
CYCLE DESIGN A N D  FUEL MANAGEMENT FOR A PWR 

A r e f e r e n c e  r e a c t o r  o f  510  Mwt  was chosen  t o  do a  g e n e r a l  

s t u d y  i n v o l v i n g  F u e l  Management E v a l u a t i o n s  of s e v e r a l  c y c l e s  

from a  r e a l  r e a c t o r  s t a t u s ,  and Design C a l c u l a t i o n s  of  c y c l e s  

a l r e a d y  pe r fo rmed ,  a s  w e l l  a s  a  new one .  

These t a s k s  have  been  pe r fo rmed  a c c o r d i n g  t o  a  c a l c u l a t i o n  

scheme set up i n  t h e  R e a c t o r  Technology D i v i s i o n  o f  t h e  J . E . N . ,  

u s i n g  some computer  codes  a c q u i r e d  t o  f o r e i n g  s o u r c e s  (NUS Cor- 

p o r a t i o n ,  NEA-CPL a t  I s p r a )  and o t h e r  ones  deve loped  i n  t h e  J . E . N .  

- 1. A p r e v i o u s  r e c o p i l a t i o n  of  t e c h n i c a l  documen ta t ion ,  c r i t e -  

r i a ,  and b a s i s ,  r e l a t e d  t o  t h e  f u e l  management, was done .  

For  f u e l  management e v a l u a t i o n s  two c y c l e s  l e n g t h s  (12 and  

18 months)  were f i x e d  up p r i o r  t h e  s t u d y .  

A s e t  o f  r e a c t i v i t y  CKm vs .  bu rnup)  and  i s o t o p i c  t a b l e s  

f o r  d i f f e r e n t  f e e d  e n r i c h m e n t s  were needed  t o  c a r r y  o u t  t h e s e  

s t u d i e s .  

They were o b t a i n e d  by means of LEOPARD,  a  l a t t i c e  code 

t h a t  u s e s  a  f u e l  r o d  e f f e c t i v e  t e m p e r a t u r e ,  a  Boron programme, 

and  o t h e r  i t e m s ,  t o  s i m u l a t e  t h e  o p e r a t i n g  c o n d i t i o n s .  

The f u e l  t e m p e r a t u r e s  were d e t e r m i n e d  w i t h  t h e  TEMP code 

f o r  e a c h  t y p e  of  m e c h a n i c a l  d e s i g n  and power d e n s i t y  c o n s i d e r e d  

The Boron programme was deduced from t h e  r e a c t o r  " f o l l o w "  

d a t a ,  e x p r e s s e d  a t  r a t e d  c o n d i t i o n s .  Two d i f f e r e n t  programmes 

were used ,  a c c o r d i n g  t o  t h e  two c y c l e  l e n g t h s .  

Re loads  and  f e e d  e n r i c h m e n t s  were t h e  main unknown magni tu-  

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

The n e u t r o n i c  problem o f  t h e  t r a n s i e n t  p e r i o d  was t r e a t e d  

w i t h  t h e  C I C L O N  code ,  b a s e d  on t h e  Approximate Ba lance  o f  Reac- 



t i v i t y  (A.B.R.) deve loped  and  t e s t e d  i n  t h e  J . E . N .  f o r  PWR. 

A l t e r n a t i v e  r e l o a d  s t r a t e g i e s  were e v a l u a t e d ,  and r e s u l t s  

were t r a n s m i t t e d  t o  t h e  FUELCOST program,  t o  compute t h e  economic 

p e r f o r m a n c e s .  

E q u i l i b r i u m  c y c l e s  were d e a l t  i n  a  s i m i l a r  way. N e v e r t h e l e s s ,  

b o t h  t h e  n e u t r o n i c  and  t h e  economic problem were s o l v e d  by t h e  

same code ,  SOTHIS, t h a t  a l s o  u s e s  t h e  A . B . R .  t o  d e t e r m i n e  t h e  

f e e d  e n r i c h m e n t  f o r  a  r e l o a d  g i v e n .  F u e l  c o s t s  a r e  computed 

w i t h  a  s i m p l e  model t o  t r e a t  an e q u i l i b r i u m  h a t c h ,  whose ma jo r  

c h a r a c t e r i s t i c s  a r e  d e t e r m i n e d  by t h e  n e u t r o n i c  p a r t  o f  t h e  

code .  S e v e r a l  economic s i t u a t i o n s  can he e n t e r e d  t o  t h e  program, 

i n  o r d e r  t o  b e  a p p l i e d  t o  t h e  same n e u t r o n i c  r e s u l t s ,  t h a t  i s ,  

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

- 2 .  A wide r e c o p i l a t i o n  of  t e c h n i c a l  documen ta t ion  a b o u t  nu- 

c l e a r  d e s i g n  o f  PFIR was a l s o  dbhe,  main ly  f o c u s e d  t o  t h e  i n f o r -  

ma t ion  o f  t h e  r e f e r e n c e  r e a c t o r .  

E x p e r i m e n t a l  d a t a  from two c y c l e s  were compi l ed ,  and  

p r o c e s s e d  by N U D O ,  a  code t o  d e a l  i n - c o r e  measurements ,  deve loped  

i n  t h e  J .E.N.  f o r  t h i s  a c t i v i t y .  E v o l u t i o n s  o f  some main megni tu-  

des  (power d i s t r i b u t i o n ,  boron  c o n c e n t r a t i o n )  a l o n g  one o f  t h e s e  

c y c l e s  were p r e p a r e d  w i t h  N U D O  i n  a  way s u i t a b l e  f o r  c h e c k i n g  

t h e  c a l c u l a t i o n  models u sed  t h r o u g h o u t  t h i s  work. 

To p e r f o r m  t h e  d e s i g n  of  a  new c y c l e  two d i f f e r e n t  s y s t e m s  

were u s e d ,  once t h a t  f i t t i n g s  t o  t h e  e x p e r i m e n t a l  d a t a  o b t a i n e d  

by s i m u l a t i o n  of  t h a t  c y c l e  were q u i t e  a c c e p t a b l e .  

The f i r s t  one i s  b a s i c a l l y  a  n o d a l  method c o n s t i t u e d  by 

t h e  R O L L O ,  MELON and N U T R I X  c o d e s .  

N U T R I X  i s  a  t h r e e - d i m e n s i o n a l  r e a c t o r  r e p r e s e n t a t i o n ,  

c o u p l i n g  t h e  n o d e s  by  means of  s e v e r a l  m a g n i t u d e s  depend ing  on 

n e u t r o n i c  p r o p e r t i e s  and geomet ry .  It n e e d s  a  good e v a l u a t i o n  

of t h e  n o d a l  M i g r a t i o n  Area and K - i n f i n i t e ,  and i t ' s  o b t a i n e d  



a c c o u n t i n g  f o r  a l l  t h e  major  e f f e c t s  u s i n g  c o r r e l a t i o n  f o r m u l a .  

The c o r r e l a t i o n  c o e f f i c i e n t s  a r e  s u p p l i e d  by t h e  MELON 

code .  I t  h a s  been  deve loped  ma in ly  i n  t h e  J .E . N . ,  and i n  t h e  

l a s t  v e r s i o n  a l l  t h e  s i g n i f i c a n t  f e e d b a c k s  a r e  c o n s i d e r e d .  

On t h e  o t h e r  hand,  N U T R I X  a l s o  r e q u i r e s  a  s u i t a b l e  n o r -  

m a l i z a t i o n ,  and  t h e  a c c u r a c y  o f  i t s  r e s u l t s  depends s t r o n g l y  

on t h e  p r e c i s i o n  of  v a l u e s  a s i g n e d  t o  t h e  f r e e  p a r a m e t e r s  of  

t h e  code .  

T h i s  problem was d e e p l y  s t u d i e d ,  and a  program, R O L L O ,  

was w r i t t e n  i n c o r p o r a t i n g  t h e  JEN e x p e r i e n c e s  on t h i s  s u b j e c t  

R O L L O  u s e s  a  s e t  o f  d a t a  p r o c e s s e d  hy N U D O  f rom t h e  r e a c t o r  

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

N U T R I X .  

The o t h e r  s y s t e m  i s  b a s e d  on C I T A T I O N ,  a  p o w e r f u l  code 

t o  s o l v e  t h e  n e u t r o n  d i f f u s i o n  e q u a t i o n  and t o  c a l c u l a t e  power 

d i s t r i b u t i o n ,  p o i s o n  s e a r c h e s ,  e t c . ,  and  P E N E L O P E ,  a  programme 

t o  g e n e r a t e  t h e  c r o s s  s e c t i o n s  and n u c l i d e  c o n c e n t r a t i o n s  t o  be 

used  i n  t h e  fo rmer  one ,  a c c o u n t i n g  f o r  a l l  t h e  r e a c t i v i t y  e f f e c t s  

t o  t a k e  p l a c e  i n  P N R , s .  PENELOPE a l s o  p e r f o r m s  t h e  burnup  c a l c u -  

l a t i o n  ( r e g i o n - a n d  zonewise )  and a  s i m p l e  t h e r m o h y d r a u l i c  a n a l y s i s  

t o  o b t a i n  t h e  w a t e r  d e n s i t y .  

C I T A T I O N  and PENELOPE work c o u p l e d ,  u s i n g  s e v e r a l  t a p e  

u n i t s  t o  t r a n s m i t  t h e  i n f o r m a t i o n  r e q u i r e d .  

A t h i r d  code ,  LIBRA, p r e p a r e s  t h e  g e n e r a l  n u c l e a r  d a t a  from 

l a t t i c e  c e l l  c a l c u l a t i o n s .  Both t h i s  one and PENELOPE have  been 

deve loped  i n  t h e  J.E.N. 

The r e a c t o r  was t r e a t e d  w i t h  t h i s  s y s t e m  by d i f f e r e n t  models .  

The u s u a l  one was t h e  I f f ine-mesh d i s c r e t "  c a l c u l a t i o n ,  b u t  a l s o  

" s l o t "  and " c o a r s e  - mesh" r e p r e s e n t a t i o n s  were done.  



Both s y s t e m s  were used  i n  t h e  c y c l e  d e s i g n .  

A f t e r  n o r m a l i z i n g  t h e  N U T R I X  code f o r  t h e  r e f e r e n c e  r e a c t o r ,  

power and burnup  d i s t r i b u t i o n s  were computed,  s i m u l a t i n g  t h e  c y c l e  

a t  r a t e d  c o n d i t i o n s ,  and s e a r c h i n g  t h e  c r i t i c a l  Boron c o n c e n t r a -  

t i o n .  

The PENELOPE-CITATION s y s t e m  was more w i d e l y  used .  R - Z ,  R ,  

X - Y ,  and Z r e p r e s e n t a t i o n s  were i n v o l v e d  i n  t h e  c a l c u l a t i o n s ,  

c h o o s i n g  them a c c o r d i n g  t o  e a c h  s p e c i f i c  p rob lem.  

R e a c t o r  p e r f o r m a n c e s  were  done t o  s i m u l a t e  a l l  t h e  c y c l e .  

Coupled R-Z and  R c a l c u l a t i o n s  d e t e r m i n e d  a  f i r s t  g u e s s  o f  t h e  

Boron programme, a s  w e l l  a s  t h e  a x i a l  B u c k l i n g  a t  s e v e r a l  burnup  

s t e p s .  

A X-Y and  Z s y n t h e s i s  was c a r r i e d  o u t  t o  r e p r e s e n t  t h e  

r e a c t o r  a s  a  s e t  of  f u e l  e l e m e n t s .  A l l  t h e  magn i tudes  o f  i n t e r e s t  

were computed i n  t h i s  way, i n c l u d i n g  b u r n u p s  and i s o t o p i c  concen-  

t r a t i o n s  a t  d i f f e r e n t  h e i g h t s  of  e a c h  f u e l  e l e m e n t .  

C o n t r o l  r o d  s t u d i e s  were  a l s o  accompl i shed ,  by means o f  

r e a c t o r  and  a s sembly  c a l c u l a t i o n s .  L a s t  o n e s  were used  t o  d e t e r -  

mine t h e  e q u i v a l e n t  c r o s s  s e c t i o n s  of  a s s e m b l i e s  w i t h  " r o d s - i n " ,  

and c o r e  pe r fo rmances  were c a r r i e d  o u t  t o  show t h e  power d i s t r i -  

b u t i o n  s h i f t ,  t h e  c o n t r o l  r o d  w o r t h ,  and s o  on.  

R e a c t i v i t y  c o e f f i c i e n t s  were a l s o  e v a l u a t e d  w i t h  a  s i m i l a r  

s y n t h e s i s  c a l c u l a t i o n s .  S e v e r a l  p e r t u r b a t i o n s  on w a t e r  d e n s i t y  

( e n t h a l p y ]  and f u e l  t e m p e r a t u r e s  were s i m u l a t e d  a t  b e g i n n i n g  and 

end  o f  cycle. .  

S o l u b l e  Boron w o r t h  was d e t e r m i n e d  a t  t h e  same moments 

w i t h  t h e  same p r o c e d u r e ,  and Xenon t r a n s i e n t s  were s t u d i e d ,  t o o .  
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