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The deterministic resolution of the stationary neutron diffusion equation for nuclear reactor is compu-
tationally expensive, especially in a so-called many query context where this problem has to be solved
for many different settings. This is for example the case to optimize the loading pattern, or to perform
sensitivity calculations with respect to some physical parameters. Reduced Order Methods (ROM) can
considerably reduce the computational cost of this parameter-dependent eigenvalue problem without
much loss of accuracy. The time savings are significant in some neutronic applications.
In this work, a ROM is implemented in the nuclear reactor physics code APOLLO3® and tested on
a benchmark called the MiniCore test case. Two methods of construction of the reduced basis, in the
offline stage, are compared. For both, the construction uses a set of High Fidelity (HF) direct and
adjoint fluxes snapshots. The first is a Proper Orthogonal Decomposition (POD) approach already
tested in [2], which is computationally stable and provides the best (in some L2 norm) reduced basis
of size N ≪ Ñ from a set of snapshots of size Ñ . POD becomes prohibitively expensive when the
number Ñ of snapshots is too large. The second method is a Greedy approach. The reduced basis is
expanded by choosing iteratively the HF direct and adjoint fluxes from the training set, which are the
less well approximated using the current reduced basis. The error estimate uses a (partially heuristic)
a posteriori error estimator, studied and implemented in [1, Chapter 2], [3] : it allows for approxima-
ting the error without computing the HF fluxes in the training space, hence the computational gain
compared to the POD approach. We will present and discuss the results obtained with the Greedy
method.
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