Development of a Corrosion Model Ofthermal Elenents of Nuclear
Power Plants

HAPON Yuliana %", KUSTOV Maksym *, MYKHAILOVSKA Yuliia *¢,
CHYRKINA Maryna @

!National University of Civil Defence of Ukraine, 94, Chernishevska str., Kharkov, Ukraine, 61023
3yuliano4kah21@gmail.com, "m.kustov.nuczu@gmail.com, *‘mykhailovska@nuczu.edu.ua,
dchirkina2505@ gmail.com

Keywords: active zone, electromotive force, electrode potential, galvanic cell, internal corrosion,
nodular corrosion, nuclear power plant, water-water power reactor, water index, zirconium alloy.

Abstract. Nuclear power plants (NPPs) result in accumulation of a significant amount of radioactive
products during the process of their storage and the presence of a potential release of radioactive
products, in the case of an accident that is a source of potential hazard and risk of radiation impact on
the personnel, population and environment in general. The paper shows the microgalvanic corrosion
element formed on the inner wall of fuel rods made of Zr + 1%Nb alloy and pellets made of uranium
oxides, as well as the outer galvanic element of fuel rods and structural materials of the reactor made
of steel of different grades. The hazards caused by corrosion damage and release of hazardous
radioactive substances from the reactor based operating area are analyzed. The possibility of
predicting the rate of corrosion damage using a mathematical model on the thermodynamic approach
is determined and established.

1 Introduction

Evolutionary trends in the world energy sector at the beginning of the new century have become one
of the most pressing problems of the civilized world [1, 2]. Current trends in the development of the
global market indicate a transformation of the structure of the energy industry from traditional thermal
power to nuclear power. Nuclear energy is favored by its relative low cost, accessibility, absence of
emissions of combustion products, and availability of sufficient global uranium reserves. For
example, China has approximately 50-60 thousand tons of natural uranium reserves, which is
theoretically enough to supply its nuclear power plants for several decades [3].

At present, nuclear power is based mainly on light water reactors - pressurized and boiling water
reactors - which account for about 85% of all electricity generated. In terms of classification, reactors
are divided into:

- by the energy of neutrons that cause fission (thermal, fast and intermediate neutron reactors);

- by the nature of nuclear fuel decay (homogeneous and heterogeneous);

- by the moderator used (light water (H20), heavy water (D20), graphite (C), beryllium (Be, BeO),
organic (biphenyl and similar)). Characteristics of some thermal neutron moderators are given in
Table 1;

- by purpose (energy, research).

Table 1. Properties of thermal neutron moderators [4]
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