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SMALL MODULAR REACTORS AND THEIR POSSIBLE 
APPLICATION IN THE ENERGY INDUSTRY  

OF THE CZECH REPUBLIC 

Marek HOLEČEK 

Czech Technical University in Prague, Faculty of Electrical Engineering, Prague, Czech Republic 

A small modular reactor is defined as a nuclear reactor up to an electrical power of 300 MWe. This 

special type of reactor is composed of individual modules that are manufactured in a factory and 

brought as a unit to the construction site for faster assembly. It is a most advanced type of reactor 

that largely complies with passive safety, i.e. the use of as few active parts as possible in the reactor 

and the use of physical principles such as gravity, pressure differential or natural flow and conduction. 

In addition to passive safety, depth protection is used to ensure that in the event of a reactor accident, 

the immediate surroundings are not endangered. Small modular reactors often also use an integral 

primary circuit arrangement. This means that the nuclear fuel, control rods, circulation pumps and 

steam generators are all contained in a single pressure vessel. 
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ANALYSIS OF OPERATIONAL CHARACTERISTICS  
OF A SMR WITH ATF 

Ondřej LACHOUT, Pavel SUK 

 
Faculty of Nuclear Sciences and Physical Engineering, Czech Technical University in Prague,  

Prague, Czech Republic 
 

The behaviour of ATFs (Accident Tolerant Fuel) in large cores has already been investigated in depth, 

but analyses of ATF fuels in a SMR (Small Modular Reactor) core have not yet been studied in more 

detail. For this purpose, a 3D full-core calculation for the SMR designed by NuScale Power company 

was performed using the deterministic macrocode PARCS. The neutronic behaviour of selected ATF 

fuel candidates was analysed in this model.  
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NUCLEAR REACTORS FOR SPACE EXPLORATION 

Josef SABOL 

Faculty of Nuclear Sciences and Physical Engineering, Czech Technical University in Prague,  
Prague, Czech Republic 

Space nuclear reactors were very important in space exploration in the 20th century. Thanks to their 

power, they made it possible to use satellites with higher power requirements in space. This aspect 

was mainly relevant to the USSRs, which launched 33 satellites powered by nuclear reactors in the 

period between the years 1970 and 1988. In contrast the USA sending only one. Radioisotope sources 

have been and continue to be used in space, generating heat due to the decay of 238Pu. However, this 

poster only deals with nuclear reactors used or planned for space exploration. 
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SMRs TECHNOLOGIES FOR DISTRICT HEATING  
IN THE CZECH REPUBLIC 

Jan ULLMANN 

Faculty of Electrical Engineering, University of West Bohemia, Pilsen, Czech Republic 

The bachelor’s thesis deals with analysing SMRs for heat production. It introduces several promising 

SMR concepts and analyses the heating system of the Czech Republic. The final part is devoted to 

comparing the given reactors for regional locations in the Czech Republic. 
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HIGH TEMPERATURE BEHAVIOUR OF Cr-Ni CLADDING 
CONCEPT 

A. CHALUPOVÁ1,2, J. KREJČÍ1, P. ČERVENKA1,2, V. ROZKOŠNÝ1,  
F. MANOCH1, J. SÝKORA1, M. ŠEVEČEK2, P. HALODOVÁ3, P. GÁVELOVÁ3 

1UJP PRAHA a.s., Prague, Czech Republic 

2Czech Technical University in Prague, Prague, Czech Republic 

3Research Centre Řež s.r.o. Řež, Czech Republic 

Zirconium fuel claddings are used in current light water reactors due to their many beneficial 

properties during normal operation. However, these materials present some limitations when 

operating conditions change to a design or even beyond the design accident scenario. The rapid 

exothermic oxidation between zirconium and water vapour at high temperatures degrades the 

system's coolability and, at the same time, generates a significant amount of hydrogen that 

deteriorates reactor safety. In recent decades, severe nuclear accidents have highlighted these 

difficulties and motivated the development of accident tolerant fuel. These fuels are entirely new and 

possibly modified types of nuclear fuels that can tolerate accident conditions in the reactor core for 

extended time periods and up to higher temperatures. The other goals of these fuels include 

increasing safety margins and achieving a higher operating economy. 

The presented study investigates the behaviour of advanced cladding made of Cr-Ni alloy and  

a reference zirconium alloy during a hypothetical LB-LOCA light water reactor accident. A set of 

experiments aimed at determining the melting temperature, characterising the high-temperature 

oxidation kinetics, and the creep rate was carried out at UJP PRAHA a.s. and the Karlsruhe Institute of 

Technology. 
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USE OF NATURAL CIRCULATION IN SAFETY SYSTEMS OF 
SMALL MODULAR REACTORS 

Yehor CHEPLAKOV 

Department of Nuclear Power Plants, National University of Odessa Polytechnic, Odessa, Ukraine 

Use of natural circulation in safety systems of small modular reactors. The article substantiates the 

reason for the use of natural circulation in the safety systems of nuclear power plants to divert residual 

energy after the cessation of the nuclear fission chain reaction. A brief description of the principle of 

natural circulation, a description of the process, the causes, the conditions of its support. An analysis 

of the conditions of natural circulation in one of the safety systems of a small modular reactor 

developed by the American company NuScale is also presented. 
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THE EFFECT OF HYDROGEN CONTENT ON FUEL CLADDING 
MATERIALS PROPERTIES USED IN PRESSURISED WATER 

COOLED NUCLEAR REACTORS 

Alžběta ENDRYCHOVÁ 

Department of Energy Engineering, Faculty of Mechanical Engineering,  
Czech Technical University in Prague, Prague, Czech Republic 

Fuel cladding serves as the first protective barrier against the release of fission products into the 

environment outside the nuclear power plant. Zirconium-based alloys are preferred because of their 

lower thermal neutron absorption cross section, relatively high melting temperature, and good 

corrosion and fracture resistance. 

These zirconium alloys degrade during reactor operation due to irradiation, corrosion or mechanical 

damage. One of the factors that affect the integrity of the fuel cladding is hydrogen absorption, during 

which hydrogen exceeds its terminal solid solubility of precipitation. Depending on the concentration 

and temperature, the hydrogen creates localized zirconium hydrides that embrittle the cladding and 

can cause its failure. 
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DESIGNING A TOP COOLING SYSTEM FOR AN 
ELECTROMAGNETIC CALORIMETER 

Matěj JEŘÁBEK 

Faculty of Mechanical Engineering, University of West Bohemia, Pilsen, Czech Republic 

In order to collect all the necessary information from antiproton-proton collisions, an EMC (Electro 

Magnetic Calorimeter) will be built as a part of the PANDA detector. The EMC will be able to provide 

accurate trajectory reconstruction, energy and momentum measurements and very efficient 

identification of the charged particles. The electromagnetic calorimeter works on the principle of 

scintillation, i.e., the radiation emitted by the particle collisions reacts with a scintillator that produces 

a series of flashes of different intensities. These flashes are captured by electronics and transformed 

into a digital signal. The EMC uses hundreds of cube-shaped scintillators made of PbWO4, whose 

scintillation properties are strongly dependent on temperature. This poster briefly shows the design 

of a cooling system that would allow low crystal temperatures to be maintained, and homogeneous 

distribution and stability of the temperature over all the crystals while the detector is in operation. 

Furthermore, this poster shows the analysis of the effect of the pressure drop of the whole cooling 

system, from which the design and requirements for the main pump of the system are then derived. 
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PRINTED CIRCUIT HEAT EXCHANGER (PCHE) DESIGN CODE 
DEVELOPMENT IN PYTHON LANGUAGE 

Matyáš JUNEK 

Department of Energy Engineering, Faculty of Mechanical Engineering,  
Czech Technical University in Prague, Prague, Czech Republic 

Printed circuit heat exchangers belong to the group of compact heat exchangers (HE) (high ratio of 

heat transfer area and volume of HE). PCHE consists of thick plates with chemically etched 

microchannels, in which fluid flow. Plates for hot and cold fluid are stacked to each other and then 

diffusion bonded. Diffusion bonding is a special welding process with operational temperatures below 

the melting point and it’s causing strain growth over borders of adjacent plates. This technique results 

in high integrity, high strength HE ideal for high pressure and high-temperature applications. That is 

the reason why PCHEs are considered for indirect Brayton cycles with supercritical carbon dioxide 

(sCO2). It would be beneficial to be able to determine the size of PCHE for given parameters. For that 

purpose Python code was written. 
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SIMULATION OF MELT FORMATION AND PROPAGATION IN 
SEVERE ACCIDENTS OF NUCLEAR REACTORS 

Jan KOMRSKA 

Department of Energy Engineering, Faculty of Mechanical Engineering, 
Czech Technical University in Prague, Prague, Czech Republic 

ALLEGRO is gas cooled fact reactor (GFR) demonstrator currently developed by the V4G4 Centre for 

Excellence group. Its main purpose is to demonstrate technologies and materials for GFR, to gain 

knowledge and operational experience with this type of reactor. Same as any new type of reactor it is 

equipped with many advanced safety systems, including a system for localization and stabilization of 

corium melt - core catcher. 
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INCREASE OF THE STEAM GENERATORS  
PGV – 1000 RESOURCE 

Yevhen KUZOMA 

Zaporizhzhia Nuclear Power Plant, Energodar, Zaporozhye region, Ukraine 
West Bohemian University, Faculty of Mechanical Engineering, Pilsen, Czech Republic 

 
 

The presented paper focuses on the flow of the coolant behind a grid containing mixing elements. 

Examination of the flow field was performed using the experimental method stereo PIV. The goal of 

the study was to evaluate the influence of the geometry and the position of individual turbulizers 

(blades) on the current field behind the grids. The measurement was performed on an experimental 

track. Design of the grids is based on fuel assemblies intended for a nuclear reactor of the VVER 1000 

type. Results obtained from the measurement of two types of grids at several distances correspond 

to the course given by the grid manufacturer. Results of the experiments were compared with CFD 

simulations. 
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HIGH HEAT FLUX COOLING TECHOLOGY 

Vojtěch SMOLÍK 

Department of Energy Engineering, Faculty of Mechanical Engineering,  
Czech Technical University in Prague, Prague, Czech Republic 

 
The first wall panels of the ITER tokamak are designed for a normal heat flux of the order  

of 1-2 MW.m−2, some panels (in the upper region of the reactor) will be required to withstand an 

enhanced heat flux up to 5 MW.m-2. Divertor targets are components exposed to the highest heat load 

of 10-20 MW.m-2. High heat flux can be cooled using the hypervapotron cooling channel geometry 

depicted below. Hypervaporon channel has cooling fins perpendicular to the flow of cooling liquid to 

intensify the heat flux from the heated wall to the cooling liquid. Subcooled boiling regime inside the 

hypervapotron refers to boiling from a solid surface where the bulk liquid temperature is below the 

saturation temperature. 
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LIQUID SALT MEASUREMENT TECHNOLOGIES 

Jakub ŠPAČEK 

Department of Energy Engineering, Faculty of Mechanical Engineering,  
Czech Technical University in Prague, Prague, Czech Republic 

Mass flow measurement is a necessary part of every nuclear reactor operation. Molten salt reactors 

(MSRs) are not an exception. However, the inhospitable environment somewhat complicates the 

process of measurement. Any such measurement in MSRs must be non-invasive which narrows down 

the list of applicable methods significantly. Thermal mass flow meter offers a non-invasive way of 

measuring flow inside a pipe via heat transfer while using only two very basic elements: heat source 

and temperature sensor. TMF using resistive heating wire and 5 temperature sensors (figure depicted 

below) was designed for wide range of measuring methods to experimentally find the most suitable 

for real life use. 
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AN ENERGY PATHWAY TO ACHIEVE CARBON NEUTRALITY  
IN FRANCE BY 2050 

Ashith VALLERIYAN 

ENSTA Paris, Institut Polytechnique de Paris, Paris, France 

While nuclear account for about 70% of the electricity produced in France, it represents less than 20% 

of final energy used in the country. About 40% of the energy used in France is from petroleum products 

and the rest is natural gas (about 20%). As a result, achieving carbon neutrality will require phasing 

out nearly all of this fossil fuel energy. A single 1,000 megawatt nuclear reactor could produce more 

than 150,000 tonnes of hydrogen each year. I propose to increase the share of primary energy 

generated by nuclear power by producing hydrogen gas which can then be used as fuel (substitute for 

natural gas) for industrial and transport purposes.  
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OPTIMIZATION OF NUCLEAR DRIVEN DISTRICT HEAT SUPPLY 

Hussein Abdulkareem Saleh ABUSHAMAH 

Faculty of Electrical Engineering, University of West Bohemia, Pilsen, Czech Republic 

Space and water heating are responsible for about 78% of the total residential sector energy 

consumption in the EU, of which about 40% is supplied by natural gas (NG) driven systems. These days 

the price of natural gas in the EU is souring, confirming that NG could not be a reliable energy source 

anymore from an energy policy viewpoint. Furthermore, carbon emission is one of the vital aspects of 

energy supply planning, and NG has average CO2 emissions of 185 kg per MWh. Therefore, integrating 

heat-only SMRs such as Teplator with auxiliary systems heat storage and boilers (peak shaving and 

flexible load following) is eligible to be a competitive scenario. Here, optimizing the required capacities 

and operation scheduling of the units is formulated and evaluated. 
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SORPITON OF EUROPIUM ON CEMENTITIOUS MATERIALS IN 
THE PRESENCE OF ORGANIC SUBSTANCES 

Marta BUREŠOVÁ, Barbora DRTINOVÁ, Jana KITTNEROVÁ 

Czech Technical University in Prague, Prague, Czech Republic 

In order to assess the safety of low and intermediate level waste repositories and deep geological 

repositories for spent nuclear fuel, it is necessary to describe the behaviour of stored radionuclides. 

The study focuses on europium, known as a chemical analogue of trivalent actinides, in particular Am 

(III) and Cm (III). The migration of radionuclides is affected by sorption on the material of the 

engineering barriers of the repositories, including cement-based barriers. Radionuclides can interact 

not only with the filling of barrels with low and intermediate level waste and concrete containers, but 

the issue also concerns the structural elements of repositories. Present organic substances either as a 

part of the waste (plastics, rubber, cellulose or for example ion exchange resins) or as additives 

improving properties of cementitious materials can also significantly affect the transport of 

radionuclides. Specifically for Eu, a significant reduction of the sorption on cement due to the presence 

of organic ligands and cement additives at concentrations expected in fresh cement and technical 

grade concrete can occur. Radionuclide sorption is described by the distribution ratio (Rd) between 

the liquid and solid phases (L/S) or by sorption isotherm. 
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CFD BENCHMARK FOR THE SINGLE FPFA FUEL ASSEMBLY 
FOR REACOR LVR-15 

Štěpán HROUDA, Jan SYBLÍK, Miroslav GLEITZ, Michal CIHLÁŘ 

Department of Energy Engineering, Czech Technical University in Prague, 
Prague, Czech Republic 

 

Uranium fuel for research reactors FPFA Flat Plate Fuel Assembly was developed by Technic Atome 

and manufactured by Framatome-CERCA in France. In this work, CFD simulations (ANSYS Fluent and 

StarCCM+) of the flow characteristics through an FPFA and subsequent verification of the results in an 

experimental loop on the fuel model were performed.  

Water with a temperature of 15 °C to 50 °C and a mass flow rate of up to 12 kg/s flowed through the 

FPFA fuel assembly. The flow was measured with a GE AT600 ultrasonic flow meter. The pressure was 

measured with a Rosemount 10 mm differential pressure transducer in front of and behind the fuel 

model. Temperature was measured with K-type thermocouples in the test zone before and after the 

fuel model and in the water tank. 
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INVESTIGATION OF HEAT TRANSFER IN THE ANNULAR 
CHANNEL AROUND THE HEATED WALL OF THE FUEL ROD 

Petr KLAVÍK 

Faculty of Mechanical Engineering, University of West Bohemia, Pilsen, Czech Republic 

The presented paper focuses on heat transfer research on a fuel rod model in the area of the spacer 

grid. The simulation of the flow field and a heat flux from the model of the fuel rod was performed on 

the experimental measuring track. The goal of the study was to find the critical heat flux for a specific 

geometry and given input values of the coolant flow rate. 

During the operation of the pressurized water reactor, a sufficient heat removal from the fuel to  

the coolant must be ensured. At the same time ensure the flow of subcooled coolant below the lower 

saturation limit (ensured only a single-phase coolant flow). This text focuses on the issues of a heat 

transfer during two-phase flow in a channel. The vapor component contained in the coolant stream 

significantly reduces heat transfer from the cooled wall. The result is an increase in wall temperature. 

This phenomenon known as boiling crisis can result in permanent damage to the material/wall surface. 

The article also deals with the measurement of the fuel rod model on the experimental measuring 

track that was built for this research. 
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TWO PHASE FLOW BOILING SIMULATIONS OF DEBORA 
EXPERIMENTS USING EULERIAN CFD APPROACH 

Daniel VLČEK1, Yohei SATO2 

1Czech Technical University in Prague; State Office for Nuclear Safety, Czech Republic 
2 Paul Scherrer Institute, Switzerland 

 

Thermal hydraulic analyses of the Light Water Reactors are being conducted for decades mainly with 

1D system or subchannel codes in which the governing equations are closed usually with empirical 

correlations based on experimental data. The codes have been thoroughly tested and it has been 

confirmed that they are robust, reliable and quick. On the other hand, the empirical correlations have 

usually limited range of applicability. Therefore, current trends and growing computing power are 

towards multidimensional approaches relying more on physical solutions rather than on expensive 

experimental data for such analyses. 

For this purpose, Computational Fluid Dynamics (CFD) method can be used. With this method, the 

results can be obtained in much greater detail, but with a cost of longer computational time and with 

a lost of straightforward setup of 1D codes. During the last twenty years, various CFD codes have been 

developing continuously and now it is possible to choose among many implemented models. 

However, the choice of the model depends on trial-and-error and the use of the most complex models 

is not always the best solution. 
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THE NEW CONCEPT OF NEUTRON ABSORBERS PLACED 
DIRECTLY WITHIN SPENT NUCLEAR FUEL 

Jiří ZÁVORKA1, Martin LOVECKÝ1, Jana JIŘÍČKOVÁ1 and Radek ŠKODA1,2 

1University of West Bohemia, Pilsen, Czech Republic 
2Czech Technical University in Prague, Prague, Czech Republic 

 
A unique solution presented in this poster is based on special fixed neutron absorbers placed directly 

within the nuclear fuel assembly. The absorbers are permanently connected in specially designed 

tubes, which decreases system reactivity more efficiently than absorber sheets between  

the assemblies. This solution is more efficient than absorber tubes, even with a neutron flux trap. 

Hence, it allows significant basket design changes, e.g., lowering boron content in steal or decreasing 

fuel assembly pitch in the basket resulting in lower cask wall diameter and lower total cask mass. 
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