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- I N T R O O U C T I O N  - 

A s p e c i f i c  e x p e r i m e n t a l  programme i s  d e v o t e d  t o  t h e  s t u d y  

of  t h e  SUPER-PHENIX c o n t r o l - r o d s  on t h e  c r i t i c a l  f a c i l i t y  MASURCA. 

The a i m  o f  t h i s  p rogramme i s  t w o f o l d  : 

lo/ t o  p r o v i d e  t h e  b i a s  f a c t o r s   and t h e i r  u n c e r t a i n t i e s -  f o r  

t h e  d e s i g n  c a l c u l a t i o n s  t a k i n g  i n t o  a c c o u n t  t h e  c h a r a c -  

t e r i s t i c s  o f  t h e s e  r o d s  : s i z e  a n d  c o m p o s i t i o n .  

T h i s  s t e p  t a k e s  p l a c e  d u r i n g  t h e  PRE-RACINE programme 

b e t w e e n  Nay a n d  December  1 9 7 8  ; 

2 ' /  t o  a n a l y z e  t h e  c o n t r o l - r o d  i n t e r a c t i o n s  on c r i t i c a l  

c o n f i g u r a t i o n s  s u f f i c i e n t l y  l a r g e  ( R c  = 1 . 2 0  t o  1 . 4 0  cml 

t o  g i v e  s i g n i f i c a n t  r e s u l t s  a s  f a r  a s  i n t e r a c t i o n  f a c -  

t o r s  a r e  c o n c e r n e d .  

T h i s  s t u d y  mus t  i m p r o v e  t h e  c a l c u l a t i o n a l  m e t h o d s  u s e d  

f o r  t h e  power  d i s t r i b u t i o n ' p r e d i c t i o n  a n d  f o r  t h e  f u e l  

managemen t .  

The  c o r r e s p o n d i n g  e x p e r i m e n t s  c o u l d  be  p e r f o r m e d  d u r i n g  t h e  

y e a r s  1 9 7 9 - 1 9 8 0  w i t h i n  t h e  f r a m e w o r k  o f  t h e  CEA-CNEN-KFK c o o p e -  

r a t i o n .  

I n  t h i s  p a p e r ,  o n e  p r e s e n t s  t h e  r e s u l t s  o b t a i n e d  f o r  t h e  

d i l u e n t  r o d s  (Na f o l l o w e r '  - d i l u a n t  s u b a s s e m b l y  f o r  t h e  s t a r t - u p  

c o r e ] ,  w h i c h  h a v e  b e e n  u s e d  i n  t h e  SUPER-PHENIX c r i t i c a l  e n r i c h -  

ment  d e f i n i t i o n .  

I - EXPERIMENTAL PROGRAMME - 

I - I /  Rods u n d e r  s t u d y  : - - - - - - - - - - - - - - - -  

A f t e r  t h e  c o n t r o l - r o d  e x p e r i m e n t s  w h i c h  h a v e  b e e n  p e r f o r m e d  

t o  s t u d y  t h e  PHENIX c o n t r o l - r o d s  / I / ,  c o m p l e m e n t a r y  i n f o r m a t i o n s  

a r e  n e c e s s a r y  f o r  t h e  SUPER-PHENIX r o d s  on t h e  f o l l o w i n g  p o i n t s  : 



. S i z e  e f f e c t  : o n e  h a s  t o  i n v e s t i g a t e  if t h e  SUPER-PHENIX - - 
2 

r o d  s i z e  ( 2 8 0  cm 1 much l a r g e r t h a n  t h e  
2 

PHENIX o n e  ( 1 4 0  cm ,I g i v e s  r i s e  t o  d i f f e r e n t  

c a l c u l a t i o n  t o  e x p e r i m e n t  d e v i a t i o n s .  

. C o m p o s i t i o n  e f f e c t  : t h e  SUPER-PHENIX f o l l o w e r s  w i l l  i n -  

c l u d e  a  low c o n t e n t  o f  s t a i n l e s s  s t e e l  

( =  9 %  V / O ]  w h e r e a s  t h e  P H E N I X  o n e s  i n c l u d e s  

a  h i g h e r  c o n t e n t  ( =  1 5 %  v / o l .  A p r e l i m i n a r y  

s t u d y  p e r f o r m e d  on MASURCA i n d i c a t e d  t h a t .  

t h e  c a l c u l a t i o n  t o  e x D e r i m e n t  d e v i a t i o n  was 

s e n s i t i v e  t o  t h i s  e f f e c t .  

- D i l b e n t  _ - I . . = _ _ _ I _ = _ = _ = _ = _ _  s u b a s s e m b l y  - 

The c a l c u l a t i o n  t o  e x p e r i m e n t  d e v i a t i o n s  h a v e  t o  be  d e t e r -  

mined  f o r  v a r i o u s  Na and  S . S .  c o n t e n t s  i n  a  SUPER-PHENIX s u b -  

a s s e m b l y  a c c o r d i n g  t o  t h e  c o n c l u s i o n s  drawn f r o m  t h e  f i r s t  s t u -  

d i e s  p e r f o r m e d  on NASURCA a f t e r  t h e  P H E N I X  s t a r t - u p .  I t  was 
E - C  

shown a t  t h i s  t i m e  t h a t  a  l i n e a r  i n t e r p o l a t i o n  b e t w e e n  t h e  7 
v a l u e s  o b t a i n e d  f o r  a  p u r e  S . S .  r o d  a n d  a  p u r e  Na r o d  i s  u n s u f -  

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

s u b a s s e m b l y  c o m p o s i t i o n .  . 

- A b s o r b e r  = - = - -  r o d  - . . - = - = - = -  

The SUPER-PHENIX c o n t r o l . - r o d  w i l l  i n c l u d e d  9 0 %  e n r i c h e d  84C 

w h e r e a s  t h e  f i r s t  PHENIX r o d s  c o n t a i n t  o n l y  4 7 %  e n r i c h e d  84C. 

c ore over no  s y s t e m a t i c  s t u d t e s  o f  t h e  e n r i c h e d  84C h a v e  b e e n  

p e r f o r m e d  on MASURCA. 

T h e r e f o r e  t h e  f o l l o w i n g  a s p e c t s  w i l l  b e  a n a l y z e d  d u r i n g  

t h e  c o n t r o l - r o d  programme now i n  p r o g r e s s  : 



- sensitivity of the calculation to experiment deviation 

to the B4C enrichment, and the rod size for a given 

enrichment I 

- check and improvemeht of the calculational 

method used for the rod cross-section defini- ' . .  

tion : presently the rods are considered as homogeneous 

media where 84C and Na are mixed.. Such an approximation 

leads to an overestimation of 10% of the rod antireacti- 

vity with respect to a more refined calculation : this 

point has to be checked experimentally. K ,  = -  

I-2/ E x e e r $ m e n t g l - p r g g r g l m e  : - 

The parameters under study are : 

- the antireactivity of each rod ; . 
- the power distribution pertu'rbation due to the SUPER- 

PHENIX type rods ; '. 

- the y heating in the S.S. subassembly or in the enriched 

B4C rod : 

- the Na void effect at the vicinity of the absorber rod. 

According to the approach used at CEA, the reactivity 

effects are studied parametrically versus : 
2 - the rod size (112 brn2 and 280 cm I in order to be able to 

analyze the results obtained for the largest size in the 

light of previous results /I/ ; 

- the rod composition : the following tables give the diluent 

rod and the absorber rod compositions built in NASURCA : 

successively nat. B4C, 50% enriched B4C, 90% enriched 

n l c .  . 

% v/o Na 
% v/o SS 

93 
7 

+ 
"SUPER- 
PHENIX 
follow~r 

8 8 
12 

2 PtiENIX 
follower 

6 6 
34 

4 5 
5 5 

SUPER- 
PHENIX 
diluent 
subas- 
sembly 

24 
7 6 

PHENIX 
diluant 
subas- 
sembly 

0 
100 



Ir3/ Core configuration : - - - - - - - - - - - - - - - - - - -  

The PRE-RACINE core built in the critical facility MASURCA 

is a two-zoned core' : Figure 1. 

- a central Plutonium zone with an,enrichment ofz18.2% in 

equivalent Plutonium which has a radius of 4 4 . 5  cm. 

U 5  = 22.3% - a external Uranium zone with an enrichment + U8 

The critical radius is about 5 5  cm. The fissile core has a 

height of 9 1 . 4 4  cm. The axial blanket is made of U02Na and the 

radial one of depleted U02. 

All the rods studied are fully inserted at the core center 

overall the total reactor height (core+axial blankets). 

All the reactivity measurements are made using the critical 

balance technique. Additional fuel elements at the outer core 

blanket boundary are used to compensate the worth of the control 

rod. Moreover, the modified source multiplication technique has 

been used with corrections for spatial effects, the correspon- 

ding results are now under analysis. 

Macroscopic relative power distributions are mesured either 

in the clean core or in the core with the rod by standard fission 

chambers scan and various foils distributions to go close the 

rod and within the rod. 

I1 - DILUENT ROD RESULTS - 

11-I/ Calculational method : - . . . . . . . . . . . . . . . . . . . .  

The reference method used to analyze the rod effect involves 

20 (R,Z) diffusion calculations using the 25 groups CARNAVAL IV 

cross-sections. 



The basic design calculational method for SUPER-PHENIX uses 

2 0  (R,Zl calculations with 6 groups condensed cross-sections. The 

condensation effect on the reactivity values is negl-igible /I/ 

I D  cylindrical calculations have been performed for the RASURCA 

experiment analysis in order to check the values given for the 

PHENIX start-up prediction.. 

The main results obtained are given in t h e  following table 

which presents the calculation to experiment deviations corres- 

ponding to 2 0  [R,Zl and 10 (R1 calculations : 

composition I--=- 

One has to note that the influence of the rod size on the 

- E - C  deviations is quite small. 
C 

?od size 
2 c m 

The results corresponding to the PHENIX Sodium follower 
I 

or S.S. subassembly obtained during the previous programme 

R.2 /2/, and the PRE-RACINE programme core compared in the table 

hereafter : 

E - C  
C % (201 L - 2  C t l D )  



ti. 

E - C  d e v i a t i o n s  o b s e r v e d  f o r  t h e  S o d i u m  f o l l o w e r  depend  .The c 
upon  t h e  l e n g h t  o f  t h e  r o d  u n d e r  s t u d y  : 

- t h e  r o d  i s  i n s e r t e d  on  t h e  c o r e  h e i g h t  f o r  Z1 a n d  R 1  ; 

- ' ( 2 0  R,Z l  
C '. 

Sodium fo l l ower  

S.S. subassembly 
1 

- t h e  r o d  i s  i n s e r t e d  on  t h e  c o r e  + a x i a l  b l a n k e t s  h e i g h t  

f o r  ZONA 1 a n d  R3 ; 

a n d  u p o n  t h e  c o m p o s i t i o n  o f  t h e  a x i a l  b l a n k e t s  : 
- -. - U02-Na f o r  ZONA 1, Z1 ; 

- d e p l e t e d  U  f o r  R3, R I .  

PRE-RACINE 
[ZONA 1) 

-5.5'i: 1.5 

-0.5 ?: 1.5 

1 D l R )  c a l c u l a t i o n s  g i v e  - E - C  d e v i a t i o n s  w h i c h  a r e  i n d e p e n -  

d a n t  o f  t h e  a x i a l  b l a n k e t  c o m p o s i t i o n .  

As an  examp le ,  t h e  2D - d e v i a t i o n s  a r e  g i v e n  h e r e a f t e r  

f o r  t h e  " l o n g "  and  " s h o r t "  Na f o l l o w e r  i n g e s t e d  i n  t h e  R3 c o r e  

re f l ec ted .  s u c c e s s i v e l ~  b y  d e p l e t e d  U o r  U02-Na a x i a l  b l a n k e t s  : 

R.2 
Z 1 

-8.3 f 2  

+3 f 2  

These  r e s u l t s  a r e  u s e d  t o  i m p r o v e  t h e  a n a l y s i s  p e r f o r m e d  

w i t h  20 (R .Z1  c a l c u l a t i o n s .  

20  - 1 0  
I D  

" l o n g "  r o d  

" s h o r t "  r o d  
* 

E  - C 
The 7 d e v i a t i o n s  o b t a i n e d  f o r  v a r i o u s  S . S .  c o n t e n t s  i n  

t h e  PRE-RACINE p rog ramme a r e  p r e s e n t e d  o n  F i g u r e  2  f o r  20  a n d  1 0  

R 1  

-5.2 + 1  

, -8 f I 

c ~ l c u l a t i o n s .  These  d e v i a t i o n s  c a n  be  c o m p a r e d  t o  t h e  p r e v i o u s  

. R3 

-17 f 2  

O f 5  

Depleted U 
a x i a l  b lanket  

- 1 1  % 

- 27 % 

o n e s  i s s u e d  f r o m  t h e  R , Z  p rogramme (R3 c o r e .  s e e  / 2 / ) .  One h a s  

t o  n o t e  t h a t  t h e  PRE-RACINE e n r i c h m e n t  c o r r e s p o n d s  t o  t h e  e x -  

t e r n a l  SUPER-PHENIX c o r e  z o n e  and  R3 e n r i c h m e n t  i s  e q u i v a l e n t  t o  

UO -Na a x i a l  
'blanket 

- 25 % 

- 28 % 

t h a  i n n c r  SUPER-PHENIX c o r e  zone .  



I f  t h e  2 0 [ R , Z I  r e s u l t s  a r e  n o t  d i r e c t l y ' c o m p a r a b l e  due  t o  

t h e  a x i a l  b l a n k e t  c o m p o s i t i o n  d i f f e r e n c e s  b e t w e e n  PRE-RACINE 

a n d  R3, one  o b s e r v e s  o n  t h e  I D  r e s u l t s  t h a t  t h e r e  i e  a s y s t e -  

m a t i c  v a r i a t i o n  o f  = 7 %  b e t w e e n  t h e  b i a s  f a c t o r s  c o r r e s p o n d i n g  

t o  t h e  i n n e r  z o n e  o f  SUPER-PHENIX (R31,and t h e  b i a s  f a c t o r s  

r e l a t i v e  t o  t h e  o u t e r  z o n e  [ZONA 11. 

- CONCLUSION - 

The c o n t r o l  r o d  e x p e r i m e n t s  p e r f o r m e d  d u r i n g  t h e  PRE- 

RACINE p rog ramme i n  o r d e r  t o  i m p r o v e  t h e  b i a s  f a c t o r s  a s s o c i a -  

t e d  t h e  SUPER-PHENIX d e s i g n  c a l c u l a t i o n s ,  h a v e  u s e f u l l y  c o m p l e -  

a .  t e d  t h e  p r e v i o u s  r e s u l t s  o b t a i n e d  o n  MASURCA. . . 
As f a r  a s  d i l u e n t  r o d s  a r e  c o n c e r n e d  ( S o d i u m  f o l l o w e r  , 

d i l u e n t  s u b a s s e m b l y ) ,  t h e  f i r s t  c o n c l u s i o n s  d r a w n  c o n c e r n i ' n g  t h e  . 
a n t i r e a c t i v i t y  e f f e c t s  a r e  : 

2 - t h a t  t h e  s i z e  e f f e c t  ( 1 4 0  - 280 cm d o e s  n o t  m o d i f y  

s i g n i f i c a n t l y  t h e  7 E - C  d e v i a t i o n s  ; 

- t h a t  a  c o m p l e t e  a n a l y s i s  o f  t h e  programme c a n  p r o v i d e  

t h e  b i a s  f a c t o r s  f o r  b o t h  c o r e  z o n e s  o f  SUPER-PHENIX. 

These  r e s u l t s  h a v e  e f f e c t i v e l y  b e e n  u s e d  f o r  t h e  SUPER- 

PHENIX c r i t i c a l  e n r i c h m e n t  d e f i n i t i o n  ; 

- some d i s c r e p a n c i e s  o b s e r v e d  b e t w e e n  t h e  d i l u e n t  b i a s  

f a c t o r s  i s s u e d  f r o m  t h e  R,Z programme a n d  t h e  PHENIX 

m e a s u r e m e n t s  / 2 /  c a n  b e  now f u l l y  a n a l y z e d  i n  t h e  l i g h t  

o f  t h e  PRE-RACINE p rog ramme.  
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