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MODELING THE PROCESS OF DECAY HEAT IMITATION IN THE CORIUM AT THE «LAVA-B» FACILITY 
 

It is known that corium is produced during the development of a severe accident at a nuclear power plant 
from a melt of core materials [1]. An important feature of the corium formed in an operating reactor is the 
presence of decay heat. Thus, it is especially important to take into account the presence of decay heat when 
conducting calculations and physical experiments, since it influences significantly on the nature of interaction 
between corium melt and structure materials of a reactor facility. For that reason, methods of decay heat 
simulation are subject to quite serious requirements to the depth and intensity of energy release in the corium 
when conducting different experiments. 

This article considers induction and plasmatron heating technologies as methods to simulate decay heat 
in corium at the Lava-B facility. Characteristics of the selected methods of heating the corium prototype was 
analyzed by means of computer modeling. As a result of the work, parameters of melt heating using each of 
the considered methods were determined, and they were also cmpared. The used thermophysical models 
were created in the widely known ANSYS software based on the experimental section, which was used in one 
of the experiments at the Lava-B facility [2]. The main parameters of the corium-heater system were obtained 
by computer modeling for each of the considered methods and limits of their applicability for simulation of 
decay heat were determined when conducting the experiments at the facility. 
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 «Лава-Б» қондырғысында кориумдағы қалдық энергия бөлу процесін модельдеу 
 

Белгілі болғандай, атом электр станциясындағы ауыр апаттың даму процесінде кориумның пайда 
болуы жүреді – белсенді аймақ материалдарының балқуы [1]. Белсенді реакторда пайда болатын 
кориумның маңызды ерекшелігі - қалдық энергияның болуы. Осылайша, есептік зерттеулер мен 
физикалық эксперименттер жүргізу кезінде қалдық энергия бөлінуінің болуын ескеру маңызды, өйткені 
ол кориум балқымасының реакторлық қондырғының конструкциялық материалдарымен өзара іс-
қимылының сипатына елеулі үлес қосады. Осы себепті, кориум прототипіндегі қалдық энергияны бөлуді 
модельдеу әдістеріне көлемді үлестірудің біркелкілігіне де, оның қарқындылығына да қатысты 
айтарлықтай талаптар қойылады. 

Ұсынылған мақалада «Лава-Б» қондырғысына қатысты кориумдағы қалдық энергия бөлуді 
модельдеудің индукциялық және плазмалық әдістері қарастырылған. Кориум прототипін жылытудың 
таңдалған әдістерінің сипаттамаларын талдау компьютерлік модельдеу арқылы жүргізілді. Жүргізілген 
жұмыс нәтижесінде қарастырылған әдістердің әрқайсысы балқыманың қыздыру параметрлерін 
анықтады, сонымен қатар оларды салыстыру жүргізілді. Қолданылатын термофизикалық модельдер 
бұрын «Лава-Б» қондырғысындағы эксперименттердің бірінде қолданылған эксперименттік секция 
негізінде кеңінен танымал ANSYS бағдарламалық кешенінде жасалды [2]. Компьютерлік модельдеу 
әдісімен таңдалған әдістердің әрқайсысы үшін корий-жылытқыш жүйесінің негізгі параметрлері алынды 
және қондырғыда эксперимент жүргізу кезінде қалдық энергия бөлуді имитациялау үшін олардың 
қолданылу шекаралары анықталды. 

Түйін сөздер: кориум, индуктор, плазмотрон, қалдық энергия бөлу, «Лава-Б» қондырғысы, ANSYS, 
стационарлық емес есептеу 
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Моделирование процесса остаточного энерговыделения в кориуме на установке «Лава -Б» 
 

Известно, что в процессе развития тяжелой аварии на АЭС происходит образование кориума – 
расплава материалов активной зоны [1]. Важной особенностью кориума, формирующегося в 
действующем реакторе, является наличие остаточного энерговыделения. Таким образом, учитывать 
наличие остаточного энерговыделения немаловажно при проведении расчетных исследований и 
физических экспериментов поскольку оно вносит ощутимый вклад в характер взаимодействия расплава 
кориума с конструкционными материалами реакторной установки. По этой причине к методам 
имитации остаточного энерговыделения в прототипе кориума предъявляются достаточно серьезные 
требования, которые касаются, как равномерности объемного распределения, так и его интенсивности. 

В представленной статье рассмотрены индукционный и плазмотронный методы имитации 
остаточного энерговыделения в кориуме применительно к установке «Лава-Б». Анализ характеристик 
выбранных методов нагрева прототипа кориума выполнялся посредством компьютерного 
моделирования. В результате проведенной работы определены параметры нагрева расплава каждым 
из рассматриваемых методов, а также произведено их сравнение. Применяемые теплофизические 
модели были созданы в широко известном программном комплексе ANSYS на основе 
экспериментальной секции, которая применялась ранее в одном из экспериментов на установке «Лава-
Б» [2]. Способом компьютерного моделирования получены основные параметры системы кориум-
нагреватель для каждого из выбранных методов и определены границы их применимости для имитации 
остаточного энерговыделения при проведении эксперимента на установке. 

Ключевые слова: кориум, индуктор, плазмотрон, остаточное энерговыделение, установка «Лава-Б», 
ANSYS, нестационарный расчет 

 

Introduction 

 

The most severe accidents of nuclear power 

plant reactors are accompanied by core melting and 

corium formation. Corium is a melt with a radioactive 

mixture of uranium oxide, zirconium, zirconium 

oxides and steel components (products of high-

temperature interaction of metals with an oxidizing 

environment) and other structural elements. The 

escape of corium, under certain conditions, beyond 

the borders of the reactor plant is a very real scenario 

due to a large amount of stored energy and the 

presence of decay heat in the corium. That is, nuclear 

fuel contained in the corium melt continues to be a 

source of heat releasing due to the decay of 235U 

nuclear fission fragments accumulated during the 

operation of the reactor. This allows the corium to 

remain in a liquid state for a long time and melt the 

reactor construction with its subsequent escape to the 

surface of the ground and even groundwater.  

Obviously, it is necessary to conduct 

experimental studies on the interaction of corium with 

the structural elements of the reactor plant in order to 

prevent such a scenario of the development of a 

severe accident at a nuclear power plant. For 

example, such experiments are in demand in studies 

of in-vessel and ex-vessel corium retention. They 

were and are being conducted as part of concept to 

design and establish severe accident management 

systems by cooling, controlled movement and 

localization of the core melt, both inside the reactor 

vessel and outside it [3].  

In such experiments on the physical modeling of 

processes occurring during severe accidents, a corium 

imitator is used, which called "prototype corium". 

The prototype of corium is a replacement for real 

corium. Its characteristics are close to real corium in 

most parameters, but do not create a dose load on 

people (hereinafter as corium is understood a 

"prototype of corium"). Therefore, the essential 

difference between the prototype and the real corium 

is that the first one is not a source of heat. That is, 

there is no self-sustaining radioactive decay in the 

prototype corium [4]. 

To ensure modeling conditions that are as close 

as possible to natural ones, it is necessary to take into 

account not only the compliance of prototype corium 

composition to real one, but also the energy release in 

the melt within a given level. Thus, the device that 

provides the energy release in the corium must imitate 

the fission reaction both in magnitude and in the 

nature of its distribution in the volume of the corium. 
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Several experimental facilities have been created 

in the world where such studies can be conducted, 

however, they differ not only in design, but also in the 

methods used to imitate decay heat [5-10]. 

Among the mentioned experimental complexes 

allowing for various studies of the final stage of a 

severe accident with the melting of the core, the 

LAVA-B facility is considered (Fig.1). Experimental 

facility is designed to solve a wide range of tasks with 

a corium and operated by the "Institute of Atomic 

Energy" branch of the National Nuclear Center of the 

Republic of Kazakhstan [11]. The Lava-B facility 

includes two main functional units: an electric 

melting furnace for the preparation of corium melt 

and a melt receiver, where concrete vessel for 

experimental study is placed. The facility allows 

melting up to 60 kg of a prototype mixture of LWR 

core materials by induction melting in a “hot 

crucible” followed by pouring the melt into the 

experimental section.

   

 

  
 

1– EMF (electric melting furnace), 2 – graphite crucible, 3 – EMF inductor, 4 – 

 MR (melt receiver), 5 – MR inductor, 6 – concrete trap. 

 

Figure 1 – Outer view and scheme of “Lava-B” facility 

 

 

Currently, several research works were 

conducted at the «Lava-B» facility under various 

programs. They are connected with experiments to 

study the interaction of corium with structural 

elements of a nuclear reactor, reactor vessel, 

containment building, as well as with the sacrificial 

materials of core catcher of an NPP [12-14]. 

Depending on the object and goals of study, both 

induction and plasmatron heating of the corium are 

applied in the experimental section of the Lava-B 

facility as a method of imitate decay heat [15-16]. In 

order to ensure required quality of the conducting 

researches, it is necessary to study the heating of the 

corium melt in an experimental section by methods 

using at the “Lava-B” facility as well as to compare 

them to justify the most optimal method for decay 

heat imitation during physical modeling of the 

situation of an ex- vessel severe accident at a nuclear 

power plant. 

The most effective way that allows to consider 

two methods of decay heat imitation with minimal 

costs is the computer modeling method. Computer 

modeling of thermophysical processes of melt 

heating in the experimental section allows: 

1) preliminarily estimating the temperature 

fields established during the interaction of the corium 

melt with various substances under a given heating 

device mode in order to prevent heating of the 

elements of the experimental section above the 

allowable temperatures; 

2) estimate the characteristics of the heating 

device required to establish a certain temperature 

field in a particular experiment; 

3) analyze the thermophysical processes 
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occurring in the experimental section based on a 

comparison of the results of computer modeling and 

experimental data. 

Thus, in this article, the induction and 

plasmatron heating methods are considered by 

computer modeling method in order to obtain the 

parameters of the melt-heater system. The advantages 

and disadvantages of each melt heating method are 

determined as well as the limits of their applicability 

were determined for decay heat simulation during the 

experiments on the “Lava-B” facility.

 

Object statement of decay heat modeling  

 

The objective of this work is choosing a decay 

heat simulation method for physical modeling of a 

severe accident at a nuclear power plant using the 

“Lava-B” facility. 

To achieve this goal, in this article, an 

experimental situation is simulated when the melt of 

the corium prototype is poured into a special melt trap 

for its interaction with various materials. Calculations 

of the thermal state of the thermophysical model were 

performed using the ANSYS software [17]. 

Figure 2 shows the schematic diagrams of the 

experimental section of the “Lava-B” facility with 

an induction and plasmatron heaters [18].

 

 
a) induction heater 

  
b) plasmatron heaters 

Figure 2 – Schematic diagram of the “Lava-B” facility with induction and plasmatron heaters 
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The thermophysical model for calculations was 

created based on the scheme of a special experimental 

melt trap (Fig.3) which was used in the one of 

experiments at the “Lava-B” facility. Induction heater 

was used as a method of decay heat simulation. As for 

the thermophysical model of plasmatron heating, it 

was created similarly to the model with induction 

heating of the melt. However, there are little changes 

in the scheme, taking into account the presence of 

plasmatron heaters. 

Due to the symmetry of the trap relatively to the 

central axis, for modeling heat transfer in the melt 

trap, the following were created: 

- Two-dimensional axisymmetric 

computational domain of thermophysical model of 

induction heating of melt in the trap; 

- The fourth part of a three-dimensional 

axisymmetric computational domain of 

thermophysical model of plasmatron heating of melt 

in the trap. 

Computational domains of thermophysical 

models of traps are presented in Figure 4.

 

  
Figure 3 – Scheme of the experimental melt trap of the “Lava-B” facility 

 

 
a) Induction heating   b) plasmatron heating 

1 – plasmatron; 2 – sand; 3 – corium; 4 – ZrO2; 5 – concrete 

 

Figure 5 – Computational domains of thermophysical models of traps 
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To compare the two melt heating methods in 

each of the calculations are equivalent: 

- Initial conditions (initial corium 

temperature 2500 °C); 

- Mass of corium; 

- Thermophysical properties of materials; 

- The power released in the melt for both 

types of melt heating (the power released in the melt 

was 35 kW); 

- The estimated heating time is 30 minutes. 

The heat release in the melt was set depending 

on the features of induction and plasmatron heating: 

1) The surface effect of penetration deep into 

the materials of the electromagnetic field of the 

inductor or the skin effect (in this calculation, 70% of 

the total heat was released on the surface layer). The 

depth of this surface layer is determined by the theory 

of induction facilities [19]. 

2) In the case of the plasmatron method, an 

approach was used according to which the heat 

transferred to the corium is set on the internal surface 

of the graphite tip of plasmatrons in the area of 

electric arc formation.  This simplification allows to 

accelerate and simplify the calculations significantly 

courtesy of reducing the number of elements in the 

thermophysical model. Thus, in this case only the 

presence an external surface of graphite as a source of 

heat in the model is sufficient. 

Validation of the described methods for 

modeling decay heat in the corium was conducted 

earlier and, therefore, they can be used for non-

stationary calculations of temperature changes in trap 

elements [20-21]. 

The thermophysical models take into account: 

- The dependence of the properties of the trap 

elements on temperature; 

- Heat exchange by radiation; 

- Convective heat exchange between the 

external surfaces of the model and the environment. 

Some properties of corium during computer 

modeling were used according to literary sources [22-

23]. It should be noted that due to shortages of data 

about dependence of the coefficient of thermal 

conductivity of corium on temperature, its value was 

set as a constant. The value of the thermal 

conductivity coefficient was set similarly to the 

previously performed calculations of corium heating 

in the ISTC project No. K-1265 under the INVECOR 

program [24-25].  

The thermophysical properties of the trap 

elements were used according to the literary source 

[26]. 

 

Results of computer modeling of decay heat in 

the corium at the “Lava-B” facility 

 

Figure 5 shows results of calculating the heating 

of the corium in the melt trap by the induction 

method.

 

a)       b) 

Figure 5 – Temperature distribution of the model during induction heating 

 

Throughout the calculation, heat is released on 

the side surface of the corium melt. Heat is transferred 

from the area of heat release to the central volumes of 

the corium due to heat conduction. Figure 5b shows 

that the minimum temperatures in corium are 

observed on the surface of the melt. This can be 

explained by radiation from the surface of corium, as 

well as by convective heat exchange with the 

environment. 

Figure 6 shows results of calculating the heating 

of the corium in the melt trap by the plasmatron 

method.
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a)       b) 

Figure 6 – Temperature distribution of the model during plasmatron heating 

Figure 6 shows that the distribution of heat in the 

corium during plasmatron method occurs from the 

heat-generating area of the heater to the side surfaces. 

Minimum temperatures are observed in the corium-

wall boundary area. Obviously, this is due to the 

remoteness of the heat release area and the active heat 

exchange process between the trap materials and the 

corium. It leads to a significant decrease in the 

temperature of the corium in that area. 

Table 1 shows the calculated values of corium 

temperatures obtained during computer modeling.

 

Table 1. Calculated corium temperature 

Parameter Induction heating Plasmatron heating 

Average temperature of corium, °С 2009 2193 

Maximum corium temperature, °С 2264 3160 

Minimum corium temperature, °С 1345 1225 

 

As shown in Table 1, when using plasmatron 

heating, the maximum corium achieved temperature 

is significantly higher compared to the induction 

heating method. The advantage of plasmatron heating 

is also seen in the case of comparing the average 

volume temperatures of corium. According to table 1, 

it can be argued about the advantage of the 

plasmatron method of decay heat imitation over 

induction. 

Plasmatron heaters are based on the method of 

indirect electric arc heating [27]. In the construction 

of the plasmatron heaters used in the “Lava-B” 

facility, an electric arc is formed, the temperature of 

which can reach several thousand degrees. The heat 

from the electric arc is transferred through a special 

protective graphite tip to the corium melt. Thus, 

considering the high temperature that arises in the 

plasmatron heater, high temperatures comparable to 

the temperature inside the heaters will be observed in 

the area of their contact with the corium melt. 

The presence of a small area of corium heated to 

higher temperatures compared to the rest of corium 

areas leads to an increase in the average temperature 

of the entire corium. In this regard, the data in Table 

1 don’t allow an objective comparison of the two 

heating methods. 

When comparing the temperature fields of two 

thermophysical models (Fig.5b and Fig.6b), it is seen 

that with induction heating, corium heating is more 

uniform due to volumetric heat release of energy. 

This is confirmed if we look at the graph of the 

temperature distribution in a random section (from 

the center to the periphery) in the corium, shown in 

Figure 7.  The temperature distribution during 

induction heating is more uniform. At the same time, 

when using plasmatron heating a large temperature 

gradient is observed. 
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Figure 7 – Temperature distribution in the melt 

 

Conclusion  

 

Modeling of decay heat imitation at the “Lava- 

B” facility by induction and plasmatron heating 

methods was performed using  ANSYS software. The 

calculation was performed under the same initial 

conditions to compare these methods. The objective 

of calculation was to choose the most optimal method 

of decay heat simulation for the studying the 

processes of a ex-vessel accident at NPP when 

localization corium in the core cathcer. 

Numerical calculations have shown that higher 

corium temperatures can be achieved when using 

plasmatron heaters compared to an induction heater. 

This feature of plasmatron heaters can be used when 

conducting experiments with corium, especially in 

cases where it is impossible to use an induction 

heater. For example, in experiments with the study of 

the interaction of corium with materials that can be 

heated by the action of the electromagnetic field of 

the inductor. 

However, in the context of future experiments at 

the "Lava-B" facility [28], an induction heater is more 

more preferable method of decay heat imitation. In 

the case of induction heating, heat is released on the 

side surface of the corium within the skin layer. The 

volumetric release of energy by an induction heater 

allows to obtain a more uniform thermal field, and the 

release of energy in the area of constant heat 

exchange processes of corium with trap materials 

allows to maintain corium in a molten state. It allows 

bringing the experimental situation closer to real 

processes. 

At the same time, a small heat-releasing surface 

of plasmatron heaters leads to the formation of a large 

temperature gradient in corium. Under certain 

conditions, solidification of corium is expected in the 

areas most remote from the heaters, especially in 

areas of intensive heat exchange of corium with trap 

materials. In this regard, it is necessary to use a 

complex system of heaters placed in various parts of 

the corium to achieve a uniform thermal field over the 

entire volume and  heat pattern acceptable in 

symmetry. 

As a result of the perfomed calculations, it can 

be concluded that with an equal amount of heat that 

the heaters transfer to the corium melt, induction 

heating is more effective from the point of view of its 

use as a method of decay heat imitation. Thus, 

induction heating should be considered as method of 

decay heat imitation when conducting experiments at 

the “Lava-B” facility for achieving quite uniform 

temperature field over the entire volume of corium 

and maintaining it in the molten state for time 

required for study interaction of corium and 

considered materials. 
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