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SUMMARY

The determination of the shape of the neutron flux in a whole reactor
is, at the time being, a much too complex problem to be treated by transport
theory. Since the earlier times of reactor theory, the necessity appeared to
solve the problem in two steps. First the reactor is divided into zones, each
of them forming a regular lattice. In each of these zones, homogenized parameters
are determined by transport theory, in order to define an equivalent smeared
medium. In a second step, these parameters are introduced in a diffusion theory
scheme in order to treat the reactor as a whole. This is the homogenization
procedure.

REGULAR LATTICES

Up now the most part of the work about homogenization concerns infinite
regular lattices, i.e. periodic lattices extending to infinity without any consi-
deration of the boundary of the zone and of the resulting transients. In such a
lattice, a fundamental quantity is first to be considered : the migration area
M£ in the direction k (k = x,y,z), which simply links the eigenvalue keff of the
lattice to the buckling B£. It is important to note that this quantity, calculated
by Deniz1 in 1967, has nothing to do with homogenization rnd has no direct relation
with the diffusion coefficient of the homogenized medium ; it has not the same
dimension and moreover is an energy - integrated quantity, contrary to the. diffu-
sion coefficient.

It is easy to understand that the basic difficulty of the homogenization
problem lies in the definition of the word "equivalent". Still considering the
case of an infinite regular lattice, an equivalent smeared medium can be defined
by different ways, according to the quantity one wants to conserve by the homoge-
nization process. A first way, proposed by Benoist2 in 1964, consists in keeping
invariant the true leakage rate in a given cell. The general expression for the
diffusion coefficients was in practice limited to the zeroth order term of the
expansion of B£. The use of sophisticated probabilities and of generalized
conservation relations allowed to obtain simple practical formulae. This method
was modified by Bonalumi3 who proposed another normalization in order to satisfy
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the Selengut principle keeping invariant the transparency of the cell in the
homogenization process. These two definitions2'3 lead, as shown by Gelbard", to
a double value of the average cross-sections and diffusion coefficients, depen-
ding how the cell is defined. This point, which may seem a little irritating,
is, as a matter of fact, perfectly logic, and results of the choice of the true
reaction and leakage rates as an invariant. This double-valueness is due, in2,
to a correction term, the so-called "absorption term". If this term is not taken
into account ("Benoist uncorrected formula"), the remaining expression, which is
single-valued, corresponds to the mean square definition for the diffusion
coefficient.

Gelbard' proposed another definition, using the migration area of Deniz
(the so-called "Deniz-Gelbard formula"). In this definition, the reaction rates
are weighted by the B2-independent microscopic flux, all the B2-dependent terms
being collected in the leakage tenn. The advantage of this formula is to be
single-valued but the conserved reaction rates are not the true reaction rates
and the leakage term contains B2 terms which do not strictly correspond to
leakages, but come from the distorsion of the flux and spectrum due to the macros-
copic curvature.

Some years ago, an entirely different type of approach appeared
(Larsen ), coming from the mathematical school : the asymptotic of multiple scales
approach. It does not uses the buckling concept, but takes advantage of the exis-
tence of very different unit scales - microscopic and macroscopic - ; the ratio E
of these two unit scales serves as an expansion parameter to derive directly a
homogenized diffusion equation from the transport one. The Larsen formula is very
closed to the Deniz-Gelbard one. It has been shown that the two approaches -
buckling and asymptotic - are equivalent in their structure6, the latter giving
directly the homogenized equation and the former giving the dispersion law of
this equation. The other expressions mentioned above could also be derived by the
asymptotic approach, though from certain points of view there exists presently
some points of controversy.

In a more recent work, Deniz (1981) proposed a new approach for homo-
genization. Instead of performing a perturbation operation between the buckled
and unbuckled lattices, as in his first theory on migration area, he performs a
perturbation between the buckled lattice, with transport operator, and the homo-
genized medium having the same buckling, with diffusion operator. The eigenvalue
is of course conserved. Equating the terms corresponding to each type of event
(absorption, fission, leakage, . . . ) , which seems to be very logic, he obtains B?-
dependent average cross-sections and diffusion coefficients. If only the zeroth
order term of the diffusion coefficient is retained, his expression reduces (at
least if the number of energy groups is great enough) to the so-called "uncorrected
Benoist coefficient" considered above, i.e. without absorption correction ; this
coefficient, so as the average cross-sections, is single-valued. This approach
corresponds to an equivalence conserving, not exactly the total reaction and leakage
rates in a cell (which leads to a double-valueness), but the reaction and leakage
rates weighted by the importance of each neutron in the h.or:cgcni"cd niediwi. This
weighting, which is physically very logic, cancels the double-valucncss. Moreover,
the diffusion coefficient contains only terms corresponding to leakages, which is
important since its purpose is to be used in the Fick's equation at the boundary
of a zone.

But there appears the intrinsic limitation of all the theories presented
above. The average cross-sections and diffusion parameters are calculated for an
infinite and regular lattice, or in the asymptotic region of a zone, involving
only the fundamental mode and neglecting the boundary transients. But the Fick's
equation, which relates flux and currents between two adjacent zones, is to be
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used on the boundaries, i.e. in a region highly perturbed by transients. This
limitation emphasizes the need for a more general theory including the interface
effects between different lattices. At the time being, the existing approaches
for the treatment of interface problems, or more generally of irregular lattices,
start from a somewhat different point of view. We shall briefly sketch the
principle of these methods. But,before leaving the regular lattices, let us see
some of the methods proposed to calculate the diffusion coefficients.

A simple formalism2 based on the collision probability algorithm was
proposed in 1964. This formalism can be used in well-moderated lattices (D2O,
graphite), or, with some modifications, to closer lattices (H2O). This simple
formulation was shown to compare favourably with a more accurate formalism
(MP code), based on integral transport theory, and taking account of the impro-
vements of computers (Yang and Benoist8). In this formalism, anisotropic scattering
is taken exactly into account. The only approximations are: i) Wigner-Seitz appr.
ii) zeroth order in B2. 1-D and 2-D calculations by S^ method or by Monte Carlo
method have been also made by several authors, especially Gelbard.

The calculation of diffusion coefficients in fast reactor lattices gives
rise to a difficulty due to the fact that B2-independent formulations lead to a
divergence when the coolant is voided. This results from the presence of 2-D void
gaps (when the coolant is in, the result remains questionable due to its long
m.f.p.). In order to eliminate this divergence, a B2-dependence must be reintro-
duced, as in the DIFFAX code (Kohler and Ligou9). Benoist10 generalized his
simple collision probability formulation to this type of lattice, retaining a
logarithmic B2-dependence.

IRREGULAR LATICES

The treatment of irregular lattices introduces an additional and serious
degree of difficulty. The simplest approximation consists in assuming that the
homogenized parameters of each cell do not depend on its environment. The problem
is then reduced to the calculation of the parameters of each cell as if it was
imbedded in an infinite regular lattice. In practice this procedure is insufficient.
It is clear that a fuel cell situated near a control rod or near the boundary of
a reflector shall be affected by this vicinity. The basic difficulty results
then from the fact that the determination of the homogenized diffusion parameters
becomes a non linear procedure, since these parameters depend in turn on the
homogenized flux.

Bonalumi11 proposed in 1974 the "bimodal approach", a generalization of
the infinite regular lattice theory to the case of irregular lattices. In this
approach, both the true and the homogenized flux are split into two components :
the asymptotic component and the injected one, the latter resulting from a cell
boundary source only, describing the effect of lattice non-uniformities ; two sets
of environment-independent homogenized constants are obtained and combined in a
single diffusion equation. This method was advantageous for analysing well-moderated
cells (D20 cells).

An entirely different type of approach, more suitable for H2O reactors,
was developed, the "nodal approach". The reactor core is divided into a set of
parallelepiped regions, or "nodes". The method is based upon the generation of 3-D
response matrices relating the in-current in group g1 at face i to the out-current
in group g at face k. Henry et al. 1 2 proposed a true 3-D scheme to generate diffu-
sion theory constants from these matrices. For a given environment, these matrices
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are used to produce the required reaction rates in the node to be homogenized ;
these reaction rates are used to obtain the group cross-sections. The homogenized
parameters depend on the environment, which in turn is assumed to he well repre-
sented by the nearest neighbouring nodes when the resulting array (node +
neighbours) is perfectly reflected.

Bonalumi13 proposed a simpler nodal approach (HDT method), which allows
to avoid this last drawback. The determination of the 3-D transmission, reflectior
and reaction rate matrices are reduced to a 1-D scheme. For each principal direc-
tion (e.g. direction x), a set of explicit problems and their homogeneous repre-
sentation is considered. For each node, the g!t^ problem consists of injecting
1 n/cm2.s into the node at x = - b within group g, with no reflection at x = + b
and with a perfect reflection in the transverse directions. The determination of
the out-currents in group g at x = ± b is a slab transmission and reflection
problem, which can be performed easily. Homogenized parameters are determined.
If they coincide with those obtained in problems y and z, the problem is solved.
If not, only an approximate homogenization is possible. Very good results were
obtained for H2O and D2O reactors.

The SPH method of Hebert and Kavenoky14 is based on an equivalence bet-
ween an heterogeneous transport calculation accounting for the actual geometry
of the assembly and the calculation of an heterogeneous assembly of homogenized
cells. The diffusion parameters of each homogenized cell are determined in order
to provide the same reaction rates in each cell as in che transport calculation.
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