s t r u c t i v e  a s s a y  t e c h n i q u e s  prc:sc:ntl.y developed 

f o r  l i g h t - w a t e r - r e a c t o r  f u e l  o r  'U-Th EITGR fuel. e 

2.  The r e c y c l e d  HTGR f u e l  does n o t  spontaneous ly  e m i t  t i m e -  

independent  r a d i a t i o n  t h a t  could  be d i r e c t l y  measured and c o r z e l a t e d  

w i t h  f i s s i l e  o r  t o t a l  uranium c o n t e n t .  The t ime-varying p r o p e r t y  o f  

t h e  gainma r a d i a t i o n  l i m i t s  t h e  u s e  o f  d i r e c t  gamma-ray .rn( ;ureme!lts f o r  

n o n d e s t r u c t i v e  a s s a y .  
2 3 3 u  ,,, , - 3 .  Accura te  n o n d e s t r u c t i v e  methods f o r  r e c y c l e d  rI1Llc fue l  

can be based  on a c . t i v e  i n t e r r o g a t i o n  of  t h e  f u e l  by neutrcsri or gamma 

r a d i a t : i o n  and subsequent  d e t e c t i o n  of  a n  induced s i g n a t u r e  r a d i a t i . o n  

Because of t h e  h i g h  gamma l eve l ,  t h e  most sui.tab1.e s i g n a t u r e  i s  induced 

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

The s t u d y  concludes  w i t h  a n  a n a l y s i s  o f  data f low amd d a t a  handl ing  

requi rements  f o r  a real-time a c c o u n t i n g  o f  special  n u c l e a r  m a t e r i a l  

w i t h i n  t h e  proposed p i l o t  p l a n t .  Although the r e p o r t  %oc.uses on t h e  

p i l o t  p l a n t ,  t h e  assay methods i d e n t i f i e d  are a p p l i c a b l e  t o  demonst ra t ion  

o r  commercial-scale  f a c i l . i . t i e s .  

T h e  pr imary n o n d e s t r u c t i v e  assay requirement  i d e n t i f i e d  i s  f o r  t h e  

i n - l i n e  assay of molded uncarbonized fue l .  r o d s .  The program t o  develop 

such a c a p a b i l i t y  i s  d e s c r i b e d  i n  Sec t .  3 .7  of t h i s  r e p o r t .  

3 . 2 . 6  C r i t i c a l i t y  A n a l y s i s  -- J. I). J e n k i n s  and S. R. McNeany 
2.3 3 P-reviousl-y , a1.l U c r i t i c a l i t y  c a l c u l a t i o n s  perfonned a t  OIWL i . r i  

s u p p o r t  o f  t h e  HTGR f u e l  r e f a b r i c a t i o n  program u t i l i z e d  t h e  16--group 
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Hanseri-Roach CTOSS sec t i -on  se t .  Recent ly ,  some cal.cuJ.af:ions perfoirrned 

a t  Rat te l le  P a c i f i c  Northwest Labora tory  (RPNL) po in ted  t o  d i s c r s p -  

a n c i e s  between END@'/&-111-based r e s u l t s  and Hansen-Roach r e s u l t s  f o r  

h i g h l y  enr-iched 3U systems i n  s imple  geometr ies .  These d i s c r e p a n c i e s  

pi:omptetX a f u r t h e r  i n v e s t i g a t i o n  of  t h c  cross s e c t i o n  se t s  used a t  ORNL. 

This i n v e s t i g a t i o n '  compares c r i t i c a l i t y  c a l c u l a t i o n s  perforrmed 

w i t h  ENDF/B-IV c r o s s  s e c t i o n s  and t h e  l6-group Hansen-Roach l i b r a r y  a t  

ORPJL. The area i n v e s t i g a t e d  i s  homogenous systems of  h i g h l y  enr iched  

3 U  i n  s i m p l e  geometr ies .  C a l c u l a t i o n s  are compared w i t h  exper imenta l  

d a t a  f o r  a wide range  of  1 1 / 2 3 3 U  r a t i o s .  R e s u l t s  show t h a t  c a l c u l a t i o a s  

made w i t h  t h e  Hansen-Roach c r o s s  sections a g r e e  wi.thin 1.- 5% on k e f f  f o r  

t h e  experiments  cons idered .  R e s u l t s  d e r i v e d  €Tom ENDF/B-TV gave good 

agreement f o r  w e l l  thermal ized  sys tems,  bu? d i s c r e p a n c i e s  up ti., 7% ic i  

ke f f  were observed i n  East and epithermal systems I 

p r e s e n t s  t h e  c a l c u l a t e d  r e s u l t s .  

F i g u r e  3 1 g r a p h i c a l l y  

The conclusior is  of t h i s  i n v e s t i g a t i o n  are t h r e e f o l d -  First, t h e  

16-energy group Hansen-Roach c r o s s  s e c t i o n  s e t  p r e s e n t l y  iisetl a t  ORNL 

i s  adequate  f o r  c r i t i c a l i t y  s a f e t y  c a l c u l a t i o n s  on homogenoiis pure  

systems ( i .  e . ,  systems eo i i ta io ing  

t u e n t )  w j t h  H / 2 3 3 U  r a t i o s  from about  4-0 t o  2000 and m e t a l  systems.  

Secondly,  t o  t h e  a u t h o r s '  knowledge, no exper imenta l  c r i t i c a l i t y  d a t a  

are a v a i l a b l e  on h i g h l y  e n r i c h e d  2 3  3U systems having 3U rati.os of 

1 0  t o  30. Hence, no cross s e c t i o n  set  w a s  d i r e c t l y  confirmed f o r  t h e s e  

systems,  which are c h a r a c t e r i s t i c  of some fue l .  Eovrns that may b e  p r e s e n t  

i n  a n  IITGR f u e l  r e f a b r i c a t  i o n  f a c i l i t y .  

h i g h e r  H / 2 3 3 U  r a t i o s  and z e r o  i s  n o t  v a l i d  because t h e  n e u t r o n  <:iiergy 

spectrum changes d r a s t i c a l l y  betwtstzn t h e s e  'oounds . F i n a l l y  , c a l c u l a t i o n  

d i s c r e p a n c i e s  between ENDF/B and Bansen-Roach c r o s s  s e c t i o n s  f o r  h i g h l y  

e n r i c h e d  3U systems w e r e  conf inned.  However a comparison of  ENI)F/B 

c a l c u l a t i o n a l  res1.1l.t~ w i t h  exper imenta l  d a t a  f o r  h i g h l y  e n r i c h e d  3U 

systems : i n d i c a t e s  s i g n i f i c a n t  problems w i t h  ENDP/B results 011. systems 

having tT /233U r a t i o s  less t h a n  400. 

3U 

3U as t h e  prime heavy metal c o n s t i -  

I n t e r p a l a t i o n  of  r e s u l t s  between 

I n  l i g h t  of  t h e  f a c t  t h a t  experi.mental c r i t i c a l i t y  dar:a are n o t  a v a i l -  

a b l e  f o r  s o m e  2 3 3 U  and 2 3 3 U - z 3 2  Th systems t h a t  will. b e  encountered d u r i n g  
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o DISCRETE OHCINATES CALCULATiON 

4 MONTE CARLO CALCULATION 
BANSEN -ROACH CROSS SECTIONS 

a DlSCRETF ORDINATES CALCULATION 

H/'"U RATIO 

Fig .  3 . 1 .  Comparison Between ENDF-B-IV and Hansen-Roach Cross 
Sect  ions  f o r  'U C r i t i c a l i t y  Calcu la t ions .  

recyc1.e of  HTGR f u e l ,  a recommendation has been made t o  EPDA that an 

experimental  program be undertak,en. 

cond.ucted a t  BPNL as a subcont rac t  e f f o r t  under t h e  OBBL Il'hori.im U t i l i . -  

z a t i o n  Program. 

useful.  In t h e  des ign  of process  equipment t o  ensure  crit.ic:al.i.ty s a f e t y ,  

t o  a.llow op t imiza t ion  of  process  equipment: s i z e ,  and t o  f a c i l i t a t e  p l a n t  

l i c e n s i n g .  

The proposed program would be 

Data c o l l e c t e d  f rom t h e s e  experiments would be q u i t e  

3 . 2 . 7  G,mma-Ray Dose Rates Associated wi th  Small S n m p l e s  o f  Recycled 

The gamma r a d i a t i o n  a s s o c i a t e d  wi th  233U i s  due p r imar i ly  ti> the 

2 3 3 U  Fuel  - J. E. Rushton 

decay products  of 2 3 2 ~  I 

quantities of the  f u e l .  

samples of  233U f u e l  could be handled i n  unshielded o r  l i g h t l y  sh i e lded  

glove boxes. 

The radiat . ion r e q u i r e s  remote handl ing of bulk  

It w a s  d e s i r e d  t o  determine whether smll 

The product ion of r e a c t o r  f u e l  requires numerous q u a l i t y  
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c o n t r o l  and q u a l i t y  a s s u r a n c e  measurements ,  and c o n s e q u e n t l y  t h e r e  i s  

a s t r o n g  economic i n c e n t i v e  t o  pe r fo rm s a m p l e  a n a l y s i s  o u t s i d e  of  

total.1.y remote  f a c i l i t i e s .  Gaiiima-ray d o s e  ra tes  were c a l - c u l a t e d  a t  

several  d i s t a n c e s  from a 1.-g q u a n t i t y  of 2 3 3 U  wit.1-r 500 ppn 232U decayed  

30, 60 ,  9 0 ,  and 180 d a y s  s i n c e  s e p a r a t i o n .  The r e s u l t s  o f  t h e s e  

c a l c u l a t i o n s  are l i s t e d  i n  T a b l e  3 .1  f o r  no s h i e l d i n g  and f o r  5 crn o f  

l e a d  s h i e l d i n g .  The d o s e  r a t e s  w e r e  c a l c u l a t e d  unde r  t h e  Eol.lowing 

a s s u m p t i o n s  : 

1. p o i n t  s o u r c e ,  

2 no se l f - abso rp t : i . on  i n  3 U ,  

3 .  o n l y  gamma r a y s  above  100 keV i n c l u d e d ,  and 

4 ,  sli- i .eld a d j a c e n t  t o  s o u r c e .  
2 3 3 u  These  c a l c u l a t i o n s  demons t r a t e d  tha t  u n s h i e l d e d  I-g sarnp1.m of  

w i ~ t h  500 ppm 232U c a n n o t  b e  rout ine1 .y  hand led  i n  g l o v e  boxes f o r  t h e  

decay  p e r i o d s  i n v e s t i g a t e d .  Thus ,  a ti.rne-window f o r  o p e r a t i . o n  o f  t h e  

p roposed  FKPP was deve loped  3ild i n c l u d e d  i n  t h e  conceptual  d e s i g n  c r i % e r i a  

'The t L m e - w i n d o w  1 i m i . t - s  the FRPP t o  h a n d l i n g  2 3 3 U  w i . t h  no more ~ h a n  500 ppm 

U and w i t h i n  a p e r i o d  o f  less t h a n  90 d a y s  s i n c e  t h e  u ran ium h a s  

been  s e p a r a t e d  f rom t h e  U decay  p r o d u c t s .  Glove boxes  employing  

l o c a l i z e d  s o u r c e  s h i e l d i n g  f o r  some a r r a lyses  i n  t h e  sample  i n s p e c t i o n  

s y s t e m  p roposed  f o r  t h e  FRPP we. re  c o n s i d e r e d  a d e q u a t e ,  provi-ded a 

s i g n i f i c a n t  d e g r e e  o f  a u t o m a t i o n  w a s  devel.oped f o r  t h e  a n a l y t i c a l  p ro -  

cesses. A h i g h  d e g r e e  o f  a u t o m a t i o n  and some f u l l y  s h i e l d e d  p r o c e s s e s  

will b e  - r equ i r ed  f o r  a commerc i .a l - - sca le  p l a n t ,  wherc t h e  2 3 2  U c o n t e n t  

may go  as  h i g h  as 1200 ppm and t h e  time s i n c e  decay  p r o d u c t  removal  may 

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

2 3 2  

2 3 2  

3 . 3  U R A N I U M  FEED PKEPAKATTON (WORK UNIT 2101) 

No a c t i v i t y  was s c h e d u l e d  d u r i n g  t h e  r e p o r t  p e r i o d .  
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233" Table  3 .1 ,  Dose Rates f o r  a 1-g Source o f  
With 500 ppm 232U 

D i s t a n c e  from Dose Rate, mrem/hr, f o r  
Source PO i n t  Various Decay P e r i o d s  
t o  'Dose P o i n t  -____---~---~-.-------_I 

(cd 30 days 60 days 30 days 180 days 

1 

2 

5 

10 

20 

35 

50 

LOO 

5.2 
10.0 

20.0 

35-0 

50.0 

_I W.i t liout S h i e l d i n g  

2203 4444 

5 51 1 1 1 2  

88.3 178 

22 .1  44.5  

5 . 5 2  11.1 

1 - 8 0  3.64 

0.88 1.78 

0 . 2 2  0.45 

T1-t rough 5 ciii Pb 
_cI 

7 . 4 1  1 4 . 9  

2.00 4 . 0 4  

0.50 1. . 0 1. 

0 .164  0.33 

0,08c) 0.162 

7407 

1854 

29 7 

7 4 . 2  

1.8. G 
6.06 

2.97 

0.74  

24.9 

6 .73  

1 .68  

0 .55  

0 .27  

14 $605 

3,655 

585 

146  

36.6 

1.2.0 

5.86 

1.47 

4 9 . 1  

13.3 

3.32 

1. .08 

0.53 

3 .4  RESIN LOADING ( W O E  UNIT 2102)  - P .  A.  Hans and K.. J. Notz 

~ ~ i e  r e f e r e n c e  b e r n e l s  f o r  recyc1.e O F  2 3  3~ t o  EIYXRS a r e  preparm~ 

by carboni .za t ion  of c a r b o x y l i c  a c i d  c a t i o n  exchange r e s i n s  loaded w i t h  

uranium. The carbonized  producc k e r n e l s  must meet s p e c i f i c a t i o n s  Cor 

compositi.on, s i z e ,  d e n s i t y ,  s p h e r i c i t y ,  m i c r o s t r u c t u r e ,  and uranium 

c o n t e n t  p e r  k e r n e l .  The resin l oad ing  p r o c e s s  must produce uranium- 

lo;xled resi.n t h a t  can  be  carbonized  t o  meet t h e s e  specif i - ca t ions .  A 

p r i n c i p a l  advantage  of t h e  res in-based  p r e p a r a t i o n  o f  k e r n e l s  i s  t h a t  

many of  t h e  c r i t i c a l  product: p r o p e r t i e s  can b e  esta,hl.islietl and cont:.rol..I.ed 

f o r  t h e  f e e d  r e s b  b e f o r e  any rad:ioactivi.ty i s  p r e s e n t .  Anot.hr.r advantage 

of  t h e  r e s i n  p r o c e s s  i s  t h a t  t h e  amount of material t h a t  must b e  processed 
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through r e s i n  l o a d i n g ,  r e s i n  c a r b o n i z a t i o n ,  and microsphere  c o a t i n g  

systems i s  o n e - f i f t h  t h a t  of a (4Th,U)02 k e r n e l .  

Opera t ions  involved  are:  (1) p r e p a r a t i o n  of r e s i n  f e e d  t o  supply  

r e s i n  w i t h  p r o p e r t i e s  adequate  t o  m e e t  product  s p e c i f i c a t i o n s ,  ( 2 )  con- 

v e r s i o n  o f  t h e  u r a n y l  n i t r a t e  s o l u t i o n  from a r e p r o c e s s i n g  p l a n t  i n t o  

t h e  a c i d - d e f i c i e n t  feed  r e q u i r e d  f o r  t h e  r e s i n  l o a d i n g ,  ( 3 )  l o a d i n g  and 

d r y i n g  resiri 110 t h e  form s u i t a b l e  f o r  t h e  c a r b o n i z a t i o n  f u r n a c e ,  and 

(4)  p r e p a r a t i o n  o f  materials as a servj.ce t o  subsequent  development work 

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

t e s t i n g .  

3 . 4 . 1  Resin-’eed P r e p r a t i o n  - J. P .  Drago, P. A .  Haas, K. <J. Notz ,  and 

T h i s  i n c l u d e s  b o t h  t h e  procurement and e v a l u a t i o n  of commerc:i.al i o n  

J. H. S h a f f e r  

exchange resi.ns and p r o c e s s i n g  them t o  meet s p e c i f i c a t i o n s  f o r  s i z e ,  

shape ,  composi t ion,  and q u a l i t y  a s s u r a n c e .  Amber l i te  IRC-72Jc i s  t h e  

r e f e r e n c e  weak-acid r e s i n  and i s  known t:o produce a c c e p t a b l e  product  

k e r n e l s .  A second s o u r c e  of  r e s i n  supply  i s  c o n s i d e r e d  n e c e s s a r y  t o  

guard a g a i n s t  p r o c e s s  i n t e r r u p t i o n s .  The k e r n e l  s i z e  s p e c i f i c a t i o n  

r e s u l t s  i n  a 1.i.mi.t on the si.ze range  of  r e s i n  f e e d ,  and about  20% of the 

commercial Aniberl i tc  IRC-72 i s  u s a b l e  f o r  a s i z e  range  of 210% of t h e  

mean d i a m e t e r ,  Wet s c r e e n i n g  o f  -20 -1-50 mesh Amber l i te  TRC-72 w i l . 1  b e  

used as a shor t - te rm procedure ,  bu t  some improved procedure  i s  needed 

t o  meet long-term s i z e  s p e c i f i c a t i o n s .  

3 .4 .1 .1  Purchase  of Commercial Resin 

E a r l y  s t u d i e s 1 *  i d e n t i f i e d  h i b e r l i t e  IRC-72 as a commercial 

c a r b o x y l i c  a c i d  c a t i o n  exchange r e s i n  t h a t  could  b e  processed  t o  meet 

a l l  requi rements .  

b u t  shows signi.Eicant d i f f e r e n c e s  from the  Amber l i te  IRC-72. The manu- 

f a c t u r e r  u f  Uuoli t e  C-464 h a s  d e l i v e r e d  s p e c i a l l y  processed  r e s i n  w i t h  

D u o l i t e  C-464t h a s  about  e q u a l l y  s u i t a b l e  p r o p e r t i e s ,  

*Trademark of  t h e  Rohiii and Haas Company. 

tTradernark o f  Diamond Shamrock Chemical Company. 
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very  la rge  improvements i n  iihe s i z e  di.stz:iI)ufrion and the: f r a c t i o n  o f  

off-shape re5:i.n as compared w . i L h  t he  standard cominercia?. r e s i n .  ']%e c o s t  

of t h i s  special .1 y p r e p a r e d  D m J .  F t e  C--464, based  on p r ~ v i o u s  y i e l d s  a n d  

t he  l a s t  pr i ce  quotatio-ci ,  is $OmO6/g U. The cost 05 s t a n d a r d  commercial 

Pnl)erli te TRG-72 with R 1.5% yie1.d is $O.OS/g  LT, 

accepted an o r d e r  t o  make a. speci.al. b a t c l : ~  t o  o p t i m i z e  the  s i z e  y i e l d  

with no increase  i n  u t x i t  c o s t s .  The ~ T S C K ~ ; ~ S E ~  y i e l d  i s  e.xpected to lower 

t h e  A m b e r l i t e  1KC:-72 costs  t o  $0 ,03  to 0 , 0 6 / g  U ,  

The manufacturer has 

Scanning electron mic rographs  o f  urani~mfi-l.oaded A m b e r l i t e  41cC-72, 

1hiol.it:e C-464. and f i n e s  f r o m  D u o l i t e  h a . v e  been -made. S-bandard UO.3 batch 

lo;-dkngs were used  :for both r e s ins  S i g n i  f:i.cant su r f ace  c4:i.fferencc.s 

between +he lciaded Aa~herIite arid halite are apparent .  at, 3.0,0001: e 

D u ~ l i t e  has a cu;arse  agglomera ted  surface composed of subunits ranging 

from 0.5 t o  1. prn i o  s i z e .  C i r c d a r  areas approximating 25 pn i n  d i a m e t e r  

w h e r e  flaking hati occurred were :  seen, Cracks approximat.ely 0 .S urn wide 

h y  SO l-lm Long were also no ted .  '%'be Aiib?.i-l.~-te has a very smooth sur face  

The 

at 1 .0 ,000~ ,  Gullies a~>~>t-oxi:m~ti~li.y 2 urn ~ i . d e  by IC to 15 Urn 1.oag were? 

n o t e d .  T h e  gu1I: i .e~ were seen to be  an .i.riErcyuecrt defect.,  while t h e  fl.;alced 

a-eas or_ the Dt io l i t e  w e r e  more character is t ic  of the sarapl.i? viewed. 

3.4.:&.2 Size C1assWi.catio.n b y  Wet Screening 

S i z e  c l a s s i f i c . a t i o n  o €  comerc ia1  ---.%.I) +.56 iiiesh res:i.ns has been by 

wet. s c r e e n i n g  w i . t h  a Large recyc l  c rsf watier th rough  a 0 a 46-m-diam 

(18B- i t~ .~ )  sc reen  s e p a r a t o r .  The r e s i n  as received is  l i k e  wet sand  o r  

sawdiist. and does n o t  screen eEficient3.y.  Dried re5i.n teu?ds t o  b l i n d  

screens b a d l y .  By using about 1.5 Li.ters/min o f  water recyc.1.e and a 

c o a r s e r  s c a l p i n g  s c r e e n  t o  reduce t h e  I.oad on  the first primary s c r e e n ,  

t h c i  0.4.6-m-dim sepa ra to r  can be o p e r a t e d  rrli.tih up t o  14 l i ters  ( 0 . 5  f t 3 >  

o f  resin per  hour .  

We have  seen detectable d i f f e r e n c e s  between the s i z e  dist-ribtitions 

of d i f f e r e n t  Pots of f;mbm-lite 1K.C-72. Il:ypical y i e l d s  are t a b u l a t e d  

€or  stiandnrd r e s i n a  ('ra.bEe 3 . 2 )  . Iriiprove.nients would be expected if 

batc.hes w e r e  optim.ized f u r  OW: use, We I3ave most C ~ I T X D Q I I ~ : ~  used n 

710 I- 88 urn s i z e  range of sodium-form A m b e r l i t e  I R C - 7 2 ,  whic.h is a 

. . . . . . . . . . . . 
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T a b l e  3 . 2 .  S i z e  F r a c t i o n  Y i e l d s  f o r  Commercial -20 350 Mesh R e s i n  

___I_....____ ...... __l_______.___l_.-___ ......... 
Data  from Wet S c r e e n i n g  

....___I___ .- ....... 
Batch  V o l u m ~  

( l i t e r s )  ( f t  3 ,  

_____..._____ Me an Y i e l d ,  Vol X ,  f o r  V a r i o u s  S i z e s  
D i a m  ____._.. ....... _________ .... _II-- 

(urn) -24 4-32 ---26 +32 630 urn ? 8% 

R e s i n  and 
:4anuf a c t  u r e r  ' s 

L o t  

750 urn t 1 6 %  710 urn f ll%a 625 ? 50 !imb 
._II ........ ....... ...___ ...__I_-. 

A m b e r l i t e  IRC-72 
560 20 

140 5 
2-5612 820 24 14 10  

2-5990d 680 24 1 6  11 225 8 

2-6633 8 30 20 1 3  9 140 5 

2-5990' 640 30 20 18 

D u o l i t e  C - 4 6 4  

05-03-48 830 20 1 3  9 1 7 0  6 
....l_ll ___ -.._ ~ _ _ ~ . _ _ _ _ . - _ _ _ - - - - -  ~ - - . .  

a710-u!m Na-'-fonn r e s i n  l o a d s  60 X 

b625-um Nal'-form r e s i n  l o a d s  40 X 

'Screened O c t o b e r  1 9 7 4 .  

dScreened  J u l y  1975. 

g U / k e r n e l .  

g U/kernel. 

N o t  combined w i t h  O c t o b e r  1.974 s c r e e n i n g  b e c a u s e  of d i f f e r e n t  
size c l a s s i f i c a t i o n s .  

ill% range. The s i z e  d i s t r i b u t i o n s  i n d i c a t e  a b o u t  20% y i e l d s  i n  t h i s  

r a n g e .  

p o i n t s  on a l o g a r i t h m i c  p r o b a b i l i t y  c h a r t .  The q u a n t i t i e s  are  approx ima te  

s i n c e  t h e  l o t s  had 0nJ.y f o u r  s i z e  c l a s s i f i c a t i o n s  ( j . . e . ,  t h r e e  d a t a  

p o i n t s ) .  I ) u o l i t e  C-464 r e s i n  h a s  been  d e l i v e r e d  as 700, 7 2 0 ,  and 800 v m  
i n  d i a m e t e r ;  t h e s e  l o t s  h a v e  been  inore t h a n  90% wi . th in  t50 urn i n  d i a m e t e r .  

T a b l e  3 . 2  v a l u e s  are f rom s t r a i g h t  l i n e s  drawn t h rough  Lhe d a t a  

3.4  a 1.. 3 Drying  and  Shape  S e p a r a t i o n  

Fo l lowing  t h e  size c l a s s i f i c a t i o n  by wet s c r e e n i n g ,  t he  r e s i n  i s  

d r i e d ,  s c r e e n e d ,  and t h e n  s h a p e  s e p a r a t e d  t o  reiiiove n o n s p h e r i c a l  b e a d s .  

Shape s e p a r a t i o n  r e q u i r e s  t h a t  t h e  r e s in  b e  d r i e d .  Methods o f  d r y i n g  

t h a t  have  been t e s t e d  i n c l u d e :  r o t a r y  drum, microwave ,  f i x e d  bed ,  

f l u i d i z e d  b e d ,  and s p o u t i n g  bed .  

Two b a t c h e s ,  e a c h  7 0  l i t e r s  ( 2 . 5  f t 3 ) ,  were dr i .ed a t  a n  i n d u s t r i a l  

t es t  l a b o r a t o r y  i n  a j a c k e t e d ,  r o t a t i n g  cone -b lende r  vacuum d r y e r .  l-leat 

t r a n s f e r  was v e r y  poor  b e c a u s e  a 6 - - m - t h i c k  (1 /4- in . )  c a k e  o f  porous  

d r i e d  r e s i n  formed on t h e  h e a t e d  s u r f a c e s .  T h i s  c a k e  w a s  n o t  d u e  ! u  

h e a t  t r a n s f e r  a l o n e ,  as a s i m i l a r  u n d r i e d  l a y e r  al..so c o a t e d  t h e  u n h e a t e d  
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f l a n g e .  

t t m e  and excessive c r u s t i n g  o r  c l u s t e r i n g  of t h e  d r i e d  product .  

The o v e r a l l  r e s u l t  w a s  u n a c c e p t a b l e ,  b o t h  from t h e  l o n g  d r y i n g  

Drying tests u s i n g  2 - l i t e r  b a t c h e s  o f  sodium-form r e s i n  i n  a 2-kW 

Microwave d r y i n g  w a s  unaccept-  2450-MHz microwave oven w e r e  conducted.  

a b l e  because the r e s i n  cont inued  t o  absorb t h e  energy  a f t e r  it had 

become d r y .  Drying was n o t  uniform and some r e s i n  c h a r r e d .  

S t a t i c  bed d r y i n g  w i t h  room-temperature and h e a t e d  a i r  was a l s o  

i n v e s t i g a t e d .  The f ixed-bed d r y e r  p e r m i t s  t h e  r e s i n  t o  form a l a r g e ,  

l i g h t l y  s i n t e r e d  mass a c c o r d i n g  t o  t h e  geometry of  t h e  vessel. A g i t a t i o n  

of t h e  clumped mass does notl comple te ly  b r e a k  t h e  c l u s t e r s  i n t o  indi.- 

v i d u a l  beads.  

h small r e n t a l  test u n i t  was o p e r a t e d  t o  e v a l u a t e  Fluidized-bed 

d r y i n g .  The f i n a l  product  when t h e  i n l e t  a i r  tempera ture  was 130°C looked 

good f o r  d r y  shape  and s i z e  s e p a r a t i o n s .  

v a r i a t i o n s  as d r y i n g  proceeded.  

of  s l u g g i n g  f l u i d i z a t i o n  w i t h  i r r e g u l a r  gas  bubbles .  A C t e r  d r y i n g  w a s  

p a r t i a l l y  comple te ,  t h i s  changed t o  a s p o u t i n g  bed w i t h  a fountatin from 

a ho l low c o r e  and downflow i n  a n  annulus  around t h e  s p o u t .  

c o n t i n u e d ,  t h e  r e s i n  beads became immobilized as one l a rge  porous cake, 

F i n a l l y ,  t h i s  c a k e  suddcnly broke  up i n t n  i n d i v i d u a l  d r y  r e s i n  p a r t i c l e s  

t h a t  a g a i n  showed a s l u g g i n g  f l u i d i z a t i o n .  

The f l u i d i z a t i o n  showed l a r g e  

T h e  d r a i n e d ,  w e t  r e s i n  showed a t y p e  

A s  d r y i n g  

A 0.46-m-ID (7- in . )  s p o u t i n g  bed c o n t a c t o r  was f a b r i c a t e d  from 

Pyrex g l a s s  and t e s t e d .  The r e s i n  beads become immobil izrd as a l a rge  

cake w i t h  t h e  spout  as R h o l e  i n  t h e  middle .  The f l u i d i z e d  bed u n i t  is 

p r e f e r r e d  o v e r  t h e  s p o u t i n g  lied as t h e  d r y i n g  can  b e  cont inued  untr i l  

t h e  cake  d i s i n t e g r a t e s  and f l u i d i z a t i o n  resumes. The d r i e d  r e s i n  i s  

screened  t o  remove any f i n e s  r e l e a s e d  d u r i n g  the  dry ing  and a l s o  t o  hreLtk 

up o r  remove any remaining c l u s t e r s .  

The shape  s e p a r a t o r  used t o  remove t h e  n o n s p h e r i c a l  beads i s  a f l a t -  

p l a c e  v i b r a t o r y  f e e d e r .  The p o l i s h e d  p l a t e  i s  t i l i e d  s l i g h t l y  downward 

and p a r a l l e l  to t h e  v i b r a t o r y  a c t i o n  and t i l t e d  a l s o  90" t o  t h i s  d i r e c -  

t i o n .  T h i s  t y p e  of shape  s e p a r a t o r  h a s  been used w i t 1 1  c o a t e d  particles. 1 2  

A f i v e - n o z z l e  f e e d e r  p l a t e  L0.18 0.76 m ( 7  X 30 i n . ) ]  has 1)een 

f a b r i c a t e d  and i s  be ing  t e s t e d  (Fig.  3 . 2 ) .  'The s p h e r i c a l  p a r t i c l e s  are 
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- -  

Fig. 3 . 2 .  A Proto type  Five-Unit Shape Separa tor .  

seen  t r a v e l i n g  d iagonal ly  ac ross  t h e  p l a t e .  

p a r a l l e l  t o  t h e  long a x i s  of t h e  p l a t e .  

t h e  nonspher ica l  p a r t i c l e s  a long the a x i s  of v i b r a t i o n .  

p a r t i c l e s  r o l l  according t o  t h e  tilt; t h a t  i s ,  downhil l ,  wi th  l i t t l e  

e f f e c t  from t h e  v i b r a t i o n .  

of v i b r a t i o n ,  f low rate, and p l a t e  s u r f a c e  f i n i s h  i s  under way. 

The v i b r a t o r y  a c t i o n  is  

The v i b r a t i o n  and s l o p e  move 

The s p h e r i c a l  

A parametr ic  s tudy  of tilt ang les ,  magnitude 

Small-scale runs  of  shape-separated d r i ed  sodium-form r e s i n  before  

loading showed t h a t  t h e  reject ra te  a f t e r  loading  and drying w a s  on t h e  

o r d e r  o f  0 . 3  w t  %. When no shape sepa ra t ion  of t h e  sodium-form r e s i n  w a s  

made, t y p i c a l  reject va lues  of t h e  loaded r e s i n  w e r e  10 w t  %, with  va lues  

as low as 8 w t  % and as h igh  as 1 7  w t  % f o r  some ba tches .  1 3  
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3.4.1.4 Resin Feed P repa ra t ion  F a c i l i t y  

Procurement? f a b r i c a t i o n ,  and i n s t a l l a t i o n  are i n  progress  f o r  a 

r e s i n  feed p repa ra t ion  f a c i l i t y  i n  Bui lding 3503. 

be c a r r i e d  out as fo l lows:  

1. w e t  sc reening  wi th  a 0.76-m-diam (30-in.)  sc reen  sepa ra to r  t o  reject  

The opera t ions  w i l l  

o v e r s i z e  and unders ize  r e s i n  par t ic les ,  

dry ing  of  t h e  sodium-form r e s i n  a t  about 8 O o C  i n  a i r  i n  a package 

f l u i d i z e d  bed d rye r  [82 l i t e r  (2 .9  f t 3 )  maximum charge volume], 

2. 

3. d ry  screening  t o  reject l a r g e  c l u s t e r s  and f i n e s  r e l eased  during 

dry ing ,  

4. shape s e p a r a t i o n  i n  m u l t i p l e  u n i t s  ( s ee  Sec t .  3 .4 .1 .3) ,  

5. complete conversion of  rewet ted r e s i n  t o  t h e  hydrogen form with 

n i t r i c  a c i d ,  and 

6 .  s t o r i n g  and meter ing of prepared r e s i n  t o  supply ba tches  f o r  

uranium loading .  

The minimum i n i t i a l  capac i ty  r equ i r ed  is  t o  process  0.14 m3 (5 f t 3 )  

of r e s i n  p e r  week and t h e  f i n a l  capac i ty  f o r  TURF ope ra t ion  may be  an 

inpu t  of 0.7 m 3  (25 f t 3 )  of r e s i n  pe r  week. 

ment w i l l  i n i t i a l l y  have t h e  smaller capac i ty ,  w i th  la ter  a d d i t i o n  of 

m u l t i p l e  u n i t s .  The o t h e r  components are s i zed  f o r  i n t e r m i t t e n t  ope ra t ion  

of overs ized  u n i t s ,  as t h i s  i s  more economical than  more continuous 

ope ra t ion  of smaller u n i t s .  

The shape sepa ra t ion  equip- 

3.4.2 Resin Loading Flowsheet Development - J. H. Sha f fe r ,  P. A .  Haas, 
J. P. Drago, R. H. Rainey, and D.  A. Costanzo 

The r e s i n  loading  r e a c t i o n  i s  an  exchange r e a c t i o n ,  which can be 

w r i t t e n  as fo l lows ,  where R r e p r e s e n t s  t h e  carboxyl ic  a c i d  c a t i o n  r e s i n  

and t h e  r e s i n  i s  i n  t h e  hydrogen (HR) form: 

Metal forms of t h e  r e s i n  such as NaR o r  MgR2 are no t  accep tab le ,  as 

unexchanged m e t a l s  remain as unacceptable  i m p u r i t i e s  i n  t h e  carbonized 

product .  

loaded r e s i n  should be  v o l a t i l i z e d  dur ing  carboniza t ion .  The exchange 

of  U 0 2 2 +  w i th  t h e  hydrogen form of t h e  r e s i n  [ E q .  (l)] reaches equi l ibr ium 

The ammonium form i s  a p o s s i b l e  a l t e r n a t e ,  as any NHI++ i n  t h e  
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a t  low H+ c o n c e n t r a t i o n s ,  and h i g h  l o a d i n g s  o f  uranium are p o s s i b l e  o n l y  

when t h e  H+ i s  removed by some o t h e r  r e a c t i o n .  The i n i t i a l  development 

of  l o a d i n g  f l o w s h e e t s  f o r  t h e  c a r b o x y l i c  a c i d  r e s i n s  w a s  by a d d i t i o n  of 

U 0 3  t o  react w i t h  t h e  H+ and g i v e  a c i d - d e f i c i e n t  u r a n y l  n i t r a t e  so lu-  

t i o n s .  l 1  7 l 4  

d e t e r m i n a t i o n  of e q u i l i b r i u m  and k i n e t i c  d a t a  f o r  exchange r e a c t i o n s ,  

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

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

The cont inued  development o f  r e s i n  l o a d i n g  f l o w s h e e t s  inc luded  

3 .4 .2 .1  Equi l ibr ium of  Uranyl Nitrate  S o l u t i o n s  w i t h  Carboxyl ic  Acid 
Cat ion  Exchange Resins  

The HTGR Fuel  R e f a b r i c a t i o n  P i l o t  P l a n t  w i l l  u s e  b a t c h  l o a d i n g  of  

weak-acid r e s i n  p a r t i c l e s  from a f lowing stream of a c i d - d e f i c i e n t  u r a n y l  

n i t r a t e  s o l u t i o n ,  T’ne e f f l u e n t  stream w i l l  b e  p a r t i a l l y  d e n i t r a t e d  by 

s o l v e n t  e x t r a c t i o n  and c o n c e n t r a t e d  by e v a p o r a t i o n  f o r  r e c y c l e  w i t h  t h e  

f e e d  s o l u t i o n .  Measurements of  e q u i l i b r i u m  c o n s t a n t s  f o r  t h e  r e s i n  

l o a d i n g  r e a c t i o n s  are  needed f o r  e n g i n e e r i n g  des ign  and f o r  e s t a b l i s h i n g  

p r o c e s s  parameters  r e q u i r e d  f o r  q u a l i t y  c o n t r o l  of t h e  product .  Experi-  

mental  r e s u l t s  w e r e  o b t a i n e d  a t  a r e a c t i o n  tempera ture  of 30°C on Amberl i te  

IRC-72 and D u o l i t e  C-464 i o n  exchange r e s i n s  as p a r t  o f  a s y s t e m a t i c  s t u d y  

of  t h i s  p r o c e s s .  

The v a r i o u s  tes ts  r e q u i r e d  f o r  t h i s  s t u d y  were conducted as s m a l l  

b a t c h  l o a d i n g  o p e r a t i o n s  i n  which t h e  u r a n y l  i o n  c o n c e n t r a t i o n  w a s  v a r i e d  

w i t h  r e s p e c t  t o  f i x e d  n i t r a t e  i o n  c o n c e n t r a t i o n  and r e s i n  volume. S i m i l a r  

tests a t  d i f f e r e n t  n i t r a t e  i o n  c o n c e n t r a t i o n s  w e r e  conducted t o  examine 

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

Experimental  r e s u l t s  w e r e  d e r i v e d  from chemical  a n a l y s i s  on r e s i n  and 

s o l u t i o n  samples ,  from pH measurements on t h e  s o l u t i o n  a t  r e a c t i o n  temper- 

a t u r e ,  and from material  b a l a n c e  d a t a .  

Resin l o a d i n g  w i t h  d i v a l e n t  u r a n y l  i o n  w a s  expressed  as r e a c t i o n  (1). 

The e q u i l i b r i u m  q u o t i e n t ,  KQ, w a s  determined by l i n e a r  r e g r e s s i o n  a n a l y s i s  

of t h e  exper imenta l  d a t a  accord ing  t o  t h e  e q u a t i o n  

I n  [a*H+]2/[U022f] = I n  [HRI2/[UO2R2] f I n  KQ . 



Concentrati .on te rms  f o r  t h e  r e s i n  phase w e r e  a r b i t r a r i l y  expressed  as 

moles of uranium and hydrogen i o n  p e r  l i t e r  oE wet r e s i n  i n  hydrogen 

form. Aqueous uranyl i o n  was expressed as molar  c o n c e n t r a t i o n s ,  and 

approximate hydrogen i o n  a c t i v i t i e s  were c d c u l a t e d  f rom pH measurements 

u s i n g  a Corning serri imicru combinat ion e l~e .c t rode  s t a n d a r d i z e d  a t  pH = 2 

w i t h  c e r t i f i e d  KC1-HC1 b u f f e r  s o l u t i o n .  T y p i c a l  resu1 . t~  o b t a i n r d  f r o m  

t h e s e  a n a l y s e s  f o r  Arnherli te IRC-72  r e s i n  are shown i n  F i g .  3 .3 .  Equi1i.- 

brium q u o t i e n t s  o b t a i n e d  on t h i s  r e s i n  toge ther  w i t h  u n c e r t a i n t y  limits 

a t  95% conf idence  are shown i n  Table  3.3.  Corresponding v a l u e s  o b t a i n e d  

f o r  D u o l i t e  C - 4 6 4  r e s i n  are a l s o  shown i n  Table 3 . 3 .  The most: probable  

e i?XOK i n  t h e s e  d e t e r m i n a t i o n s  was recognized  as the actual c a p a c i t y  of 

t:hi? r e s i n  a l i q u o t  used i n  each  tes t .  Accordihgly,  t h i s  v a l u e  was t r e a t e d  

as an a d j u s t a b l e  parameter i n  the! l e a s t  squares  e v a l u a t i o n .  The d a t a  

p r e s e n t e d  i n  t h e  t a b l e  r e f l e c t  r e s i n  loadi.iig capaciti-es of 3-18  k 0.07  

e q u i v a l e n t s  p e r  l i t e r  f o r  Amberlite IRC-72  and 2.74  ? 0.14 e q u i v a l e n t s  

per l i t e r  f o r  D u o l i t e  C-464.  

ORNL CWG 75-5423 ___ ___ E= 1 NORMAL 1 Kg 4.04 10-4 

Fig .  3.3. Equi l ibr ium D i s t r i b u t i o n  01 R e a c t a n t s  ]Airing Loading 
of  Amber l i te  IKC-72 with Uranium From Uranyl  Nitrate S o l u t i o n  a t  30'C. 
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Tab le  3.3 .  V a l u e s  f o r  Equi l ibr ium Quot ien ts  Calcu la ted  f o r  the Uranium 
Loading of  Carboxylic Resin from Uranyl Nitrate So lu t ion  a t  30°C 

Nitrate 
1 on 
( N )  

L i m i t s  on Kg 
..... 

Upper 1,ower KQ 

Amberlite IRC-72 
0.2 1.8 x i o +  3.0 x 10-4  1.1 x 10-4 

2.0 x 1 0 - 4  0 . 6  2 . 6  x lo-' 3 . 2  x io-'+ 
1 . 0  4.0  x lo-" 5.0 x lo-'' 3 .2  x 10-4  

1.6 1.4 x 1.8 x l o w 3  1.0 x 

2.0 2.9 Y 1 0 - 3  4 . 6  x 1 0 - ~  1.8 x 

2.5 8.7 x 10-~ 1.8 x 4 . 2  x 

0 . 2  7 .0  x 4 - 8  x i o L 4  1 . 9  x 1 0 - ~  

0.6 5.6 x io-'+ 1 . 3  x 2 . 5  x io-'+ 
1.0 9.7 x lo-'+ 2.0 x 4.7 x io-'+ 
1 . 6  2 . 1  x 7 . 3  x i o c 3  9.8 x 1 0 - ~  

2.0 3 . 7  x 1 0 - ~  6 . 2  x 2.2 x 

2.5 1 . 2  x 10-2 1 . 9  x io-' 7 . 2  x 

Duolite C-464 -. 

_Y.. - ..._. 

The s i m i l a r  chemical behavior  of Amberli te TKC-72 and Duo l i t e  C-464 

r e s i n s  i n  t h e  exchange r e a c t i o n  i s  i l l u s t r a t e d  i n  Fig.  3.4 .  The e f f e c t s  

of n i t r a t e  i on  concen t r a t ion  on values  f o r  t h e  equi l ibr ium q u o t i e n t s ,  

as noted i n  Table 3 . 3 ,  are a l s o  shorn as a continuous func t ion  over  

the range 0 . 2  t o  2.5 N NO3 . Although t h i s  behavior  may be  assigned t o  

c u r r e n t  concepts  of hydro lys i s  i n  uranyl  n i t r a t e  s o l u t i o n s ,  a quan t i t a -  

t ive  eva lua t ion  could n o t  be  achieved. Fu r the r  examination of t h e s e  

effects w i l l  be  made as d e s c r i p t i o n s  of t h e  e q u i l i b r i a  a t  h igher  tempera- 

t u r e s  are obta ined .  

- 

These experiments a t  40 axid 50°C are i n  progress .  

3.4 .2 .2  Resin Loading Kine t i c s  

Development of  t h e  r e s i n  loading  process  for  t h e  HTGK Fuel Refabri-  

c a t i o n  P i l o t  P l a n t  is  based on ba tch  con tac t ing  of commercially a v a i l a b l e  

weak-acid c a t i o n  exchange r e s i n  (hydrogen form) wi th  uranyl  n i t r a t e  feed 

s o l u t i o n .  Process  c o n t r o l  parameters  w i . l l  be  based on measurements of 
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NITRATE I O N  CONCENTRATION ( N )  

F i g .  3.4.  Effec t  of -Nitrate  Ion Concentrat ion on t h e  Equilibriuni 
Quotieiat f o r  Loading Weak-Acid Resin froiii Uranyl Nitrate Solu t ion  a t  30°C.  

uranium content  and s o l u t i o n  a c i d i t y  (pH) of t h e  aqueous f e e d  and 

eff1.iient st:rea.ms and r e l a t e d  co  t he  s t a t u s  of res i .n  I-oading by comparison 

wi. th  data obtained f rom p r i o r  measurements of r e a c t i o n  e q u i l i b r i a .  The 

contac t  per iod i s  planned t o  ensure uniform d i f f u s i o n  of uranium i n t o  

tile spherical. - res in  beads.  Since process  parameters t h a t  a f f e c t  the 

kl.net.ixs of t h e  r e s i n  loading exchange react i -on could have a d i r e c t  

e f f e c t  on the time a l l o t t e d  f o r  the loading c y c l e ,  an experimental  

prog.r;un was s t i l r t e d  t o  eva lua te  r e l a t i v e  r e a c t i o n  rates under s imulated 

process cond i t ions .  

The renct..ion vessel .  f o r  experiments conducted thus Ear w a s  R 

smal.l j acketed col.urnn cons t ruc ted  from a 2.50-m8 g l a s s  b u r e t  t h a t  w a s  

f i t t e d  with a poroiis g l a s s  p l a t e  f o r  r e t e n t i o n  of t h e  r e s i n .  The column 

was loaded wi th  s e l e c t e d  volumes of s i z e d  Amberli te IRC-72 r e s i n  i n  i t s  

hydrogen form. Uranyl n i t r a t e  stock s o l u t i o n s  w e r e  prepared a t  three 

concent ra t ions  ( O B % ,  1 . 1 5 ,  l . 8  IV N03-1 by s a t u r a t i o n  wi th  s o l i d  U03 a t  

room temperature .  The feed  s o l u t i o n  f o r  each test  w a s  f i l i e r e d  from t h e  

csrrespondiag stock s o l u t i o n  j u s t  be fo re  use and was sampled f o r  chemical 

a n a l y s i s  of  uraniim and nitrate i on  con ten t s  e For exper Fmental expedience 



t h e  f e e d  s o l u t i o n  w z s  fed  downflow through t h e  r e s i n  bed a t  a c o n t r o l l e d  

f low by means of  a f i n g e r  pump. 

monitored f o r  a c i d i t y  by measurements of  pR and w a s  sampled a t  p e r i o d i c  

i n t e r v a l s  f o r  chemical  a n a l y s i s  o f  i t s  uranium and i1itrat.e i o n  c o n t e n t s .  

The r e a c t i o n  tempera ture  w a s  main ta ined  c o n s t a n t  a t  30°C by r e c i r c u l a t i n g  

w a t e r  from a t h e r m o s t a t i c  b a t h  through t h e  o u t e r  a n n d u s  of t h e  column 

and through a h e a t  exchanger on t h e  f e e d  stream. 

The  c o l m n  e f f l u e n t  w a s  c o n t i n u o u s l y  

Although mathemat ica l  c o r r e l a t i o n  of  t h e  d a t a  is incomple te ,  prel im- 

i n a r y  examjnat ion of t h e  d a t a  show t h a t  t h e  r e a c t i o n  ra te  depends s t r o n g l y  

o n  t h e  m a s s  f l o w  r a t e  of uranium i n  t h e  system. The e x i s t e n c e  of a con- 

c e n t x a t i o n  g r a d i e n t  of  uranium through t:he bed d u r i n g  l o a d i n g  w a s  

recognized;  however, t h i s  c o n d i t i o n  w i l l  al.so p r e v a i l  i n  t h e  engineer ing-  

scale p r o c e s s .  Flow c o n d i t i o n s  were chosen t o  y i e l d  r a p i d  breakthrough of 

uranium i n t o  t h e  column e f f l - u e n t .  The d a t a  were c a l c u l a t e d  as average  bed 

c o n c e n t r a t i o n s ,  and t h e  e f f e c t  of bed dept:ii w a s  t r e a t e d  as a separate 

p r o c e s s  parameter .  

4 

Express ions  of t h e  exper imenta l  d a t a  a c c o r d i n g  t o  convent iona l  ra te  

e q u a t i o n s  i n d i c a t e  t h a t  t h e  l o a d i n g  p r o c e s s  f o l l o w s  a complex o r d e r .  The 

r e a c t i o n  sate i s  i n i t i a l l y  c o n t r o l l e d  by t h e  feed  ra te ,  fo l lowed by 

second-order c o n c e n t r a t i o n  dependence and t h e n  by an a p p a r e n t  d i f f u s i o n  

p r o c e s s .  S i n c e  t h i s  l a t t e r  p r o c e s s  ~i.11 r e g u l a t e  t h e  imifoim d i s p e r s i o n  

of uranium i n  t h e  r e s i n  pa r t i c l e  and ,  consequent ly ,  d i r e c t l y  a f f e c t  q u a l i t y  

c o n t r o l  of the  p r o d u c t ,  a more r e f i n e d  exper imenta l  t e c h n i q u e  i s  under  

development t o  b e t t e r  c h a r a c t e r i z e  t h i s  phase of  t h e  r e s i n  l o a d i n g  p r o c e s s .  

T h i s  exper imenta l  t e c h n i q u e  w i l l  examine t h e  l o a d i n g  c h a r a c t e r i s t i c s  as 

f u n c t i o n s  o f  u r a n y l  n i t r a t e  c o n c e n t r a t i o n  and p a r t i c l e  d i a m e t e r .  ‘Che 

d a t a  should  a l s o  p r o v i d e  a d i r e c t  measure of  uranium l o a d i n g  p e r  res in  

p a r t i c l e  r a t h e r  t h a n  average  h a t c h  c o n c e n t r a t i o n s .  

3 . 4 . 2 , 3  Drying o f  Uranium-Loaded Resin 

The ui-anium-loaded r e s i n  i s  d r i r d  t o  s i m p l i f y  handl ing  and t r a n s f e r  

and t o  m e e t  t h e  requi rements  f o r  t h e  c a r b o n i z a t i o n  feed .  The uranium- 

loaded  Amber-lite IRC-72 c o n t a i n s  25  110 30 w t  2 water when d r a i n e d  b r i e f l y  

on a f i l t e r  o r  s c r e e n .  Our d r y i n g  r e s u l t s  are expressed  i n  l o s s  on d r y i n g  

(LOD) i n  weight  p e r c e n t  when r e s i n  i s  d r i e d  t o  approximate e q u i l i b r i u m  



i n  ambient a i r  a t  l l O ° C ;  t h a t  i s ,  material  a1.ready d r i e d  to l l 0 " C  i n  

a i r  has 0 w t  2 LOD. Some of t h e  water is  c h e m i c a l l y  bonded o r  absorbed ,  

so that ze ro  LOD does n o t  riiean z e r o  water e o n t e n t .  

T h e  optimum w a t e r  c o n t e n t  f o r  uranium-loaded Amber l i te  IRC-72 

appears t o  be 10 t o  1 5  w t  % LOD. Above 20% L O U ,  res in  part:icles s t i c k  

t o g e t h e r  f r o m  the e f f e c t s  of m o i s t u r e .  LOW LODs were i n i t i . a l l y  p r e f e r r e d  

t o  m i n i m i z e  the introduct:i.on of water i n t o  t h e  c a r b o n i z a t i o n  of f -gas  

systeml. But uraniurn-loaded r e s i n  d r i e d  t o  less t h a n  1.0% LOD shows 

d e t e c t a b l e  s t a t i c  c h a r g e  e f f e c t s ,  which were very t roublesome f o r  0 t o  

2 %  L8OD, The addi.tion of  g r a p h i t e  powder t o  c o a t  t h e  r e s i n  can a l l ev ia t e  

the c h a r g e  effects, but  less conipl-ete d r y i n g  t:o leave 1.0 t:o 15% LOI) i s  

p r e f e r r e d  .. 
Uranium-loaded Amberlice. IRC-72 i n  c..quil-ibrium w i t h  anibient air w i l l  

g e n e r a l l y  show 11 t o  13% LOD. Water p r e s e n t  i n  the samples w i t h  T,OD o f  

greal:er t h a n  13% is  e a s i l y  removed and probably  f i l l s  l a r g e  pores  i n  the  

r e s i n .  The loaded  r e s i n  d r i e d  t o  about  zero  LOD a t  1.10 t o  1 2 0 ° C  w i l l  

produce steam when added t o  water; t h i s  i n d i c a t e s  water of h y d r a t i o n  or 

cliem-ikal react i o n .  

3 .4 .2 .4  Steam S t r i p p i n g  of  N i t r i c  Acid froui Mol-ten IJranyl. N i t r a t e  

P a r t i a l  thermal  d e n i t r a t i o n  of- u r a n y l  n i t r a t e ,  o r  3 steam s t r i p p i n g  

of  n i - t r ic  a c i d  from mol ten  u r a n y l  n i t r a t e ,  w a s  cons idered  as a n  a l t e r n a t e  

p r o c e s s  f o r  producihg t h e  a c i d - d e f % c i e n t  u r a n y l  n i t r a t e  s o l u t i o n .  Thermal 

d e n i t r a t i o n  t o  UO3 can h e  completed a t  300°C. Excess n:i.tric a c i d  ( f o r  

~03-/U r a t i o s  g r e a t e r  t h a n  2)  can  b e  d i s t i l l e d  from b o i l i n g  u r a n y l  n i t r a t e  

s o l u t i o n s .  T h e  proposed p r o c e s s  a t  t e m p e r a t u r e s  i n t e r m e d i a t e  t o  t h e  

preceding  o p e r a t i o n s  would r e s u l t  i n  t h e  f o l l o w i n g  overal.1. r e a c t i o n :  

The steam d e n i t r a t i o n  would have t h e  f o l l o w i n g  advantages  over t h e  o t h e r  

p r o c e s s e s  f o r  provid ing  a c i d - d e f i c i e n t  s o l u t i o n s :  

1. The f l o w s h e e t  r e q u i r e s  fewer o r  s ixipler equipment components 

t h a n  e i t h e r  s o l v e n t  e x t r a c t i o n  of n i t r a t e  or t h e  complete  t h e r ~ ~ a l  deni -  

t r a t i o n  t o  UO3.  
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2. It does n o t  r e q u i r e  i n - c e l l  u s e  of a flammable sol-vent. 

3 .  The uran:i.um-free n i t r i c  a c i d  i s  a n  optimum for-tit o f  n i t r a t e  

was tr e. 

The steam d e n i t r a t i o n  process  was investigated i n  t w o  t y p e s  of  

t es t  systems. Batch o r  semibatch l a b o r a t o r y  s t u d i e s  were c a r r i e d  o u t  

i n  glass equipment. Then t h e  process  wa.s tested i n  a stainless steel ,  

n a t u r a l  convec t ion  e v a p o r a t o r  loop o p e r a t e d  with 20 t o  100 ml/min 

u r a n y l  n i t r a t e  s o l u t i o n  f e e d  and a cont inuous  d i s c h a r g e  of  t h e  product  

(Fig.  3 . 5 ) .  

250-PSIG 
STEAM , 
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rE 

STEAM- PRESSURE HEGWL4TOR 
VAPOR SEPARATOR ( 3 i n .  x 9 i n . l  
CONDENSER 
HEAT EXCHANGERS, 5 / 8  - i n .  TUSING. I-in.-IPS JACKET 
FLOWMETER 
CENTRIFUGAL PUMP 
6-in.- ID PYREX U02(N0312 SOLUTION TANK 
I-in.-IPS PIPE 
THERMOCOUPLE 

MATERlALSc 304 OR 316 STAINLESS STEEL IN CONTACT WITH 
SOLUTION: LOOP 548-in. TUBING OR AS SHOWN 

Fig .  3 .5 .  Thermal D e n i t r a t o r  (Steam S t r i p p i n g  of K W 0 3 )  f o r  Uranyl 
Nit rate  S o l u t i o n s .  M u l t i p l y  dimensions by 25.4 t o  conver t  t o  millirrteters. 
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The p repa ra t ion  of  ac id -de f i c i en t  uranyl  n i t r a t e  by a steam 
s t r i p p i n g  or p a r t i a l  thermal d e n i t r a t i o n  process  i s  no t  as s i m p l e  as 

had been hoped i n i t i a l l y .  High uraa im concen t r a t  ions and b o i l i n g  

1~0i1-1ts above 1 4 O o C  a r e  r equ i r ed  t o  g ive  u s e f u l  a c i d  d e f i c i e n c i e s .  

t h e  N03-/U r a t i o  i s  reduced, IJO3 p r e c i - p i t a t e s ,  and tlie process  produces 

n s l u r r y  of uo3 i n  uranyl  n i t r a t e .  The cond i t ions  t h a t  r e s u l t  i.11 

p r e c i p i t a t i o n  are u n c e r t a i n ;  however, no p r e c i p i t a t i o n  w a s  observed f o r  

N O ~ ' - - / U  r a t i o s  of  2.0,  bu t  p r e c i p i t a t e  w a s  p re sen t  i n  s o l u t i o n s  wi t11  

A s  

NO3.-/U r a t i o s  of 1 . 9  o r  s l - i g h t l y  lower. 

e a s i l y  when a g i t a t e d  i n  d i l u t e d  u rany l  n:i.trate s o l u t i o n s  a t  50 to  8O0C, 

i t  can s e t t l e  and be d i f f i c u l t  t o  resuspend. 

Although t h e  UQ3 dissol.vea 

The n i t r i c  a c i d  concen t r a t ions  i n  t h e  condensate  decreased r a p i d l y  
I 

w.th  dec reases  i n  t h e  feed  s o l u t i o n  N O 3  /U r a t i o s ;  t h e  condensate was 

0.05 t o  0.20 N HNO3 f o r  t h e  most likely process  cond i t ions .  Therefore ,  

ope ra t ion  t o  produce lower N03-/U r a t i o s  i s  more d i f f i c u l t  as a r e s u l t  

of s lower removal of n i t r a t e  and more p r e c i p i t a t i o n  o f  urantuiu. When 

t h e  f eed  s o l u t i o n  had a NO3-/U r a t i o  of 1 . 7 5 ,  the ex i t  s o l u t i o n  had a 

h ighe r  r a t i o  as a r e s u l t  o f  more removal (by p r e c i p i t a t i o n )  of uranium 

than  remclval of n i t r a t e  v i a  t h e  condensate.  

The molten uranyl  n i t r a t e  d i d  no t  create any s i . gn i f i can t  operat: ing 

d i f  f ' i cu l ty  f r o m  f r e e z i n g  o r  dur ing  d i l u t i o n  a f t e r  d i scharge .  The steam 

t r a c e  l i n e  along t h e  d i scha rge  l i n e  w a s  t o  a feed  p rehea te r  and w a s  not 

used during riiost o f  t h e  test opera t ion .  I n s u l a t i o n  w a s  removed f r o m  t h e  

v e r t i c a l  l e n g t h  of tub ing  below the overflow tee. T h e  molten sa l t  from 

t h i s  d i scha rge  dropped i n t o  t h e  c e n t e r  of t h e  uranyl n i t r a t e  s o l u t i o n  

tank and w a s  cooled and d i l u t e d  without  any v i s i b l e  accunx1at:Lons. 

Samples taken i n  g l a s s  b o t t l e s  s o l i d i f i e d  slowly (30 nzin t o  2 h r ) ,  

appa ren t ly  because of  supercool ing  and slow c r y s t a l l i z a t i o n .  Cireul.ation 

a f t e r  shu to f f  of steam w a s  e f f e c t i v e  f o r  d i l u t i o n ,  and t h e r e  we-re no 

s igns of plugging a t  the next  s t a r t u p  when t h i s  sliutdown procedure w a s  

followed. 

A f i n e ,  opaque, orange-.red s l u r r y  of  i r o n  p r e c i p i k t e  appeared 

suddenly as t h e  convect ion loop  w a s  ope ra t ed  a t  h ighe r  (148OC s t t z a m )  

temperatures  and a lower ( s l i g h t l y  below 2.0)  NQ3-/U r a t i o  than  fo r  
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previous  o p e r a t i o n  t h a t  d i d  n o t  resu1.t i n  a p r e c i p i t a t e .  F i l t r a t i o n  of  

t h e  s o l u t i o n  r e s u l t e d  i n  c o l l e c t i o n  o f  more t h a n  5 t i m e s  as much i r o n  

as w a s  i n  t h e  i n i t i a l  feed  s o l u t i o n .  -4pparent ly ,  c o r r o s i o n  occurred  

d u r i n g  o p e r a t i o n  w i t h  NO3--/U r a t i o s  o f  3 . 3  t o  2 .1 ,  and t h e  i r o n  p r e c i p i -  

t a t e d  d u r i n g  t h e  next  p e r i o d  of o p e r a t i o n  as a r e s u l t  o f  t h e  h i g h e r  

tempera ture  and/or  t h e  lower N03-/U r a t i o .  

o v e r  t h e  whole l o o p ,  i t  would correspond t o  an average  r a t e  o f  about  

0.2. i n .  (5  mm> p e r  y e a r .  I f  c o r r o s i o n  occurred  o n l y  i n  t h e  h e a t e r ,  i t  

would correspond t o  an  average  ra te  o f  about  1 i n .  ( 2 5  mm) p e r  y e a r .  

The c o n d i t i o n s  t h a t  might g i v e  e x c e s s i v e  c o r r o s i o n  wo1.il.d n e c e s s i t a t e  

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

material wou1.d b e  r e q u i r e d  i f  t h i s  p r o c e s s  were used. 

I f  t h i s  c o r r o s i o n  o c c u r r e d  

Measurements of t h e  d e n s i t y  and pII of  t h e  s o l u t i o n  samples prov:i.tled 

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

used f o r  p r e p a r a t i o n  of acid-def i c i e n t  u r a n y l  n i t r a t e .  These measure- 

ments were much less u s e f u l  on  d i l u t e d  thermal d e n i t s a t i o n  samples.  The 

e f f e c t s  o f  uranium p r e c i p i t a t i o n  d u r i n g  t h e  tests,  fol lowed by d i s s o l u t i o n  

d u r i n g  c i r c u l a t i o n  at t h e  end of t e s t  o p e r a t i o n ,  were n o t i c e a b l e  as 

d e n s i t y  i n c r e a s e s  and p1-I d e c r e a s e s .  The pH o f  a f r e s h l y  quenched a.nd 

d i l u t e d  sample was anomalous and i n d i c a t e d  h i g h e r  NO3 / U  r a t i o s  t h a n  

chemical  a n a l y s e s  o r  measurements of aged samples.  This  probably r e s u l t e d  

from slow h y d r o l y s i s  r e a c t i o n s ,  which were incomplete  i n  t h e  s h o r t  t i m e  

r e q u i r e d  f o r  c o o l i n g  and d i . l u t i r i g  t h e  molten u r a n y l  n i t r a t e .  

I 

The i n i t i a l  r e s i n - l o a d i n g  f l o w s h e e t s  f o r  t h e  c a r b o x y l i c  a c i d  c a t i o n  

exchange resi.ns were b a t c h  f l o w s h e e t s  tihat used U O 3  t o  p r o v i d e  ac:i.d- 

de f  ic:ient u r a n y l  n i t r a t e  1 1 , 1 4  This  t y p e  of b a t c h  o p e r a t i o n  could  be  

used w i t h  p a r t i a l .  thermal  d e n i t r a t i o n s  t o  p r e p a r e  b a t c h e s  of  U 0 3  s l u r r y  

from u r a n y l  n i . t r a t e .  

I n  s i i m a r y ,  steam s t r i p p i n g  o f  n i t r i c  a c i d  o r  p a r t i a l  thermal  

d e n i t r a t i o n  of  u r a n y l  n i t r a t e  produces a di . l .u te  (cO.2 W) n i t r i c  aci.d 

condensa te  and a s l u r r y  of 1103 i n  mol ten ,  s l i g h t l y  ac i -d-def ic ien t  

u r a n y l  n i t r a t e .  T h i s  U O 3  w i l l  r e d i s s o l v e  h i  d i l u t e d  u r a n y l  n i t r a t e  a t  

t t m p ~ r a t u r e s  below 100°C t o  produce h i g h l y  ac id-def ic i .en t  u r a n y l  n i t r a t e .  

N o  d i f f i c u l t i e s  r e s u l t e d  e i t h e r  from f r e e z i n g  of  t h e  molten UKanyl 
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n i t r a t e  o r  d u r i n g  d i l u t i o n  a f t e r  discharge. Excess ive  c o s m s i o n  of 

s t a i n l e s s  s teel  o c c u r r e d ,  h u t  t h i s  might n o t  b e  a problem i f  h igh  N03-/U 

r a t i o s  w e r e  avoided.  

- 
3 . 4 2 . 5  Loading f rom U022+-NH~+-N03 S o l u t i o n s  

O u r  c o n s i d e r a t i o n  of r e s i n - l o a d i n g  flowsheel::< f o . ~  3U r e c y c l e  had 

been l i h i t e d  t o  l o a d i n g  s o l u t i o n s  w i t h  u r a n y l  and hydrogen as t h e  o n l y  

s i g n i f i c a n t  c a t i o n s "  The aiimonium forms of t h e  c a r b o x y l i c  a c  i.d r e s i n s  

appear  t o  b e  tile oiily a t t r ac t ive  a1tc:rnat:ive t o  t h e  hydrogen f o r m s .  The 

advantage  t o  u s i n g  t h e  s a l t  forms  of  t h e  r e s i n s  i s  t h e  more f a v o r a b l e  

chemi.cal e q u i l i b r i u m s  f o r  exchange w i t l i  u r a n y l  s a l t s .  The rract : ion of  

t h e  hydrogen form of  t:he r e s i n  w i t h  a u r a n y l  salt: reaches  e q u i l i b r i u m  

a t  Low 3'' c o n c e n t r a t i o n s ,  and h i g h  l o a d i n g s  o f  uranium are possih1.e o n l y  

when t h e  11.'- i s  removed by some o t h e r  r e a c t i o n .  

amoniuni o r  monovalent. meta1.s ( L i ,  Na, K ,  e tc . )  a 1 . 1 0 ~ ~  much h i g h e r  

cooip1.etion of  t h e  exchange r e a c t i o n  t h a n  does 11'; many diva]-ent metals 

(e .  g . , Mg2 "> probably have more f a v o r a b l e  equilibriums f o r  l o a d i n g  t h a n  

II'. 

prodiuct nor  do t h e y  v o l a t j . l i z e  o u t  d u r i n g  c a r b o n i z a t i o n .  The fJ..owsheets 

t h a t  would e n s u r e  low iiietal c o n t e n t s  (o ther  t h a n  uranium) i n  t h e  I.oaded 

r e s i n  are ine:€.Cicient , e i t h e r  from t h e  v i-ewpoint of complexi.ty , incompl-ete 

u t i l i z a t i o n  of uranium w i t h  a metal-uranium w a s t e  r e c y c l e  s o l u t i o n ,  o r  

a n  excessive s a c r i f i c e  of uranium c o n t e n t  i n  t h e  loaded  r e s i n .  

i n  t h e  loaded  r e s i n  should  b e  v o l a t  il .izetl d u r i n g  c a r b o n i z a t i o n .  One 

l i m i t  p laced on NH,' c o n t e n t  i s  the arnourit t h a t  r e s u l t s  i n  

r e d u c t i o n  i n  uranium l o a d i n g ;  should t h e  format ion  of  uranium n i t r i d e s  

o c c u r ,  i t  would b e  o b j e c t i o n a b l e .  

The e q u i l i b r i u m  f o r  

None o f  t h e  metn1.s are a c c e p t a b l e  as impuri . t ies  i.n t h e  carbonjked 

Any NEIL+' 

s i . g n i f i c a n t  

The s t u d i e s  r e p o r t e d  h e r e  were f o r  a l i m i t e d  eval.uati.oiT o f  f l o w s h e e t s  

i n v o l v i n g  N[-It+'- f o r  use  wi1.h 233U02(N03)2 i n  t h e  rr.cyc1.e p i l o t  p l a n t .  

They were prompted by Genera l  Atomic. r e p o r t s  of good r e s u l t s  t h a t  w e r e  

o b t a i n e d  b y  u s i n g  t h e  ammonium form of D u o l i t e  C-464 r e s i n .  l 5  

p r e v i o u s l y  i n v e s t i g a t e d  t h e  use  of  ammonium-form r e s i n s  f o r  l o a d i n g  from 

u r a n y l  n i t r a t e  s o l u t i o n s .  

W e  had 
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Acceptable  loaded  composi t ions u s i n g  two c a r b o x y l i c  a c i d  r e s i n s  

are p o s s i b l e  w i t h  UOna+,  Ht-, and NH4’ p r e s e n t  as c a t i o n s .  

c o n d i t i o n s  must b e  careful . ly  s e l e c t e d  and c o n t r o l l e d  t o  d e a l  w i t h  two 

l i m i t a t i o n s .  

modera te ly  f a v o r a b l e ;  t h e r e f o r e ,  t h e  l o a d i n g  p r o c e s s  must be s t a g e d  t o  

g i v e  f a v o r a b l e  (h igh)  1702”/NH4+ r a t i o s  i n  e q u i l i b r i u m  w i t h  t h e  product  

r e s i n .  S i -gni f icant  d e c r e a s e s  i n  uranium l o a d i n g s  occur  f o r  s o l u t i o n  

WI+’/UO~~+ mole r a t i o s  g r e a t e r  t h a n  0.5. 

unacceptab le  p r e c i p i - t a t i o n  of  uranium o c c u r s  f o r  c o n d i t i o n s  c l o s e  t o  

t h o s e  n e c e s s a r y  f o r  good uranium r e c o v e r i e s  and l o a d i n g s .  These ~ W O  

l i m i t a t i o n s  c o n t r o l  t h e  c o n d i t i o n s  t e s t e d  and t h e  r e s u l t s  observed.  

The f lowshee t  

The l o a d i n g  of  U022’, as compared w i t h  N H k i ,  i s  o n l y  

The o t h e r  l i m i t a t i o n  i s  t h a t  

The r e s i n s  i n  t h e  ammonium form (100% NHbR, where R i n d i c a t e s  t h e  

c a r b o x y l i c  a c i d  c a t i o n  r e s i n )  hydro1.yze t o  g i v e  pH >10 i n  deminera l ized  

water; t h e r e f o r e ,  p r e c i p i t a t i o n  i s  v e r y  l i k e l y ,  and perhaps c e r t a i n ,  

when t h e  feed  r e s i n  i s  a l l  i n  t h e  ammonium form (100% NH4R). For 

Amber l i te  IKC-72 r e s i n ,  t h e  h y d r o l y s i s  o f  NH4R proceeds  fas ter  t h a n  t h e  

l o a d i n g  of t h e  U022+;  t h i s  r e s u l t s  i n  p r e c i p i t a t i o n  of uranium even 

though t h e  f i n a l  o v e r a l l  e q u i l i b r i u m  would n o t  g i v e  p r e c i p i t a t e d  uranium. 

The two-stage f lowsheet  u s i n g  Amber l i te  PRC-72 i n  t h e  ammonium form, 

and UO~(NO~)~-NW~NO~-NHI+OH s o l u t i o n  as t h e  f e e d ,  appears  i m p r a c t i c a l .  

P r e c i p i t a t i o n  of uranium i n  s o l u t i o n  can b e  avoided f o r  t h e  s a m e  f lowsheet  

u s i n g  D u o l i t e  C-464. Radiographs o f  one product  r e s i n  show d e n s i t y  

v a r i a t i o n s  c o n s i s t e n t  w i t h  t h e  presence  of p r e c i p i t a t e d  U 0 3  i n s i d e  t h e  

r e s i n .  T h i s  would b e  expec ted ,  s i n c e  t h e  pH must v a r y  i n  some co-ntinuous 

manner from t h e  s o l u t i o n  pH below 3.0 t o  above 7.0 i n s i d e  t h e  r e s i n  sphere  

f o r  r e s i n  o f  >90% NH4K. 

Analyses  of d r i e d  r e s i n  products  f o r  NK4+ corifirin t h a t  t h e  l o a d i n g  

of  U 0 2 2 f  i n  composi t ion w i t h  NH4+ i s  not h i g h l y  f a v o r a b l e .  

r a t i o s  U/NH4+ f o r  t h e  f o u r  r e s i n  p r o d u c t s  w e r e  4 t o  8 ,  and t h e  r a t i o  of 

(U/W4+)  resin / (U/NH4) s o l u t i o n  
t h e  t h r e e - s t a g e  l o a d i n g s  w i t h  NH4OH are i n  r e a s o n a b l e  agreement: w i t h  

t h e  d i f f e r e n c e  between t h e  expected c a p a c i t y  and t h e  uranium l o a d i n g s ;  

t h a t  i s  U O ~ ~ +  -t- N H ~ + ,  i n  m i l l e q u i v a l e n t s  p e r  m i 1 . l t j . i t e r ,  approximately 

e q u a l s  t h e  expec ted  t o t a l  c a p a c i t i e s .  

The mole 

i s  on1.y about 10, The NH4’ a n a l y s e s  f o r  

For  t h e  r u n s  w i t h  NH4-form r e s i n  
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feed, these t o t a l s  are l a r g e r  and ame i n  agreement w i t h  tlie presence  0.f 

p r e c i p i t a t e d  uranium i n s i d e  t h e  resin parlzicles. S a m p l e s  of carbonized  

r t?s in  show about  200 ppni N ,  compared w i t h  about 30 ppm N f o r  r e s i n  loaded 

wj.t:iiout N H ~ +  i.11 the u r a n y l  ni-trace solution. 

Acceptable  r e c o v e r i e s  of  U O n  '* from KH4N03 s o l u t i o n s  occurrci!tl o n l y  

f o r  f i n a l  solut: ion pii v a l u e s  of 4 .5  t o  6 ,  o r  f o r  r e s i n s  t h a t  w e r r :  20 t o  

48% i n  t h e  ammonium forur. For  tests w i t h  Amberlitc? LRC-72, 19% arid IOX 

m4R w e r e  p r e s e n t  w i t h  uranf .m i n  the s o l u t i o n ,  w h i l e  34% and 21.X NH4R 

r e s u l t e d  i n  a c c e p t a b l e  r e c o v e r i e s  o f  urarli .um. For tests w i t h  D m l . i t e  C-464 , 
t h e  f i r s t - s t a g e  material  balance i n d i c a t e s  about  50% NH4R i n  t h e  yroduct- 

r e s i n ,  b u t  t h i s  niay b e  more than  the f r a e t i - o n  requi.rcxl f o r  good uranium 

recovery .  A t  t h e  p r e f e r r e d  f:i.mil. pH v a l u e s  , t h e  s o l u b i . l i t y  o f  uranium 

i s  low, t h u s  allowing good recovery  of uranium. 

The a d d i t i o n  o f  NH4Ol.J t o  agital:ed r e s i n - s o l u t i o n  a p p e a r s  p r e f e r a b l e  

t:o u s e  o f  r e s i n  feed i n  t h e  armnonium form. I f  t h e  sol.r . i t ion-rrsin r e a c t i o n s  

are  revers i'oli 12 (approach e q u i l i b r i u m )  , e i t h e r  procedure can  g i v e  (:he 

d e s i r e d  r e s u l t s ,  and t h e  c o n t r o l  of  NH40H a d d i r i o n  provides  a .uiofe p o s i t i v e  

c o n t r o l  oE tlie end c o n d i t i o n .  The p r o c e s s  i s  less c o n t r o l l a b l e  i f  

i r r e v e r s i b l e  react  i o n s  occur ,  and i r r e v e r s i b l e  p r e c i . p i t a t i o i i  m u s t  b e  

avoided.  The u s e  of t h e  ammonium-form resin i n v o l v e s  three adjus tments  

of composition (washing r e s i n  t o  a r e p r o d u c i b l e  ammonium content  and 

tb7o s o l u t i o n  pll a d j u s t m e n t s )  . 
uo 2.t- and NHb" concentuat. i-ons and may be  more diffri.cu1.t t o  de te rmine  than  

the optimum pHs f o r  NI-140H a d d i t i o n  with t h e  r e s i n  piresent.  A s  compared 

w i t h  u s e  of  NH4R, a d d i t i o n  of XH~0i-l t o  the  so luLion-res in  mixture  id.l.ows 

b e t t e r  p r o c e s s  con t ro l  t o  avoid  either p r e c i p i t a t i o n  of uranium o r  l o s s  

of s o l u b l e  uranium. 

The optiinirrn s o l u t i o n  pRs  depend on t h e  

The d r i e d  uranium-loaded product  r e s i n s  f o r  the Elowsheet..; i n v o l v i n g  

NH,+* showed several d i f  f ereiices from the- p r o d u c t s  f o r  r e f e r e n c e  flowsheets 

without  NX4 . 
0.98 o f  the r e f e r e n c e  urani.um c o n t e n t s .  

NHL,OH a d d i t i o n s  gave 0.93 o r  0.95 of  t h e  r e f e r e n c e  uranium c o n t e n t s .  The 

prodrlcts from N1-11-1itR-form r e s i n  feed  showed some cracking which d i d  not  
O C C . I . I ~  i n  t h e  r e f e r e n c e  p r o d u c t s  or i n  HR-form res in  with NH40H add t t ions  e 

-4- The  two-sii:age l o a d i n g s  u s i n g  NHQR resin f e e d  gave 0 .95  t o  

The three-stage loa.dings u s i n g  
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Radiographs o f  p r o d u c t s  showed a h igh-dens i ty  o u t e r  s h e l l  ( o u t e r  20% 

of  r a d i u s )  f o r  Amberl i te  I K C - 7 2  i n  t h e  NH4LI. form as r e s i n  f e e d .  Other  

p r o d u c t s  d i d  n o t  show any d e n s i t y  s h e l l  e f f e c t s ,  b u t  t h e  t e c h n i q u e  used 

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

3 . 4 . 2 . 6  Loading of Weak-Acid Ion Exchange Resin w i t h  2 3 3 U  

Fuel  r e f a b r i c a t i o n  p l a n t s  f o r  WTGRS w i l l  u s e  233U as the r e c y c l e  f u e l .  

Head-end r e p r o c e s s i n g  of t h e  s p e n t  f u e l  e lements  w i l l  p r o v i d e  f o r  tlbe 

s e p a r a t i o n  of 2 3 3 U  from thorium and f i s s i - o n  products  and f o r  i t s  p u r i -  

f i c a t i o n  as a u r a n y l  n i t r a t e  f e e d  so lu t i .on  of  a f u e l  r e f a b r i c a t i o n  p l a n t .  

This  

a lpha)  and from t h e  decay c h a i n  of 

t h e  chemical  development of  t h e  r e s i n  1.oading p r o c e s s ,  l a b o r a t o r y  demon- 

s t r a t i o n s  w i t h  33U w e r e  d e s i r e d  t o  v e r i f y  t h e  appl - ica t ion  of t e c h n i q u e s  

used  f o r  r o u t i n e  r e s i n  l o a d i n g s  w i t h  both normal uranium and w i t h  h i g h l y  

e n r i c h e d  2 3 5 U .  

c o n t a i n i n g  less  t h a n  1 0  ppm 232U ( t o  axmid h i g h  gamma-ray a c t i v i t i e s  

encountered w i t h  h i g h e r  U c o n t e n t s ) .  With r e s p e c t  t o  r a d i a t i o n - i n d u c e d  

d e g r a d a t i o n  of t h e  r e s i n  mater ia l  and o x i d a t i o n  s t a t e  of  t h e  uranium, t h e s e  

glove box t e s t s  provided a n  e v a l u a t i o n  of t h e  shor t - te rm e f f e c t s  of 

i n c r e a s e d  a l p h a  a c t i v i t y  on t h e  r e s i n  l o a d i n g  p r o c e s s .  A subsequent  h o t  

c e l l  t e s t  was conducted t o  examine s h o r t - t e r n  e f f e c t s  of r a d i a t i o n  u s i n g  

aged 2 3 3 U  having  a 2 3 2 U  c o n t e n t  of  250 ppm a t  e q u i l i b r i u m  wi.th decay 

3U w i l l .  be r a d i o a c t i v e ,  b o t h  from i t s  own decay c h a i n  (rnain1.y 

3 2 U  ( a l p h a  p l u s  gamma). ,4s p a r t  of 

2 3 3 u  I n i t i a l  l o a d i n g s  were conducted i n  a g love  box w i t h  

2 3 2  

p r o d u c t s .  

The exper imenta l  p rocedure  used i n  a l l  tests fol lowed t h e  method o f  

UOJ a d d i t i o n  t o  a m i x t u r e  o f  t h e  r e s i n  ( i n  hydrogen form) and d i l u t e  

n i t r i c  a c i d .  l 1  

u r a n y l  n i t r a t e  s o l u t i o n  i n  e q u i l i b r i u m  w i t h  t h e  f u l l y  loaded  resin. 

S ince  2 3 3 U  ( < I O  ppm 232U) w a s  a v a i l a b l e  as a n i t r a t e  s o l u t i o n  p l u s  f r e e  

n i t r i c  aci.d, a n  i n i t i a l  p r e p a r a t i o n  of  s o l i d  UO3 was n e c e s s a r y .  The 

2 3 3 U  (250 ppm 232U) w a s  a v a i - l a b l e  as an  impure oxide  and a l s o  r e q u i r e d  

p r e c i p i t a t i o n  from n i t r i c  a c i d  s o l u t i o n  f o r  p u r i f i c a t i o n  and p r e p a r a t i o n  

o f  U O 3 .  The  r e s i n  w a s  loaded  a t  about  7 0 ° C  t o  i n c r e a s e  t h e  d i s s o l u t i o n  

r a t e  of t h e  s o l i d  U O 3 .  Ambient tempera tures  w e r e  used f o r  prolonged 

The UO3 a d d i t i o n  w a s  c a l c u l a t e d  t o  y i e l d  a n  a c i d - d e f i c i e n t  



129 

e q u i l i b r a t i o n  p e r i o d s .  Fol lowing t h e  l o a d i n g  r e a c t i o n ,  t h e  s u p e r n a t a n t  

w a s  removed by f i l t r a t i o n .  The loaded  r e s i n  product  w a s  washed f r e e  o f  

excess u r a n y l  n i t r a t e  w i t h  w a t e r  and d r i e d  w i t h  f o r c e d  a i r  a t  S l0"C  t o  

a f ree- f lowing  s ta te .  

I n  a n  ear l ie r  experiment  w i t h  2 3 3 U  (<IO ppm 232U) , uranium [presumably 

as hydrous U ( 1 V )  o x i d e ]  p r e c i p i t a t e d  d u r i n g  t h e  r e s i n  l o a d i n g  r e a c t i o n .  l 6  

S i n c e  t h i s  e f f e c t  w a s  a b s e n t  i n  p r e p a r a t i o n s  w i t h  both  normal uranium 

and h i g h l y  e n r i c h e d  2 3  %, r a d i a t i o n - i n d u c e d  r e d u c t i o n  of  t h e  hexavalen t  

uranium i o n  w a s  a p o s s i b l i t y .  Consequent ly ,  t h e s e  a d d i t i o n a l  t es t s  were 

conducted t o  de te rmine  r e s i n  l o a d i n g  c o n d i t i o i i s  t o  p r e c l u d e  i~ r i i i - t i~u im 

r e d u c t i o n .  The g l o v e  box exper iments  were des igned  t o  e v a l u a t e  the 

e f f e c t i v e n e s s  o f  an oxygen s p a r g e  i.n p r e v e n t i n g  t h e  r d i u c t i o n  of hexs- 

Val-ent uranium d u r i n g  t h e  r e s i n  l o a d i n g  p r o c e s s .  S a t u r a t i o n  w i t h  oxygen 

w a s  begun on a n  aqueous suspens ion  o f  the h b e r l . i t e  I K C - 7 2  r e s i n  i n  i t s  

hydrogen form and cont inued  d u r i n g  a d d i t i o n s  of n i t r i c  a c i d  and s o l i d  

UO3 and u n t i l  t h e  exchange r e a c t i o n  w a s  complete .  No ev idence  of  e x t r a -  

neous p r e c i p i t a t i o n  o f  uranium was observed .  A r e p e t i t : i o n  of  t h i s  

experiiiient w i t h  a n  a i r  s p a r g e  i n  p l a c e  of  oxygen a l so  f a i l e d  t o  y i e l d  

aiiy ev idence  o f  uranium r e d u c t i o n .  Addit  iona1l.y , t h e  loaded r e s i n  

remained quiescent i n  t h e  aqueous exchange media wi thout  a i r  s p a r g e  

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

o r  t h e  u r a n y l  n i - t r a t e  s o l u t i o n .  A t h i r d  experiment  was conducted w i t h o u t  

gas s p a r g e  as a dup1.i.cat:ion o f  t h e  o r i g l n a l  resi n--1.oatling o p e r a t i o n .  

Again,  there w a s  no ev idence  of  r e d u c t i o n  of u r a n y l  i o n  o r  any d e t e c t a b l e  

ev idence  of e x t r a n e o u s  p r e c i p i t a t i o n .  I n  each experi.mci!nt chem:i.c:al. 

a n a l y s e s  o f  t h e  d r i e d  r e s i n  product  showed t y p i c a l  v a l u e s  f o r  f u l l  l o a d i n g  

w i t h  uranium. 

From these r e s u l t s  , a l p h a  a c t i v i t y  a s s o c i a t e d  w i t h  3 U  does not  

d e t e c t a b l y  :i-ntroduce shor t - te rm d e g r a d a t i o n  of e i t h e r  t h e  i o n  exchange 

r e s i n  o r  t h e  u r a n y l  n i t r a t e  so lu t i .ou  d u r i  tig t h e  r e s i n  1.oadi.ng process .  

Observa t ions  o f  e x t r a n e o u s  p r e c i p i t a t i o n  noted  i n  t h e  o r i g i n a l  experiment 

could  n o t  b e  reproduced f o l l o w i n g  t h e  e s t a b l i s h e d  resi-n-loadi.ng procedure.  

Because of t h e  d i f  f i .c.ulty i-n prepara t i -on  of U 0 3  by peroxide  format ion  

and  thermal decomposi t ion i n  t h e  glove-box f a c i l i t y ,  t h e  observed 
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i r r e g u l a r i t i e s  of t h e  o r i g i n a l  experiment were assigi ied t o  t h a t  oper-  

a t i o n  - p o s s i b l y  t o  t h e  product ion  of U 3 0 8  at: l o c a l i z e d  h i g h  tempe'ratures 

d u r i n g  t h e  peroxide  decomposi t ion s t e p .  

To f u r t h e r  s u b s t a n t i a t e  tl-1-i.s c o n c l u s i o n  and t o  examine r e s i n  l o a d i n g  

at h i g h e r  r a d i a t i o n  levels ,  a n  experimental. l o a d i n g  was made w i t h  aged 

33U, which conta ined  approximately 250 ppm 32U i n  e q u i l i b r i u m  

w i t h  decay p r o d u c t s .  A h o t - c e l l  e n c l o s u r e  was r e q u i r e d  f o r  t h e  

experiment w i t h  about  30 g of  2 3 3 U  t o  a t t e n u a t e  gamma r a y s  a s s o c i a t e d  

w i t h  t h e  decay product  2 o  'T1. 0pera t i .ons  were performed w i t h  master- 

s l a v e  manipula tors .  I n s p e c t i o n  of t h e  resin l o a d i n g  process  used 

photographs t a k e n  through t h e  c e l l  p e r i s c o p e .  As i n  t h e  prev ious  exper i -  

ments ,  t h e r e  w a s  no detectab1.e ev idence  of ura.nium p r e c i p i t a t i o n  nor  of 

r e s i n  d e g r a d a t i o n ,  and t h e  r e s i n  was loaded  t o  i t s  normal c a p a c i t y .  

Although 233U having h i g h e r  2 3 2 0 -  c o n t e n t s  (about  500 ppm) is 

a n t i c i p a t e d  f o r  t h e  RTGR F u e l  Kefabr ica t  i.on Plamt , gamrna-ray i n t e n s i t i e s  

w i l l  b e  reduced by s e p a r a t i o n  o f  decay p r o d u c t s  just :  b e f o r e  tlie r e s i n  

h a d i n g  o p e r a t i o n .  Thus, tzhe r e s u l t s  observed from t h i s  h o t  c e l l  e x p e r i -  

ment probably do n o t  r e q u i r e  f u r t h e r  v e r i f i c a t i o n .  An exper imenta l  

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

on t h e  o r g a n i c  amine used f o r  n i t r a t e  e x t r a c t i o n  i n  t h e  r e f e r e n c e  p r o c e s s  

and t o  provide  r e s i n  product  f o r  e v a l u a t i o n  d u r i n g  c a r b o n i z a t i o n  and 

c o a t i n g  of  t h e  f u e l  k e r n e l s  a t  e l e v a t e d  tempera tures .  

3 . 4 . 3  Resin  Loading Equipment -I Developmenf;-- J.  P.  Drag0 and P .  A .  Haas 

The r e f e r e n c e  f lowshee t  f o r  r e s i n  1.oading with amine e x t r a c t i o n  of  

n i t r a t e  can b e  i n t e g r a t e d  i n t o  a n  e f f i c i e n t  system f o r  convers ion  of 

p u r i f i e d  3U02 ( N O 3 )  2 s o l u t i o n  i n t o  loaded  r e s i n  (F ig .  3 .) 6 )  . The n i t r a t e  

e x t r a c t i o n ,  amine r e g e n e r a t i o n ,  and r e s i n  l o a d i n g  s t e p s  o f  Fig.  3 . 6  

were demonstrated w i t h  a system assembled from components o f  ea r l ie r  

p r o c e s s  development programs. l 7  

a c i d - d e f i c i e n t  u r a n y l  n i t r a t e ,  l o a d i n g  of  r e s i n ,  and d r y i n g  of  r e s i n  

must be  o p e r a t e d  b e f o r e  f ina l -  d e s i g n  of hot  p i l o t  p l a n t  equipment can 

be accepted .  This  m u s t  p rovide  i n f o r m a t i o n  w i t h  respec t  t o  remote 

o p e r a t i o n ,  c o n t r o l  o f  c r i t i c a l i t y ,  mater ia l  a c c o u n t a b i l i t y ,  and i n t e r a c t i o n  

A complete system f o r  p r e p a r a t i o n  of  
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"ADIJN" INDICAYES ACID-DEFICIENT URANYL NITHATE (N03/U<2, MOLESAMOLE) 

Fig .  3 . 4 .  Schernatix Keference Flowsheet fo r  Res in  Loading. 

o f  i n d i v i d u a l  o p e r a t i o n s ;  such inEormation is  not  a v a i l a b l e  from t h e  

i n i t i a l  i n d i v i d u a l  i t e m s  used f o r  f lowshee t  development The rquipment 

development s t u d i e s  i n c l u d e  b o t h  t h e  t e s t i n g  of i n d i v i d u a l  components 

and t h e  o p e r a t i o n  o f  p a r t  o r  a l l  of  the i n t e g r a t e d  system. 

3 . 4 . 3 . 1  Demonstrat ion of Amine E x t r a c t i o n  

A c i d - d e f i c i e n t  uranyl. n i t r a t e  s o l u t i o n  can b e  produced by sol.vent 

e x t r a c t i o n  O F  t h e  n i t r a t e  u s i n g  l i q u i d  o r g a n i c  amines.  S i m i l a r  p r o c e s s e s  

have been used f o r  t h e  p r e p a r a t i o n  o f  o x i d e  so l s  from thorium arid 

uranium n i t r a t e  s o l u t i o n s .  

b a s i c  s o l u t i o n s  ( N a 2 C 0 3 ,  NaOH, or NBL+OR)  t o  r e g e n e r a t e  f r e e  amine f o r  

r e u s e ,  and the n i t r a t e  i s  d i s c h a r g e d  i n  t h e  form o f  w a s t e  soXutj.ons 

c o n t a i n i n g  NaNO3 o r  NWsN03.  By adding  an e v a p o r a t o r  t o  remove water 

(F ig .  3 . 6 )  a h i g h l y  e f f i c i e n t  c o n v e r s i o n  of  t h e  pur i . f ied  2 3  'U02 ( N 0 3 )  2 

s o l u t i o n  t o  loaded  r e s i n  i s  p o s s i b l e .  

9 l 9  The amine n i t r a t e  is  c o n t a c t e d  w i t h  

The n i t r a t e  extract ion,  amine r e g e n e r a t i o n ,  and r e s i n  l o a d i n g  s t e p s  

w e r e  demonstrated ( F i g .  3.7) w i t h o u t  p r o v i s i o n  f o r  the removal of  water 
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a R E S I N  b. NOS E X T R A C T I O N  
L O A D I N G  ( C U S P  S P R A Y  C O N T A C T O R )  c S O L V E N T  R E G E N E R A T I O N  ( S O L E X )  

F i g .  3 .7 .  T e s t  System f o r  Nitrate  E x t r a c t i o n  and Resin Loading. 

by e v a p o r a t i o n ;  t h u s  t h e  volume o f  u r a n y l  n i t r a t e  s o l u t i o n  i n c r e a s e d  as 

feed  s o l u t i o n  was added. The exper imenta l  were made t o  o b t a i n  

r e s u l t s  f o r  a n  i n t e g r a t e d  system w i t h  a minimum of equipment 01: chemical  

f lowshee t  development. Each of t h e  equipment components had been oper- 

a t e d  f o r  s imi l a r  purposes  i n  o t h e r  f l o w s h e e t s .  The e x t r a c t i o n  o f  n i t r a t e  

from u r a n y l  n i t r a t e  had been s t u d i e d  p r e v i o u s l y  i.a l a b o r a t o r y  equipment.  

The r e g e n e r a t i o n  o f  Amber l i te  LA-2" secondary aiiiine had been i n c l u d e d  a s  

p a r t  of sol.-gel demonst ra t ion  r u n s .  

uranium from a c i d - d e f i c i e n t  u r a n y l  n i t r a t e  s o l u t i o n s  t h a t  w e r e  0 . 2  t o  

0 . 6  LV i n  N O 3  had been i n v e s t i g a t e d  i n  ear l ie r  si:udi.es. 

2 0  

* The l o a d i n g  o f  r e s i n  w i t h  

1 1  __ 

The c o n d i t i o n s  p r e v i o u s l y  found t o  b e  s a t i s  f a c t o r y  f o r  t h e  o t h e r  

f l o w s h e e t s  were a p p l i e d  t o  t h e  r e s i n  l o a d i n g  demonst ra t ion  wi thout  any 

s y s t e m a t i c  o p t i m i z a t i o n  of var iables .  The c o n c l u s i ~ o n s  frorn t h i s  r e p o r t  

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

1 7  

~ t ' 1 ' r ~ A n m a r l r  n f  t h o  R n h m  a n d  Flanc: f n m n n n v  
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A s t e p  i n  which ni t ra te .  i s  e x t r a c t e d  by a l i q u i d  
o r g a n i c  amine can  be i n t e g r a t e d  i n t o  an  a t t r ac t ive  f lowshee t  
f o r  p r e p a r i n g  r e s i n  based  IITGR f i s s i l e  k e r n e l s  c o n t a i n i n g  

a n  optimum loading  o f  uranium on a c a r b o x y l i c  a c i d  cati.on- 
exchange r e s i n .  Water i s  removed as condensa te  from a n  
e v a p o r a t o r ,  and t h e  amine n i t r a t e  i s  r e g e n e r a t e d  t o  f r e e  
amine by r e a c t i o n  w i t h  NaQR-Na2C03  ( o r  NIisOtI) sol.ut:ion t o  
g i v e  wastes wit.1-i low u r a r i i m  1-osses . 

The n i t r a t e  e x t r a c t i o n ,  r e s i n  l o a d i n g ,  and amine 
r e g e n e r a t i o n  s t e p s  of t h e  i n t e g r a t e d  f l m w s h e e t  w e r e  derrmn- 
s t r a t e d  i n  1 4  runs (Table  3 . 4 )  u s i n g  components assembled 
from o t h e r  developmental  s t u d i - e s .  A l l  of  the r e s i n  l o a d i n g  
tests were coiiipl-eted as pla.tined; no s i .gn . i f ican t  o p e r a t i n g  
d i f f i c u l t i e s  were encountered .  Uranium t h a t  i s  e x t r a c t e d  
o r  e n t r a i n e d  i n t o  the orgatiic i s  e a s i . l y  recovered  by a 
water s c r u b ,  which i s  r e t u r n e d  t o  t h e  u r a n y l  n i t r a t e  s o l u t i o n  
t a n k .  The process  equipment components a l s o  demonstrated 
c r i t i c a l l y  s a f e  dimensions f o r  t h e  FRPP c a p a c i t y  of  4 kg of 

3U.  This  s t e p  p r o v i d e s  acid-def  i c ien t  u r a n y l  n i t : ra te  f o r  

U p e r  b a t c h .  2 3 3  

The p r o c e s s  i s  control. led via  i.n-li ne pll measurements 
of  i n l e t  and e x i t  so1uti.on.s.- The n i - t r a t e  e x t r a c t i o n  i s  
regul.ated so as t o  a v o i d  NO3 /1J mole ra t ios  bel.ow 1 . 6  and 
t h u s  p r e v e n t  any p r e c i p i t a t i o n  of UO3. The 1oadin.g of r e s i n  
i s  completed by m a i n t a i n i n g  f a v o r a b l e  e x i t  s o l u t i o n  pFI v d u e s  
f a r  a t  l ea s t  1 h r .  The dependabi l - i ty  o f  i n - l i n e  pII i n s t r u -  
menta t ion  needs t o  b e  demonstrated i n  a planned engineer ing-  
s c a l e  r e s i n  l o a d l n g  system. 

so l .u t ion  vs NO3---/U mole r a t i o s ,  r e s i n  l o a d i n g  k i n e t i c s ,  r e s i n  
dry ing  r e q u i r e m e n t s ,  and o t h e r  r e s i n  l o a d i n g  p r o c e s s  informatior i .  
It a p p e a r s  thaii 1 0  t o  1 5  w t  Z w a t e r  i n  t h e  d r i e d ,  uranium- 
loaded r e s i n  may b e  a p r e f e r r e d  v a l u e  s i n c e  compI.etely d r i e d  
r e s i n  e x h i b i t s  s t a t i c  c h a r g e s  which make hand]. ing and t r a n s f e r  
more d i f f i c u l t .  None of t h e  o t h e r  p r o c e s s  i n f o n n a t i o n  i n d i c a t e s  
any unexpected requi rements  o r  unusual  d i . f f i c u l t i e s .  

InformaCion w a s  developed on pH v a l u e s  f o r  uranyl. n i t r a t e  

3 .4 .3 .2  Drying Uranium-Loaded Resin 

Improved handl ing  p r o p e r t i e s  o f  uranium-loaded r e s i n  have been 

observed when t h e  r e s i n  h a s  a r e s i d u a l  m o i s t u r e  c o n t e n t  w i t h i n  t h e  range 

10 t o  18 wt %. Methods of d r y i n g  tlre loaded r e s i n  to a uniform and 

r e p r o d u c i b l e  ino is ture  c o n t e n t  have been i n v e s t i g a t e d .  These methods art: 

s t a t i c  bed,  f l u i d i z e d  bed,  and microwave d r y e r s .  

Urat>:i.um-loaded res i n  (approximately 8 .5- l i  t e r  b a t c h e s )  h a s  been 

d r i e d  f o r  r o u t i n e  product  p r e p a r a t i o n  i n  a d r y e r  f a b r i c a t e d  from a 



Table 3 .4 .  Loading of Natural Uranium on Amberlite IRC-72 Resin 
Flowsheet : Reference v ia  &Line Zxtraction o f  Nitrate 

Loading 
T b e  
(h r )  

R e s i n  Feed Loaded Resin Final S o l u t i o n  

N03-/U iiun S i z e  Volume We i gi; t U Concent m e q  U U Con,:. 
( u m j  (liters) (g> ( w t  %) xi11 R e s i n  (14) '' Mole R a t i o  

R O 1  
KO 2 
R 0 3  
R04 
305 
R06 
RO 7 
RO 8 
R09 
R10 
R11 
XI 2 
31 3 
R14 

Uns i z e d  

Unsized 
Unsized 

53G t 100 
590 2 1 0 0  
590 * 100  
590 * 100  
590 2 100 
590 i. 100 
560 * 60 
550 5 6 0  
56G 2 60 
560 I 60 

uns i z e a  
rb . a 
7.05 
5 . 9  
6 .7  
7.45 
7 .35  
7.2 
8.1 
7.4 
5 . 0  
8 .1  
8 . 5  
8 .4  
7 .8  

3 , 8 7 1  
5 ,392  
4 , 8 1 3  
5,43G 
5 , 826 
5 ,954  
5 ,668  
6 , 335 
5 , 4 1 0  
3,944 
6,173 
6 394 
6 , 2 7 3  
5 , 4 6 5  

4 6 .  77 3 . 1 7  0 .31 2.65 
46 .26  2.97 0 .32  2.60 

3.16 0 . 2 5  2.85 46.06 
4 5 . 0 3  3.13 0.17 3.05 
4 6 . 4 0  3.05 0.24  2 . 8 8  

3.19 0 . 2 3  2.94 46.87 

47 .83  3.17 0 . 2 1  2.90 
46.0 2 .83  0 .15  2 . 9 8  
4 6 . 6 1  3 .09  0 .10  3.18 

49 .66 ,  49 .35  3.18 9.22 2 .88  

47.74 3.00 G.09 3.10 
46.14 2.72 0.03 3 .15  

46 .08  3.05 0 .22  2.84 

49 .57 ,  49.50 3 . 1 3  0.15 2 . 9 3  

1.78 
1.81 
1.70  
1 . 6 7  
1 . 7 1  
1.70 
1 .75  
1 .70  
1 . 7 3  
1 . 6 6  
1 . 7 4  
1 . 7 4  
1 .73  
1 . 8 2  

3.3 
2 .5  
5 . 8  
4 . 7  

c-l 
LJ * 

4 . 9 
5 .  8 
5 . 3  
4.5 
1 .8  
2 . 0  
3.7 
4 . 1  
4 . 6  
5 . 6  



0,23-m-dim (9- in . )  porous stai-nless steel f i l t e r  f r i t .  Both upflow 

and downflow o f  steam-heated air and dowriflow of room-temperature i3:i.r 

hav-e been tested I 

For t h e  i.ni.t:ial. r e q u e s t s  f o r  d r y  (LOD <5X) loaded  resin, stem- 

h e a t e d  a i r  was t h e  tilethod of  dry ing .  

when t h e  resin bed t e m p e r a t u r e s  neaT t h e  exit  g a s  p o r t  approached t h e  

inlet gas  t-rmperature. 

resin was aboiit 1.0,QOO l i ters .  T i m e s  from 1 t o  1 6  h r  w e r e  observed, 

depending on t h e  gas f l o w  r a t e  and t h e  resin volume. The l a r g e s t  sa t i s -  

fact-oxy upflow of a i r  f o r  t h e  0.23-m-diam d r y e r  w a s  240 s t d  l i t e r s / m i n ,  

For  h i g h e r  f l o w  rates,  the arir came through t h e  bed as l a r g e  ga.s b u b b l e s ,  

g i v i n g  s l u g g i n g  f l u i d i z a t i o n .  These bubbles  c a r r i e d  resin p a r t i c l e s  o u t  

of tlw d r y e r ,  a i d  the gas bubbles  were probably  n o t  i n  e q u i l i b r i u m  w i . t h  

t h e  r e s i n .  

Drying was approximate ly  conlplete 

The r e q u i r e d  gas flow p e r  l i t e r  of uranium-loaded 

With r e s p e c t  t o  the r e s i d u a l  m o i s t u r e  arid u n i f o r m i t y  r e q u i r e m e n t s ,  

this method of  d r y i n g  i s  u n a c c e p t a b l e  for t he  f o l l o w i n g  r e a s o n s .  The 

0.23-m-Jim d r y e r  vessel is  n o t  c r i t i c a l l y  safe f o r  f i .ssi le f u e l .  The 

dry ing  c y c l e  t i m e  i s  t o o  long .  B u t  most i m p o r t a n t ,  t h e  d r y i n g  o f  a l a r g e  

bntc:.h i s  n o t  utiiform, with. almost  complete d r y i n g  n e a r  t h e  gas  i n l e t  

befzxe  t h e  remainder of r e s i n  is d r y  enough t o  f l o w  f r e e l y .  

Fi.xed bed d r y i n g  of loaded  r e s i n  i n  t h i s  0.23-m-diam vessel  using 

downflow of  room a i r  a t  room tempera ture  was a l s o  i n v e s t i g a t e d .  Samples 

of  t h e  d r i e d ,  loaded r e s i n  a t  t h e  t o p ,  middle ,  and bot tom o f  a n  8.6-liter 

b a t c h  showed L,ODs of 10.88, 1 1 . Q 4 9  and 1.0.98 w t  %. Drying t ime was 48 t o  

72 hr.  Although the unifonvl i ty  i s  a c c e p t a b l e ,  t h e  vessel. geometry arid 

d r y i n g  c y c l e  t i m e  arc? n o t .  

becnuscr o f  crit:i.cal.ly safe geometry restric.tions, l o n g  d r y i n g  c y c l e  

t ime, and poor  f l u i d i z a t i o n .  

F l u i d i z e d  bed d r y i n g  w a s  a lso r e j e c t e d  

Smal l - sca le  microwave drying of  2 - l i t e r  batches of loaded resiii 

u s i n g  a commercial Z-kW, 2 4 5 0 - N k  oven has shown t h a t  t h e  wet r e s i n  

coup1.e~ well with t h e  energy.  An i n i t i a l  d r y i n g  rate of about 50 g water 

per min ~7as observed, w i t h  d e c r e a s i n g  water removal as t h e  r e s i n  became 

d r y e r .  Completely d r y  r e s i n  (LOD <1 w t  %) does n o t  o v e r h e a t  01- char as 

the sodium-form r e s i n  does.  Apparent ly  mi-xing of t h e  r e s i n  is e s s e n t i a l .  



t o  u n i f o r m i t y  a t  t h e  d e s i r e d  w a t e r  c o n t e n t  (-15 w t  2 LOD) ,  as samples 

showed from 1 2  t o  1 7  w t  Z LOD depending on p o s i t i o n  i n  t h e  b a t c h .  The 

i n i t i a l  p r e f e r m t i a l  d r y i n g  of the r e s i n  n e a r  t h e  w a 1 . l ~  is  l a t e r  compen- 

s a t e d  f o r  by p r e f e r e n t i a l  h e a t i n g  o f  t h e  r e s i n  t h a t  c o n t a i n s  more water. 

Froin t h e  resuI . t s  of t h e s e  tes ts  a microwave d r y e r  system h a s  been 

ordered  from a commercial manufac turer .  S i h c e  t h e  e n g i n e e r i n g - s c a l e  

resin l o a d i n g  equipment m u s t  demonst ra te  f e a s i b i l i t y  f o r  h o t - c e l l  u s e ,  

t h e  microwave d r y e r  system w i l l  a l s o  b e  demonstrated.  F igure  3.8 shows 

t h e  b a s i c  equipment components f o r  d r y i n g  3U-loaded res i n .  W e t  

uranium-loaded r e s i n  from t h e  l o a d i n g  c o n t a c t o r  w i l l  b e  i n t r o d u c e d  

through t h e  t o p  f l a n g e  of t h e  1.2-m-long ( 4 - f t )  0.13-WID (5- in . )  g l a s s  

column l o c a t e d  i n  the s t a i n l e s s  s tee l .  microwave c a v i t y .  T r a n s f e r  

1i .quor w i l l  b e  d r a i n e d  by t h e  screened  bot tom f l a n g e .  I f  a 2.5-lcW 

microwave power s o u r c e  i s  used ,  t h e  e s t i m a t e d  d r y i n g  c y c l e  f o r  t h e  

r e f e r e n c e  4 kg U on a 1 0 . 5 - l i . t e r  b a t c h  of res i .n  i s  1 h ~ .  A program 

c o n t r o l l e r  w i l l  a d j u s t  t h e  forward power and a l s o  wi1.1. r e c e i v e  t h e  

r e f l e c t e d  power si .gnal from t h e  c a v i t y .  S i n c e  t h e  r e s i n  absorbs  less  

power as i t  becomes d r i e r ,  w e  a n t i c i p a t e  that: t h e  r e f l e c t e d  power s i g n a l  

can b e  used t o  t e r m i n a t e  t h e  dry:i.ng c y c l e  a t  t h e  d e s i r e d  r e s i n  m o i s t u r e  

c o n t e n t .  A c a r r i e r  gas  w i l l  be  used t o  mix t h e  r e s i n  bed and a l s o  t o  

a i d  i n  steam removal. A t  t l ie end o f  t h e  dry ing  c y c l e  t h e  r e s i n  wil.1 

f low f r e e l y  through tlie b a l l  v a l v e  a t  t h e  bottom of t h e  coluiiln ready 

t o  b e  carbonized .  

3 . 4 . 3 . 3  Engineering-Scale  Resin Loading System 

'The i n i t i a l  s t a g e  of  an  e n g i n e e r i n g - s c a l e  r e s i n  l o a d i n g  system was 

completed ( F i g .  3 .9)  and o p e r a t e d  w i t h  n a t u r a l  uranium. Design, pro- 

curement,  and f a b r i c a t i o n  o f  second-stage components are i n  p r o g r e s s .  

Four r e s i n  l o a d i n g  r u n s  were completed; prc l  iminary r e s u l t s  i n d i c a t e  

t i le fo l lowing  : 

Mechanical o p e r a t i o n  was good, w i t h  g r e a t l y  improved phase separa-  

t i o n  and i n t e r f a c e  c o n t r o l  Eor t h e  n i t r a t e  e x t r a c t i o n  c o n t a c t o r .  A 

s t a n d a r d  r u n  appeared t o  d u p l i c a t e  t h e  t y p i c a l  demonst ra t ion  r u n  r e s u l t s  

p r e v i o u s l y  r e p o r t e d  . 



137 

ORNL-DWG 75.9554 

WET RESIN 

STAINLESS STEE M O D E  MIXER MICROWAVE 

~. . . . . . . . . 

GLASS COL -- 
FLEXIBLE TYPE 

WAVEGUIDE 

(For Slaam Removal) 

Fig. 3 .8 .  Microwave Jh-ying oE 233U-Loaded Resin. C a v i t y  is 0.61 by 
0.61 by 1.22 rn (2 by 2 by 4 ft). Glass  column is 0.13 m I D .  

Fig.. 3 . 9 .  Partial V i e w  o E tlie Engineer jng-Scale Resin Loadi-ng, 
Equipment  Rack. 
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High uranium c o n c e n t r a t i o n s  of I t o  2 N g i v e  p r e c i p i t a t i o n  of  U 0 3  

i n  t h e  o r g a n i c  aiid f l o a t  t h e  fresh hydrogen-form r e s i n  i n  (-lie l o a d i n g  

c o n t a c t o r .  One l o a d i n g  run was s t a r t e d  w i t 1 1  1 . S  N uraniu-m and produced 

a norrnal. loaded  resin i n  s p i t e  of t h e s e  d i f f i c u l t i e s .  hhi l .c  t h e  U O 3  i s  

scrubbed from t h e  o r g a n i c  i n  t h e  f i r s t  w a t e r  s c r u b  c o n t a c t o r  f o r  uranium 

recovery ,  t h e  o p e r a t i o n  with less t h a n  1 N uranium concent ra t i .on  i s  

p r e f e r r e d .  

D u o l i t e  C-464 w a s  loaded by t h e  s a m e  procedures  as f o r  Amberl i te  

I K C - 7 2 .  The l o a d i n g  of  uranium w a s  accomplished as expec ted  w i t h  srnall 

d i f f e r e n c e s  from t h e  lower c a p a c i t y ,  lower d e n s i t y ,  and s l i g h t l y  d i f f e r e n t  

equi l ibr iui i i  f o r  t h e  D u o l i t e  re.,.. -in. 

P a r t i a l  r e g e n e r a t i o n  of m i n e  u s i n g  a NaOH/ami.ne molar f low rati.0 

of about  0.7 was demonstrated by one l o a d i n g  run .  T h i s  should g r e a t l y  

r sduce  t h e  waste volume s i n c e  t h e  N a / N 0 3  mo1.e r a t i o  f o r  t h i s  mode of  

o p e r a t i o n  i s  1 . 0  i n s t e a d  of trlie l . 7  r a t i o ,  which r e s u l t s  when an excess 

of NaOII-Na2CO3 is used. T h i s  p a r t i a l  r e g e n e r a t i o n  should  a l s o  reduce the 

s o l u b i l i t y  of uraniuiii i n  t h e  wasti:? and a l l o w  uranium recovery  by f i l t r a t i o n .  

Analyses t o  conf i rm t h i s  advantage are i n  p r o g r e s s .  

-_ 

'The n e x t  improvement i n  t h e  engi.neeri.ng-scale r e s i n  l o a d i n g  system 

w i l l .  b e  i n s t a l l a t i o n  of  a 0.13-m-I:D by 1.5-m-long (5- in .  by 5 - f t )  r e s i n  

l o a d i n g  c o n t a c t o r  t o  r e p l a c e  t h e  0.10-m-ID (&-in.)  column. This  con- 

t a c t o r  h a s  been f a b r i c a t e d  and l e a k  t e s t e d .  The thermosyphon e v a p o r a t o r  

was des igned ,  and d e t a i l e d  drawings are b e i n g  p r e p a r e d .  1)cawings w e r e  

p repared  f o r  a slab-geometry phase s e p a r a t o r  f o r  t h e  n i t r a t e  e x t r a c t i o n ,  

b u t  t h e  u n i t  w i l l  n o t  be f a b r i c a t e d  unt i l -  the 0.15-m-diam (6- in . )  p i p e  

phase s e p a r a t o r  now i n  use  i s  t e s t e d  f u r t h e r .  

3 . 4 . 4  Material. P r e p a r a t i o n  - P.  A. Haas and J. H.  Sha f fe r  

I r r a d i a t i o n  tes t  specimens g e n e r a l l y  r e q u i r e  a €ew s m a l l  b a t c h e s  

(Gl kg U) of r e s i n  loaded  w i t h  235U o r  2 3 3 U ,  w h i l e  c a r b o n i z a t i o n ,  

convers ion ,  coat i.ng, and f a b r i c a t  i o n  d e v e l o p m t ~ t  s t u d i e s  r e q u i r e  inany 

l a r g e r  (1 t o  10  kg U) b a t c h e s  o f  r e s i n  loaded  with narii.tra1 o r  d e p l e t e d  

uranium. The i r r a d i a t i o n  test specimens and some i n i t i a l  b a t c h e s  wi th  
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d e p l e t e d  uranium were p r e p a r e d  by the h i t i a l l y  developed loading  p ~ o c e s s  

wi.th a d d i t i o n  of U 0 3  t o  m a i n t a i n  a c i d - d e f i c i e n t  ~ x r a n y l  n i t r a t e .  1'14 

Most r e c e n t  requi rements  f o r  d e p l e t e d  uranium have been s u p p l i e d  wLth 

r e s i n  loaded by the reference p r o c e s s  w i t h  amine e x t r a c t i o n  ofi iii.trate, 

The i n t e n d e d  composi t ions  of t h e  solution and r e s i n  are i d e n t i c a l  for 

ei ther  n i t r a t e  e x t r a c t i o n  or  U 0 3  a d d i t i o n ;  bu t  di:EEerent impi.ir i t ies a r e  

p o s s i b l e .  

3 .4 .4 .1  Resin Feed 

The r e s i n  used f o r  materials p r e p a r a t i o n  has been from 3.4 m 3  

(1.20 f t 3 )  o.E commercial -20 4-50 mesh Amber l i te  IRC-72 purchased fro111 the 

Rohm and Haas Company o r  0.57 m3 (20 ft3) of special. s i z e d  Duol.ite C-464 

f r o m  the Diamond Shamrock Company. Most of t h e  Amberlite w a s  s i z e d  by 

wet s c r e e n i n g  o f  sodium-fo2m r e s i n  t o  separate -24 4-32, -26 t -32 ,  and 

-32 4-34 s i z e  f r a c t i o n s  f o r  use .  The loaded  Amberl i te  IRC-72 r e s i n  w a s  

f r o m  about 0.1.7 m3 ( 6  f t 3 )  of u n s i z e d  r e s i n  and about 0.4 m3 (15 ft3) o f  

s i z e d  f rac t ions  w i t h i n  24 and 34 mesh. The loaded  Duolite C - 4 6 4  r e s i n  

w a s  mos t ly  f.rarn 700 I 50 grm mater ia l  as r e c e i v e d  i n  t h e  sodium form. 

3.4.4 2 Resin Loading w i t h  F u l l y  Enriched 'U f o r  In--Reactor Tests 

Chemical development of t h e  res in  l o a d i n g  process h a s  inc luded  

p r e p a r a t i o n s  w i t h  'U (93% enrichment)  f o r  i n - r e a c t o r  tests w i t h i n  Plhe 

HL'GR Program. During t h i s  r e p o r t  p e r i o d  approximate ly  20 kg of t h i s  

product  (9 .63  kg of  235U) w a s  p repared  i n  28 b a t c h  o p e r a t i o n s .  The 

dr:i.cd res i n  w a s  u sed  f o r  p r e p a r a t i o n  of  f u e l e d  c a r b i d e  microspheres  

f o r  t h e  i n - r e a c t o r  t e s t  assemblies. 

S i n c e  r e l a t i v e l y  s m a l l  q u a n t i t i e s  Qf prepared  resin were r e q u i r e d  

f o r  each t e s t ,  s m a l l  b a t c h  operat i -ons t h a t  y i e l d e d  a h o u t  200 g 235TJ p e r  

b a t c h  were i u i t : i a l l y  used. '1:liis ba tch  s i z e  w a s  i n c r e a s e d  t o  a p p r o x i -  

mate ly  650 g 235U as t h e  HTGR program needs i n c r e a s e d .  A l l  o p e r a t i o n s  

r e q u i r e d  p r i o r  approval  by n u c l e a r  s a f e t y  review of  t h e  p r o c e s s  equip- 

ment and p r o d u c t i o n  method. 

The b a t c h  product ion  method csuiibined 'U03 and n i t r i c  a c i d  w i t h  

s i z e d  weak-acid r e s i n  (hydrogen form) i n  a s t i r r e d  r e a c t i o n  vessel. 



The q u a n t i t i e s  of  r e a g e n t s  used i n  each b a t c h  o p e r a t i o n  were c a l c u l a t e d  

t o  yi.eld a c i d - d e f i c i e n t  u r a n y l  n i t r a t e  s o l u t i o n  having t h e  approximate 

s t o i c h i o m e t r y  UO2 (OH) 0.5(N03) 1. 5 in equi-l ibriurn w i t h  t h e  f u l l y  loaded 

r e s i n .  This  s o l u t i o n  was d r a i n e d  from t h e  loaded r e s i n  and r e c y c l e d  t o  

t h e  s u c c e s s i v e  b a t c h  l o a d i n g  f o r  c o n s e r v a t i o n  o f  uranium- B f t e r  a 

water wash t o  remove r e s i d u a l  u r a n y l  n i t r a t e  s o l u t . i o n ?  t h e  loaded r e s i n  

was d r i e d  i n  flowiing a i r  a t  110°C and packaged f o r  shipment.  The 

q u a l i t y  of each product ion  b a t c h  was c e r t i f i e d  by chemical  and s p e c t r o -  

chemical a n a l y s e s  f o r  uranium c o n t e n t  ? iiiass a s s a y ?  and ext raneous  

impur i ty  e lements .  

was prepared  w-i.th D u o l i t e  C--464 r e s i n ;  a l l  o t h e r s  were prepared  w i t h  

Amberl i te  IRC-72  r e s i n .  

One product:i.on b a t c h  c o n t a i n i n g  about 600 g of 2 3 5 U  

3 -  4 . 4 . 3  Resin Loading w i t h  Natiural o r  Depleted Uranium 

Over a one-year p e r i o d ,  235 kg of  d r i e d ,  loaded r e s i n  c o n t a i n i n g  

110 kg of 2 3 8 U  was d e l i v e r e d  t o  t h e  Metals and Ceramics U i v i s i o n .  

77 kg of t h i s  res i .n  o r  36 kg U was from t h e  demonst ra t ion  o f  t h e  r e f e r e n c e  

1-oading f lowshee t  v i a  amine e x t r a c t i o n  of n i t r a t e  (Table  3 . 4 ) .  Del ivery  

o f  r e s i n  loaded via  t h i s  f lowshee t  i n  an  e n g i n e e r i n g - s c a l e  system ( s e e  

S e c t .  3 .4 .3)  w a s  s t a r t e d  a t  t h e  end o f  t h e  r e p o r t  p e r i o d .  The remainder 

of t h e  loaded r e s i n  (160 kg t o t a l ,  75 kg IJ) was prepared  v ia  t h e  i n i t i a l l y  

developed procedure’ ’’ usi-ng UO 3 .  R e s u l t s  and c o n d i t i o n s  f o r  t h e  

s e r v i c e  p r e p a r a t i o n s  are  g iven  i n  Table  3 . 5 .  

About 

The mechanical  s i m p l i c i t y  of t h e  r e s i n  loading  o p e r a t i o n  u s i n g  

uo3 i ~ s  i l l u s t r a t e d  by a syslem i n s t a l l e d  t o  p r o c e s s  up t o  0.23-n3 ( 8 - f t 3 )  

b a t c h e s  of r e s i n  ( F i g .  3 .10) .  4 cone-bottom 0.21-rn3 (55-gal)  s t a i n l e s s  

s t ee l  drum i s  used as a s p o u t i n g  bed c o n t a c t o r .  The f l u i d i z i n g  fl-ow is  

al.ways c o n t r o l l e d  o r  s h u t  o f f  by t h e  v a l v e  a t  t h e  bottom 0.f t h e  cone t o  

keep a l l  r e s i n  i.n t h e  t a n k .  A s e p a r a t e  mixing t a n k  i s  used f o r  d i l - u t i o n  

of c o n c e n t r a t e d  H N 0 3  f o r  t:he convers ion  from sodium t o  a c i d  form and f o r  

mixi.ng o f  t h e  U03 w i t h  h o t  u r a n y l  n i t r a t e  d u r i n g  l o a d i n g .  A 0.23-m-diam 

(9 - in . )  porous s t a i n l e s s  s t e e l  f i l t e r  on a movable d i p  l e g  i s  used f o r  

more coi i~plefe  removal of s o l u t i o n s  d u r i n g  convers ion  w i t h  n i t r i c  a c i d  

and washing w i t h  1120. The loaded r e s i n  i s  t r a n s f e r r e d  t o  a d r y e r  by 



T a b l e  3.5. Loading  of  N a t u r a l  o r  Depleted Uranium or1 
Carboxylic Acid  Cation Resins Using Uir3  

a 
Resin Feed Loaded R e s t n  F i n a l  S o l u ~ i o n  Loading 

Run - T i m e  
{lir) S i z e  Volume Weight U Conrent meq U U Conc. N o 3  /?J 

(urn> ( l i t e r s )  ( g i  Mole R a t i o  ( w t  % j m 1  Restr: (114) ?H 

A.  Loading of kirnberlite IRC-72  i n  a l a rge "  c o n c i a i - b o t t o m ,  spou t ing -bed  coa ta s to r  

BO1 3n s i z e d 62C 4 7 , 1 6 6  45.9 2 .93  0 . 2 2  3.1 1 . 5 5  10 

€305 560 L 60  38 2 8 , 7 8 0  48 .0  3.07 1.6 7 

BO2 560 I 6 0  3 3  2 5 , 5 7 0  4 8 . 2  3.14 0 . 2 2  3.0 1 . 6 5  
BO4 660 k 30  22 1 6 , 9 5 5  48 .9  3.16 3 . 2 2  3.15 1 .55  8 

7 

6.22 3.1 

3 .  Laading of D d o l i z ~  C-464 in a largeb conical-bot tom, spout ing-bed c o z t a c t o r  
r 

c.l 
.ii E03 7 c 3  ? 50d 59ci 25 ,&25  46.4 1. 7 1 d  c . 2 2  3 . 1  1 . 6  5 

C .  Loading oE h b e r l i t e  IRC-72 in b a f f l e d ,  a g i t a t e d  beakers 

Unsized 7 . 4 8  6 ,087  45 .9  3 .14  0 .4  2 .8  1.65 5 
59 Un s i z ed ?.31 6,100 46.2 3.24  c . 4  2 . 8  1 . 6 5  2.5 
58 

62 Dcsized 8.17  6 ,530  4 7 . 0  3.16 0 .4  3.0 1 .5  2 . 5  
63  U n s  i z  26% 8.34 6 , 7 2 1  4 5 . 3 5  3 .14  3 . 4  3 . 1  1 .5  3 

D. Load ing  o f  Duolite C-454 i n  b a f f l e d ,  agicated beakers  

72 800 ? 50' 2.5d 1 , 0 8 3  4 6 . 1  1.68d 0 . 3  3.0 1 . 6  8 
7 3  700 2 50 2.7d 1 , 1 9 0  44.7  1. 65d 0 . 2 5  3.1 1 .5  5 d 

~~ 

a Resir: s i z e s  and vol~.x:es a-2 giver;  for t he  hydrogen f o r m  ir: xacer. 

bo. 21-n5 (55-gai)  drun .  
C h a c c u r a x o  r e s i n  voluze  measureaent  r e s u l t e d  in low c a l c u l a s e d  Loading. 

d D u o l i t e  C-464 i n  sodium form f o r  volume rrieasurements. 
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Fig. 3.10. Large-Batch Resin Loading o r  Conversion Systeoi. 

g r a v i t y  f l o w  through the b a l l  va lves  a t  t h e  bottom of the drum. This  

system operated as intended without  d i f f i c u l t y .  The slow mixing of 

t h e  l a r g e  r e s i n  bed and t h e  slow heatup t o  60°C r e s u l t s  i n  8- t o  16-hr 

loading times, as compared with one-fourth t h e s e  t i m e s  i n  small., well- 

a g i t a t e d  and heated vesse l s .  

3.5 RESIN CARBONIZATION (WORK UNIT 2103) - W w .  J. Lackey 

The o b j e c t i v e  of t h i s  work u n i t  i s  t o  develop equipment and processes  

f o r  carbonizing weak-acid r e s i n  microspheres.  The carboniza t ion  process  

c o n s i s t s  of con t ro l l ed  hea t ing  of t h e  r e s i n  prev ious ly  loaded wi th  

uranium. Such hea t ing  is  performed i n  t h e  absence of oxygen and causes  

evolu t ion  of v o l a t i l e  c o n s t i t u e n t s .  

carbonized microspheres c o n s i s t  of  UO2 f i n e l y  d ispersed  i n  a carbon 

matrix. This  material  can then  be heated t o  1600 t o  1800°C t o  convert  

hf ter  hea t ing  t o  about 60OoC,  t h e  

t h e  des i r ed  f r a c t i o n  of U02 t o  UC2. This la ter  ope ra t ion  i s  r e f e r r e d  t o  

as conversion. 

argon as t h e  l e v i t a t i n g  gas .  

Both ope ra t ions  are conducted i n  f l u i d i z e d  beds us ing  
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3.5.1 Equipment .-. Developmen!;- ...I J. A .  C a r p e n t e r ,  Jr. ~ M. K.  P r e s t o n ,  
J. L. Heck, W. R. H a m e l ,  J. E. Mack and D e  R. Johnson 

The e f f o r t  toward development of equipment f o r  res i n  c a r b o n i z a t i o n  

has c e n t e r e d  on t h r e e  f luidi-zed-bed f u r n a c e s .  A 0.13-m-di.am ( S - h .  

g r a p h i t e  m u f f l e  coati-ng f u r n a c e  w a s  adapted  f o r  c a r b o n i z a t i o n  and con- 

v e r s i o n .  A smal.l., carboniza t ion-only  system employing a. Ca lO-m-diarn 

(4.-i.ns ) Tnconel mu:f:Ele w a s  c o n s t r u c t e d  and used. A larger ~ engineer iug-  

scale system w i t h  a 0.23-m-dLarn (9- in . )  'Laconel m u f f l e  was des igned  and 

f a b r i c a t e d  and i s  now ready  f o r  i n i t i a l .  t e s t i r i g .  

I n i t i a l  carbonizat ion.  r u n s  were nlade b y  equipping  the  coat:i.ng 

€iri:nar::e system wi th  themocouples, a tempera ture  programc31;, and at?. 

iner t -a tmosphere  un1oadi.n.g po t .  4 s i n g l e - i n l e t  g r a p h i t e  cone having a n  

i i x l i i d e d  a n g l e  of 30" was used € o r  a l l  c a r b o n i z a t i o n  r u n s  uiade wi.%h the  

c o a t i n g  systr..m. Conversion Tuns were made b7: i th  e i t h e r  t h e  same cone or 

wi.t.1.i a porous-p la te  gas d i s t r i b u t o r  deacri.bed i n  Sect. 3 . 6 .  The per- 

c h l o r o e t h y l e n e  s c r u b b e r ,  used for removing s o o t  from the o f f  -gases of 

c o a t i n g  o p e r a t  intis was found adequate Cor removing the  tars  produced 

i n  r e s i n  c a r b o n i z a t i o n  P e r c h l o r o e t h y l e n e  s c r u b b e r s  were, t h e r e f o r e  

provided i n  b o t h  t h e  0.10- a.nd 0.23-m-dim ( 4 -  and 9- in . )  systems 

d i s c u s s e d  below I 

To test concepts  planned f o r  t h e  I.asger 0.23-111 un i . t ,  a 0 . 1 0 - m  l a b  

f u r n a c e  was b u i l t .  I n  the 0.10-m. u n i t ,  t h e  r e a c t i o n  chamber i s  an 

Iriconel tube w i t h  n 60" s i n g l e - i n l e t  cone a t  one end. 

t h e  u n i t  i s  1 .5  kg o f  d r i e d  loaded res in ,  represent3.ng about 0.75 kg o f  

uranium.. Temperature i s  measured by thermocouples , ont~.  :in a w e l l  

p r o t r u d i n g  d i r e r l r l y  i n t o  t h e  f lu i .d ized  bed of p a r t i c l e s ,  t h e  other l o c a t e d  

at the muffle wall between the n u f f l e  and t h e  furnace  heating e lement ,  

A 200-~.lin s ta inless  steel screen above the bed i s  provided t o  mechanica1l.y 

d i . s e n t r a i n  kernels from t h e  f l u i d i z i n g  gas stream. P a r t i c l e s  are f ed  

froin a hopper i n t o  the  chamber by g r a v i t y  flow through a l i n e  t h a t  

p e n e t r a t e s  t h e  chamber .wall j u s t  below the. kernel retent.:i.on s c r e e n .  

bo t t  cxw-loading schenie was trittd b u t  was not: 1Ea:Ll-safe and w a s ,  t hese fo re  

abandoned i n  fav-or of r h e  gravity s y s t e m .  S i g h t  por t s  were provided i n  

t h e  t o p  of a f S a t  m u f f l e  end i ~ t d  used t o  observe the act.i.on of t he  bed 

The capacil:y o f  

A 
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dur ing  t h e  e a r l y  p o r t i o n s  of  c a r b o n i z a t i o n  r u n s .  Bui ldup of  tars on 

t h i s  type  end f o r c e d  i t s  abandonment i n  f a v o r  of a smoother t a p e r e d  end. 

I t  w a s  a l s o  found n e c e s s a r y  t o  i n s u l a t e  t h e  c r o s s o v e r  p i p e  from t h e  

1nuffl.e t o  t h e  s c r u b b e r  t o  a v o i d  excessive tar b u i l d u p .  A n o v e l  f e a t u r e  

of t h i s  system i s  t h e  i n c o r p o r a t i o n  o f  g a s  f low programmed v i a  a d i g i t a l  

f u n c t i o n  g e n e r a t o r  t o  d e c r e a s e  a s  t h e  tempera ture  i n c r e a s e s .  Also,  

p r e s s u r e  t r a n s d u c e r s  have r e c e n t l y  been i n s t a l l e d  i n  t h i s  system t o  

de te rmine  i f  they  are u s e f u l  f o r  m o n i t o r i n g  t h e  p r e s s u r e  drop a c r o s s  

t h e  bed. 

The 0.10-m-diam f u r n a c e  performed v e r y  w e l l ,  and thus  many of t h e  

f e a t u r e s  of  i t  w e r e  i n c o r p o r a t e d  i n  t h e  d e s i g n  of t h e  0.23-ni-diam system. 

This  l a t t e r  system i s  f u l l  commercial s i z e  and should  a l l o w  c a r b o n i z a t i o n  

of about  4 kg of  uranium p e r  b a t c h .  It w i l l  b e  loaded and unloaded 

pneumat ica l ly  via a system of  l i n e s  and hoppers ,  a l l  under a rgon .  The 

product  w i l l  be  f e d  t o  a l a r g e  argon-atmosphere g l o v e  box f o r  sampling 

and,  i f  n e c e s s a r y ,  upgrading b e f o r e  convers ion .  The f u r n a c e  had been 

f i r e d  and t h e  system w a s  n e a r i n g  i n i t i a l  o p e r a t i o n  a t  t h e  end o f  t h i s  

r e p o r t  p e r i o d .  

3 . 5 . 2  F'ocess Development - J .  A. C a r p e n t e r ,  J r . ,  D. P. S t i n t o n ,  and 
D.  R. Johnson 

T y p i c a l l y  t h e  c a r b o n i z a t i o n  p r o c e s s e s  c o n s i s t  o f  h e a t i n g  uranium- 

loaded  weak-acid r e s i n  from room tempera ture  t o  600°C a t  a r a t e  of 

2"C/min followed by a hold  a t  600°C Eor 30 min. For  c o n v e r s i o n ,  the 

carbonized  m a t e r i a l  i s  h e a t e d  r a p i d l y  t o  about  1700°C and h e l d  f o r  

10 t o  30 min, depending upon t h e  amount of  UC2 t h a t  one wishes  t o  form 

v ia  r e a c t i o n  w i t h  t h e  carbon matrix o f  t h e  k e r n e l .  With t h e  0.13-n-diam 

(5-in.)  system t h e  charge  i s  t y p i c a l l y  500 kg U ,  and t h e  a rgon  flow 

i s  u s u a l l y  0 .5  std l i ter/sec.  (1 scfm).  Charges as l a r g e  as 1..2 kg U 

have been s u c c e s s f u l l y  carbonized  and conver ted  i n  t h i s  system. 

Consideri-ng b o t h  t h e  0.1- and 0.13-m-diam ( 4 -  and 5-in.)  sys tems,  a 

t o t a l  of 134 c a r b o n i z a t i o n  r u n s  have been made. Of t h e s e ,  t h e  r e s i n  

soiirce was Amberl i te  LRC-72 f o r  12.5 of t h e  r u n s  and D u o l i t e  6-464 f o r  

t h e  rema-inder. W e  made 82 convers ion  r u n s ,  76 w i t h  Amberl i te  r e s i n  
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and 6 w i t h  D u o l i t e .  

t h e s e  r u n s ,  and b o t h  t h e  c a r b o n i z a t i o n  and convers . ion p r o c e s s e s  appear  

commercial ly  f e a s i b l e .  

No s i g n i f i c a n t  problems were encountered d u r i n g  

The o01.y problems encountered d u r i n g  c a r b o n i z a t i o n  and convers ion  

w e r e :  (1) c r a c k i n g  of the k e r n e l s  of  one b a t c h  of r e s i n  d u r i n g  carbon- 

i z a t i o n ,  and (2)  s t i c k i n g  o f  k e r n e l s  t o  one a n o t h e r  and t o  t h e  g r a p h i t e  

m u f f l e  d u r i n g  c o n v e r s i o n .  The r e s i n  b a t c h  t h a t  cracked dur ing  carbon- 

i z a t i o n  d i f f e r e d  i n  uranium c o n t e n t  from numerous b a t c h e s  t h a t  d i d  n o t  

c r a c k ,  T h e  i n f e r i o r  b a t c h  c o n t a i n e d  less t h a n  t h e  d e s i r e d  uranium 

c o n t e n t .  The c e n t r a l  r e g i o n s  of  t h e  microspheres  were much lower i n  

uranium c o n t e n t  t h a n  t h e  o u t e r  r e g i o n s .  'Thus, g i v e n  p r o p e r l y  I.oaded 

microspheres  , which i s  t h e  general .  case, c r a c k i n g  d u r i n g  c a r b o n i z a t i o n  

w i l l  n o t  b e  a problem. The second problem, kernel.  s t i c k i n g  d u r i n g  

c o n v e r s i o n ,  o c c u r r e d  whenever t h e  h e a t i n g  ra te  duri .ag c a r b o n i z a t i o n  was 

g r e a t e r  t h a n  about  2'C/min. 

h e  evolved d u r i n g  c a r b o n i z a t i o n ,  r e s u l t i n g  i n  less carbon i n  the carbon- 

i z e d  k e r n e l s .  Kerne ls  c o n t a i n i n g  t o o  l i t : t le carbon have a h i g h  tendency 

t o  s i n t e r  and s t i c k  d u r i n g  convers ion .  The s t i c k i n g  c a n  b e  minimized 

b y  u s i n g  hi.ghe-r f l u i d i z i n g  gas f low rates di.iri.ng t h e  Conversion,  s t i r r i n g  

t h e  f l u i d i z e d  bed more r a p i d l y  and e f f i c i e n t l y .  S i m i l a r l y ,  t h e  u s e  of 

a cone having  a 30" incl-uded a n g l e  a p p e a r s  p r e f e r a b l e  t o  one of SO". 

With p r o p e r  c o n t r o l  of  t h e  h e a t i n g  r a t e  d u r i n g  c a r b o n i z a t i o n  and g iven  

t h e  p r e f e r r e d  conversior i  p r o c e s s ,  s t i c k i n g  does n o t  o c c u r .  

Higher  h e a t i n g  rates cause  more carbon t o  

Bes ides  t h e  i n t e r - p a r t i c l e  varint.i-on i n  uranium l o a d i n g ,  t h e  i n t r a -  

p a r t i c l e  v a r i a t i o n  i s  a l s o  i m p o r t a n t .  A t e c h n i q u e  based on n e u t r o n  

a c t i v a t i o n  of i .ndividua1 res in  p a r t i c l e s  was developed and used t o  show 

that t h e  v a r i . a t i o n  i n  t h e  uranium l o a d i n g  between i n d i v i d u a l  microspheres  

i s  t y p i c a l - l y  much less t h a n  1%* T h i s  work i s  d e s c r i b e d  f u r t h e r  i n  

Sect .  3 . 7 . 3 .  

The p r o p e r t i e s  of t h e  carbonized  and conver ted  kerne1.s - such as 

carbon c o n t e n t ,  d e n s i t y ,  d i a m e t e r ,  percent convers ion  t o  c a r b i d e ,  and 

cr i ishing s t r e n g t h  - depend on p r o c e s s  v a r i a b l e s  such as heat.i.n.g ra te  

d u r i n g  c a r b o n i z a t i o n ,  f1uidi .z  ing gas f low r a t e ,  and convers ion  t:i-me and 

tempera ture .  A s t a t i s t i c a l l y  des igned  experiment  employing t h e s e  v a r i a b l e s  

WRS conducted and r e p o r t e d .  2 1  These r e s u l t s  can  b e  summarized as fo l . lows:  
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1. Heating r a t e  i n  the range 2 t o  25'C/min during carboniza t ion  

very s t rong ly  in f luences  a number o f  o t h e r  p rope r t i e s .  Lower hpnt ing 

rates y i e l d  a product of  kerne l s  conta in ing  more carbon, having lower 

dens i ty ,  and tending less t o  s i n t e r  and s t i c k  t o  one another  and t o  t h e  

furnace muffle dur ing  conversion. 

2. Higher gas  flow rates s u r p r i s i n g l y  lowerpd  t h e  conversion;  

this w a s  perhaps a s i d e  e f f e c t  caused by higher  flows causing the 

p a r t i c l e  bed t:o run cooler  t han  t h e  c o n t r o l  po in t  outs::i.de t h e  furance 

muff l e .  

3 .  Kernel s p h e r i c i t y  d id  not degrade dur ing  carboniza t ion  and 

conversion. 

4 .  Uranium l o s s  di.d not  depend on t i m e ,  temperature ,  o r  gas flow 

rate.  This i nd ica t ed  t h a t  tile observed l o s s  of m a t e r i a l ,  which averaged 

I%, was due t o  phys ica l  carryover  r a t h e r  than evaporat ion o r  some o the r  

chemical means. That i.s, p a r t i c l e  1 . 0 ~ ~  was the r e s u l t  of p a r t i c l e s  being 

blown out  of  t h e  furance i n t o  t h e  exhaust sys t em.  O f  course ,  t h e  p a r t i c l e  

r e t e n t i o n  scretm on the  pro to typic  carboniza t ion  furnace w i l l  e l i m i n a t e  

such l o s s  dur ing  carboniza t ion ,  and a longer  furnace  should minimize 

l o s s  during conversion. 

The c rushing  s t r e n g t h  of carbonized and converted resin-der ived 

k-ernels was measured. R e s ~ 1 1 . t ~  f o r  carbonized material are  summarized 

g raph ica l ly  i n  Fig.  3.11. The d a t a  showed a t  t h e  99% level of confidence 

t h a t  crushing s t r e n g t h  depended on both t h e  uranium content  and t h e  

precarboniza t ion  mois ture  con ten t ,  as determined by drying a t  ll.0"C. 

Data f o r  converted ke rne l s  are given i n  F ig .  3 .12.  Note t h a t  t h e  crushing 

s t r e n g t h  decreases  f o r  i nc reas ing  conversion t o  the carb ide .  

A t ime-of-f l ight  m a s s  spectrometer  w a s  used on- l ine  t o  s tudy t h e  

off-gases  from carboniza t ion .  The off-gases  seen aEter t h e  furnace b u t  

be fo re  t h e  perchloroethylene scrubber  are w a t e r  vapor and C 0 2  w i t h  lesser 

amounts of CO and H2 .  Rehind t h e  scrubber ,  perchloroethylene and var ious  

d e r i v a t i v e s  of i t  are a l s o  present .  S tudies  of t h e  k i n e t i c s  of t h e  

carboniza t ion  process  are i n  progress .  

minimization of t h e  t i m e  requi red  f o r  the carboniza t ion  process .  

The r e s u l t s  w i l l  hopefu l ly  allow 
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Fig .  3.11. Inf luence  of Uranium and Moisture Contents on S t rength  
o f  Carbonized R e s i n  Kernels .  To conver t :  1 l b  = 4.45 N. 

ORNL-DWG 75-12955 

%COFJVERSlQN TO UC2 

Fig .  3-12. Inf luence  on Crushing S t rength  or t h e  Extri-rP- to Which 
the UOL of Resin-Derived Kernels  i s  Converted t o  UC2. 
r e s i n  un le s s  o therwise  noted.  

Data for  Ainherlite 
To conver t :  1 l b  = 4.45 N .  
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CarboniLed and converted k e r n e l s  c o n t a i n i n g  93%-enriched 'IJ were 

Three b a t c h e s  prepared F O K  subsequent  c o a t i n g  and i r r a d i a t i o n  t e s t i n g .  

w e r e  p repared ,  two having nominal ly  75% convers ion  and one w i t h  13% con- 

v e r s i o n .  These p a r t i c l e s  are d e s c r i b r d  f u r t h e r  i n  S e c t .  3.6.1.2.  

3.5.3 Laboratory-Scale  Resin Kerne l  S t u d i e s  - G. W.  Weber 

The c a r b o n i z a t i o n  p r o c e s s  can b e  opt imized by d e f i n i n g  c r i t i c a l  

r e a c t i o n  r e g i o n s  and a p p r o p r i a t e  c o n t r o l  parameters .  

thermal  a n a l y s i s  (DTA) and thermogravirnetr ic  (TGA) behavior  shown i n  

F i g s .  3.13 and 3 .14 ,  r e s p e c t i v e l y ,  f o r  two candidatle r e s i n s ,  D u o l i t e  C-464 

and Amberli.te IRC-72, i n d i c a t e  t h e  importance of t h e  r e g i o n  from 200 t o  

5 0 O o C .  I n v e s t i g a t i o n  o t  t h e  weight  l o s s ,  volume l o s s ,  and d e a s i t y  a t  

s e l e c t e d  temperatures d u r i n g  t h i s  c a r b o n i z a t i o n  process produced p r o p e r t y  

v a r i a t i o n s  c l o s e l y  r e f l e c t i n g  t h e  TGA and .UTA b e h a v i o r ,  as shown i n  

P ig .  3.15. A s i m i l a r  v a r i a t i o n  w a s  found  i n  p a r t i c l e  s i z e  as shown i n  

F ig .  3 . 1 6  and i n  mercriry d e n s i t y .  

The d i f f e r e n t i a l  

0RNI.- DWG 75- !  t 596 ,~ ......... -r ....... 
i l i l  

140 180 220 260 300 340 380 420 460 500 540 580 620 660 700 
TEMPE RAT UR E ("C 1 

F i g .  3.13. D i f f e r e n t i a l  Thermal A n a l y s i s  Behavior of Uraniurn- 
Loaded D u o l i t e  C-464 and Amberl i te  IKC-72 Weak-Acid Res ins .  
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F i g .  3 . 1 4 .  Thermogravimetric Behavior of  Uranium-Loaded Duol . i te  
C-464 and Amberl i te  IRC-72 Weak-Acid Res ins  f r o m  90 t o  540°C as a 
Funct ion o f  Heat ing  Rate. 
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F i g ,  3.15. Weight Loss ,  Volume Loss, and Tap Dens i ty  Var i a t ion  
f rom 1.50 t o  1.625"C f o r  Uranium-Loaded Weak-Acid R e s i n .  (a) h b e r l i t e  
IRC-72. (b) D u o l i t e  C-464. 
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P i g .  3 .16.  V a r i a t i o n  i n  P a r t t c l e  S i z e  of Uranium-Tnaded I h o l i t e  
C - 4 6 4  and h b e r l i t e  IRC-72 Weak-Acid Res ins  Irom 25 t o  1G2b°C. 

The h e a t i n g  ra te  through t h i s  c r i t i c a l  c a r b o n i z a t i o n  +egi.oril had a 

v e r y  s t r o n g  e f f e c t  on wei.ght l o s s ,  volume l o s s ,  and carbon-to-uranium 

r a t i o .  The f i n a l .  weight  l o s s  and volume l o s s  f o r  b o t h  r e s i n s  are  

approximately 1.inenr w i t h  l o g  h e a t i n g  ra te  f o r  h e a t i n g  rates froin 1 t o  

80"C/mi-n through t h e  c r i t i c a l  p r o c e s s  range , which was subsequent ly  

i d e n t i f i e d  as 360 t o  448°C f o r  t h e  D u o l i t e  r e s i n .  The vari.al:ion of  

Carl : ,  ~ ) ~ i - - t  o -UT a n i m  ra  I: i o  w i th carbon i za t .i.o n ra t E b ebaved s i m i l a r  1 y f o r  

t h e  ~ J O  r e s i n s  a s  sho~nrn i n  F i g .  3 .17.  

The? carbon-to-uranium rat-i.o i.a s l g n i f i c a n t  i n  de f  ini i ig  t h e  f l u i d i -  

z a t i o n  behavior  o f  t h e  mater ia l  d u r i n g  the subsequent  convers ion  s t e p .  

An excess  of carbon i s  r e q u i r e d  t o  s u c c e s s f u l l y  comple t e  thi .s  s t e p  with-  

o u t  agglomera t ion .  Experiments have demonstrated t h a t  a carbon-to- 

uraniuirr cat . io g r e a t e r  tiian about 5 .8  i s  n e c e s s a r y  t o  prevent  agglomera t ion  

dur ing  t y p i c a l  conversi-on o p e r a t i o n s .  The [)uol.i.te C - 4 6 4  material. 

e x h i b i t e d  less tendency t o  agglomerate  d u r i n g  conversiori  because  of  i t s  

s1ight l .y  h i g h e r  carbon-to-uraniwn r n t l o .  

P a r t i a l  convers ion  of t h e  U O a  to  U C z  a t  1-600 t o  1700°C i n  accordance 

with t h e  applfcab1.n r e a c t i o n s  i s  c o n t r o l l e d  hy t h e  p a r t i a l  p re s su re  of 

CO o v e r  [.he material. The h i g h  a v a i l a b l e  s u r f a c e  area (BET 150 n2/g> 
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Fig I 3.17.  Coinparison of Carbon-to-Uranium Rat io  of Carbonized 
(1200°C) Uranium-Loaded Weak-Acid Resins as a Function of C r i t i c a l  
%nge [Duol i te  (36(F--440°C), Amberlite (2OO-5OO0C) J Heating Rate, 

and ex tens ive  interconnected po ros i ty  (8.015 prn diam f o r  TRC 72 and 

0.05 pm d i a m  f o r  C-464) oE the carbonized ke rne l s  p e r m i t  p r e d i c t i o n  of  

t he  rate of t he  UOs conversion t o  UC2 under given cond i t ions  of s p e c j f i c  

gas CO OW r a t e  and temperature .  Debye-Schemer examination of ke rne l s  

processed t o  va r ious  conversion l e v e l s  has  shown t h a t  t h e  p a r t i a l l y  

convcrted material  i s  a mixture of  UO2,  U C 2 ,  and UCxO1-x. T h e  amount 

and propor t ion  of t h e  v a r i o u s  phases can lie c o n t r o l l e d  by temperature  

v a r i a t i o n  and by  a d d i t i o n  of hydrogen o r  carbon monoxide LO the  

f l u i d i z i n g  gas stream. 

The presence o f  t h e s e  phases sugges ts  the p o t e n t i a l  f o r  uranium 

volatilization during conversion,  However, measurements with a water- 

coolud c o l l e c t o r  have ind ica t ed  t h a t  on ly  ahout 0.035% U l o s s  occurs  

dur ing  conversion iiatler worst case circumstances.  

l o s s  dur ing  ca rbon iza t ion  involves  a n  a e r o s o l  t h a t  i s  d i f f i c u l t :  t o  

c o l l ~ c - t ,  analysis has  y ie lded  a uranium l o s s  of 0.02% during a very f a s t  

carboniza t ion  cyc le  under a worst  case s i t u a t i o n .  

R l t  hougli u r a n i m  

A f u r t h e r  concern r e l a t i n g  t o  processed f u e l  ke rne l s  i-s r e t a i n e d  

n i t r o g e n ,  because of the t ransmuta t ion  t o  "'C, which must be accom-odated 

i n  f u e l  reprocess ing .  Thus t h e  e f f e c t  of  the uranium loading method on 
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ret-ained laitrogen is  a f a c t o r  i n  s e l e c t i n g  t h e  p r o c e s s  f l o w s h e e t ,  Com- 

p a r a t i v e  d a t a  on kcrr ie ls  loaded by v a r i o u s  schemes and carbonized  i n  a 

s i m i l a r  manner have been ana lyzed  by t h e  ICj e l d a h l  method. 

(11'  forln) w i t h  a c i d  n e u t r a l i z a t i o n  by N340I- I  h a s  shown 800 ppm r e t a i n e d  

n i t r o g e n ,  w h i l e  D u o l i t e  ( N H t  form) e x h i b i t e d  1200 ppm N .  These v a l u e s  

a r e  cons idered  s i g n i f i c a n t  because  of t h e i r  h i g h  levels, a l though t h e  

K j c l d a h l  method i s  n o t  sensit ive t o  low n i t r o g e n  levels .  

Amber l i te  
I 

3 . 5 . 4  ___ Resin  i - l a n d l ~  - - J .  A. C a r p e n t e r ,  Jr .  

[)ur:ing t h i s  p e r i o d  i t  bec-ame clearer t h a t  s i z e  and shape  c lass i -  

f i c a t i o n  of  res i-n b e f o r e  l o a d i n g  w i t h  uraniuiu was most advantageous.  

However, i t  was not  c l e a r  whether f u r t h e r  upgrading a f t e r  l o a d i n g  might 

a l s o  b e  needed. Hence, some work a long  t h e s e  l i n e s  coritiniied. 

Severe problems o f  hand1 i n g  t h e  uranium-loaded r e s i n  microspheres  , 
a s s o c i a t e d  w i t h  e l e c t r o s t a t i c  charge  b u i l d u p  were encountered .  The 

problem w a s  found t o  be a s s o c i a t e d  w i f t h  l a c k  of m o i s t u r e  i n  t h e  r e s i n .  

Blending s m a l l  amounts of f l a k e  g r a p h i t e  minimized the problem when t h e  

r e s i n  was d r i e d  t o  about  3 - 4  w t  % m o i s t u r e  as determined by loss-on-drying 

(LOD) a t  110°C i n  a i r .  Below 3 4 %  LOD, t h e  s t a t i c  c h a r g i n g  w a s  so  severe 

as t o  make t h e  r e s i n  v i r t u a l l y  uninanageable even w i t h  t h e  g r a p h i t e .  Drying 

t o  12-13% LOD e1.i.minated t h e  c h a r g i n g  a l t o g e t h e r .  A commercial ioni-zed- 

a i r  s t : a t i c  e l i m i n a t o r  w a s  adequatie b u t  slow. The s o l u t i o n  adopted w a s  

t o  limit t h e  r e s i n  m o i s t u r e  removal t o  12-132 LOD. 

Shape c l a s s i f i c a t i o n  of loaded  r e s i n  becore c a r b o n i z a t i o n  was 

performed many t ihes,  and no problems w e r e  encountered ,  provided e i t h e r  

g r a p h i t e  o r  m o i s t u r e  w a s  p r e s e n t  on the resin t o  e l i m i n a t e  s t a t i c  

charg ing .  

b u t  f u r t h e r  s c r e e n i n g  nay b e  r e q u i r e d .  Attempts  t o  scree-n loaded r e s i n  

i n  anyth ing  o t h e r  t h a n  l a b o r a t o r y - s c a l e  equipment have r e s u l t e d  i n  

ext.einsive s c r e e n  b l i n d i n g .  A l t e r n a t e  approaches f o r  fu1.I-sca1.e s c r e e n i n g  

a r e  b e i n g  inves t iga ted . ,  

Res in  w i . l l  I i k e l y  b e  screened  b e f o r e  l o a d i n g  w i t h  uranium, 

A s  an outgrowth o f  t h e  above work aimed a t  s o l v i n g  t h e  s t a t i c  charge  

problem by a d d i t i o n  of  w a t e r ,  w e  s t u d i e d  t h e  s w e l l i n g  and d e n s i t y  changes 

of  t h e  uranium-loaded r e s i n  a s s o c i a t e d  w i t h  i n c r e a s i n g  m o i s t u r e  c o n t e n t  
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For  b o t h  t y p e s  of weak-acid r e s i n s  s tudtecl ,  Amber l i te  BKC-72 and 

D u o l i t e  6 - 4 6 4 ,  t h e  microsphere  r a d i u s  i n c r e a s e d  on i n c r e a s i n g  t h e  m o i s t u r e  

c o n t e n t  up t o  about  5-102 LOD, above which i t  remained c o n s t a n t  o r  even 

decreased  somewhat. The d e n s i t y  a c t u a l l y  decreased  somewhat u p  t o  water 

contents  of  between 10 and 20:; LOD and t h e n  r o s e  s h a r p l y  t o  perhaps as 

much as 20% above i r s  o r i g i n a l  v a l u e .  A t  30 t o  35% LOD, t h e  res in  

reached  s a t u r a t i o n  and w a s  no l o n g e r  a b l e  t o  absorb  any f u r t h e r  water .  

3 . 6  MICKOSPHEKE COATING (WORK UNIT 21.04) - IJ. J .  Lackey 

The microsphere  c o a t i n g  work unit: h a s  gs i ts  o b j e c t i v e  the development 

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

p a r t i c l e s .  W e  w i l l  o b t a i n  t h e  performance d a t a  n e c e s s a r y  to d e s i g n  and 

o p e r a t e  a commercial-scale  c o a t i n g  system. Microsphere coat. ing i s  

s e p a r a t e d  i .nto t h e  f o l l o w i n g  areas: 

1.. p a r t i c l e  c o a t i n g ,  which c o n s i s t s  of t h e  convers ion  of t h e  d e s i r e d  

f r a c t i o n  of t h e  UO2 i n  the k e r n e l  t o  UCz fol lowed by  t h e  d e p o s i t i o n  

of porous and dense  carbon c o a t i n g s  as  w e l l  as deposit:i.on of  very 

h i g h - d e n s i t y  s i l i c o n  c a r b i d e  c o a t i n g s ;  

2. e f f l u e n t  t r e a t m e n t  , which r e n d e r s  t h e  e f f l u e n t  f r o m  carbon and 

s i l i c o n  c a r b i d e  c o a t i n g  o p e r a t i o n s  i n t o  forms s u i t a b l e  f o r  d i s p o s a l ;  

3 .  p a r t : i . d e  h a n d l i n g ,  which i n c l u d e s  weighing,  b a t c h i n g ,  t r a n s f e r r i n g ,  

c l a s s i f y i n g ,  sampling,  and s t o r i n g  of k e r n e l s  and coa ted  p a r t i c l e  

b a t c h e s  a 

3.6.1 - P a r t i c l e  Coat ing  

T h e  equipment b e i n g  developed t o  remote ly  c o a t  r e c y c l e d  NTGR f u e l  

i n c l u d e s  a f l u i d i z e d  bed t o  d e p o s i t  t h e  carbon and s i l i c o n  c a r b i d e  c o a t i n g s .  

The r e f e r e n c e  f i s s i l e  p a r t i c l e  c o a t i n g s  c o n s i s t  o f  b u f f e r  and dense  ( L T I )  

carbon layers ,  a l a y e r  o f  s i l i c o n  c a r b i d e ,  and an o u t e r  LTL c o a t i n g .  The 

f i s s i l e  k e r n e l  i s  o b t a i n e d  by l o a d i n g  uranium o n t o  a r e s i n  bead ( S e c t .  3 . 4 ) ,  

c a r b o n i z i n g  a t  about  600°C t o  remove v o l a t i l e s  ( S e c t .  3 . 5 ) ,  and c o n v e r t i n g  

t h e  d e s i r e d  f r a c t i o n  of  UO2 i n  t h e  carbon m a t r i x  o f  t h e  k e r n e l  t o  UC2. 
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Conversion r e q u i r e s  h i g h  tempera tures  (1600---1800"C) , and t h e r e f o r e  i t  

i s  performed i n  t h e  same fii-mace a s  (:hat used f o r  c o a t i n g .  However, 

s i n c e  t h e  carhonizatzion and convers ion  o p e r a t  i o n s  are i n t e r r e l a t e d  t h e  

r e s u l t s  of our  convers ion  s t u d i e s  are p r e s e n t e d  i n  S e c t .  3 .5 .  O u r  

0.13-m-dim (5- in .  ) c o a t i n g  f u r n a c e  used f o r  couv-crsion and c o a t i n g  

h a s  been d e s c r i b e d  p r e v t o u s l y .  Major efforts d u r i n g  t h e  y e a r  

i n c l u d e d  iuodifying several components of t h e  c o a t i n g  equipment,  d e s i g n i n g  

new equipment f o r  remotely 1-oading and i inloading r:.l-ie f u r n a c e ,  developing 

a b e t t e r  unders tanding  of t h e  d e p o s i t i o n  o f  t i ic  carbon and s i l i c o n  

c a r b i d e  layers, and p r e p a r i n g  Tr i so-coa ted  resin--dnnri:ved microspheres  

f o r  i r r a d i a t i . o n  t e s t i r i g  . 

1 2 , 2 2  

3.6.1.1 Eqi.ii.pnient Development --.- 14. K. P r e s t o n ,  J .  L .  !!eck, D. P. S t i n t o n ,  
R.  R.  Suchomel, and W. K. H a m e l  

Two t y p e s  of gas distributors can b e  used on. -the remote p r o t o t y p e  

c o a t i n g  furnace .  The coni.cal  gas  d i s t - r l h u t o r  h a s  been used f o r  many 

year:; and h a s  o p e r a t e d  s a . t i s f a s t o r i 1 . y .  The porous p l a t e 2  ( f r i t )  gas  

d i - s t r i b u t o r  i.s r e l a t i v e l y  new and has undergone several modificair.ions. 

The problems t h a t  l e d  t o  m o d i f i c a t i o n  of  the f r i t  w e r e  t h e  fai1u;c-e of 

t h e  f r i t  t o  seal  p r o p e r l y  t o  t h e  gas  d i s t r i b u t o r  and the adherence of 

p a r t i c l e s  t o  h o r i z o n t a l  o r  n e a r l y  h o r i z o n t a l  poi-(i ions o f  the 

S t i c k i n g  occurred  dur-i.ng b u f f e r  c o a t i n g  r u n s  i n  t h e  r e g i o n s  between t h e  

b l i n d  hol.es and p a r t i c u l a r l y  i n  t h e  cent ra l .  p o r t i o n  of t h e  d i s t r i ~ h - u t o r  

where t h e r e  was no h o l e .  A new f r i t  shown i n  F i g .  3.18 was des igned  Lo 

e l i m i n a t e  t h e  s t i c k i n g  gro'olern. A c e n t r a l  b l i n d  h o l e  was added, and t h e  

number o f  p e r i p h e r a l  h o l e s  w a s  i n c r e a s e d  from s i x  t o  e i g h t .  A l . s o  t h e  

s l o p e  of t h e  s u r f a c e s  between t h e  h o l e s  w a s  incueased  t t j  promote i r r ~ r e  

r o l l i n g  a c t i o n  of  t h e  p a r t i c l e s .  T h i s  f r i t  h a s  been e v a l u a t e d  fo r  over  

s i x  months; i t s  performance i s  v e r y  sati .sfacLory and c o n s i d e r a b l y  b e t t e r  

t h a n  t h e  p r e v i o u s  d e s i g n .  

T h e  problem of  c o a t i n g  gas l e a k i n g  around the f r i t  was caused by 

t h e  a t t e m p t  t o  seal  d t r e c t l y  t o  the porous graphirlte. Gas  leakage h a s  

been eli.mi.nated by cementing a s o l i d  g r a p h i t e  r i n g  t o  t h e  o u t s i d e  o f  

t h e  frit. 
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Fig.  3.18. Porous P l a t e  o r  F r i t  Gas D i s t r i b u t o r .  

Severa l  modifications w e r e  made t o  the Fu-€1-tiace t o  a l low i.ts ipse 

f o r  ca rbon iza t ion  and conversion o:f lresi.11 p a r t i c l e s  A "T; .e~ld  Trak" 

temperature  programmer w a s  i - n s t a l l e d  t o  permitr hea t ing  the furnace a t  

c o n t r o l l e d  rates. A glove box used  f o r  1oad:i.n;: p:art:i.cIcs into tilie. 

furnace  was 1.rpgradr~d SO t h a t  i t s  atiiiosphere wou1.d be  s u f l i c i e n t l y  

i n e r t  t o  a l low handl ing  of carbonized and conve.rtecl resin par t ic les  

which are pyrophoric .  

A r i g i d i z e d  carbon f e l t  hea t  s h i e l d  has been evalua ted  and shown 

t o  b e  supe r io r  t o  t h e  p rev ious ly  used  molybdenum. "lie new tneat s11iel.d 

provides  b e t t e r  i n s u l a t i o n  atid does not  became b r i t t l e  a f t e r  h e a t i n g  

The coa t ing  gas handl ing  equipment w a s  m o d i f i e d  t o  alLow mixing 

of  ace ty l ene  and propylene t o  b e  used for deposi t :  ion o f  trriuetl--gas LTL 

coa t ings  Laminar f1.ow e lements  w e r e  also ins ta l led  i n  the gas streams 

t o  r e p l a c e  t h e  i n t e g r a l  o r i f i c e  flow measuring devices .  

A t ime-of - f l igh t  mass spec t rometer  w a s  connected t o  the coat ing  

furnace  to monitor the gaseous e f f l u e n t  from carbon and si.:l.:iwn calrbicile 

coa t ing  ope ra t ions  I) In  a d d i t i o n  t o  obtaiai i ig  desired r.n~i~rr,nrnt.n.tal 

d a t a  t h e  m a s s  spec t rometer  w i l l  be i.ised t o  o h t a i  t i  i.i-t.Eor.rnrat:i.~7n on coati-rig 

process  v a r i a b l e s  and t h e i r  e f f e c t  on product q u a l i t y .  
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One area of major development i s  the so-cal.led 0.13-m-dim (5- in . )  

ma te r  l o o p .  This  equipment:, which i .s  r e q u i r e d  f o r  automati.caJ.1.y 

unloading p a r t i k l e s  from t h e  c o a t i n g  f u r n a c e ,  c o n s k t s  of a n u i b e r  of  

components, as d e p i c t e d  i n  F i g .  3.19. 

Because of t h e  h o t  and o f t e n  pyrophor ic  n a t u r e  of  coa ted  p a ~ : t i c l  es 

an i n e r t  atmosphere must be rnaintained throughoul: the l o o p ,  and a l l  

components must b e  c a p a b l e  of h a n d l i n g  p a r t - i c l e s  as h o t  as 600°C. The 

requ-i-rements f o r  remote o p e r a t i o n  of  t11i.s loop  n e c e s s i t a t e d  redc,sigu o f  

the c o a t i n g  chamber and gas d i s t r i b u t o r  as w e l l  as the f u r n a c e  expaasion 

chamber and sea l  s u p p o r t  pl-ate .  These components have been f a b r i c a t e d "  

The redes igned  g a s  d i s t r i b u t o r  w i l l  use  p e r c h l o r o e t h y l e n e  (C2C14) 

as t h e  cool-ant i n  o r d e r  t o  e v a l u a t e  a norhydrogenous c o o l a n t  system., 

A h e a t  t r a n s f e r  a n a l y s i s  of t h e  gas  d i s t r i b u t o r  w a s  performed t o  

estimate t h e  e f f e c t s  of s u b s t i t u t i n g  C 2 C l r ,  f o r  water as the cool -an t .  

Kesul. ts  i n d i c a t e  t h a t  t h e  new c o o l a n t  system w i l l .  require f lows of about: 

0.5 l i t e r / s e c  (8 gpn) t o  accomplish e q u i v a l e n t  c:ool.i.ng t o  t h a t  provided 

w i t h  about  80 ml/sec (1 .3  gpm) water.  Thus t h e  h e a t  exchanger ,  c i r c u -  

l a t i n g  pump, r e s e r v o i r ,  pip:i.ng, and valves have been s-ized and are  b e i n g  

procured on c h i s  b a s i s .  

ORNL-I)%% 7 5 4 5 3 6 3  
FROM 

Fig .  3.19. Remote Coat ing  Furnace Loop. 
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h c i ~ i r  d:=vp!oped t o  elimina1:t. t h e  problem of s o o t  b u i l d u p  i n  t h i s  p i p c .  

l ~ ~ ~ L r ~ c s ~ i o n  is n e a r l y  complete on a n  auger  assembly t h a t  can b e  peri- 

o d i c a l l y  d r i v e n  through t h e  p i p e  t o  c l e a n  i t .  

3.6.1.2 Process  Development D .  P .  S t i n t o n ,  W. J .  Lackey, and 
D .  R .  Johnson 

'rne f i r s t  c o a t i n g  a p p l i e d  t o  b o t h  f e r t i - l e  and f i s s i l e  p a r t i c l e s  

i s  the b1Jff::i- l a y e r .  Improvements i n  t h e  b u € f e r  c o a t i n g  p r o c e s s  have 

bee-:i d e s c r i b e d  i r i  t h e  prev ious  tb7o p r o g r e s s  r e p o r t s .  2 3  , 2 4  

The second l a y e r  a p p l i e d  t o  both  f i s s i - l e  and f e r t i - l e  p a r t i c l e s  i s  

t h e  low tempera ture  i s o t r o p i c  (LTI )  c o a t i n g .  The f r a c t i o n  of  d e f e c t i v e  

L T I  c o a t i n g s  h a s  been extensive1.y s tudi-ed i n  t h e  p a s t  y e a r . 2 5  

d e f e c t s  observed i n  as-coated par t ic les  are cracked or permeable L T I  

c o a t i n g s .  The p a r t i c l e s  used i n  t h i s  s t u d y  w e r e  Biso-coated T h 0 2 .  'Ihe 

L'IL c o a t i n g s  w e r e  d e p o s i t e d  f rom propylene i n  t h e  0.13--rn--.diain (5- in . )  

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

T y p i c a l  

D e f e c t i v e  p a r t i c l e  f r a c t i o n s  a r e  g i v e n  i n  F i g .  3 . 2 0 ,  where each l i n e  

i s  t h e  r e s u l t  of a ].east s q u a r e s  € i t  iriv-olving Erom 10 t o  50 d i f f e r e n t  

coati-ng b a t c h e s .  The uppermost curve  of F i g .  3.20 shows a v e r y  s t r o n g  

dependence of d e f e c t i v e  f r a c t i o n  on o u t e r  c o a t i n g  t h i c k n e s s .  The 

d e f e c t i v e  p a r t i c l e s  i n  thi .s  case c o n s i s t e d  of bo th  c racked  and pet:i:ieable 

c o a t i n g s .  A d e c r e a s e  i n  t h e  number of permeable c o a t i n g s  w i t h  i n c r e a s i n g  

c o a t i n g  t h i c k n e s s  i s  e a s i l y  unders tood ,  b u t  t h e  reason  f o r  che c o r r e l a t i o n  

between number of cracked coa t ings  and c o a t i n g  t h i c k n e s s  w a s  n o t  obvious.  

We psCu1ate [:hat c racked  o u t e r  c o a t i n g s  are t h e  r e s u l t  of t h e  combined 

a c t i o n  o f  two s o u r c e s  of stress; namely, stress b u i l t  i n t o  t h e  c o a t i n g  

d u r i n g  t h e  d e p o s i t i o n  proces,s and s t ress  a p p e a r i n g  d u r i n g  c o o l i n g  0.f t h e  

p a r t i - c l e s  from t h e  c o a t i n g  tempera ture .  The cooldown stress r e s u l t s  

becaiise t h e  thermal  expansion c o e f f i c i e n t  of t h e  o u t e r  carbon 1 a y e r  is 

ti5r tlian t h a t  of the porous inner  carbon.  Stress a n a l y s e s  show t h a t  

t h e  t e n s i l e  s t ress  i n  tht? L T i  l a y e r  can  b e  as  l-arge as 103 MPa (1.5,000 p s i ) .  

Fu r t l l ex ,  ilie anal.yses show t h a t  t h e  stress d e c r e a s e s  w i t h  i n c r e a s i n g  L T I  

t,hicknc+.ss t h u s  exp1.ainirig t h e  observed cor re1 .a t ion  of  t h e  number of 

cracked c o a t i n g s  w i t h  c o a t i n g  t h i c k n e s s .  Thus,  one should  be a b l e  t o  
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Cons iderable  e f f o r t  w a s  devoted t o  iiieasurement of  t h e  c r u s h i n g  

S L L  :!tigl-ti of Eiso-  and Tr i so-coa ted  p a r t i c l e s .  A r e p o r t 2  d e s c r i b i n g  

this work w a s  prepared.  B r i e f l y  t h e  c r u s h i n g  s t r e n g t h  of Biso-coated 

Tho2 p a r t i c l e s  was i n c r e a s e d  by t h e  fo l lowing  f a c t o r s :  (1) i n c r e a s i n g  

t h e  o u t e r  c o a t i n g  t h i c k n e s s  by 10 pm i n c r e a s e d  s t r e n g t h s  by 1 .3  M (0.3 lb) 

f o r  annea led  p a r t i c l e s  and 2 .2  N (0 .5  l b )  f o r  unannenled p a r t i c l e s ,  

( 2 )  ail 1800°C p o s t c o a t i n g  a n n e a l  i n c r e a s e d  s t r e n g t h s  by 4 . 4  N (1. l b )  

f o r  p a r t i c l e s  w i t h  t h i c k  o u t e r  c o a t i n g s  and 9 N ( 2  I b )  f o r  p a r t i c l e s  

having t h i n  c o a t i n g s ,  and ( 3 )  i n c r e a s i n g  t h e  b u f f e r  c o a t i n g  d e n s i t y  by 

0 . 1  g/cm3 i n c r e a s e d  s t r e n g t h  by 2 .6  N (0 .6  l b ) .  The c r u s h i n g  s t r e n g t h  

of Trfso-coated f i s s i l e  p a r t i c l e s  w a s  p r o p o r t i o n a l  t o  t h e  t h i c k n e s s  of 

S i c  c o a t i n g s ,  and s t r e n g t h  d e c r e a s e d  on a n n e a l i n g  by about  0.9 N (0 .2  l b )  

dim t h e  f r i t  w a s  used t o  d i s t r i b u t e  t h e  c o a t i n g  gas  and by about  7 N 

(1.5 l b )  when a c o n i c a l  gas  d i s t r i b u t o r  was used .  

L4 1.arge amount of work w a s  done on t h e  c h a r a c t e r i z a t i o n  of s i - l i c o n  

c a r b i d e  coat j -ngs.  S e v e r a l  etrching t e c h n i q u e s  w e r e  i n v e s t i g a t e d ,  and 

t h r e e  w e r e  s a t i s f a c t o r y .  One method u s e s  a thermal  grooving approach.  

Par t ic les  are mounted and p o l i s h e d  m e t a l l o g r a p h i c a l l y .  The p a r t i c l e s  

are t h e n  removed from the mount and h e a t e d  t o  1550°C f o r  30 min. T h e  

mater ia l  i n  g r a i n  boundar ies  i s  p r e f e r e n t i a l l y  evapora ted .  The micro- 

s t r u c t u r e  can b e  observed w i t h  a scanning  e l e c t r o n  microscope o r  by 

I . ight  microscopy. 

The o t h e r  two t e c h n i q u e s  are more c o n v e n t i o n a l .  One e l e c t r o l y t i c  

e t c h a n t  a d  one chemical  e t c h a n t  have been found t h a t  s a t i s f a c t o r i l y  

~ i - c h  t h e  s i l i c o n  c a r b i d e .  The e l e c t r o l y t i c  method u s e s  a m i x t u r e  of 

500 c m 3  of H 3 P 0 4  and 20 g K z C r 2 0 7  as t h e  e l e c t r o l y t e .  

sample i s  e tched  f o r  1.5 min a t  a c u r r e n t  d e n s i t y  of 4 t o  5 A/cm2. 

13iis method e t c h e s  b o t h  l a r g e  and small g r a i n e d  material v e r y  w e l l .  

I t  a l s o  b r i n g s  o u t  any banding p r e s e n t  i n  t h e  s i l i c o n  c a r b i d e  c o a t i n g  

I.ayru, 

r a t e d  w a t e r  s o l u t i o i i s  of b o t h  chemicals  are mixed i n  e q u a l  volinne 

x a t i o s .  The m i x t u r e  i s  t h e n  h e a t e d  t o  i t s  b o i l i n g  p o i n t ,  and p o l i s h e d  

s m i p l 2 s  are dipped f o r  1. t o  10 min. T h i s  method e t c h e s  b o t h  l a r g e  and 

srnal. 3. g r a i n e d  material. 

The p o l i s h e d  

The chemical e t c h z 7  i s  a m i x t u r e  of N a O H  and K3Fe(CN)6. Satu-  

The m i c r o s t r u c t u r e  o f  l a r g e  g r a i n e d  material 
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i s  more d i s t i n c t .  This  method does no t  show banding as e l e a r l y  as t:he 

e l e c t r o l y t i c  method. Bands can be seen ,  bu t  they are fewer and less 

pronounced. Figure 3 . 2 1  shows very good agreement between t h e  thermal 

grooving method and t h e  chemical e t ch .  

The s tudy  of d i f f e r e n t  e t c h a n t s  revealed two very  d i f f e r e n t  silicc31. 

carb ide  s t r u c t u r e s .  A l a r g e  grained material w a s  seen  when a coa t ing  was 

depos i ted  a t  1600°C and 0.17 I.lm/min. 

s m a l l  g r a i n  s i z e  w a s  seen  when a coa t ing  w a s  depos i ted  a t  l500"C and a 

depos i t i on  rate of 0 + 4 5  pm/min. 

Fig.  3 . 2 1 .  S i l i c o n  ca rb ide  s t r u c t u r e s  were examined f u r t h e r  by looking  

a t  four  coa t ings  made wi th  a c o n i c a l  gas d i s t r i b u t o r  i n  t h e  0.13-m-diam 

A h igh ly  banded material w i th  a 

These mic ros t ruc tu res  a r e  seen i n  

(5- in . )  c o a t e r .  The depos i t i on  cond i t ions  

seen  i n  Fig. 3 .22 .  The coa t ings  depos i ted  

coa r se r  gra ined  than  coa t ings  depos i ted  a t  

depos i t i on  temperature  from 1600 t o  1700°C 
change i n  s t r u c t u r e .  

and microstruc:tures can be 

a t  0 .1  pm/min w e r e  denser  and 

0.2 pm/min. Changing t h e  

d i d  not  r e s u l t  i n  a d e t e c t a b l e  

The in f luence  of anneal ing on t h e  s t r u c t u r e  and s t r e n g t h  of S i c -  

coated p a r t i c l e s  w a s  i n v e s t i g a t e d .  The crushing s t r e n g t h s  of t hese  

p a r t i c l e s  w e r e  examined because s i l icon-carbide-coated par t ic les  e x h i b i t  

lower c rush ing  s t r e n g t h s  than  any o t h e r  s t e p  i n  t h e  Tr i so  coa t ing  cyc le .  

Twelve p a r t i c l e  ba tches  processed through t h e  s i l i c o n  caxbide l a y e r  were 

annealed a t  va r ious  cond i t ions .  The temperatures  used va r i ed  between 

1630 and 2000°C and t h e  t i m e s  va r i ed  from 1 2  t o  420 min. The c rushing  

s t r e n g t h  of each p a r t i c l e  ba tch  c l e a r l y  decreased on anneal ing.  The Sic 

g r a i n  s i z e  increased  only  s l i g h t l y  during anneal ing.  

Considerable  t i m e  was spent  prepar ing  f u e l  f o r  i r r a d i a t i o n  t e s t i n g .  

Three ba tches  of Triso-coated r e s i n  and t e n  ba tches  of Biso-coated T h O 2  

w e r e  prepared.  This  was t h e  f i r s t  t i m e  t h a t  res in-der ived f u e l  had been 

prepared with t h e  0.13-m-diam (5-in.)  c o a t e r .  This  f u e l  i s  shown i n  

F i g .  3.23. It i s  apparent  i n  t h e  f i g u r e  t h a t  t h e  coated p a r t i c l e s  are 

more n e a r l y  s p h e r i c a l  when t h e  f r i t - t y p e  gas d i s t r i b u t o r  w a s  used r a t h e r  

than  t h e  con ica l  d i s t r i b u t o r .  This  is a gene ra l  observa t ion  and i t  i s  

discussed f u r t h e r  i n  a r ecen t  r e p o r t 2 8  dea l ing  wi th  t h e  in f luence  of 

equipment and process  v a r i a b l e s  on p a r t i c l e  shape. 
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Fig .  3.21. Coarse and F i n e  Grained S i l i c o n  Carbide as Revcaled 
by Chemical ( t o p >  and Thermal (bottom) Etching.  
d e p o s i t e d  a t  0.7 vm/min a t  1600°C having a c r u s h i n g  s t r c n g t h  of  3 2 - 5  N 
( 2 . 8  l b ) .  On t h e  r i g h t  i s  material d e p o s i t e d  a t  0 . 4 5  u r n / m i n  a t  1500°C 
having a c r u s h i n g  s t r e n g t h  of 19 .5  N (4 .4  l b ) .  

On t h e  l e f t  i s  material 
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Fig. 3.22. E f fec t  of Deposi t ion Rate and Temperature on t h e  
S t r u c t u r e  of Silicon Carbide.  (a) 0.1 pm/min a t  1700°C. (b)  0 . 2  pm/min 
a t  1700°C. (c) 0.1  vm/min a t  1600°C. (a) 0.2 u m / m i n  a t  1600°C. 



r 
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Four of t h e  batches of f e r t i l e  p a r t i c l e s  prepared f o r  t e s t i n g  i n  

the  OF-2 capsule are shown i n  Fig.  3.24 .  The v a r i a b l e s  being jnves t lga t ed  

he re  are C3H6 f l o w  r a t e  10.94 vs  1 . 7  l l t e r s / s e c  (2 vs  3 - 6  scfm)] and 

d i l u e n t  gas concent ra t ion  (0 v s  50%). 

was coa ted  by use  of t h e  0.13-m-diam (5-in.)  f r i t .  

Each p a r t i c l e  ba t ch  i n  F ig .  3.24 

During f a b r i c a t i o n  of r e s i n  der ived  p a r t i c l e s ,  uranium w a s  found 

escaping from t h e  ke rne l s  and being d ispersed  i n  t h e  b u f f e r  l a y e r .  

occurred dur ing  annea l ing  of inne r  L T I  coated par t ic les  a t  1800°C and 

a l s o  dur ing  Sic coat ing .  X radiographs showing t h e  ex ten t  of uranium 

d i spe r s ion  f o r  t h e  p a r t i c l e s  prepared f o r  i r r a d i a t i o n  t e s t i n g  2ppear  i n  

F i g .  3 . 2 5 .  

752  conversion show somP d i spe r s ion .  

from t h e  ba tch  having 12 .6% conversion showed d i spe r s ion ,  and i n  these  

cases  only a f e w  small specks of  uranium-bearing material  were p resen t  

i n  t h e  b u f f e r  l a y e r .  

were i d e n t i f i e d .  These f a c t o r s  w e r e  d i f f u s i o n  of H C l  o r  C l z  p resent  

during the  S i c  coa t ing  through permeable L T I  coa t ings  and subsequent 

reac- t ion w i t h  t h e  k e r n e l ,  r e a c t i o n  dur ing  t h e  carbon coa t ing  ope ra t ion  of 

the: ke rne l  with C2C1-4 that had backstreamed from t h e  scrubber  i n t o  t h e  

coarii ig furnace,  and exposure of  converted ke rne l s  t o  t h e  atmosphere 

before  coa t ing .  A r epor t  desc r ib ing  t h e  f u e l  d i s p e r s i o n  work i n  more 

d e r a i l  i s  a v a i l a b l e .  

This  

About h a l f  t h e  p a r t i c l e s  from t h e  two batches  having nominally 

Howemr, on ly  an occas iona l  p a r t i c l e  

Severa l  f a c t o r s  t h a t  can cause uranium d i spe r s ion  

2 9  

3 . 5 . 1 a 3  Laboratory-Scale S i C  CoatZng - J. I. Federer 

Most of t h e  labora tory-sca le  Sic process  development ac t iv i t i e s  

cons i s t ed  of eva lua t ing  the e f f e c t s  of coa t ing  cond i t ions  on coa t ing  

c h a r a c t e r i s t i c s  when rne thy l t r i ch lo ros i l ane  (MTS) is  used as t h e  source 

f o r  Si.(;. The p r i n c i p a l  v a r i a b l e s  of MTS f l u x ,  H2/MTS r a t i o ,  and temper-  

a t u r e  w e r e  va r i ed  over  wide ranges i n  search  of t r ends :  MTS f l u x  w a s  

var ied  from 0.03 t o  1 .3  cm2/min; N2/MTS r a t i o  was va r i ed  from 5 tn 4 4 ;  

temperarure was var i ed  from 1 2 2 5  t o  1775°C.  The r e s u l t s  of t h i s  work 

ma:: I - ?  summarized as f o l l o w s :  

1. Coating rate is a f f e c t e d  by each of t h e  p r inc ipa l  v a r i a b l e s ;  

however, N2/WrS r a t i o  and temperature a l s o  a f f e c t  d e n s i t y ,  whereas 
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Fig .  3 . 2 5 ,  X Badlographs o f  SIC-Coated Resin Showing Uranium l a  the B u f f e r  C o a t h g  Layer o f  t : : s  
(a) F r i t  d i s t r i b u t o r  ~ 69.4 t 2 

IC )  Zone d i s t r i b u t o r ,  76.6 f 2 . 6 %  conver t ed .  
TWO tu’ominally 35Z-C3nverted Edtches. 
12 .6  rt 2.52 converted.  

con~:ert.zJ I I  (b) Frit dist r i .SuEor,  
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c o a t i n g  ra te  does n o t .  A h i g h l y  dense  S i c  c o a t i n g  can b e  o b t a i n e d  a t  

g p t i z i i ~  v a l u e s  c.f II2/>fTS r a t i o  and tempera ture ;  t h e  coati .ng r a t e  can 

then  b e  c o n v e n i e n t l y  v a r i e d  by v a r y i n g  t h e  ?ITS f l u x .  

2 .  A t  optimum v a l u e s  of H2/MTS r a t i o  and tempera ture  t h e  c o a t i n g  

r a t e  i s  a l i n e a r  Funct ion of  MTS f l u x .  

have been o b t a i n e d .  

Coat ing rates a s  h i g h  as 4 l.lm/min 

3. Coat.i.ng d e n s i t y  i s  s t r o n g l y  a f f e c t e d  by Hz/MTS r a t i o .  Except 

f o r  a few da ta  p o i n t s ,  t h e  d e n s i t y  a p p e a r s  t o  i n c r e a s e  r a p i d l y  w i t h  

i n c r e a s i n g  H&l’1315 r a t i o  i n  t h e  range  5 t o  20, and i s  r e l a t i v e l y  inseu-  

s i t i v e  t o  a f u r t h e r  i n c r e a s e  i n  H2/MTS r a t i o s .  Coat ings  f o r  i r r a d i a t i o n  

t e s t i n g  w e r e  d e p o s i t e d  a t  a n  H2/MTS ratio of 30. 

4 .  S i n c e  an  Hz/MTS r a t i o  o f  a t  least  20, and p r e f e r a b l y  h i g h e r ,  is  

needed f o r  h i g h  d e n s i t y ,  t h e  maximum c o a t i n g  ra te  i s  determined by t h e  

b a t c h  s u r f a c e  area and t h e  c o a t i n g  t u b e  s i z e .  The maximum c o a t i n g  ra te  

o c c u r s  a t  t h e  g r e a t e s t  MTS f l u x  (and cor responding  Hz/MTS r a t i o )  t h a t  

does n o t  e j e c t  microspheres  o u t  of t h e  c o a t i n g  tube .  A c o a t i n g  r a t e  o f  

1 I-lrn/min appears  t o  b e  p r a c t i c a l  i n  t h e  s m a l l  c o a t i n g  t u b e s  used i n  t h i s  

work. S i g n i f i c a n t l y  h i g h e r  rates would l i k e l y  r e q u i r e  t r a d e - o f f s  among 

f low rates,  b a t c h  s u r f a c e  area ( b a t c h  s i z e ) ,  and c o a t i n g  t u b e  s i z e .  

5. The m i c r o s t r u c t u r e  i s  a l s o  s t r o n g l y  a f f e c t e d  by Hz/MTS r a t i o  

and tempera ture ,  b u t  n o t  by c o a t i n g  ra te .  F i g u r e  3 . 2 6  shows t h a t  as 

t h e  Hz/MTS rati.0 i s  v a r i e d  from 5 t o  25 the m i c r o s t r u c t u r e  changes from a 

d i s o r g a n i z e d  m a s s  t o  a s t r i a t e d  s t r u c t u r e  and f i n a l l y  t o  a g r a i n  s t r u c t u r e .  

Although n o t  e v i d e n t  i n  t h e  m i c r o s t r u c t u r e s ,  t h e  amount of p o r o s i t y  

d e c r e a s e s  w i t h  i n c r e a s i n g  H2/MTS r a t i o .  S i m i l a r l y ,  F i g .  3.27 shows t h a t  

as tempera ture  i s  i n c r e a s e d  from 1375 t o  1 7 9 5 O C  t h e  m i c r o s t r u c t u r e  

changes from a s t r i a t e d  s t r u c t u r e  ( c o n t a i n i n g  excess s i . l i c o n )  t o  a dense  

g r a i n  s t r u c t u r e ,  and f i n a l l y  t o  a c o a r s e l y  c r y s t a l l i n e  s t r u c t u r e  con- 

t a k i n g  g r o s s  p o r o s i t y .  

6 .  Coat ing d e n s i t y  i s  s t r o n g l y  a f f e c t e d  by tempera ture .  F i g u r e  3.28 

shows t h e  r e s u l t s  of t h e  p r e s e n t  s t u d y  a long  w i t h  t h o s e  of t h r e e  o t h e r  

i n v e s t i g a t o r s .  30-32 

mum v a l u e s  i n  t h e  tempera ture  range 1500 t o  1650°C. Coat ings d e p o s i t e d  

Excep t  f o r  one case3’ t h e  d e n s i t i e s  e x h i b i t e d  maxi- 
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Y-132887 Y-I 12888 Y-132885 

Y-i 328  a9 Y-132886 

Fig .  3 . 2 6 .  Microstructures of S i l i c o n  Carbide Coatings Deposited 
a t  1 5 7 5 O C  a t  Various Rat ios  of Hydrogen to Methy l t r i ch lo ros i l ane .  (a) 5.  
(b) 10. (c:) 14 .  (d) 20. (e) 25. 
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- 
THIS WORK 0 30 0 2  
R E F  1 2 5  0 76  
R E F  2 e NOT S r A T l I D  
REF 3 A -30  - 0 6 3  

4 

COATING TEMPERATURE ("C)  

F i g .  3.28.  Density of S i c  Coat ings  as a Fiirrction of Coatirr,r, 
Temperature .  References  c i t e d  are:  E. Gyarmati and H a  Nickel., ~ b - 9 0 0 - K X  
(ORNL-tr-2733); T.  D. Gulden, Gh-8275; and E .  H. Voice and D.  N. Lamb, 
UP-677. 

below about  1400°C have low d e n s i t y  due t o  t h e  presence  of  excess  s i l i c o n ,  

whi1.e c o a t i n g s  d e p o s i t e d  above 1 7 O O O C  niay iiave g r o s s  p o r o s i t y  

i n  F i g .  3 .27.  Coat ings  f o r  i r r a d i a t . i o n  t e s t i n g  w e r e  d e p o s i t e d  a t  1575°C.  

iis shown 

7 .  Heat t r e a t m e n t  a t  1 8 O O O C  f o r  30 min, t h e  s t a n d a r d  t r e a t m e n t  for- 

c o n s o l i d a t i n g  c o a t e d  microspheres  i n t o  f u e l  s t i c k s ,  does not s i g n i f i c a n t ; .  y 

af fe .c t  the n l i c r o s t r u c t u r e  of S i c  c o a t i n g s ,  r e g a r d l e s s  of t h e  coa t ing  

c o n d i t i o n s  o r  c o a t i n g  ra te .  

IR summary, c o a t i n g s  have been deposii-.ed a t  rates up t o  4 i~[11/1uiti- 

A rate of about  1 yIu/min a p p e a r s  t o  b e  p r a c t i c a l  fo r  reasonable .  batch 

s i z e s .  

s t r u c t u r e  have been determined.  

can be  prepared  a t  I12/MTS r a t i o s  of  20 o r  more and at temper.at.nr-es i n  t : h ~  

range  1475 t o  1675°C. A more d e t a i l e d  d i s c u s s i o n  of t h e s e  r e s u l t s  w i l l .  

be  pribli.shed e 

The e f f e c t s  of Hz/MTS r a t i o  and tempera ture  OIL d e n s i t y  arid micrii- 

Highly dense  polycrys ta lLi I te  c o a t  i.ngs 
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3.6.2 Coater  E f f l u e n t  a- Treatment and A n a l j e  

3 . 6 . 2 . 1  P e r c h l o r o e t h y l e n e  Scrubber  ' - .~ D. P. S t i n t o n  

A f i n a l  area of equipment development i s  the p e r c h l o r o e t h y l e n e  

scrubber34 used t o  remove soo t  and hydrocarbon vapors from t h e  c o a t e r  

o f f  gas .  This  s c r u b b e r  h a s ,  i n  g e n e s a l ,  performed v e r y  s a t i s f a c t o r i l y  

sTnce i n s t a l l a t i o n  more t h a n  a y e a r  ago,  h u t  two minor problems r e q u i r e d  

a t t e n t i o n .  These probleiiis involved  pI-ugging of t h e  d e m i s t e r  f i l t e r s  and 

a l a r g e  l o s s  of C 2 C l 4  by e v a p o r a t i o n .  To e l i m i n a t e  t h e s e  probl.etils, a 

ch:i.lled--water h e a t  exchanger was added j u s t  downstream of t h e  s c r u b b e r  

t o  condense C z C l 4 ,  and Llie plugging of L h e  d e m i s t e r s  h a s  been s i g n i f i - ,  

c a n f l y  reduced buf n o t  completely e l i m i n a t e d  by t h e s e  m o d i f i c a t i o n s .  

Reclamation of used C 2 C 1 4  i s  d e s c r i b e d  i n  Sec t .  3.1.1.. 

3.6.2,2 E f f l u e n t  A n a l y s i s  - D.  A .  Lee, 'w. T. Kainey, 11. A .  Canada, 
J. A .  Carter, and D .  A. Costaiizo 

A t i ,me-of-f l ight  mass spectrometer* (TORIS) has been purchased aiict 

i h s t a l l e d  0nt.o t h e  0.13-m-dim (.?.--in.) c o a t i n g  furnace .  T h e  TOFMS v i l l  

b e  used t o  monitor i n - l i n e  t h e  e f f l i i e n t s  from t h e  vauiGus processes usetl 

i n  p r e p a r i n g  WTGR f u e l  microspheres .  The p r o c e s s e s  t o  b e  moni-tored 

are: c a r 3 o n i z a t i o n  and convers ion  of uranium-loaded r e s i n ,  deposi t  i ~ o n  

of carbon and s i l i c o n  c o a t i n g s ,  and pa r t i c l e  a n n e a l i n g .  

loop  h a s  been c o n s t r u c t e d  to t r a n s f e r  e f f l u e n t s  c o n t i n u o u s l y  t o  t h e  

TOFPfS from any one of  t h r e e  sampling p o r t s  i n  t h e  f a c i l i t y .  The ?'OL+MS 

may b e  o p e r a t e d  i n  e i t h e r  t h e  scanner  or sequencer  mode. Repeated 

s p e c t r a l  s c a n s  may b e  made f o r  a l l  masses, o r  f i v e  p r e s e l e c t e d  masses 

may b e  monitored c o n t i n o i x l y  i n  sequence.  The ana l -ys i s  of t h e  t.:Efiue 

w i t h  r e s p e c t  t o  t i m e  and tempera ture  w i l l  a i d  i n  de te rmining  react j . i i~ i  

mechanism and optimum p r o c e s s  parameters  as w e l l  as a s s u r e  0ccupat.i o n a l  

and environmental  s a f e t y  from hazardous p o l l u t a n t s .  

A h e a t e d  sanild in# 

. . 
*CVC Products ,  I n c .  ( former ly  Bend;-x) t y p e  MA--'3. 
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3 . 6 . 3  Bulk P a r t i c l e  TransEer - J, E. Mack and D.  3. Johnson 
__Dll__-.-._..- 

A p n e t m r t i c  s y s t e m  WRS chosen as the rilethod t o  be  used f o r  ~ r a n s -  

feriring t.he f u e l  particl.es through I:he r e fab r i ca t ion  cycle I 

must have the c a p a b i l i t y  of  t r a n s f e r r h g  a va r i e ty -  of p a r t i c l e  t y p e s  

ranging from the b a r e  loaded r e s i n  t o  t h e  o u t e r  LTT coated parrticle with 

v:i.rtually no cross batch contamhat i -on  and minimwn particle w e a r  and 

breakage. 

layers is n e c e s s i t a t e d  by the  p re sen t  sampling techtli.qme, wI1ic.h r e q u i r e s  

i-emo.ving t h e  en t i r e  ba tch  f r o m  the .furnace, wei.gh:i.ng i t ,  and passjng :it 

thrsugh a sample r  be fo re  r e t u r n i n g  it t o  the furnace. As a rPst.dt9 t h e  

system will. be  handl ing material tha t .  i s  thermally a:; well. as z:adio- 

a c t i v e l y  hot. The parti .eles must a l s o  be handled i.n an o.xyygen-free 

atmosphere fo l lowing  ca rbon iza t ion  and ctmversion because sf t1lej.r 

pyrophoric  na tu re .  Since ocle l i n e  w i - 1 1  carry di.f-fe.rent p a r t i c l e  t y p e s  

a t  different  t i m e s ,  a l l  t r a n s f e r s  will b e  made with argon and an xrgon 

atmosphere maintained i n  the lines and hoppers  a t  all. t i m e s  . 

The system 

Handling of  t h e  p a r t i c l e s  a f t e r  a p p l i c a t i o n  of severall. coa t ing  

To determi.ne t h e  requirements  of such a system, two 30-m (100-ft) 

13-nnn-ID (0.5-in. ) t r a n s f e r  l ines  were cons t ruc ted  one i n  polye thylene  

to obtain extensive particle v e l o c i t y  d a t a  and one i n  stainless steel 

A c o l l e c t i o n  hopper w a s  located above trhe t r a n s f e r  1-ioppei-, and a ba tch  

w a s  recircuLated by g r a v i t y  feed through a d i v e r t a  valve. ilrr i n t e r -  

changeable 90" bend i n  both loops pe.mitted d a t a  ac,quisit::ian f o r  bend 

r a d i i  from 0.1.5 t:o 1 . 8  III ( 6  i n .  t o  6 ft) . The system parameters measured 

were air v e l o c i t y ,  p a r t i c l e  veloci.t:y, and pressure  drop. The s y s t e m  

components t e s t e d  w e r e  collection and feed hoppers and two types  of 

g r a v i t y  flow d i v e r t e r  valves, 

Several p a r t i c l e  types  were t r a n s f e r r e d ,  p rovid ing  d a t a  and ope ra t ing  

exper ience  wi th  p a r t i c l e s  of 500 t o  800 '1.m mean diameter over a density 

range o f  1 , s  t o  4 . 4  g/cm3. 

these par t ic le  types  can b e  descri.bed as di . lute  phase  conveying, dierein 

all the p a r t i c l e s  remain en.trai.ned i n  the gas  stream, arid t h e  d e n s i t y  

of the g a s - p a r t i c l e  mixture  i s  f a i r l y  l o w ,  about 8 t o  16  kg/m3 (1-2 l b / f t 3 ) .  

F igure  3.29 i l lustrates p a r t i c l e  s l i p  - t h e  d i f f e r e n c e  between a i r  v e l o c i t y  

and particle v e l o c i t y  - for f o u r  different partlecle types. 

P l o w  through t h e  t r a n s f e r  l ine  f o r  each of 

The p a r t i c l e  
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Fig .  3.29. E f f e c t  of P a r t i c l e  Densi.ty on  P a r t i c l e  S l i p  During 
Pneumatic T r a n s f e r  of Bare, Biso-Coated, and Sic-Coated Loaded Res in  
and Biso-Coated Thor ia  ( i n  Order of I n c r e a s i n g  Dens i ty)  i n  I3-m-LI) 
(1./2-in.) S c a i n l e s s  S t e e l  Tubing. To c o n v e r t ,  1 ft/sec = 0.30 m/sec; 
1 s c f m  = 0.47 s t d  liter/sec, 

i s  moved along i n  the a i r  stream by aerodynamic drag .  The amha.nt of 

s l i p  a p a r t i c l e  experienc-es depends p r i m a r i l y  on t h e  s i z e ,  shape ,  

and wei.ght of t h e  palrtri.de. A s  a r e s u l t ,  p a r t i d e  veJ-oeity wiI.1 b e  

a f u n c t i o n  o f  t h e  p a r t i c l e  d e n s i t y  and s q u a r e  of t h e  d i a m e t e r ,  as w e l l  

as o f  a i r  v e l o c i t y .  Mult::i.ple r e g r e s s i o n  a n a l y s i s  i s  c u r r e n t l y  b e i n g  

used t o  de te rmine  t h e  re la t ive  wei-ghts  of each of t hese  f a c t o r s  f o r  

use i n  p r e d i c t i n g  t r a n s f e r  c h a r a c t e r i s r i c s  of the pyrophor ic  inaterial. 

F i g u r e  3 - 3 0  i l l u s t r a t e s  v a r i a t i o n  i n  t h e  a i r - p a r t i c l e  bed d e n s i t y  

w i t h  a i r  v e l o c i t y  and particle t y p e .  

v e l o c i t y  d e c r e a s e s  fas ter  t h a n  the feed  ra te ,  and the a i r - p a r t i c l e  d e n s i t y  

i n c r e a s e s  u n t i l  s a l t a t i o n  occurs. A t  s a l t a t i o n ,  t h e  air v e l o c i t y  i s  

i n s u f f i c i e n t  t o  c a r r y  the particles along,  and t h e y  become d i s e n t r a i n e d  

from t h e  a i r  stream, f i l l i n g  t h e  h o r i z o n t a l  s e c t i o n s  arid block.i.ng t h e  

.vertical s e c t i o n s .  Tests show t h a t  thi-s condir3.oii occurs  when t h e  

d r iv ing  p r e s s u r e  f a l l s  bel.ow 1 4  kPa gage (2 p s i g ) ,  i n d i c a t i n g  t h e  mini- 

mum pressure drop f o r  ozir system. 

(10 ps ig )  proved s u f f i c i e n t  t o  rees1:ablish the flow folbowi.ng a s i m u l a t e d  

A s  a i r  v e l o c i t y  d e c r e a s e s ,  p a r t i c l e  

Purge p r e s s u r e s  bel-ow 69 kPa gage 

lOSS-Of-pOTE!r ShUtdQTX32 
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F i g ,  3 . 3 0 .  Densi ty  of t h ~ ?  Air-Particle Mixture V e r s u s  Air V e l o c i t y  
f o r  P'neumatic Conveying i n  13-m-113 (1/2-i11.) S t a i n l e s s  Sreel 'Tubing 
'To ~ o n v e r ? ~  1 4 b / f t 3  = 16 kg/m3; 1 f t l s r c  = 17,3(4 m / s e c .  

Pressure d r o p s  w e r e  measured over hori.zonta3. and ~7er t ica1  s Lraight 

sect ions,  across bends o f  d i f f e r e n t  rad.ii, and a c m s s  t.he p a r t i c l e  feed 

i n l e t  f o r  various t ransfer  cond i t ions  and par t ic le  t y p e s  ~ They ranged 

from 0.45 to 1 e 35 kl?aaJm ( 0  8 2 4  06 p s i b f t )  f o r  horizontal .  conveying t o  

1.1 to 2 . 3  kPa/m (O .OF-0 .10  g s i / f t )  f o r  ve r t i ca .1  conveying, 

drops across the  be.nds ranged from 0.45 to 2.3 kPa/m. (0.0243.10 p s i / f t )  . 
Pressure d r o p s  across t h e  i n l e t  where the p a r t i d e s  must  'be aecelerat.ed 

from. rest ranged from iLe6 t o  5 , 1  kPa/m (0 .074 .25  psi). 

P r e s s u r e  

P a r t i . r l e  wear and breakage w e r e  a l s o  eva.luated.  The p a r t i c l e  t y p e s  

tested showed no masurah1e wear except t h e  buffer-coated part..ic:le, whose 

mean diameter decreased 10 urn after 25 runs through the 30-m (100-ft) 

l ~ o p ,  averaging 8.4 urn p e r  transfer. Partic1.e breakage ranged from a 

f a i l l u r e  f r a c t i o n  

p e r -  transfer €or a reference f i s s i l e  design B:iso thoria batch. 

t h o r l a  batch had 2x11 u n u s u a l l y  low crushing strengt.h o f  h , 2  N (1.4 1-b) 

compared with 11 t o  13 N (2.5-3.0 l b )  far a normal batch, The f a i l u r e  

0.7 x IO-' f o r  t h e  ~ . i ~ - e o a t e d  p a r t i c l e  to 2 x 

T h e  BrBso 
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f r a c t i o n  f o r  a buf fer -coa ted  t h o r i a  b a t c h  w a s  1 . 5  x p e r  t r a n s f e r .  

No s i g n i f i c a n t  p a r t i c l e  damage occurred  i.n t r a n s f e r r i n g  b a r e  loaded 

r e s i n ,  o t h e r  t h a n  t h e  s e p a r a t i o n  of smaller " s a t e l l . i t e "  s p h e r e s  from 

the j . r  p a r e n t  p a r t i c l e s .  

i n  t h e  c o l l . e c t i o n  hopper r a t h e r  t h a n  i n  the t r a n s f e r  l i n e ,  and c u r r e n t  

d e s i g n  e f f o r t  i s  d i r e c t e d  toward a c o l l e c t i o n  hopper e n t r y  t h a t  minimizes 

a b r u p t  particle-wall  and p a r t i c l e - p a r t i c l e  i n t e r a c t i o n s .  A r e p o r t  

d e s c r i b i n g  a l l  t h e  pneumatic p a r t i c l e  t r a n s f e r  work i.s i n  p r e p a r a t i o n .  

We f e e l  t h a t  most of  t h e  p a r t i r l e  damage o c c u r s  

3 . 7  FUEL ROD FABRICATION (WORK UNIT 2105) - D. R. Johnson, P .  A n g e l i n i ,  
J. E. Rushton, S .  R .  McNeany, R.  1J. Knol l ,  R .  A. Bradley ,  and 
R.  M. DeTmzier 

The purpose of t h i s  work i s  t o  develop p r o c e s s e s  and equipment 

s u i t a b l e  f o r  t h e  remote r e f a b r i c a t i o n  of HTGR f u e l  r o d s .  The f u e l  r o d s  

are  13  o r  1 6  mm (112 o r  5 / 8  i n . )  i n  d iameter  and 50 t o  65 mm (2-2.5 i n . )  

long  and c o n r a i n  m i x t u r e s  of f i s s i l e  and f e r t i l e  c o a t e d  p a r t i c l e s  and 

g r a p h i t e  shim p a r t i c l e s  bonded by a matrix of p i t c h  b i n d e r  and g r a p h i t e  

f i l l e r .  

The p r i n c i p a l  a c t i v i t i e s  i n  f u e l  rod f a b r i c a t i o n  are d i s p e n s i n g  

p a r t i c l e s ,  b l e n d i n g  them, and l o a d i n g  them i n t o  molds i n j e c t i n g  t h e  

macrix i n t o  t h e  beds of p a r t i c l e s  t o  form f u e l  rods ,  and i n s p e c t i n g  and 

a s s a y i n g  t h e  r o d s .  

3 . 7 . 1  N u i j m e n t  D e v e l o p m e s  

The c o n c e p t u a l  d e s i g n  f o r  a conunercial-scale remote ly  o p e r a b l e  

I-ITGR f u e l  rod molding machine h a s  been prepared .  It w i l l  form 40,000 r o d s  

p e r  day by t h e  s l u g  i n j e c t i o n  p r o c e s s .  The major s t e p s  of f u e l  p a r t i c l e  

d i s p e n s i n g  and b l e n d i n g ,  mold l o a d i n g ,  and f u e l  rod forming are performed 

by t h e  machine. 

A l a b o r a t o r y  f u e l  r o d  molding machine w a s  des igned  arid b u i l t  i n  

1 9 7 2  t o  demonst ra te  t h e  s l u g  i n j e c t i o n  p r o c e s s .  3 5  This  machine h a s  m e t  

o r  exceeded all .  t h e  d e s i g n  o b j e c t i v e s  and h a s  produced over 30,000 HTGR 

f u e l  rods .  The d e s i g n  and o p e r a t i n g  e x p e r i e n c e  w i t h  t h e  l a b o r a t o r y  f u e l  

rod machine p r o v i d e  t h e  b a s i s  f o r  the c o n c e p t u a l  d e s i g n  oE t h e  commercial- 

scale machine. 
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The l a b o r a t o r y  

pos i t i oned  around a 

a f f ixed .  This  t ype  

ope ra t ions  i n  which 

f u e l  rod machine comprises ope ra t ing  s t a t i o n s  

r o t a r y  index t a b l e  t o  which molds are permanently 

system i s  used ex tens ive ly  i n  automatic  assembly 

t h e  opera t ing  t i m e  f o r  each s t a t i o n  i s  about t h e  

same.. 

c o n t r o l l e d  by t h e  c y c l i c  time of t h e  longes t  opera t ion .  

The f a b r i c a t i o n  rate f o r  t h i s  type  of system i s  obviously 

The ope ra t ion  r e q u i r i n g  the most t i m e  i n  f u e l  r o d  molding is 

i n j e c t i o n  of t h e  matrix, which r e q u i r e s  20 t o  30 s e c .  T f  a 20-sec 

c y c l i c  t i m e  is assumed f o r  t h i s  ope ra t ion ,  t h e  maximum f a b r i c a t i o n  r a t e  

ob ta inab le  wi th  t h e  l a b o r a t o r y  f u e l  rod machine opera ted  wi th  s ing le -  

s t a t i o n  indexing i s  about 4000 rods p e r  day. 

i n j e c t i o n  s t a t i o n s  and a more complex indexing cyc le ,  a rna,xiruum of 

about 10,000 rods p e r  day could b e  achieved with t h i s  type  of machine. 

By us ing  m u l t i p l e  ma t r ix  

To achieve  a f a b r i c a t i o n  ra te  g r e a t e r  than t h a t  ob ta inab le  wi th  

a machine employing molds a f f i x e d  permanently t o  a r o t a r y  index t a b l e ,  

t h e  approach used in t h e  conceptual  des ign  of t h e  commercial f u e l  rod 

molding machine is  similar t o  t h a t  used i n  t h e  b o t t l i n g  and canning 

indus t ry .  I n  t h i s  concept,  t h e  molds are f r e e  members, which are t r ans -  

ported from s t a t i o n  t o  s t a t i o n  v i a  conveyor f o r  processing as are 

b o t t l e s  on a b o t t l i n g  machine. This  system p e r m i t s  simultaneous mul t ip le -  

rod i n j e c t i o n  wh i l e  r e t a i n i n g  t h e  s ingle-rod process ing  f e a t u r e  so 

important t o  i n t e r f a c i n g  wi th  o t h e r  ope ra t ing  s t a t i o n s ,  thereby providing 

a g r e a t e r  degree of f l e x i b i l i t y  than  is ob ta inab le  wi th  a f i x e d  r o t a r y  

system. T h e  f a b r i c a t i o n  rate of t h e  product ion machine depends only 

upon s t a t i o n  m u l t i p l i c i t y  and t h e  speed of t h e  t r a n s f e r  system. A r a t e  

of one rod every 2 see or  about 40,000 rods pe r  day w a s  chosen as t h e  

des ign  b a s i s  f o r  t h e  commercial-scale remote f u e l  rod molding machine. 

The rod molding machine comprises four  r o t a r y  t a b l e s  on which t h e  

molds are c a r r i e d  through t h e i r  sequence of ope ra t ions  and t r a n s f e r r e d  

from one t a b l e  t o  the next  a t  tangent  po in t s .  The fou r  t a b l e s  are t h e  

mold-unload-load t a b l e ,  t h e  mold hea t ing  t a b l e ,  t h e  mold i n j e c t i o n  t a b l e ,  

and t h e  cool ing  t a b l e .  

e r a l  a u x i l i a r y  equipment is i l l u s t r a t e d  i n  F i g .  3.31. The machine is  

t o  b e  cons t ruc ted  i n  modules designed f o r  remote removal arid i n s t a l l a t i o n .  

A l l  service connections are t o  be quick disconnect  types appropr i a t e  f o r  

manipulator opera t ion .  

The arrangement of t h e s e  t a b l e s  a long wi th  periph- 
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Pig .  3 .31 .  Fue l  Rod MoJ-ding Machine. 

An HTGR f u e l  rod  s t o r a g e  magazine and equipment f o r  aux- i l l i a ry  

l o a d i n g ,  unloadring, fuel rod  s t a c k  h e i g h t  i n s p e c t i o n ,  and r e j ec t  s t a c k  

hand l tng  have  been  des igned .  The b a s i c  e lement  i n  tilie s t o r a g e  coricrpt 

i s  t h e  s t o r a g e  magazine,  wh.i ch  provi-des s u r g e  capac i ty  between fuel. 

r o d  f a b r i c - a t i o n  and f u e l  e lement  assembly .  The iiiagazine i s  a rectangular 

a r r a y  oE 218 t h i n - w a l l  s t a i n l e s s  s t e e l  t u b e s ,  each of which h o l d s  1 5  

rods :  t h u s  g i ~ v i n g  t h e  magazine a t o t a l  capac i - ty  o f  3270 rods .  The 

geometry of t h e  magazine i s  c r i t i c a l l y  s a f e .  'The f r o n t  o f  t h e  magazine 

i s  made a c c e s s i b l e  f o r  l o a d i n g  v i a  a s l i d i n g  door .  The r o d s  are relrained 

by  a rear f a c e p l a t e ,  which i s  p rov ided  with propni r ly  a l i g n e d  h o l e s  f o r  

an e jec t  ion  p l u n g e r .  The magaz.i.ne i s  p o s i t i o n e d  for I.oading and u n l o a d i n g  

by an i n d e x i n g  d e v i c e  o p e r a t i n g  i n  the x and z p l a n e s .  The magazine i s  

des igned  f o r  remote r e a o v a l  f rom t h e  i n d e x i n g  d e v i c e  t o  an i n t e r i m  

s t o r a g e  area. The magazirie l o a d i n g  s t a t i o n  i - n t e r f a c e s  w i t h  f u e l  r o d  

i n s p e c t i o n  by  means o f  an a i r  1 - e v i t a t t o n  t r a c k .  The magazine unloading 

d e v i c e  s i m i l a r l y  i n t e r f a c e s  wi t h  f u e l  e lement  load  i ng . F i g u r e  3.32 

i l l u s t r a t e s  t h e  f u e l  eleinent magazine and t h e  u n l o a d i n g  s t a t F o n .  
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Fig .  3.32. F u e l  Rod S t o r a g e  Magazine Unloader Mockup Schematic.  

3.7.2 P r o c e s s  and Materials Development 

The s l u g  i n j e c t i o n  p r o c e s s  h a s  been chosen f o r  molding HTGR F u e l  

A preformed c y l i n d e r  ( s l u g )  of matrix material i s  loaded i n t o  rods .  

a mold c o n t a i n i n g  t h e  f u e l  p a r t i c l e s ,  the mold i s  h c a t e d  t o  s o f t e n  the 

m a t r i x ,  and t h e  matrix i s  i n t r u d e d  i n t o  t h e  bed of p a r t i c l e s  by a 

pneumatic r a m .  Many of t h e  r e c e n t  advantages  i n  f u e l  rod f a b r i c a t i o n  

develapment have c e n t e r e d  around improvements i n  t-he c h a r a c t e r i z a t i o n  

,And f a b r i c a t  i o n  of the m a t r i x  s l u g s  ~ 

'I'he p r e s e n t  r e f e r e n c e  m a t r i x  m a t e r i a l  i s  a mixture  of petroleum 

p i t c h ,  g r a p h i t e  f l o u r ,  a mold l u b r i c a n t ,  and a low-coke-yield additr ive. 

The components are combined by mel t ing  t h e  o r g a n i c s  i n  B h e a t e d  Hel icone  

b l e n d e r , *  then adding  t h e  g r a p h i t e ,  fol lowed by high-shear  iiiixing. T h e  

material i s  d i s c h a r g e d  from t h e  b l e n d e r  and cooled as a s o l i d  m a s s .  

cooled s o l i d  i s  trhen ground i n t o  a g r a n u l a r  mix, <5 mm, arid dry-pressed 

i n t o  the f i n i s b e d  c y l i n d e r s .  

The 

_i --_I 

* A t l a n t i c  Research Corp., A l e x a n d r i a ,  V i r g h i a .  



Procedures  have been developed f o r  chemical a n a l y s i s  of the m a t r i x  

sl-ugs. The re la t ive  p r o p o r t i o n s  of p i  t c h ,  g r a p h i t e ,  mo3.d l u b r i c a n t ,  

and Low--coke-yield addi - i  ive can b e  determined.  G r a p h i t e  c o n t e n t  i s  

measured g r a v i m e t r i c a l l y  once t h e  o r g a n i c s  have been d i s s o l v e d .  

permeat ion chromatography i s  used t o  a n a l y z e  f o r  t h e  low-coke-yield 

a d d i t i v e  as we3.l. as t o  q u a l i t a t i v e l y  check t h e  chemical. composi t ion o f  

t h e  p i t c h ,  w h i l e  f l u o r i n e  n u c l e a r  magnet ic  resonance i s  used t o  I I I W S U K ~  

t h e  concentrail  i o n  o f  mold l i ibr  i c a n t  . 

Gel -  

The c o n c e n t r a t i o n  of mold l u b r i c a n t  i n  t h e  ground matrix nraterial 

h a s  been found t o  vary  by as much as R f a c t o r  of  3 ,  i n d i c a t i n g  poor  

mixi.ng oE t h i s  component. V a r i a t i o n  i n  tlie c o n c e n t r a t i o n  of  mold l u b r i -  

c a n t  s t r o n g l y  i n f l u e n c e s  the t i ne  r e q u i r e d  f o r  m a t r i x  i n t r u s i o n  dur ing  

E u e l  roil molding. As a r e s u l t  of t h e s e  o b s e r v a t i o n s ,  t h e  mallrix 

b l e n d i n g  s t e p  i s  presen- t ly  b e i n g  r e e v a l u a t e d .  

The r e l a t i v e l y  c o a r s e  (<5 mm> ground m a t r i x  material normally used 

f o r  d r y  p r e s s i n g  of matrix s l u g s  f r e q u e n t l y  conlrains Parge ga.s bubbles  

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

r o d s  and are  thought  t o  b e  a ma,jor source of g m s s  niacroporosi ty  i.n 

f i r e d  f u e l  r o d s .  The presence  of 1.arge p o r e s  i n  tlie dry-pressed matrix 

s l u g s  can b e  l a r g e l y  e 1 i m . i  nated by g r i n d i n g  tihe hot-iil%xed m a t r i x  i n t o  

f i n e r  g r a n u l e s ,  smaller than 300 pm. However, f i n e  p a r t i c l e s  below 

10  pm, may c a u s e  lamina ted  m a t r i x  s l u g s ;  t hus ,  tihe f i n e  p a r t i c l e s  may 

b e  screened  o u t  and r e c y c l e d .  F igure  3.33 i l l u s t r a t e s  the  e f f e c t  of 

dry-press  f e e d  g r a n u l e  s i z e  on t h e  p o r o s i t y  of dry-pressed  m a t r i x  s l u g s .  

An experi.ment i s  i n  p r o g r e s s  t o  dernonstratt? quanti .  r a t i v e l y  tha:: t h e  

p o r o s i t y  i n  f i r e d  fuel r o d s  i s  r e l a t e d  t o  t h e  p o r o s i t y  i n  the m a t r i x  

s l u g s .  

Improved q u a n t i t a t i v e  m e t a l l o g r a p h i c  techniques  have been developed 

f o r  measurement o f  p0rosi.t.y i n  f u e l  rods .  Two au tomat ic  q u a n t i t a t i v e  

metal logr-aphic  instrumeri ts  have been e v a l u a t e d  f o r  t h 2  c h a r a c t e r t - z a t i o n  

of  porosi-ty i n  f u e l  rods from p o l i s h e d  netal . . lographic s e c t t o n s .  One 

ins t rument  u s e s  a l i n e a l  a n a l y s i s  technique  t o  measure t h e  volume f r a c t i o n  

of p o r o s i t y  and t h e  d i s t r % h u t i o n  by volume of p o r e  s i z e s ;  t h e  o t h e r ,  a 

Quantimct F20 image a n a l y z e r  uses area l  ana l -ys i s  t o  deLermine t h e  above 



F i g .  3.33. Cross-Sec t iona l  V i e w s  of 13-mm-diam (0.5-in.)  Matrix 
P e l l e t s  Showing t h e  E f f e c t  of I n i t i a l  Feed P a r t i c l e  S i z e  on M i c r o s t r u c t u r e .  
5 X .  (a) P a r t i c l e  s i z e  up t o  5 nm. (11) Below 300 urn. 

p r o p e r t i e s  p l u s  the  d i s t r i b u t i o n  by number of p o r e  s i z e s .  T h e  areal 

a n a l y s e s  have been shown t o  be more d e s i r a b l e  f o r  i n s p e c t i o n  o f  f u e l  

rods .  For example, t o t a l  m i c r o p o r o s i t y  measured by areal a n a l y s i s  is  

more c o n s i s t e n t  w i t h  coke y i e l d  measurement. 

The causes and p o s s i b l e  improvements f o r  p a r t i c l e  breakage  d u r i n g  

f u e l  rod f a b r i c a t i o n  have been i n v e s t i g a t e d .  P a r t i c l e  f a i l u r e  d u r i n g  t h e  

matrix i n j e c t i o n  s t e p  of fuel.  rod mo1.di.ng has been observed .  The number 

of broken p a r t i c l e s  t h a t  r e s u l t  from rod molding depends s t r o n g l y  on 

i n j e c t i o n  p r e s s u r e  and, presumably,  the s t r e n g t h  of the coa ted  f u e l  

par t ic les .  F u e l  p a r t i c l e  c h a r a c t e r i z a t i o n  r e s u l t s  f o r  a b a t c h  o f  Riso- 

c o a t e d  t h o r i a  p a r t i c l - e s  i n d i c a t e  t h a t  t h e  weakest  particles may b e  

c o n c e n t r a t e d  i n  ti narrow p a r t i c l e  s i z e  range .  F i g u r e  3.34 i l l u s t r a t e s  

coated p a r t i c l e  t h i c k n e s s e s  determined by c o n t a c t  microradiography,  
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Fig.  3.34.  Coaiing Thickness  of Biso-Thoria P a r t i c l e s  Versus 
Overall P a r t i c l e  S i z e  ( F e r t i l e  Batch A-572) .  

as a f u n c t i o n  of o v e r a l l  p a r t i c l e  s i z e .  These resu1t:s i~titlicate t h a t  

t h e  b u f f e r  c o a t i n g  t h i c k n e s s  var ies  w i t h  p a r t i c l e  s i z e ,  b u t  t h e  i n n e r  

i - s o t r o p i c  carbon c o a t i n g  i s  i n v a r i a n t  with p a r t i c l e  d iameter  a t  all.  

b u t  t h e  v e r y  small. p a r t i c l e  diameters 

700 pin  have very t h i n  i n n e r  i s o t r o p i c  carbon c o a t i n g s .  

the  t h i n  c o a t i n g s  

t h e  remainder oE t h e  b a t c h .  'Table 3.6 l i s t s  coa ted  p a r t i c l e  c r u s h i n g  

s t r e n g t h  d a t a  t h a t  i 1 l u s t r a i . e  t h i s  s i z e  e f f e c t .  

The p a r t i c l e s  smaller t h a n  

A s  a result of 

the smallest p a r t i c 1 . e ~  are  s i g n i f i c a n t l y  weaker t h a n  

I n  a d d i t i o n ,  p a r t i c l e  d i a m e t e r  measurements of l a r g e  samples  of 

10,000 p a r t i c l e s  have ind i -ca t& t h a t  t h e  t a i l s  of tile p a r t i c l e  s i z e  

d i s t r i b u t i o n  d e v i a t e  s i g n i f i c a n t l y  froin R normal d i s t r i b u t i o n .  I n  par-  

t i c u l a r ,  there are  more of the v e r y  small p a r t i c l e s  than a normal 

d i  s t r - i b u t i o n  would p r d i c t  . F a i l e d  p a r t i  c1.e a n a l y s e s  o f  t h e  as - rece ived  

coa ted  p a r t i c l e s  i .ndicated t h a t  99% o f  t h e  f a i l e d  p a r t i c J . e s  were s m a l l e r  

tiiari. 700 urn" Thus t h e s e  p a r t i c l e  c h a r a c t e r i z a t i o n  r e s u l t s  s u g g e s t  t h a t  

f e r t i l e  p a r t i c l e  breakage d u r i n g  fuel.  r o d  mol-ding may occiir s e l e c t i v e l y  
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Table  3.6. Crushing S t r e n g t h  of Sieved F r a c t i o n s  
f o r  F e r t i l e  P a r t i c l e  Batch A-572 

P a r t i c l e  Sieved Crushi ng S t r e n g t h  
F r a c t i o n  S i z e  

-. 
(um> (N) O b )  

'2900 17.4 3.9 

850-900 1 7 . 4  3.9 

800-850 16.5 3 . 7  
750-800 1 4 . 7  3 . 3  

700-750 16.5 3.7 

600-700 6 . 2  1 .4  
Batch 1 8 . 2  4 . 1  

~- 

mong t h e  smal-lest p a r t i c l e s ,  and t h a t  t h e  f a i l e d  f u e l  f r a c t i o n  can  be 

s i g n i f i c a n t l y  improved by s c r e e n i n g  o u t  t h e  s m a l l  p a r t i c l e s  b e f o r e  

f u e l  rod f a b r i c a t i o n .  

i z a t i o n  of a s i n g l e  b a t c h  of coated f e r t i l e  p a r t i c l e s ,  t h e y  may n o t  be  

typ ica l .  

i n  o r d e r  t o  v e r i f y  t h e  p r e l i m i n a r y  c o n c l u s i o n s .  S i m i l a r  c h a r a c t e r -  

i z a t t o n s  of Tr i so-coa ted  f i s s i l e  k e r n e l s  have i n d i c a t e d  that:  t h e  s i z e  
d i s t r i b u t i o n  f o r  f i s s i l e  p a r t i c l e s  i s  p r i m a r i l y  due t o  v a r i a t i o n s  i n  

ke rne l  s l ze .  Thus, t h e  f i s s i l e  pa r t i c l e s  w i t h  d e f e c t i v e  c o a t i n g s  

cannot b e  s e p a r a t e d  from t h e  b a t c h  by s c r e e n i n g .  

As t h e s e  r e s u l t s  are based upon t h e  c h a r a c t e r -  

A d d i t i o n a l  work w i t h  more b a t c h e s  of  p a r t i c l e s  i s  i n  progress 

3 , 7 . 3  Fuel Rod Tnspec t ion  and Assay 

A n o n d e s t r u c t i v e  uranium a s s a y  i n s t r u m e n t  i s  under development for 

the f a b r i c a t e d  NTGR fue l  rods .  The t e c h n i q u e  s e l e c t e d  f o r  this a p p l i c a t i o n  

uses a C f  neut ron  s o u r c e  t o  i r r a d i a t e  t h e  u n c a r b o n i z d  f u e l  r o d s .  

Thc i r r ' a d i a t i n g  ncut rons  induce  f i s s i o n  i n  t h e  f i s s i l e  material  -in a 

rod,  and the r e s u l t i n g  prompt f i s s i o n  n e u t r o n s  are d e t e c t e d  w i t h  4tIe- 

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

r e l a t e d  t o  t h e  f i s s i l e  uranium c o n t e n t  and can be  c a l i b r a t e d  with r o d s  

of k i i ~ 7 w n  uranium l o a d i n g s .  

2 5 2  

The d e t e c t e d  count  rate i s  d i r e c t l y  
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The a c t i v e  2 5 2 ~ f  a s s a y  method w a s  s e l e c t e d  a f t e r  complet ion O E  a 

s t u d y  of I-ITGR f u e l  c h a r a c t e r i s t i c s  and t h e i r  e f f e c t  on n o n d e s t r u c t i v e  

a s s a y  t e c h n i q u e s .  y 7  The pr imary c h a r a c t e r i s t i c  of t h e  HTGR r e c y c l e d  

2 3 3 U  f u e l  i s  i t s  h igh  gamma r a d i a t i o n  due t o  t h e  i n c l u s i o n  of trace 

amounts of ‘U and i.ts decay product  n u c l i d e s .  

I n  i:lie a n a l y s i s  of n o n d e s t r u c t i v e  a s s a y  methods f o r  2 3 3 U ,  an  

evaluat i -on of t h e  use  of t h e  233U gamma r a y s  as a measure of f i s s i l e  

mater ia l  c o n t e n t  w a s  completed.  

t h a t  w a s  n e a r  e q u i l i b r i u m  w i t h  i t s  decay p r o d u c t s  w a s  scanned w i t h  

t h r e e  t y p e s  of  h i g h - r e s o l u t i o n  Ge(Li) s p e c t r o m e t e r s .  Two of t h e  spectrom- 

eters are 1-ocated a t  Lawrence Livermore Labora tory ,  and t h e  measurements 

were conducted t h e r e  by Raymond Gunnink. The r e s u l t s  i n d i c a t e d  t h a t  

f o r  all. d e t e c t o r  conf i .gura t ions  t h e  gamma---ray background due t o  t h e  

decay p r o d u c t s  masks t h e  2 3 3 U  gamma-ray l i n e s .  

2 3 3 U  measured a t  OWL w i t h  a Ge(Li) d e t e c t o r  i s  shown i n  F i g .  3.35.  

T h e  d e t e c t o r  is t r u e  c o a x i a l  w i t h  a t o t a l  volume of 54 c m 3 ,  a re la t ive  

e f f i c i e n c y  of  9%, and a r e s o l u t i o n  of 2.3 keV a t  1332 keV. The l a b e l s  

of P i g .  3.35 n e a r  t h e  peaks i n d i c a t e  t h e  p a r e n t  n u c l i d e  and .the gama- 

r a y  energy.  

t h i s  spectrum. 

r a y s  i.s not  f e a s i b l e  i f  2 3 2 U  contents are above 100 ppm of  uranium. 

A sample of 2 3 3 U  w i t h  250 ppm of 232U 

‘U 

A gamma.--ray spectrum of 

‘There i s  no i n d i c a t i o n  of any 2331J  gamma-ray l i n e s  i n  

Thus a s s a y  f o r  2 3 3 U  by d i r e c %  d e t e c t i o n  of 2 3 3 U  gamma 

Active a s s a y  methods w e r e  a l s o  reviewed,  and t h e  2 5 2 C f  i n t e r r o -  

g a t i o n  system w a s  s e l e c t e d  f o r  development. T h e  advantages  of t h i s  

technique  are  (1) that t h e  d e t e c t e d  s i g n a l  i s  uniquely  determined by 

t h e  f i s s i l e  c o n t e n t  of  t h e  r o d s  and ( 2 )  t h a t  t h e  fas t  n e u t r o n  d e t e c t o r s  

can b e  made 1nsens i t i .ve  t o  g a m a  r a d i a t i o n .  

The a s s a y  development program a t  ORNI, i s  di-rect-ed towards o p e r a t i o n  

of a n  e n g i n e e r i n g - s c a l e  a s s a y  i n s t r u m e n t  for U-loaded f u e l  rods.  The 

a s s a y  ins t rument  must b e  remote ly  o p e r a b l e  and m a i n t a i n a b l e  so as t o  

f u n c t i o n  i n - l i n e  i n  a commercial r e f a b r i c a t i o n  f a c i l i t y .  The program 

to  develop  t h i s  c a p a b i l i t y  began w i t h  t h e  d e s i g n  and f a b r i c a t i o n  of a 

l a b o r a t o r y - s c a l e  system, which w i l l  b e  used t o  o p t i m i z e  t:he n u c l e a r  

c h a r a c t e r i s t i c s  and o p e r a t i n g  parameters  of a p r o t o t y p i c  a s s a y  i n s t r u -  

ment. A schemat ic  drawing of t h i s  developmenc d e v i c e  i s  shown i n  

F ig .  3.36.  A 1.4-mg 2 5 2 C f  s o u r c e  i s  p o s i t i o n e d  a t  t h e  c e n t e r  o f  a 

2. 3 3 
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Fig.  3 . 3 5 .  G a m a  Ray Spectrum 3U with  High ‘U Content 

c y l i n d r i c a l  moderator assembly composed of g r a p h i t e ,  po lye thylene ,  and 

heavy w a t e r  (D20). 

of the moderator assembly. 

well- thermalized neut rons ,  which s e l e c t i v e l y  f i s s i o n  only the  ’ 3U o r  

2 3 5 U  atoms w i t h i n  the rods.  T h e  f i s s i o n  neut ron  d e t e c t o r ,  which is a 

H e  p ropor t iona l  counter ,  records  t h e  number of prompt f i s s i o n  neutrons 

The fuel rods are pos i t ioned  along the per iphery  

I n  t h i s  p o s i t i o n  they are exposed t o  

rt 

emi t ted  f r o m  the sample. The ca l cu la t ed  response func t ion  of t h i s  
device has been previous ly  repor ted .  5 
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Fig .  3.36. HTGR F u e l  Assay Development Device Prompt F i s s i o n  
Neutron C o n f i g u r a t i o n .  

'The development a s s a y  d e v i c e  i s  t o  b e  l o c a t e d  i n  an  uncontaminated 

'noli c e l l  and o p e r a t e d  sernirenotely.  The hot c e l l  l o c a t i o n  o f f e r s  

s e v e r a l  advantages:  

1. The h o t  c e l l  e l i m i n a t e s  t h e  need f o r  expens ive  b i o l o g i c a l  

s h i e l d s  f o r  the development d e v i c e .  

2 .  The h o t  c e l l  o p e r a t i o n  w i l l  p rovide  d i r e c t  veriEication 03  

remote handl ing  procedures  t h a t  w i l l  be i n c o r p o r a t e d  in t h e  pro t0 t ) ip i .c  

a s s a y  ins t rument  I 

3 .  Hand1.J.ng of gamma-active 3 U  samples i s  f a c i l i t a t e d ,  whi-le 

personnel  exposure o r  contaminat ion  r i s k s  are  minimized. 

4 ,  The ho t  c e l l  remote manipula t ion  equipment f a c i - l i t a t e s  haridling 

of t h e  1 . 4  11% 252Cf s o u r c e  [ r a d i a t i o n  i n t e n s i t y  of 100 R / h r  at 0.3 rn 

(1 E t ) ] .  

The cwrrent s t a t u s  o f  t h i s  program i s  t h a t  t h e  cell. i s  prepared  
2 5 2  for i n s t a l l a t i o n  of t h e  a s s a y  system and r e c e i p t  of t h e  C f  source .  

The development equipment , which incl.udes t h e  2 C f  i- L r a d i a t o r  , the 
f a s t  n e u t r o n  d e t e c t o r s ,  and t h e  d a t a  p r o c e s s i n g  e l e c t r o n i c s ,  i s  80% 

complete.  



A r e l a t e d  development a c t i v i t y  i s  t h e  f a b r i c a t i o n  of uranium 

s tandards  f o r  the  rod a s say  instrument.  Delayed-neutron act ivat i .on 

nnal.ysis is  be ing  used f o r  thi .s  purpose t o  measure the re l . a t ive  and 

abso lu te  5U content  of i nd iv idua l  Triso-coated f u e l  pas-t i c k s  Ttie 

technique c o n s i s t s  of i r r a d i a t i n g  a p a r t i c l e  i n  a pneumatic tube  

f a c i l i t y  i n  t h e  Oak Ridge Research Reactor ,  then  count ing delayed 

neut rons ,  which are emi t ted  by 235U or  23311 i n  t h e  ke rne l .  

measure of a k e r n e l ' s  uranium d e n s i t y  i s  foumd by d5.vidira.g the 

delayed neutron counts  by t h e  volume of tihe k e r n e l ,  which has been 

ca l cu la t ed  f r o m  ke rne l  d i.arneter measurements taken from radiographs  

of the partic1.e.  An abso lu te  measurement i s  done by i r r a d i a t i n g  n 

known 

w i t h  t h a t  of a p a r t i c l e .  ILI orde r  t o  make .particle-to-,;irti.clc o r  

par t ic le - to-s tandard  comparisons, each measurement must be  co r rec t ed  

f o r  thermal neutron self-s1ii.el.d ing,  f o r  d e t e c t o r  dead t i m e ,  and f o r  

r e a c t o r  power l e v e l  changes, which occur dur ing  t h e  course  o f  a lal-ge 

number of  measurements 

A r e l a t i v e  

'U o r  '. 'U s tandard  and comparing i t s  delayed neutrron count 

'Three expertments have been completed .I These eva lua ted  the 

measurement technique i t s e l f  and measured r e l a t i v e  and a l~sa lu te  

content  of Tr im-coated  part:icl.es from two coa t ing  ba tches .  The 

p r i n c i p a l  r e s - u l t s  are as follows: (1) TILE: prec i s ion  o f  the relat ive 

technique i s  about :t0.37% on a 952 confi.di::nce l eve l .  dieti the r e a c t o r  

power l e v e l  remains cons tan t  dur ing  the  course  of  t h e  Iiieasurmerits 

(i..e., when the series o f  measurements t akes  less than  about  1 hr) . 
(2) T h e  kernel- to-kernel  v a r i a t i o n  i n  the uranium d e n s i t y  w a s  +3.hX 

on a 95X confidence level  f o r  39 p a r t i c l e s  from one ba tch  and 23.2X 

f o r  38 p a r t i c l e s  from a second batch.  ( 3 )  Limi ta t ions  in the i r r a d i -  

a t i o n  f a c i l i t y ,  which a1.l.o~ measurement of only one par t ic le  at a 

t ime,  and r e a c t o r  power v a r i a t i o n s ,  which reduce t h e  p r e c i s i o n  of a 

long series o f  measurements 

of l a r g e  s a m p l e s .  In sum, t h e  method i s  w e l l  s u i t e d  f o r  r e l a t i v e  O K  

abso lu te  u ranhm assay  of samples of i n d i v i d u a l  p a r t i c l e s .  

5U 

make t h e  technlque i m p r a c t i c a l  f o r  assay  

An experimental. e f f o r t  %s under way  t o  develop a nondes t ruc t ive  

f u e l  rod homogeneity in spec t ion .  A number o f  methods are be:i-mg 



e v a l u a t e d  t o  de te rmine  t h e i r  a p p l i c a b i l - i c y .  These i n c l u d e  x-ray 

a t t e n u a t i o n ,  gamma-ray a t t e n u a t i o n ,  passive co imt ing  of  r a d i - o a c t i v e  

i s o t o p e s  p r e s e n t  i n  fuel.  rods ,  n u c l e a r  magnet ic  resonance,  and x - r a y  

E 1 uo re s c enc e .  

R a d i a t i o n  produced by t y p i c a l  commercial x-ray t u b e s  i s  v e r y  

i n t e n s e ;  l a r g e ,  s t a t i s t i c a l l y  s i g n i f i c a n t  numbers of counts  are  pro-. 

duced. The cont inuous x-ray spectrum produced by such t u b e s  may b e  

c o l l i m a t e d  and passed through a f u e l  rod.  The x-rays are them d e t e c t e d  

w i . t h  a thalliuni-doped N a I :  s c i n t i l l a t i o n  d e t e c t o r .  The i n t e n s i t y  of 

t h e  beam is  g r e a t  enough t h a t  t h e  s i g n a l  from t h e  d e t e c t o r  i s  measured 

Wi.th an  e l e c t r o m e t e r  r a t h e r  than a coun'iing s y s  t e m .  The measurements 

t h e n  g i v e  t h e  t o t a l  x-ray a t t e n u a t i o n  produced by a l l  t h e  mass com- 

ponents  p r e s e n t  i n  f u e l  r o d s .  By r e l a t i n g  t h e  i n i t i a l .  i n t e n s i t y  o f  

t h e  x-ray beam t o  t h e  i n t e n s i t y  o f  t h e  a t t e n u a t e d  bemi an9 u s i n g  t h e  

r e s u l - t s  of c a l i b r a t i o n  exper iments ,  one may o b t a i n  trhe t o t a l  mass 

d i s t r i b u t i o n  i n  f u e l  r o d s .  T h i s  met:hod h a s  been shown Lo b e  E e a s i b l e  

f o r  de te rmining  t h e  a x i a l  heavy m e t a l  homogenei.ty i n  fuel.  r o d s .  The 

p o s s i b i l i t y  of determini.1-ig r a d i a l .  f u e l  homogeneity by interrogaiLing 

t h e  rod a t  d i f f e r e n t  r a d i a l  p o s i t i o n s  i s  b e i n g  i n v e s  t:igated. 

The u s e  of r a d i o i s o t o p e  gamma-ray s o u r c e s  i s  b e i n g  e v a l u a t e d  as 

a means of  de te rmining  t o t a l  heavy met:aL , t o t a l  mass, uraniuui, thorium, 

and l igh t -e lement  c o n t e n t  and r e l a t i v e  d i s t r i b u t i o n  i n  f u e l  r o d s .  The 

rad io i - so tope  s o u r c e s  would r e p l a c e  the x-ray t u b e  and power s u p p l i e s  

i n  a n  a t t e n t u a t i o n  s y s t t m .  

f o r  use i n  a h o t  cell. environment ,  as high-vol. tage power l.i.nes, x-ray 

vacuum t u b e s ,  and c o o l i n g  systems are n o t  r e a u i r e d .  I n  a d d i t i o n ,  t h e  

d i s c r e t e  gamma-ray e n e r g i e s  s i m p l i f y  t h e  a n a l y s e s  and can y i e l d  

a d d i t i o n a l  i -nformation as t o  t h e  e l e m e n t a l  m a s s  d i s t r i b u t i o n  i n  f u e l  

rods .  

A r a d i o i s o t o p e  s o u r c e  would b e  advantageous 

Three methods f o r  measuring Cue1 rod homogeneity w i t h  r a d i o i s o t o p e  

s o u r c e s  are b e i n g  cons idered .  The f i r s t  c o n f i g u r a t i o u  a n a l y z e s  f o r  t h e  

t o t a l  m a s s  d i s t r i b u t i o n  i n  f u e l  r o d s  by us ing  one gamma-ray energy i n  

combinat ion w i t h  a n  a t t e n u a t i o n  experiment ~ T h e  second c o n f i g u r a t i o n  

uses  a two-energy gamma-ray a t t e n u a t i o n  sys"Lm such t h a t  t h e  t o t a l .  heavy 
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metal and t o t a l  l i g h t  el-ement conte.nt  and r d a t i v e  d i s t r i b u t i o n  i n  f u e l  

r o d s  may b e  determined.  A t h i r d  c a t e g o r y  u t i l i z e s  t h e  d i f f e r e r l c e s  of  

the thorium and uranium K a b s o r p t i o n  edges i n  de te rmining  t h e  cS:istri- 

b u t i o n  o.E uranium and thor ium and t o t a l  l i g h t  e.lemeat content .  i n  f u e l  

.t:ods. 

because  i t  h a s  gamma e n e r g i e s  below, between, and above b o t h  t h e  K 

a b s o r p t i o n s  edges o f  thorium and urani.um. This i s o t o p e  a l s o  has o t h e r  

advantageous c h a r a c t e r i s t i c s :  it has a f a i r l y  long  h a l f - l i f e  of o v e r  

32 days ,  i t  i s  f a i r l y  s i m p l e  t o  f a b r i c a t e  : into a s o u r c e ,  i t  could 

pos!jibly lie r e a c t i v a t e d  w h i l e  s t i l l  e n c a p s u l a t e d ,  i t s  a c t i v i t y  i s  such 

t h a t  a n  adequate  number o f  counts  can be d e t e c t e d ,  and i t s  c o s t  i s  less 

t h a n  $500 f o r  t y p i c a l  s o u r c e s  of less t h a n  2 C i .  

as tre1.l a s  a t t e n t u a t i o n  may b e  measured w i t h  t h e  above c o n f i g u r a t i o n s .  

Various d e t e c t o r s  are b e i n g  t e s t e d  w i t h  the above mentioned sys  terns : 

t b a l l  ium-doped N a T  c r y s t a l s  w i t h  p h o t o m u l t i p l i e r s ,  s o l i d - s t a t e  ~ i t f r i u m -  

doped germanium c r y s t a l  d e t e c t o r s ,  and i .n t r ins ic :  germarz:iua crystal 

d e t e c t o r s .  A t  t h i s  , t i m e ,  i t  seems as i f  the s o l i d - s t a t e  germanium 

d e t e c t o r s  w i l l .  be n e c e s s a r y  w:i.tti t h e  s y s t e m .  The r e s u l t s  o f  t h r e e  

gamma-ray a t t e n u a t i o n  exper iments  t o  de te rmine  t o t a l  heavy metal c o n t e n t  

:in f u e l  r o d s  are shown i n  Table  3.7.  

In t h i s  la t ter  method t h e  r a d i o i s o t o p e  “’Yb i s  t o  b e  used 

Gamma-ray f l u o r e s c e n c e  

Table  3.7.  Determina t ion  of ’Total Heavy Metal.. Content  
i n  Green F u e l  Rods by Gamma-Ray A t t e n u a t i o n  

Heavy Metal Loading, g/fueZ rod 
F u e l  Rod -- 

Actua l  By y-Ray A t t e n u a t i o n  
- 

HTR- 3 5.0 4 . 9  

H’CR-4 3.9 4.1 

H T l i  - 6 2 . 5  2.7 
--- ---___”. 
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A green  f u e l  rod loaded  w i t h  coa ted  thorium partic1.e.s and parliicles 

U w i t h  10 ppm 2 3 2 U  h a s  been o b t a i n e d .  The f u e l  rod i s  f o u r  y e a r s  

o l d  and i n  t h i s  r e s p e c t  h a s  a r a d i a t i o n  background t y p i c a l  of fuel. rods 

t o  b e  produced i.n a r e c y c l e  f a c i l i t y .  The f u e l  rod w i l l  b e  s t u d i e d  as 

t o  the ef fec t :  of i t s  background r a d i a t i o n  on t h e  p r e v i o u s l y  mentioned 

methods. T h e  fuel. rod w i l l  a l s o  b e  s t u d i e d  as t o  whether  i t s  gaiuiua 

r a d i a t i o n  can b e  used t o  de te rmine  t h e  d i s t r i b u t i o n  of uranium w i t h i n  

t h e  rod .  These experiments  are c o n t i n u i n g .  

of 2 3 3  

Nuclear  magnet ic  resonance (NMR) i s  b e i n g  e v a l u a t e d  as a means of 

de te rmining  2 3  3U and 2 3 5 U  homogeneity i n  f u e l  r o d s .  

t h e  sample is  p laced  i n  a magnet ic  € i e l d  and an  r f  f i e l d  suppl i -ed about  

t h e  sample.  A t  a s p e c i f i c  f requency d e f i n e d  by t h e  magnet ic  fie1.d and 

t h e  c h a r a c t e r i s t i c  n u c l e a r  magnet ic  moment: of tile nuc leus  t h e  sample 

absorbs  some of  t h e  rf energy.  This  method i s  s p e c i f i c  as t o  isotiopes 

of e lements .  'l'his phenomenon e x i s t s  i.n nucl-ei  t h a t  have an  odd number 

o f  nuc leons .  Thus t h e  method should be s e n s i t i v e  t o  U o r  

method i s  a t . t rac t i .ve  i n  that: t h e  d e t e c t i o n  i s  n o t  a f f e c t e d  by a gamma 

o r  p a r t i c l e  r a d i a t i o n  background. The phenomenon i s  b e i n g  e v a l u a t e d  

by t e s t i n g  n o n r a d i o a c t i v e  model materials such as T a C ,  E u 2 0 3 ,  and L a 2 0 3 .  

These substai ices  have been prepared  i n  a s i z e  range  s i m i l a r  i o  t h e  

weak-acid r e s i n  k e r n e l s  used i n  Tr i so-coa ted  par t ic les .  The i s o t o p e s  

of t h e  above e lements  t h a t  have n u c l e a r  magnet ic  moments are I3'TJa, 

l5IEu, 1 5 3 E ~ ,  and 181Ta, A sample  of La203 h a s  been sentr t o  Varian 

A s s o c i a t e s  i n  P a l o  A l t o ,  C l a i f o r n i a .  No d a t a  have y e t  been r e c e i v e d .  

A wide- l ine  s t a t e - o E - t h e - a r t  :i.nstrumenr i s  t o  b e  used t h e r e .  The TaC 

and Eu2O3 have been s e n t  t o  t h e  NMR Labora tory  a t  Y-12 i n  Oak Ridge,  

Tennessee.  There a pulse- type  ins t rument  i s  t o  b e  used i n  s t u d y i n g  t h e  

materials.  I f  t h e  r e s u l t s  look encouraging,  a 2 3 5 U  sample w i l l  b e  s e n t  

t o  e i t h e r  l a b o r a t o r y  € o r  s tudy .  This  met:iiod may b e  u s e f u l  i n  o t h e r  areas 

of HTGK fuel. r e c y c l e  and re  f a b r i c a t i o n .  Other  r ad io i so top ic  o r  noriiial 

i s o t o p e  ana1ys-i.s may b e  performed by t h i s  method. 

In thi -s  met.l-td 

. T h i s  2 3 3  2 3 5u 
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Fig. 3.37 In-Bl.ock Carbonization-Annealing Furnace. 
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zone, t h e  middle module is  t h e  high-temperature zone (1800°C), and 

thu bottom module inc ludes  t h e  cool ing  zone and unloading chamber. The 

f u e l  element blocks are added t o  t h e  top  of t he  furnace  by means of a 
loading  chamber and move downward through t h e  furnace  i n  small ,  s t ep -  

w i s e  movements provided by an  e l e v a t o r  mechanism i n  t h e  unloading 

chamber. Separa te  support  of t h e  column i s  provided when i t  i s  

necessary t o  remove t h e  bottom block.  Large s l i d e  va lves  maintain 

t h e  argon atmosphere when b locks  are added t o  o r  removed from t h e  

furnace.  The prehea t  zone uses  meta l l ic  h e a t e r s ,  whereas t h e  rest of 

t h e  furnace  uses  carbon r e s i s t a n c e  hea t ing .  The thermal  des ign  of the  

furnace  has been confirmed wi th  a d e t a i l e d ,  computer-assisted h e a t  

t r a n s f e r  s tudy.  The furnace i s  designed f o r  remote v e r t i c a l  disassembly 

us ing  an  overhead b r idge  c rane  and an electromechanical  manipulator.  

To complement t h e  furnace  des ign  thermal  a n a l y s i s ,  hea t ing  ra te  

s t u d i e s  using f u l l - s i z e  g r a p h i t e  f u e l  elements were made with a l a r g e  

four-zone induction-heated furnace  a t  t h e  Y-12 p l a n t .  The furnace w a s  

loaded wi th  two f u l l - s i z e  elements p lus  a d d i t i o n a l  g raph i t e  p a r t s  t o  

s imula te  a load  of approximately 2 l / 4  elements.  

190 kW (x85 kW/element) w a s  requi red  t o  o b t a i n  t h e  des i r ed  hea t ing  r a t e  

of  10"C/min up t o  800°C ( t h e  c r i t i c a l  range f o r  p i t c h  coke y i e l d )  a t  

t h e  o u t e r  s u r f a c e  of  t h e  block.  The hea t ing  rate of t h e  c e n t e r  of  t h e  

b lock  w a s  9"Clmin; t hus ,  t h e  f u e l  rods i n  t h e  cen te r  of t h e  block 

would be expected t o  have approximately t h e  same mic ros t ruc tu re  as 

those  nea r  t h e  edge. A power s e t t i n g  of  210 kW (395 kld/element) gave 

the  des i r ed  10"C/min hea t ing  ra te  up t o  1200°C. 

t h e  maximum power a v a i l a b l e  (230 kW o r  %lo5 kW/element) r e s u l t e d  i n  a 

hea t ing  ra te  of 7.5'C/min a t  t h e  c e n t e r  o f  the element. From t h e s e  

d a t a ,  w e  es t imate  t h a t  about 1 2 5  kW/element w i l l  be  requi red  t o  maintain 

t h e  10"C/min hea t ing  rate up t o  1800°C. 

requirement.  The r a d i a l  and axial  t e m p e r a t u r e  v a r i a t i o n s  f o r  t h e s e  runs 

are shown i n  Table 3.8. These temperatre  v a r i a t i o n s  would not: appea r  t o  

p re sen t  s i g n i f i c a n t  problems i n  f u e l  f a b r i c a t i o n .  

Under these  cond i t ions ,  

Between 1200 and 1800°C, 

The furnace  can accommodate t h i s  
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T a b l e  3.8.  l’ernp:-rat:ii~e Variat i i ln  i n  
Full-Si z c  Fuel Element 

Mo:niual Temperature V a r i a t i o n s  ~ O C  

Temperature ...... -,..- . -. 

K=Fdida Axial b ( “ C )  
....... ..l_̂ _-.l-__ ..-.l..l.__l.-..-II __I- 

300 15 10 
400 20 1 5  
500 35 10  
600 4 0 10 
700 SO 10 

65 10 1200 
1400 / 3  I. 5 
1600 50 25 
1800 60 20 

_ _  

....................... .----.. .. - 
a G r a d i e n t s  a t  t h e  t o p ,  midd le ,  and 

botiom of I:lit? eleini:nt were n o t  s i g n i f i c a n . t l y  
d i f f  erelit. 

GradienLs a t  t h e  cenl:i>r and out. b 
. .  

sur face  of  the elomlent weire  n o t  s i g n i f i c a n t l y  
d i f f e r e n t .  

3 . 8 . 2  ___. P r o c e s s  and Materials Development ............. 

The f i n a l .  major p r o c e s s  s tep i n  “Lie fab~icatioo o f  HTGR f u e l  r o d s  

i.s the ca r l son iza t ion  and annealing of t h e  r o d s .  A f t e r  t h e  green rod 

i s  molded by t h e  s l u g  i n j e c t i o n  p r o c e s s ,  i t  i.s h e a t e d  r r p  t o  l.OOO°C t o  

c a r b o n i z e  i:he p i t c h  b i n d e r  aotl then annea led  a t  1800°C t o  comple t e ly  

rmiove the r e s i - d u a l  p i t c h  v o l a t i l e s  and produce a d i m e n s i o n a l l y  s t a b l e  

rod .  However, s i n c e  t h e  p i t c h  i s  t h e m o p l a s t i c ,  Lhe rod must. b e  

support:r:4 d u r i n g  c .a rboa iza t ion  ~ C J  p r e v e n t  dimensional d i s t o r t i o n .  I n  

fresh f u e l  manufactur ing , t h i s  can be accomplished by packi-ng tlie T O ~ S  

i n  A 1 2 0 3  o r  g raph i - t e  p o w d e r ;  however, t1iri.s i.s not  fcasi~ble f o r  3 xemote 

p r o c e s s .  ‘Thus fo r  fue l  re fabriccat ion,  t h e  g reen  r o d s  w i l l  b e  loaded  

d i r e c t l y  i n t o  t h e  g r a p h i t e  f u e l  e lement  b l o c k  and ca rbon ized  and annea led  

in s i t u .  

I n  e a r l y  a c c e l e r a t e d  - i . r radiat i lJn test:; r o d s  C ~ T ~ ) C J I I ~ . Z ~ ~  i n  A I 2 0 3  

powder gave a c c e p t a b l e  r e s u l t s ,  whereas rods  ca rbon ized  i n  g r a p h i t e  tubes 

( t o  s i m u l a t e  j i-i-block) COLI t a i~ ied  f w l .  part.ic1.c.s wj t h  broken o u t e : ~  

c o a t i n g s .  ‘The p h y s i c a l  propert-S.es  cjf lriie r o d s  carrboriiz~xl b y  the frwo 
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methods d i f f e r e d  i n  s e v e r a l  r e s p e c t s .  B r i e f l y ,  t h c  in- tube  p r o c e s s i n g  

r ~ s i i l  t e d  i n  h i g h  p i t c h  coke y i e l d s  (40-452)  and a h igh-dens i ty  nonririiform 

m a t r i x  m i c r o s t r u c t u r e .  The in-powder p r o c e s s i n g  gave low p i t c h  coke 

y i e l d s  (1-5-20%), and a uni formly  d i s p e r s e d ,  lower d e n s i t y  matrix micro- 

s t r u c t u r e .  'The h i g h  p i t c h  coke y i e l d  of in -b lock  c a r b o n i z a t i o n  was 

thought  t o  b e  r e s p o n s i b l e  f o r  t h e  i n i t i a t i o n  of b r e a k s  o r  team i n  t h e  

p a r t i c l e  c o a t i n g s ,  r e s u l t i n g  i n  subsequent  p a r t i c l e  f a i l u r e  d u r i n g  

i r r a d i a t i o n .  As a r e s u l t  of these o b s e r v a t i o n s ,  optimum v a l u e s  of the 

composition of the f u e l  r o d  matrix and the h e a t i n g  rare  d u r i n g  carboni- 

L a t i o n  w e r e  determined such t h a t  t h e  d e s i r e d  p i t c h  coke y i e l d  and matrix 

i ~ i i c r o s t r u c  t u r e  w e r e  a t t a i n e d  d u r i n g  in-b lock  carboni  z a t  i o n .  

The f u e l  rod  matrix c o n t a i n s  g r a p h i t e  powder, a p i r c h  b i n d e r ,  and 

a mold l u b r i c a n t .  The coke y i e l d  of  t h e  p i t c h  can h e  lowered b y  

i n c r e a s i n g  t h e  h e a t i n g  r a t e  d u r i n g  c a r b o n i z a t i o n  o r  by the u s e  of  lon-  

coke-yield a d d i t i v e s  t o  t h e  matrix. P i t c h  coke y i e l d  d a t a  as a f u n c t i o n  

o f  h e a t i n g  ra te  and composi t ion  are summarized i n  F i g e  3.38. The d e s i r e d  

25% coke y i e l d  may h e  attained via  a n  a d d i t i v e  t o  t h e  hshland A-240 pit:ch. 

BINDER COMPOSITION (wt 70) CARBONIZED IN AI203 

9 2  A-240 8 INTERNAL LUBRICANT 
75 A-740 25 INTERNAL WWICANT 

75 A- 170 25 tNTERNAL LUBRICANY 
92 A-?W 8 LIGHT OIL 
75 A-740 75 LIGWT OIL 

92 A 240 6 ASHLAND APO 

100 A-2W 

75 A-240 25 A 4 7 0  
50 A-240 tQ A-1 70 

25 A-240 15 A 4 7 0  

L LUBRICANT 

5 10 15 x) 

IWDFR 

I HEATING RATE 

(%/rnin) 

a m 4  
- 7  

F 

PITCH COKE YIELD (wt %) 
30 35 e 

Fig .  3.38. P i t c h  Coke Y i e l d  of  F u e l  Rods Made With Various 
Binder  Materials. 
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In- tube s i m u l a t i o n  of in-block c a r b o n i z a t i o n  u s i n g  the A-240 p i t c h  

w i t h  a d d i t i v e s  produced a 25% coke y i e l d  and a matrix m i c r o s t r u c t u r e  

v e r y  s i m i l a r  t o  t h a t  p r e v i o u s l y  o b t a i n e d  from c a r b o n i z a t i o n  i n  A 1 2 0  3 

powder. The m a t r i x  s t r u c t u r e s  o b t a i n e d  from c a r b o n i z a t i o n ,  (1) i n  A 1 2 0 3  

powder, (2 )  in- tube wi thout  addi-Lives a t  37% coke y i e l d ,  and ( 3 )  in - tube  

w i t h  addi - t ives  a t  26% coke y i e l d  are compared i n  F i g .  3.39. 

One i n i t i a l  c a r b o r i z a t i o n  r u n  was made i n  a 1 / 6  seginent o f  a n  a c t u a l  

FSV element b l o c k  a t  a 9'C/min h e a t i n g  ra te .  I n  t h i s  test u s i n g  a matrix 

witsl). a d d i t i v e s ,  a matrix m i c r o s t r u c t u r e  approaching t h a t  o b t a i n e d  by 

c a r b o n i z a t i o n  i n  A 1 2 0 3  powder w a s  produced. The range  of coke y i e l d s  

a t  t h e  t o p ,  middle ,  and bottom of t h e  b l o c k  was n o t  s i g n i f i c a n t  i n  t1ii.s 

prel i i i i inary t es t .  

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

d u r i n g  in-block c a r b o n i z a t i o n  h a s  been s t u d i e d .  The i n f l u e n c e  of c o a t i n g  

parameters  on p a r t i c l e  s t r e n g t h  and t h e  d e t a i l s  of t h e  mechanical  

c r u s h i n g  s t r e n g t h  t e sc  are  d i s c u s s e d  i n  Sect.  3 .6  of t h i s  r e p o r t .  A l s o ,  

t h e  e f f e c t  of molding p r e s s u r e  d u r i n g  fue l .  rod  E a b r i c a t i o n  on par t ic1.e  

fai.l.iii-e i s  disc-ussed i n  Sect .  3.7.  The oul:standing coiicl.us<on from 

o u r  s t u d y  w a s  t h a t  Biso-coated t h o r i a  p a r t i c l e s  t h a t  had been a n n w l e d  

w e r e  less prone tQ f a i l u r e  tlhan comparable unannealed par t ic les .  The 

d a t a  i n  T a b l e  3.9 i l l u s t r a t e  t h e  b e n e f t c i a l  e f f e c t  of a n n e a l i n g .  Xowever, 

t h e  behavior  of Tri-so-coated f i s s i l e  p a r t i c l e s  w a s  n o t  c o r r e l a t e d  w i t h  

a n n e a l i n g  o r  c r u s h i n g  s t r e n g t h .  

3 . 8 . 3  F a b r i c a t i o n  of  F u e l  Rods f o r  I r r a d i a t i o n  T e s t s  

D e t a i l e d  d e s c r i p t i o n s  o f  t h e  i r r a d i a t i o n  tes ts  are  p u b l i s h e d  

e7 sewhere.  3 6  The fo l lowing  i s  a b r i e f  d e s c r i p t i o n  of thc in-block 

c a r b o n i z a t i o n  and a n n e a l i n g  experiments  i n  t h o s e  i r r a d i a t i o n  tests 

3 .8 .3 .1  Experiments WT-26 and -27 

The pr imary o b j e c t i v e  of t h e s e  experimenLs was t o  s t u d y  the matrix-  

p a r t i c l e  i n t e r a c t i o n  phenomenon a s s o c i a t e d  w i t h  t he  in-b lock  c a r b o n i z a t i o n  

t e c h n i q u e  proposed for t h e  f a b r i c a t i o n  of HTGR fuel r o d s .  The t w o  
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Fig.  3 . 3 9 .  Matr ix  M i c r o s t r u c t u r e  of F i r e d  HTGK Fuel  Rods Made w i t h  Ashland A-240 Pi t ch .  
5 0 ~ .  (a) Carbonized i n  A l 2 @ 3  w i t h  no a d d i t i v e ;  p i t c h  coke y i e l d  1 7 % .  (b) Carbonized i n  g r a p h i t e  
t u b e  w i t h  no a d d i t i v e ;  y i e l d  377;. ( c )  Carbonized i n  g r a p h i t e  t u b e  w i t h  15 w t  Z a d d i t i v e ;  y i e l d  26%. 
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Table  3 .9 .  Broken P a r t i c l c  , 4 n a l y s i s  o f  F u e l  Rodsa 
Conta in ing  Biso-Coated Tho2 P a r t i c l e s  

F i r e d  Fue l  Rods 
S t a r t i n g  Fue l  P a r t i c l e s  ................ lll__l__ .-...-I. ... 

.............. _. 111 Carboiiized i n  Carbonized i n  
Ruip t u r e  A 1 2 0 3  Powder Grayb i t e  Tube - ........ .- _______ Load Batch Condi t ion  P i t c h  Coke Fa i l edb  F u e l  P i t c h  Coke Fa i l edb  Fuel 

(N) ( l b )  Yie ld  (wt %) F r a c t i o n  Yie ld  ( w t  X) Fraction -- ............. -. II____- 

J-/421 Unannealed 17.7 3.97 18.2 1 4  x lo-" 32.7 37 x io-'+ 
J-le22 Unannealed. 21.7 4.88 17.2 5 32.3 24 

5-421 Annealed 29.4 6.60 18.9 % 32.3 2 

5-422 Annealed 30.7 6 .91  18.9 =Q 28.3 ';o 

5-409 Annealed 31.7 7 .13  22.3 w 35.4 "0  

%re1 rods  leached  w i t h  gaseous c h l o r i n e  f o r  2 h r  at 1 5 O O 0 C .  

bGrams thorium recovered  by c h l o r i n e  l e a c h  pe r  gram thorium i n  rod.  F a i l e d  f u e l  fraction 
s p e c i f i c a t i o n  is  1 x i o + .  

c a p s u l e s  had s imi l a r  l o a d i n g  p l a n s  ~ w i t h  BT-26 and -27 exposed respec-. 

t i v e l y ,  t o  about  ha l f  and about f u l l  HTGR d e s i g n  f l u e n c e  at the c a p s u l e  

midplane .  Each c a p s u l e  w a s  designed t o  b e  t e s t e d  at'. two s u r f a c e  temper- 

atures (about  900 and l.250°C). Three v a r i a b l e s  were i n v e s  t : igatrd:  

(1) pi-tch coke y i e l d ,  ( 2 )  s t r e n g t h  of t h e  f u e l  pa r t i c l e  coat : ihgs,  and 

(3) s u r f a c e  t e x t u r e  o f  t b e  p a r t i c l e s .  High p i t c h  coke y i e l d  ( - 4 0 % ) ,  

obta ined  by use of i n - t u b e  c a r b o n i z a t i o n  w i t h  A-240 p i t c h  w a s  i:ested 

a g a i n s t  t h r e e  low p i t c h  coke y i e l d s  (20 TO 25%) o b t a i n e d  by three 

t echniques .  These incl.1.de in- tube  c a r b o n i z a t i o n  and A-170 p i t c h ,  i n - t i h e  

c a r b o n i z a t i o n  and A-240 p i t c h  w i t h  low-coke-yield a d d i t i v e s ,  axid in- 

AI.203-powder c a r b o n i z a t i o n  and A-240 p i t c h .  

Both R i  so-coated ThQ2 and Tr iso-coa ted  weak-acid r e s i n  (WAR) f u e l  

p a r t i c l e s  (6.5% enrichment)  w e r e  used i.n a l l  specimens a long  wi.t:h s t rong-  

a c i d  r e s i n  (SAR) carbon i n e r t  p a r t i c l e s .  Both t:ype fuel p a r t i c l e s  were 

used  a t  two s t r e n g t h  leve ls ,  and the Ei-ssile p a r t i c l e s  w e r e  used w i t h  

and w i t h o u t  an outer L T I  s u r f a c e  t r e a t m e n t .  

Approxi tnately 175 specimens were prepared  f o r  t h e  ac tua l .  experi.ments , 
c h a r a c t e r i z a t i o n ,  and a r c h i v e  samples - Part-iic1.e vol.ume l o a d i n g s  w e r e  a 

nominal 58%, and the matrix densi.t:i.es v a r i e d  from 0.52 t o  0 . 7 1  g/cm3 

depending on p-i.%ch coke yield, which v a r i e d  f r o m  18 t o  4 3 % .  The a r range-  

ment of t h e  c a p s u 1 . e ~  al.ong w i t h  the. coke yield o f  t h e  v a r i o u s  matrices 

i s  shown i ~ i  'I'ahle 3 .10,  
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Table  3.10. Loading Plan f o r  KT-26 and -27 I r r a d i a t i o n  T e s t a  
to Study Matrix-Particle l n t e r a c t i o n  

C a  rb o ti i z a t  i o  t i  
Mode 

Matrixb and Coke 
Par t ic leC Yie ld  

hpp roximate 

Type Temperature 
Spec -i m e n  Su r face  

(wt X )  Types 
( "C)  

I-_._-- ----- --_ 
1 900 D ,  1 2 4-2 7 Tn rube 

2 900 

3 900 

900 

1250 

B ,  I 38-43 I n  t u b e  

c ,  I 2 7-2 9 Tn t u b e  

A ,  1 18-20 I n  A 1 2 0 3  

DY I 24-27 f n  t u b e  

1250 BY I 3 8 - 4 3  I n  tube  

1250 c ,  I 2 7-2 9 In tub  e 

8 3.250 A ,  1 18-20 I n  A1203 

Reactor  Midplane 

9 

1.0 

11 

1 2  

1 3  

12.50 A ,  I1 18-20 I n  A 1 2 0 3  

1250 e ,  11 2 7-2 9 i n  t u b e  

1.250 

1250 

900 

E ,  I1 38-43 I n  t u b e  

D,  11 2 4-2 7 'In tube  

A ,  I1 18-20 I n  A 1 2 0 3  

1 4  900 c ,  I1 2 7-29 I n  t u b e  

1.5 9 00 B ,  11 38-43 Tn t u b e  

1.6 . so0 D ,  I1 24-27 I n  tube  -- --_-I___ --_----__ 
%T-26 w i l l  o p e r a t e  two c y c l e s  and HT-27 four  c y c l e s ,  

bplIatrix types  a r e  as fo l lows:  Type A c o n t a i n s  high-coke-yield Ashland 
A-24CI p i t c h  carbonized i n  ALL03; t ype  B c o n t a i n s  Ashland A-240 p i t c h  carbonized  
i n  a g r a p h i t e  tube ;  t ype  C c o n t a i n s  low-coke-yield Ashland A-170 p i t c h  
carbonized  i n  a g r a p h i t e  t ube ;  and t y p e  D i s  c u r r e n t  GAC m a t r i x  carbonized  
i n  a g r a p h i t e  t ube .  

1275°C from 100% MAP? gas ,  surface t r e a t e d  and annea led ,  and Rim-coated  
f e r t i l e s  w i th  unannenled r e f e r e n c e  c o a t i n g s .  P a r t i c l e  t ypes  11 c o n s i s t  o f :  
T r i s c l  f i s s i l e s  w i th  o u t e r  L T I  depos i t ed  at  1325°C from 502 MAPP gas  wi thou t  
s u r f a c e  t r e a t i n g  o r  annea l ing ,  and Biso-coated f e r t i l e s  w i t h  annea led  r e f e r e n c e  
coatings 

c P a r t i c l e  types  I c o n s i s t  o f :  T r i s o  f i s s i l e s  w i t h  o u t e r  L'l'L depos i r ed  at: 
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Because of t h e  s m a l l  amount of f u e l  conta ined  i n  t h e  t es t  specimens,  

gaseous c h l o r i n e  l e a c h  tes ts  f o r  broken p a r t i c l e s  were conducted on r o d s  

c o n t a i n i n g  e i t h e r  a l l - f i s s i l e  and a l l - f e r t i l e  p a r t i c l e s  t h a t  had been 

processed a t  t h e  s a m e  t i m e  as t h e  t es t  specioiens. Both t y p e s  of f i s s i l e  

p a r t i c l e s ,  annea led  s u r f a c e  t r e a t e d  and unannenled u n t r e a t e d ,  had com- 

p a r a b l e  and r a t h e r  h i g h  r u p t u r e  s t r e n g t h s ,  34 and 36 N ( 7 . 6  and 8 . 2  l b ) ,  

r e s p e c t i v e l y ,  which r e s u l t e d  i n  v e r y  low p a r t i c l e  f a i l u r e  f r a c t i o n s  

r e g a r d l e s s  of t h e  m a t r i x  o r  p i t c h  coke y i e l d .  The Tho2 p a r t i c l e s  used  

conta ined  e i t h e r  unannealed o r  annealed c o a t i n g s  w i t h  rup  t me l o a d s  of 

23  and 29 ZJ ( 5 . 1  and 6 . 5  l b ) ,  r e s p e c t i v e l y .  The annealed p a r t i c l e s  had 

a v e r y  l o w  p a r t i . d e  f a i l u r e  f r a c t i o n  r e g a r d l e s s  o f  t h e  m a t r i x  p i t c h  

coke yie1.d I The unannealed Tho2 p a r t i c l e s  w i t h  low r u p t u r e  s t r e n g t h s  

had t h e  h i g h e s t  part i.cle fail,i .ire f r a c t i o n  ( 3 4  x lo- ')  when carbonized  

in- tube  u s i n g  A-240 p i t c h  a t  a coke y i e l d  of  approximaLcly 40%-  

f a i l u r e  f r a c t i o n s  o f  t h e s e  p a r t i c l - e s  when carbonized  wi.th matrix t y p e s  

A ,  C ,  and D of 'Table 3.10 w e r e  1.h9 1, and 3 X lo-', r e s p e c t i v e l y .  

The 

3.8.3.2 Experiment OF-2 

The f u e l  r e f a b r i c a t i o n  o b j e c t i v e s  of t h e  OF-2 test  i n  ORR i n c l u d e  

t h e  f o l l o w i n g :  (1) Continue t h e  s t u d y  of  t h e  m a t r i x - p a r t i c l e  i n t e r a c t i o n  

phenomenon started i n  HFIR tests IIT-26 and -27.  The ORR tes ts  are  less 

a c c e l e r a t e d  t h a n  t h e  H F I R  t e s t s ,  r e q u i r i n g  one year  r a t h e r  t h a n  t h r e e  

months. ( 2 )  T e s t  in-block c a r b o n i z a t i o n  of the GAC r e f e r e n c e  m a t r i x  by 

carboniz ing  and a n n e a l i n g  r o d s  i n  t h e  a c t u a l  g r a p h i t e  b l o c k  used i n  t h e  

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

r o d s  w e r e  o b t a i n e d  by p r o c e s s i n g  a d d i t i o n a l  g r a p h i t e  b l o c k s  a t  t h e  same 

t i m e  as t h e  test b lock .  (3) T e s t  t h e  a b i l ~ i - t y  t o  remove fuel .  r o d s  t h a t  

had been carbonized  in-block from the g r a p h i t e  b l o c k s  a f t e r  f u l l - l i f e  

i r r a d i a t i o n .  The v a r i a b l e s  f o r  t h e  t e s t  and t h e  coke y i e l d  of t h e  

v a r i o u s  matrices are shown i n  Table  3.1.1. The unannealed f e r t i - l e  

( thorium) p a r t i c l e s  had a s m a l l  f a i l u r e  f r a c t i o n  (1-5 X l o - " ) ,  and b o t h  

t h e  annealed f e r t i l e  and unannealed f i s s i l e  p a r t i c l e s  had f a i l u r e  

f r a c t i o n s  of approximately 1 x 1.0-~ o r  less .  
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Table  3.11. V a r i a b l e s  f o r  M a t r i x - P a r t i c l e  I n t e r a c t - i o n  
Study i n  I r r a d i a t i o n  T e s t  OF-2 

Coke 
Yie ld  i z a t  i o n  

(X I  
MO de 

C 
-_1-- 25-mi-long (1-in.)  Samples I r r a d i a t e d  a t  1150°C Center-Line TGnTerature 

u1 u1 
U1 u1 
u1 IJ 2 
A 1  u2 
A 1  u2 
A i  u1 

I n  A l . 2 0 3  16-20 
In  t u b e  36-38 
I n  t u b e  28-30 
I:n A 1 2 0 3  16-20 
I n  t u b e  36-38 
I n  t u b e  25-30 

25-mi-long (1-in. ) Samples' I r r a d i a t e d  a t  1350'C Center-Line Tempe_r+ture 

U 1  u 2  a Ln A 1 2 0 3  14-20 
u1 u 2  B Zn t u b e  3 6 - 3 8  
U I  u1 c I n  t u b e  28-30 
A i  u1 A I n  A 1 2 0 3  16-2 0 
A1 u1 B En tube 36 -38 
A i  U 2  c I n  tube 28-30 

C 51-rmn-long (2-in.) Samples I r r a d i a t e d  a t  1350°C Center-Line Temperature 

u1 [J 1 c, I n  b lock  24-30 
U 2  u1 C In b l o c k  24-30 
u3 u1 (: I n  b l o c k  2 4-3 0 
u4 u2 c Tn b l o c k  24-30 
A1 u2 C I n  b lock  24-30 
A 2  u?. C I n  block 24-30 
A3 IJ 3 C In  b lock  24-30 
A 4  7 J 3  C I n  b l o c k  24-30 

a F e r t i l e  b a t c h e s  used were unannealed (U,> and annealed ( A I ) .  All 
f i s s i l e  b a t c h e s  used w e r e  unannealed;  U I  and U2 used f r i t  c o a t i n g  
d i s t r i b u t o r  and U3 used cone d i s t r i b u t o r .  

Ashland A-240 
p i t c h  carbonized  i n  g r a p h i t e  t u b e ;  t y p e  C i s  c u r r e n t  (:AC matrix 
carbonized  i n  a g r a p h i t e  t u b e .  

%Iatrix t y p e s  are as f o l l o w s :  Type A c o n t a i n s  h igh  coke y i e l d  
p i t c h  carbonized  i n  A 1 2 0 3 ;  t y p e  B c o n t a i n s  Ashland A-240 

A l l  samples  16 mm (5/8 i n . )  i n  d i a m e t e r .  C 
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3.3 SAMPLE INSPECTION (WQKK UNIT 2107) - W. H. Pechin 

The purpose of t h i s  s u b t a s k  i s  t o  develop techniques  f o r  o b t a i n i n g ,  

IiandIi-rig, and i n s p e c t i o n  of f u e l  samples a t  a.l.1- s t a g e s  of p r o c e s s i n g .  

During th ik  p e r i o d ,  developiiierit work on a n  e l e c t r o n l c  pa r t i c l e  s i z e  

a n a l y z e r  w a s  completed.  Work w a s  begun on. t e c h n i q u e s  f o r  s a m p l e  handii.og 

arid t r a n s f e r  f o r  p a r t i c l e s  and f u e l  r o d s .  A t:ccF.nique was developed t o  

measure t h e  f r a c t  i.on of p a r t i c l e s  with broken o r  pe-meable c o a t i n g s  by 

l e a c h i n g  with c h l a r i . n e ,  e i t h e r  b e f o r e  o r  a f t e r  t h e  p a r t  j ( 3 1 . ~ ~  are 

c o n s o l i d a t e d  i n t o  fi.re1. r o d s .  

3 . 9 . 1  P a r t i c l e  I n s p e c t i o n  

3.9.1.1. P a r t i c l e  S i z e  Analyzer  J. E. Mack 

Development work on t h e  p a r t i c l e  s i z e  a n a l y z e r  (PSA) h a s  been 

comple t ed ,  It ik c i i r r e n t l y  o p e r a t i n g  r o u t i n e l y  i n  s u p p o r t  of process 

development,  p r o v i d i n g  d a t a  01’1 p a r t i c l e  s i z e  and sample count f o r  the 

experiments  on a i r  b lending  and rod homogeneity,  sampJ.e e v a l u a t i o n ,  

and p a r t i c l e  c h a r a c t e r i z a t i o n  s t u d i e s ,  as we1.1. as s i z i n g  samp1.c.s from 

f u r n a c e  runs .  T h e  PSA measures each p a r t i c l e  i n  the sanip1.e a t  rates 

up t o  1500/min, complet ing saniple a n a l y s i s  i n  o n e - f i f t h  t h e  t i m e  i t  

had t a k e n  t u  read a p a r t i c l e  sample r a d i o g r a p h ,  wi.th f ive  times the 

accuracy  and no speci-al sample p r e p a r a t i o n .  

A Schot tky  b a r r i e r  photodiode i s  used as t h e  l i g h t  d e t e c t o r ,  

receiving a p a r a l l e l  homogenous l i g h t  beam f r o m  a h igh  i n t - e n s i t y  

Fairc:hi.J.d FLV-104 v i s i b l e - l i g h t - e m i t t i n g  d i o d e  (LED) . It i s  l o c a t e d  a t  

t he  f o c a l  p o i n t  of a I-cm-focal-length converging l ens ,  wli i .ch provide:; 

a uniform l i g h t  f i e l d  a c r o s s  the f a c e  of t h e  photodiode.  When a 

p a r t i c l e  e n t e r s  the 1-ight beam, .the c u r r e n t  o u t p u t  of t h e  d e t e c t o r  

decrccases by an amount p r o p o r t i o n a l  to t h e  cross  sectioxral area (shadow) 

of t h e  p a r t i c l e .  ‘The s i g n a l  i s  f e d  t o  an a m p l i f i e r - c o n v e r t e r ,  which 

c o n v e r t s  t h e  c u r r e n t  drop t o  a v o l t a g e  gain. a.nd a m p l i f i e s  i t  ~72th a ga in  

of ‘7000. The v o l t a g e  p u l s e  i s  t h e n  f ed  through a n  ana l -og- to-d ig i ta l  

c o n v e r t e r  t o  a p u l s e  hehght anizllyzer, which. r e c o r d s  i t  i n  one of 1024 

channels ,  with a r e s o l u t i o n  i n  p u l s e  h e i g h t  of 4 mV. 
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Tt )e  ins t rument  i s  c a l i b r a t e d  w i t h  a set of h igh-prec is ion  steel  

microspheres of fou r  s i z e s  ranging  from 380 t o  800 pm, Samples of this 

c a l i b r a t i o n  se t  were s i z e d  w i t h  a l i g h t  wave alicrometer, and traceabil.:i.ty 

t o  t h e  National. Bureau of Standards w a s  e s t a b l i s h e d  through Df!_NL s ~ i c o n d a r y  

s tandards  set UCC 711. C a l i b r a t i o n  of the ;nma1.yzer agahs t l  the st:eel. 

n1ic.rosphere.s can be. completed w i t h i n  5 min. 

A secondary c a , l i b r a t i o n  s tandard  p e r m i t s  upgrading t h e  ca lLbra t ion  

curves berween sample r u n s ,  S i x  w i r e s  of cl.i-Eft?rent diamete.rs p ro t rude  

. r a d i a l l y  f r o m  a P:l.exiglas hub and i n t e r r u p t  t h e  l-ight btzam, crciaciog 

p u l s e s  s imi l a r  to  t hose  made by t h e  coated p a r t i c l e s ,  T h i s  w i r e  d i s k  

i s  ca.l.ibrated i.mmediately fo l lawing  instrument  c a l i b r a t i o n  with the 

steel. microspheres ,  and then. used as a p e r i o d i c  calibratio-n check. A 

s u . i t a b l e  d i s k  spectrum can be accumulated in 5 t o  10 sec. 

A number of  improvements have been made on t h e  PSA. A new 

s h g u l a r i z e r  drum was f a b r i c a t e d ,  a l lowing us  to run p a r t i c l e s  a s  small 

as 250 urn. P. new pos i t i ve -ac t ion  geared pu l l ey  and toothed b e l t  d r i v e  

syste-m was added. h cyc1.on.e s e p a r a t o r  w a s  designed and fab.ricateil t o  

r e c e i v e  t h e  p a r t i c l e s  a f t e r  measurement and c o l l e c t  them * ~ i . t h ~ i ~ t  damage. 

Ai? - i s o l a t i o n  va lve  was designed and t e s t e d  t o  provide  $1 vac~~mn I.ock 

below t h e  s e p a r a t o r .  

f a b r i c a t e d  f o r  use i n  determining the absol-ute accuracy o f  t h e  ana lyzer  

as well. as t o  determine t h e  e f f e c t s  o f  p a r t i c l e  shape r a t i o  on s i z e  

measurement. Coated p a r t i c l e s  c h a r a c t e r i s t i c a l l y  produced s i z e  d i s t r i -  

bu t ions  w i t h  s t anda rd  d e v i a t i o n s  of 3 t o  7 Urn f o r  a sing.1.e pa r t i c l e  

rec . i rcu la ted  200 t i m e s .  I n  c o n t r a s t ,  t h e  nea r ly  s p h e r i c a l  s teel  micro- 

spheres  showed s t anda rd  d e v i a t i o n s  of less than 1 urn- Provisions are 

c u r r e n t l y  being made f o r  g love  box ope ra t ion  of the PSA t o  a l1 .o~  p a r t i c l e  

measuring of  samples  of pyrophoric  material. 

A s i n g l e - p a r t i c l e  repeater w a s  designed and 

The r e p r o d u c i b i l i t y  oE the PSA over  a per iod of s i x  months has  been 

shown t o  be e x c e l l e n t .  l%e 9.5% conf idence  i n t e r v a l  about che mean 

diameter  i s  t y p i c a l l y  on t h e  o r d e r  of 2 ym f o r  a s a m p l e  of coated pa r t i c l e s ,  

The count ing e f f i c i e n c y  f o r  a clean sample is  e s s e n t i a l l y  IOOX. These 

c h a r a c t e r i s t i c s  a long w i t h  the f a s t  turnaround t i m e  have made t h e  p a r t . i c l e  

s i z e  ana lyze r  a v a l u a b l e  p i e c e  of equipment i n  coa ted  pa rt:i.c3.e proc-ess 

development. 
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3 .9 .1 .2  P a r t i c l e  Sample T r a n s f e r  - J .  E. Mack 

A vacuum t r a n s f e r  system w i l l  b e  used t o  t r a n s p o r t  s m a l l  q u a n t i t i e s  

of fuel.  p a r i r i c l e s  from t h e  ho t  c e l l  t o  a g l o v e  box o u t s i d e   lie ho t  cel.1. 

f o r  p a r t L c l e  a n a l y s i s  a f t e r  each f u r n a c e  o p e r a r i o n  S i n c e  t h e  y a r t i c l  es 

w i l l  b e  py rophor i c  a f t e r  ca rbon iza t l i oa  and conver s ion ,  t h e  en t i r e  systei-n 

must b e  c l o s e d  froin the atmosphere and t r a n s f e r  performed w i t h  oxygen-free 

g a s .  i t :  must t r a n s p o r t  1.00% of t h e  p a r t i c l ~ e s  rcxei-ved w i t h o u t  any damage 

t o  t h e  p a r t i c l e s  o r  t h e i r  c o a t i n g s ,  as no p a r t i c l e  b reakage  o r  c r o s s  

sample con tamina t ion  w i  1.1. h e  a c c e p t a b l e .  The p a r t i c l e s  t:irern:~;el.~e~ wi-1  1 

b e  tliermnl7.y and r a d i o a c t i v e l y  h o t  , and samples w i  1 1 ~  h e  hand led  s e m i -  

automat i c a l l y  . 
A t e s t  loop  w a s  des igned  and c o n s t r u c t e d  t o  de t e rmine  t h e  f e a s i b i l i t y  

of t r a n s f e r r i n g  unencapsi.il.ated p a r t i c 1  es over  a l a r g e  d i s t a n c e  w i t h  a 

vacuum pump and a cycl.one s e p a r a t o r  t o  r e c e i v e  t h e  pa rc i c .1 . e~ .  A n  i s o l a t i o n  

v a l v e  w a s  des igned  and f a b r i c a t e d  t o  p r o v i d e  a vacuum l o c k  between t h e  

t r a n s f e r  1.ine and room atmosphere.  A b a l l  vaJ.vc w a s  oindif ied t o  a c t  as 

an i s o l - a t i o n  valve a t  t h e  p a r t i c l e  inl-ei I 

The p a r t i c l e s  w e r e  transferred through 6.4-mm ( l l l r - i n . )  polyctlzylent? 

t u b i n g  o v e r  a d i s t a n c e  of 55 m (180 f t >  w i t h  a p r e s s u r e  d i f f e r e o t i a l  of 

44 kPa (13 i n .  of mercury) .  The p o l y e t h y l e n e  t u b i n g  all-owed p a r t i c l e  

v e l o c i t y  measurements t o  b e  t a k e n  w i l i l )  p h o t o e l e c t r i c  s e n s o r s  and a 

r e c o r d e r .  P a r t i c l e  v e h c i t i e s  ranged from 3 t o  8 m/sec (18-25 f p s ) ,  

w i t h  a n  ave rage  a i r  speed of 15 m / s e c  (50 f p s ) .  P a r t i c l e  r ecove ry  w a s  

loo%, w i t h  i n d i v i d u a l  p a r t i c l e s  b e i n g  t r a n s f e r r e d  and c o l l e c t e d  as 

e f f i c i e n t l y  as s e v e r a l  thousand p a r t i c l . e s .  

A new l o o p  i s  b e i n g  des igned  of s t a i n l e s s  s t ee l  t u b i n g  to  pe rmi t  

e v a l u a t i o n  of p a r t i c l e  wear and b reakage  as  well as cross sample con- 

t a m i n a t i o n  i n  a more r e a l - i s t i c  system of  r i g i d  t u b i n g  and tube  f i t t b g s .  

The a p p l i c a t i o n  o f  part:icsl.e sample t r a n s f e r  i s  i l l u s t r a t e d  schein:iti.cal.ly 

i n  F ig .  3.40 .  
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Fig. 3.40. S a m p l e  T r a n s f e r  from i n  C e l l  t o  Sample I n s p e c t i o n  
S t a t i o n  Glove Box. 

-3 .9 .1 .3  P a r t i c l e  Sample S u b d i v i s i o n  - -  , I .  R .  Xark and 0.  A .  Uyslin 

Design work tias bagrrri 011 a sampler c a p a b l e  of  s u b d i v i d i n g  a small 

sample of coated f u e l  p a r t i c l e s  ( 1  t o  II) g )  i n t o  PO r e p r e s e n t a t i v e  

subsamples u t i l i z i n g  t h e  s i n g u l a r l z e r  drum coricept u s e d  s u c c e s s f u l l y  

w i t h  the p a r t i c l e  s i z e  a n a l y z e r .  The r o t a t i o n  of t h e  drum w i l l  bc! 

synchronized w i t h  that  of a t e n  -pocket Liirntable b e n e a t h  the  drum. A 

s t e p p i n g  motor w i l l  b e  used Lo d r i v e  t h e  s y s t e m  and index from pocket  

t o  pocket f o r  sample  r e m o v d .  Any number of subsamples may be cvmbincd 

o r  r e c i r c u l a t e d  back i n t o  the feed  hopper  f o r  f u t R e r  s u b d i v i s i o n .  h 

10-g s a m p l e  would b c  processed  i n  l c s s  than 20 min. 

3.9 .2  Fue l  Rod I n s p e c t i o n  .____.- 

3 . 9 . 2 . 1  Rod SariipBe r r a n s f e r  - J. E .  Mack and 9. A. D y s l i n  

A number of f i r e d  and unfired f u e l  rods  f a b r i c a t e d  i n  the hot c e l l  

m u s t  be  sent  o u t  of the  c e l l  t o  various s a m p l e  i n s p e c t i o n  s t a t i o n s  f o r  
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a n a l y s i s .  A system h a s  been designed t o  l o a d  t h e  r o d s  i.nto c a p s u l e s ,  

vacuum t r a n s f e r  t h e  r o d s  t o  a r e c e i v i n g  s t a t i o n ,  unload t h e  r o d s ,  and 

r e t u r n  t h e  c a p s u l e s .  This  o p e r a t i o n  must b e  performed w i t h o u t  any 

s t r u c t u r a l  damage t o  t h e  r o d ,  such as c r a c k i n g  o r  ch ipping ,  and wi thout  

damaging i n d i v i d u a l  p a r t i c l e s .  The method chosen f o r  l o a d i n g  and unloading  

t h e  r o d s  i n v o l v e s  a hol low c a p s u l e  w i t h  " c o l l a r s "  i n s i d e  each end f o r  

t r a p p i n g  s p h e r i c a l  end p lugs .  These r e s i l i e n t  b a l l  p l u g s  a r e  pushed 

i n t o  and o u t  o f  t h e  c a p s u l e  w i t h  a p lunger  d r i v e n  by a small e l e c t r i c  

motor.  The p lunger  never  comes i n  c o n t a c t  w i t h  the rod and t h e  c l e a r a n c e  

between t h e  c o l l a r s  and t h e  b a l l  p l u g s  i s  such t h a t  a 4.4-N (1- lb)  f o r c e  

is s u f f i c i e n t  t o  unload t h e  rod .  C h l o r i n e  l e a c h  a n a l y s i s  w i l l  be used 

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

A tes t  loop  w a s  se t  up t o  e v a l u a t e  t h e  performance and de termine  t h e  

system requi rements  of a vacuum t r a n s f e r  system. The b u i l d i n g  of f -gas  

system w a s  used r e g u l a t e d  t o  supply  a vacuum w i t h  a maximum p u l l  of 

2 kPa (8 i n .  w a t e r )  and a maximum a i r  f low of approximate ly  9 . 4  s t d  

l i t e rs / sec  (20  scfm) ,  cor responding  t o  a l i n e a r  v e l o c i t y  of 10.7 d s e c  

(35 f p s )  . The t e s t  loop  w a s  approximate ly  15 in (50 f t )  l o n g  w i t h  f i~ve 

0.3-m-radius (12-in.)  bends and a number of 6.4-mm-diam (U4- in . )  h o l e s  

f o r  p h o t o e l e c t r i c  s e n s o r s  t o  measure c a p s u l e  v e l o c i t y .  Fi-gure 3 .41  

i l l u s t r a t e s  t h e  v e l o c i t y  p r o f i l e  f o r  a p o r t i o n  of the t r a n s f e r  l i n e .  

Although t h e  c a p s u l e  l o s t  c o n s i d e r a b l e  speed going i n t o  t h e  bends ,  i t  

a c c e l e r a t e d  q u i c k l y  t o  n e a r l y  t h e  same speed as t h e  conveying a i r .  The 

c a p s u l e  v e l o c i t y  a p p e a r s  g r e a t e r  t h a n  t h a t  of t h e  conveying a i r  i n  

several i n s t a n c e s ,  a l though t h i s  i s  due t o  a b u i l d u p  i n  t h e  vacuum when 

t h e  c a p s u l e  w a s  he ld  i n  p l a c e  b e f o r e  t r a n s f e r ,  th,vs r e s t r i c t i n g  t h e  atr 

f low,  w h i l e  t h e  a i r  flow r e a d i n g  had been ta.ken b e f o r e  t h e  c a p s u l e  w a s  

p laced  i n  p o s i t i o n .  

'j, 

A second l o o p  w a s  c o n s t r u c t e d  t o  use smaller c a p s u l e s  and t u b i n g :  

25-m (1-in.)  d iameter .  The a i r  f low requi rement  w a s  c o r r e s p o n d i n g l y  

decreased  t o  about  3.8 s t d  l i t e r s l sec  (8 scfm).  A vacuum tee  w a s  

i n s t a l l e d  a t  each end of t h e  21-m (70-f t )  t r a n s f e r  l i n e  t o  send t h e  

c a p s u l e  back and f o r t h .  The bends w e r e  made on a 0.46-m (18 i n . )  r a d i u s  
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Fig .  3 .41.  Capsule V e l o c i t y  its a Funct ion  of P o s i t i o n  i n  a T r a n s f e r  
'Line at D i f f e r e n t  P r e s s u r e  D i f f e r e n c e s  Each curve i s  l a b e l e d  w i t h  t h e  
a i r  f low rate i n  l i n e a r  f t / m i n  measured i.n t h e  ili,s.mce o f  t h e  c a p s u l e ;  
cor responding  v a l u e s  are 3 , 0 ,  4 . 1 ,  5 .1 ,  6 , 1 ,  and L!j.Z mJsec. To c o n v e r t  
c i l p s i j ~ e  v e l o c i t y  t o  m/sec and l ine dimensions aitd d i s t a n c e s  from feet. 
t o  meters, m u l t i p l y  by 0.305. 

?:Cter t!ie s t a i n l e s s  s teel  t u b i n g  had been f i l l e d  w i t h  a low-melting 

a l l o y  t o  prevent  co l ldpse  of t h e  tube walls. The s e c t i o n s  w e r r '  then 

steam c l e a n e d  t o  rmovc: t h i s  F i l l i n g .  

T h e  c a p s u l e  w a s  t r a n s f e r r e d  w i t h  a n  a i r  f l o w  of 3.8 liters/sec 

( 8  cfm) a t  a p r e s s u r e  d i f f e r e n t i a l  of 1 . 7  kPa (7  i n .  water-) a t t a i n i n g  

a maximum v e l o c i t y  of 7 .6  rn/sec- ( 2 5  Fps? both i n  l iorizotxL~1 acid vertical 

sections, d e c r e a s i n g  t o  5.5 m/sec (13 f p s )  around the becds ,  A 0-51-m 

( 2 - f t )  dead a i r  column b e l o w  t h e  vacuum tee provided  s u f f i c i e n t  

cushioning  t o  receive t h e  c a p s u l e .  A c a p s u l e  loader  and unloader  will 

b e  placed  a t  o p p o s i t e  ends of the t r a n s f e r  l i n e .  't'h-is method o f  o p e r a t i o n  

w i l l  be cvaluatcd upon complet ion of fabricat.iou. 

3 . 9 . 2 . 2  P a r t i c l e  Fai lure  Fraction - D .  E. LaValle 

The d e t e r m i n a t i o n  of number of cracked o r  bruken 1 i r t . l  par-tic3.e~ is 

.-in importcant elelileot i n  t h e  c l ia rac te r izbf - ion  of f u e l s .  The method now 

e s t a b l i s h e d  i s  t h e  t r e a t m e n t  of llie f u e l  a t  h i g h  temperatvrcs w i t h  gaseous  
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ch lo r ine  , which removes t h e  exposed heavy m e t a l  2s v o l a t i l e  ch lo r ides  ~ 

which are then q u a n t i t a t i v e l y  recovered and analyzed. I n  prev ious  

experiments t h e  advantages of c h l o r i n a t i o n  a t  1000°C became evident .  

Addi t iona l  experiments a t  1500°C showed s i g n i f i c a n t  reduct ions  i n  

c h l o r i n a t i o n  t i m e s .  W e  have now e s t a b l i s h e d  as t h e  s tandard  procedure 

a c h l o r i n a t i o n  t i m e  of 2 h r  a t  1500°C f o r  rods and p a r t i c l e s .  The 

ch lo r ine  passes  upward through a quar tz  t ube  suppor t ing  a hollow 

g r a p h i t e  tube ,  which holds  t h e  sample  and i s  hea ted  by induct ion .  With 

f u e l  rods  a p a r t i a l  flow through t h e  40%-porous rod i s  achieved by 

packing i t  snugly i n  t h e  ho lde r  with porous carbon p a r t i c l e s .  Extensive 

c h l o r i n a t i o n s  have been c a r r i e d  ou t  on a l l  types  of rods  and p a r t i c l e s  

f o r  both thorium and uranium de termina t ions .  

For i r r a d i a t e d  f u e l  elements w e  developed an appara tus  adap tab le  

t o  ope ra t ion  i n  both  a g love  box and a ho t  c e l l .  These systems, however, 

are stil.1 l i m i t e d  t o  r e s i s t a n c e  h e a t i n g  a t  1000°C. 

3.10 PLANT MANAGEMENT (WOW UNIT 2108) - W. R. I I a m e l  

The o b j e c t i v e  of Work Uni t  2108 i s  t o  develop and eva lua te  the  

ins t rumenta t ion ,  c o n t r o l ,  and d a t a  handl ing technology r equ i r ed  t o  support  

t he  demonstration of t h e  remote r e f  a b r i c a t i o n  of IITGR f u e l s .  

The c u r r e n t  and subsequent genera t ions  of i n s t rumen ta t ion  and 

c o n t r o l  hardware appropr i a t e  f o r  a p p l i c a t i o n  t o  WTGR F u e l  r e f a b r i c a t i o n  

processes  involve  t h e  use  of h igh ly  complex general-purpose devices  such 

as minicomputer-based packages, microcomputers, and programmable l o g i c  

c o n t r o l l e r s .  These general-purpose devices  w i l l  be  t h e  b a s i c  b u i l d i n g  

b locks  used i n  t h e  des ign  and cons t ruc t ion  of f u e l  r ecyc le  process  

c o n t r o l  systems. Genera l ly ,  r e c y c l e  process  c o n t r o l  systems w i l l  comprise 

a network of t hese  general-purpose devices  and o t h e r  types  of hardware. 

The impact of f a c t o r s  such as synchroniza t ion  and i n t e r f a c i n g  are obvious,  

and are being addressed i n  t h e  r e f a b r i c a t i o n  development program by 

c r e a t i n g  a real-time environment, wi th  t h e  ope ra t ion  of va r ious  engineer ing-  

scale process  developmental equipment t h a t  i s  analgous t o  t h a t  expected 

i n  an  a c t u a l  r ecyc le  f a c i l i t y .  
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A development programmable logic controller and minicomputer have 

been procured and are being used in the control and operation of various 

engineering-scale mockup equipment. 

3.10.1 Developmental LZCS Mockup - W. R. Hamel 
To evaluate two types of applicable general-purpose devices in a 

simulated process environment with engineering-scale refabrication 

machinery, the configuration shown in Fig. 3 . 4 2  w a s  developed. 

developmental Local Instrument and Control Subsystem mockup involves 

the use of a process control minicomputer and programmable logic con- 

troller to control the laboratory f u e l  rod fabrication machine, the 

fuel rod storage magazine loader-unloader, and the fuel block loading 

and verification mockup. Additionally, the development computer will 

be used to provide computational support to radioassay development 

equipment and electromechanical manipulator development equipment 

remotely located in TURF, Building 7930.  

The 

ORNL- DWG 75-6972 

- - -  

Fig. 3 . 4 2 .  Developmental LICS Mockup Configuration. 
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Current ly  ~ t h e  development miniconrputer and programmable log i  c con- 

t r o l l e r s  have been i n s t a l l e d  i n  Bui lding 4508. The replacement o f  t h e  

o r i g i n a l  r e l a y  c o n t r o l  systmn of  t h e  l abora to ry  f u e l  rod fabr ica t - jon  

machine i s  n e a r l y  complete. A D i g i t a l  Equipment Corporat ion i n d u s t r i a l  

14/35 programmable l o g i c  c o n t r o l l e r  w a s  procured. See  Sect. 3.10.2 f o r  

more d e t a i l s .  The development computer, which i s  a D i g i t a l  Equipment 

Corporat ion PDP-11/40, has  been data- l inked v i a  te lephone l i n e s  t o  the  

multichannel ana lyzer  being used f o r  nondes t ruc t ive  assay  developrncint 

i n  TUKF Bldg. 7930. Details concerning t h e  development computer are 

given i n  Sec t .  3.10.3. The Euel rod s t o r a g e  magazine loader-unloader 

i s  scheduled f o r  f u l l  automatic  ope ra t ion  i n  January 1976. The LICS 

mockup i s  be ing  designed such t h a t  a l l  t h e  equipment shown can be 

opera ted  s imultaneously.  This  type of ope ra t ion  w i l l  p e r m i t  q u a n t i t a t i v e  

eva lua t ion  of  real-time i n t e r f a c i n g  techni  ques between r e f a b r i c a t i o n  

machines, programmable l o g i c  c o n t r o l l e r s ,  and minicomputers. 

3.10.2 Programmable Logic -. C o n t r o l l e r  and Appl ica t ions  -- B. J.  Bolf ing 

Programmable l o g i c  c o n t r o l l e r s  (PLC) are a r e l a t i v e l y  new general.- 

purpose d i s c r e t e  c o n t r o l  device intended t o  replace r e l a y  control. s y s t e m .  

The r e f a b r i c a t i o n  process  inc ludes  a mul t i tude  of d i s c r e t e  s e q u e n t i a l  

ope ra t ions  that are i d e a l l y  s u i t e d  f o r  PLCs. A PLC system has been 

procured and i s  now being used t o  c o n t r o l  t h e  l a b o r a t o r y  f u e l  rod f a b r i -  

c a t i o n  machine and is  planned f o r  use  wi th  t h e  r e s i n  ca rbon iza t ion  furnace  

p a r t i c l e  handl ing loop ,  

The PLC system inc ludes  a D i g i t a l  Equipment Corporat ion I n d u s t r i a l  

1 4 / 3 5  c o n t r o l l e r ,  a VT/14 cathode ray  tube  d i s p l a y  programming t e rmina l ,  

and a s tandard  t e l e t y p e .  The I n d u s t r i a l  14/35 c o n t r o l l e r  i nc ludes  a 

c e n t r a l  p rocessor ,  8K words of core  memory, 1 2 8  inpu t  modules (expandable 

to 512), and 64 output  modules (expandable t o  256). F igure  3.43 shows 

t h e  PLC i n s t a l l a t i o n  i n  room 242 of Bui lding 4505. 

module i n t e r f a c i n g  i s  w a l l  mounted i n  t h e  c e n t e r  background and t h e  

1 4 / 3 5  processor  and power supply are on t h 2  r i g h t .  Figure 3.44 shows 

the  VT/l4 programming t e rmina l  i n  ope ra t ion  w i t h  a segment of c o n t r o l  

c i r c u i t r y  be ing  d isp layed .  

The input-output 
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Fig. 3 . 4 3 .  Programmable Logic Controller System. 

I \ 
Fig. 3 . 4 4 .  PLC Programming Panel. 
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One of t h e  primary o b j e c t i v e s  of c o n t r o l l i n g  t h e  l abora to ry  f u e l  

rod f a b r i c a t i o n  machine (LFRFM) wi th  a programmable l o g i c  c o n t r o l l e r  w a s  

t o  apply a mode of c o n t r o l  t h a t  would al low complete automatic  ope ra t ion  

of t h e  machine, i nc lud ing  s t a r t -up  and shutdown, whi le  providing t h e  

opera tor  w i t h  completely remote c o n t r o l  of a l l  machine a c t i o n s .  

Three modes of c o n t r o l  (manual, semiautomatic,  automatic)  are 

provided. 

i n  t h e  PLC sof tware  programming. The manual mode, however, i s  provided 

through t h e  input-output  f o r c i n g  c a p a b i l i t y  of t h e  V T / 1 4  programming 

panel  (Fig.  3 . 4 4 ) .  

The automatic  and semiautomatic c o n t r o l  modes are implemented 

The PLC system w a s  i n s t a l l e d  i n  room 242 of Building 4508. Signal  

l i n e s  w e r e  run about 46 m (150 f t )  from t h e  input  and output  modules in 

room 242 t o  t h e  f u e l  rod f a b r i c a t i o n  machine loca ted  i n  room 254 of 

Building 4508.  The PLC i s  remotely loca ted  because room 254 i s  a 

r a d i o a c t i v e  contamination c o n t r o l  zone. Remotely l o c a t i n g  t h e  PLC a l s o  

s imula tes  s i g n a l  t ransmiss ion  l e n g t h s  expected i n  a ho t  c e l l  i n s t a l l a t i o n .  

The PLC so lves  Boolean express ions  ( l o g i c a l  AND/OR s ta tements )  t h a t  

cond i t iona l ly  express  output  states as a func t ion  of input  states,  t i m e r  
s tates,  and output  states. These express ions  are s to red  i n  t h e  co re  

memory of t h e  PLC and r ep resen t  t h e  c o n t r o l  l o g i c  of t h e  LFRFM. The 

c o n t r o l  program i s  i n i t i a l l y  loaded i n t o  t h e  core  memory through t h e  

V T / 1 4  programming t e rmina l ,  which i s  designed f o r  developing t h e  c o n t r o l  

program i n  r e l a y  l adde r  diagram symbology. The real-time s t a t u s  of 

a l l  i npu t s  and ou tpu t s  can be  monitored wi th  t h e  VT/14. It can be used 

as a pushbutton manual c o n t r o l l e r  by d i s a b l i n g  t h e  c o n t r o l  program and 

then  f o r c i n g  s p e c i f i c  ou tpu t s  t o  d e s i r e d  states. The normal ope ra t ing  

mode of LFRFM is  t h e  automatic  mode, where t h e  s t a r t -up ,  shutdown, and 

run sequence of t h e  machine i s  au tomat ica l ly  d i r e c t e d  and monitored by 

t h e  PLC. However, if a machine subsystem malfunct ion occurs ,  t h e  machine 

i s  h a l t e d  and f u r t h e r  ope ra t ion  would be s u b j e c t  t o  an  o p e r a t o r ' s  "jog" 

command from t h e  c o n t r o l  panel .  

malfunct ioning subsystem t o  a r e fe rence  p o s i t i o n  f o r  r e p a i r  o r  t h e  

i n i t i a t i o n  of t h e  LFRFM shutdown sequence. The alarm condi t ions  are 

A "jog" command would r e t u r n  t h e  
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s t o r e d  i n  PLC co re  memory and provide monitor ing of l i m i t  swi tch  f a i l -  

u r e ,  so l eno id  va lve  f a i l u r e ,  and f a i l u r e  of commanded events  t o  occur  

during a s p e c i f i e d  (o r  watchdog) t i m e  per iod .  

The experience obta ined  t o  d a t e  demonstrates  t h e  v e r s a t i l i t y  and 

r e l i a b i l i t y  of PLC c o n t r o l s  f o r  remote r e f a b r i c a t i o n  equipment. The 

i n d u s t r i a l  14/35 c o n t r o l l e r  has  been ope ra t ing  s i n c e  June 1, 1975, w i th  

no hardware f a i l u r e s .  The advantages of sof tware-or ien ted  PTXs over 

hardwired r e l a y  l o g i c  c o n t r o l  implementation have been demonstrated by 

modi f ica t ions  made t o  t h e  c o n t r o l  program a f t e r  i n i t i a l  PLC s t a r t - u p .  

S i m i l a r  mod i f i ca t ions  made t o  hardwired r e l a y  c o n t r o l  systems would 

have r e s u l t e d  i n  a d d i t i o n a l  rewir ing  c o s t s .  

The real-time monitor ing c a p a b i l i t y  of t h e  VT/14  programming 

te rmina l  provides  a powerful t o o l  f o r  machine maintenance and t rouble-  

shoot ing  f o r  remote a p p l i c a t i o n s .  F a i l u r e s  of  i n - c e l l  s enso r s  and 

a c t u a t o r s  can be  i s o l a t e d  through a s imple pushbut ton procedure o u t  of  

c e l l  w i t h  t h i s  device .  

3.10.3 Development Computer System - B. 0. Bar r inger  

I n i t i a l l y ,  t h e  development computer system is  being used t o  support  

p o s i t i o n  c o n t r o l  system requirements €or  t h e  f u e l  rod s t o r a g e  magazine 

loader-unloader ,  and t o  provide computat ional  suppor t  f o r  nondes t ruc t ive  

rad ioassay  a c t i v i t i e s .  Future  a p p l i c a t i o n s  w i l l  be a s s o c i a t e d  wi th  f u e l  

block loading ,  f u e l  rod homogeneity i n s p e c t i o n ,  development of r e c y c l e  

process  d a t a  handl ing techniques ,  and computer suppor t  f o r  t h e  I n d u s t r i a l  

14/35 programmable l o g i c  c o n t r o l l e r .  

The development computer system has been de l ive red  t o  Bui ld ing  3500 

f o r  i n i t i a l  checkout and t r a n s f e r r e d  t o  room 242 of Bui ld ing  4508 i n  t h e  

conf igu ra t ion  as shown i n  Fig.  3.45. The system i s  based around a 

s t anda rd  D i g i t a l  Equipment Corporat ion i n d u s t r i a l  package. This  b a s i c  

system inc ludes  t h e  hardware shown and t h e  real-time execu t ive  so f tware  

(RSX-11M). There i s  s u f f i c i e n t  memory t o  support  e i t h e r  program 

development (FORTRAN and assembly language) and t h e  simultaneous support  

of t h e  f u e l  rod magazine loader-unloader  mockup and t h e  nondes t ruc t ive  

rad ioassay  ac t iv i t ies .  The 30-character /sec DECWRITER provided w i t h  
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Fig.  3 . 4 5 .  Development Computer System. 

t h e  package i s  used as t h e  console  te rmina l .  

reader-punch i s  included t o  provide an inexpensive compatible input -  

ou tput  medium. 

placed on paper t a p e  a t  t h e  OWL computer f a c i l i t y  €or loading  i n t o  

t h e  minicomputer system. 

A high-speed paper t a p e  

This  w i l l  a l l o w  programs o r  d a t a  t o  be  keypunched and 

The f u e l  rod s t o r a g e  magazine loader-unloader  mockup inc ludes  a 

two-coordinate indexing system. The p o s i t i o n  c o n t r o l  f o r  t h e  indexing 

t a b l e  i s  provided by s t epp ing  motor d r i v e s  wi th  computer p r e s e t t i n g  and 

p o s i t i o n  encoder feedback. I n  a d d i t i o n ,  t h e  system w i l l  r e q u i r e  direct :  

d i g i t a l  i n p u t s  and outputs .  

d i g i t a l  ou tputs  are provlded via t h e  Universa l  D i g i t a l  Con t ro l l e r  (UDC), 

which i s  a p a r t  of t h e  development computer system. 

For t h i s  purpose 16  d i g i t a l  i n p u t s  and 1 6  

A s  rad ioassay  development w i l l  be  loca t ed  i n  TURF, dial-up 

coimnunication l i n e s  w i l l  b e  used f o r  t h e  data l i n k .  Hardware i s  included 
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t o  provide one 300 BAUD l i n e  f o r  a DECWRITER and one 1200 BAUD l i n e  

(which may ope ra t e  a t  up t o  1800 BAUD) f o r  t h e  mult ichannel  ana lyzer .  

A hlODEM (da t a  s e t )  subsystem t o  handle t h e  two communication l i n e s  is 

p a r t  of  t h e  development computer system. 

up l i n e  and one four-wire d i r e c t  l i n e )  have been i n s t a l l e d  between TURF 

and Building 4508. 

up the  development computer. 

by the  computer and connect ion e s t ab l i shed .  

Two te lephone  l i n e s  (one d i a l -  

Connection t o  t h e  computer w i l l  r e q u i r e  only d i a l i n g  

The c a l l s  w i l l  be  au tomat ica l ly  answered 

3.11 WASTE AND SCRAP HANDLING (WORK U N I T  2109) - J. I). Jenkins ,  M. S. Judd, 
and J. E. Van Cleve 

During t h i s  r e p o r t i n g  per iod  t h e  development e f f o r t s  i n  the  area 

of waste and scrap handl ing have undergone a s u b s t a n t i a l  change of 

d i r e c t i o n .  During t h e  earlier p o r t i o n  t h e  o v e r a l l  program w a s  d i r e c t e d  

toward t h e  design and cons t ruc t ion  of an i n t e g r a t e d  r e f a b r i c a t i o n  p i l o t  

p l a n t  t o  b e  l oca t ed  i n  t h e  TURF. 

product ion of reactor-grade f u e l  elements us ing  bred  3 3 U .  Waste and 

sc rap  materials handl ing during ope ra t ion  of t h e  p i l o t  p l an t  would be 

centered  around means f o r  s o r t i n g ,  packaging, assaying,  and removing 

t h e  material from t h e  ce l l s  f o r  d i s p o s i t i o n  i n  a temporary r e t r i e v a b l e  

s to rage  € a c i l i t y  o r  f o r  r e c y c l e  t o  t h e  head-end f a c i l i t y  a t  Idaho. 

Tdttle o r  no e f f o r t  w a s  expended on t h e  problems a s soc ia t ed  wi th  sc rap  

reclamation wi th in  t h e  r e f a b r i c a t i o n  p l an t  o r  wi th  i n c i n e r a t i o n  of low- 

uranium-content wastes p e c u l i a r  t o  HTGR f u e l  r e f a b r i c a t i o n .  

Primary emphasis w a s  placed on t h e  

Accomplishments during t h i s  per iod  inc lude  (1) conceptual  design 

of t h e  equipment and f a c i l i t i e s  necessary t o  package waste and sc rap  

materials remotely and remove t h e  con ta ine r s  from t h e  c e l l  f o r  d i s p o s a l ,  

(2)  design of  a s t o r a g e  f a c i l i t y  and sh ipping  con ta ine r s  f o r  high- 

uranium-content w a s t e  cans,  and ( 3 )  conceptual  design of nondes t ruc t ive  

assay  equipment t o  determine t h e  uranium content  of both high- and low- 
5 l e v e l  waste conta iners .  

The w a s t e  and scrap handl ing development program was reassessed  

i n  e a r l y  1975 when i t  appeared t h a t  t h e  r e f a b r i c a t i o n  development program 

would be d i r e c t e d  toward cons t ruc t ion  of  a Barge-scale demonstration 
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f a c i l i t y  (HFLDF) r a t h e r  than  the  p i l o t  p l an t .  Under t h i s  new concept ,  

t h e  problems a s soc ia t ed  with the waste and sc rap  m a t e r i a l s  became more 

immediate, and w e  w e r e  d i r e c t e d  t o  concent ra te  t h e  development e f f o r t  i n  

t h e  areas of processing and reclaiming t h e s e  waste and sc rap  materials 

pecu l i a r  t o  IITGR f u e l  f a b r i c a t i o n .  Accordingly, work w a s  i n i t i a t e d  i n  

t h e  area of reclamation of t h e  perchloroethylene s o l u t i o n  from t h e  

furnace off-gas scrubbers ,  burning of t h e  r e s idues  obtained a f t e r  

perchloroethylene recovery,  and reclamation of r e j e c t  material  from t h e  

product l i n e .  

A t  t h i s  p o i n t ,  bench s c a l e  experiments have been r i in  t o  demonstrate 

t h e  f e a s i b i l i t y  of d i s t i l l i n g  and reclaiming d i r t y  perchloroethylene.  

Work i s  c u r r e n t l y  under way t o  design engineer ing-scale  equipment t o  

f u r t h e r  t es t  t h e  techniques and ob ta in  more q u a n t i t a t i v e  ope ra t iona l  

information.  

mation of r e j e c t  f u e l  materials.  

In  add i t ion ,  some work has been i n i t i a t e d  on t h e  recla- 

3.12 MATERIAL HANDLING (WORK UNIT 2110) - W. R. Hamel 

The o b j e c t i v e  of Work Unit  2110 i s  t o  v e r i f y  e x i s t i n g  and t o  develop 

new remote material  handl ing technologies  necessary t o  support  t h e  remote 

r e f a b r i c a t i o n  of HTGR f u e l s .  Toward t h i s  goa l ,  work a c t i v i t i e s  include:  

(1) t h e  eva lua t ion  of t h e  e x i s t i n g  TURF material  handl ing system, 

( 2 )  survey of c u r r e n t  research  and development a c t i v i t i e s  and commercial 

suppl i -e rs ,  and (3) t h e  development of an automated mater ia l  handling 

system concept cons i s t en t  wi th  HTGK f u e l  r ecyc le  requirements .  

3.12.1 Evaluat ion of Ex i s t ing  TURF Material Handling System - 
J .  G .  Grundmann 

Before proposing a work p l an  f o r  t h e  development of a manipulator 

wi th  des i r ed  c h a r a c t e r i s t i c s  f o r  HTGR f u e l  r e f a b r i c a t i o n ,  an e f f o r t  was 

i n i t i a t e d  t o  become f a m i l i a r  wi th  t h e  mechanical and e l e c t r i c a l  equipment 

making up t h e  TURF material  handl ing system ( i . e - >  PaR electromechanical  

manipulators ,  c rane  h o i s t s ,  power c a b i n e t s ,  s l i d e  switch con t ro l  boxes,  

and f a c i l i t y  power and c o n t r o l  wi r ing) .  This  work included an examination 
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of  engineer ing drawings and ope ra to r s '  manuals and ope ra t ion  of t h e  

a c t u a l  equipment. This a c t i v i t y  has  been completed. The r e s u l t s  of 

t h i s  s tudy  i n d i c a t e  t h a t  t h e  TURF material handl ing system i s  of adequate 

mechanical conf igu ra t ion  but  extremely d e f i c i e n t  i n  c o n t r o l  func t iona l  

c a p a b i l i t y  and l e v e l  of automation. 

3.12.2 Material Handling Technology Survey - J. G .  Grundmann 

Ex i s t ing  material handl ing technology was ex tens ive ly  surveyed. 

Both research  and development o rgan iza t ions  and commercial equipment 

s u p p l i e r s  w e r e  contacted.  

l i t e r a t u r e  has been assembled. 

a c t i v e  research  and development programs i n  robo t s  and manipulators  

were contacted:  

A f i l e  of  p e r t i n e n t  r e p o r t s  and product 

The fol lowing o rgan iza t ions  t h a t  have 

1. 

2. 

3 .  

4 .  

5. 
6. 

7. 

8.  

9 .  

J e t  Propuls ion Laboratory -NASA;  

Marshal l  Space F l i g h t  Center -NASA;  

Massachusetts I n s t i t u t e  of Technology, the Charles  S ta rk  Draper  

Laboratory,  Inc.  ; 

The Nat iona l  Bureau of Standards,  t h e  Of f i ce  of Developmental 

Automation and Control  Technology; 

S tanford  Research I n s t i t u t e ;  

Rockwell I n t e r n a t i o n a l  - Rocky F l a t s  Arsenal ;  

Cen t ra l  Research Lab o r a t o r y  ; 

Fermi  Laboratory; 

Brookhaven Nat iona l  Laboratory.  

The organ iza t ions  l i s t e d  below are involved i n  v a r i o u s  types  of 

research  and development us ing  t h e  most recent  remote TV viewing technology: 

1. A l l i e d  Chemical Corporat ion,  Idaho Nat iona l  Engineering Laboratory; 

2. Marshal l  Space F l i g h t  Center - N A S A ;  

3 .  Fermi L2boratory; 

4 .  

5. EG & G ,  L a s  Vegas, Nevada. 

Rockwell I n t e r n a t i o n a l  - Rocky F l a t s ;  
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There are many commercial s u p p l i e r s ,  both domestic an3 fo re ign ,  of 

manipulator and robot  hardware. 

have been s tud ied  i n  d e t a i l :  

1. 

2 a Unimat ion ; 

3 .  MBA I n t e r n a t i o n a l ,  Inc.  ; 

4 .  Centra l  Research LaboraLory; 

5. Versatran,  I n c , ;  

6 .  Prob Conveyors, Lnc.; 

7. Rancho LOS Amigos Hosp i t a l ;  

8. H i l l  Rockford Company; 

9.  IBM Corporation; 

The product l i n e s  of those  l i s t e d  below 

Programmed and Remote Systems CorporaLion (PaR) ; 

10. Cincinnat i  Milacron; 

11. Auto Place. 

The following remote TV viewing system manufacturers have been 

contacted:  

1. Dimension Telev is ion  Corporation; 

2.  Mart in  Mar i e t t a  Corporat ion;  

3 .  MBA I n t e r n a t i o n a l ,  Inc ,  

3.12.3 Develogment of-.-a Master-Slave Electromechanical M a n i p u l a E  - 
J. G. Grundmann and R.  C .  Muller 

Window-mount e d  mechanical m a s t  er-s l a v e  manipulators  wi th  human-arm-., 

l i k e  d e x t e r i t y  are used i n  most research-sca le  remote handling a c t i v i t - i e s ,  

Unfortunately,  window master-slave manipulators cannot reach a l l  i n - c e l l  

l oca t ions  i n  l a r g e  hot  c e l l  f a c i l i t i e s  such as TURF. Since t h e  TURF 

e lectromechanical  manipul.ators are mobile and can be pos i t ioned  at. 

e s s e n t i a l l y  any i n - c e l l  l o c a t i o n ,  t hese  devices  must be  extended t o  

master-slave c o n t r o l  c a p a b i l i t y  t o  s a t i s f a c t o r i l y  support  t h e  f u e l  

r e f a b r i c a t i o n  equipment opera t ion  and maintenance. 

have shown t h a t  an order  of magnitude inc rease  i n  opera tor  e l e c t r o -  

mechanical manipulator d e x t e r i t y  can be r e a l i z e d  w i t h  a master-s lave 

c a p a b i l i t y  i n  comparison w i t h .  convent ional  v a r i a b l e - r a t e  con t ro l s .  Con-. 

s i d e r a b l e  a c t i v i t y  has  been d i r e c t e d  toward e s t a b l i s h i n g  a master-s lave 

Research r e s u l t s  
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c a p a b i l i t y  w i t h  t h e  TURF e lec t romechanica l  manipula tors .  

of  t h e s e  a c t i v i t i e s  are g iven  below. 

High l igh t s  

1. A master arm designed by PaR f o r  master-s lave ope ra t ion  w a s  

obtaiined Erom UCND, Y-12  P l a n t .  The c o n t r o l s  on t h i s  arm are inadequate  

f o r  t h i s  a p p l i c a t i o n ,  b u t  t h e  mechanical s t r u c t u r e  w i l l  be usab le  a f t e r  

a l t e r a t i o n s .  

2. Discussions wi th  t h e  PaR des ign  engineers  i n d i c a t e d  that  

improvements had been made i n  t h e  PaR manipula tors ,  These improvements 

included a three-degree-of-freedom w r i s t  j o i n t  and a s t i f f e r  t e l e scop ing  

tube  h o i s t  wi th  adequate t rave l  t o  r each  t h e  f l o o r  of a l l  TURF h o t  ce l l s .  

Purchase s p e c i f i c a t i o n s  w e r e  w r i t t e n  and t h i s  equipment w a s  o rdered ,  

d e l i v e r e d  t o  TURF, in spec ted ,  and accepted .  

A p ro to type  analog se rvo  loop  w a s  designed and i n s t a l l e d  on 3 .  

t h e  Cell E PaR manipulator  c a r r i a g e  to determine t h e  accuracy c a p a b i l i t y  

of such servo  loops .  Repeatable  and s t a b l e  (nonosc i l l a to ry )  p o s i t i o n i n g  

of t h e  c a r r i a g e  wi th  0.25 mm (0.010 in . )  dead band w a s  demonstrated.  

4 .  Simula t ion  of  the manipulator  c a r r i a g e  w a s  a n t i c i p a t e d .  To 

v e r i f y  t h e  accuracy of t h e  s imula t ion ,  experimental  information regarding 

t h e  c a r r i a g e  d r i v e  motor and se rvo  loop w a s  necessary.  Experiments were 

conducted t o  v e r i f y :  

(b) c a r r i a g e  motor e lec t r ica l  and mechanical parameters, and (c) c a r r i a g e  

c losed  servo  loop p o s i t i o n  response t o  input  v o l t a g e .  

(a)  c a r r i a g e  open loop  r e s p m s e  t o  inpu t  v o l t a g e ,  

5. An I B M  Continuous System Modeling Program (CSMP) computer 

s imula t ion  o f  t h e  c a r r i a g e  w a s  developed. 

se rvo  loop responses  t o  s t e p  input  v o l t a g e  agreed wi th  experimental 

r e s u l t s .  The s imula t ion  is  now ready f o r  u s e  i n  e v a l u a t i o n  o f  var ious  

commercial hardware i t e m s  t o  determine the optimum conf igu ra t ion .  

This  model's open and c losed  

6. An e f f o r t  w a s  d i r e c t e d  a t  t h e  problem of r e l i a b l y  and e f f i c i e n t l y  

t r a n s m i t t i n g  p o s i t i o n  and f o r c e  informat ion  between in-cell and out -of -ce l l  

equipment. 

as a p o s s i b l e  s o l u t i o n  s i n c e  i t  has  h igh  n o i s e  immunity and r e q u i r e s  

only  a f e w  s i g n a l  w i r e s  between i n - c e l l  and out -of -ce l l  equipment. 

d e s i g n  work on a p ro to type  communication l i n k  has  n o t  y e t  been i n i t i a t e d .  

A d i g i t a l  s e r i a l  communication l i n k  has  been i n v e s t i g a t e d  

Detail  
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3.12.4 Development of a Remote TV Viewing System ill -- J .  G .  Grundmann 

S i n c e  o p e r a t o r  vis i -on p r o v i d e s  t h e  pr imary feedback f o r  manual 

o p e r a t i o n  of m a n i p u l a t o r s ,  t h e  b e s t  v i sua l  coupl ing  p o s s i b l e  i s  i m p e r a t i v e .  

I n  HTGR f u e l  r e c y c l e  f a c i l i t i e s ,  i n - c e l l  equipment d e n s i t y  w i l l  b e  h i g h .  

As a r e s u l t ,  t h e  v i e w  a v a i l a b l e  from f i x e d  s h i e l d e d  c e l l  windows w i l l  b e  

v e r y  r e s t r i c t e d .  Equiprocat may b e  v i s i b l e ,  b u t  o n l y  a t  l o n g  d i s t a n c e s .  

To perform remote maintenance a t  crowded d i s t a n t  i n -ce l l  l o c a t i o n s ,  mobile  

close-up v i s i o n  augmentat ion i s  r e q u i r e d .  TV viewing systems are  b e i n g  

i n v e s t i g a t e d  f o r  t h i s  purpose.  

A survey of manufac turers  of remote TV viewing systems and a l s o  of 

TV viewing h a s  been performed, R e s u l t s  of t h i s  survey  i n d i c a t e  depth  

p e r c e p t i o n  i s  t h e  major d e f i c i e n c y  of t y p i c a l  'TV systems.  Recent ly  

s t e r e o  TV (two cameras w i t h  d i f f e r e n t  view a n g l e s )  and 3D--TV have been  

p e r f e c t e d  t o  l a r g e l y  o f f s e t  t h i s  problem. One 3D-iCV system i s  now 

commercially a v a i l a b l e  arid i s  s u f f i c i e n t l y  a c c u r a t e  t o  a l l o w  d o c t o r s  

t o  perform e y e  s u r g e r y .  T h i s  3D-TV system i s  b e i n g  s t u d i e d  f o r  p o s s i b l e  

use  as ao HTGR r e c y c l e  remote TV viewing system. 

3.12.5 Development of an Automatic Elec t romwJanica l  Manipulator  
.J. G.  Grundmann 

To m e e t  t h e  requi rements  of product ion-sca le  HTGR f u e l  r e c y c l e  

f a c i l i t i e s ,  au tomat ic  minicomputer c o n t r o l  of e l e c t r o m e c h a n i c a l  m a n i p u l a t o r s  

i s  necessary .  The pr imary minicomputer fUnC'liQnS are envis ioned  t o  be:  

1. a u t o m a t i c  "robot"  e x e c u t i o n  of r a p i d  t r a n s v e r s e s  by mobile  m a n i p u l a t o r s  

between i n - c e l l  working l o c a t i o n s ,  

2 .  au tomat ic  ' ' robot"  e x e c u t i o n  of i n - c e l l  r o u t i n e  p r o d u c t i o n  t a s k s  w i t h  

a manipula tor ,  and 

3 .  a u t o m a t i c  "robot'l  e x e c u t i o n  of some maintenance t a s k s  , i n c l u d i n g  

t o o l  changes,  t o  speed complet ion of maintenance work. 

Software development f o r  some of t h e s e  itenis w a s  c o n t r a c t e d  t o  t h e  

N . B . S . ,  O f f i c e  of Developmental Automation and Cont ro l  Technology, and 

t h i s  work w i l l  b e  completed by November 1, 1.975. Hardware f o r  t h e  auto- 

matic p r o d u c t i o n  c a p a b i l i t i e s  i n c l u d e  t h e  d e s i g n  and procurement of an  

i n t e r f a c e  t o  connect  t h e  development computer system (PDP-11/40) t o  t h e  

manipula tor  loops .  T h i s  work h a s  noc y e t  been i n i t i a t e d .  
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4 .  REFABRICATION PILOT PLANT (SUBTASK 220) 

J. W. Hill J. P. Jarvis D. P. Reid F. C.  Davis J .  D .  Sease 

4 . 1  INTRODUCTION 

The c o n c e p t u a l  d e s i g n  f u r  t h e  HTCR F u e l  R e f a b r i c a t i o n  P i l o t  P l a n t  

has been completed and i s  assembled i n t o  an i n t e r n a l .  c o n c e p t u a l  d e s i g n  

r e p o r t .  N o  f u r t h e r  d e s i g n  e f f o r t  i s  planned € o r  such  a f a c i l i t y  pending 

t h e  outcome of d e s i g n  s t u d i e s  of an  HTGR Recycle  Demonstrat ion F a c i l i t y  

(HRDF) . 

4 . 2  OVERALL PLANT DESIGN (WORK UNIT 2200) - J. E .  Van Cleve and 
A. R. Olsen 

4.2 ., 1 Purpose 

The HTGR F u e l  R e f a b r i c a t i o n  P i l o t  P l a n t  w a s  c o n c e p t u a l l y  des igned  

t o  demonst ra te  t h e  technology r e q u i r e d  f o r  a commercial fuel  r e f a b r i c a t i o n  

p l a n t  t h a t  can produce r e c y c l e  f u e l  e lements  f o r  HTGRs u s i n g  233U w i t h  

r a d i o a c t i v i t y  e q u i v a l e n t  t o  material c o n t a i n i n g  500 ppm of 

f o r  up t o  90 days.  Such a p l a n t  must b e  safe,  r e l i a b l e ,  l i c e n s a b l e ,  

and economic. The technology must b e  a v a i l a b l e  on a t i m e l y  b a s i s  and 

e n s u r e  t h a t  any risks are comparable w i t h  t h o s e  of a f i r s t -of -a -k ind  

rad iochemica l  plant, 

32U and aged 

The f u e l  e lement  d e s i g n  i s  i l l u s t r a t e d  i n  F i g .  4 .1 .  Characteristics 

of t he  p a r t i c l e s  t o  be used i n  t h e  elements are g i v e n  in T a b l e  4 . 1 .  

I n  t h e  HTGR, t h e  i n i t i a l  c o r e  is  f u e l e d  w i t h  thorium and 235U’( the  

uranium i s  93% e n r i c h e d  i n  235U). 

as i t  i s  produced and recovered .  

of HTGK b e i n g  marketed i s  about  0 .7  w i t h  a f u e l  exposure  t i m e  of f o u r  

years, makeup z35U must be used throughout  t h e  l i f e  of t h e  r e a c t o r .  

However, i f  t h e  233U i s  n o t  r e c y c l e d ,  t h e  amount of 235tJ r e q u i r e d  i s  

approximate ly  1.6 t i m e s  t h a t  r e q u i r e d  for o p e r a t i o n  i n  t h e  r e c y c l e  mode. 

To r e c y c l e  f u e l  from t h e  HTGR, i t  w i l l  b e  n e c e s s a r y  t o  chemica l ly  repro-  

cess t h e  f u e l ,  s e p a r a t e  t h e  v a r i o u s  f u e l s ,  r e f a b r i c a t e  r e c y c l e  f u e l  

e lements ,  and send t h e s e  e lements  t o  the r e a c t o r .  The 233U, which i s  t o  

be r e t u r n e d  t o  t h e  r e a c t o r ,  c o n t a i n s  232U, which has decay p r o d u c t s  w i t h  

I n c r e a s i n g  amounts of 233U are used 

S i n c e  t h e  convers ion  r a t i o  of t h e  t y p e  
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Table 4 .1 .  Reference Recycle Fuel P a r t i c l e  Descr ip t ionsa  

Property F i s s i l e  F e r  a: ile. 
P a r t i c l e  Particle 

232Th Iso tope  233-0. 

Kernel composition uc2-uo2-c ThOe 
Kernel diameter ,  urn 400 500 

T r i s o  Kiso Type coa t ing  bYC 

Coating th i ckness ,  pm 
Buffer  carbon 50 55 
Inner  dense carbon 30 
S i l i c o n  carb ide  25 
Outer carbon 30 7% 

Tot:al pa r t i c l e  diameter urn 670 820 
a P a r t i c l e s  w i l l  be  bonded i n t o  f u e l  rods f o r  i n se r -  

t i o n  i n t o  hexagonal g r a p h i t e  block f u e l  elements.  

s i l i c o n  ca rb ide ,  and dense p y r o l y t i c  carbon. 
'Triso des igna te s  t h r e e  types  of  coat ing:  b u f f e r ,  

C Biso des igna te s  two types  of coa t ing :  bu f fe r  and 
dense p y r o l y t i c  carbon. 

high-energy gamma r a d i o a c t i v i t y .  

remote ope ra t ions  w i l l  be  requi red  t o  c a r r y  out  r e f a b r i c a t i o n  opera t ions .  

'It  i s  necessary  a l so  t h a t  t h e  ope ra t ions  be  s u i t a b l y  contained because 

of high a lpha  r a d i o a c t i v i t y .  Thus, t h e  ope ra t ions  and t h e  equipment 

requi ted  f o r  t h e  r e f a b r i c a t i o n  of f u e l  w i th  233U d i f f e r  g r e a t l y  from 

t h a t  requi red  f o r  f a b r i c a t i o n  of f u e l s  conta in ing  n a t u r a l l y  occurzing 

isotopes. There i s  no experience on t h e  remote r e f a b r i c a t i o n  of WTGK 

f u e l s  on any scale,  and t h e r e  i s  very  l i t t l e  experience wi th  remote fab- 

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

w i l l  provide t h i s  experience s p e c i f i c a l l y  for HTGR f u e l ,  and t h e  experience 

wi th  remote ope ra t ion  w i l l  be  va luable  f o r  t h e  des ign  of systems f o r  

r e f a b r i c a t i o n  of f a s t  breeder  r e a c t o r  f u e l s .  

Thus, heav i ly  sh ie lded  f a c i l i t i e s  and 

The HTGR fuel  r e f a b r i c a t i o n  pi lot :  p l a n t  

4.2.2 General Descr ip t ion  of Plant 

The proposed p i l o t  p l a n t  w a s  planned f o r  i n s t a l l a t i o n  i n  the Thorium 

Uranium Recycle F a c i l i t y  (TURF), Bldg. 7930, a t  O W ,  except f o r  t h e  
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uranium f e e d  p r e p a r a t i o n  systeifl, which w a s  t o  be l o c a t e d  a t  Bldg. 3019, 

and t h e  i n i t i a l  r e s i n  p r e p a r a t i o n ,  which w a s  t o  h e  done i n  H d g .  3503. 

‘The TURF i s  a h o t  c e l l  f a c i l i t y  b u i l t  p a r t i c u l a r l y  f o r  p i l o t  p1aiz.t 

The p i l o t  pl.ant as c o n c e p t u a l l y  des igned  i s  c a p a b l e  of performing use .  

a l l  p r o c e s s i n g  o p e r a t i o n s  beginning  w i t h  r e c e i p t  of uranium n i t r a t e  s o l u -  

t i o n  and ending w i t h  t h e  shipment of r e c y c l e  f u e l  elements from %he 

p l a n t .  The p l a n t  d e s i g n  throughput  c a p a c i t y  i s  approximately 25 kg of 

heavy metal p e r  day o r  about  2.5 product  f u e l  e lements  p e r  day. Working 

i n t e r m i t t e n t l y  on a three-sh i f t -per -day  b a s i s ,  t h e  p l a n t  could produce 

about 200 f u e l  e lements  per  year .  

A s  d e s i g n e d ,  t h e  p i l o t  p l a n t  c o n s i s t s  of ten major u n i t s  or s y s t e m  

of equi.piiient p l u s  t h e  n e c e s s a r y  ove-ca l l  p l a n t  f a c i l i t y  r e q u i r e d  t o  c a r r y  

o u t  n e c e s s a r y  o p e r a t i o n s  i n  fi-iel- r e f a b r i c a t i o n  p r o c e s s i n g  product  ve r i -  

f i c a t i o n ,  waste t r e a t m e n t  and d i s p o s a l ,  and materials handl.:i.ng. 

4 . 2 . 3  Design Basis 

T h i s  p i l o t  p l a n e ,  as c o n c e p t u a l l y  des igned ,  w i l l  pruduce about  150 

r e c y c l e  f u e l  e lements  f o r  t h e  F o r t  S t .  V r a i n  Reac tor  u s i n g  2 3 3 U  and w i l l  

demonst ra te  t h e  fo l lowing:  

1. 

2, 

3 .  

4 .  

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

o p e r a t i o n s ,  i n c l u d i n g  sca lab i . l . i ty  t o  commercial p l a n t  c a p a c i t i e s ;  

c o n t r o l  of r a d i a t i o n  h a z a r d s  a s s o c i a t e d  wi iih t h e  ’U c o n t e n t  of 

r e c y c l e d  3U fuel .  so  t h a t  o p e r a t i n g  maintenance,  sampl.lng and 

a n a l y t i c a l  a c t i v i t i e s  can  b e  conducted s a f e l y ;  

f e a s i b i l i t y  of remote maintenance f o r  a l l  i n - c e l l  equipment through 

l o a d i n g  of t h e  f u e l  e lements ;  

p r a c t i c a l  methods f o r  a s s a y >  q u a l i t y  c o n t r o l ,  and q u a l i t y  a s s u r a n c e  

for i n t e r m e d i a t e s  and t h e  completed r e a c t o r  grade  f u e l  e lements .  

The r e f a b r i c a t i o n  p i l o t  plaii’L will be  s c a l e d  t o  handle  a heavy metal 

throughput  of 25 kg of uranium and Lhorium p e r  day ,  o r  2 .5  Eiiel e lements  

p e r  day on an  i n t e r m i t t e n t  b a s i s .  The demand f o r  s e f a b r i c a t e d  f u e l  f o r  

t h e  100-GIJe r e a c t o r  economy wi .1 . l  b e  approximately 1000 kg/day i n  1985. 

However , the f i rs t  r e f a b r i c a t i o n  p l a n t s  b u i l t  will probably n o t  exceed 

a capaci-ty of 500 kg/day. On t h i k  b a s i s ,  t h e  HTGK f u e l  r e f a b r i c a t i o n  
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p i l o t  p l a n t  w i l l  be  sca led  a t  approximately 1 / 2 0  of commercial s i z e .  

The r a t e d  capac i ty  of t h e  p i l o t  p l an t  i s  based on t h e  t o t a l  throughput 

of t h e  f lowsheet  as r e s t r i c t e d  by t h e  u n i t  capac i ty  of t h e  s lowest  p a r t  

of t h e  process.  The p i l o t  p l a n t  w i l l  be  designed t o  a l low the  t e s t  of 

a t  ‘Least one u n i t  of each equipment i t e m  type  t h a t  w i l l  be  used in  t h e  

commercial p l a n t ,  and each u n i t  w i l l  be  e i t h e r  f u l l  s i z e  o r  a s i z e  t h a t  

can be sca l ed  t o  t h e  conmercial  u n i t .  To t h e  ex ten t  p o s s i b l e ,  t h e  

commercial p l a n t  i s  expected t o  be  designed by scale-up of c e r t a i n  u n i t s  

and by t h e  use  of m u l t i p l e  r e f a b r i c a t i o n  l i n e s .  

l i n e s  will be requi red  i n  commercial ope ra t ions  f o r  r e l i a b i l i t y  of t h e  

plant and because of c r i t i c a l i t y  l i m i t a t i o n s .  Because of t h i s ,  t h e  u n i t  

opera t ions  f o r  t h e  r e f a b r i c a t i o n  p i l o t  p l an t  w i l l  va ry  from 10 t o  100% 

of t h e  a n t i c i p a t e d  commercial p l a n t  s i z e .  The scale 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  is  a l s o  se t  by t h e  e x i s t i n g  f a c i l i t y  t h a t  i s  a v a i l a b l e  f o r  

t h e  work. The capac i ty  of t h e  p i l o t  p l a n t  cannot be increased  un le s s  

a d d i t i o n a l  f a c i l i t i e s  are provided f o r  incoming and outgoing shipments 

of materials. 

equipment r ep resen t ing  an engineer ing-scale  system. The scale oE t h e  

p i l o t  p l a n t  i s  very  similar t o  t h a t  of a p i l o t  p l a n t  t h a t  General Atomic 

is  using for development of f a b r i c a t i o n  systems f o r  nonrecycle f u e l .  

Mul t ip l e  r e f a b r i c a t i o n  

The scale on t h e  lower s i d e  i s  se t  by t h e  capac i ty  of 

The design,  cons t ruc t ion ,  and ope ra t ion  of t h e  HTGR f u e l  r e f a b r i c a t i o n  

p i l o t  p l a n t  w i l l  provide t h e  fol lowing information f o r  scale-up of refab- 

r i c v t i o n  processes  t o  commercial s i z e :  

1. confirmation of design b a s i s ,  

2.  de te rmina t ion  of equipment and process  r e l i a b i l i t y ,  

3 .  determina t ion  of maintenance requirements,  

4 ,  

5. confirmation of economic f e a s i b i l i t y ,  

6. confirmation of l i c e n s a b i l i t y  of systems, 

7.  confirmation of r e c y c l e  f u e l  element design.  

confirmation of q u a l i t y  assurance procedures and s tandards ,  

4.2.4 Process  Equipment 

The HTGR f u e l  r e f a b r i c a t i o n  p i l o t  p l a n t  as conceptua l ly  designed 

c o n s i s t s  of a l l  equipment, f a c i l i t i e s ,  and services necessary t o  prepare  
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recycle fuel elements usir ig  

r t a l  containing 500 ppm o f  2 3 2 U  t h a t  has been aged for up to 98 days.  

The equipmenl: shall be desi.grred f o r  remote installatton, operat i .on , and 

maintenance. The refabrication processing steps out:lined i n  Fig. 4.2 

w i l l  be performed by ten process  systems descr ibed  in the  following 

scxt ions .  

3 ~ ~ ,  wit11 rad ioac t iv i ty  equivalent t o  mate- 

ORNL-OWG 74-1265Rl 

REPROCESSING 
PiLor PLANT 

.... 
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M I C ROS PH ERE 

COATING I 

I 
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S 
I SAMPLE I 

, RETURN SAMFLEsi 

""i I NSPECTICN el.-- (System 7 )  

L -----...."- - --.. ~ 4 

F i g .  4 . 2 .  Furl Refabrication P i l o t  Plant Schematic F l o w s h e e t  I) 
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Contro l  ins t rumenta t ion  w i l l  be  provided t o  ope ra t e  t h e  systems 

manually o r  semiauromatically.  

be  under t h e  c o n t r o l  of t h e  l o c a l  instrument  and c o n t r o l  subsystem, but  

t h e  ope ra to r s  s h a l l  have t h e  op t ion  of manual con t ro l .  Decis ions about 

product ion rates and handl ing rejects and backlogs s h a l l  be made by t h e  

opera tor .  

ance with ope ra to r  dec i s ions .  

Most processing ope ra t ions  w i l l  normally 

Maintenance and t roubleshoot ing  shall also be  done in accord- 

Design of equipment and equipment l o c a t i o n  i n  t h e  p i l o t  p l a n t  

s h a l l  be such as t o  prec lude  a c r i t i c a l i t y  acc iden t .  

4.2.5 F a c i l i t y  

The Thorium Uranium Recycle F a c i l i t y  (TURF) is  a th ree - s to ry  s t r u c -  

t u r e  wi th  a p a r t i a l  basement t h a t  w a s  designed i n  acczrdance wi th  t h e  

Southern Building Code f o r  group-G i n d u s t r i a l  occupancy. It i s  cons t ruc ted  

of s t r u c t u r a l  steel, r e in fo rced  concre te ,  and masonry. 

The f i r s t  f l o o r  provides  space f o r  t e c h n i c a l  personnel  o f f  ices, c e l l  

operiation and maintenance, a r ece iv ing  area, a f u e l  s t o r a g e  room, ho t  

and cold change rooms, a compressor room, and an  e l e v a t o r  room, as  shown 

i n  Fig. 4.3. 

The second f l o o r  provides  space f o r  chemical makeup, sampling of 

r a d i o a c t i v e  materials, a development l abora to ry ,  a shop, a maintenance 

area, mechanical and e lectr ical  equipment rooms, a cask  decontamination 

s t a t i o n ,  a checking and holding area, and working space around C e l l  A. 

The t h i r d  f l o o r ,  a high bay, inc ludes  t h e  c e l l  roof area and pro- 

v i d e s  f a c i l i t i e s  f o r  ce l l  access and e n t r y  of c e l l  services. 

equipped wi th  a 0.44-MN (50-ton) overhead t r a v e l i n g  b r idge  c rane  wl th  a 

44-kN (5-ton) a u x i l i a r y  h o i s t .  Some of t h e  t h i r d - f l o o r  space is  used 

f o r  ce l l  and bu i ld ing  v e n t i l a t i o n  equipment, and o t h e r  po r t ions  w i l l  be 

used as necessary f o r  mockup of c e l l  process  equipment. 

It is 

The f a c i l i t i e s  f o r  r ece iv ing ,  handl ing,  and s t o r i n g  r a d i o a c t i v e  

materials c o n s i s t  of s i x  heav i ly  sh i e lded  cel ls  served  by an overhead 

crane  and electromechanical  manipulator system along w i t h  master-slave 

manipulators .  In  add i t ion ,  t h e r e  is an unshielded gloved maintenance 

cell ,  a f u e l  s t o r a g e  room, and a cask support  and decontamhat ion  area. 
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Figure  4 . 4  shows t h e  four  ope ra t ing  ce l l s  (Cel -1s  C ,  2 3 ,  E, and G I .  

A p a r t i a l  basement provides  ' space f o r  These are descr ibed  elsewhere.  

access  t o  Cel l  F and f o r  i n s t a l l a t i o n  and maintenance of equipment i n  
a pump room ad jacen t  t o  C e l l  G. 

The e x i s t i n g  c e l l s  w i l l  accommodate t h e  process  systems involved,  

bu t  modi€ ica t ions  t o  t h e  e x i s t i n g  b u i l d i n g  w i l l  be  requi red  to provide 

t h e  necessary  services. The f a c i l i t y  modi f ica t ions  inc lude :  

a two-story bu i ld ing  a d d i t i o n  and an a d d i t i o n  t o  t h e  t h i r d  l e v e l  OR t h e  

easr s i d e  of TURF, 

i nc reas ing  t h e  p l a n t  a i r  system, 

providing f o r  waste t rea tment ,  

adding a process  gas  s t o r a g e  and d i s t r i b u t i o n  system, 

providing sh ie lded  t r a n s f e r  p o r t s ,  

modifying t h e  f u e l  s t o r a g e  bas in ,  

adding a nomodera t ing  process cool ing  system, 

adding an  e lec t r ica l  s u b s t a t i o n ,  

adding t h e  remaining viewing windows and master-s lave manipulators ,  

adding a computer systems area. 

4.3 SYSTEM 1 - URANIUM FEED PREPARATION (WORK UNIT 2201) - 
F. E. Harr ington and T. E'. Scanlan 

4 .3 .1  Summary Descr ip t ion  

The uranium feed p repa ra t ion  system i s  designed t o  r e c e i v e  uranyl 

n i t r a t e  product  s o l u t i o n  from t h e  HTGR Reprocessing P i l o t  P l an t  a t  t h e  

Idaho Chemical Processing P lan t  (ICPP),  p u r i f y  i t  Lo reduce thorium 

content  and r a d i o a c t i v i t y  level by s e l e c t i v e  removal of p a r t i c u l a r  

decay products ,  and d ispense  t h e  p u r i f i e d  uranyl  n i t r a t e  t o  a t rans-  

por t  v e s s e l  f o r  t r a n s f e r  t o  System 2 a t  TURF. The uranyl  n i t r a t e  s o l u -  

t i o n  w i l l  be  p u r i f i e d  and dispensed on a campaign b a s i s  t o  support  

f a b r i c a t i o n  of 2 .5  f u e l  elements per  24-hr day t o  a maximuiu of 4.5 kg of 

uranium . 

232u 

This  system w i l l  be  loca t ed  i n  Building 3019, which houses an 

e s t a b l i s h e d  radiochemical  product ion f a c i l i t y  w i th  s u i t a b l e  waste handl ing 
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f a c i l i t i e s  and an  experienced technical and ope ra t ing  s taff  employing 

well-developed opera t ing  and maintenance procedures.  Therefore ,  appr~xi- 

mately 90% of t h e  equipment r equ i r ed  f o r  S y s t e m  1 c u r r e n t l y  ex is t s  and 

ha:; been o p e r a t i o n a l  from 5 to 25 years .  

4 . 3 . 2  Conceptual Design Deta i led  Desc r ip t ion  

The func t ions  t o  be  performed are shown schemat ica l ly  i n  Fig. 4.5.  

The urantum feed  p repa ra t ion  system will receive uranyl  n i t r a t e  shipments 

from both ICPP and TURF i n  l 0 - l i t e r  shipping casks.  The casks are then 

conveyed t o  a r ece iv ing  s t a t i o n ,  where the uranyl n i t r a t e  suZutfon i s  

vacuum t r a n s f e r r e d  t o  e i t h e r  t h e  recycle r ece iv ing  v e s s e l  ( i f  r e tu rned  

from TURF) o r  t h e  ICPP product r ece iv ing  vessel ( i f  received from ICPP).  

The q u a n t i t y  of uranium rece ived  is  e s t a b l i s h e d  by measurement a t  these 

two tanks.  So lu t ion  i n  t h e  r e c y c l e  r ece iv ing  v e s s e l  is  then  t r a n s f e r r e d  

t o  solvent e x t r a c t i o n  (SX) feed  makeup tank  f o r  r e c y c l e  purification, 

whi le  s o l u t i o n  in t h e  ICPP product  r e c e i v i n g  vessel i s  t r a n s f e r r e d  to 

t h e  l i q u i d  s t o r a g e  f a c i l i t i e s  t o  a w a i t  p u r i f i c a t i o n  processing. Greater 

than 90% of the  LCPP s o l u t i o n  received is  expected to meet p u r i f i e d  

product requirements  a f t e r  a s i n g l e  pas s  through the  ion  exchatigc ( I X )  

column I 

h t y p i c a l  p u r i f i c a t i o n  campaign w i l l  c o n s i s t  of t h r e e  success ive  

I X  runs of 15 kg of uranium each. For each 195 run,  approximately 20 kg 

of uranium i s  t r a n s f e r r e d  from t h e  s t o r a g e  f a c i l i t y  t o  the IX feed  makeup 

tank,  ad jus t ed ,  and fed through t h e  Tx column, where e s s e n t i a l l y  U I O x  

of t h e  22ETh and 224Ra are s e l e c t i v e l y  removed f r o m  the solut icm. ,  thus 

breaking the 232U decay product  cha in .  Each ba tch  of p u r i f i e d  product 

I s  then t r a n s f e r r e d  t o  t h e  campaign tank ,  where the t h r e e  ba tches  are 

blended t o  form t h e  feed s o l u t i o n  f o r  each TURF f u e l  r e f a b r i c a t i o n  

campaign. 

ICPP product  conta in ing  excess ive  i o n i c  i m p u r i t i e s ,  I X  e l u t r i e n t ,  

and a l l  o t h e r  r e c y c l e a b l e  l i q u i d  scrap will be  t r a n s f e r r e d  t o  t h e  SX 

feed makeup tank  f o r  uranium recovery by a so lven t  e x t r a c t i o n  technique. 

Uranium i s  e x t r a c t e d  from s o l u t i o n  by countercur ren t  contaci: of an 
aqueous uranium-bearing f e e d  stream and an immiscible organic e x t r a c t a n t  
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Fig .  4 . 5 .  Uranium Feed Prepara t ion  Process Schematic. 
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i n  an  a i r - p u l s e d  column. F u r t h e r  p u r i f i c a c i o n  i s  achieved i n  a s c r u b  

column, and f i n a l l y  t h e  uranium is  s t r i p p e d  and r e t u r n e d  t o  the aqueous 

phase i n  a t h i r d  column. The p u r i f i e d  S X  product is then e o n c c n t r a t e d  

and normal ly  t r a n s f e r r e d  t o  t h e  [X feed  tank. A l t e r n a t i v e l y  i t  may b e  

t r a n s f e r r e d  t o  the s t o r a g e  faci1i t .y  when the  SX rim does n o t  c o i n c i d e  

w i t h  the need f o r  a n  1 X  batch.  

P u r i f i e d  u r a n y l  n i t r a t e  s o l u t i o n  t o  b e  t r a n s f e r r e d  t o  TURF is  pumped 

from the campaign batch t a n k  i n t o  t h e  s o l u t i o n  carr ier .  

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

approximate ly  125 l i ters  each e 

The p u r i f i e d  

The  Off-Gas Cleanup Subsystem p r o v i d e s  f o r  two new radon r e t e n t i o n  

trains i n  p a r a l l e l  b e f o r e  t h e  v e s s e l  off-gas  (VOG) e n t e r s  the e x i s t i n g  

b u i l d i n g  VOC system. 

d r y e r ,  c h a r c o a l  a b s o r b e r ,  and f i l t e r .  The charcoal bed r e t a i n s  t h e  

radon €or  l o n g e r  than 10 h a l f - l i v e s .  

500 cfm (0,236 m3/sec> f low w h i l e  a minimum vacuum of 0.5 in, (1'3 mm) 

H?O is  main ta ined  a t  t h e  vessel v e n t  p o r t s .  The dryer employs molecular  

sieves t o  remove w a t e r  ~ which would i n t e r f e r e  w i t h  radon a b s o r p t i o n  from 

the VOG, 

Each radon r e t e n t i o n  t r a i n  c o n s i s t s  of a c h i l l e r ,  

'The siibsystem d e s i g n  capac i ty  i s  

The Liquid  Waste Drisposa1 Subsystem u t i l i z e s  e x i s t i n g  equipment 

to monitor and recycle o r  d i spose  of t h e  l i q u i d  waste. 

4.4 SYSTEM 2 - RESIN FUEL KERNEL PKEPARATION (WORK U N I T  2202) --- 
C. @. Haws and F. E. Narrlengton 

4 . 4 . 1  Summary D e s c r i p t i o n  - 

The resin f u e l  k e r n e l  p r e p a r a t i o n  system ~ ~ l l L l  be  des igned  t o  receive 

ion  exchange r e s i n  k e r n e l s  purchased from a conimercial s u p p l i e r ,  upgrade 

them by r e j e c t i n g  those t h a t  do n o t  meet t h e  c r i t e r i a  f o r  s i z e  and shape ,  

and c o n v e r t  the r e s i n  f r o m  the sodium t o  t h e  hydrogen form. Aqueous 

u r a n y l  n i t r a t e ,  r e c e i v e d  f rom System 1, will b e  conver ted  t o  an acid- 

d e f i c i e n t  s o l t i t  ion and c o n t a c t e d  w i t h  t h e  upgraded r e s i n  kerne ls  t o  l o a d  

thm w i t h  uranium. The loaded kerne ls  w i l l  be d r i e d  and t r a n s f e r r e d  t o  

t h e  R e s i n  C a r b o n i z a t i o n  System. The r e s i n  upgrading ope ra t ion  i s  
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_- Lr,,niadioactive, - so  t h e  equipment i s  t o  be loca t ed  i n  a c lean  area of 

Building 3503 which allows f o r  d i r e c t  maintenance and opera t ion .  The 

remainder of t h e  system w i l l  occupy t h e  nor thern  ha l f  of t h e  east  wall 

i n  C e l l  C of TURF. 

4.4.2 -. Coiiceptual Design Deta i led  I. Descr ip t ion  .̂ . 

Schematic diagrams showing t h e  major opera t ions  f o r  r e s i n  prepara- 

t i o n  and r e s i n  loading are included as Figs .  4.6 and 4 .7 .  

In  r e s i n  p repa ra t ion  po r t ion  of System 2 ,  a weak-acid ion  exchange 

resin (sodium form) i s  rece ived  from a colmercial s u p p l i e r  and passed 

through s i z e  and shape c l a s s i f i c a t i o n  equipment to accumulate a supply 

of s p h e r i c a l  ke rne l s  w i th in  t h e  c o r r e c t  s i z e  range ,  Curren t ly ,  less 

than 10% of t h e  r e s i n  i n  t h e  as-ret-eived cond i t ion  m e e t s  t h e  size and 

shape requirements ,  making the expected accumulation ra te  of accep tab le  

r e s i n  ke rne l s  approximately 6 l i t e r s j d a y  1-ising t h e  proposed equipment. 

Next the acceptab le  re3ri.n ke rne l s  are condi t ioned by s e q u e n t i a l  treat- 

m e a t  w i t h  HNO3 and NaOH, then f i n a l l y  converted from t h e  sodium f o r m  t o  

t h e  hydrogen f o r m  by t reatment  wi th  HNO3 followed by a w a t e r  rinse. 

'The converted,  r i n sed  r e s i n  (now 11 l i ters  because of swel l ing)  i s  then 

placed i n  r e s i n  t r a n s f e r  f l a s k s  f o r  t r anspor t  t o  t h e  'TURF. 

The r e s i n  loading po r t ion  of System 2 r e c e i v e s  b o t h  t h e  condi.cioned 

r e s i n  from Building 3503 and p u r i f i e d  uranyl  n i t r a t e  s o l u t i o n  froiu Build- 

i.ng 3019 (System 1 ) .  A t y p i c a l  equipment arrangement i s  shown i n  Fig .  4.8 .  

Approximately 40 l i t e rs  of uranyl  n i t r a t e  s o l u t i o n  i s  requi red  f o r  load- 

i .ng each resin batch.  The p u r i f i e d  uranyl  n i t r a t e  is  made i n t o  an acid-  

d e f i c i e n t  sol.utian by a sol.vent e x t r a c t i o n  technique i n  which n i t r a t e  

(NOT) is removed from the  uranyl  n i t r a L e  s o l u t i o n  by con tac t ing  i t  wi th  

an organic  e x t r a c t a n t  (Arnberlite LA-2) disso lved  i n  a hydrocarbon d i l u t a n t  

( d i e t h y l  benzene).  During t h e  r e s i n  loading ope ra t ion ,  both makeup 

uranyl  n i t r a t e  and the  spent  n i t r a t e  s o l u t i o n  l e a v t a g  t h e  r e s i n  loading 

column are mixed and cont inuously processed through t h e  n i t r a t l e  e x t r a c t i o n  

contac tor  t o  main ta in  the c o r r e c t  r a t i o  o f  n i t r a t e  t o  uranium f o r  e f f i -  

c i e n t  l o a d i n g .  The orga,ni.c e x t r a c t a n t  i s  recycled t o  t h e  n i t r a t e  ex t rac-  

t i o n  contac tor  a f t e r  any rernaini.ng uranium is scrubbed o u t ,  and the  

s o l u t i o n  i s  regenerated with NaOH and Na2C03. 
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F i g  4 .6 .  Resin Preparat ion P ~ O C ~ S S  Schematic Flowsheet I 

For t7he r e s i n  loading ope ra t ion ,  approximately 11 l i ters  of condi- 

t:ioned resin i s  t r a n s f e r r e d  from tlie t-eceivlng s i t e  i n t o  the  loading  

con tac to r  e Then, heated {%54)”C) acid-deficient uranyl. n i t r a t e  is intro- 

duced a t  ihe. bottom of t h e  r e s i n  loading  contactor  nt  a r a t e  of about: 

4 l : i ters/min, ciausing f l u i d i z a t i o n  of t h e  resi.n ke rne l s .  The uranium 

f n  the s o l u t i o n  i.s transferred to the r e s i n  v i a  ion exchange a.ct.ion, 

and the spent nitrate so iu t ion  is r e t u r ~ i e d  t o  the n i t r a t e  extracirion 

con tac to r  f o r  adjustment .  Excess water i n  &:he uranyl n i t r a t e  scal.ut:ion 

i s  e l imina ted  by continuous pass ing  a stream of feed s o l u t i o n  thraxtgh 

an evapora tor .  

The resin loading ope.ration i s  considered complete when t.he yN d i f f e r -  

ence hetween t h e  inf luent :  and effluent streams of the resin loading  

column is  less than o r  equal. t o  0.02 uni. ts .  

’The loaded resin i s  next  t r a n s f e r r e d  t o  a drying vessel and dried 

by a forced hot-air system, The d r i e d  batch of r e s i n  k e r n e l s  i s  discharged 
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Fig. 4.8 .  Typical Equipment Arrangement f o r  R e s i n  Loading. 
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t o  a hopper-blender , coated  w i t h  g r a p h i t e ,  and pneumat ica l ly  t r a n s f e r r e d  

t o  t h e  r e c e i v i n g  hopper of  System 3 .  

p a s s e s  over  a sample r i f f l e ,  where two sampI.es a r e  removed f o r  q u a l i t y  

as s u r  anc  e. 

En r o u t e  t o  System 3 ,  t h e  b a t c h  

k s t e  from o r g a n i c  e x t r a c t a n t  r e g e n e r a t i o n  and wa.ste from the e ~ a p -  

o r a t o r  are c o l l e c t e d  ~ - J I  s e p a r a t e  tanks f o r  uraliirlrn assay before d i s c h a r g e  

t.12 t h e  C e l l  C d r a i n  of System 9 .  

O f f  --gases from t h e  v a r i o u s  p r o c e s s i n g  o p e r a t i o n s  are  passed  through 

a condenser Iro c o o l  them t o  about  4OC (40'F). Condensed l i q u i d s  are 

r o u t e d  t o  the condensate  waste t a n k  and t h e  d r y  gas i s  passed  over  char.-- 

c o a l  f o r  a d s o r p t i o n  of radon.  Any decay p r o d u c t s  escaping  t:he c h a r c o a l  

are  c o l l e c t e d  by a n  HEPA f i l t e r  b e f o r e  the  gas  i .s  vented  i n t o  the h o t  

of f -gas  of System 9.  

4 . 5  SYSTM 3 - RESIN CARBONLZATLON (WORK U N I T  2 2 0 3 )  - C .  8 .  Hayilie 
and D.  X. Johnson 

4 . 5 . 1  Sutninary ..-. D e s c r i p t i o n  ..._..- 

The r e s i n  c a r b o n i z a t i o n  system is  des igned  t o  receive d r i e d  urani.um-- 

loaded r e s i n  f u e l  k e r n e l s  from System 2 .  The system will upgrade t h e  

k e r n e l s  by r e j e c t i n g  t h o s e  t h a t  do not  meet t h e  c r i t e r i a  of s i z e  OT shape.  

The remainder  w i l l  be carbonized  weighed, and sampI.ed. The sample w-hl.1 

b e  analyzed i n  System 7 .  On the  basis  of t h e  a n a l y s i s ,  accept:able l o t s  

are t r a n s f e r r e d  t o  the. microsphere c o a t i n g  system and unacceptab le  l o t s  

are t r a n s f e r r e d  t o  t h e  re jec t  weigher i n  System 4 and u l t i m a t e l y  t o  the 

Reprocessing Pilot P l a n t  f o r  ree1amat:ion. A l l  the c a r b o n i z a t i o n  equip- 

m e n t  wi.I.1. be l o c a t e d  j.n C e l l  C of TURF, occupying t h e  two s o u t h e r n  window 

modules on t h e  east; wall. The arrangement of t h e  system i s  shown i n  

F i g .  4 . 3 .  

4.5 .2  cogc-eptual Design I. D e t a i l e d  D e s c r i p t i o n  I_.___ 

The f u n c t i o n s  t o  b e  performed are shown s c h e m a t i c a l l y  -in Fig .  4 - 1 0 .  

The r e s i n  c a r b o n i z a t i o n  system ~ h ~ i l l  receive approximate ly  6 kg/day of 

uranium-loaded and d r i e d  r e s i n  k e r n e l s  from System 2 i n  t h r e e  b a t c h e s  of 

2 kg each a t  approximate ly  4-hr int:crirals. Each 2-kg b a t c h  i s  r e c e i v e d  
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i n  t h e  f i r s t  c o l l e c t i o n  hopper and fed t o  a bulk  p r e c i s i o n  weigher and 

weighed, and t h e  weight i s  recorded. The weighing ope ra t ion  r e q u i r e s  

minimal t i m e  (2-5 min). 

where a set  of v i b r a t i n g  sc reens  s e p a r a t e s  t h e  unders ize  and/or ove r s i ze  

k e r n e l s  from t h e  accep tab le  ke rne l s .  

mately 0.5 hr .  

c l a s s i f i e r ,  where t h e  misshapen and broken k e r n e l s  are separa ted  from 

t h e  t r u e  spheres  by t h e  u s e  of a v i b r a t i n g  s l an ted  p l a t e .  

f i c a t i o n  of a ba tch  r e q u i r e s  approxlmately 3 hr. 

are then f ed  through a sampler,  and t h e  sample is  t r a n s f e r r e d  t o  t h e  

sample in spec t ion  l abora to ry  f o r  a n a l y s i s  I 

r e q u i r e s  2 t o  5 min, and t h e  a n a l y s i s  should r e q u i r e  no more than  0.5 hr.  

The batch is  then fed  i n t o  a s i z e  c l a s s i f i e r ,  

This  opera t ion  r e q u i r e s  approxi- 

The accep tab le  ke rne l s  are c o l l e c t e d  and fed t o  a shape 

Shape classi- 

The upgraded k e r n e l s  

The sampling ope ra t ion  

Depending upon t h e  sample a n a l y s i s ,  t h e  ba tch  is e i t h e r  r e j e c t e d  o r  

pneumatically t r a n s f e r r e d  t o  a c o l l e c t i o n  hopper, which c o l l e c t s  and 

combines t h e  t h r e e  ba tches  of k e r n e l s  i n t o  t h e  6-kg l o t .  Af t e r  t h e  l o t  

i s  combined it. is  aga in  f ed  through a sampler t o  v e r i f y  i t s  a c c e p t a b i l i t y .  

Depending upon t h e  sample a n a l y s i s ,  t h e  l o t  is  e i t h e r  r e j e c t e d  o r  fed  

t o  a p r e c i s i o n  weigher and weighed. The weight is  recorded s o  t h a t  

material accounting can be done a f t e r  t h e  l o t  has  been combined. 

The accepted kernels are pneumatical ly  t r a n s f e r r e d  i n t o  t h e  carbon- 

izatrion furnace  through a s p e c i a l l y  designed three-way va lve ,  which a l lows  

a common ent ry-exi t  l i n e  i n  t h e  bottom of the furnace  vessel. F igure  4 . 1 1  
shows t h e  furnace.  

as t h e  furnace temperature i s  e l eva ted  t o  carbonize  t h e  organic  material 

i n  1;he r e s i n  of t h e  ke rne l s .  Approximately 33% of t h e  weight of t h e  ker-  

nels is lost by t h e  v o l a t i l e  of t h e  r e s i n .  The e f f l u e n t s  from the  

furnace are d i r e c t e d  through a scrubber  and radon decay trap f i l ters ,  and 

are  f i n a l l y  exhausted up t h e  system combustible-gas s t ack .  Upon comple- 

t i o n  of carboniza t ion ,  the f l u i d i z i n g  gas  is stopped, and t h e  l o t  d r a i n s  

from t h e  furnace  under a p r o t e c t i v e  i n e r t  atmosphere. The carbonized 

kernels are pyrophoric  and must be  maintained i n  t h i s  inert  environment 

u n t i l  they are coated.  The carbonizing ope ra t ion  w i l l  r e q u i r e  approximately 

4 h r .  

sample i s  t r a n s f e r r e d  t o  t h e  sample in spec t ion  l abora to ry .  The sampllng 

The k e r n e l s  R K ~  f l u i d i z e d  i n  t h e  furnace  wi th  argon 

The carbonized ke rne l s  are fed through a second sampler,  and t h e  
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and requi red  a n a l y s i s  w i l l  r e q u i r e  approximately 2 h r  t o  complete. 

Depending upon the  sample a n a l y s i s ,  t h e  carbonized l o t  i s  e i t h e r  rejec-ted 

or: pneumatically t r a n s f e r r e d  t o  System 4 f o r  coa t ing .  

requi red  t o  carbonize t h e  6-kg l o t  i s  18  h r .  

The t o t a l  t i m e  

In  g m e r a l ,  t h e  equipment c o n s t i t u t i n g  t h e  v a r i o u s  subsystems of 

the  carboniza t ion  system i s  s m a l l ,  and s e v e r a l  of t h e s e  components w i l l  

:IC mounted on each of s eve ra l  ver t ica l .  equipment racks.  

are t r a n s f e r r e d  from component t o  component on a ver t ica l  suppctrt  by 

g r a v i t y  f l o w ,  but  t h e  k e r n e l s  i n  t h e  bottom components on a support  are 

pneumatically t r a n s f e r r e d  t o  t h e  top component on t h e  next  support .  

f u e l  kerne ls  

In the event  t h a t  System 4 becomes temporar i ly  inope ra t ive ,  loaded 

and d r i ed  res in  can be received f r o m  System 2 f o r  t h r e e  days and s t o r e d  

in t h e  precarboniza t ion  equipment. However, because of t h e  r e a c t i v e  

nature of t h e  carbonized product,  the carboniza t ion  furnace  w i l l  not be 

operated un le s s  System 4 is prepared t o  r ece ive  t h e  carbonized ke rne l s .  

4.6 SYSTEM 4 -_- MICROSPHERE COATING (WOKK UNIT 2204) - M. K. P res ton  and 
'w, J. Lackey 

4 a 6.1 Swmnary Descr ip t ion  

The microsphere coa t ing  system w i l l  be designed t o  receive QIE 

approximately 3 . 5  kg l o t  of carbonized k e r n e l s  loaded wi th  uranium oxide  

(UOe) and subdiv ide  t h i s  l o t  i n t o  appropr i a t e ly  s i z e d  ba tches  for f u r t h e r  

processing.  The k e r n e l s  w i l l  be  pyrophoric as rece ived  and c o n s i s t  of 

elementary carbon and uranium oxide.  Approximately 75% of the uranium 

oxide w i l l  b e  converted t o  uranium carb ide .  A f t e r  conversion t h e  k e r n e l s  

wi.11 b e  given f o u r  c o a t i n g s ,  a b u f f e r  coa t  of low-density carbon. an 

inner coat ing  of high-densi ty  carbon, a coa t ing  of s i l i c o n  c s rb ide  ( S i c ) ,  

and an o u t e r  coa t ing  of high-densi ty  carbon. The coated p a r t i c k  i s  no 

longer  pyrophoric.  These coa t ings  w 1 1 1  s e rve  as cladding material  t o  

maintain microsphere i n t e g r i t y  and con ta in  f i s s i o n  products .  

To ensure proper p a r t i c l e  composition and coa t ing  p r o p e r t i e s ,  t h e  

batches s h a l l  be sampled f o r  a n a l y s i s  at key p o i n t s  i n  the system. I f  a 
sample does not meet s p e c i f i c a t i o n s ,  t h e  ba t ch  w i l l  be  r e j e c t e d  t o  waste 
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p a r t i c l e  r e c l a m a t i o n .  

t h e  f u e l  p a r t i c l e s  w i l l  be s i z e d ,  and those p a r t i c l e s  t h a t  are of proper  

s i z e  and composi t ion w i l l  b e  t r a n s f e r r e d  t o  t h e  f u e l  rod  f a b r i c a t i o n  

system (System 5 ) .  

A f t e r  a l l  t h e  p r e c o a t i n g  and c o a t i n g  p r o c e s s i n g ,  

4 . 6 . 2  ConcepLual .- Design D e t a i l e d  D e s c r i p t i o n  

A schemat ic  diagram of t h e  o p e r a t i o n s  t o  b e  performed is  shown i n  

F i g ,  4.12 .  The system can b e  d i v i d e d  i n t o  four  f u n c t i o n a l  s e c t i o n s :  

t h e  p r e c o a t i n g  s e c t i o n ,  c o a t i n g  s e c t i o n ,  p o s t c o a t i n g  s e c t i o n ,  and re ject  

par t ic le  h a n d l i n g  s e c t i o n .  The p r e c o a t i n g  s e c t i o n  and t h e  r e j ec t  par t ic1.e  

s e c t i o n  are l o c a t e d  i n  t h e  s o u t h e a s t  c o r n e r  of C e l l  C (Fig.  4 . 9 ) ,  w h i l e  

t h e  c o a t i n g  and p o s t c o a t i n g  s e c t i o n s  w i l l  b e  l o c a t e d  i n  t h e  n o r t h  h a l f  

of C e l l  D (Fig.  4 . 1 3 ) .  

The p r e c o a t i n g  s e c t i o n  i s  main ta ined  i n  a n  i n e r t  a tmosphere t o  p r o t e c t  

t h e  pyrophor ic  k e r n e l s .  The s e c t i o n  starts w i t h  a c o l l e c t i o n  hopper t h a t  

receives one 3.5-kg l o t  of carbonized  k e r n e l s .  The l o t  is  d i v i d e d  :i.nto 

p r o c e s s  b a t c h e s ,  u s u a l l y  s i x ,  which are d ispensed  one a t  a t i m e  f o r  pro-  

c e s s i n g .  Each b a t c h  i s  weighed i n  a p r e c i s i o n  scale and t h e n  pneumati- 

c a l l y  t r a n s f e r r e d  i n t o  one of two p a r a l . l e 1  c o a t i n g  f u r n a c e  l o o p s .  'The 

f u r n a c e  c o a t i n g  loop  i s  t h e  main p a r t  of t h e  system and c o n s t i t u t e s  t h e  

c o a t i n g  s e c t i o n .  It i n c l u d e s  t h e  f u r n a c e  i t s e l f ,  t h e  c o a t i n g  chamber 

h a n d l i n g  subsystem, t h e  carbon and s i l i c o n  c a r b i d e  c o a t i n g  e f f l u e n t  scrub-  

b e r s ,  and t h e  f u r n a c e  maintenance equipment. A t y p l c a l  i n s t a l l a t i o n  i s  

shorn  i n  F ig .  4.14. 
The f u e l  p a r t i c l e s  are pneumat ica l ly  t r a n s f e r r e d  through t h e  t o p  of 

t h e  furnace and f a l l  t o  t h e  bottom of t h e  c o a t i n g  chamber o n t o  a porous 

g r a p h i t e  d i s k .  The b a t c h  i s  f i rs t  f l u i d i z e d  w i t h  a rgon  and t h e n  h e a t e d  

t o  about  1800°C t o  o b t a i n  t h e  d e s i r e d  convers ion  r a t i o .  A f t e r  t h e  p a r t i -  

cles are conver ted ,  the c o a t i n g  chamber e l e v a t o r  assembly lowers  t h e  

c o a t i n g  chamber from t h e  furnace .  When t h e  c o a t i n g  chamber is  clear O E  

t h e  bottom of t h e  f u r n a c e ,  a manipula tor  assembly grasps i t  and dumps t h e  

b a t c h  i n t o  the  r e c e i v i n g  hopper of a s c a l p i n g  s c r e e n ,  which i s  i n  the 

loop t o  remove large carbon p i e c e s  g e n e r a t e d  d u r i n g  the c o a t i n g  o p e r a t i o n s .  

The p a r t i c l e s  are pyrophor ic  u n t i l  t h e  f i r s t  c o a t i n g  i s  a p p l i e d ;  thus  t h e  

c o a t i n g  loop  i s  maintailzed i n  a n  i n e r t  a rgon  e n c l o s u r e .  
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The r e c e i v i n g  hopper feeds  t h e  converted b a t c h  t o  t h e  scal.pi.ng 

s c r e e n ,  which i s  a v i b r a t i n g  f e e d e r  s c r e e n ,  The p a r t i c l e s  p a s s  through 

the s c r e e n  and are  c o l l e c t e d  i n  a p r e c i s i o n  weigher .  A f t e r  weighing,  t h e  

b a t c h  i s  passed through a sampl-er, arid the sample i s  s e n t  t o  t h e  sample 

i n s p e c t i o n  l a b o r a t o r y  f o r  a comprehensive a n a l y s i s .  

Depending upon t h e  sample a n a l y s i s ,  t h e  b a t c h  i s  ei.tl-ier rej ecrretl 

t o  the re ject  p a r t i . c l e  handl ing  s e c t i o n  o r  pneumatical.l.y t r a n s t e r r e d  back 

t o  t h e  f u r n a c e  f o r  the f i r s t  c o a t i n g .  A f t e r  each c o a t i n g ,  the b a t c h  i .s  

passed through t h e  s c a l p i n g  s c r e e n ,  weigher ,  and sampler and r e t u r n e d  t o  

-the f u r n a c e  unt i .1  i t  i s  e i t h e r  r e j e c t e d  o r  receives a l l  f o u r  c o a t i n g s .  

A f t e r  a l l  f o u r  c o a t i n g s  have been a p p l i e d ,  t h e  b a t c h  i s  d i v e r t e d  t o  a 

c o l l e c t i o n  hopper t h a t  s tarts t h e  postcoat i -ng s e c t i o n .  

'The c o l l e c t e d  microspheres  are f e d  t o  a s i z e  c l a s s i f i e r ,  i n  which 

a set of v i b r a t i n g  s c r e e n s  s e p a r a t e s  t h e  u n d e r s i z e  and/or  o v e r s i z e  part:i.- 

d e s  from t h e  a c c e p t a b l e  parti .cl .es.  The s i z e d  b a t c h  i s  c o l l e c t e d  and f e d  

t:hrough a sampler .  I f  t h e  b a t c h  i s  a c c e p t a b l e ,  i t  i s  t r a n s f e r r e d  t o  a 

c o l l e c t i o n  hopper ,  where t h e  e n t i r e  l o t  i s  r e - c o l l e c t e d ,  weighed, and 

t r a n s f e r r e d  t o  t h e  fuel. rod f a b r i c a t i o n  sys1:ern (System 5 ) .  

E:f f l u e n t s  from t h e  f u r n a c e s  are d i r e c t e d  through two s c r u b b e r s  t o  

remove p a r t i c d a t e  and gaseous wastes g e n e r a t e d  i n  t h e  f u r n a c e  d u r i n g  

t h e  c o a t i n g  and c o n v e r t i n g  p r o c e s s e s .  P e r c h l o r o e t h y l e n e  i s  used i n  one 

t o  remove hydrocarbon wastes, atid an  aqueous s o l u t i o n  of NaOH i s  used i.n 

t:lw o t h e r  t o  n e u t r a l i z e  t h e  H C 1  g a s  genera ted  d u r i n g  t h e  Sic c o a t i n g .  

Components of v a r i o u s  subsystems a r e  mounted on v e r t i c a l  equipment 

r a c k s  t o  a l l o w  t h e  u s e  of g r a v i t y  f low as much as p o s s i b l e  t o  t r a n s f e r  

t h e  microspheres .  Pneumatic t r a n s E e r s  w i 1 . l  b e  used when p a r t l c l e s  r e a c h  

t h e  bottom componmt of a n  eqiii-pment r a c k .  

It is  e s t i m a t e d  t h a t  5 h r  is r e q u i r e d  f o r  f u l l y  c o a t i n g  a b a t c h ,  

i n c l u d i n g  time f o r  sample a n a l y s i s  weighing,  and o t h e r  p a r t i c l e  hand]-i-xig. 

4 - 7  SYSTEM 5 - FUEL ROD FABRICATION (WORK U N I T  2205)  ---,R. 1, Deaderick 
and R. A. Bradley 

4 a 7.1. Summary D e s c r i p t i o n  

The F u e l  Rod F a b r i c a t i o n  System w i l l  b e  des igned  t o  perform t h e  v a r i -  

ous p r o c e s s e s  and i n s p e c t i o n s  r e q u i r e d  t o  produce f u e l  r o d s  s u i t a b l e  f o r  
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lis@ i n  the HTGR Fuel el.ement ( s e e  Fig., 4.1,  p .  226) The syst:cn~ w i l l  

r ece ive  coated f i s s i l e  : f w L  particles from the lnicrosphere c o i ; ~ ~ i n g  system 

(System 4 )  , receive coated fertile arid shim part:i.s:les proc:ured frorii 

t 3 X t e r L l a l .  SOUrCeS blelld ‘these in apprOrJ:f”iate prO1lOrtFQnS alld f 0 r m  f u e l  

rods  by the s l u g  in jec t ion  technique. The systeru w i l l  also incl.ude t h e  

required i n s p e c t i o n s  to q u a l i f y  the f u e l  rods as to diiiiexisions and to 

f u e l  l o a d i n g  The f u e l  K O ~  machiae t r i l l  cr:mslst o f  a number of ilridepen- 

det i t ly  operating s t a t i o n s  connected b y  a coillinon notisynchronous closed-  

loop  transfer table. T h e  formed f u e l  rods w : i X  ‘be transferred t o  sequen- 

t i a l  inspec t ion  stations consist:ing of  a f u e l  r o d  gamma scan i.ri.speccion 

iz E~iel rod  i n t e g r i r y  i n s p ~ c t i n n ,  and a radioassay inspect. ion ~ T h e  f u e l  

rads wtll then be p l a c e d  3.11 s to rage  magazines f o r  tr;msfer to the f u e l  

element assembly system (System 6 )  

be loaded i n to  a f u e l  block. The iaominal. througbput. of t h i s  system w i l l .  

be 10,080 f ~ e l  rods  per 24-hr day. 

the west sride of C e l l .  D, as slicwn %:a Flig. 4.1.3. 

where t h e  fuel  rods  - w i l l  113.tisnate4y 

Tt1.e equriprnenc w i l l  be R.ocated along 

4.7 I 2 C ( m t u a 1  Design D e t a i l e d  Descrij>tion .._. ~ - . . - - - - -  

A schana t i c  diagram showing the ope ra t ions  iira be performed i s  shown 

in p ig .  4 .  ’1.5. The system begins  w i t h  the f u e l  rod fabrication 1aachine 

shoran i n  Fig.  4 , 1 6 ,  T h i s  machine forms fuel. rods approxirnat.el.y 1.3 nm i x i  

rj:i.aineter and 50 mrri long (0.5 by 2 in.) i n  reusab~.e molds.  The molds are 

moved on the 2.4-1~dia.111 (6-ft ) c i r c u l a r  conveyor whFsh i.s n. smooth f l a t  

steel r i n g  continuously moving in a hurixaatal plane.  When a mold i s  

moved t o  an operacing stat ion,  escapmerat f i n g e r s  and clamps p r e c i s e l y  

hanrl1.e and locate  t.he m u l d  while t.he necessary production operation i s  

performed 

For t he  purpose of this de ta i l ed  desc r ip t ion ,  t h e  mo1.d l u b r i c a t i o n  
stat.L.on ~iay  be  regarded as the begix~ning of t h e  fuel .  rod fabr ica t i .on  

p r ~ c e ~ ~  

cleans and l u b r i c a t e s  the i.nsi.de surf ace. 

carried to the bottom prtnch feeder, where a stainless  steel spool  :is 

inserked i n t o  the  nold and serves as i t  base  f o r  t h e !  fo rmat ion  of t h e  f u e l  

rod.  

t h e  1.0fd. 

:i.ng of the punch. 

:[‘here l u b r i c a n t  i s  i n j e c t e d  in to  t h e  ~ a o l d ,  and a r o t a t i n g  brush 

T h e  l u b r i c a t e d  uto1.d i s  then  

A v ib ra to ry  Eeeder and s i n g u l a r i z e r  drops t h i s  punch into the top of 

A plunger then strokes i n t o  the mold f:o cheek prope-r positTon- 

If the punch is not p r o p e r l y  positioned, the rritsld can 
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be r e j e c t e d  from t h e  t r a n s f e r  table ,  and subsequent  o p e r a t i o n s  a t  t h e  

next  mold p o s i t i o n  would n o t  b e  performed. 

AEter p r o p e r l y  r e c e i v i n g  t h e  bottom punch, t h e  mold is  carr ied t o  

t h e  p a r t i c l e  d i s p e n s e r  u n i t ,  which comprises  t h r e e  hoppers  c o n t a i n i n g  

f i s s i l e ,  f e r t i . l . e ,  and shim p a r t i c l e s .  The desl .red q u a n t i t y  of each  

p a r t i c l e  i s  d ispensed  v o l u m e t r i c a l l y ,  b lended ,  and dropped through a 

funnel- and a t e l e s c o p i n g  t u b e  i n t o  t h e  mold. 

A f t e r  t h e  p a r t i c l e s  are loaded i n t o  che  mold, t h e  mold i s  c a r r i e d  

t o  t h e  matrix s l u g  Eeeder, where a matri .x s l u g  i s  p o s i t i o n e d  on t o p  of 

the p a r t i c l e s  i n  t h e  s a m e  manner as t h e  b o t  t:om punch was in t roduced  a 

Matr ix  s l u g s  are preformed o u t s i d e  t h e  h o t  c e l l  F a c i l i t y  and are t r a n s -  

f e r r e d  by t h e  c e l l  h a n d l i n g  equipment i n t o  t h e  v i b r a t o r y  f e e d e r  bowl. 

as needed. The mold i s  n e x t  c a r r i e d  t o  t h e  t o p  punch f e e d e r ,  which i.s 

i d e n t i c a l  t o  t h e  bottoiii punch f e e d e r  i n c l u d i n g  t h e  r e j e c t i o n  u n i t .  The 

loaded molds n e x t  move through a mold h e a t i n g  s e c t i o n ,  where i n f r a r e d  

s t r i p  h e a t e r s  b r i n g  t h e  molds up t o  a tempera ture  of approximate ly  180°C. 

A f t e r  each mold w i t h  i t s  c o n t e n t s  h a s  been brought  eo t e m p e r a t u r e ,  

i t  i s  t r a n s f e r r e d  t o  t h e  m a t r i x  i n j e c t i o n  press,  which i s  a n  1.8-station 

u n i t  mounted on a r o t a r y  indexer .  A s  t h e  hea ted  molds are b e i n g  indexed 

around t h e  i n j e c t i o n  p r e s s  p l a t e n ,  a f o r c e  of up to 1 . 7 8  kN (400 l b )  i s  

b e i n g  a p p l i e d  t o  t h e  top  punch by an a i r  c y l i n d e r .  The rod format ion  

procedure i s  d e p i c t e d  i n  F ig .  4 . 1 7 .  Molds having  completed t h e  press- 

i.ng c y c l e  are t h e n  moved back t o  t h e  t r a n s f e r  t r a c k  and through an  insu-  

l a t e d  t u n n e l ,  where r e f r i g e r a t e d  a i r  i s  c i r c u l a t e d  t o  c o o l  the  m0J.d t o  

30°C o r  below, A f t e r  t h e  iiiolds are  cooled t h e y  move onto  a mold s t o r a g e  

r i n g  i n s t a l l e d  on t h e  i n s i d e  of t h e  mold t r a n s f e r  r i n g  c i r c l e .  

Before t h e  f u e l  r o d s  are e j e c t e d  from the molds ,  t h e r e  i s  a f i n a l  

h e i g h t  i n s p e c t i o n  u n i t ,  which measures t h e  h e i g h t  o f  t h e  mo1.d c o n t e n t s ,  

and o u t - o f - t o l e r a n c e  u n i c s  are  s h i f t e d  t o  a r e j e c t  basket. i n s t e a d  of 

p a s s i n g  onto  t h e  mold e j  eci::i.on r o d  s e p a r a t o r  s t a t i o n .  

The f u e l  rod e j e c t i o n  s t a t i o n  i s  mounted on t h e  same r o t a r y  indexing  

d e v i c e  as t h e  mold l u b r i c a t i o n  s t a t i o n .  An a i r - a c t i v a t e d  r a m  e jec ts  t h e  

molded rod and t h e  punches through t h e  bottom of t h e  mold i n t o  a d e v i c e  

t h a t  uses cam and p l u n g e r s  t o  s e p a r a t e  t h e  f u e l  rod from t h e  t o p  and 
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Fig .  4.17. Slug I n j e c t i o n  Technique f o r  Flaking Fue l  Rods. 

bottom punches. The f u e l  rod is  e j e c t e d  o n t o  an s i r - l e v i l a t e d  f u e l  rod 

t r a n s f e r  t r a c k ,  and t h e  t o p  and bottom punches are dropped i n t o  s e p a r a t e  

b a s k e t s  f o r  r e t u r n  t o  t h e  r e s p e c t i v e  p a r t s  f e e d e r s .  

i n d e x  t h e  empty mold is moved t o  t h e  mold l u b r i c a t i o n  subsystem f o r  a 

r e p e t i t i o n  of f u e l  rod  f a b r i c a t i o n  p r o c e s s .  

On t h e  subsequent  

F u e l  r o d s  arc d i s c h a r g e d  s i n g u l a r l y  f rom t h e  f u e l  rod f a b r i c a t i o n  

machine a t  a m a x i m u m  rate of one f u e l  rod  e v e r y  8 sec and conveytbd 

through i n s p e c t i o n  and s t o r a g e  t o  t h e  f u e l  e lement  loadi r lg  machine. 

A f t e r  a f u e l  rod  i s  r e l e a s e d  i t  i s  i n s p e c t e d  w i t h  a g a m a  scanner  

and with an  a i r  r i n g ,  which checks f o r  v o i d s  and p i t s  on t h e  s u r f a c e  of 

t h e  f u e l  rod. 

Acceptable  f u e l  r o d s  w i l l  be  s u b j e c t  t o  an assay using a c a l i f o r n i u m  

s o u r c e  embedded i n  c y l i n d r i c a l  shielding. T h e  rod is then fed  i n t o  a 

f u e l  rod s t o r a g e  and t r a n s f e r  magazine. 

w i t h  a manipula tor  t o  s t o r a g e  racks f o r  accumulat ion of p r o d u c t i o n  b e f o r e  

b e i n g  loaded  i n t o  t h e  f u e l  elemenL i n  System 6. 

There i s  a r e j e c t  s l i d e  provided a f t e r  rh i s  ope ra t ion .  

‘The loaded magazines dre moved 



258 

4 . 8  SYS'TEM 5 - FUEL EIJ2ENT ASSEM.BLY (WORK UNIT 2206) - W. G .  Cobb 
and A .  J. Capiito 

4 . 8 . 1  I__ S u m m ~ ~ D ~ s &  t i o n  

The f u e l  element assembly system i s  designed t o  perform t h e  v a r i o u s  

asse.inl:,ly o p e r a t i o n s  and i n s p e c t i o n s  r e q u i r e d  t o  complete the product ion  

o E a f u e l  elemeat f o r  u s e  i n  High-Temperature Gas-Cooled Reac tors .  The 

system will receive procured fuel b l o c k  components from t h e  materials 

hand1.i.tig system (System 10) and formed f u e l  r o d s  from t h e  Fuel rod  f a b r i -  

cat: i~on system (System 5 ) .  T h e  system will I.oad t h e  f u e l  r o d s  i n t o  t h e  

g r a p h i t e  fuel.  b l o c k s ,  r e s t r a i n  t:hen d u r i n g  an in-block c a r b o n i z a t i o n  

and a n n e a l i n g  p r o c e s s ,  remove the res t ra in ts ,  c l e a n  t h e  bl.ock s u r f a c e s ,  

i n s t a l l  f u e l  column end p l u g s  and dowels,  c u r e  t h e  cement b i n d i n g  t h e n  

t o  t h e  b l o c k ,  and 1.oad t h e  assembl ies  i n t o  c o n t a i n e r s  f o r  shipment ,  The 

system w i 1 I  v e r t f y  each o p e r a t i o n ;  i n s p e c t  f o r  d imens iona l  accuracy ,  

i n t e g r i t y ,  aiid t h e  presence  of contaminants ;  p r o v i d e  samples f o r  v c r i f i -  

c a t i o n  of performance; and provide  a complete r e c o r d  f o r  each f u e l  element 

e s t a b l i s h i n g  i t s  u s a b i l i t y .  The nominal throughput  of t h i s  system w i l L  

be 2 . 5  f u e l  e lements  p e r  24-hr day. 

c e n t r a l  p o r t i o n  of C e l l  D and a l l  of C e l l  E ,  as shown i n  F i g s .  4.13 acid 

4.18. 

The equipment w i l l  occupy the s o u t h  

4 . 8 . 2  Conceptual  Design D e t a i l e d  D e s c r i p t i o n  

A schematic  diagram of t h e  f u n c t i o n s  t o  b e  perfo-tmed i s  shown i n  

F ig .  4.19.. A fue l  b lock  c o n t a i n e r  i s  lowered  by a g r a p p l e  through a 

roof p o r t  and i n t o  a r o t a t a b l e ,  s i x - s t a t i o n  s t o r a g e  p l a t f o r m  i n  C e l l  E .  

The g r a p p l e  i s  l o c a t e d  i n  a removable hous ing ,  which c o n t a i n s  a n  iso1.a- 

t:i.on valve and s e a l i n g  p r o v i s i o n  t o  m a i n t a i n  c e l l  containment .  A s p e c i a l -  

i z e d  l i f t  i s  provided f o r  removing and i n s t a l l i n g  t h e  c o n t a i n e r  covers .  

A second s t o r a g e  c a r o u s e l  p r o v i d e s  s t o r a g e  f o r  1 2  dummy b l o c k s  and t h e  

spacer p a l l e t s  r e q u i r e d  €o r  t h e  furnace  o p e r a t i o n ,  

An in-cel l -  d e d i c a t e d  h o i s t  u s e s  a s p e c i a l i z e d  g r a p p l e  LO rewove a 

f u e l  b1.ock f r o m  i t s  c o n t a i n e r  and t r a n s f e r  i t  onto  a s h u t t l e  t a b l e  of 

an i n t e r c e l l  t r a n s f e r  device. 'The s h u t t l e  t a b l e  i s  tvansf  e r r e d  i n t o  

C e l l .  D by the a c t i o n  of a motor-dr iven s c r e w ,  and i s  s o  designed t h a t  
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Fig. 4.18. C e l l  E Equipment Arrangement. 

t h e  e n t i r e  mechanism moves wi th in  t h e  C e l l  w a l l ,  pe rmi t t i ng  a s l i d i n g  

g a t e  valve t o  i s o l a t e  t h e  passage from C e l l  E atmosphere. 

g a t e  va lve  seals t h e  passageway opening i n t o  C e l l  D, providing f o r  i so -  

l a t i o n  of t h e  two cells. 

l i f t s  t h e  b lock  f r o m  t h e  s h u t t l e  t a b l e  t o  t h e  loading p o s i t i o n  under t h e  

f u e l  block loading  machine. 

Another s l i d i n g  

Af te r  t h i s  g a t e  i s  opened, a pneumatic cy l inde r  

Within C e l l  D a column of f u e l  rods  is discharged from a s t o r a g e  

magazine and measured f o r  l eng th  a c c e p t a b i l i t y .  

s i n g l y  t o  t h e  f u e l  block loading machine. 

n a t e s  and a f i n a l  t r u e  pos i t i on ing  device ,  t h e  f u e l  block loader  i s  

s e q u e n t i a l l y  pos i t ioned  over each f u e l  cav i ty .  

The rods  are then  fed 

By us ing  programed coordi-  

Each f u e l  rod i s  
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IT EN0 X J G S  
b N D  CEMENT 

T 

F i g .  4 .19.  Fuel E l e m e n t  A s s e m b l y  Process Schematic E l o w s h e e t .  



icidividual.ly loaded, and i t s  posltion i s  Q e r i f l e d  by a depth riieasuring 

device ,  

hoist. t o  a fuel  coluriiri r e s t r a i n t  loading  s tand .  

r i1lin.g the f u e l  c a v i t y  with a granular  material, which main ta ins  a space 

f o r  fue l  column expansion dur ing  f u e l  burnup. 

pos i t ioned  on t o p  of the f u e l  block,  f l t s  down around the bl.ock s i d e s  

to r e s t r a i n  t h e  granular  material. 

The loaded blocks are re turned  t o  Cel l  E and t ranspor ted  by the  

This  equipment f i n i s h e s  

A furnace  spacer  p a l l e t ,  

T h e  block i s  then loaded i n t o  a p o r t a b l e  charging chamber and then 

liiTted t o  t h e  t o p  of t h e  carboniza t ion  and anneal ing furnace.  This  fur -  

nace i s  a continuous-throughput v e r t i c a l - t u b e  controlled-atmosphere type  

using e lec t r ica l  r e s i s t a n c e  h e a t e r s ;  i t  is  i l l u s t r a t e d  i n  F i g .  4.20. 

The Illncks are charged from t h e  chamber i n t o  t h e  furnace through an  iso- 

l a t i n g  gate va lve  and travel v e r t i c a l l y  downward through a series of 

hea t ing  and cool ing  zones u n t i l  dj-scharged through a lower i s o l a t i o n  

valve.  An i n t e r c e p t o r  f o r k  provides  temporary support  f o r  the column 

while the lower chamber i s  i s o l a t e d  and opened f o r  removal of t h e  pro- 

cessed element by t h e  furnace unloading device.  The d ischarge  chamber 

i s  the11 c losed ,  purged,  and reopened t o  t h e  furnace ,  and t h e  e l e v a t o r  

reengages t h e  coluinn of elements. An argon purge sweeps the furnace  

dur ing  processing and i s  cleaned by a perchloroe thylene  scrubber  system 

b e f m e  release t o  t h e  p l an t  o f f - g a s  system. The f u e l  element is  then 

t ranspor ted  t o  a vacuum machine, which removes t h e  granular  material  f r o m  

t h e  f u e l  c a v i t i e s ,  and then  t o  a c leaning  machine, which vacuums arid 

brushes a l l  s u r f a c e s  of t he  element. 

The block i s  next  pos i t ioned  f o r  loading an end plug i n  each fue l  

cav i ty .  The device  is  pos i t ioned  s e q u e n t i a l l y  over each h o l e ,  and a feed  

s h u t t l e  loaded w i t h  a p lug  from a supply magazine p o s i t i o n s  t h e  plug 

d i r e c t l y  over t h e  fue l  b o l e  s o  t h a t  a downward s t r o k e  of a punch d r i v e s  

t h e  plug i n t o  t h e  ho le .  

T h e  t h r e e  dowels are screwed i n t o  t h e i r  recesses by means of a 

mani~mla tor -heId  low-torque motor. These dowels and t h e  ho le  plugs when 

inserted have dry  cement molded i n t o  a p e r i p h e r a l  groove, and this cement 

is  fused and cured by hea t ing  t h e  top  end of a completed assembly w i t h  

res i s  tance  h e a t e r s .  
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F i g .  4 . 2 0 ,  Carbonization and Annealing Furnace. 



A t r a n s p a r e n t  r o t a t a b l e  p l a t f o r m  mounted i n  f r o n t  of a cel.1 window 

w i t h  a d j u s t a b l e  m i r r o r s  above and below a l l o w  v i s u a l  i n s p e c t i o n  of a l l  

through h o l e s  and exposed s u r f a c e s .  

checked with an o v e r l a y  i n s p e c t i o n  p l a t e  re ferenc i -ng  t o  t h e  block datunis. 

Dowel h e i g h t s  are  checked w i t h  a manipulator-hand-held h e i g h t  gage. To 

monitor  contaminat ion  of b l o c k  s u r f a c e s  w i t h  r a d i o a c t i v e  p a r t i c u l a t e s ,  

p repared  s w a b s  maneuvered w i t h  a manipula tor  wipe the surface and are 

p l a c e d  i n t o  a s h i e l d e d  c a v i t y  c o n t a i n i n g  t h e  assay equipment.  

Accuracy of dowel p o s i t i o n i n g  is  

4 . 9  SYSTEM 7 - SAMPLE INSPECTION (WORK UNIT 2207)  - D .  A. Dysl.in and 
W. N. Pecliin 

4.9. I Sunlniary D e s c r i p t i o n  

'The sample i n s p e c t i o n  system i s  des igned  t o  receive samples from 

a11 s t a g e s  of  p r o c e s s i n g  i n  t h e  F u e l  R e f a b r i c a t i o n  P i l o t  P l a n t ,  d e t e r -  

mjne the v a r i o u s  r e q u i r e d  p h y s i c a l  and chemical c h a r a c t e r i s t i c s ,  t r a n s f e r  

t h i s  i n f o r m a t i o n  t o  System 8, p l a n t  management, r e t u r n  expended o r  unused 

s a m p l e  material t o  System 9 ,  w a s t e  h a n d l i n g ,  and t r a n s f e r  s u i t a b l y  pack- 

aged a r c h i v e  material t o  s t o r a g e .  The system w i l l  perform about  240 

i n s p e c t i o n s  p e r  day 011 95 samples .  

containment  and gamma sh ie ld ing;  of  t h e  material  being i n s p e c t e d .  The 

i n s p e c t i o n  l a b o r a t o r y  w i l l  be l o c a t e d  i n  a new a d d i t i o n  t o  t h e  s o u t h  end 

of TURF. 

T h e  d e s i g n  must p r o v i d e  f o r  t h e  a l p h a  

4.9.2 Conceptual  Design D e t a i l e d  D e s c r i p t i o n  

The i n s p e c t i o n s  t o  b e  performed are  shown schemat ica lSy  i n  Fig. 4 - 2 1 "  

This  s y s t e m  is  n o t  a s t r a i g h t - l i n e  s t e p  p r o c e s s  b u t  a complex mul t ibranched  

system. The b a s i c  i n s p e c t i o n  f u n c t i o n s  are  performed by 16 subsystems,  

which are d e s c r i b e d  l ~ e l o w :  

Kadiocxs:;iz~ Subsystem determines  t h e  f i s s i l e  c o n t e n t  of Cue1 rods 

and par t ic les  by exposing them t o  a 252Cf n e u t r o n  f l u x  and count ing  e i t h e r  

t h e  prompt n e u t r o n s  from f i s s i o n  o r  t h e  de layed  n e u t r o n s  from f i s s i o n  

product s. 
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FINAL LOT 
uiCRoSPHERE SAMPLE 
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F i g .  4.21. Sample  Inspec t ion  Process Schematic Flowsheet. 
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ParticZe S ize  Subsystem determines t h e  mean and s tandard  dev ia t ion  

of diameter and the mean par t ic le  weight of a p a r t i c l e  sample by us ing  

a c a l i b r a t e d  pho toce l l ,  counter ,  and scale. 

Contaminated Reagenif Subsyst-ern r ece ives  a1 l l i q u i d  samples from 

i n - c e l l ,  performs those  ana lyses  requi red  on contaminated l i q u i d  samples 

2xcept f o r  heavy m e t a l  a s say ,  and t r a n s f e r s  t h e  l i q u i d  samples t o  the 

heavy m e t a l  assay subsystem as requi red .  

Noncontamiriated Reagent Subsystem determines the phys ica l  and chem- 

i ca l  p r o p e r t i e s  of noncontaminated r eagen t s  f o r  ope ra t ion  of t h e  Resin 

Loading System. 

Suxf’ace Contamination Subsystem determines t h e  l e v e l  of a1 pha 

a c t i v i t y  on t h e  s u r f a c e  o f  t h e  ou te r  low-temperature i s o t r o p i c  coa t ing  

by count ing a known weight of f u e l  p a r t i c l e s  i n  a gas-flow propor t iona l  

alpha counter  ., 

Matrk  F i l l e r  Dispersion Subsystem determines the  amount and d i s -  

t r i b u t i o n  of f i l l e r  i n  t h e  rod mat r ix  by d iv id ing  a rod into three seg- 

ments and removing and weighing the p i t c h  t o  determine the  amount i n  

each segment, 

Gradient C o Z m  Density Subsystem determines t h e  dens i  t.lcs of the 

L T I  pyrocarbon and s i l i c o n  ca rb ide  coa t ings  by determining the rest 

p o s i t i o n  of coa t ing  fragments placed i n  a fluid column havial: a li-near 

g rad ien t  oE known f l u i d  d e n s i t y .  

Carbon Content; Subsystem determines t h e  carbon content  arid carbon- 

to-uranlum r a t i o  of p a r t i c l e s  by burning t h e  carbon from a sample i n  a 
c o n t r o l l e d  argon-oxygen atmosphere, c o l l e c t i n g  t h e  CQZ I n  absorp t ion  

columns, and measuring t h e  column weight change. 

Mercury DispZacement, Density, and Porosity Subsystem determtnes 

pa r t i c l e  d e n s i t y  and coa t ing  p o r o s i t y  by u t i l i z i n g  a conmercial ly  avajl- 

a b l e  porosimeter  adapted to glove box ope ra t ion .  

Kadiography Subsystem produces rad iographs  of coated p a r t i c l e s  t o  

determine s i z e  d i s t r i b u t i o n ,  coa t ing  th i ckness ,  and shape of f u e l  

rods  to determine r e l a t t v e  d i s t r i b u t i o n  of f i s s i l e ,  f e r t i l e ,  and shim 

p a r t i c l e s .  



Broken Particle Subsystem dete?:mines t h e  f r a c t i o n  o f  microspheres  

having broken c o a t i n g s  i n  p a r t i c l e s  and fuel .  r o d s  by c h l o r i n a t i n g  a 

sample a t  1500°C t o  conver t  exposed heavy metal t o  t h e  c h l o r i d e ,  which 

i s  c o l l e c t e d  i n  a condenser .  The condenser i s  washed w i t h  h y d r o c h l o r i c  

a c i d ,  and t h e  r e s u l t i n g  s o l u t i o n  i.s analyzed f o r  uranium and thorium. 

Dhe-nsional S7~bsystzrn determines  t h e  dimensions and weight  of f i r e d  

f u e l  r o d s  t o  a s c e r t a i n  t h e  coking y i e l d  of t h e  matr ix  materi.al u t i l i z i n g  

a modif ied commercial a i r  gage and a b a l a n c e .  

MetaZZography Subsystem al lows v i s u a l  micro arid macro examinat ion 

o f  p o l i s h e d  s e c t i o n s  of microspheres  and f i r e d  f u e l  rods .  Q u a n t i t a t i v e  

measurements wi.1.l a l s o  b e  made of t h e  a n i s o t r o p y  of c o a t i n g s  and t h e  

amount and s i z e  of p o r o s i t y  i n  t h e  file1 rod mat:rix. The subsystiein u s e s  

modif ied commerciall-y a v a i l a b l e  m e t a l l o g r a p h i c  equipiflent. Anisotropy 

will b e  determined by measuring the a n g u l a r  dependence of r e f  l e c t i v i - t y  

of p lane-polar ized  l i g h t .  The s i z e  and s p a c i a l  d i s t r i b u t i o n  of t h e  

m a t r i x  p o r o s i t y  w i l . 1  b e  measured by a commercially a v a i l a b l e  image 

a n a l y z e r .  

Heavy Metal Assay Su5system del:ermiiies t h e  heavy m e t a l .  coi i tent  of  

l i q u i d ,  p a r i i c l e ,  and f i r e d  fuel.  rod samples .  P a r t i c l e  and rod samples 

must f i r s t  be  crushed and i g n i t e d  i n  oxygenp and the r e s i d u e  ?.cached 

w i t h  a c i d  t o  d i s s o l v e  t h e  heavy metal.. 'The r e s u l t i n g  s o l u t i o n  is  

analyzed f o r  uranium and thorium. 

.Impw%ty Subsystem p r e p a r e s  a sample t h a t  will- be t r a n s f e r r e d  o u t  

of t h e  s a m p l e  i n s p e c t i o n  system l a b o r a t o r y  f o r  i m p u r i t y  a n a l - y s i s  by 

s p a r k  s o u r c e  m a s s  spec t romet ry .  

Oxygen Content Suhsystem determines  the oxygen content.  of conver ted  

f u e l  k e r n e l s  by r e a c t i n g  t h e  sample w i t h  carbon a t  2000OC i.n argon t o  

conver t  t h e  oxygen i n  the  sample t o  CO. The CO is conver%ed t o  C 0 2  w i t . h  

h o t  copper oxide  and absorbed on Ascarite. The oxygen i s  determined by 

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

of f -gas  t r a i n .  
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4.19 SYSTEM 8 - PLANT MANAGEMENT (WORK U N I T  2208) - B. C .  Duggins and 
R. A. Bradley 

4.10.1 - Summary Desc r ip t ion  

The p l a n t  management systemg System 8 ,  i s  an information handl ing 

system, which i s  designed t o  assist i n  t h e  ope ra t ion  and evaludtinn of 

t h e  f u e l  r e f a b r i c a t i o n  processes  by: 

1. 

2. 

3. 

4 .  

In 

c o l l e c t i n g  and s t o r i n g  information tha t  w i l l  h e  requi red  for q u a l i t y  

assurance documentation of r e f a b r i c a t e d  f u r l ,  

performing c a l c u l a t i o n s  t h a t  w i l l  be  requi red  i n  the operaEion o f  t he  

process  systems, 

c o l l e c t i n g  and s t o r i n g  information t h a t  w i l l  be requi red  f o r  the 

eva lua t ion  of t h e  p l a n t  performance, and 

maili taining a running inventory  of f i s s i l e  materi-al f u r  cr!ticality 

s a f e t y  and s p e c i a l  nuc lear  material  accoi in tabkl i ty .  

add i t ion ,  t h e  p l a n t  management system will sem2 as  t h e  i n t e r f a c e  f o r  

information f l o w  between t h e  va r ious  process  systems and support  s y s t e m s  

s u c h  as sample in spec t ion .  This  system a l s o  p rov idss  b a s i c  support 

func t ions  t o  t h e  ope ra t ion  of t h e  l o c a l  in strum en^ and c o n t r o l  subsystems 

of the process  systems. 

4.10 .2  - Conceptual Design Deta i led  Descr ip t ion  - 
The p lan t  management system i s  b a s i c a l l y  an automated i n f o m a t i o n  

mana.gement system t o  be configured from minicomputer class equipment. A 

16-bi t  minicomputer w i th  l i n e  p r i n t e r ,  magnetic t a p e  and disk  bulk  s to rage  

dev ices ,  and o the r  pe r iphe ra l s  w i l l  be  used. 

F igure  4.22  shows the  informakton flow between this systeiii and 

process  systems. Detai ls  concerning d a t a  type ,  a c q u i s i t i o n  ra tes ,  and 

q u a n t i t i e s  are  a v a i l a b l e  i n  t h e  System Design Descr ip t ion .  Tlie sof tware 

s t r u c t u r e  i s  shown i n  Fig.  4 .23 .  Data bases  w i l l  be  maintained f o r  

process  v a r i a b l e s ,  p rocess  support  d a t a ,  and irissile inventory.  Quality 

assurance  documentation will. be  generated from t h e  process  support  d a t a  

base.  
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NOTES 
1 ,  ALPHABETIC NOTATION ON INFORMATION FLOW L INES '  

I...___ 

PROCESS] SY S T E M  

NOTES 
1 ,  ALPHABETIC NOTATION ON INFORMATION FLOW L INES '  

1 
ORNL I 

COMPUTING 1 
CENTER I 

_ _ _ - ~  

A. OUALITY ASSURANCE DOCUMEN TATION 
E. PROCESS SUPPORT 
C. EV4CUATION OF P L A N T  PERTORM4NCE 
D. FISSILE MATERIAL  INVENTORY 
E .  L I C S  SUPPORT 

2. - ON-LINE,  REAL-TIME INFORMATION r L o w  -- OFF-LINE. NON-REAL- -T IME INFORMATION FLOW 

F i g .  4.22 I Diagram of Information Plow Belrween Ylaiit Management 
System and the Process Systems. 

4.11 SYSTEM 9 - WASTE HANDLING (WORK U N I T  2 2 0 9 )  J. P .  Jarvis  and 
A .  R. Olsen 

4.11.1 . Sumniary . .. .. ... Descr ip t ion  .- 

This  system w i l l  be designed I:o provide f o r  t h e  handling of w a s t e  

materials from t h e  processes loca ted  i n  Building 7930 (TURF). 'The 

materials t o  he handled :i.uclude t h e  fol lowing:  (1) s o l i d  reject or  

scrap material with s i g n i f i c a n t  f i s s i l e  or f e r t i l e  element content  suLt- 

ab le  f o r  reclamation, ( 2 )  s o l i d  material. wi th  lox f i s s i l e  material content- 

[ less  than  0.35 kg/m3 (10 g/ft3) 233U] t o  b e  sent  t o  a retrievable s t o r -  

age f a c i l i t y ,  ( 3 )  l i q u i d s  conta in ing  uranium s u i t a b l e  for immediate r ecyc le  

wi th in  the r e f a b r i c a t i o n  process  systems, ( 4 )  l i q u i d  wastes with 1.s~  

levels of f i s s i l e  and f e r t i l e  material  approprial;t? f o r  t r a n s f e r  t o  t h e  

appropr i a t e  ORNL contaminated l i q u i d  process  system9 (5) organic  l iq i i id  

wastes t h a t  i n u s t  be t r e a t e d  and s t o r e d ,  and ( 6 )  gaseous w a s t e s  from pro- 

cessing opera t ions  and containment area5. The equipment w i l l  be located 

throughout t h e  bu i ld ing  . 
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4.11.. 2 1_1. ConceLtual Design .__II Detai led -_ Descr ip t ion  

Provis ions  a r e  made f o r  c o l l e c t i n g ,  monitoring, assaying,  packaging, 

moving, and s t o r i n g  o r  d i spos ing  of t h e  materials descr ibed in [:he para- 

graphs t h a t  f ( ~ I . l o w .  

Liquid Aqueous Radioactive Waste - The exis king r a d i o a c t i v e  hot  

d r a i n  and bot off-gas  (HID-HOG) w i l l  be  used t o  col l .ect  l i q u i d  and/or  

gaseous w a s t e  from equipment t h a t  does not  con ta in  f issj.1.e materi.al. 

T11i.s system has been descr ibed . '  

cel ls  f o r  c o l l e c t i o n  and t r a n s f e r  of wastes t o  stain1.es.s s t e e l  tanks 

t h a t  are f i l l . ed  with boratc2rl. g l a s s  Raschig r i n g s .  Equipment i s  provided 

f o r  sampling t h e  con ten t s  of t h e  tanks and f o r  add i t ion  of deple ted  

uranium o r  o the r  chemicals if requ i red .  Disposa l  i s  t o  t h e  OKNL w a s t e  

c o l l e c t i o n  and t rea tment  sys  tern. 

Connections are provided i n  t h e  process  

Aqueous s o l u t i o n s  conta in ing  recoverable  q u a n t i t i e s  of f i s s i l e  

material should be  generated only by System 2 ope ra t ions .  Provis ions  

f o r  c o l l e c t i o n ,  a n a l y s i s ,  and t r a n s f e r  of t h i s  material  back t o  System 1 

i n  Building 3019 w i l l  be  p a r t  of System 2. 

Waste from o ther  equipment conta in ing  f i s s i l e  material i s  c o l l e c t e d  

i.n t h e  r a d i o a c t i v e  hot  d r a i n  recoven-ab1.e ( M D R )  system. Piping f o r  t h i s  

system i.s s ized  t o  p r o t e c t  aga ins t  accumulation of a c r i t i c a l  m a s s  of 

f i s s i o n a b l e  material, and the  s t o r a g e  tank i s  f i l l e d  wi th  bora ted  Raschig 

r i n g s ,  Estimated average q u a n t i t i e s  of aqueous l i q u i d  waste generated 

are l i s t e d  i n  Table 4 . 2 .  

Liquid Oi-ganic Radioactive 1dastt.e - A s  i nd ica t ed  i n  Table 4 . 3 ,  only  

small q u a n t i t i e s  of contaminated organic  wastes w i l l  be  generated These 

wiIl be absorbed OR s u i t a b l e  materials t o  convert  them t o  locr--level s o l i d  

wastes f o r  d i sposa l .  

Solvent used i n  off-gas  scrubbers  f o r  Syst-eiiis 3 ,  4 ,  and 4 w i l l  be  

recovered i n  System 9 f o r  reuse.. Te t rachloroe thylene  conta in ing  suspended 

s o l i d s  (mostly carbon soot )  and dissol.ved l i g h t  o i l s  and tars w i l l  be  

d i s t i l l e d ,  w i c h  the clean so lvent  being r e tu rned  t o  t h e  process  systems 

and t h e  s o l i d s  being c o l l e c t e d  i n  the s t i l l  pot  f o r  removal and t r a n s f e r  

t o  the  s o l i d  w a s t e  handl ing system. 
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Tablc 4 . 2 ,  Estimated Average Quantit ies of Aqitenus Liquid 
I k s t e  Generated by che HTGR-FRPP 

Source Material Cornposit ion  Quantity 
(1 i . ters /day)  

- _ ~ -  llll-p_-ll_..l__--ll__l_ll_--l-_p 
TJranium feed prepara t ion  and resin Evaporatory condensate 50 

l o a d i n g ,  Systems 1 and 2 Caustic carbonate from 35 
solvent regeneration 

Microsphere coating, System 4 Spent caustic from H C l  500 
scrubbers (&OH -t- NaCP) 

Decontamination so lu t ion :  19 0 
water, T U ~ C C O ,  ac idsS e t c ,  

F1 oor dra ins ,  service s inks  etc:, ; Water (neg l ig ib l e  radin-  380 
process waste system a c t  ivi t y  > 

I_I.- 

Table 4.3 E s t i m a t e d  Average Quantit ies of ( I t -gmic L i q u i d  
Wasre Generated by I-ITCR-FRPP 

Kesiu. carbonizat ion,  
sys tem 3 

Microsphere coat ing,  
System 4 

O ~ g a n i ~  scrubbing media i 4, 
p l u s  condensah.l.e 
hydrocarbons 

Organic scrubbing media .*: 4 
p l u s  condensable 
hyd r ocar b o m  

<2 Fuel  element assembly, Organic scrubbing media  
System ti p lus  condensable 

bydr oc arboras 

Cleaning and decantamhat ion  Salvents to clean <I 
o f  equipment in cell A bearings,  e t c ,  

- ~ - ~ . . ~ . - - . - . ~  ..- - _I_ 

a Kadioact ivi ty  neg l ig ib l e  
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Low-Level S o l i d  Rad-ioactive hkxstes - Both combust ib le  and noncom- 

b u s t i b l e  wastes w i l l  be packaged i n  l l 5 - l i t e r  (30-gal o r  4 f t 3 )  drums 

i n  C e l l s  C ,  D ,  and E o r  a t  t h e  p o i n t  of  o r i g i n ,  such a s  t he  sample 

i n s p e c t i o n  system. 

on a r o t a t i n g  t a b l e  w i t h  sodium i o d i d e  d e t e c t o r s .  A s t a n d a r d  c o n t a i n i n g  

233U froin t h e  f u e l  b a t c h  b e i n g  processed  i s  compared w i t h  t h e  waste 

sample b e i n g  assayed .  

each waste drum wirli a s o u r c e  of t h e  2.6-MeV gamma r a y s  be ing  counted 

by t h e  a s s a y  a p p a r a t u s .  These drums w i l . 1  b e  assayed  and packaged i n  

55-gal ( 2 0 8 - l i t e r )  dr ims f o r  shipme.nt t o  t h e  ORNL r e t r i e v a b l e  s t o r a g e  

f a c i l i t y ,  i n  an  o u t - o f - c e l l  packagrirrg s t a t i o n .  The e s t i m a t e d  q u a n t i t y  

of such waste g e n e r a t e d  p e r  day i s  shown i n  Table  4 . 4 .  The maximum 

r a d i a t i o n  leve l  of t h i s  material. p e r  c u b i c  f o o t  (0.028 m3) is  e s t i m a t e d  

from a maximum of 0.35 kg/m3 (10 g / f t 3 )  of 2 3 3 U  c o n t a i n i n g  500 ppin 232U. 

This estimate f o r  material  aged v a r i o u s  t i m e s  i s :  90 d a y s ,  3.75 mrem/hr; 

2 y e a r s ,  24.0 mrern/hr; and 1 0  y e a r s ,  42.5  mrem/hr. 

A 2 3 3  U a s s a y  system i s  t o  s c a n  w a s t e  drums p o s i t i o n e d  

A gamma r a y  a b s o r p t i o n  COlUpaKiSOn :i.s made f o r  

T a b l e  4 .4*  Estimated Average Q u a n t i t e s  o f  Low-Level Contaminated 
S o l i d  Waste Generated by t h e  ITCGR-FRPP 

Material Dcscr i p  t i o n  

I r r e p a r a b l e  i n - c e l l  p r o c e s s  
equipment and components 

Manipul-at o r  boots  

Misce l laneous  t o o l s ,  p l a s t i c  
b o t t l e s ,  seals ,  g l o v e s ,  i n - c e l l  
f i l t e r s ,  p l a s t i c  s h e e t ,  etc. 

Coat ing chambers, f r i t t e d  p l a t e s  

Soot from s o l v e n t  r e c l a m a t i o n  
system 

Excess m a t r i x  

T o t a l  

0.028 1. . 0 

0.028 1. . 0 

0.1.7 6.0 

0.085 3.0 
0.017 0 . 6  

0.007 

0 . 3 4  

__I.. 
0.25 

1.1.85 
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High-Level S o l i d  Wastes - The est imated production of s o l i d  wastes 

having h igh  uranium content  i s  given i n  Table 4 .5 .  

be packaged i n  c r i t i c a l l y  s a f e  con ta ine r s  f o r  t r a n s f e r  t o  a r e t r i e v a b l e  

s t o r a g e  s i t e  o r  t o  a reclamation process .  Reject f i s s i l c  material cans 

are about 90 mm diam by 230 mm long ( 3  1 / 2  by 9 i n . ) .  

t o  r ece ive  up t o  1 kg 2 3 3 U  conta in ing  500 ppm 232U aged 90 days a f t e r  

removal of decay products .  The est imated r a d i a t i o n  level f o r  material 

aged va r ious  t i m e s  is: 90 days,  750 mrem/hr; 2 yea r s ,  4.8 rem/hr,  and 

10 y e a r s ,  1 0 . 1  rem/hr. A combination calorimeter-gamma scan device  w i l l  

be  used f o r  a s say  of t h e s e  cans.  

These m a t e r i a l s j w i l l  

They are designed 

Gaseous FJastes - The source ,  composition, and est imated volumes of 

off-gases  t h a t  w i l l  be  generated are given i n  Table 4 . 6 .  The combus- 

t i b l e  gases  generated i n  Systems 3 ,  4 ,  and 6 w i l l  be  p r e t r e a t e d  i n  the 

r e s p e c t i v e  systems f o r  removal of r a d i o a c t i v e  and p a r t i c u l a t e  components 

before  they a re  de l ive red  t o  System 9 .  These gases  a r e  monitored f o r  

r a d i o a c t i v i t y  and oxygen content  and exhausted through local s t a c k s  on 

t h e  TURF r o o f .  The H o t  Off-Gas system, which receives v e s s e l  off-gases  

and t h e  c e l l  containment system, has  been descr ibed . ’  

contaminated waste from t h e  sample in spec t ion  glove box l i n e  (System 7 )  

is  f i l t e r e d ;  monitored f o r  r a d i o a c t i v i t y ,  p re s su re ,  and flow; and d i s -  

charged e i t h e r  f r o m  a separate s t a c k  or  from t h e  e x i s t i n g  c e l l  off-gas 

system. 

Gaseous alpha- 

4.12 SYSTEM 10 - MATERIALS HANDLING (WORK U N I T  2210) -- J. P. J a r v i s  and 
A. R. Olsen 

4 . 1 2 . 1  Summary Descr ip t ion  

The Materials Handling System w i l l  be  designed t o  provide t h e  equip- 

ment and f a c i l i t i e s  r equ i r ed  t o  r e c e i v e ,  handle ,  s t o r e ,  and s h i p  materials 

requi red  f o r  or r e s u l t i n g  from ope ra t ion  of  t h e  f u e l  r e f a b r i c a t i o n  pro- 

cesses .  This  func t ion  w i l l  be  l i m i t e d  t o  a c t i v i t i e s  ou ts ide  thcs process  

c e l l s .  Materials w i l l  be  de l ive red  t o  o r  removed from s h i e l d  pene t r a t ions ,  

which a re  provided as p a r t  of o the r  p l an t  systems. 
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Table 4 . 5 .  Estimated Average Daily PLodi ic i ion  of High-Uranium- 
Con t sn t  Solid Waste Mater ia l  

Q u a n t i t y  
(g2 'TJ/day) Material. Form Source  

. .......................... ...... 
Loaded and d r i e d  r e s i n  247 R e s i n  l o a d i n g  re ject  and samples  

Carbonized r e s i n a  141 Res in  c a r b o n i z a t i o n  r e j ec t  and 
samples 

Converted r e s i n a  

Coated p a r t i c l e s  

Green rods 

1 2  Res in  c o n v e r s i o n  re jects  and 
samples  

530 P a r t i c l e  c o a t i n g  iejert and. 
samples  

1 3  Reject rods ,  saiiples, and a s s a y  
cal i h r a t i o n  s t a n d a r d s  

Carbonized r o d s  11 QA samples  

Reject b l o c k s a  1 2  Reject b l o c k s  

Coated p a r t i c l e s  and 18 Coa t ing  chamher s c r a p i n g s  and 
ca rbon  f r i t s  

Epoxy-impregnated r o d s  0.15 M e t a l l o g r a p h i c  mounts 

u s 0 8  a s h  3 Sample i n s p e c t i o n  s t a t i o n  
~ __. .................. .- .- . 

aRoutine p r o d u c t i o n  of t h i s  t y p e  of  was te  i s  n o t  a n t i c i p a t e d .  
F i g u r e s  r e p r e s e n t  d a i l y  a v e r a g e ,  b u t  i n  f ac t  a n  i n f r e q u e n t  1aree b a t c h  
w i l l  have t o  b e  d e a l t  w i t h .  

Tablc  4 . 6 .  Estima-;tAd Maxi&% Gaseous KadioactivP Waste 
from t h ~  II'lYTK Kefabricai ion P i l o t  P l a n t  

- l___l_ ~. ....................... 

Flow 
............ ................................... Source Composition Des t ina t ion .  

(scfm) ( s t d  m 3 / s e c )  
_.I........I ~. ................................... 

Cell  exhaus t  A i r  9500 4 . 5  H F I R  s t a c k  

Misce l l aneous  of  f -gas  from A i r  ~ A r  , e t c .  6 00 
v e s s e l  purge and pneumatic w i t h  p a r i i c u l a t e  
t r a n s f e r  o p e r a t i o n s  a l p h a  a c t i v i t y  

0 .28  H F I R  s t a c k  

Coat ing c a r b o n i z a t i o n  and A r ,  H e ,  coinbust ible  80 t o t a l  0.038 Local  s t a c k  
g a s e s  20 each 0.0095 Local  s t a c k  a n n e a l i n g  f u r n a c e  

Samp 1 r i-nqpec t i o n  system A i r ,  A r ,  e t c .  90 normal 0.043 E i t h e r  s t a r k  
gl.ovebores and hoods w i t h  p a r t i c u l a t e  560 i n i l ~  0 .26  E i t h e r  s t a c k  

a l p h a  a c t i v i t y  _- ............ 
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4.12.2 Conceptual Design D e t a i l e d  D e s c r i p t i o n  

Fac i l i t i e s  are provided f o r  h a n d l i n g  and s t o r a g e  of product f u e l  

e lements ,  a r c h i v e  samples ,  and h i g h - l e v e l  s o l i d  waste c a n s  i n  t h e  e x i s t -  

i n g  TURF f u e l  s t o r a g e  b a s i n .  

fihzter.l:n 2s P e p i r e d  for  Re fabr-Leation of Reeye Ze Fue 2 EZenients - 
The necessary  materials f o r  recycle element r e f a b r i c a t i o n  are  l i s t e d  i n  

T a b l e  4 . 7 .  These i t e m s  p l u s  the  r e q u i r e d  p r o c e s s  s u p p o r t  chemicals  and 

materials are r e c e i v e d  and s t o r e d  i n  TURF. Urany l  n i t r a t e  f e e d  is t r a n s -  

p o r t e d  from Buildi l lg  3019 t o  TURF via  a s p e c i a l  s h i p p i n g  carrier and 

t ra i ler .  

Froduct Fuel Elements. - Cotnpleted f u e l  e lements  are removed from 

C e l l  E th rough t h e  roof  p o r t  i n t o  a c o n t a i n e r  and t r a n s f e r  s h i e l d  f o r  

t r a n s f e r  t o  t h e  TURF fuel s t o r a g e  b a s i n  f o r  i n t c r i n i  s t o r a g e .  

SoZ-Ld V m t e  Mxter<aIs - Canned w a s t e  materials are withdrawn from 

t h e  p r o c e s s  cel ls  i n t o  s h i e l d e d  carriers f o r  t r a n s f e r  t o  i n t e r i m  s t o r a g e .  

Smiples - T h i s  system p r o v i d e s  s h i e l d e d  carriers f o r  d e l i v e r y  oE 

r a d i a a c t i v e  samples t o  h o t  c e l l  f a c i l i t i e s  o u t s i d e  t h e  TURF and archive 

saniples f rom System 7 t o  t h e  f u e l  s t o r a g e  b a s i n .  

T a b l e  4 .7 .  Materials f o r  R e f a b r i c a t - i o n  of F u e l  Elements 

- 

Mate r i a l  o r  Equipment Quant i ty  for Type Storage 
24-hr Run Area i n  TURF 

Uranyl n i t r a t e  s o l u t i o n ,  kg U 

Coated thorium p a r t i c l e s ,  kg 

Empty g r a p h i t e  blocks 

Graphi te  plugs 

Graph it e dowels 

Poison rods 

Craphi te  cement, l i t e r  ( p t )  

F u e l  packaging mater ia l ,  m3 (ft3) 

Shim p a r t i c l e s  ( g r a p h i t e ) ,  kg 

4 

15 

3 

67 5 

9 

6.18 

0 . 4 7  (1.) 

0.28 (10) 

15 

Alpha contained 
and shitl ded 

Alpha contained 

General 

General 

General 

General  

i; m e  r ii 1 

General 

General 

Matrix slugs 13 mm diam by 25 mm (112 by 1 i n . )  10,000 General 
I _I 
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5. RECYCLE FUEL IRRADIATIONS (SUBTASK 230) 

I?. J .  Homan 

5.1 INTRODUCTION - F. J. Homan 
During the  present r epor t ing  per iod  t h e  e n t i r e  Thorium U t i l i z a t i o n  

(ThU) Program w a s  reorganized,  and t h e  r ecyc le  f u e l  i r r a d i a t i o n s  work was 
designated Subtask 230. Subtask 230 w a s  organized i n t o  f i v e  work u n i t s :  

Work Unit. 2300: f u e l  performance assessment,  

Work Uni t  2301: capsule  i r r a d i a t i o n s ,  

Work Unit 2302: Peach Bottom i r r a d i a t i o n s ,  

Work Unit  2303: l a rge - sca l e  r e c y c l e  element (LSRE) i r r a d i a t i o n s ,  

Work Unit  2304: r e f a b r i c a t e d  f u e l  r ecyc le  element (RFKE) i r r a d i a t i o n s .  

The work on r ecyc le  f u e l  i r r a d i a t i o n s  has  always been p a r t  of t h e  

Nat ional  Fuel Development Program Plan f o r  zhe Steam Cycle HTGR. A t  t he  

end of t h e  r e p o r t i n g  per iod  this program p lan  was reorganized around 

fou r  goals:  

Goal 1: q u a l i f y  i n i t i a l  and makeup (I.M.) f u e l  and processes f o r  t he  

Goal 2: q u a l i f y  r e fe rence  r ecyc le  f u e l  and manufacturing processes  

Goal 3: q u a l i f y  backup t o  developmental r e fe rence  I . M .  and r ecyc le  f u e l ,  

Goal 4 :  

Coincident wi th  t h e  r eo rgan iza t ion  of t h e  Nat iona l  HTGR Fue l  Development 

Program w a s  a r eo rgan iza t ion  w i t h i n  ERDA. 

Program w a s  moved from t h e  Div is ion  of Reactor Research and Development 

t o  a newly c rea t ed  Div is ion  of Nuclear F u e l  Cycle and Production. For 

t h e  Nat iona l  HTGR Fuel  Development Program t h i s  meant t h a t  t h e  funding 

f o r  program a c t i v i t i e s  w a s  coming from two s e p a r a t e  d i v i s i o n s  of ERDA _- 

RKD and NFCP. It has  always been recognized t h a t  t h e r e  are many paral le l  

ac t iv i t i e s  involved i n  t h e  development of f r e s h  and r ecyc le  f u e l ,  and 

i n  f a c t  t he  same personnel  and i r r a d i a t i o n  f a c i l i t j e s  a t  ORNL are used  

i n  both programs. It w a s  t h e r e f o r e  l o g i c a l  t o  move money from t h e  ThU 

Program t o  t h e  HTGR Base Program s o  t h a t  a l l  t h e  money f o r  HTGR fuel 

development would be i n  one program, and i n  one ERDA d i v i s i o n .  This 

w a s  accomplished, i n  p a r t ,  i n  June 1975. 

l a r g e  HTGR, 

f o r  t h e  l a r g e  HTGR, 

development of e s s e n t i a l  t e c h n i c a l  support .  

The Thorium U t i l i z a t i o n  
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While t h e s e  changes were made a t  t h e  end of t he  r e p o r t i n g  p e r i o d ,  

i t  h a s  beeri decided  t o  s c r u c t u r e  t h i s  r e p o r t  around the new f u a d i n g  

arrangement - - - ~  both  t u  e s t a b l i s h  a sound f rainework f o r  futuire  r e p o r t i n g ,  

and !YO provide  c o n t i n u i t y  f o r  t h e  f u e l s  work r e p o s t e d  i n  t h i s  annual  

r e p o r t .  Accordingly,  al l .  work done i n  s u p p o r t  of t h e  f o u r  g o a l s  pre- 

v i o u s l y  l i s t e d  f o r  tile HTGR f u e l  devehpment  program i s  r e p o r t e d  else- 

where,  ' i n c l u d i n g  work suppor ted  by both  the Base Program and t h e  ThU 

Program. 

The work former ly  a s s o c i a t e d  w i t h  the f i v e  work u n i t s  l i -sced f o r  

Siibt.ask 230 of ishe ThU Trogram h a s  been i n c o r p o r a t e d  under g o a l s  2, 3,  

and 4 of t h e  National. HTGR Fuel Development Program. Sone work i s  still.  

funded from t h e  'L'hU Program, under work u n i t s  2302 and 2303 of  Sub task  230. 

i n  a d d i t i o n ,  t h e r e  i s  some j o i n t l y  funded work (IITGK Base Program and 

Subtask 210 of t h e  'I'hU) on k e r n e l  c a r b o n i z a t i o n  and convers ion ,  S i c  and 

pyrocarbon e h a r a c % e r i z a t i o n ,  and process  l a t i t u d e  i n v e s t i g a t i o n s .  T'nis 

work i s  r e p o r t e d  i n  Chap. 3 05  t h i s  r e p o r t .  

5 . 2  PEACB BOTTOM IRRADIATIONS (WORK U N I T  2302) 

Seven Recycle Test Elements (RTE) have been  i r r a d i a t e d  i n  t h e  Peach 

Bottom Reactor .  17hree w e r e  removed and partia'i.1.y examined p r e v i o u s l y .  

The Peach B o t t o m  Reactor was s h u t  down i n  October 1-974, t e r m i n a t i n g  

i r r a d i a t j - o n  on t h e  f o u r  remaining RTEs at about: h a l f  of peak 1-arge HTGR 

exposure ,  P r o g r e s s  on t h e  p o s t i r r a d i a t i o n  examinati-on of t h e  RTEs i s  

r e p o r t e d  be low.  T h i s  work, i s  scheduled  f o r  completzion d u r i n g  FY 3.976, 

w i t h  a f i n a l  r e p o r t  on t h e  KTEs t o  b e  i s s u e d  i n  September 1 9 7 7 .  

5 . 2 . 1  P o s t i r r a d i a t i o n  Examination of RTE-7 I__ - ~ E .  J , .  Long, Jr .  
____......-.-.....I..- ___I --.. __ ....... 

The o p e r a t i n g  h i s t o r y  and r e s u l t s  from t h e  ear l ie r  examinat ions of 

R E - 7  have been r - .p0rt?- t3 .~ 

l o g r a p h i c a l l y  u n t i l  t h i s  r e p o r t i n g  p e r i o d  because  w e  d i d  n o t  have t h e  

c a p a b i l i t y  r e q u i r e d  t.o p o l i s h  i r r a d i a t e d  T h C 2 .  T h e  f u e l  r o d s  examined 

i n  t h i s  r e p o r t i n g  p e r i o d  were RTE-7-3-3-3 and RTE- 7-5-5-5, which conta iked  

( 2 T b , U ) 0 2  B i s o  w i t h  'YhC;. B i s o  and UC2 T r i s o  w i t h  ThC2 Riso   fuel^ mlxtures ,  

respect ive1.y.  The f u e l  r o d  t h a t  conta ined  mixed oxi-de o p e r a t e d  a t  a 

Two f u e l  r o d s  had n o t  been examined metal- 
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des ign  center-l ine temperature of L215"G, and t-he rod t h a t  contai .ned UC:! 

~pe- r%t .ed  a t  I.L%O "C 'This element: Fnad accvnuI.a t:ed 252 eqi~Lvaleiit f u l l -  

p o w e r  days of c?xposurep and  he average. element burnup w a s  p r e d i c t e d  by 

GAC t o  be 2,4% FZNA. A peak neutron r'luence c): l  about 1 EO2? n / c m 2  

('.I%" 18 M e V )  was achieved,. 

Metal lographic  examination o f  a transverse s e c t i o n  thrni.igb the f ut31 

-roc1 thnt contained the  B%so-coated (2Th, V >  0 2  and T h C 2  kernels reveal-et! 

no unusual micros t ruc tu ra l  f e a t u r e s  a 'I'here was LIO evidence of f a i l  m e  

o r  pocen t in l .  f a i l u r e  o f  either the f i s s i l e  or f e r t i l e  part:icPes, nor 

was there any measurable amount of amoeba effect. A t y p i c a l  f issi le 

p a r t i c l e  from t h i s  rod is s h o w n  in FTg. 5.1.. 
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Examination of a t r a n s v e r s e  s e c t i o n  through t h e  f u e l  rod  t h a t  con- 

t a i n e d  t h e  Triso-coated UC2 and Biso-coated 'ThC2 k e r n e l s  (RTE-7-5-5-5) 

r e v e a l e d  no ev idence  of amoeba e f f e c t  i n  e i t h e r  t h e  f i s s i l e  o r  f e r t i l e  

p a r t i c l e s .  W e  no ted  one f i s s i l e  p a r t i c l e  t h a t  had f a i l e d  and had t h e  

appearance of a pressure-vesse l - type  f a i l u r e  [F ig .  . 5 . 2 ( a ) J ;  32.5 f i s s i l e  

p a r t i c l e s  were exposed i n  t h i s  p l a n e  of p o l i s h .  Although this one 

f a i l e d  p a r t i c l e  r e p r e s e n t s  a f a i l u r e  f r a c t i o n  of o n l y  0 . 3 % ,  an upper 

l i m i t  of 1 .7% f a i l e d  p a r t i c l e s  i s  i n d i c a t e d  a t  a 95% conf idence  i n t e r v a l .  

Examination of t h e  T r i s o  c o a t i n g s  a t  h i g h  magniEicat ioa r e v e a l e d  that  a 

s l i g h t  r e a c t i o n  had occurred  a t  t h e  inte:.rface between t h e  i n n e r  L T I  and 

S i c  on t h e  c o l d  s i d e  of t h e  f i s s i l e  p a r t i c l e s .  This r e a c t i o n  formed 

g r a p h i t e  f l a k e s  that  extended from t h e  i n n e r  s u r f a c e  of t h e  S i c  i n t o  

t h e  i n n e r  L T I  f o r  about  3 pm. This r e a c t i o n  a l so  resulted i n  s l i g h t .  

a t t a c k  on t h e  i n n e r  s u r f a c e  of t h e  S I C  l a y e r  t o  a depth  of 1 t o  2 p. 

The appearance of t h i s  r e a c t i o n  on t h e  c o l d  s i d e  of t h e  p a r t i c l e s  s u g g e s t s  

t h a t  t h e  r a r e - e a r t h  f i s s i o n  p r o d u c t s  are r e s p o n s i b l e .  A t y p i c a l  f i s s i l e  

p a r t i c l e  i s  shown i n  F ig .  5 .2 (b ) ,  and t h e  appearance of [:he g r a p h i t i z e d  

r e g i o n  adjacent :  t o  t h e  S i c  i s  shown i n  Fig.  5.3. 

5 . 2 . 2  P o s t i r r a d i a t i o n  Examinat-ion of Fue l  RGds from RTE-4 - 
E .  L e  Long, .Sr- 

The r e s u l t s  from t h e  p h y s i c a l  examinat ion of t h e  f u e l  r o d s  from 

RTE-4 t h a t  had been  i n  t h e  Peach Bottom Reactor  f o r  384 e q u i v a l e n t  f u l l -  

p i ~ ~ ~ r  days have been  r e p o r t e d  p r e v i o u s l y .  The m e t a l l o g r a p h i c  examinat ion 

was delayed u n t i l  w e  had the c a p a b i l i t y  t o  p o l i s h  c a r b i d e  f u e l s .  The 

mechanical  p o l i s h e r s  have been i n s t a l l e d  i n  t h e  h o t  cel ls ,  and t h e  

p o l i s h i n g  techniques  have been r e f i n e d  t o  e n a b l e  us  I r o  a d e q u a t e l y  

p r e p a r e  T r i s o  and Biso systems f o r  m e t a l l o g r a p h i c  e v a l u a t i o n .  

The f u e l  h a d i n g  combinat ions and forms f o r  RTE-4 are shown i n  

Table  5.1.  The f u e l  examined from body 1 o p e r a t e d  a t  a n  e s t i m a t e d  

iizaxitnum end-of - l i fe  tempera ture  of 760°C and conta ined  Biso-coated dense 

UC2 f i s s i l e  p a r t i c l e s  and Biso-coated ThC2 f e r t i l e  p a r t i d e s .  Examhat ion  

of a t r a n s v e r s e  s e c t i o n  r e v e a l e d  no p a r t i c l e s  t h a t  f a i l e d  as a r e s u l t  

of t h e  irradia-t::i.on t es t ;  however, two of t h e  Biso coat i -ngs had been 
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k’i g .  5 . 3 .  L o c a l i z e d  Graphitization of Kegions (hrruwq) of the Pyro- 
carbon Coating Adjarcn t  i o  ~ n n e r  S u i f a c e  o f  S i c  Layer on t h c  Cold Side of 
Lilt ,  P a r r i c l e .  Polarized 1ighL. 

Table 5 .1 .  P’uc! TmadiLxg Scheuie f o r  RTE-4 

- Fiiel  Particle Type 
k l l ?  1 F u e l  

Form Type 
- Body 

Fissile F e r t i l e  

6 c Blended“ U C z  Biso 
bed 

T h C 2  Biso 

5 d Rods (2Th,U)02 B i s o  ‘L’hC2 Biso 

4 f Rods‘ U C 2  T r i s o  T h C 2  Biso 

3 a B1 ended“ ( 4 . 2 T h , U ) 0 2  Biso ThC2 B i s o  

b 

b e d  

2 f R 1  endedC U C z  T r i s o  
bed  

ThC2  B i so  

1 e Rods‘ lJc2 R1so ThC2 Biso 
- -- ___I___ 

%!ended beds contain g r a p h i t c  powder as a bed s t a b i l i z e r  i o  

’Carbonized i n  coverod graphj te t r a y .  
e 

prevent  segrrgarion. 

C a r b o n i z e d  in fuel b o d y .  
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broken dur ing  f a b r i c a t i o n .  There w a s  [io evidence of amoeba e f f e c t  w i t h  

e i t h e r  t h e  IJC2 o r  ThC2 ke rne l s .  Although none of t he  c o a t i n g s  SIIOW:-~~ 

i n d i c a t i o n s  of p o t e n t i a l  f a i l u r c ,  the coa t ings  on t h e  UC2 kernels con- 

t a ined  sooty reg ions  t h a t  de l inea ted  l a y e r s  in the PyC., A L S O ,  i n  

numerous par t ie l  es t h e  outermost- layers  contained cracks tha t  pr-opagnrivl 

i n t o  t h e  coa t ings  f o r  20 t o  30 li111.. 'Typica l  f l s s i l e  p a r t i c l e s  &Torn this 

f u e l  rod are shown i n  Fig.  5 . 4 ,  

Fig. 5 . 4 .  Typical  Biso-Coated UC;! Fissi1.e P a r t i c l e s  f r o m  F u e l  Rod 
RrE-4-L-I- 3 .  

A f u e l  syst-em of Triso-coated dense UC2 and Biso-coated T h C 2  was 

included i n  t h i s  element f o r  comparison. W e  selected rrom body 4 a 

f u e l  rod t h a t  had a maximum end-of- l i fe  f u e l  temperature  es t inmted  t o  be 

11OO"C, Examination of a transverse section through this f u e l  rod 

revea led  no evidence of amoeba i n  e i t h e r  t he  1JC2 o r  'ChCr. A t y p i c a l  

f i s s i l e  p a r t i c l e  is  shown i n  Fig.  5 . 5 .  Examination of 526 Triso-coated 
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Fig .  5.5. Typical. Triso-Coated UC2 F i s s i l e  P a r t i c l e  from F u e l  Rod 
RTE-4-4-1-3. T h i s  p a r t i c l e  w a s  l o c a t e d  2 mm from t h e  o u t e r  s u r f a c e  of 
t h e  r o d ;  t h e  c o l d  s i d e  oE t h e  p a r t i c l e  i s  on t h e  r i g h t .  

U C 2  p a r t i c l e s  r e v e a l e d  t h a t  3% of t h e  Sic c o a t i n g s  contai-ned s t r a i g h t -  

l i n e  f r a c t u r e s ,  and i n  1% t h e  o u t e r  T,TI had f a i l e d  a l s o .  Examination 

of t h e  f i s s i l e  p a r t i c l e s  under p o l a r i z e d  l i g h t  r e v e a l e d  t h a t  t h e  i n n e r  

L T I  had g r a p h i t i z e d  on t%e cold  s i d e  of t h e  p a r t i c l e ,  and t h e  i.rmer 

s u r f a c e  of t h e  S i c  w a s  s l i g h t l y  a t t a c k e d  to a depr:h of 5 1~111. A f a i l e d  

p a r t i c l e  i s  shown i n  F i g .  5.6,  i n  b r i g h t  f i e l d  and p o l a r i z e d  l i g h t .  

E l e c t r o n  microprobe a n a l y s i s  showed t h a t  t h e  graphi . t i zed  r e g i o n s  of the 

i n n e r  L T I  conta ined  t h e  r a r e - e a r t h  f i s s i o n  p r o d u c t s  - L a ,  C e ,  P r ,  and 

Nd - as shown i n  F i g .  5 . 7 .  About 10% of t h e  f i s s i l e  par t ic les  conta ined  

t e a r s  t h a t  extended about halfway through t h e  o u t e r  c o a t i n g s ,  a s  shown 

i n  F ig .  5.8.  This  i s  t h e  f i r s t  example o f  m a t r i x - p a r t i c l e  i - n t r r a c t i o n  

t h a t  we have observed i n  f u e l  r o d s  t h a t  had been carbonized  i n  a n  RTE 

g r a p h i t e  f u e l  body. Al.Lhough none of t h e  Biso-coated ThC2 p a r t i c l e s  

had f a i l e d  as a r e s u l t  of t h e  i r r a d i . a t i a n  tes t ,  two w e r e  found t h a t  had 

been crushed  dur ing  f a b r i c a t i o n .  
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was not: observed i n  any of t h e  p a r t i c l e s  i n  t h e  l o o s e  bed sample. The 

maximum Euel tempera ture  of t h e  l o o s e  bed sample  was e s t i m a t e d  t o  b e  

about  100°C c o o l e r  t h a n  t h e  fuel. r o d ,  and t h e  thermal  f l u e n c e  (G 2.38 eV) 

w a s  about  t h e  s a m e  ( 2 . 1  x l o z 1  n/cm2).  

p o i n t s  o u t  t h e  need f o r  d e t a i l e d  thermal  a n a l y s e s  of t h e  RTE experiments  

t o  t a k e  i n t o  account  t h e  changes i n  dimensions and r e l a t ive  thermal  

c o n d u c t i v i t i e s  with f a s t  n e u t r o n  damage. A d e t a i l e d  therrrml. a n a l y s i s  

of the W E  experiments  i s  under Tray. 

The above a p p a r e n t  d i s c r e p a n c y  

Body 3 conta ined  a b lended  bed of Biso-coated (4Th,U)02 f i s s i l e  

p a r t i c l e s  and Biso--coated ThC2 f e r t i l e  partitcles The sample examined 

meta l . lographica l ly  from t h i s  body o p e r a t e d  a t  an  estimated maximum end- 

o f - l i f e  f u e l  tempera ture  of 1120°C. There was no ev idence  of amoeba 

i n  e i t h e r  t h e  f i s s i l e  o r  t h e  f e r t i l e  p a r t i c l e s ;  nor w a s  t h e r e  any 

i n d i c a c i o n  of p o t e n t i a l  fail .ui-e i n  any of t h e  p a r t i c l e s .  

The blended bed conta ined  i n  body 6 w a s  a m i x t u r e  of Riso-coated 

UC2 and Biso-coated '&Cz p a r t i c l e s .  The sample examined from t h i s  

body o p e r a t e d  a t  an e s t i m a t e d  maximum e n d - o f - l i f e  f u e l  tempera ture  of 

1025°C. This  sample w a s  compared w i t h  t h e  f u e l  r o d s  from body 1 t h a t  

conta ined  t h e  same f u e l  system b u t  r a n  a t  a lower tempera ture  (760°C). 

The m i c r o s t r u c t u r a l  f e a t u r e s  i n  t h e  p a r t i c l e s  from b o t h  b o d i e s  w e r e  

s i m i l a r  i n  appearance;  t h a t  i s ,  no measurable  amoeba and no i n d i c a t i o n s  

of p o t e n t i a l  f a i l u r e  i n  e i t h e r  t h e  f i s s i l e  o r  f e r t i l e  par t i .c l .es .  The 

s h o r t  r a d i a l .  c r a c k s  noted  i n  t h e  p e r i p h e r a l  r e g i o n s  of t h e  Biso c o a t i n g s  

on t h e  UC;! kerne1.s i n  the f u e l  r o d s  were also p r e s e n t  in the loose-bed 

sampl-e, i n d i c a t i n g  t h a t  i t  w a s  i3 c o a t i n g  p r o p e r t y  problem and n o t  a 

f a b r i c a t i o n  problem. 

5 .2 .3  P o s t i r r a d i a t i o n  Examination of RTE-2 ___.. - E .  L.  Long, Jr. 

The t h i r d  i n  a ser ies  of r e c y c l e  test e lements ,  RTE-2, was discharged  

from the Peach Bottom Reactor  i n  mid-September 1.973, a f t e r  701 e f f e c t i v e  

ful l -power days.  The element w a s  r e c e i v e d  a t  O W L  i n  March 1.974, and 

d i s a s s e n b l y  s t a r t e d  i n  mid-April - The o v e r a l l  appearance of t h e  element  

was excellent,  wi.t:h no ev i~dence  of any l o c a l i z e d  r e g i o n s  of  a t t a c k .  A 

s o o t y  d e p o s i t  w a s  p r e s e n t  i n  t h e  r e g i o n  of t h e  lower s p a c e r - r i n g  of the 
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g r a p h i t e  sleeve. This soo ty  depos i t  rubbed o f f  e a s i l y ,  exposing t h e  

as-machined s u r f a c e .  Af t e r  the upper and l o w e r  g r a p h i t e  r e f l e c t o r  

s e c t i o n s  w e r e  c u t  o f f ,  t h e  s i x  g r a p h i t e  Fuel bodies  w e r e  pushed ou t  of 

t h e  g r a p h i t e  s l eeve .  The appearance of t h e  f u e l  bod ie s  w a s  excel- lent .  

T h e  f u e l  loading  combinations f o r  each of t h e  bodies  are g iven  i n  Table 5.2. 

Table 5.2.  KTE-2 - Fuel  Loading and Operat ing Temperatures 

- I-.__ 

Estimated max EOL Fuel Coated Par t ic les  
I Body Temperaturea Bed 

F i s s i l e  Fer t i le  
__. 

Type Type ( " C >  
__. 

b 1050-1140 € Rod b 6 

5 1 2  2 0-1 3 0 0 a Blended" 
bed 

12 40-1 2 60 e Ro db b 4 

3 1320-1360 f Blended' 
bed 

2d 1020-1190 d Ro d b 

1 620-10 80 e Blended 
bed 

uc2 
T r i s o  

( 4 T h ,  U) 0 2 

Biso 

uc 2 

uc 2 
T r i so  

(2Th,U)02 
B i S O  

uc 2 
Biso 

Biso 

ThC2 
Biso 

Thc2 
Biso 

T h C  2 
Biso 

Thc 2 

B i S O  

mc2. 
Biso 

Thc2 
Biso 

Maximum End-of-Life Temperature Range Along Length of Ind iv idua l  a 

Bodies,  Estimated from As-Fabricated Dimensions. Deta i led  thermal ana lyses  
under way inco rpora t e  i r r ad ia t ion - induced  dimensional changes. The 
d e t a i l e d  thermal analyses w i l l  b e  included i n  t h e  f ina l .  r e p o r t  on t h e  
r ecyc le  test elements .  

bCarbonized i n  f u e l  body. 
c Blended beds con ta in  g r a p h i t e  powder t h a t  w a s  added as a bed 

dCarbonized i n  covered g r a p h i t e  t r a y .  

s t a b l i z e r  t o  prevent  s eg rega t ion .  

A r e p r e s e n t a t i v e  number of f u e l  rods  (about 40%) were removed by tapping 

t h e  g r a p h i t e  bod ie s  on t h e  c e l l  f l o o r .  

t h e  prev ious  r ecyc le  test elements ,  t h e  f u e l  rods  t h a t  had been carbonized 

i n  t h e  g raph i t e  bod ie s  (bodies  4 and 6) w e r e  more d i f f i c u l t  to remove than 

A s  has been t h e  exper ience  wi th  
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those. ca rbon ized  b e f o r e  b e i n g  3.oaded i n  the g r a p h i t e  body (body 2 ) .  

g e n e r a l  appea rance  of the  fuel^ r o d s  c a r b o n k e d  i n  t h e  b o d i k s  was good, 

w i t h  o n l y  s l i g h E  e~vic ice of debonding o i  pat:tj.rles. Nost f u e l  rods  

had separaLzd ai. t h e  o r i g i n a l  i.i.itei-faces; i n  a few ins tac~ees ,  two fuel. 

r o d s  s t u c k  togetl l i ix.  'The two  fuel^ r o d  segments bowed n o t i c e a b l y ;  t h i s  

c o n t r i b u t e d  t o  t h e  dezrec' of d i f f i c u l t y  i n  reiiwval. from t h e  g r a p h i t e  

body. "Sooty" r e g i o n s  ~7er-e riott id a l o n g  t h e  f u e l  r o d s  f rom body 4 ;  t h e  

r o d s  from body 6 were f r e e  of sur face  d )sits. Examination of Ithe f w ? ~ .  

rods from body 4 r e v e a l e d  that -?he s o o t y  r e g i o n s  were riI.F;c:--colored. A s  

shown i.n Table  5 .2 ,  t h e  f u e l  i - i ~ l s  from body 4 c o n t a t n e d  a Xiso-Biso f u e i  

system, whi.1-e t h o s e  from body G contaiiied a Triso-Biso s y s t e m  aa:l oper i i ted  

a t  a lower tenipi 1:ur.o. W e  a l s o  no te t l  tha t  t h e  g r a p h i t e  s p i n e  sample 

froiil body 4 was more radL t:rive than t h a t  froin hotly 6 :  abou t  5 R a t  

0.61 111 ( 2  Lt) v s  200 mR. The. s p i n e  sample from body 3 ,  which contained 

a T-riso-Diso f w l  sys t em ( > I ? O O " C ) ,  was a l s o  a t  a r a d i a t i o n  1.evel. of  

abou t  200 mR. 

The 

'The O K N L  fuel-  r o d s  (carl:>on:i z e d  b e f o r e  l o a d i n g )  in g r c a p h i ~ e  body 2 

were e a s i l y  rem~vecl. The g e n e r a l  a p p e a r a n c e  of  the f u e l  r o d s  was excel- 

k n t ,  wi.th o n l y  s l i g h t  ev idence  of debonding. Of 24 f u e l  r o d s  removed 

from this body, t h r e e  were f o u n d  broken n e a r  mid-length , The b r e a k s  

" c l e a n , "  and examinat ion of t h e  fract;ure s u r f a c e s  revealed no broken 

coat i r rgs .  Examination of tiic;: su rEaces  of t h e  fiiel. r o d s  from one h o l e  

r e v e a l e d  n i n e  p a r  I: i cles  t h a t  had f a i l e d  i n  s e r v i c e .  

'The r e s u l t s  of the  dimttr,siorial i n s p e c t i o t r  of the ORNL f u e l  r o d s  

from body 2 are shown in Tab1.c 5 .3 .  Each fuel. rc:d di.amet:er- change reported 

i s  a n  ave rage  of s i x  d i a m e t r a l  measi.ii-ernents on each of f o u r  fuel. r o d s  on 

t h e  same h o r i z o n t a l -  p 1 . a ~  o r  2 4  measurements p e r  f u e l  rod posi~ki-on,  

Only o m  I.ength measurement was !!lade p e r  rod; b u t  c h i s  r e p r e s e n t s  a n  

ave rage  va lue  of fou r  measurements p e ~  fuel rod  pos i t i o - t i .  The f u e l  r o d s  

shrank n e a r l y  isat-ropi.c:all.y; measured (ADID) / (AL/i) val i ies  ranged from 

0.82 to l . 0 8 .  

Dimensional i i l s p e c t  i o n  of  t h e  fuel. rods ca rbon ized  i n  graphi.t:e 

bodies 4 arid 4 sho7ired ave rage  diarrirtcr changes of -7 .73  and -3 .24%,  

r e s p e c t i v e l y .  The fur!. i n  body 4 w a s  a Ki.sa-Bi.so system 2nd wan expec ted  
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Table 5.3. Dimension Changes vs Fas t  F luence  
f o r  O W L  Fuel. Rods from RTE-2, Body 2 

Fas t  Fluence,  
>o. 18 MeV L W / D  

P o s i t i o n  A L / L  

Change, % 
~ ll_l._____.l__-.__ Fuel  Rod 

(n/cIil2) D i a m e  t e r L ii' ng t h 

la --2.20 -2.29 0.96 2.52 x l o z 1  
2 -2.57 -3. 15 0 .82  2 .65  

3 -2.80 -3.13 0 .89  2 .75  
4 -2 - 6  1 -2.89 0.90 2.82 

5 -2.91 -3 . 0 8 0 .94  2.88 

6 --3.16 -2.93 1-08 2 .92  

A v  -2 .71 -2.92 0 . 9 3  2 , 7 5  
_l_lll___̂ __~__Î __. .-- -l._._l__._.._.._ 

a Bottom f u e l  ~ o d .  

t o  sh r ink  m o m  than t h e  Triso-Biso system i n  body 6.  The average f a s t  

f l u e n c r  (Xl.18 MeV) a l o n g  botly 4 w a s  2.8 X 

a long  body 6 .  

n / m 2  and 1 . 4  x POz1 n/cm7 

T ~ ~ I ~ S V P T - S ~  sections through f u e l  rods f rom the maximum temperature 

r e g i o n s  f r o m  bod ies  2 ,  4 ,  and 6 w e r e  examined m ~ ~ a l l o g r a p h i c . ~ ~ L y .  A 

f u e l  rod Prom body 2 showed no coa t ing  f a i l u r e s  o r  i r ~ d i c c i t i o n s  u f  

coa t ing  f a i l u r e s  out: of 53 (2TZi ,U)O2 Biso-coated fissile p a r t i c l e s  

There w a s  no evidence of ke rne l  mig ra t ion  in e i t h e r  the fissile o r  

f e r t i l e  p a r t i c l e s .  No coa t ing  failures w e r e  found i n  t h e  ThCz Biso 

fe r t i l e  p a r t i c l e s .  T h e  appearance O €  particles from body 2 i s  shnwn i n  

F i g .  5 .9 .  
Examination of 611 UC:, B i s o  f i s s i l e  p a r t i c l e s  through a fuel rod 

f rnni the high- temperat UT'C r e g i o n  of body 4 revealcd no f a i l u r e s  - The 

only  s i g n i f i c a n t  change noted i n  t h e  eoaLings on tbr f i s s i l e  pa r t i c l e  

w a s  t h e  dens.if icat  ion and an accompanying increase i n  the antsotlropy of 

t h e  b u f f ~ r  l a y e r .  Examination of t h e  The2 Biso f e r t i l e  pari:ic3es revealed 

no f a i l u r e s .  The re  w a s  1'10 evidence of migra t ion  of e i t h e r  t h e  f i s s i l e  

o r  f e r t i l e  k e r n e l s .  T y p i c a l  f i s s i l e  p a r t i c l e s  are  shown i n  Fig.  5.10. 

Examination of 4 3 3  [JC? T r i s o  f i s s i le  pa r t i c l e s  through rl f u e l  rod  

f r o m  thct h i&- tempera ture  rclgioti of body 6 revea led  f o u r  pa r t  i c lcs  w i t h  
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'F 

Fig .  5 .9 .  T y p i c a l  Coated Par t ic les  from rh,n Mid-Radius of Fue l  Rod 
RTE-2-2-1-5.  (a) ( 2 T h , U ) O 2  Biso f i s s i l e .  (b) T h C 9  Biso fertile. 
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Fig.  5.10. Typical  UC2-Eiso F i s s i l e  Par t ic les  from Fuel  Rod 
RTE-2-4-1-1. 

f a i l e d  PyC and Sic coat ings ;  t he  ou te r  L T I  coa t ings  had f a i l e d  on 14 

p a r t i c l e s .  The f a i l u r e s  were i n  t h e  form of r a d i a l  c racks  and were 

of a mechanical na ture .  Tears t h a t  i nd ica t ed  ma t r ix -pa r t i c l e  i n t e r a c t i o n  

w e r e  p re sen t  i n  t h e  ou te r  L T I  l a y e r s  of about 25% of t h e  p a r t i c l e s  

(F ig .  5.11). 

Graph i t i za t ion  of t h e  cold s i d e  of t h e  inne r  LTI  w a s  noted j n  t h e  

f i s s i l e  p a r t i c l e s  ac ross  t h e  diameter of t h e  f u e l  rod. Graph i t i za t ion  

of t he  inne r  LTI  i s  normally a s soc ia t ed  with t h e  c o l l e c t i o n  of rare- 

e a r t h  f i s s i o n  products  on t h e  cold s i d e  of f i s s i l e  p a r t i c l e s  (F ig .  5.12). 

There w a s  no measurable amount of a t t a c k  of t h e  Sic from f i s s i o n  pro- 

duc ts .  One f i s s i l e  p a r t i c l e  w a s  found t h a t  contained a d e f e c t i v e  S i c  

layer. A p o r t i o n  of t h e  S i c  had chipped o f f  i n  t h e  f i n a l  s t a g e s  of S i c  

depos i t i on ,  as shown i n  Fig. 5.13. Examination of the Biso ThC2 f e r t i l e  

p a r t i c l e s  revealed no f a i l u r e s ,  a l though a l a r g e  fragment of a Biso 



F i g .  5.11. Appearance of a f r i so -Coa ted  UC2 F i s s i l p  P a r t i c l e  from 
hue1 Rod RTE-2-6 1-1. i h e  m i t e r  c o a t i n g  f a i l e d  as a r e s u l t  of matrix- 
p a r t i c l e  i n t e r a c t  ioi1. 

c o a t i n g  p.7l-f i a l  l y  surrounded a i ‘ r lso-coated p a r t i c l e .  There w a s  no 

eu;tl<,nce o f  kernel m i g r a t i o n  i n  e l t h e r  the f i s s i l e  o r  f e r t i l e  p a r t i c l e s .  

Samples sirere ilakrn from t h e  maximulir t empera tu re  r e g i o n  of e a c h  of 

the bodi ~5 c.ontaining t h e  blendell  beds  and examined ~ i e t  a l l o g r a p h i c a l l  y .  

No umiszial m i c r o s t r u c t u r a l  f e a t u r e s  w e r e  ohse t  ved i n  t h e  samplr froiii 

body 5 t h a t  operated a t  an e s t i m a t e d  maniinuni e n d - o f - l i f c  t empera tu re  of 

1300°C. l h ? r t >  was no ev idence  o f  m i g r a t i o n  of e i t h e r  t-hP (bTh,U)02 

f i s s i l e  o r  ?he rhC7 f e r t i l e  k e r n e l s ,  nor  w a s  t h e r e  a n y  i n d i c a t i o n  of 

f a i l u i e  o r  p o t e n t i a l  F a i l u r e  of e i t h r r   he f i s s i l e  o r  f e i r i l e  p a r t i c l e s .  

ExaminqTion oE tlie Biso-coai-:>ti U C ?  f i s s i l e  p a r t i c l e s  from body 7 _  

r r v e ? l e d  n o  unexpecicd changes.  The e s t i m a t e d  mxirnurn end of - l i r e  

f u e l  t c m p r r n t m e  i n  t h i s  body was 1080°C.  The kernel s c o n t a i n e d  numerous 

i r l a t i v e l y  s m a l l  f i h b i o n  gas b u b b l e s  and showed no ev idence  cf m i g r a t i o n .  
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F ig .  5.13. A Tri-so-Coated UC:! F i s s i l e  Par t ic le  with a Defect ive 
S i c  Coating from Fuel Rod RYE-2-6-1-1. 

Examination of t h e  coa t ings  under po la r i zed  l i g h t  c l e a r l y  revea led  a 

t h i n  ( 3  t o  4 pm) sealer coa t  t h a t  had been put  on the b u f f e r  coa t ing  

be fo re  depos i t i on  of t h e  o u t e r  L T I  coa t ing .  There w e r e  no d e l e t e r i o u s  

e f f e c t s  of the coa t ings  due t o  t h e  presence of t.he sealer coat.  No 

f a i l e d  p a r t i c l e s  were observed out  of 378 examined. Examinat.:ion of 

t h e  Riso-coated T h C 2  f e r t i l e  p a r t i c l e s  revea led  no evidence of k e r n e l  

migra t ion  o r  coa t ing  f a i l u r e s .  

Examination of the Triso-coated UC2 p a r t i c l e s  from body 3 showed 

s5gniEic:ant d i f f e r e n c e s  compared wi th  t h e  Biso-coated UCz p a r t i c l e s  

descr ibed above. The es t imated  m a x i m u m  end-of-l if  e f u e l  temperature 

f o r  the f u e l  i n  this body w a s  1360°C. A count of 472 Twiso coa t ings  

revea led  t h a t  1 7  SIC coa t ings  (3.6%) had f a i l e d .  S t a t i s t i c a l l y  t h i s  

r e p r e s e n t s  a f a i l u r e  f r a c t i o n  range between 2 . 8  and 5.4%, a t  a 95% 

confidence l e v e l .  The f a i l u r e s  w e r e  i n  t h e  form of s t r a i g h t - l i n e  r a d i a l  
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c racks .  Examination of t h e  coa t ings  under po la r i zed  l i g h t  revea led  t h a t  

t h e  f a i l u r e s  i n  t h e  coa t ings  w e r e  a s soc ia t ed  w i t h  g raph i t i zed  reg ions  

i n  t h e  inne r  L T I  l a y e r s .  The apparent  g r a p h i t i z a t i o n  of t h e  inne r  1,'J'I 

l a y e r s  had been a s soc ia t ed  wi th  t h e  c o l l e c t i o n  of t h e  r a re -ea r th  f i s s i o n  

products  La, C e ,  P r ,  and Nd on t h e  cold s i d e  of t h e  p a r t i c l e s  in Triso- 

coated UC2 i n  a p r i o r  r e c y c l e  test  element ( K T E - 4 ) .  This  same e f f e c t  

w a s  observed i n  t h e  s a m e  f i s s i l e  p a r t i c l e s  used i n  t h e  f u e l  rods  i n  

body 6 of t h i s  element. N o  tears  i n  t h e  o u t e r  s u r f a c e  reg ions  w e r e  

seen i n  any of t h e  f i s s i l e  p a r t i c l e s :  t h i s  suppor ts  t h e  ma t r ix -pa r t i c l e  

i n t e r a c t i o n  observa t ion  made f o r  t h e  f u e l  rods  contained i n  body 6 of 

t h i s  element.  

Thus, i t  a p p e a r s  t h e  performance l i m i t s  of t h e  S i c  l a y e r s  i n  this 

ba tch  of Triso-coated UCZ p a r t i c l e s  have been exceeded i n  t h i s  r ecyc le  

element.  Deta i led  thermal ana lyses  w i l l  b e  performed on t h i s  and o the r  

r ecyc le  elements i n  t h e  f u t u r e  by General Atomic Company i n  an e f f o r t  

t o  b e t t e r  d e f i n e  t h e  ope ra t ing  cond i t ions  of t h i s  element. Representa- 

t i v e  f i s s i l e  p a r t i c l e s  from bodies  1, 3 ,  and 5 are shown i n  Fig.  5.P4. 

5.2 .4  P o s t i r r a d i a t i o n  Examination of RTE-8 E .  L .  Long, S r .  and 
T. N .  Tiegs 

The f o u r t h  i n  a series of seven r ecyc le  test elements ,  RTE-8, w a s  

shipped from t h e  Peach Bottom Reactor s i t e  t o  ORNL i n  March 1 9 7 5 .  l i s  

element r e s ided  in t h e  r e a c t o r  f o r  8 9 7  equiva len t  full-power days. The 

fuel loading  combinations and ca rbon iza t ion  mode f o r  t h e  f u e l  rods used 

i n  t h i s  element are shown i n  Table 5 .4 .  The o v e r a l l  appearance of t he  

element w a s  normal, w i th  no unusual o r  unexpected f e a t u r e s ,  

product t r a p  and end f i t t i n g s  w e r e  c u t  o f f  and t h e  s i x  f u e l  bodies  

removed from t h e  g raph i t e  s leeve .  Dimensional measurements taken on 

g raph i t e  components of t h e  f u e l  element inc lude  t h e  s l eeve ,  f u e l  bodies ,  

sp ines ,  and f u e l  rods.  The r e s u l t s  w e r e  compiled and forwarded to  

General Atomic Company f o r  i nco rpora t ion  i n  t h e  d e t a i l e d  thermal a n a l y s i s  

f o r  t he  KTE series. 

T h e  f i s s ion -  

Fuel  rods  w e r e  removed from h o l e s  1, 5, and 7 in bodies  2 ,  3 ,  5 ,  and 

6 and h o l e s  1, 3,  5 ,  and 7 i n  body 4 .  Loose p a r t i c l e  samples w e r e  taken 
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T a b l e  5 - 4 .  Fuel. Loading Scheme f o r  RTE-1: 

Fuel Particle Type 

Fissi.1.r. Fer  t. :i. 3.e 

l.-l__..._-..l._.. ~ .................... Pur? 1 Boay 
T Y W  

from ho le  1 i n  body 1- A19 fslel  was v i s u a l l y  inspected wLth t h e  

s t. ~?recmic.  ro s co p e. and photog r z t p  h cd  a 

w i t ' h  v i r t u a l l y  no  tiebonding 

The T: o d. s a p  pe a ic e d j.11 good c o r ~ d  j. t: :i. I:) II 

Fue l  w a s  s e l e c t e d  f rom the  h i g h e s t  temperature r e g i o n  of each of 

the  f u e l  bodies  and submi t ted  for m e t a l l o g r a p h i c  exariifriat: i o n  '13e 

resrxlts of t h e s e  exaniinati.orts are s u m a r i z c d  below., 

Body 2. nie Triso-coated UC2 par t ic les  appeared in good t:olldition, 

w i t h  no g r a p h i t i z a t i o n  of t he  i n n e r  LTI. l ? n y  p a r t i c l e s  Tiad broken 

o u t e r  L'I~l~s. P a r t i c 1 . e ~  from t:he s;me batch w e i r e  iil.so irracl.ia!:eti :i.n li'%'E:-7, 

w h e r e  cracks were observed. Tziis eleniiln% w a s  i.rradi.ztecl f o r  a l o n g e r  

p e r i o d ,  and e v i d e n t l y  t h e  o u t e r  LTLs  have shrunk c s n s i d e v a b l y  w i t h  

i n c r e a s e d  exposure The Biso-coated T h C z  p a r t i c l e s  were 2.n good condi- 

t i o n ,  w i t h  no amoeba observed .  The b u f f e r  s e p a r a t e d  from Lhe h n e r  

L T I  and d e n s i f i e d  around t h e  kerne l .  i n  some p a r t i c l e s .  Typical  fi.ssile 

and fert-i le pa r t i c l e s  from body 2 are shown i n  Pig.  5.L5. 

Bo& 3.  N o  f a i l e d  Biso--coa-teci [iC2 or 'x11C7. partri.c.l.es were cobserved. 

No g r a p h i t i z a t i o n  mat  ri.x-part :i.cle interact  i.on, or arnocb2i w a s  seen e 

P a r t i c l e s  w e r e  i n  good c o n d i t i o n ,  though some had f a c e t e d  c o a t i n g s  o r  

m-i.ss?iaptxi ke rne l s  (Fi.g.  5.1.6) I 
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F i g .  5.15. Typical ?articles from Fuel  Rod WE-8-2-7-7. (a)  T r i m -  
coated U C z .  (b)  T r i so -coa ted  T h C z .  
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Body 4 .  No f a i l e d  p a r t i  d e s  o r  matrix- p a r t i c l e  in1 e r a c t i o n  was 

P a r t i c l e s  were in good coizdir ion,  though soiiie had f a c e t e d  

S l i g h t  amoeba w a s  observed i n  (2Th,U)02 p a r t i c l e s  (6 iim). 

observed.  

c o a t i n g s .  

A t y p i c a l  f i s s i l e  p a r t i c l e  i s  shown i n  F i g .  5 .17.  

F ig .  5.17. T y p i c a l  Biso-Coated (2Th,U)02 F i s s i l e  P a r t i c l e  from 
FIJPJ. Rod RTE-8-4-51. 

Body 5. Most Triso-coated UC7 p a r t i c l e s  (-0%) showed g r a p h i t i z a t i o n  

of t.he i n n e r  LT1  on t h e  co ld  s i d e  of Khe p a r t i c l e ,  w i t h  ev idence  O T  s l i g l l t  

( see  F i g .  5 .18) .  There were many broken o u t e r  

L T L s ,  and t h e  r e a s o n  i s  'clie s a m e  as f o r  body 2. The buf Eers s e p a r a t e d  

from t h e  i n n e r  J , T I  and d e n s i i i e d  around t ' n ~  k e r n e l  of t h e  Tr i so-coa ted  

The o u t e r  L T I s  on  about  h a l f  of the  f e r t i l e  p a r t i c l e s  

had f a i l e d  from f a s t - n e u t r o n  damage ( F i g .  5 . 1 9 ) .  
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Fig.  5.19. Triso-Coated ThC2 Fertile P a r t i c l e  from Fuel  Rod 
KTE-8-5-7-1. The f a i l e d  o u t e r  L T I  i s  a r e s u l t  of East-neutron damage. 

Body 6 ,  The UC2 p a r t i c l e s  appeared i n  good cond i t ion ,  wi th  no 

g r a p h i t i z a t i o n  of the i nne r  L T I .  Many p a r t i c l e s  had broken o u t e r  

L T I s ,  and t h e  reason  i s  t h e  same as f o r  body 2 .  T h e  ThC2 p a r t i c l e s  

were i n  good condi t ion  though some had f ace t ed  coa t ings .  No amoeba 

w a s  observed. 

T h e  meta l lographic  r e s u l t s  f o r  t h e  sample of l oose  p a r t i c l e s  Irom 

body 1 are not a v a i l a b l e  and w i l l  be  repor ted  l a t e r .  

5 . 3  LARGE-SCALE RECYCLE ELEMENT IRRADIATIONS (WORK UNIT 2 3 0 3 )  

T h e  FSVR test element program w i l l  not beg in  u n t i l  Spring 1977, 

when the  f i r s t  elements are scheduled t o  begin  i r r a d i a t i o n .  Pre l iminary  

planning w a s  accomplished dur ing  t h e  r e p o r t i n g  p e r i o d ,  and more substan- 

Live accomplishments wi 1.1 be  r epor t ed  i n  t h e  next progress  r e p o r t .  
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B r i e f l y ,  t h e  ORNL po r t ion  of t h e  test element program w i l l  inc lude  about 

90 test f u e l  rods  t o  b e  i r r a d i a t e d  i n  each of t h r e e  s tandard  FSVR f u e l  

elements.  

FSVR f u e l  o r  test f u e l  from o t h e r  s i tes .  General Atomic Company w i l l  

coord ina te  t h e  test wi th  t h e  r e a c t o r  owner (Publ ic  Serv ice  Company of 

Colorado),  and w i l l  b e  t e s t i n g  f u e l  and g r a p h i t e  i n  t h e  same tes t  element 

series. The f i s s i l e  f u e l  p a r t i c l e s  f o r  t h e  FSVR test elements were man- 

ufac tured  dur ing  t h e  r e p o r t i n g  per iod and are undergoing pre l iminary  

capsule  t e s t i n g  i n  t h e  OF-2 capsule .  S imi l a r  f u e l ,  manufactured i n  

labora tory-sca le  equipment, was i r r a d i a t e d  i n  t h e  HRB-9 and -10 capsules ,  

and i t  performed very w e l l .  A l l  t h e  f u e l  rods €or  t h e  FSVR test  elements 

w i l l  b e  manufactured i n  engineer ing-scale  equipment be ing  developed f o r  

t h e  HTGR Recycle Demonstration F a c i l i t y .  General Atomic Company w i l l  

be providing t h e  f e r t i l e  f u e l ,  shim material, and mat r ix  material f o r  

t h e  test. 

The remaining f u e l  i n  t h e  elements w i l l  be  e i t h e r  product ion 
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6 ENGINEERING AND ECONOMIC STUDIES (SIJHTASK 310) 

F. J. Homan 

6 , 1  IN'1'[IOI)UCTLON - M. S ,  Judd 

The purpose of S i b t a s k  310 i s  t o  guide  t h e  NTGR F u e l  Recycle  Program 

toward c o m e r c i . a l  a p p l i c a t i o n  i n  t h e  l a t e  1.980s. It u t i l i z e s  t h e  w o r k  

done i n  o t h e r  sub ta sks  t o  p r o v i d e  t h e  l i a i s o n  between t h e  development 

e f f o r t s  and t h e  d e s i g n  of a commercial. r e c y c l e  f a c i l i t y .  The long-range 

obj  ect ives are : 

1. t o  provi.de t h e  economic a n a l y s i s  and program c o o r d i n a t i o n  i n  t h e  

areas o f  f u e l  c y c l e  a l t e r n a t i v e s ,  envi ronmenta l  impact ,  s a f e t y  

a n a l y s i s ,  and sa . feguards procedures  t h a t  w i l l  permi t  t h e  development 

of a commerci.al WTGR fuel. r e c y c l e  i n d u s t r y  t h a t  w i l l  provide t h e  

d u a l  b e n e f i r s  of low f u e l  c y c l e  cos t s  and maximum u t i l i z a t i a i - i  of  

n a t u r a l  resources; 

2 ,  t o  e n s u r e  t h a t  the process  e v a l u a t i o n  and equipmeli t  developmerzt 

a c t iv i t i e s  under tilay i n  Task areas 100 and 200 remain r e l e v a n t  t o  

t h e  d m i g n  o f  a commercial recycle f a c i l i t y .  

Subtask 31.0 i s  composed o f  t h e  f o l l o w i n g  work 1 1 n i . t ~  : 

Work Unit. 3100 - Fuel  Cycle  Systems A n a l y s i s  

Work U n i t  3101 - A n a l y s i s  o.f Reprocess ing  Techniques 

Work U n i t  3102 - A n a l y s i s  of R e f a b r i c a t i o n  Techniques 

Work U n i . t .  3103 -- Environmental  Safeguards ,  and S a f e t y  A n a l y s i s  

6 . 2  ECONON'LC LUiALYSiS OF BTGR FUEL RECYCLE (WORK UNIT 31100) - W .  E .  Thomas 

The o b j e c t i v e s  of this work are t o  economica l ly  a n a l y z e  f u e l  cye1.e 

alt .ernatives.  P a r t  of t h i s  a c t i v t t y  i n v o l v e s  c o s t  esti.mati.oti o f  the 

r e p r o c e s s i n g  and refabri .c.at  i o n  steps i n c l u d i n g  c a p i t a l ,  operati r a g ,  and 

hardware costls. A computer code i s  now under  development t o  irnpI.ement 

.this analysis. 1 

T h e  code i s  des igned  t o  d e s c r i b e  n o t  on1.y c o s t s  i n  i n d i v i d u a l  

f u e l  r e c y c l e  f a c i l i t i e s ,  b u t  t h e  fuel .  r e c y c l e  ne.ed.s o f  t h e  HTGR segment 

of n garowlug reactor economy. In i t s  present :;taf.e of development,  the  
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c a p a b i l i t y  i s  conf ined  p-cincipal.1.y t o  c a l c u l a t i n g  a unual mainstream 

and s c r a p  r ecove ry  p r o c e s s  th roughpu t s  i n  f r e s h  Lcu~iil f a b r i c a t i o n .  The 

code w o r k s  from r e a c t o r  b u i l d  s c h e d u l e s  and f u e l  s p e c i f i c a t i - o n s  t o  

d e t e r m i n e  approximate IITGR growth and changing f u e l  f a b r i c a t i o n  r r q u i r e -  

ments over a 20-year p r o j e c t i o n .  

F i g u r e  6 . 1  show5 t h e  i n t e n d e d  o v e r a l l -  p rocedure  t o  b e  fol.lowed 

by t h e  code i n  a r r i v i n g  a t  c o s t s .  A t  p r e s e n t  t h e  code i s  func t iona l .  

i-n approx ima te ly  t h e  upper  h a l f  o f  t h e  f i g u r e .  A u s e r  may c l a s s i f y  

a l l  IlTGRs t o  h e  s e r v e d  by f u e l  c y c l e  p l a n t s  i n t o  as many as f o u r  

d i f f e r e n t  ~ y p c s ,  and may s p e c i f y  t h e  number of each ty-pe t o  b e  b u i l t  

each y e a r .  For example, t y p e s  iilay b e  d i f f e r e n t i a t e d  a c c o r d i h g  t o  such 

c h a r a c t e r i s t i c s  as s i z e ,  f u e l  r e s i d e n c e  t i m e ,  f u e l  s p e c i f i c a t i o n  and 

loadi-ngs.  

The code computes t h e  q u a n t i t i e s  o f  f u e l  ---- uranium and thorium ~ 

charged and d i s c h a r g e d  from a l l  IlTGKs (by t y p e )  o v e r  a 20-year h i s t o r y .  

The number o f  f u e l  e l e m e n t s ,  b o t h  conilrol. and re,gi~l.ar, i s  o b t a i n e d ,  

e n a b l i n g  t h e  detevmi.nation o f  fabr icaci-or i  and r e p r o c e s s i n g  r equ i r emen t s .  

The p o s s i b i l i c y  of  d e l a y  i r i  Lhe a v a i l a b i l i t y  of  r e p r o c e s s i n g  faci1.i t ie.s  

can a l s o  b e  i n c l u d e d  by a d a t e  spc :c i f i ca t io i i .  

F re sh  f u e l  f a b r i c a t i o n ,  chenr-ical r e p r o c e s s i n g ,  and r e f a b r i - c a t i o n  

are each subd iv ided  i n t o  major  p r o c e s s e s ,  examples of  which are f u e l  

rod  manufacture  and f u e l  element a s s e n h l y  . Annual p r o c e s s  th roughpu t s  

are computed w i t h  u s e r - s u p p l i e d  i n f o r m a t i o n  on re ject  f r a c t i o n s ,  waste 

f r a c t i o n s ,  and s c r a p  r ecove ry  parameters .  F i s s i l e  and f e r t i l e  p a r t i c l e s  

may be  s p e c i - f i e d  as any combinat ton o f  E l so  aid T r i s o  t o  determicle 

c o a t i n g  th roughpu t s  and g r o s s  heavy m e t a l  c o n t e n t ,  as well as secondary 

b u r n e r  throughput  i n  chemical p r o c e s s i n g ,  

The annua l  t h roughpu t s  determined f o r  each major s t ~ p  i n  chemical 

r e p r o c e s s i n g ,  f a b r i c a t i o n ,  and r e f a b r i c a t i ~ o n  form the  b a s i s  f o r  es t i -  

mating u n i t s  of  equipment r e q u i r e d ,  s p a c e  requi-rements , and c o s t s .  The 

expansion of  recyc1.c. p l a n t  c a p a c i t y  need not b e  assuimed as p roceed ing  

cont i -nuously.  Ra the r ,  t h e  u s e r  can s p e c i f y  d i s c r e t e  p l a n t  expans ion  

s c h e d u l e s  w i t h  equipment s i z e d  f o r  iilaximum throughput  between expans ion  

d a t e s .  
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- 
C O D E  INPUT -- 

FABRICATION-REPROCESSING-REFA8RICATION PLANT 

Problem c o n t r o l ,  r e j e c t  r a t e s ,  q u a l i t y  c o n t r o l ,  
process a l r e r n a t e s ,  p l a n t  b u i l d  arid exuansion 
schedules,  economic ground r u l e s ,  e t c .  

4 

ORNL-DWG 76-4046 

CODE INPUI_ 

REACrOR INFORMATION: 

B u i l d  schedules, f u e l  management, 
f u e l  d e s c r i p t i o n ,  f i s s i l e  and I I f e r t i l e  l oad ings ,  e t c .  

_I L 
COMBINE REACTOR DATA - 

(For up to  four  d i f f e r e n t  r e a c t o r  
spec i f i ca t i on , )  t a l  c u l  a t e  t iine- 
dependent f u e l  requi rements t o  
suppor t  HTGRs ( f i r s t  co res ,  annual 
r e f u e l  inq.  and f u e l  d ischarged)  I 

PLANT CAPAC I T_V EVALUATION 

Fvalua te  fabrication-reproces5ing-refabrication 
p l a n t  sy5tzm p r o d u c t i o n  r a t e s  r e q u i r e d  to suppor t  
HTGRs. C a l c u l a t e  demands f o r  f u e l  elemenr storage, 
waste handl i ng ,  r e j e c t  r e c l a m t l o n ,  e t c  

1 1 
I 7 
I J c 

CODE OUTPUT 

The i n p u t  data;  tintee-dependent, process-dependent t h o r i u m  
and uranium mass balance;  f resh  feed requi rements,  spent 
f u e l  element s t o r a g e  requi rements,  e t c .  

r I 

U t i l i t i e s ,  s a l a r i e s ,  Equipment s i z i n g  and 
consumable s u p p l  i e s ,  scaling data,  s t a f f i n g ,  
working c a p i t a l .  ma i r i tenance, consumabl e 

STORED L I BRARY 
OPERAT I NG COSTS 

.b 
HARDWARE COSTS 

Tim-dpendent  c o s t s  
for purchas i ng manu- 
Factured blocks ( f u e l  
and c o n t r o l  f u e l  
eleineri ts). 

I I i 

u t i l i t i e s ,  e t c .  
scop ic  c o s t  da ta .  

$. + 
ECONOMICS PACKAGE COSTS DURING C O N S T R U C T I O N  

Eva lua te  cos ts  d u r i n g  p l a n t  o p e r a t i n g  
h i s t o r y ,  cons i d e r  i n g :  

Taxes ( f e d e r a l ,  s t a t e ,  and local) 
Insurance 
DeDreCi3tiOn 
Return on  bonds and e q u i t y  
Lbca ldL ion  d u r i n g  o p e r a t i o n  

CAPITAL INVEST- 
MENT COSTS 

!.and and land  r i g h t s ,  
t u i l d ~ n g s ,  h o t  c e l l s , ,  
cool i ng towers,  
s to rage  f a c i l i t i e s ,  
process equipment, 
waste handl i n9  
equipment, aux i  1 i a r y  
equipment, s i t e  
improvement, cont  i n -  
gency, ~ t c .  

I 
Salve for u r l i t  f a b r i c a t i o n  c o s t ,  u n i t  

Fig.  6.1. Outline of Code Logic.  
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6 . 3  ANALYSIS O F  SBTPPING, RECEIVING,  AND STORAGE OF HTGR FUEL 
(VORK UNIT 3101) - J. W. Sn ider  

Shipping ,  r e c e i v i n g ,  and s t o r a g e  of s p e n t  HTGR f u e l  e lements  a t  

a coru.intr.r~-i.al. reprocessing plant. 1513 ,OOO-Plh!(e) ccono.m.y] were c ! v ~ J . I J ~ ~ ~ c ~ ,  

S i n c e  the design and c o n s t r u c t i o n  o f  t h e  r e a c t o r  iJi1.3. probably b e  

c a r r i e d  o u t  o v e r  a s i g n i f i c a n t  t i m e  p e r i o d ,  a f u l l - c a p a c i t y  (1.5 t o n s  

of heavy rnerxl. per  day? rc!processing p lhn t  w t l l  n o t  be r e q u i r e d  at: 

f i r s t .  Three a l t e r n a t i v e s  of  r e c e i v i n g  and s t o r a g e  were cons idered:  

1. a full 50,000 m$(e) r r a c k o r  econr:my I-lTGR reprocessing p1.ant, 

2. smaller m u l t i p l e  r e p r o c e s s i n g  p l a n t s ,  and 

3 .  a s i n g l e  modular g1.a.nt. 

Both a s-tagger-ed r e a c t o r  d i s c h a r g e  and a s e a s o n a l  reactor d i s c h a r g e  

were? consi.deirt?d. T h e  s e a s o n a l  resciior d i s c h a r g e  w a s  c o n s i d e r e d  f o r  t w o  

50% d i s c h a r g e s  s i x  months a p a r t  and f o r  a 67% d i s c h a r g e  and a 33X d i s c h a r g e  

s i x  months a p a r t .  The s e a s o n a l  r e a c t o r  d i s c h a r g e  was assumed t o  S)CCIII- 

over  a six-week p e r i o d  - C o n s i d e r a t i o n s  and cmncli.~s i.ons f o r  t h e  three 

rnat i .ves  a r e  prc.sent:ed 

6 .3 .1  Ful l -Sca le  Comiiereial P l a n t  - J .  W. S n i d e r  and D.  C .  Watkin 

A s t u d y  of primary burning’ had i n d i c a t e d  I-hdt a t  least  one-fourth 

t o  one-half of an annual  r e a c t o r  d i s c h a r g e  should  b e  burned diu-irig a 

burner  campaign w i t h  t h e  t o t a l  d i s c h a r g e  preferred. ‘Thus , t h e  x c m u -  

lation of large numbers of s p e n t  f u e l  e lements  from a s i n g l e  r e a c t o r  

f o r  feed t o  t he  r r u s h r r  d u r t n g  a buriinp campaign i s  required. 1 t w a s  

a.e,c;urmed t h a t  the Fuel WES moved f rom the  r e a c t o r s  as q u i c k l y  as p o s s i b l e  

2nd t h a t  t h e  f u e l  e lements  were n o t  s o r t e d  b e f o r e  s h i p p i n g  as t o  f u e l  

t y p e  (IM, 7 3 K ,  and 2 5 R ) .  

With the  a v a i l a b i l i t y  of two s h i p p i n g  casks  ( r a i l )  p e r  reactor, 

s h i p p i n g  48 s p e n t  f u e l  e lements  p e r  t r i p  and a l s o  reLurning  t 1 7 \ >  23R and 

75R r t .cycJc IucJ  cleiwnt::;, t h e  c a s k  f ‘ l p r t  can t r a m s p o r t  o n l y  f i v e  annual 

reactoi d i s c h a r g e s  11000 f u e l  e lements  f o r  d i s c h a r g e  for a 1150-MCJ(e) 

r e a c t o r ]  per  month. ‘Thus, t h e  cask fleet i s  ope ra t ing  ien nioaths pe?r 

y e a r  (scc ‘l’ahle 6 . 1 ) .  
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T,dil.e 5.1. E s t  i i i iated Turnaround Times f o r  t h e  S h i p p i n g  C a s k s  

Procedure  

S p e n t  -Elh.el Shipping 

'rravel t o  reacror 1" 
Loading at r e a c t o r  1 (l/day -t- 2-day queue) 
Travel t o  r e p r o c e s s i n g  p l a n t  
Unloading a t  r e p r o c e s s i n g  p l a n t  ( 4 / d a y  -t- 4-day queue)  

TOTAL 

-. Recyl - e F u e l  Shipping 

Travel t o  r e a c t o r  2" 
Unloading a t  r e a c t o r  2 (2/dny f 2-day queue) 
Travel t u  r e a c t o r  1 

22 

5 
5 
5 

TOTAL 

lll_ Average -_- ' r i m  of S h i p p i n g  

Spent  fuel. (100% x 22 days)  
Recycle  f u e l  (40% x 15 days)  

AVERAGE 

15 

22 
6 

28 
I_ 

% a c t o r s  1 and 2 are i n  d i f f e r e n t  s e a s o n a l  d i s c h a r g e  srliemes. 

The r e c e i v i n g  area was assumed t o  have a d a l l y  eapacii:y of 4 t i m e s  

the average  d a i l y  p l a n t  c a p a c i t y .  'I'his results i n  t h e  h a n d l i n g  of about. 

1 2  casks p e r  day ~r t h e  unloading ,  can emptying, s o r t i n g ,  recaririing 

after sort:itig, and p l a c i n g  i n t o  s t o r a g e  about  600 s p e n t  f u e l  el.ements 

per clay, Single-can lnandllng of f o u r  e lements  i n  t h e  cask clans and 

~ Q U T  o r  s i x  e lements  i n  t h e  s t o r a g e  cans  p r e s e n t s  a s ignif : i .cant  moue- 

ment probI.ern w i t h  can emptying, I.oadi.ng, and can rIioving. 

W e  conceived a system thak  moves the cans in  groups of 12, and the 

sorting i s  done  whenever the cans  are removed from s to rage ,  wlier) the 

d a i l y  flow of f u e l  e lements  i s  n e a r  t h e  p l a n t  average .  A s c h t m a t i c  

flowsheet s h o w h g  the sequence of  C>perai?j.QnS is  shown i n  F i g .  6 . 2 ,  

I n  this concept the 1 2  containers f r o m  a cask are t r a n s f e r r e d  into a 

c a r o u s e l - t y p e  c o n t a i n e r  ho lder  and t r a n s f e r r e d  w i t h  a crane t.o a 



FROM REACTOR S I T E  

3 1 2  

O R N L  D W G  7 4 - 1 0 0 9 1  

S H I P P I N G  CASK 

I 2  FUEL S H I P P I N G  CONTAINERS 
~~~ 

4 ELEMENTS/COVTAINER 
- .~ ~ - - - - - .- .- - - - 

48 F U E L  E L E M E N T S  ~ TOTAL 

REPROCESS I NG PLANT 
SECONDARY CONTAINMENT 

6 R A I L  CASKS 

I 
L 

-1 I FUEL S H I P P I N G  CONTAINERS I 

CAROUSEL-TYPE I CAROUSEL-TYPE 
CONTAINER HOLDER 

TO 1 GAS LOCK AND CAROUSEL ! rRANSFER TUNNEL 

j DECANN I N G  S T A T  I ON 

- - - - -  -I-- 

TO SURNERS 

1 FUEL TRANSFER DOLLY I 

FUEL ELEMENT I D E N T I F I C A T I O N  

1 ~ 

C O N T A M I N A T I O N  

BARE FUEL E L E M E N r  
CAROUSEL AND EMPTY 

S H I P P I N G  CONTAINERS 

FUEL STORAGE TUNNELS 

500 T ~ A N S F E R  C A R T S  
~ - - - _ .- . .~  ... - - - - ... 

24 ,000 FUEL ELEMENT C A P A C I T Y  I 
GAS LOCK 

... .~ 

FUEL ELEMENT TRANSFER CART 

F i g .  6 . 2 ,  Fue l  Element Handling Sequence A s s u m e d  f o r  t h i s  S tudy .  
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ca rouse l  conveyor tunnel .  There t h e  ca rouse l  i s  t r a n s f e r r e d  t o  a f l o o r  

ha t ch  beneath where t h e  spent  f u e l  elements are t r a n s f e r r e d  i n t o  a f u e l  

element t r a n s f e r  car t  (Fig. 6 . 3 ) .  The con ten t s  of a cask  are held  by a 

t r a n s f e r  cart  (Fig.  6 . 4 ) .  The cart i s  i n s e r t e d  i n t o  a below-floor 

s t o r a g e  tunnel ,  where i t  is  advanced i n  a manner similar t o  t h a t  of a 

push-through furnace  (Fig.  6.5).  Cooling gas passes through t h e  tunne l  

f o r  hea t  removal. The tunne l  con ta ins  one annual  r e a c t o r  d i scharge  when 

i t  is  f u l l .  A t  t h e  end oppos i t e  t o  where t h e  cart was i n s e r t e d  i n t o  t h e  

tunnel  it: i s  removed, and t h e r e  elements are so r t ed .  The empty cart is  

r e tu rned  through a cart r e t u r n  enc losure .  It is  r e f i l l e d  wi . th  elements 

and i n s e r t e d  i n t o  a tunne l  o r  i n s e r t e d  empty. 

b a r e  w i t h i n  t h e  cart (Fig.  6 . 4 ) .  

The elements m y  be stored 

Fig.  6 . 3 .  A Sec t iona l  V i e w  of t h e  S i x  R a i l  Receiving S t a t i o n s ,  t h e  
Carousel  Conveyor Tunnel, t h e  Fuel  Element T rans fe r  Bay, and t h e  Storage 
Tunne 1. 

Fig. 6 . 4 .  Trans fe r  Cart Used f o r  Spent Fuel  S torage  and Transfer .  
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F i g m  6.5.  A Sectional V i e w  0 5  t h e  S torage  lliirinel, Showing 
T r a n s f e r  Carts aiitl ,4dv:mce Mechanism. 

The 1-2 empty s h i p p i n g  contai-ners f rom the c a r o u s e l  are t r a n s f e r r e d  

t u  tihe decontaminat ion  ce l l s  and t h e n  returncxl t o  the r e c e i v i n g  area 

v ia  a conl:ainer conveyor. F igure  6.6 shows a pl.an view of such a 

s t o r a g e  area wi.th s i x  r a i l  and and s i x  truck r e c e i v i n g  s t a t i o n s ,  2 8  

tunnels  f o r  28 reactor d i s c h a r g e s  and t h e  r e l a t e d  areas iind c o r r i d o r s  

for a f u n c t i o n a l  f a c i l i t y  

The most s i g a i  fi-cant c o n c l u s i o n  drawn f r o m  t h i s  s t u d y  was that  

single.-can movement:s w i t h i n  a s t o r a g e - s o r t i n g  area are i.mp.1-actical and 

t h a t  t h e  t o t a l  cask load shou1.d h e  I I I G V ~ ~  within c:he ~torage-s~rting 

area t o  minimize the number of  t r a n s f e r s .  

5.3.2 _._. M d . t i p l e  Small-scale P l a n t s  - D. C .  Watkin 

A h y p o t h e t i c a l  small-sca1.e fuel r e p r o c e s s i n g  p l a n t  was cons idered  

f o r  a two-burner head-end systsm. T h i s  pl.ant: can  hand3.e up t o  nbou; 

15 r e a c t o r s ,  depend:ing upon t h e  pr imary b u r n e r  s i z e .  We a c t u a l l y  

c o n s i d e r e d  a 1 0 - r e a c t o r  r e p r o c e s s i n g  p l a n t  u s i n g  smaller b u r n e r s .  

T h i s  s i z e  p l a n t  r e p r e s e n t s  the smallest  increnienl: o f  system components 



Fig, 6 - 6 .  P lan  View of t h e  Receiving, H a n d l f ~ g ,  Storfrag, amd S o r t i n g  Areas of an ETGR Reprocessing Plant .  



t h a t  can b e  r e a l i s t i c a l l y  o p e r a t e d  ( i . e e 2  one b u r n e r  oppt -n tes  on L h e  IM 

e lements ,  the o t h c r  on 23R and 25R e l e m e n t s ) .  

With two s h i p p i n g  c a s k s  p e r  r e a c t o r  (21) t o t a l )  tire cask f l e e t  

can move one annual. d i s c h a r g e  p e r  month. Again, t h e  s h i p p i n g  f l e e t  wi l l  

b e  o p e r a t i n g  t e n  months per y e a r .  

6.3.3 Modular P l a n t  - J.  W .  S n i d e r  and D .  C .  Watkin 

When one c o n s i d e r s  t h e  u n c e r t a i n t i e s  i.11 t r y i n g  t o  bui1.d a r e p r o c e s s i n g -  

r e f a b r i c a t i o n  p l a n t  t h a t  w i l . 1  b e  of t h e  e x a c t  s i z e  r e q u i r e d  a t  f u l l  

c a p a c i t y ,  a nmdular p l a n t  a p p e a r s  a t t rac t ive .  W?ile t h e  u l t i m a t e  c o s t  

of t h i s  p l a n t  w i l l  b e  h i g h e r  t h a n  t h e  i n i t i a l l y  b u i l t  f u l l - c a p a c i t y  p l .an t ,  

i t  a i d s  w i t h  cask  f low,  a l l o w s  f o r  ad jus tment  o f  changes i n  L h e  K e a C t O l :  

growth c u r v e ,  a l l o w s  f o r  improved technology as modules are  added l a t e r ,  

and can accommodate r a t c h e t t i n g  r e g u l a t i o n s  a t  less c o s t .  

S i n c e  t h e  s t o r a g e  area connects  w i t h  the  head-end systems i n  a 

r e p r o c e s s i n g  p l a n t ,  b o t h  t h e  s t o r a g e  and head-end p o r t i o n  of the p l a n t  

must b e  modular. One such concept  i s  shown i n  F ig .  6 . 7 .  A mai.ntenancw 

and decontaminat ion c e l l  i s  l o c a t e d  a t  t h e  i n t e r s e c t i o n  of a "tee." 

One l e g  o f  t h e  "tee" serves the c r u s h e r ,  o'ne l e g  serves t h e  pr imary 

b u r n e r s  , and t h e  t h i r d  l e g  s e r v e s  t h e  secondary burn ing  and d i s s o l u t i o n  

equipment. That po.r t ion shown by s o l i d  S i n e s  would b e  b u i l t  f i r s t  and 

would accommodate 10 t o  15 r e a c t o r s .  That p o r t i o n  r e p r e s e n t e d  by dot:ted 

l i n e s  would b e  f o r  f u t u r e  expansi-on. T h i s  concept  would a l l o w  f o r  

i n c r e m e a t a l  expansion w h i l e  a l lowing  f u e l  r e p r o c e s s i n g  ~~7i.thj.n t h e  plant 

t o  c o n t i n u e  w i t h o u t  i n t e r r u p t i o n s  u n t i l  c o n s t r u c t i o n  i s  completed A t  

that  t i m e  t h e  removable w a l l s  t h a t  s e p a r a t e  t h e  o l d  p o r t i o n  of  t h e  pl.ant 

from t:he newly c o n s t r u c t e d  p o r i i o n  would b e  removed. T h i s  las t  step o f  

removing t h e  s h i e l d i n g  and containment w a l l s  may, however, prove t o  b e  

a formidable  problem. One approach would be t o  c o n s t r u c t  t h e  w a l l s  of 

s o l i d  s h i e l d i n g  b l o c k s  i n  such a way as t o  a f f o r d  adequat:e s h i e l d i n g ,  

b u t  a l s o  a l l o w  t h e  blocks t o  be removed w i t h o u t  s t r u c t u r a l l y  a-E Eecti.tig 

t h e  c e i l i n g ,  f l o o r ,  o r  walls t o  which t h e y  i n t e r f a c e .  T h i s  work could be 

done us ing  d i r e c t  mai-nienance t e c h n i q u e s .  However, t h e  i n n e r  l i n e r  , whi.cfi 

s e r v e d  as contai-nnient f o r  t h e  o l d  f a c i l i t y ,  would probably  need t o  b e  

remotely removed by c u t t i n g  i n t o  s r m l l  p i e c e s ,  which w i l l  b e  d isposed  o f  

as s o l i d  w a s t e s .  
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6 . 3 . 4  - Spent - F u e l  E l e m e n t  S t o r a g e  Capac i ty  - J. W. Sni.der 

\ h e n  t h e  s t e p s  between a s e a s o n a l  r e a c t o r  d i s c h a r g e  and t h e  r e l o a d  

of  t h a t  r e a c t o r  one y e a r  l a te r  are c o n s i d e r e d ,  i t  becomes a p p a r e n t  t h a t  

t o  meet t h i s  schedule  and u t i l i z e  t h e  r e c y c l e  e lements  w i t h  a one-year 

tu rnaround t i m e  t h e  s h i p p i n g ,  r e p r o c e s s i n g ,  and r e f a b r i c a t i o n  c a p a c i t y  

of t h e  p l a n t  w i l l  need t o  be 2 5 4 0 %  g r e a t e r  t h a n  t h a t  r e q u i r e d  by u s i n g  

300 o p e r a t i n g  days t o  de te rmine  c a p a c i t y .  T h i s  comes from t h e  f o l l o w i n g  

assumptions:  

1. Spent f u e l  shipments  from t h e  r e a c t o r  cannol: commence f o r  t h r e e  

months fo l lowing  r e a c t o r  shutdown, 

2 .  Recycle  e lements  should  b e  on s i t e  a t  t h e  r e a c t o r  one month 

b e f o r e  r e a c t o r  shutdown, 

3 .  Fuel  recovered  from s p e n t  f u e l  e lements  e n t e r i n g  head-end 

p r o c e s s i n g  r e q u i r e s  t h r e e  months f o r  r e p r o c e s s i n g ,  r e f a b r i c a t i o n ,  and 

s h i p p i n g .  

Thus, t h e  last  of a s e a s o n a l  r e a c t o r  d i s c h a r g e  must e n t e r  head-end 

o p e r a t i o n s  w i t h i n  f i v e  months from t h e  beginning  of shipment .  The more 

imbalance between t h e  s e a s o n a l  d i s c h a r g e s ,  t h e  more excess c a p a c i t y  t h e  

system must have. One can  avoid  o v e r c a p a c i t y  d e s i g n  of t h e  system by 

a l l o w i n g  a p o r t i o n  of t h e  r e c y c l e  f u e l  t o  o p e r a t e  on a two-year t u r n -  

around t i m e  . 
The amount o f  s p e n t  f u e l  s t o r a g e  c a p a c i t y  shown i n  F i g s .  6 .6  and 6 .7  

r e p r e s e n t s  about 50% of t h e  annual  amount t o  b e  r e p r o c e s s e d  by t h e  p l a n t .  

I f  t h e  p l a n t  i s  des igned  a t  less t h a n  50% s t o r a g e  c a p a c i t y  i t  may r u n  

i n t o  s i t u a t i o n s  i n  which t h e  head-end campaigns, less t h a n  a n n u a l ,  w i l l  

be  s h o r t e r  than  d e s i r a b l e ,  because  of t h e  u n a v a i l a b i l i t y  o f  fuel. t o  

r e p r o c e s s .  

6.3.5 R e f l e c t o r  Block H a n d l i n g -  J .  W. S n i d e r  

The r e f l e c t o r  b l o c k s  may amount t o  20 t o  30% of t h e  number of  s p e n t  

f u e l  e lements  per  r e a c t o r  d i s c h a r g e .  L f  t h e y  are t o  b e  handled at: t h e  

r e p r o c e s s i n g  p l a n t  t h e  s h i p p i n g  f l e e t  needs t o  b e  i n c r e a s e d  o v e r  t h a t  

d i s c u s s e d  above. However, i f  a separate c a s k  i s  designed f o r  t h e  

r e f l e c t o r  b l o c k s  and i f  i t  can  a l s o  h a n d l e  t h e  r e c y c l e  element sh ipments ,  
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t h e n  t h e  s p e n t  f u e l  s h i p p i n g  casks can o p e r a t e  between o n l y  t 5 ~ 0  s t o p s ,  

one a t  the r e a c t o r  f o r  s p e n t  f u e l  loading., and one a t  t h e  r e p r o c e s s i n g  

plant:  f o r  un loading .  This  reElector-recycle block  c a s k  w i l l  r e q u i r e  

less s h i e l d i n g  t h a n  t h e  s p e n t  f u e l  e lement  s h i p p i n g  c a s k ,  with a s a v i n g  

i n  s h i p p i n g  charges .  

6.4  CHARACTERIZhTZON OF EFFLUENTS FRON A CO1”TMERCLAL BTGR frlJEl, 
REFABRICATLON PLANT (WORK UNIT 3102) - M, S .  Jirtld 

The t y p e s  and q u a n t i t i e s  of chemical and r a d i o a c t i v e  e f f l i i e n t s  

t h a t  would b e  r e l e a s e d  f rom a n  assumed commercial-scale  fuel r 

c a t i o n  f a c i l i t y  t h a t  would accommodate a 58,000 ?.lw(e) 11TGR ec.onomy have 

been determined.  Tlie o b j e c t i v e s  w e r e  p r i m a r i l y  t o  establish the t y p e s  

and amounts of e f f l u e n t s  t h a t  would der-ive from such  a p l a n t ,  and 

secondly  t o  d e f i n e  t h o s e  p r o c e s s  areas where conf i rmatory  r e s e a r c h  and 

development are needed. 

be t e c h n i c a l l y  f e a s i b l e  and i n  most cases have been (leveloped t o  t h e  

s t a g e  where scale-up tQ fu l1-s ize  equipment i s  the  n e x t  l o g i c a l .  s t a g e  

of devesopment . 

The assumed processes have a l l  been shown t o  

The assumptions of reject rates and effluent composi t ions are 

a l l  based on c u r r e n t l y  avixi lable  d a t a  and c o n s e r v a t i v e  engineering 

e x t r a p o l a t i o n s  or  estimates. The data are p r e s e n t e d  i n  such a Eashiorr  

t h a t  t h e y  can be eas i ly  s c a l e d  t o  a d i f f e r e n t  throughput  or product ion  

rate. The releases of r a d i o a c t i v e  and t o x i c  materials t o  t h e  environment 

a.re minimal ,  b u t  t h e y  are n o t  n e g l i g i b l e ,  P r o p e r l y  scaled, this e f f l u e n t  

i n f o r m a t i o n  could  be coupled w i t h  s imi la r  i n f o r m a t i o n  from t h e  r e q u i r e d  

a d j a c e n t  HTGR Fuel  Reprocess ing  P l a n t  t o  p r o v i d e  S D U Y C ~  term f o r  an 

assessment of the e f f e c t s  of  such a p l a n t  on t h e  environment.. 

T h i s  s tudy i d e n t i f i e d  t h e  need f o r  c o n f i m a . t o r y  r e s e a r c h  sild 

development : i n  t h e  s c r a p  r e c o v e r y  and w a s t e  treatmeat a r e a s  C u r r e n t l y ,  

a development program (Work Unit  2109) Zs f u l f i l l i n g  these development 

needs.  

6 .5  SURVEY OF SAFEGUARDS PROBLEMS ASSOCIATED WITH THE HTGR FIJEL CYCLE 
(WORK UNIT 3103) - M. L. Tobias  

The a c t i v i t y  under t h i s  heading  h a s  t w o  p a r t s .  F i r s t ,  an internal 

document has been prepared  b e a r i n g  on the above s u b j e c t  and w i l l  e v e n t u a l l y  
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be  i ssued  as a f i n a l  r epor t . '  

U t i l i z a t i o n  Program have been kept  informed of sa feguards- re la ted  matters 

on a r egu la r  b a s i s  through t h e  monthly program r e p o r t s  oE t h e  Thorium 

U t i l i z a t i o n  Program. The information provided c o n s i s t s  of the fol lowing:  

1. n o t i c e s  of t h e  i ssuance  of r egu la to ry  guides t h a t  are r e l e v a n t  t o  

Second, t h e  members of t h e  Thorium 

safeguards planning and design;  

no t i ces  of changes t o  T i t l e  10 of t h e  Code of Federa2 ReguZations;  2 .  

3 .  i nd ica t ions  of po l i cy  t r ends  i n  t h i s  f i e l d  by r e p o r t i n g  of publ ic  

s ta tements  by r e spons ib l e  o f f i c i a l s ;  

4 .  r epor t ing  of t echn ica l  developments obta ined  a t  s c i e n t i f i c  meet ings,  

from t e c h n i c a l  j o u r n a l s ,  and from t o p i c a l  r e p o r t s  i s sued  by i n v e s t i -  

g a t o r s  a t  such c e n t e r s  as Brookhaven Nat iona l  Laboratory (Technical 

Support Organizat ion)  and Los  Alamos S c i e n t i f i c  Laborarory; 

5. r epor t ing  of occasionable  notab le  events  i n  t h i s  f i e l d ,  such as hlie 

i n v e s t i g a t i o n  of a l l eged  i r r e g u l a r i t i e s  a t  the  Kerr-McGee p lan t  i n  

Oklahoma. 

Several  conclusions were reached a f t e r  a n  examination of t h e  i s s u e s  

r e l e v a n t  t o  commercial f u e l  r ecyc le  p l an t s .  A p r i n c i p a l  conclusion is 

t h a t  t h e  most immediate concern should be f o r  phys ica l  s e c u r i t y  of t h e  

p l a n t  and only secondar i ly  on material  a c c o u n t a b i l i t y  procedures.  The 

l a t t e r  are b a s i c a l l y  pass ive  arid nonpreventive; they  detect: events  only 

a f t e r  they occur.  Fu r the r ,  they  can never be made tamper-proof o r  

p e r f e c t l y  accu ra t e ,  s o  both fa lse  alarms and f a l s e  assurances  are  

poss ib l e .  F i n a l l y ,  they cannot prevent acts of sabotage o r  v io lence .  

(These remarks are not intended t o  deny t h e  n e c e s s i t y  f o r  accoun tab i l i t y  

methods; they f u l f i l l  t h e  e s s e n t i a l  functi.o.11 of v e r i f i c a t i o n  o f  phys i ca l  

s e c u r i t y  procedures.  Extensive r e sea rch ,  moreover, i s  under way t o  

reduce che t i m e  lag mentioned between the d ive r s ion  o r  t h e f t  of nuc lear  

material and t h e  d e t e c t i o n  the reo f . )  Phys ica l  s e c u r i t y  procedures ,  on 

the o the r  hand, provide t h e  prevent ive  func t ion  both passi-vely and 

aggressi-vely.  'The l a t t e r  i s  t h e  chief  drawback, because excess ive  

act-i.vity i n  t h i s  r e spec t  - t h e  mul.t ipl . ication of  guards,  searches ,  and 

s u r v e i l l a n c e  ..-- can become not only expensive b u t  s t u l t i f y i h g  to t h e  

main bus iness  of t h e  p l a n t ,  which i s  rscycl. ing HTGR f u e l .  
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T h e  p r i n c i p a l  p o t e n t i a l  t h r e a t s  a g a i n s t  t h e  HTGR p l a n t  w e r e  

judged t.a be t h e  fol lowing:  

1. 

2.  armed t h e f t  by commandos; 

3. employee sabotage ;  

sabotage  and/or  d e s t r u c t i v e  a c t i o n  by commandos; 

4 .  t h e f t  of s p e c i a l  nuc lea r  material by employees i n  amounts t o o  

small t o  be  de t ec t ed  by a c c o u n t a b i l i t y  procedures  ; 

t h e f t s  l a r g e  enought t o  b e  d e t e c t e d  by a c c o u n t a b i l i t y  procedures.  

It w a s  concluded t h a t  p r e s e n t  r e g u l a t o r y  commission requirements  

5. 

w e r e  s u f f i c i e n t  t o  reduce p l a n t  v u l n e r a b i l i t y  t o  t h e f t s  of the types  

r ep resen ted  by 4 and 5 t o  t h e  p o i n t  where would-be t h i e v e s  would look 

elsewhere.  Most probably,  d i v e r s i o n  would be  at tempted i n  t h e  t r a n s -  

p o r t a t i o n  process .  Likewise,  phys i ca l  s e c u r i t y  measures expressed and 

implied by t h e  r e g u l a t i o n s  and guides  should be  adequate  a g a i n s t  i nd i -  

v i d u a l  i n t r u d e r s  but  no t  a g a i n s t  t r a i n e d  armed groups.  

techniques s p e c i f i c a l l y  u s e f u l  i n  prevent ion  of acts of t h e f t  or sabotage 

by employees are: 

1. 

Some o f  t h e  

preemployment sc reen ing  f o r  prev ious  job  h i s t o r y  and mental  

ins t a b  ili t y  ; 

2.  employee r e l a t i o n s  procedures:  

a. 

b. care i n  s e l e c t i o n  of s e c u r i t y  s t a f f  t o  avoid t h r l l l  s eeke r s  

coopera t ive  implementation of work d i s c i p l i n e  procedures ,  

and paranoids  

t h e  employment of p r o f e s s i o n a l  mental health p r a c t i t i o n e r s  

f o r  employee counse l ing ,  

c. 

d. management t r a i n i n g  i n  superv isory  s k i l l s ,  p a r t i c u l a r l y  those 

of an i n t e r p e r s o n a l  n a t u r e ,  

e.  r ecogn i t ion  t h a t  excess ive  s e c u r i t y  measures w i l l  produce an 

oppress ive  atmosphere de t r imen ta l  t o  proper  p l a n t  ope ra t lon ;  

3 .  s u r v e i l l a n c e  procedures  and technique:  

a. polygraphing not recommended, 

b. c losed -c i r cu i t  t e l e v i s i o n  openly used, 

c. personal  s ea rches  t o  b e  used w i t h  r e s t r a in t ,  

d, badge sc reen ing  

e. p o r t a l  monitors (metal  and SNM d e t e c t o r s  are ef fec t l ive ,  bu t  a t  
p re sen t  high-explosive d e t e c t o r s  are i m p r a c t i c a l ) ;  
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4 ,  p a s s i v e  p r o t e c t i o n  methods: 

a. complete  c l o t h i n g  change , 
b. v o l u n t a r y  s e l f - a d m i n i s t e r e d  h e a l t h  p h y s i c s  checks ; 

5. s u r v e i l l a n c e  am1 i n s p e c t i o n  of  t h e  e f f e c t i v e n e s s  o f  t h e  s e c u r i t y  

s y s  tern by f e i g n e d  i l l e g a l  acts  (so-ca l led  "bPack-hat" t e s t i n g )  . 
'The a c t i o n s  of armed groups b e n t  on t h e f t  o r  d e s t r u c t i o n  can  h e  

prevented ,  i n  t h e o r y ,  by a n  adequate ly  equipped F e d e r a l  guard f o r c e  

o f  m i l i t a r y  c h a r a c t e r .  

l e g a l  and s o c i a l .  q u e s t i o n s  and i s  now under examinat ion by t h e  Nuclear  

Regulatory For t h e  purposes  of  t he  fue l  c y c l e  p l a n t ,  t h e  

f o l l o w i n g  approaches w e r e  recommended i n  t h e  p r e s e n t  s t u d y :  

1. t h e  u s e  of an  e f f e c t i v e  c i v i l i a n  guard f o r c e ,  

The u s e  of such f o r c e s  raises a l a r g e  number 0 . E  

which imp1 ements t h e  i n l e n t  of p r e s e n t  r e g u l a t o r y  guides  and t:he 

CFK; 

2 .  t h e  maintenance of c o n f i d e n t i a l i t y  n o t  o n l y  concerning a c t u a l  

s a f e g u a r d s  p l ans  ( t h i s  i s  now p r a c t i c e d ) ,  b u t  a l s o  w i t h  respect 

t o  t h e  detai1.s of p l a n t  o p e r a t i o n  and t h e  a c t u a l  1ocat : ion o f  

v i t a l  f a c i l i t i e s ;  

3 .  a c a r e f u l  examinat ion of p l a n t  v u l n e r a b i l i t y  and s a f e t y  procedures  

i n  t e r m s  of d e l i b e r a t e ,  m a l i c i o u s  a t te inpts  t o  c a u s e  damage; 

p a r t i c u l a r  a s p e c t s  t o  b e  s t u d i e d  are: 

a. t h e  p o t e n t i a l  o f  materials a l r e a d y  on s i t e  f o r  d e s t r u c t i v e  u s e ,  

b .  t h e  p o s s i b i l i t y  t h a t  p l a n t  p r o c e s s e s  can b e  d i s t o r t e d  o r  

a l t e r e d  t o  cause  f i r e ,  

c. the consequences of d i s r u p t i o n  of  p l a n t  u t i l i t i e s ,  

d .  t h e  procedures  t o  b e  fol lowed i n  t h e  e v e n t  of an  a t t a c k .  

A t  p r e s e n t ,  t h e  s a f e g u a r d s  s t u d y  work i s  conf ined  .mainly t o  keeping 

up w i t h  developments i n  t h e  f i e l d .  Should t h i s  s t u d y  b e  resumed oti a 

more s u b s t a n t i a l  s c a l e ,  w e  recoiimend t h a t :  

1. a p p r o p r i a t e  p i l o t  p l a n t  f a c i l i t i e s  connected w i t h  t h e  Thorium 

U t i l i z a t i o n  Program b e  used as p r a c t i c a l  t e s t i n g  grounds f o r  p h y s i c a l  

p r o t e c t i o n  methods,  

2 .  t h e  personnel. a s s i g n e d  should  g a i n  r e a l i s t i c  e x p e r i e n c e  by b e i n g  

made e x - o f f i c i o  members o f  e x i s t i n g  p l a n t  p r o t e c t i o n  committees,  
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3 .  permission f o r  access  t o  a c t u a l  l i c e n s e e  safeguards p lans  be 

obta ined  from t h e  Nuclear Regulatory Commission, such access t o  be 

handled on a c l a s s i f i e d  b a s i s .  

6.6 ANALYSIS OF THE ENVIRONMENTAL IMPACT OF I4C RELEASES FROM AN 
HTGR FUEL REPROCESSING PLANT (WORK U N I T  3103) - S. V. Kaye 

The work i n  t h i s  a c t i v i t y  has  been d iv ided  i n t o  two p a r t s :  l o c a l  

environmenral impacts of t h e  release of I4C from a model HTGR f u e l  

reprocess ing  f a c i l i t y ,  and t h e  long-term g loba l  r a d i o l o g i c a l  impli- 

c a t i o n s  of  such releases. I n i t i a l l y ,  p r i o r i t y  has  been given t o  t h e  

former aspec t  of t h e  problem, b u t  a foundat ion a l s o  has  been l a i d  f o r  

t h e  l a t t e r .  The  assessment of l o c a l  impacts has  included the  compu- 

t a t i o n  of new f a c t o r s  f o r  computing t h e  dose rates t o  va r ious  organs of 

man, t h e  a p p l i c a t i o n  of e x i s t i n g  methodology t o  p r e d i c t  t h e  atmospheric 

t r a n s p o r t  of 

p r e d i c t i o n  model t h a t  i s  a p p l i c a b l e  t o  va r ious  types  of forage  and 

food crops ,  and t h e  e s t ima t ion  of dose t o  l o c a l  r e s i d e n t s  and popula t ions  

and t o  a maximally exposed ind iv idua l .  

4C, t h e  development of a carbon a s s i m i l a t i o n  and growth 

P repa ra t ion  f o r  t h e  even tua l  assessment of long-term g loba l  i m p a c t s  

has cons i s t ed  of a review of l i t e r a t u r e  r e l a t e d  t o  levels of "C and 

1 4 C  now presen t  in t h e  var ious  world r e s e r v o i r s ,  t ransfer  rates between 

r e s e r v o i r s ,  and product ion and decay rates of va r ious  types of b i o t a  i n  

t h e  sea and on land  and t h e  area ex ten t  of each type.  On the b a s i s  of 

such informat ion ,  computer-implemented models can s imula te  t h e  g loba l  

cyc l ing  of n a t u r a l  and man-made carbon, and scena r ios  of exposure of 

popula t ions  t o  "C can be s tud ied .  

reviewed, a l l  of which are hampered by t h e  l a c k  of  complete d a t a  sets 

and want of a coordinated approach t o  compiling d a t a  from a l l  a v a i l a b l e  

sources  

Severa l  such models have been 

A thorough i n v e s t i g a t i o n  of t h e  cyc l ing  of I 4 C  from nuclear  t e s t i n g  

i s  the  appropr i a t e  course t o  fo l low t o  assess global cyc l ing  of I 4 C  

r e l eased  from nuc lea r  f a c i l i t i e s .  From a v a i l a b l e  estimates of carbon 

pool  s i z e s  and product ion rates of t h e  var ious  terrestrial  biosphere 

components and s p e c i f i c  ac t iv i t ies  of t h e s e  compounds, t h e  amounts of 

n a t u r a l  and excess  14C presen t  i n  t e r r e s t r i a l  b i o t a  w e r e  ca l cu la t ed .  
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The r e s u l t i n g  estimates are somewha!: higher  than corresponding values  

repor ted  i n  t h e  l i t e r amre  and suggest that e x i s t i n g  models of the 

g loba l  carbon cyc le  might a s s ign  too l a r g e  a f r a c t i o n  of t h e  t o t a l  

budget t o  t h e  deep ocean. 

The p l an t  growth Carbon Assinii-lation Model (CAM) was davel-oped 

t o  he lp  s tudy  the dynamics of carbon uptake and r e t e n t i o n  i n  p l a n t s ,  

and p a r t i c u l a r l y  the eventua l  s p e c i f i c  a c t i v i - t y  of 14C i n  t h e  t i s s u e  

of p l a n t s  exposed t o  ep isodic  excursions of high concentri3i.t::i.oa of 

i n  t h e  ai.r near  the reprocessing f a c i l i t y .  Such epis0de.s occiir i n  t h e  

presence o f  meteoro logica l  wind-speed and s t a b i l i t y - c l a s s  combinations 

t h a t  permit  t h e  plume t o  reach .the ground before  i t  has t rave led  far 

from t h e  s t ack .  

mentat ion,  which are be l ieved  t o  r ep resen t  m i n i m u m  , maximum, and average 

concent ra t ions .  

' C  

Three cases have been included i n  t h e  model 's  i m p l e -  

6 The s t a r t i n g  po in t  of t he  l o c a l  environmental  assessruentl w a s  an 

assumed, annual release, a t  a uniforiii rate, of 5000 C i  I 4 C  co Lhe atmosphere 

as carbon d ioxide ,  While t he  assessment i s  gener ic  wi th  r e spec t  t o  

hypotheses concernihg d i s t r i b u t i o n s  of populat ion and sites of food 

product ion i n  the area, mecrorological  da t a  s p e c i f i c  t o  t h e  Oak Ridge 

area have been employed i n  t h e  prcxliction of ahrmospheric di-spersion of 

t h e  release and the  r e s u l t i n g  ground-level concent ra t ions .  

were performed f o r  90- and 305-m (300- and 1800-ft)  stacks. 

Cal.culations 

llosc estimates %EKE! computed f o r :  

1. a hypo the t i ca l  iuaximally exposed ind iv idua l  or "fence-post acc ident  

man I '  

an  average o f f - s i t e  r e s iden t  wi th in  50 m i l e s  of the  f a c i l i t y ,  

a populat ion of l o 6  ind iv idua l s  uniformly d i s t r i b u t e d  over t h e  

same area. 

2 *  

3 .  

The dose estimates are be l ieved  to tend coward conservatism. They 

incorpora te  a number of u n c e r t a i n t i e s ,  which are primarily assoc ia t ed  

wi th  assumptions made i n  t h e  atmosphe.ric d i spe r s ion  c a l c u l a t i o n ,  and 

they are be l ieved  t o  be  q u i t e  s e n s i t i v e  to v a r i a t i o n s  i n  t h e  meteorology. 

Moreover, t he  degree of plume rise due t o  momentum, which stirongly 

affects t h e  fence-post dose rate, depends on st:ack parameters other than 
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he igh t  ( v i z . ,  t h e  e j e c t i o n  v e l o c i t y  and t h e  i n t e r n a l  diameter  of t h e  

s t a c k ) .  Ca lcu la t ions  t o  bound t h e  u n c e r t a i n t i e s  and t o  analyze t h e  

s e n s i t i v i t y  of t h e  computed doses  t o  t h e  meteorology and o t h e r  parameters 

are now under way. 
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7 .  CONCEPTUAL DESIGN OF A COMplERCIAL RECYCLE PLANT (SUBTASK 320) 

J .  a. Sease 

7 .1  INTRODUCTION 

A major p a r t  of t h e  c u r r e n t  p l ans  f o r  developing HTGR r ecyc le  

technology is  t h e  des ign  and cons t ruc t ion  of  an ERDA-supported HTGR 

Recycle Demonstration F a c i l i t y  (HRDF). It w i l l  probably b e  bu i l t :  i n  

t h e  l a te  1980's  and w i l l  provide i n t e r i m  r e c y c l e  product ion  capac i ty  

f o r  t h e  HTGR i n d u s t r y .  The u l t i m a t e  s i z e  and schedule  of t h i s  p l a n t  

depends upon t h e  HTGR r e a c t o r  b u i l d  schedule .  Because of t h e  uncer- 

t a i n t y  of t h e  HTGR sales, i t  w i l l  probably be advantageous t o  des ign  

t h e  HRDF as modular product ion u n i t s  t o  accommodate a wide range of 

r e a c t o r  b u i l d  schedules .  The a n t i c i p a t e d  u l t i m a t e  s i z e  of t h e  HKDF 

w i l l  probably b e  a p l a n t  capable  of reprocess ing  20,000 spen t  f u e l  ele- 

ments p e r  yea r  and r e f a b r i c a t i n g  10,000 r ecyc le  f u e l  e lements  p e r  year .  

The o b j e c t i v e  of t h i s  sub ta sk  is  t o  assist i n  t h e  conceptua l  des ign  

of t h e  HRDF. The conceptua l  des ign  will provide an e a r l y  a p p r e c i a t i o n  

of t h e  problems involved i n  provid ing  such a f a c i l i t y  and w i l l  p rovide  

a reEerence t o  guide t h e  suppor t ing  development programs. 

The o b j e c t i v e  of t h e  i n i t i a l  phase of this sub ta sk  w a s  t o  h e l p  

d e f i n e  a modular p l a n t  conf igu ra t ion  by a series of preconceptua l  p l a n t  

l ayou t  s t u d i e s  of d i f f e r e n t  p l a n t  s i z e s .  This  subtask  w a s  n o t  def ined  

u n t i l  l a t e  i n  t h e  r e p o r t  per iod  and w a s  provided wi th  only  modest funding. 

The l i m i t e d  t i m e  and funding r e s t r i c t e d  t h e  work dur ing  t h i s  r epor t  

pe r iod  t o  a preconceptua l  l ayou t  s tudy  of a s e l e c t e d  s i n g l e  p l a n t  s i z e  

of t h e  HRDF. 

7.2 20/10 HRDF PRECONCEPTUAL DESIGN STUDY - C .  C. Haws ,  L .  C .  Ilensley,  
W. H. Pechin,  F. E. Har r ington ,  A. R. Olsen, J. E. Van Cleve, 
T. F. Scanlan, K. H. L in ,  and M. S .  Judd 

The p l a n t  capac i ty  chosen f o r  t h e  f i r s t  des ign  of t h e  s tudy  is  

rep rocess ing  20,000 spen t  f u e l  elements p e r  y e a r  and r e f a b r i c a t i n g  

1O,OOO r ecyc le  f u e l  e lements  p e r  y e a r  ( i . e . >  20/1O). This  p l a n t  s i z e  

w a s  s e l e c t e d  because t h i s  w a s  t h e  scale proposed i n  a d r a f t  of an 
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a l t e r n a t e  Fuel  Recycle Development Program p l a n  prepared  by EKDA i n  t h e  

s p r i n g  of  1.975. Siiiril-ar s t u d i e s  might b e  done s u c c e s s i v e l y  i n  t h e  

f u t u r e  on l0/5 and 5 / 2 . 5  s i z e d  p l a n t s ,  so t h a t  a modiilar approach t o  

t h e  c o n s t r u c t i o n  of an HRDF cou1.d b e  e v a l u a t e d .  

l'ne des ign  s t u d y  of  t h i s  20/10 p l a n t  was l i m i t e d  i n  scope  and w a s  

based  on r e a d i l y  a v a i l a b l e  p r o c e s s  e n g i n e e r i n g  d a t a  oh t a i n e d  i n  t h e  

p r e c o n e e p t u a l  des ign  of t h e  5 0 / 2 0  TARGET Recycle F a c i l i t y '  and t h e  

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

a t  t h e  Idaho Chemical P r o c e s s i n g  Pl .an t2  and at 

The d e s i g n  s t u d y  comprised t h e  f o l l o w i n g  s t e p s :  

1. g e n e r a t i o n  of a d e s i g n  phi losophy and d e f i n e d  terminology,  

2 .  development o f  p r o c e s s  f l o w s h e e t s  f o r  each major p r o c e s s i n g  area, 

3 .  d e t e r m i n a t i o n  of  s p a c e  requi rements  € o r  each major p r o c e s s i n g  area, 

4 .  d e t e r m i n a t i o n  of proximi ty  r e l a t i o n s h i p s  between and w i t h i n  p r o c e s s  

areas and s u p p o r t  areas, 

5. p r e p a r a t i o n  of a n  i n i i i a l  f a c i l i t y  l a y o u t  usi-ng a systematic  l a y o u t  

procedure  t o  de te rmine  t h e  most e f f i c i e n t  l a y o u t ,  and 

6 .  review and r e v i s i o n  of t h e  i n i t i a l  l a y o u t  and each succeeding  r e v i s e d  

l a y o u t  u n t i l  a mutual ly  a c c e p t a b l e  l a y o u t  w a s  derrived. 

The d e s i g n  phi losophy was prepared  t o  b e  g e n e r a l l y  a p p l i c a b l e  t o  any 

HTGR recyc1.e p l a n t .  The emphasis of t h e  des ign  phi losophy w a s  t o  d e f i n e  

phi losophy i tems  that  could have a s i g n i f i c a n t  impact on t h e  1-ayout of 

t h e  HRDF. The major amas i n  t h e  des ign  phi losophy are i s o l a t i o n ,  

maintenance,  o p e r a t i o n ,  f low of material, w a s t e  h a n d l i n g ,  and u t i l i t i e s .  

Because of the many and sometimes confus ing  terms used i n  HTGR r e c y c l e  

technolo,gy, a document i s  b e i n g  prepared  t o  d e f i n e  terminology f o r  t h e  

HRDF s t u d i e s .  The major headings  of thi .s  document are f u e l  e lement  

i d e n t i f i c a t i o n ,  s c r a p ,  w a s t e ,  waste c a t e g o r i e s ,  contaminat ion  c a t e g o r i e s ,  

p r o c e s s  s1:rceam i d e n t i f i c a t i o n ,  maintenance c a t e g o r i e s ,  i n t e r m e d i a t e  

p r o c e s s  p r o d u c t s ,  and a b b r e v i a t i o n s .  

Before a f a c i l i t y  l a y o u t  cou1.d b e  p r e p a r e d ,  p r o c e s s  f1.owsheets f o r  

each major p r o c e s s i n g  area w e r e .  needed. F i g u r e  7 . 1  i l l u s t r a t e s  t h e  HRDF 

p r o c e s s i n g  s t e p s  f o r  which d e t a i l e d  f l o w s h e e t s  w e r e  p repared .  These 

f l o w s h e e t s  were then used t o  detcriiiine s p a c e  requirements  and t h e  i n t e r -  

f a c e s  between p r o c e s s i n g  areas. 



Fig. 7.1. Preliminary BRBF Process Outline.  
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The preconceptual  block l ayout  of t h e  20/10 HRDF is shown i n  

Fig. 7.2. This l ayou t ,  which can only b e  conside.red very prel imii iary 

to  t h e  conceptual  design of an HRDF, does provide an approximation to  

o v e r a l l  s i z e  and complexity o f  such a f a c i l i t y .  

es t imated  t o  conta in  some 46,000 m2 (500,000 ft2> of f l o o r  space f o r  

process  ope ra t ion  and u t i l i t y  s e r v i c e s .  I n  t h e  f a c i l i t y ,  t h e  i n t e r -  

f a c i n g  and i n t e r r e l a t i o n s h i p s  among process  ope ra t ions ,  contamination 

con t ro l ,  and maintenance philosophy are very complex. A more d e t a i l e d  

r e p o r t  of t h i s  design s tudy  is  be ing  prepared,  

The f a c i l i t y  i s  
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