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-_ ,-NOTICE 

ems i n  a p p l i c a t i o n  o f  t ho r ium cyc les  i n c l u d e  g rea te r  f 
requirernents,l t h e  b lend ing  of h i g h l y  enr iched uranium 
w i t h  thorium, and the  necess i t y  t o  recover  and recyc le  

ab le  U-233 produced i n  o rder  t o  recover  the  cos ts  o f  t h e  i n i t i a l  

s s i l e  
o r  
the  va lu-  
i nven to ry  

and enrichment. 
c y c l e  was developed f o r  B o i l i n g  Water Reactors which minimizes the  e f f e c t  
o f  thor ium on the  f i s s i l e  inventory ,  which i s  i n i t i a t e d  w i t h  Tho2 f u e l  con- 
t a i n i n g  no i n i t i a l  f i s s i l e  m a t e r i a l ,  and which does n o t  r e q u i r e  U-233 
recovery and r e c y c l e  t o  make t h e  a p p l i c a t i o n  economical ly  compet i t i ve .  The 
des ign makes advantageous use o f  t he  i nhe ren t  l a t t i c e  he terogene i ty  and 
o the r  c h a r a c t e r i s t i c s  o f  t h e  BWR l a t t i c e  t o  produce U-233 i n  Tho w i t h o u t  
power d i s t r i b u t i o n  penal t i e s  and t o  improve r e a c t o r  performance ;i thermal 
and t r a n s i e n t  marg ins) .  Standard BWR f u e l  assembly hardware was used t o  
make the  des ign b a c k f i t a b l e  w i t h  minimum manufactur ing impact. 
conc lus ions a r e  t h a t  t he  once-through thor ium a p p l i c a t i o n  has p o t e n t i a l  t o  
bo th  reduce uranium o re  requirements and increase BWR opera t i ng  margins. 

With these problems i n  mind, a "once-through" thor ium 

Pre l im ina ry  

The des ign u t i l i z e s  heterogenous l o c a t ' o n  o f  t ho r ium i n  t h e  h ighes t  

A f t e r  f u e l  assembly discharge, 
thermal f l u x  l o c a t i o n s  o f  the  BWR l a t t i c e z , 2 1  t o  maximize U-233 produc t ion  
r a t e  du r ing  burnable absorber dep le t i on .  
t he  U-233 bear ing  Tho rods a re  reassembled i n t o  f r e s h  f u e l  assemblies o r  

The breeder  b l a n k e t  assemblies have breeding r a t i o s  of 1.03 t o  1.2 and 
f i s s i l e  i n v e n t o r y  r a t i o s  of 1.05 t o  1..7, depending on cond i t i ons  i n  t h e  pre-  
breeder  i r r a d i a t i o n .  
therefore,  t h e  residence t ime  o f  t h e  breeder b lanke t  bundles i s  l i m i t e d  by 
mechanical i n t e g r i t y ,  no t  by r e a c t i v i t y  l i f e t i m e .  

I t  i s  c u r r e n t  p r a c t i c e  i n  BWR dFsign t o  reduce neutron leakage f rom 
t h e  core  by l o c a t i n g  e t h e r  n a t u r a l  ,wan ium ( f i r s t  core)  o r  l a s t  c y c l e  f u e l  
on t h e  core pe r iphe ry . j  I n  t h e  once-phrough tho r ium cyc le,  t h e  BBB's rep lace  
t h e  l a s t  c y c l e  f u e l  on the  core  per iphery .  
p lace,  t he  number of bundles needed 'each c y c l e  t o  s u s t a i n  t h e  r e a c t o r  i s  re -  
duced thereby conserv ing uranium ore!. 

fac to rs  versus exposure f o r  the BBB !,design and a n a t u r a l  U02 bundle. 
BBB r e a c t i v i t y  versus exposure shape? a r e  b o t h  g r e a t e r  and f l a t t e r  than 
those of t h e  n a t u r a l  uranium f u e l .  / In t y p i c a l  BWR operat ions,  i t  would take  
15  t o  20 years t o  reach an exposure p f  40 GWD/ST i n  the  p e r i p h e r a l  (BB) 
bundles. Therefore,  c o r r o s i o n  and/or h y d r i d i n g  probably  w i l l  determine t h e  
a l l owab le  res idence t ime  o f  t he  low power breeder  b lanke t  bundles. 

i n t o  breeder b lanke t  i! undies (BBB 's )  t h a t  a r e  l o c a t e d  a t  t h e  core  per iphery .  

The r e a c t i v i t y  i s  very  f l a t  w i t h  burnup (F igure  1) and; 

i 

Thus, once t h e  BBB's a r e  i n  

1 F igu re  1 i l l u s t r a t e s  t h e  i n f i n i t e  l a t t i c e  neut ron  m u l t i p l i c a t i o n  I The 
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Table 1 sumnarizes material flow f o r  a once-through BWR thorium applica- 
The blanket i s  generated from the pre-breeder bundles ( P B B ' s ) i n  eight tion. 

t o  ten cycles of operation. 
of a BWR/6, i t  could generate almost three complete BBB blankets. 
rods from the PBB's may be used i n  fresh fuel or may be used t o  fuel the 
blankets of other  reactors.  
greater numbers of T h o 2  rods i n  the PBB's and, therefore,  can generate the 
blankets more rapidly as well as generating more excess U-233/ThO2 rods f o r  
other reactors. 

The PBB design requires about the same i n i t i a l  f i s s i l e  inventory and 
separative work as a s t a n d a r d  U02 fuel bundle. 
for practical u t i l i za t ion  of thorium w i t h o u t  the usual increase i n  f i s s i l e  
inventory and  would permit local breeding a n d  U-233 generation i n  many exist- 
i n g  operating reactors.  The f i s s i l e  inventory r a t i o  ( r a t i o  o f  f inal  t o  
i n i t i a l  inventory) of the BBB's i s  greater  t h a n  1.05, therefore,  the BBB's 
will  build a substantial  inventory of valuable U-233. 
estimates indicate t h a t  the PBB/BBB designs will  result in a savings of 
approximately 4% i n  uranium ore. 

rods make the BWR steam void react ivi ty-  coeff ic ient  10-15% less  negative. 
I n i t i a l l y  t h i s  appears t o  be due t o  combined ef fec ts  of the Tho2 rods on 
thermal u t i l i za t ion  a n d  resonance capture. As U-233 builds up ,  the large 
U-233 resonance f i ss ion  integral  and re la t ive ly  large epi thermal f iss ion 
neutron production per capture causes a posit ive contribution t o  the steam 
void react ivi ty  coeff ic ient .  
burnup dependent fuel assembly power mismatch a re  improved, as i s  performance 
i n  low probability pressure t ransients .  
absorbers a lso a re  decreased, w i t h  a beneficial e f f ec t  on fuel cycle economics. 

Analyses of the PBB and  BBB bundle designs have been carried out w i t h  a 
100 energy g roup  spat ia l /spectral  model. 
i n  the analysis o f  mixed l a t t i c e s  of ThOZ/UO rods, i t  i s  desirable t h a t  de- 

analyses, and detailed 3-D coupled nuclear-thermal-hydraul ic-fuel cycle 
analyses be carried out  t o  t es t  the va l id i ty  of the promising performance and 
trends t h a t  have been observed i n  analyses t o  date. 

If  PBB's were loaded throughout the l ifetime 
Excess 

Earlier generation BWR 1-3's can incorporate 

T h u s ,  the design has promise 

I n  addition, current 

Analyses of the pre-breeder bundle performance indicate t h a t  the Tho2 

The net e f f e c t  is t h a t  axial power shapes and 

The requirements for  burnable 

However, because of uncertainties 

t a i l ed  f u l l  spectrum Monte Carlo analyses, a 5 ditional experimental benchmark 
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Table 1 

Material Flow in a 748 Bundle, 110 MWe 
BWR/6 Once-Thrcugh Thorium Cycle Example 

- 
., _.. 

i . -  

- -,. End o f  # o f  PBB's # o f  BBB Rods Total Tho2 
Cycle # Discharged/Cycle Produced/Cycle Rods Available Total BBB's 

0 - - 
768 768 9 

1 0 
192 

16 
2 

152 608 1376 
33 

3 
180 1360 2736 

43 
4 

188 752 3488 
51 

' 5  
704 41 92 
720 491 2 60 * 

720 $632 69 
6352 78 

87(1) 
720 
720 7072 
720 21 472 265(2) 

1 _ -  

- I  

I .  . -  

First blanket o f  (84 bundles) BBB's completed. 

(*) Does not include Tho2 rods from 1, 2, and 3 cycle fuel. I 
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