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INTRODUCTION 

The aim of  t h i s  paper i s  t o  p resen t  t h e  conclusions which a r e  

drawn from a pre l iminary  s tudy devoted t o  t h e  subassembly r e s h u f f l i n g  f o ~  

f a s t  b reede r s  of t h e  SUPER PHENIX type.  

The main goals  which a r e  looked f o r  wi th  t h e  r e s h u f f l i n g  t echn ic  

a r e  : 

- the  f a b r i c a t i o n  of f i s s i l e  subassemblies with a s i n g l e  enrichment f o r  t h e  

equ i l ib r ium cycle  ope ra t ion ,  

* - t h e  burn up homogeneisation of t h e  unloaded and reprocessed subassembliei  

which provides a b e t t e r  u s e  of t h e  f u e l .  

I n  o rde r  t o  g e t  a n  e s t i m a t i o n  of t h e  improvement which may be hoped 

from t h i s  technic ,  one looks i n t h i s p a p e r  t h e  in f luence  of : 

- t h e  r e load ing  frequency, 

- t h e  res idence  time of t h e  f i s s i l e  subassemblies,  

- t h e  f u e l  p i n  diameter.  

This  s tudy i s  r e s t r i c t e d  t o  t h e  neutroniffiproblem and does n o t  

t ake  i n t o  account t h e  mechanical (e.g. swallowing e f f e c t )  o r  thermohydraul ical  

. (e .g .  p re s su re  drop) problems. 

0 
. I .  HYPOTHESIS A N D  CALCULATIONS PERFORMED 

2-1. Basic hypothes is  

The r e fe rence  r e a c t o r  o f  t h i s  s tudy uses  t h e  c l a s s i c a l  concept : 

a two zone core  fue led  wi th  U02 - Pu02 and cooled by Na. For t h i s  r e fe rence  
. . .  

core ,  a c l a s s i c a l  f u e l  management i s  used : a t  t h e  beginning of cyc le ,  t h e  

core  is. loaded by h a l f  wi th  • ’ re& and h a l f  used subassemblies which a r e  es -  

t ima te ly  mixed i n  each core zone. 

The main core  c h a r a c t e r i s t i c s  a r e  : 

../. ... 



a)  t o t a l  power : 1800 MWe 

b) subassembly residence time l imitated by the maximum number of displacement 

per atom : . I40  DPA i s  the value choosen f o r  the present study 
. . 

c). 30 control  rods located i n  three r ings  

d) enrichments which are  fixed i n  order to  be c r i t i c a l  a t  the end of cycle 

e )  maximum l inea r  power : 450 w/cm 
1 

f )  pin diameter : 5,5 mm. 

The cores using the reshuff l ing technic respect the c r i t e r i a  

a )  C)  d l .  

The s p a t i a l  calculat ions  a r e  performed with the multigroup cross 

m sections of' the CARNAVAL I V  formulaire, i n  1 D cyl indr ical  geometry, with 

the diffusion approximation. 

1-2. Reshuffling study 

For the cores using the reshuff l ing proceeding, the equilibrium 

core parameters a r e  determined as  a function of the subassembly residence 

time for  : 

- two reloading schemes 

- two fue l  pin  diameters (5 , s  and 7,14 w, with 

the same subassembly number for  each core zone) 

Reloading schemes 

a )  Reloading by one th i rd  of the core -- ...................... 

The core is  divided i n  three concentric zoneshaving the same volume 

and with mean burn up decreasing from the core center to  the periphery. The 

fresh subassemblies are  loaded i n  the external zone. The rod r ings  are  located 

respectively i n  the cen t ra l  zone a t  the core l /core 2 and core Z/core 3 in te r -  
. - 

faces. 

b) Reloading by half  of the core -- ----------------- 

The core i s  divided i n  two concentric zoncshaving the same volume 
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and the rods are  inserted i n  three r ings ,  respectively located i n  the inner 

core (two rings) and a t  the inner core(outer core interface.  

1-3. Equilibrium cycle determination 

1-3. 1. Reloading by-one th i rd  of the core -------- -- ..................... 

The equilibrium cycle is reached according the following  fig^ 

' s f a r t  up core 

The s t a r t  up core includes three d i f fe ren t  enrichments E E E 
1 2 3  

with : 

E is  the enrichment value f o r  the reloadings of the intermediate 3 
cores and f o r  the equilibrium core i t s e l f .  

The enrichments E .  a r e  issued from parametric s tudies  performed 
1 

with c e l l  calculat ions  (i.&inite media), providing the r eac t iv i ty  var ia t ion  

a s  a function of time for  various enrichments. The cycle length and the end 

of cycle c r l t i ca l i t ycond i t i on  f i x  the value for  the mean enrichment E 
2  

and the E .  and E are  then deduced graphically.  
1 3 

It has been checked tha t  t h i s  simple method i s  su f f i c i en t  for  a 

preliminary study of the reshuff l ing : a s  shown i n  the table  I i t  converge 
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rapidly to  a "stable" cycle. 

1-3. 2. Reloading bl! half  of the core -------- -- ----------------- 

The equilibrium cycle is obtained according to  the following 

scheme: : 

. . . .. - .. 

E .  < Red blanket 

In  t h i s  case : 
E2 ' El  

E i s  the enrichment for  the loading of the i n t e r -  
2 

mediate core and f o r  the equilibrium core i t s e l f .  

The table  I given i n  page 6 confirmsthat, according to  the method 

0 previously described i n  11.2.1, the s tab le  cycle i s  rapidly obtained. 

One observes t ha t  the rad ia l  form fac tor  of the s t a r t  up core i s  

s ign i f ican t ly  higher than those of the equilibrium core. In  the PWR reactors  

t h i s  desavantage can be compensated by consumable poison which mb't be used 

i n  l a s t  breeders. 

11. RESULTS 

The r e s u l t s  of the s p a t i a l  calculations a r e  summarized on tables  

11, 111, 111. 

11-1 .. General observations 



a)One cannot get simultaneously a good r ad i a l  power form fac tor  and an accep- 

table  maximum number of displacements per atom (< 140), f o r  example, with a 

reactor  using a 5,5 nun fuel  pin diameter and reloaded by one third  of the 

core : 

- with the same residence time, as  the reference core,one gets  a rad ia l  

power form fac tor  of 1.85 instead 1,20 for  the reference core, 

- i f  one wan t s  to get the same power form fac tor  (1.20) the associated 

residence time (1380 days) corresponds t o  an increase of the DPA r a t e  

of 140 % - with respect t o  the reference core DPA member. 

Moreover thebreeding gain i s  reduced by 0,05 and the r eac t iv i ty  

l o s s  per cycle increasesby 128 % with respect t o  the reference core. 

This would lead to increase the control  number. 

The incompatibil i ty between a good rad ia l  power form factor  and .  
. . .  

a short  residence time appears to  be unavoidable as  f a r  a s . t h e  three core zone 

enrichments remain qu i te  c lose  to each other f o r  shor t  cycles. 

b) The form factor  fo r  the b u r n  up o f  t h e  s u b a s s e m b l i e s  which 

a re  unloaded fo r  reprocessing present the same tendancies a s  the one observed 

for  the power form factors .  

C )  On the other hand, i fone assumes tha t  the same power form fac tor  could be 

@ reached f o r  a l l  the cores (including the reference one), we notes t ha t  the 

reshuff l ing technic improves the burn up homogeneization fo r  the subassemblies 

which a re  unloaded a t  the end of the cycle (This i s  shown i n  tables  I1 and I11 by 

the values of the y /  r a t i o ) .  
6 

11-2. Influence of the reloading procedure 

For a given fuel  pin diameter, and for  a given residence time, one 

observes the following differences  between the reloading by one th i rd  and by 

one half  of the core : 

, 
- the radial  power form factor ,  and a t  a l e s s  extent the burn up form 

fac tor ,  i s  s l i gh t ly  improved i n  the reloading by core half  with respect 
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t o  the reloading by one th i rd  of the core, 

- the numbers of displacements per atome a re  p ra t i ca l ly  the same f o r  

both types of reloading, 

- the mean value of the fuel  enrichment i s  s ign i f ican t ly  higher for  the 

reloading by half  of the core (due to the longer cycle) and therefore 

the breeding gain i s  lower than f o r  the reloading by one th i rd  of the 

core 

11-3. Influence of the pin diameter 

As shown i n  table  I V ,  to  increase the fue l  pin diameter from 5.5 mm 

t o  7.14 rn permits : 

r) 
- t o  reduce the value of the displacement per atom number f o r  a given 

residence time, 

- to  reduce strongly the r eac t iv i ty  loss  per cycle fo r  a given cycle 

len,gth. 

Ofi the other hand the power form fac tor  increases with the fue l  pin 

diameter. An eventual solution,  under the r e s t r i c t i o n  tha t  i t  is  possible t o  

reduce the power form fac tor  from 1.50 to - 1.20, would consis t  i n  using a 

reloading by half  of the core fueled with 7.14 mm diameter pins : the maximum 

DPA would be c lose to 150 f o r  a 330 day residence time. 

Such a solut ion would provide : 

- a icesidence time increased by - 40 %, 

- a burn up form fac tor  reduced by 1 10 % with respect to  the reference core 

CONCLUSION 

The reshuff l ing procedure used to improve the fuel  managment 
- 

according to  the hypothesis choosen i n  t h i s  study, cannot provide simultaneously 

a good power form fac tor  and a maximum DPA number lower than the present l imi t s .  

With the present l imi ta t ion  on the DPA values, the e f f o r t  to be done 

i n  order to  use the reshuff l ing technic could only consis t  an improving the 

. . .I. . . . 



rad ia l  power d i s t r ibu t ion  eventually by : 

- reshuff l ing the f i s s i l e  subassemblies ins ide each core zone, 

- using the control  rods (eventually with a new location of the rods), 

- using f e r t i l e  subassemblies (heterogeneous core concept). 

Nevertheless t h i s  preliminary study provides the following 

tendances : 

- w i t h  respect t o  the reloading by half  of the core, the reloading by 

mne th i rd  of the core provides : 

e . a be t t e r  burn up homogeneization f o r  the unloaded subassemblies (by 

-- 10 %) f o r  a given form fac tor ,  

. a higher power form factor ,  

. a higher breeding gain, 

- the increasing of the fuel  pin diameter reduce theDPA number but 

increases the power form fac to r .  

Complementary s tudies  a r e  necessary to solve the power form fac tor  

problem before determining the other  reactor  charac te r i s t ics  ( fue l  inventory, 

doubling time, load fac tor )  which would permit to  choose a par t icu la r  solution.  
. . 

Presently the b u r n  - up form fac tor  seems to  be lower by - 10 % 

than the one corresponding to c l a s s i c a l  core when the solut ion adopted--uses 

a a reloading by. half  of a core fueled with 7.14 mm diameter pins. 
. . 



R E F E R E N C E S  --------------- 

/1/ C .  GIACOMETTI, Y.H. ROUGET, P .  HAMPER, F .  LYON, 

M. SALVATORES, B. SICARD, 6 .  GASTPLDO, J.Y. PIPAUD 

C a r a c t e r i s t i q u e s  n e u t r o n i q u e s  du r e a c t e u r  SUPER-PHENIX 1 

de C r e y s - N a l  v i l  l e .  

C o n g r e s  IAEA, P h y s i q u e  d e s  r e a c t e u r s  r a p i d e s ,  A i x - e n - P r o v e n -  

ce ( F r d n c e )  , 2 4 - 2 8  S e p t e m b r e  1 9 7 9 .  

0 / 2 /  Y .  LOTT e t  a1 

S e c t i o n s  e f f i c a c e s  de c r e a t i o n  de  dommages 

N u c l e a r  d a t a  i n  s c i e n c e  a n d  t e c h n o l o g y  

IAEA - S M  - 1 7 0 / 6 5 .  



TABLE I. 

i i GBG 

& I K e f f  11.04024 

EOC I BOC 
- - 

EOC BOC EDF BOC E OC BOC 

S t a r t  up core 

t-I ,' 1 .04333 1 . 0 0 5 1  

y : Radial power form fac tor  - 

lSt cycle znd cycle 

1.683 

- 0 .070  

GBG : Global breedilig gain (1 D calculated) 

3rd cycle 

BOC 

1.03342 

1.518 

- 0 .080  
- 

BOC 

1.03855 

1 .509  1 .446 

- 0 . 0 3 1  

BOC 

,,..,.a- 
i.u304+ 

1.508 

- 0 .078  

EOC 

0 . 9 9 5 6 0  

1 .348  

- 0 . 0 3 8  

EOC 

0 .99495  

1 .344 

EOC 

0.99487 

1 .344 . 

- 0 .0373  - 0 . 0 7 9  0 .0374  I - 



TABLE 11. P i n  diameter  = 5.5 min - Reloading by one t h i r d  o f  t h e  co re  - -  

Cycle l e n g t h  (day) 

Residence time (day) 

* BOC 
Y EOC 

1 

2 

3 

r e f  * 
T C F m a x - T C F m a x  % 

TCF;;~~ 

* . I D c a l c u l a t i o n s  

Y : Power form f a c t o r  (7) : mean y a l u e  f o r  one cyc le  

'6 : I I  I I  11 burn up- 

BOC : ~ e ~ i n n i n ~  of c y c l e  

EOC : End of  cyc le  

A O  : R e a c t i v i t y  l o s s  

TCF : B u r n u p  - 
GBG : Global breeding  ga in  (mean va lue  per  one cyc le)  

. . -  



TABLE 111. Pin diameter 5.5 mm - Reloading by core half  - -- 

cycle length (day) 

Residence itime (day) 

BOC 
Y 

EOC 

- r e f  
''cycle 

r e f  
A P c y c l e  

max D P A ' ~ ~  - D P A r e f  
% 

OPAL:: 

r e f  
TCFmax - T C F , ~ ~  

r e f 7  % 
TCF ma :c 

TCF - 



TABLE I V .  Fuel pin diameter influence -- - 

A Y  ( % I  BOC 

EOC 
-- 

S t a r ~ t  up core 

- 
A GBG 

(absolue difference) 

A p  ( % )  

. '  I Reloading by - 
of the core 

3 

T c  = 310 j 

T, = 030 j 

1 Reloading by - 
of the core 2 
T c  = 4 6 5  j 


