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CRITICALITY OF HETEROGENEOUS SYSTEMS - 

U52-PuU2, SOLIDS I N  FISSILE SOLUTTON 
CONTAINING GADOLINIUIV! NI'TKATE, 

. R. C. L loyd  and E. D. C lay ton  

. - 
  he a p p l i c a t i o n  of  neu t ron  absorbers.  f o r  c r i t i c a l i t y  p r e v e n t i o n  .in f u e l  

c y c l e  ope ra t i ons  can p e r m i t  the '  safe-  .hand1 i n g  o f  1 arge q u a n t i t i e s  o f  m a t e r i a l  
. . 

w i t h  reduced probabi  1 i ty  o f  c r i t i c a l  i ty  . I f ,  however, s o l  ub l  e. .po i  sons ' a r e  t o  
. . 

be cons idered  as e'i t h e r  a p r ima ry  o r  secondary means o f  c r i t i c a l i t y  c o n t r o l ' ,  

t h e i r  'use must be based on a f i r m  know1 edge o f  t h e  e f f e c t s  o f  t h e  absorber .  

'TO p r o v i d e  c o n f i r m a t o r y  da ta ,  a s e r i e s '  o f  c r i t i c a l  i ty  exper iments  was 

per formed t o  determine t h e  e f f e c t i v e n e s s  o f  s o l u b l e  po ison  (gad01 i n i u m  n i t r a t e )  

on c r i t i c a l i t y  o f  a heterogeneous assembly o f  FFTF-type fuel '  p i n s  i n  Pu-U 

n i t r a t e  s o l u t i o n .  The arrangement s imu la tes  t h e  simp1 e s t  approach t o  a 

p o s s i b l e  d i s s o l v e r  c o n f i g u r a t i o n ,  where in  d u r i n g  t h e  d i s s o l u t i o n  process,  a 

heterogeneous system o f  s o l  i d s  i n  f i s s i l  e so l  u t i o n  ( t h e  p a r t l y  d i s s o l  ved f u e l  ) 

would p r e v a i  1 . 
The f u e l  assembly 'was composed o f  a l a t t i c e  o f  301 f u e l  p i n s  p o s i t i o n e d  

i n  a 55.5 cm I D  s t a i n l e s s  s t e e l  vesse l ,  as shown s c h e m a t i c a l l y  i n  F i g u r e  1. 

Th is  vessel  was i n  t u r n  c o n t a i n e d . w i t h i n  a l a r g e r  c y l i n d r i c a l  vessel  p r o v i d i n 3  

f o r  wa te r  r e f l e c t i o n  as shown. The U-Pu 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  v a r y i n g  

. amounts o f  gadol in ium,  was added t o  t h e  loaded l a t t i c e  assembly t o  crbtain 

/ c r i t i c a l i t y  t h r o u g h v a r i a t i o n  on s o l u t i o n  h e i g h t .  

The exper imenta l  da ta ,  t o g e t h e r  w i t h  t h e  f u e l  p i n  d e s c r i p t i o n  and chemical  . 

makeup of t h e  s n l u t i o n s  a r e  i n c l u d e d  i n  Tab:e 1. The g a d o l i n i ~ m  proved t o  be 

v e r y  e f f e c t i v e  !;-, t h i s  s y s t ~ m .  Ic the absence o f  t h e  gadol-iniui i t  po ison .  t h e  

l a t t i c e - s o l u t i o n  assembly became c r i t i c a l  a t  a s o l u t i o n  h e i g h t  o f  o n l y  19.2 cni, 

whereas, w i t h  1.3 g Gdla t h e  c r i t i c a l  s o l u t i o n  h e i g h t  was inc reased  t o  68.9 cm. 

The H/Pu r a t i o  f o r  t h e  f u e l  p i n  s o l u t i o n  combinat ion was 86. 

The r e s u l t s  o f  theory-exper iment  comparisons u t i l i z i n g  ENDF/B c r css  sec t i ons  

and t he  KENO Monte Carlo.Code w i i l  .be presented and d iscussed.  



TAGLE 1 

P re l  im ina ry  

CRITICALITY OF PI'NS IN GADOL'INIUM-PO'ISONED FISSILE SOLUTION 

. . 

Experiment C r i t i c a l  Height  Gadol i n i u m  
(cm> , . (gl/a> Number 

I s o t o p i c  ~ o m ~ o s i t i o n  o f  Pu 
Chemical Compos i ti on o f  Sol u t i ,on and U i n  S o l u t i o n  (wt%)  

P u % 77.6 g/2 Plutonium Urani urn' 

Sp. g r .  1.4685 
H+ 3.25 

Fuel P in  D e s c r i p t i o n  

Fuel P in  Dimensions Fuel Per P i n  

OD -- (cm) --- Lenfih -- (cm) -- PUOZ-u(NAT)O?:. -- 138.4 -- 'k 1 .3 y 
. . 

Fuel Column '0.495 Pu: 30*75 t 0.03 g 
69'22 . U: 91.16 t ,I .03 g Cladding (316-SS) 0.584 ' 72,90 0: 16.49 t 0.17 g 

Fuel Enrichment ' Fuel Dens i ty  
25.2 w t % '  Pu 3 

10.35 + 0.09 g/cmd 

I s o t o p i c  Composit ion o f  Pu i n  Pins (93.34 t 0.73% t h e o r e t i c a l  
--- 



UO2-P~O2 SOLIDS I N  FlSSlLE SOLUTION CONTAINING GADOLINIUM 

TRIANGULAR LATTICE 
SPACING = 3.048 cm 

AIR 
\ 

55.5 cm I. D. x 106.7 cm HGT rtih 
0.079 cm WAI 




