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Abstract

In order to improve both the economics of Nuclear
Power Plants (NPPs) as well as their safety, data and
computer codes that perform benchmark calculations
while simulating N?P parameters must be utilized. This
work is mainly concerned with application of computer
codes using the Monte Carlo method, which provides
advanced accuracy of equations to be calculated.

Methods

The development of nuclear power engineering
imposes higher requirements on both the economics
and the safely of NPPs. In order to provide maximum
safety and achieve economic efficiency, an NPP needs,
to improve the precision of radiation shielding
calculations. By using real 3-D geometry to describe
the details of an object being studied, the necessary
accuracy can be achieved when solving these problems.
The Monte Carlo method is characterized by its
adaptability to solve multi-dimensional tasks while
accounting for the total information of simulated
processes. Although the accumulated data for various
substance interactions are sufficient, thus far, the
application of such data is a very difficult problem.
The demands for improving the accuracy of
calculations necessitate the employment of the most
advanced information. This information is involved
in files of nuclear data libraries, such as ENDF/B-VI,
JENDL-3, FEND^-2, and BROND-3.

Within the code systems, which use Monte Carlo
methods for solving neutron and photon transport
problems, the process of simulating a particle's
interaction with substances is performed by routines
of Constant Unit. It is characteristic of Constant Units
to derive parameters directly from data files without
any simplification. The term "direct utilization" means
extracting necessary values from storage immediately
in program's run-time. But usually, preliminary
processing of information from data files is followed
by its utilization in Monte Carlo calculations. This
technique is essentially more efficient for required

computational efforts. However, it introduces
additional unvalued inaccuracy into the final results.
The direct utilization of data obtained from libraries is
the most accurate technique, but it is time-consuming
and expensive in CPU. The above-mentioned fact
indicates that direct utilization of information by Monte
Carlo methods poses an important and challenging
problem and is the subject of this paper.

Results

An approach to solving neutron and photon
transport problems by the Monte Carlo method based
on detailed energy conversion has been developed in
this work. The developed algorithms allow recovering
features of neutron and photon interactions using
nuclear data libraries of ENDF-6 format. For example,
the algorithms were developed to reconstruct point-
wise cross sections for a given neutron energy in the
resonance energy region, to perform the most accurate
modeling of 2-D energy-angle interaction densities, and
to model coherent and incoherent photon scattering
characteristics.

A set of routines was programmed based on
algorithms mentioned above. The resulting new
segments were included into Constant Unit of the
BRAND Monte Carlo Code System and then some
computational experiments with different ENDF-6 data
libraries were performed. The experiments consisted
of measuring the neutron and photon leakage spectra
emitted from spherical samples.

The results obtained were then compared with the
experimental benchmarks and with the results obtained
from other programs (ANISN, MCNP and ROZ) and
showed good agreement with both.

Conclusions

The precision software tools were developed and
included into Constant Unit of the BRAND Monte
Carlo Code System to validate other programs and
information of nuclear data libraries.
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