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RESUME 

Calculations were performed to investigate asymmetry 
effects observed in the RACINE reference configuration. 

The perturbation sources -material shifts in fissile 
rodlet cells- were identified and influences on various experi
mental parameters were estimated. Improvements of the relati
vely simple methods used in this work could lead to applications, 
considering similar effects, in project calculations for large 
power reactor cores. 
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I - INTRODUCTION -

A typical assembly under investigation in a zero power 
crit^caL facility is composed of several zones, the fissile, 
fertile and reflector type, each containing a lar^. .;umuer 
of subunits, the cells, which are identical with respect to 
size, orientation and the content of various components. 

The design of a cell is guided by the desired nuclear 
characteristics, enrichment, fissile to coolant to structural 
volume ratio, etc... ; but also, by the availability in quantity 
and type of components, by geometrical considerations and 
other aspects. 

In general, one tries to keep cells as small and simple 
as possible for homogeneity reasons and in order to facilitate 
heterogeneity calculations. This measure also provides a higher 
degree of freedom for the design of shape and thickness of the 
zones. On the other hand, one should avoid problems and side 
effects which could influence the accuracy of the experimental 
results, the quality of the interpretation and the transposition 
to project studies. 

On MASURCA, the RACINE experiments /I/ are presently 
performed in the frame of a common CNEN-CEA-DeBeNt programme, 
aiming at the investigation of nuclear,design and safety 
parameters of large heterogeneous fast breeder cores. In the 
greater part of the RACINE reference core, the same cells 
were used which had previously been under study in assemblies 
during the PRE-RACINE programme 121, III, and which had performed 
satisfactorily in these relatively small cores. 
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In the RACINE reference core, however, small material 
asymmetries of the cells were amplified by the large size 
and heterogeneity of the configuration, leading to significant 
perturbations of the flux distributions in the nominally 
symmetric core. 

The present paper describes the calculâtional studies 
performed in order to arrive at a better understanding of the 
phenomena, and to provide, at the same time, a decision basis 
for remedial actions. Although rather simple caIculational 
methods -mainly few group diffusion theory- and geometrical 
models were applied, good qualitative and to a lesser extent 
quantitative agreement was found with the observed trends and 
tendencies. 

The decision finally taken led to a modification of two 
of the basic cells, to improve their symmetry, and reloading 
of the corresponding) core zones. The nuclear characteristics 
remained unchanged. 

II - ASYMMETRY IN THE RACINE CORE -

11-1/ The reference configuration : 

For the RACINE experiments, an important stock of 
fissile material, originating from CEA, CNEN and KFK, has been 
accumulated at MASURCA. The 0.8 and 1.2 tons of Pu 239 and 
U 235 respectively, exist in two geometrically different types 
each, in rodlet (CEA, CNEN material) and platelet form (KFK). 

The basic fissile and fertile cells utilized in the 
RACINE reference core are shown in Figure 1. The enrichment 
of the Plutonium rodlet (ZONA 1) and Plutonium platelet cells 
(ZONA IK) is 19% (-n^é-y. 

U + Pu 
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The Uranium rodlet cell Rl designed to have asymptotic 
neutronic characteristics close to the Plutonium zone ones, 
is used in the outer core parts. 

One remarks, that the material distribution of the 
fissile rodlet cells and the radial blanket cell is not 
symmetrical with respect to the geometrical centre of the cells. 

The following table indicates the deviations of the 
mass centres of the most important materials : 

CENTRE OF MASS DEVIATIONS . 
FROM GEOMETRICAL CENTRE m m 

ZONA 1 R1 RADIAL BLANKET CELA 

X Y X Y X Y 

Pu 

U 235 

U 238 

0 

Na 

S t e e l 

- 6 . 4 

+ 1 .5 

+ 1 .5 

. 0 . 0 

0 . 0 

0 . 0 

- 2 . 1 

• 0 . 5 

+ 0 . 5 

0 . 0 

0 . 0 

0 . 0 

- 10.6 
- 5 . 1 

+ 6 . 4 

0 . 0 

-v 2 . 0 

- 2 . 1 

- 7 . 6 

+ 6 . 4 

0 . 0 

'v 2 . 0 

- 2 . 1 

- 2 . 1 

- 2 . 1 

+ 6 . 4 

0 . 0 

+ 2 . 1 

+ 2 . 1 

+ 2 . 1 

- 6 . 4 

0 . 0 

The centre of mass deviations for the Plutonium platelet 
cell ZONA 1K and the internal fertile cell are zero in the X 
and Y directions. 

The X-Y half plan of the RACINE reference core is 
depicted in Figure 2. It is a heterogeneous configuration of 
the annular type. A central fertile island is surrounded by 
two fissile rings, separated by a fertile ring. The core 
height is 90 cm. Axial and radial blankets and a steel 
reflector cover the whole. The dimensions where defined as to 
minimize the radial power form factor. 
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The cells are loaded in the same orientation ov»r the 
entire respective zones. Thereby a centre of mass shift is 
produced with respect to the geometrical core centre, of th; 
same size and direction as given in Table page 3 for tbe cells. 
Regarding especially the fissile materials, this means a shift 
from the right side (positive X - a x i s ) , to the left side 
(negative X-axis) and, less pronounced, from the upper 
(positive Y-axis) to the lower part (netagive Y-axis) of the 
core. Another asymmetry was caused by the choice of a small 
step width at the fissile/internal fertile zone interfaces. 
Left or right half cells of ZONA 1 were used in several places, 
producing small zones with fissile concentrations being about 
± 30% off the average concentration. Globally, this caused also 
a surplus of fissile material on the left core side. 

11-2/ Reaction rate distribution measurements : 

The consequences of these material asymmetries were 
discovered at the occasion of radial reaction rate distribution 
measurements performed for power distribution and breeding gain 
determination. Reaction rates of U 235, U 238 and Pu 239 fission 
were obtained using cylindrical ionization chambers with 
fissile layers of the interesting isotopes inside a channel that 
is positioned close to the core mi dp lane and parallel to the 
X-axis. U 238 capture and fission rates were obtained by 
counting the Np 239 y-activity and the fission product gamma-
activity of depleted Uranium-foils irradiated in or between 
rodlets or platelets. 

Figure 3 shows the distribution of U 238 and Pu 239 
fission. Positive and negative X-axis are superimposed to 
clearly mark the differences. It is observed, that the rates 
are generally higher on the left core side, with local exception 
for U 238 fission. 
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The high energy flux, represented by U 238 fission, is 
stronger perturbed and shows a more complicate asymmetry 
pattern than the global flux, for which Pu 239 fission is an 
approx i mati on. 

These observations are qualitatively in line with the 
fact, that the fissile material is effectively shifted to the 
left core side as discussed in I1-1/. 

Nevertheless, several experiments were performed in order 
to estimate the influence of other possible perturbation sources, 
e.g. pilote rod, neutron drift in the channel, monitoring 
installations, etc... The effects were, however, small if 
measurable at all. 

Ill - ASYMMETRY CALCULATIONS -

II1-1/ Objectives : 

A calculational effort was started with a threefold aim : 

1°) to develop a model that describes the experimental 
situation and would confirm the hypothesis made on the causes 
of the asymmetry effects ; 

2°) to estimate the deviations that experimental 
parameters do have with respect to a symmetric configuration ; 

3°) to investigate the possibility and quality of 
corrective methods. It was considered, e.g. : 

3.1) to obtain correction factors from calculations 
to be applied to experiments, 
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3.2) to apply an averaging procedure experimentally, 
e.g. to measure local parameters in mirror 
positions of the core and taking the average 
as an estimate for the "symmetric" value, 

3.3) to "spike" the core locally to compensate 
the asymmetries or, partially or completely, 
to reload the perturbed zones using more 
symmetric cells. 

111-2/ Modeling asymmetry in calculation : 

The modeling of the ZONA 1 half cells is straightforward. 
The isotopic concentrations of the left and right parts are 
calculated from the component data, they are in fact those 
of the well known cells ZONA 2 and ZONA 3, which had been 
under study in earlier assemblies in NASURCA. 

For the material shift, the following model is used : 
in a given region, a material centre displacement can be 
obtained by introducing subregions with concentrations different 
from normal density. The following assumptions were made : 
(see also figure below) :: 

- two regions of one mesh thickness each, with relative 
densities P 1 = P i / P a v e P a a e

 a n d p 2 = 2 " P 1 ( f o r m a s s 

conservation) are introduced at equal distances from 
the centre of a region with N meshes : 
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N mesh i n t e r v a l s 

r e l a t i v e 
concentration 

P 2 = 2 - P l 

geometrical 
centre 

< displ 

r r e l a t i v e concentration 
p1 N-1 N N+1 

acement S of material centre 

X : distance of perturbed in terva l 
from geometrical centre 

The f o l l o w i n g r e l a t i o n i s e a s i l y deduced 

s -L^. < p r i ) ( 1 ) 

where S is the material displacement from the region 
centre. For a given mesh system (N) and displacement S, the 
relative density P.. and the distance X of the perturbed mesh 
from the centre can be chosen approbiately. 

In practice, the extension of a zone varies, e.g. in 
the RACINE core, the extension of the ZONA 2 or the R1 
regions in the X-direction varies with the Y-coordinate, and 

x consequently, the mesh number. To keep ^ (P^-1) constant, 
either X or P,. or both could be adapted. 
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In the present work, the same compositions as for the 
half cell modeling were also used for the ZONA 1 material 
shift description. Thus only X remained as the free parameter. 

The application of this procedure in two directions 
would, in principle, allow to describe two-dimensional 
asymmetries corresponding to the situation in the RACINE core. 
In the present work, however, only the asymmetry in the 
X-direction was modeled and investigated, supposed to be much 
stronger than that in Y-direction, and also because experimental 
data were available only along the X-axis. 

111-3/ One-dimensional studies : 

A series of calculations was performed using transport-
and diffusion-theory. The core was simulated in a one-
dimensional plate model, with plate thicknesses representing 
the material distribution along the X-axis of the RACINE core. 
Some modifications of the dimensions, especially in the 
central part of the model, were necessary to render the 
calculated reaction rate distributions more similar to the 
experimentally determined ones. 

Various types and degrees of asymmetries were studied 
by inserting small zones of high and low material concentrations 
at the zone interfaces. The concentrât ions were chosen to 
conserve the total mass of the core. An example is given 
hereafter : 
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The following conclusions could be drawn from these 
calculations : 

. asymmetries in reaction rate distributions of the 
type and magnitude as observed experimentally could 
be simulated with the applied model ; 

. transport and diffusion theory gave very similar 
results ; 

' keff v a r i a t i ° n s °f up to 0.2% were found, allthuugh 
total mass was maintained in all cases ; 

by "left-right" averaging of reaction rates, the 
deviations from the symmetric case were reduced, 
from originally 6% and 11% to less than 1% and 2.5% 
respectively for Pu 239 and U 238 fission. 
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111-4/ Two-dimensional calculations : 

The ideas described in 111-2/ were applied to a two-
dimensional X-Y model of the RACINE configuration. The 
resulting geometrical model is depicted in Figure 4. 

The calculations were performed in four group diffusion 
theory, with source guesses from one-group calculations. 

The calculated U 238 fission rate distribution is 
compared to the experiment in Figure 5. 

The asymmetry pattern is fairly well reproduced in 
calculation, as indicated by the different peak, ratio at the 
left and right core sides, or by the different gradients 
of the curve in the Plutonium platelet zone ZONA 1K. 

Due to the calculationaI approximations significant 
differences are still found which hide many details of the 
asymmetry patterns. Therefore, in further comparisons, the 
relative deviation from the symmetric case is used, shortly 
called RDS. It is defined as : 

R ( X ) / . 
R D S ( X ) /Calc. - W ^ 1 ) 

where RCX) is the rate at position X, A indicates an asymmetric 
and SR the symmetric reference case. 

As no experimental information for a symmetric core 
was available, the left-right averaged rates were taken as an 
estimate for the symmetric case : 
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RDS(X)/ - R E x p ( X ) 

Exp. " 0.5<R_ (X)+R_ (-X)> Exp Exp 
- 1 

It is recalled from III-3/, however, that errors in 
order of 1% and 2.5% can be introduced, for Pu 239 and I) 238 
fission respectively, by this procedure. 

First studies with the two-dimensional models were 
performed in order to determine the relative contributions 
of the cell perturbations to the total asymmetry. 

The ZONA 1 half cells, the ZONA 1 material displacement 
and the R1 material displacement were modeled independently, 
and the resulting U 238 fission rate distributions were 
compared to the experimental curve (Figure 6 ) . 

The following statements can be made : 

. each perturbation produces asymmetries in the order 
of 5 to 10%, being of the same order of magnitude 
as experimentally observed ; 

. none of the calculated asymmetry patterns describes sa
tisfactorily the experimental one over the whole 
core diameter ; 

the asymmetries are partly compensating, e.g. R1 and 
Z0NA1 material shift produce global gradients in the 
opposite sense. Also, local maxima c,f one curve do 
coincide with minima of an other one and vice-versa. 
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Figure 7 shows the comparison to experiment for the 
three perturbations combined. This is the "relative deviation 
of symmetry" representation of the curves shown in Figure 5. 

One still observes differences of several percent 
between experiment and calculation, especially at zone 
interfaces and in the outer core regions. 

In view of the approximations in calculation (few 
group diffusion theory), in the geometrical modeling of the 
problem (local perturbations for simulation of global material 
shifts) and in the determination of the symmetric experimental 
curve (left-right averaging), however, the agreement of the 
experimental and calculated asymmetry patterns can be regarded 
as satisfactory : the positions of the maxima and minima 
coincide closely, and the curve gradients are very similar 
in sense and magnitude zonewise and globally. This general 
agreement is also true for the total flux distribution, 
represented by Pu 239 fission as depicted in Figure 8. 

111-5/ Appli cations : 

The methods and models as described in III-4/, were 
used to estimate the deviations that core parameters would 
show in an asymmetric core with respect to a symmetric one. 

The results are shortly summarized : 

. global parameters, e.g. k - * * / or those which are 
determined in symmetric configurations, e.g. the worth of a 
voided region being symmetric with respect to the core centre, 
show comparatively small deviations. This is due to the 
"mirror" nature of the perturbations tending to compensate 
the asymmetry effects on integral parameters ; 
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. local parameters are strongly influenced as became 
evident at the occasion of the reaction rate measurements. 
The same is true for the worth of an excentric control-rod 
or a small excentric voided zone ; 

. a modifcation of the core can lead to significant 
changes in the asymmetry patterns. For example : 

- enlargement of the fertile ring with, for 
reactivity compensation, enlargement of the 
outer R1 zone, fortifies the R1 contribution 
to the total asymmetry pattern and leads to a 
change of its global gradient ; 

- insertion of a control-rod in the otherwise 
unchanged core will reduce the importance of 
the neighbouring region of the rod, thereby 
reducing the contribution of this region to 
the total asymmetry pattern. 

IV - CONSEQUENCES FOR RACINE -

From the studies presented in paragraph III, the 
following conclusions could be drawn : 

. by using fairly simple methods : 
- diffusion theory ; 
- few energy groups ; 
- "local perturbation" for material shift simulation 

it is possible to describe in a qualitative manner 
the type of asymmetries found in the RACINE reference 
core, and to derive trends and tendencies ; 
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. for quantitative analysis, the determination of 
correction factors or even inclusions of the asymmetry 
into interpretation of the experiments, more refined 
methods would be necessary, e.g. : 

- two-dimensional description of the perturbations 
- eventually routine applicable of two-dimensional 

transport calculations ; 
which are not standard for this type of work ; 

. an experimental symmetrization . (see III-1/, 3.2)) would 
lead, especially for local parameters as reaction rates, 
spectral indices, etc..., to additional uncertainties 
in the order of the experimental ones ; 

. elimination of one or two of the perturbations, i.e. 
ZONA 1 half cells, ZONA 1 or R1 materials shift, would 
not improve significantly the situation, as all three 
of them produce ~ asymmetries in the same order of 
magnitude, even partly compensating each other. 

The decision finally taken to improve the situation in 
the RACINE core was to reload the perturbed zones using less 
asymmetric cells. They are shown in Figure 9 together with a 
half .plan of the new configuration. Some modifications at 
the fissile/internal fertile region boundaries were necessary 
to avoid ZONA 1' quarter cells with concentrations different 
from the average values. 

In a first step, only the R1 zone was reloaded. Reaction 
rate measurements showed, that the asymmetry increased, in 
fact, after this step (fig. 1 0 b ) , due to the partly compensating 
effect of the perturbations. After complete reloading, the 
asymmetry was strongly reduced (Fig. 1 0 c ) . 
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V - CONCLUSIONS -

The experimental observations and calculâtional studies 
described in this note gave a valuable insight into certain 
problems of large, and especially large heterogeneous core 
configurations, which are due to their sensitivity to small 
perturbations, in the present example caused by slight material 
shifts in the cells. The investigation of forthcoming large 
assemblies will therefore demand a carefull consideration 
of the design of cells and the respective zones as well as 
of other possible perturbations, e.g. caused by experimental 
installations,temperature effects and others. This was not 
necessary to that degree in smaller cores. 

Allthough the present problem was specific for the 
RACINE core and the cells used in it, similar perturbations 
could also be produced in large power reactor cores, e.g. by 
burn-up evolution or reloading procedures. 

It was shown, that qualitative and to a limited extend, 
quantitative informations can be obtained using relatively 
simple caIculational methods and models. An improvement of 
the techniques, still in the frame of available codes and 
methods, could certainly lead to a more precise treatment 
of this type of perturbations, with possible applications, 
e.g. for project and design studies, the study of the evolution 
of core parameters during burn-up and others. 

-0O0-
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