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ABSTRACT 

This paper describes one of the main purposes of the VR-1 training reactor utilization - 
i.e. extensive educational program. The educational program is intended for the training of 
university students and selected nuclear power plant personnel. The training courses provide 
them experience in reactor and neutron physics, dosimetry, nuclear safety and operation of 
nuclear facilities. At present, the training course participants can go through more than 20 
standard experimental exercises; particular exercises for special training can be prepared. 
Approximately 200 university students become familiar with the reactor (lectures, 
experiments, experimental and diploma works, etc.) every year. About 12 different faculties 
from Czech universities use the reactor. International co-operation with European universities 
in Germany, Hungary, Austria, Slovakia, Holland and UK is frequent. The VR-1 reactor takes 
also part in Eugene Wigner Course on Reactor Physics Experiments in the framework of 
European Nuclear Educational Network (ENEN) association. Recently, training courses for 
Bulgarian research reactor specialists supported by IAEA were carried out. An attractive 
program including demonstration of reactor operation is prepared also for high school 
students. Every year, more than 1500 high school students come to visit the reactor, as do 
many foreigner visitors. 

1 INTRODUCTION 

The operation of the VR-1 Training Reactor was started in 1990 by the Department of 
Nuclear Reactors of the Faculty of Nuclear Sciences and Physical Engineering, Czech 
Technical University in Prague. Particularly, it is designed for training the students of Czech 
universities, preparing the experts for the Czech nuclear program, as well as for certain 
research work and for information programs in the sphere of using the nuclear energy (public 
relation). 

2 SHORT DESCRIPTION OF VR-1 REACTOR 

The VR-1 Training Reactor (Fig. 1) is a pool-type light-water reactor based on enriched 
uranium with maximum thermal power 1kW and for short time period up to 5kW. The 
moderator of neutrons is light demineralised water, which is also used as a reflector, a 
biological shielding and a coolant. Heat is removed from the core by natural convection. The 
pool disposition of the reactor facilitates access to the core, setting and removing of various 
experimental samples and detectors, easy and safe handling of fuel assemblies. The reactor 
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core contains 17 to 21 fuel assemblies IRT-4M, depending on the geometric arrangement and 
kind of experiments to be performed in the reactor. The core is accommodated in a cylindrical 
stainless steel vessel - pool, which is filled with water. 

The cadmium control rods serve the reactor control and safe shutdown. Construction of 
all rods is the same, but they differ in their functions (safety, compensation or control) 
according to the connection with the control and safety system. Digital control equipment 
consists from control and safety system, signalling system, connecting system, and neutron 
source control. The Am-Be neutron source is used to start up the reactor. It ensures a 
sufficient level of the signal at the output of the power measuring channels from the deepest 
subcriticalities, and thus guarantees a reliable check of the power during the reactor start-up. 
The reactor is equipped with several experimental devices; e.g. horizontal, radial and 
tangential channels used to take out a neutron beam. 

 

Fig. 1: Vertical cross section of VR-1 reactor 

In the autumn 2005, the HEU fuel IRT-3M with enrichment 36 % 235U was replaced by 
the LEU fuel IRT-4M with enrichment 19.7 % 235U. The fuel replacement at the VR-1 
Reactor was a part of the international program RERTR (Reduced Enrichment for Research 
and Test Reactors) which was supported by the US Department of Energy. Old fuel was 
exported to Russia under a trilateral contract (Czech Technical University, Russian Company 
Sosny and IAEA), and new fuel was imported from Russia under other trilateral contract. 

3 TRAINING AT VR-1 REACTOR 

The VR-1 reactor is used in the following areas - education of technical university 
students, scientific research; education and training of specialists in the power industry, and 
finally in information science and in promotional activities in the field of nuclear power. 

The education and training on the VR-1 Reactor is oriented to the reactor and neutron 
physics, dosimetry, nuclear safety, and control of nuclear installations. Students not only from 
technical universities but also from universities of natural science are coming to the reactor 
for training. Scientific research has to respect reactor parameters and requirements of the 
so-called clean reactor core (free from a major effect of the fission products). Research at the 
reactor is mainly aimed at the preparation and testing of new educational methodologies, 
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investigation of reactor lattice parameters, reactor dynamics study, research in the field of 
control equipment, neutron detector calibration, etc. 

 

Fig. 2: Human-machine interface of VR-1 reactor 

3.1 VR-1 Experimental Equipment and Devices 

The main experimental equipment and devices on VR-1 reactor for training and 
research utilisation are as follows: 
• radial and inserted (tangential) channels 
• vertical channels φ 56 mm, φ 38 mm, φ 28 mm, φ 23 mm, and φ 12 mm 
• measurement facility for delayed neutrons 
• measurement facility for irradiation of samples 
• measurement facility for neutron flux measurement utilizing Campbell technique 
• experimental facility (subcritical assembly with graphite, fuel pins EK-10 type and 

fluoride salt) BLAZKA for study of selected neutron properties of transmutation 
technology with fluoride salt 

• experimental probe BLANKA 02 for study of selected fluoride salt properties 
• experimental facility BLANKA 417 for study of neutron and gamma spectra in special 

arrangement of active core 
• measuring devices at the VR-1 Laboratory (dosimetric equipment – new radiation 

monitoring network, neutron and gamma detectors, portable dosimetric devices, etc., 
multi-channel MCA and MCS analysers, special low current picoampermeters and other 
measurement devices) 

• different neutron chambers (3He proportional counter 65NH25, 10B proportional counter 
CPNB25, 235U fission chamber CFUL01, 10B compensated ionisation chamber CC54 or 
10B corona detector SNM type) 

• semiconductor HPGe spectrometric system with high resolution and high efficiency is 
used for gamma measurement of irradiation samples 
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3.2 Use of VR-1 Reactor 

Students from technical universities and from natural sciences universities come to the 
reactor for training. The training provides students with experience in reactor and neutron 
physics, dosimetry, nuclear safety, and nuclear installation operation.  

Approximately 200 university students become familiar with the reactor (through 
lectures, experiments, experimental and diploma works, etc.) every year. About 12 different 
faculties from Czech universities (e.g., the Czech Technical University and Charles 
University in Prague, the Technical University and Masaryk University in Brno, Western 
Bohemia University in Plzeň, the Technical University in Ostrava, etc.) use the reactor. 
International co-operation with European universities in Germany, Hungary, Austria, 
Slovakia, Holland and UK is frequent. Practical Course on Reactor Physics in Framework of 
European Nuclear Engineering Network (ENEN) has been newly introduced. Further training 
courses have been included to provide special training for selected specialists from Czech and 
Slovak Nuclear Power Plants. 

 

Fig. 3: Students carrying out experiments at VR-1 reactor 

Scientific research respects reactor parameters and requirements of the so-called clean 
reactor core (free from a major effect of the fission products). Research on VR-1 is mainly 
aimed at the preparation and testing of new educational methodologies, investigation of 
reactor lattice parameters, reactor dynamics study, research in the control equipment field, 
neutron detector calibration, etc.  

Information services and promotional activities in the nuclear power field are important 
parts of the reactor operation. Many visitors, mainly high school students, come to the reactor. 
The reactor staff prepares an attractive program including reactor operation. Every year, more 
than 1500 high school students come to visit the reactor, as do many foreigner visitors. 

 
3.3 Example of Reactor Training 

Currently, students can go through more than 20 experimental exercises. Many study 
materials (textbooks, experiment procedures, diagrams, protocols) have been prepared. 
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The following is a list of some experiments performed on the VR-1 reactor:  
• start-up and operation of the VR-1 reactor 
• properties of neutron detectors for nuclear reactor control 
• measurement of delayed neutrons 
• measurements of reactivity by various methods 
• calibration of control rods by various methods 
• critical or basic experiment 
• determination of the effect of various materials on the reactivity of the reactor 
• measurement of thermal neutron flux density 
• study of nuclear reactor dynamics 
• studying the influence of the bubbly boiling to the reactivity of the VR-1 reactor 
• simulation of the selected operating statuses of the power reactor of the VVER type 
• study of property of subcricital multiplying assembly 
• neutron flux measurement utilizing Campbell technique  

The experimental content of training courses is optional according to the interest of 
users. 

 

Fig. 4: Study of zero power reactor dynamics at VR-1 reactor 

3.4 Eugene Wigner Training Course on Reactor Physics Experiments 

VR-1 Reactor is involved in the three weeks “Eugene Wigner training course on reactor 
physics experiments”. The course has been held in four central European countries: Slovakia, 
Czech Republic, Austria and Hungary. The main emphasis of the course is to perform reactor 
physics experiments on three different research and training reactors at three different 
universities: Faculty of Nuclear Sciences and Physical Engineering (Czech Technical 
University in Prague), Atominstitut (Vienna University of Technology) and Institute of 
Nuclear Techniques (Budapest University of Technology and Economics). The experimental 
work is preceded by theoretical lectures at the Faculty of Electrical Engineering and 
Information Technology (Slovak University of Technology in Bratislava) aiming to prepare 
students for the experiments. The course is an upgraded result of a long-standing similar 
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co-operation between the above-mentioned four academic institutions in Vienna, Prague, 
Bratislava and Budapest. The course is a part of ENEN – “European Nuclear Educational 
Network Association” activities. 

The first Eugene Wigner course was held in 2003, the second one in 2004, the third one 
in 2005 and in September 2006 is being prepared the fours one. The first three courses were 
attended by more than fifty students (both undergraduate and postgraduate students) and 
young professional from 13 European countries. Within “Eugene Wigner Training Course on 
Reactor Physics Experiments”, there were prepared six experiments at the VR-1 reactor: 
• properties of neutron detectors for nuclear reactor control 
• measurements of reactivity by various methods 
• calibration of control rods 
• study of nuclear reactor dynamics 
• digital control and safety systems of research reactors 
• start-up and operation of the VR-1 reactor 

Reaktivity measurement by Source Jerk method
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Fig. 5: Reactivity measurement during Eugene Wigner course in 2005 

3.5 IAEA Training Courses at VR-1 Reactor 

Recently, two training courses were prepared for Bulgarian specialists from the research 
reactor in Sofia. These courses were supported by IAEA. The first course took place in the 
autumn 2005. The course contained standard experiments mentioned in the chapter 3.3.The 
second course in the spring 2006 was focused on the research reactor safety, operation and 
instrumentation. The course contained following topics: 
• reactor safety and operation - safety principles, control and safety system of the VR-1 

reactor, neutron flux measurement including Campbell technique, I&C tests, operation of 
the VR-1 reactor, computers in I&C important to nuclear safety  

• reactor operation and dynamics - measurements of delayed neutrons, measurements of 
reactivity by various methods, calibration of control rods, void coefficient of reactivity, 
study of the influence of the bubbly boiling on the VR-1 reactor operation 
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• radiation protection and dosimetry - basic principles and limits, radiation monitoring, 
decontamination practices  

4 VR-1 REACTOR AND CENEN – CZECH NUCLEAR EDUCATION NETWORK 

In accordance with present European and worldwide activities, Department of Nuclear 
Reactors initialized an idea of CENEN – “Czech Nuclear Educational Network”, national 
institution which aims its effort to nuclear education in Czech Republic. Association is based 
on principles of ENEN Association” founded as part of 5th European Framework Programme. 
The main objective of the CENEN (as well as ENEN in European level) is the preservation 
and further development of a higher nuclear education and expertise. Future plan is the 
enlargement of co-operation to research centres, the nuclear industry and the regulatory body. 
CENEN will promote and further developed the collaboration in the nuclear engineering 
education of academicians, engineers and researches; ensure the quality of the nuclear 
engineering education and training.  

The essential aim of CENEN is to increase the attractiveness of nuclear engineering 
studies; to open studies for wider number of students and to incorporate the Czech nuclear 
education into the European education network. Future objectives should be also the 
definition of Czech Master of Science Degree in Nuclear Engineering (as part of European 
M.Sc. Standard), promotion of the exchange of students and teachers participating in the 
frame of CENEN network, and establishment of mutual lectures and training courses. At 
present, 11 departments and institutes from Czech Technical University in Prague, University 
of West Bohemia in Pilsen, Brno University of Technology, and VŠB-Technical University of 
Ostrava became members of CENEN.  

First activities of CENEN are based on experience with present projects in which 
Department of Nuclear Reactors participates. Czech Technical University in Prague 
represents the Czech Republic in ENEN and WNU (World Nuclear University) and 
collaborates in NEPTUNO (Nuclear Platform of Training and University Organization) 
project in the scope of 6th European Framework Programme. Department of Nuclear Reactors 
has also experiences with projects Erasmus, Erasmus-Mundus and Eugen-Wigner Course. 
The VR-1 reactor is an important facility in the CENEN program for training of students and 
future nuclear power plant staff. 

5 PERSPECTIVE OF VR-1 TRAINING REACTOR  

The plan for the training reactor VR-1 for the next 10 years covers essential activities 
(the annual plans describe less important activities for each year) in four fields: training, 
research, public relation activities and international co-operation. All our activities are 
prepared at high level of nuclear safety, radiation protection, physical protection and 
emergency preparedness and good standard of safety culture.  

 
5.1 Training Activities 

• keeping the current state in number of user universities and schools, number of students 
and number of offered experimental tasks 

• improvement of existing experimental tasks and establishment of new ones according to 
requests of users from universities and nuclear engineering companies, for example: study 
of neutron noise and it's application, study of thermal effects, study of digital control 
systems, study of transmutation technologies ADTT, study of neutron detectors 
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5.2 Research Activities 

• seeking research activities which can use advantages of "clean" core without temperature, 
pressure, burn-up feedback, etc. 

• continuation of study of digital control and safety systems of nuclear research reactors 
• continuation of development of control equipment for the VR-1 reactor 
• study of transmutation technologies ADTT 

 
5.3 Public relation Activities 

• keeping current state in number of user schools and number of visitors 
• development of new demonstration experiments for secondary/high school students 

 
5.4 International Co-operation 

• close co-operation with universities in Germany, Austria, Hungary, Slovakia, etc. 
• programs in co-operation with Nuclear Research Institute in Řež (Czech Republic) e.g. in 

Halden Reactor Project (Norway) 
• participation in ENEN and ENEN 2 EU programs, World Nuclear University (WNU) and 

in IAEA training courses 
• additional courses for potential users 

6 CONCLUSIONS 

The experience with the VR-1 operation is excellent for the last 16 years. There wasn’t 
any accident regarding nuclear safety or radiation protection during the whole period of the 
use. The VR-1 reactor is very intensively used for training of students and future nuclear 
power plant staff. Every year, some 200 university students from Czech universities get 
acquainted with the reactor. The reactor is also used for training of students of many 
European universities (e.g. TU Vienna, Bratislava, Budapest) and involved into some 
international programs such as the IAEA training courses (e.g. recently for Bulgarian 
specialists) and technical cooperation program and in the European programs ENEN and 
NEPTUNO for the nuclear education (e.g. Eugene Wigner Training Courses). An attractive 
program including demonstration of reactor operation is also prepared for high school 
students. Every year, more than 1500 high school students come to visit the reactor, as do 
many foreigner visitors. 
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