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Abstract

The nuclear reactor core modeling is a challenging task, due to
the many various interior and integrated physical phenomena
included in the reactor core.

The basic characteristic and neutronic parameters including
both criticality and safety parameters as the multiplication factor,
temperature coe�cient of reactivity, neutron spectrum, and others
are considered as fundamental and substantial parameters for
design, safety, and control of nuclear power reactors. Subsequently,
the calculation of these safety parameters with wide types of codes
and data libraries is necessary �rstly for veri�cation and secondly
for validation purposes, in addition further development of reactor
core designs.

As a result of the existence of only few analysis carried on the
VVER-1200 reactor core, particularly using MCNP code, so the
aim of this study is to make full analysis for the behavior of the
nuclear criticality and safety parameters in di�erent initial fuel
loading prior startup of VVER-1200 core, in various conditions of
operational modes, as cold, hot, and also normal states of reactor
operation.

The investigated criticality and safety parameters involve the
e�ective multiplication factor, reactivity temperature coe�cient
that contains the e�ect of system temperature that represents in
both fuel and coolant, void coe�cient and concentration coe�-
cient, which are a�ected by the change in boric acid concentra-
tion, fuel temperature and coolant temperatures and densities. In
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addition, the analysis of the neutron spectrum, neutron �ux in
both axial and radial directions with the analysis of in�uence of
Gadolinium in the core, the power distribution and the evaluation
of power peaking factor. Further, the present study is extended
to analyze and investigate the behavior of neutron spectrum and
neutron �ux in the pressure vessel of reactor core to ensure the
safety of reactor core from neutron radiation damage during its
lifetime. Ultimately, the study is aimed to estimate the accumu-
lated mass of actinides and non-actinides isotope after one fuel
cycle burn-up, as well as the time variation of the mass of each
isotope through the burn-up of one year.

The eigenvalue calculations including criticality of reactor
were performed numerically using MCNP5 transport code and
ENDF/BVII.0 nuclear data library. While the burn-up calculations
were carried out by MCNPX code with the same nuclear data
library.
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