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Serpent Monte Carlo code

Development of the Serpent Monte Carlo code started at VTT in
2004, for the purpose of generating homogenized group
constants for deterministic reactor simulator calculations. The
first publicly distributed version of Serpent 1 was released at the
OECD/NEA Data Bank in May 2009, and RSICC distribution in
North America began a year later, in March 2010.
Keeping up with the needs of the growing user community, and
computer development heading more and more in the direction
of multi-core CPU's and massive parallelization, requires
constant development in the calculation methods as well. The
KÄÄRME project is focused on bringing the methodology in
Serpent up to date with the current possibilities and
requirements by the development of a new code version,
Serpent 2. The project goals can be summarized as:
1)
Extending burnup capability from 2D assembly level
problems to full-core calculations involving over 100,000
depletion zones, without any limitations in parallelization
2)
Developing new methods for reactor analysis and
supporting long-term goals aiming at the coupling of Serpent
into multi-physics calculation schemes

Background

The continuous-energy Monte Carlo method is widely used in
nuclear and radiation transport applications, mainly because of
its inherent capability to model complicated systems without
major approximations. The motion of individual neutrons or
photons is simulated through a process of random walk from
one interaction to the next. The laws of physics for the simulated
particles are represented by probability distributions, derived
from theoretical nuclear models and experimental data, from
which the outcome of each interaction is randomly sampled.
When the process is repeated for a very large number of
particle histories, detailed stochastic estimates for various
physical quantities can be collected from the simulated events
using statistical methods.
Moving from deterministic transport methods to Monte Carlo
simulation brings a whole new range of possibilities in reactor
analysis. The geometry description is inherently threedimensional, and complicated structures can be modeled
without major approximations. Neutron interactions are handled
at the microscopic level, using the best available knowledge on
the underlying physics. The calculation scheme is not subject to
applications-specific limitations, and the same code and
interaction data can be applied to any fuel or reactor type.
Nevertheless, the method also has its drawbacks and
limitations. The simulations are extremely computing-intensive,
and statistical accuracy is basically a function of the overall
running time. Combining continuous-energy Monte Carlo to
deterministic transport methods is not always straightforward,
and extending the scale of the simulations from pin- and
assembly- to full-core level is not fully established, and may yet
result in unexpected challenges.

3)
Establishing and maintaining a wide international
network of Serpent users, and contributing to education of new
experts in Finland and abroad

International user community

By the end of January 2013, there were 212 registered users for
the publicly distributed Serpent 1 in 86 universities and research
organizations in 27 countries around the world. The beta-testing
group for Serpent 2 consisted of 88 users. The applications
range from group constant generation and assembly-level
burnup calculations to modeling of complicated research reactor
cores.

http://montecarlo.vtt.fi

