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- INTRODUCTION -

. Most of the optimization studies devoted to the hetero

geneous core concept for a large LMFBR, which are presently in 

progress, aim at improving one or several of the following points 

- the breeding characteristics ; 

- the fuel inventory ; 

- the safety characteristics (i.e. mainly the Sodium void 

effect) ; 

which respect to the classical two-zone core. 

For what concerns the safety aspect, it mast be beared in 

mind that a reduction of the Sodium void effect is expected to 

lead to a reduction of the energy yield in an'.àccidehtal 'si tùa.tion 

(L.O.F. type HCDA). 

. At CEA, the approach used up to now to optimize the core 

of a large power plant using the heterogeneous core concept is 

mainly founded upon the improvement of the breeding gain and of 

the fuel inventory : for the core lay-out obtained, one checks 

that these improvements are associated with a Sodium void effect 

lower than or equivalent to the one- corresponding to the homoge

neous core. 

On the other hand, parametric studies have been performed 

in order to know the conditions to observe for obtaining a signi

ficant reduction of the Sodium void effect. 



In both cases, design and paramétrées studies, the present 

calculated Sodium void effects are associated with relatively large 

uncertainties (= 40%). Therefore an experimental programme is 

necessary to reduce these uncertainties so that the conclusions 

drawn from the optimization studies are meaningful : part of these 

experiments will be performed on MASURCA, during the RACINE pro

gramme, in:the framework of a CEA/CNEN/DEBENE cooperation. 

This paper summarizes the conclusions resulting from para

metric studies (Sections I and II), and describes the main lines 

of the RACINE programme for the experiments related to the Sodium 

void effect (Section III). 

I - PARAMETRIC STUDIES -

The parametric studies performed concern simple configura

tions of heterogeneous cores (without control-rods): : 

j_) cores including a central fertile slice ; 

2) core including a central fertile island (eventually + 

-one fertile ring). 

In both cases, the Sodium void effect is calculated as a 

function of the fertile zone characteristics with the following 

approximations : 

- diffusion theory ; 

-'2D(RyZ) calculations ; 

- 25 group cross-sect.ions of the CARNAVAL III formulaire. 



1-1/ Heterggenegus_çgres_with_a_çentral_fertile_sl2G§ : 

Preliminary calculations are performed in order to determine 

the enrichment and the volume of the fissile zone which permit to 

respect the following criteria : . 

- maximum linear power : 450 W/cm ; 

- end of cycle reactivity : Keff = 1.000 

for various fertile slice thicknesses. 

Fertile slice 
thickness 

Fissile zone height 
(cm) 

Enrichment W 

Core radius 

0 

100.00 

19.64 

52.44 

15 

85.60 

23.59 

52.44 

20 

84.40 

24.50 

52.44 

30 

84.00 

25.81 

52.44 

. Sodium void effect for the whole reactor 

'The following table provides the Sodium void effects 
-5 AK 

(10 qr-) calculated for each core zone and for the whole reactor 



Fertile 
SI i ce 

Thi ckness 
(cm) 

0 

15 

30 

Fissile 
Zone 

- 188 

- 302 

- 629 

External 
Blanket 

- 197 

- 320 

- 376 

Fertile 
SI i ce 

/ 

+ 243 

+ 245 

Complete 
Reactor 

- 425 

- 374 

- 734 

The reduction of the Sodium void effect in the fissile 

zone is mainly due to the enrichment variation. 

The fertile slice thickness must be greater than 20 cm 

to get a significant reduction of the Sodium void effect for the 

whole reactor with respect to the core without fertile zone. 

. Maximum Sodium void effect . 

The maximum value of the Sodium void effect is determined 

in two steps : 

a.) one calculates the Sodium void effects for zones voided 

overall the reactor height with increasing radii ; 

])) for the radius corresponding to the maximum value, one 

determines the Sodium void effects associated to in

creasing heights. 

The following table gives the maximum values of the Sodium 

effects (10 -7T-) for three core configurations. In the three 

cases, the voided zone corresponding to this maximum has the 

following characteristics : 

R - 0.6 Re (Re core radius) 

H = 0.7 He (He core height) 



Fertile slice 
thickness (cm) 

Maximum Sodium 
void effect 

0 

500 

15 

550 

30 

350 

One observes that the reduction of the maximum void effect 

occurs only for fertile slices v/i th . thi ckness greater than 20 cm. 

. Conclusion . 

. The insertion of an axial fertile zone within a homoge

neous core, can provide a significant reduction of the Sodium void 
Ak 

effect (0.2 to 0.3 % =^) for slice thickness close to 30 cm. But, 

this leads to increase by = 4« the fuel inventory if the comparison 

with the homogeneous situation corresponds to the same residence 

time for both core type. 

The analysis -of'the results shows that this reduction is 

due to the decoupling between the fissile zones for sufficient 

fertile zone thicknesses. 

. One must note that the core configurations including two 

symétrie fertile slices located in order to improve the axial 

power form factor lead to higher Sodium void effects. 

1-2/ Heterggeneous_ççres_wi th_a_çentra}_ferti 1 e_i sl_and : 

The tendencies observed hereabove for a heterogeneous 

configuration including an axial fertile zone,-, are confirmed by 

the parametric study of the Sodium void effect VS the radius 

of the central fertile island of heterogeneous radial core. 
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The same procedure as the. one used previously leads to 

the following resul ts, ,for a core .height of '90 -cm (external blanket 

thicknesses : 50 cm) : ' ,"•'•" 

Fertile island * 
radius (cm) 

Enrichment..^). 

Core radius (cm) 

Total reactor void 
effect (10-5 AK/K)' 

Maximum void effect 
(10-5 A K / K ) 

« • 

0 

' "16 

" 94.3 

570 

1200 

i 

7.5 

16.55 

89.32 

480 

1000 

"'22.5 

19.2 

81.8 

75 

800' 

37.5 

22.3 

83.8 

-420 

350 

The results obtained confirm that : 

- the reduction of the Sodium void effect with fissile 

zone VS the fertile zone radius is mainly due to the 

increase -of the fissile enrichment.; 

- the significant reduction of the Sodium void effects 

(total or maximum) are obtained for fertile island 

,. radii higher than = 25 cm. 

Moreover, if one adds a fertile ring to the central fertile. 

zone with a 22.5 cm radius, one observes that a significative 

improvement of the power form factor is not accompanied by a re

duction of the maximum Sodium void effects when the thickness of 

the ring is increased. 
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Fertile ring 
thickness (cm) 

Fertile ring 
location (cm) 

Enrichment (%) 

Power form 
factor 

Maximun Sodium void 
(lO"5 AK/K) 

0 

/ 

19.2 

1.28 

800 

15 
1 

37.5/52.5 

25.75 

1.15 

1000 

26 

39.5/65.3 

31.5 

1.12 

800 

30 

37.5/67.5 

30.8 

1.17 

400 

A significant reduction of the Sodium void is obtained for 

a ring thickness close to 30 cm, but this reduction implies a signi

ficant increase of the fuel inventory. 

11 - DESIGN STUDIES -

Comparisons are presently performed between the classical 

concept and the heterogeneous one for a 1800 MWe reactor having 

the same characteristics as far as the subassemblies (size, core 

geometry), and the operation conditions are concerned /l/. For a 

heterogeneous configuration optimized in order to minimize the 

in-pile fuel inventory, ones briefly reports in the following 

table some orders of magnitude charactéri stizïngrfhè:.Sôdium 

vbid-.ieffect for the whole core : 

• ••/••• 



Fissile zones 
Fertile zones 

TOTAL (without rods) 

Fissile zones 
Fertile zones 

TOTAL 

HETEROGENEOUS 
CORE 

::876 
576 

1505 

1563 
742 

2300 

HOMOGENEOUS 
CORE 

1500 

2130 

1 

Fresh core 

End of cycle 
core 

v One observes that the total Sodium void effect has the 

same order of magnitude for the homogeneous and heterogeneous 

coresfor the fresh core and the end of cycle situations. 

. A more detailed study showsnevertheless that the spatial 

distribution of the Sodium void effect differs strongly between 

the heterogeneous and homogeneous cores. This, has to be taken 

into account for safety analysis. 

. As far:' as only the fissile zones are concerned the 

Sodium void effect is about twice smaller for the heterogeneous 

core than for the homoqeneous one. 

. One must bear in mind that the present uncertainties 

applied to these results (= ± 40%) limits the validity of this 

comparison. 

Ill - RACINE PROGRAMME -

In order to reduce the uncertainties applied to the cal

culated Sodium void effects, especially for the heterogeneous 

configurations, and to improve the optimization study results, 

a important part of the RACINE programme /2/ will be devoted to 

Sodium void experiments. 



A main goal of these experiments will be to study para-

metricaly the decoupling between the fissile zones by measuring 

the central component of the Sodium void effect for various 

thicknesses of the fertile ring. 

. . . i 

As a typical example, the following table gives the Sodium 

void effect in the fissile Plutonium zone located between the 

central fertile zone and the fertile ring (see figure 1) VS 

the ring thickness. The voided slab is 10 cm,thick (figure 1) : 

Ring 
Thickness 

(cm) 

10 

20 

30 

Leakage 

ID"5 f 

- 0.67 

++:"0;65 

+ 0.65 

Production 

lu"5 ^ 

- 1.65 

- 0.72 

- 0.26 

Scattering 

1 0 " 5 ^ 

••24:7 

11.1 

3.8 

Absorption 

ID"5 ÛK. 

6.2 

2',9 

1.06 

TOTAL 

1 0 " 5 ^ 

28.6 

13.9 

5.25 

One can see that the reduction of the Sodium void effect is 

directly related to the variation of the slowing down contributions 

when the ring thickness increases. 

- CONCLUSION -

1^/ Among the criteria which are used to optimize the hete

rogeneous core configurations, the minimization of the Sodium 

void effect can have an essential part. In the present CEA ap

proach, where one wants to minimize the in-pile fuel inventory 

and the doubling-time, the total Sodium void effect is rather 

close to the one corresponding to the homogeneous core. 



1 

2/ Parametric studies performed on simple configurations 

indicate that a significant reduction of the Sodium void effect 

involves an increase of the critical mass (= 5%). 

3/ The present uncertainties (= 40%) applied to the cal

culated Sodium void effects have to be reduced in order to permit 

significant optimization calculations. The RACINE programme per

formed on MASURCA in the framework of a CEA/CNEN/DEBENE coopera

tion should provide the necessary informations to reduce these 

uncertainties. 
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