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This paper describes code and methods development at the Oak Ridge National
Laboratory focused on enabling high fidelity, large-scale reactor analyses with
Monte Carlo (MC). Current “state-of-the-art” tools and methods used to perform
“real” commercial reactor analyses have several undesirable features, the most
significant of which is the non-rigorous spatial decomposition scheme. Monte Carlo
methods, which allow detailed and accurate modeling of the full geometry and are
considered the “gold standard” for radiation transport solutions, are playing an
ever-increasing role in correcting and/or verifying the deterministic, multi-level spatial
decomposition methodology in current practice. However, the prohibitive
computational requirements associated with obtaining fully-converged, system-wide
solutions restrict the role of MC to benchmarking deterministic results at a limited
number of state-points for a limited number of relevant quantities. The goal of this
research is to change this paradigm by enabling the direct use of MC for full-core
reactor analyses. The most significant of the many technical challenges that must be
overcome are the slow, non-uniform convergence of system-wide MC estimates and
the memory requirements associated with detailed solutions throughout a reactor
(problems involving hundreds of millions of different material and tally regions due to
fuel irradiation, temperature distributions and the needs associated with
multi-physics code coupling). To address these challenges, our research has
focused on the development and implementation of (1) a novel hybrid
deterministic/MC method for determining high-precision fluxes throughout the
problem space in k-eigenvalue problems and (2) an efficient MC
domain-decomposition (DD) algorithm that partitions the problem phase space onto
multiple processors for massively parallel systems, with statistical uncertainty
estimation. The hybrid method development is based on an extension of the FW-
CADIS method, which attempts to achieve uniform statistical uncertainty throughout
a designated problem space. The MC DD development is being implemented in
conjunction within the Denovo deterministic radiation transport package to have
direct access to the 3-D, massively parallel discrete ordinates solver (to support the
hybrid method) and the associated parallel routines and structure. The full paper will
provide details of the hybrid method and the MC DD algorithms and implementation,
as well as results for two relevant fuel assembly models.
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