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ABSTRACT 

The contribution describes the upgrade of the VR-1 training reactor I&C 
(Instrumentation & Control). The reactor was put into operation in the 1990, and its I&C 
seems to be obsolete now. The new I&C utilises the same digital technology as the old one. 
The upgrade has been done gradually during holidays in order not to disturb the reactor 
utilisation during teaching and training. The first stage consisted in the human-machine 
interface and the control room upgrade in 2001. A new operator's desk, displays, indicators 
and buttons were installed. Completely new software and communication interface to the 
present I&C were developed. During the second stage in 2002, new control rod drivers and 
safety circuits were installed. The rod motors were replaced and necessary mechanical 
changes on the control rod mechanism, induced by the utilisation of the new motor, were 
done. The new safety circuits utilise high quality relays with forced contacts to guarantee high 
reliability of their operation. The third stage, the control system upgrade is being carried out 
now. The new control system is based on an industrial PC mounted in a 19'' crate. The 
operating system of the PC is the Microsoft Windows XP with the real time support RTX of 
the VentureCom Company. A large amount of work has been devoted to the software 
requirements to specify all dependencies, modes and permitted actions, safety measures, etc. 
The Department took an active part in the setting of software requirements and later in 
verification and validation of the software and the whole control system. Finally, a new 
protection system consisting of power measuring and power protection channels will be 
installed in 2004 or 2005.  

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. The reactor was designed and constructed by the Škoda 
Company in co-operation with the Faculty. 

The VR-1 reactor is a pool-type light-water reactor based on enriched uranium (36%). 
Its thermal power is 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 control rods have an integral performance. In their structure, 
the rods are the same. They differ only in function (safety, compensation or control) 
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according to the connection with the control and safety system. The absorber is cadmium. A 
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 it 
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. 

The VR-1 reactor is utilised particularly for training of university students and nuclear 
power plant staff. The 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 on the 
VR-1 reactor is mainly aimed at the preparation and testing of new educational 
methodologies, investigation of reactor lattice parameters, reactor dynamics study, research in 
the field of control equipment, neutron detector calibration, etc. 

The present control and safety system (Instrumentation & Control - I&C) of the VR-1 
training reactor was developed in the mid- 80s. The system is digital, it utilises 8-bit 
microcomputers with software written in the assembly language. Even if the present control 
and safety system fully meets the demands that are put on it, its technical design is obsolete to 
a certain extent at the present time. There are also problems with maintenance because of a 
lack of spare parts. Furthermore, during development and manufacturing, some new 
internationally imposed demands on quality and the qualification (e.g. the IAEA, IEC, and 
IEEE recommendations and standards) had not been or could had not been considered. 
Therefore, it was decided to upgrade the existing control and safety system with the aim to 
apply the latest available techniques and technology observing the above-mentioned 
recommendations and standards. 

The replacement of the control and safety system started during the year 2001. Because 
of frequent utilisation of the VR-1 training reactor during the academic terms, it was decided 
to carry out the upgrade of the control and safety system gradually during holidays so as not 
to affect the training at the reactor. 

The completion of the whole control and safety system replacement is assumed in the 
year 2004 or 2005 (for a detailed plan see in paragraph 3). 

2 CONTROL AND SAFETY SYSTEM STRUCTURE 

A block diagram of the control and safety system after the completed replacement is 
shown in Fig. 1. The figure is divided into three areas according to the placement of the 
equipment - the reactor vessel, the control and safety system cabinets and the control room. 

Firstly, the safety (protection) part of the system is described. This part of the I&C is the 
most important one for the nuclear safety. The redundancy (three independent power 
measuring and power protection channels) and diversity (diverse hardware and software of 
power measuring and power protection channels) are applied to enhance safety and reliability 
of the system. The power measuring channels receive signals from wide range fission 
chambers (PMCH), evaluate them, calculate the reactor power and the velocity of the reactor 
power change and send the values to the control system and to adjacent individual displays on 
the operator's desk in the control room. The channels also compare values of power and 
velocity with the safety limits and if the limits are exceeded, the request for a safety action is 
sent into the vote logic. Further three channels equipped with boron chambers (PPCH) work 
as an independent power protection system, evaluate the power and the velocity, send data to 
the control system and to their displays. They also compare data with their safety limits and 
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control the vote logic. The vote logic evaluates the inputs from the power measuring channels 
in the logic 2 out of 3, from the power protection channels independently 2 out of 3, and the 
signal from the control system is evaluated in the logic 1 out of 1. If the condition for safety 
action request is met at least in one group (system), the power supply (48V DC) to the control 
rods is cut by the safety circuits; the rods fall down and stop the chain reaction. 
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Fig. 1: Block diagram of the upgraded control and safety system 

The control system receives data the from the power measuring and power protection 
channels, checks their values with each other and against the safety limits. If either the safety 
limits or allowed deviations between individual channels are exceeded, or there are any 
problems in the system, the control system initiates a safety action. The control system 
calculates the average values of power and velocity and evaluates the deviation between the 
real power and the demanded power value set by the operator. If the deviation limit is 
exceeded, the safety action is also initiated. The control system sends data to a human-
machine interface and receives commands from it. If the commands are permitted, it carries 
them out. The control system also serves as an automatic power control system, which 
controls the movement of the control rods to achieve the required reactor power. The control 
rod movement is actuated by the control rod drivers. 

The human-machine interface serves for the communication between the control and 
safety system and the operator. It consists of a computer with CRT displays and indicators to 
show the operational status of the reactor, of a keyboard and buttons to control the reactor. 
The human-machine interface also stores data about the history of the reactor operation. 

3 PLAN OF I&C REPLACEMENT 

As it was mentioned above, the principle assumption of the I&C replacement was not to 
disturb the reactor training during terms at the university. The plan of the replacement 
consists of four stages. Each stage will be independent and after its completion, the reactor 
has to remain functional. Moreover, the necessary changes of the just carried out upgrade 
stages should be minimised with respect to the oncoming stages. 
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The plan has been scheduled as follows: 

1. Summer 2001  - human-machine interface and control room upgrade (done) 
2. Summer 2002  - control rod drivers and safety circuits upgrade (done) 
3. Summer 2003  - control system upgrade (in process) 
4. Summer 2004(5) - power measuring and power protection channels upgrade 

The next paragraphs give a more detailed description of already performed and further 
planned activities of the upgrade. 

4 CO-OPERATING ORGANISATIONS 

The VR-1 reactor I&C replacement is tightly connected with nuclear safety. Therefore, 
the Škoda Nuclear Machinery Company was chosen as the general contractor of the 
replacement. This company is qualified in the Czech Republic to produce, install and 
maintain items important to safety. The Škoda company in agreement with our Department 
selects subcontractors to provide particular items.  

There are three principal subcontractors for the I&C replacement - Schneider Electric, 
dataPartner and ZAT Companies. The Schneider Electric Company will provide the most 
important items for nuclear safety - the digital protection system based on the SPINLINE 3 
technology. The dataPartner company will develop and install the control system utilising the 
Windows RTX real-time system. The ZAT Company provided the new human-machine 
interface based on a personal computer and the Intouch development tool. 

The Škoda Company also prepares, in co-operation with the Department, documents 
necessary to get the licence for the intended replacement from the Czech State Office for 
Nuclear Safety. 

The Department closely co-operates during the I&C upgrade, mainly in the setting of 
requirements, and in the co-ordination of activities; it solves particular problems in electronics 
and software and carries out tests and validation of the new equipment and systems. 

5 NEW HUMAN-MACHINE INTERFACE 

The human-machine interface replacement as the first stage of the control and safety 
systems upgrade was carried out in the summer 2001. The aim of the upgrade was to improve 
ergonomic and aesthetic properties of the operator's desk and the control room, to enhance the 
operator's comfort and thus to increase the utilisation of the reactor and nuclear safety. The 
detailed information about the human-machine interface upgrade was given in [7].  

The new human-machine interface is connected to a WWW server with guaranteed 
safety of the data transfer. It provides a WWW page with information about technology, 
utilisation and on-line operation of the VR-1 reactor since December 2002 
(http://vr1.fjfi.cvut.cz). 

6 NEW CONTROL ROD DRIVERS, MOTORS AND SAFETY CIRCUITS 

The control rod drivers, motors and safety circuits were changed during the year 2002. 
The original motors of the rods are not available any more that caused a problem of the 
maintenance. The rod drivers were also very difficult to maintain because of unavailability of 
spare parts and awkward electronic circuits. 

The original safety circuits suffered ageing of utilised relays. There were problems with 
the quality of contacts. The contacts corroded, lost conductivity, produced heat because of 
increased transitional resistance and deteriorated the functionality of the relays. These relays 
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are not produced any more, and the unused spare ones suffered the same problem of ageing 
and corrosion. 

 
Fig. 2: New motors of control rods and high quality connectors 

The rod motors were replaced with the new ones that provide required properties and 
dimensions. The selected motors are produced by the ESPO Company. Necessary mechanical 
changes on the control rod mechanism, induced by the utilisation of the new motor, were 
done by the Škoda Company. High quality connectors were utilised for the connection of the 
cables to the motors - see in Fig. 2. 

PLC Simatic S7-200 equipped with a proper power electronic board serves as a motor 
driver. Appropriate software to control the PLC was developed. The PLCs communicate with 
the control system via RS485 (ProfiBus) lines. 

New safety circuits utilise high quality relays with forced contacts to guarantee high 
reliability of their operation. The safety circuits are installed in a 19'' rack for an easy 
installation in new cabinets of the new control and safety system. 

After the delivery and installation of the control rod drives and safety circuits, detailed 
tests were carried out. The safety function of control rods, the accuracy of control rod 
positions and motion velocity were checked. The functionality of the safety circuits was tested 
with all combinations of the vote logic safety signals. 

This stage of the I&C replacement was seriously complicated by the flood in Prague in 
August 2002. There had been no electricity in the reactor laboratory until October 2002 and 
all activities of installation had been done utilising diesel generators. 

7 NEW CONTROL SYSTEM 

The control system replacement was carried out during the summer 2003. The new 
control system receives data from the power measuring and power protection channels and 
compares them with safety limits, and it also controls the safety circuits. It calculates the 
average values of the important variables (power, velocity), and sends data and system status 
to the human-machine interface. Next, it receives commands and button inputs from the 
operator's desk and carries them out according to the reactor operation mode. Finally, it serves 
as an automatic power regulating system. 
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The information about the control system and the nuclear reactor operational status 
were enlarged substantially in comparison with the old system. Furthermore, complex tests 
and control rods diagnostics were added. 

 
Fig. 3: New control system of the reactor 

The control system is based on the industrial personal computer of the Nexcom 
Company mounted in a 19'' crate with a redundant power supply system. The control 
computer is shown in Fig. 3. The operating system of the PCs is the Microsoft Windows XP 
with the real time support RTX of the VentureCom Company. The computer is equipped with 
8 RS232 lines for communication with the power measuring and power protection channels, 
with the RS485 (Profibus) line for communication with the Simatic control rod and I/O PLCs 
and with the Ethernet line for data transfer to the human-machine interface. 

It was necessary to adapt the original power measuring and power protection system for 
the RS232 communication with the new control system. The communication units [6], 
originally developed for  the human-machine interface upgrade, were utilised with new PLA 
firmware and control software. Furthermore, the power measuring and power protection 
system software was modified in an appropriate way. 

Because of the importance of the control system to nuclear safety, high quality of the 
delivered hardware and software is requested. Intensive verification and validation is carried 
out during the manufacturing and after the delivery. 

A large amount of work was devoted by the Department to the detailed software 
requirements to specify all dependencies, operational modes and permitted actions, safety 
measures, etc. The Department also takes an active part in the verification and validation of 
the software and the whole control system. 

8 NEW POWER MEASURING AND POWER PROTECTION SYSTEM 

The power measuring and power protection system together with the safety circuits and 
the control rods are the most important items for nuclear safety. The Škoda Company in their 
project study [3] evaluated possible alternatives available on the market with respect to 
functional, quality and qualification requirements. 
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Our preferred choice is a system based on the SPINLINE 3 from the Schneider Group 
Company. This system is qualified for protection systems of nuclear devices and is utilised in 
many nuclear power plants. The SPINLINE 3 technology will also be used for an upgrade of 
the control and safety system in the Czech nuclear power plant Dukovany. But the system is 
very expensive and the Department has to find sponsors to finance the purchase and 
installation of the SPINLINE 3 system. The final decision will be made according to the 
financial funds available. 

The SPINLINE 3 is a modular and digital solution dedicated to developing and 
upgrading safety I&C used in nuclear installations. Its architecture can be adapted to the 
customer needs. The system meets the international standards governing the design and 
manufacture of equipment used in nuclear installations (e.g. IEC 61226 category A & B 
functions and associated systems and equipment, IEEE 603 class 1E systems). 

The software development methodology for the SPINLINE 3 is based on IEC 60880 
standard. The safety software runs the same functions endlessly in a single loop for a limited 
period of time. Because of the nuclear safety, the SPINLINE 3 does not have an operating 
system and interrupts are not used. The System Software Development Environment (SSDE) 
is utilised for the development of application software. It supports verification and validation, 
documentation production and configuration managements during the software production. 

The SPINLINE 3 utilises the NERVIA network for safe and secure data communication 
within the safety I&C system. The NERVIA network provides redundancy to meet single 
failure criterion, functional diversity implemented in separate processing units, isolation 
between channels and deterministic response time under all conditions. The NERVIA also 
gives safe access to non-safety systems. 

The protection system of the reactor will be based on two diverse (hardware and 
software) configurations of SPINLINE 3 either as the power measuring or power protection 
system. Both systems will be redundant; there will be 3 channels in each system that will be 
evaluated in the vote logic 2 out of 3. The power measuring channels will utilise the presently 
used fission neutron chambers RJ1300 that work according to the neutron flux (power) either 
in the pulse or current range. The power protection channels will process pulse signals from 
the present boron chambers SNM12. Both systems will evaluate the reactor power and the 
velocity of its change, compare them with safety limits and initialise the safety circuits if 
necessary. Further, they will send data to the control system and to the individual displays. 
Data to the control system will be sent through the NERVIA network, to the individual 
displays via the RS232 lines. 

The activity of the Department during this stage of the I&C replacement will 
concentrate on the requirements of setting, communication with the Schneider Electric 
Company and later on verification and validation of the delivered protection system. 

9 CONCLUSION 

The aim of this contribution is to describe the plan of the VR-1 training reactor I&C 
replacement and the activities carried out so far. The digital I&C of the nuclear reactor 
represents a very complex computer based system with high requirements for safety and 
availability. 

The human-machine interface and the control room were upgraded in 2001. This 
upgrade substantially improves the comfort of the reactor operation and facilitates the work of 
the reactor staff. It also provides more support for carrying out and evaluation of experiments. 
The possibility to change the user interface between the Czech and English version enables 
better reactor utilisation for foreign visitors and users. The storage of the reactor data 
provided by the control PC enables more detailed evaluation of experiments and exercises 
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that have been carried out. The data serve also as the documentation of the reactor safe 
operation. The real data and the stored operational history are also used for the WWW 
presentation of the VR-1 training reactor. 

The replacement of the control rod motors, drivers and safety circuits carried out in 
2002, utilisation of up-to-date PLCs and power electronics for the rod control and high quality 
relays and connectors for electromechanical functions substantially improves the nuclear 
safety, availability and maintenance of the reactor. 

This year, the control system upgrade based on the industrial PC with the Windows 
RTX realtime operating system and software of corresponding quality is being implemented. 
The upgrade of the protection system in 2004 or 2005 will bring the reactor I&C to top 
condition and will enable the prolongation of its functionality and maintainability for at least 
10 more years.  

The new reactor I&C will guarantee comfortable operation of the reactor. Reliable and 
safe operation of the reactor is important because the VR-1 reactor is very intensively utilised 
for training, and every year some 200 students make acquaintance with the reactor (lectures, 
experiments, diploma and dissertation works, etc.). About 12 faculties of Czech universities 
use the reactor. International co-operation is also frequent. Worth mentioning is the co-
operation with the European universities like Fachhochschule in Aachen, Technical 
University in Budapest, Technical University in Vienna, Slovak Technical University in 
Bratislava, Technical University in Delft and the involvement of the reactor in the European 
programs ENEN and NEPTUNO for nuclear education.  
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