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ABSTRACT 

A new set of simulation tools, developed to support the 

overall preparation process of full-scope simulators for 

nuclear reactors, is introduced. Using a uniform user 

interface and standardized software development 

platform, the tools are grouped around a framework 

called SIMTONIA.  

Here we give a brief description of the framework and 

its elements, outlining the most important features of the 

system. The vitality of the framework is demonstrated 

by a simple modeling exercise. 

INTRODUCTION 

Centre for Energy Research of Hungarian Academy of 

Science (CER HAS / former KFKI AEKI) has been 

supported the maintenance and development of the full-

scope training simulator (FSS) of Paks NPP since the 

late eighties. Due to these developments, the major 

components of the FSS (all significant models, I/O 

communication etc.) had been renewed by CER in the 

last two decades. However, witnessing rapid evolution 

in information technology, three years ago we decided to 

initiate a project focusing on the renewal of our all 

simulator development tools. 

The result of these developments is called SIMTONIA 

(SIMulation TOols for Nuclear Industrial Applications) 

a simulator development framework, which provides a 

modern, comfortable, graphics environment for 

simulator developers. Using this framework there is no 

need of programming skills for model development, but 

developers having solid knowledge of technology can 

develop the simulator models. The user interface of 

SIMTONIA is unified, which means that independently 

from the technology we wish to model a unified man-

machine interface can be used to produce models of 

 instruments and control (I&C),

 electrical,

 single phase fluid and

 two-phase flow

networks. 

The different technological networks can be coupled 

with each other using the same graphics environment 

and they can be driven by a virtual control room 

environment, which also can be developed using 

SIMTONIA.  SIMTONIA’s executive and instructor 

systems provide real-time scheduling of the models, 

usual simulator operations (snapshot reading and 

writing, backtracking, run, step, freeze functions etc) in 

line with the well-known ISO standards. 

Technological data are stored in SIMTONIA’s offline 

database and managed inside the framework in 

accordance with model variables and parameters. 

In the next Section we give an overview of our 

framework. Then the most important models are 

introduced briefly. Finaly, using a simple example of 

water control level in a tank, we demonstrate how the 

models developed by the tools can be integrated. More 

complex application from nuclear industry can be found 

in (Páles et al., 2017). 

OVERVIEW OF THE FRAMEWORK 

SIMTONIA is a general purpose simulation 

environment which is designed to handle all aspects of 

the development and operation of full-scope simulators 

used for the training of nuclear power plant operators. In 

the present section we give a brief overview of the 

system focusing on its major components (Fig. 1). 

Figure 1: SIMTONIA Framework Components 

The central component of the framework is an object 

oriented graphical editor which eneables the users to 

create element libraries and build up complex 

technological models using these libraries. The libraries 

contain the basic building elements of the technological 
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models, such as logic gates for I&C models or pipe 

sections and fluid tanks for thermohydraulic models. 

Each element consists of an interactive graphical 

representation, a set of  parameters and state variables, a 

set of input-output connection points, and a set of 

callback fuctions which are used by the simulaton 

engine during the simulation. The user can create 

complex technological models by placing these building 

elements on the diagrams of a model, interconnecting 

and parametrizing them. Thus each simulation model in 

the framework can be represented in a uniform way by a 

network of interconnected elements (Fig. 2). 

Figure 2: SIMTONIA’s Model Editor 

The models can be simulated by using specific 

simulation engines. Since different numerical methods 

are required to model different physical and 

technological processes, each model runs on a specific 

simulation engine. Currently the framework contains 

engines to simulate reactor core physics, I&C networks, 

simple electrical networks, single and two phase flow 

networks, and human-machine interfaces. Some of them 

will be presented in the next section. The simulation 

framework can be simply extended with new simulation 

engines using SIMTONIA’s Model Application 

Programing Interface (API). 

For the simulation of complex technological systems 

several engines have to be coupled with each other. 

SIMTONIA’s Executive System is responsible for the 

realtime scheduling of the engines, and for controlling 

the synchronized communication between the models. 

The models can communicate with each other via an 

export-import mechanism: a model can export variables 

using globally unique variable names, and other models 

can import these variables using the export names. For 

scheduling the models, the Executive System uses 

simulator configurations (its description can be also 

created in a visual manner as a kind of flowchart using a 

dedicated element library of SIMTONIA), which 

contains information about tle list of models that take 

part in the simulation, and the execution order of the 

models. The models can be scheduled to run in parallel 

or in sequential order. For training simulators it is 

important, that the simulation must run in realtime to 

reproduce the events in the control room in a realistic 

way. Beside these basic functions, the executive system 

also provides several builtin services to support the 

training of the operators and fulfill the requirements of 

the ANSI-ANS-3.5 standard for NPP training simulators 

(ANS 2009). Some of these features are given as 

follows: 

 support for snapshot and backtrack handling,

 support for implementing and using malfunctions

and local operator actions,

 support for testing and validating the models, etc.



 

 

 
Figure 3: SIMTONIA’s Instructor System 

 

 

 

The Instructor System is the main user interface for the 

isntructors to control the operation of the simulator 

during the training (Fig. 3). It is connected to the  

 

Executive System, and provides a user interface for the 

operators to execute the following tasks: 

 

 run, step and stop the simulation, 

 saving and loading snapshots (initial conditions) of 

the simulation, 

 initiating malfunctions and local operator actions, 

 building complex simulation scenarios, 

 backtracking the simulation to a previous state and 

and replaying it, 

 plotting and saving trends of simulator variables, 

etc. 

 

The SIMTONIA framework is a fully object oriented 

system which is built on modern software technologies: 

it runs over the Microsoft .NET Framework, and uses 

the WPF API for creating vector graphic interfaces. 

 
MODELING TOOLS 

In the following section we briefly introduce two 

simulation engines of the SIMTONIA framework.  

 

Sequential engine 

A common task in NPP simulation is the detailed 

modeling of I&C devices used in the various 

technological systems of the plant. The complexity of 

these systems moves in a wide scale and their proper 

modeling has great impact on the quality of simulation. 

Therefore it is of crucial importance to model the 

control systems in an NPP training simulator as 

accurately and efficiently as possible. 

In the SIMTONIA framework we have developed a 

sequential network simulation engine to model the 

control systems. The algorithm for solving the network 

is an improved version of the method we used in 

GRASS (GRAphic Simulator System), a graphical 

modeling tool developed also by CER and used in the 

training simulator of Paks NPP (Jánosy et al. 1997). 

In the element libraries the user can define input-output 

connection points, state variables, and a simulation 

routine for each basic elment (e.g. logic gates, flip-flops, 

comparators, analogue functions, PID controllers, etc.) 

used in a sequential network. The simulation routines 

contain the algorithms which determine how the output 

signals and state variables are computed from the input 

signals. Based on the topology of the network, the 

sequential engine determines an execution order of the 

simulation routines in a model. 

The outline of the algorithm used for creating the 

execution order is the following: 

 

1. A list is created containing all pairs of connected 

input-output connection points. This list will be 

sorted to determine the exeution order of the 

routines. 

2. The connection pairs having source elements which 

are not driven by other elements in the network are 

executed. Then those connections come which have 

driving elements only in the already sorted part of 

the connection list, and so on. At the end of this 

sorting procedure, only those connections remain 

unsorted, which belong to a loop or are driven by an 

element of a loop. 

3. The remaining part of the list can be sorted in the 

backward direction. All connections have to be put 

to the end of the list which drive only output 



 

 

elements. Then the connections which drive 

elements already in the sorted end of the list will be 

listed before the tail of the list, and so on. 

4. At the end of the sorting procedure the sorted list 

contains three sections: non-loop connections sorted 

in execution order, the connections taking part in 

loops, and the connections driven by loops sorted in 

execution order.  

 

Single phase flow network engine 

The SIMTONIA framework also contains a simulation 

engine for modeling single phase flow networks. Using 

the flow network element library the user can build 

simple pipe flow networks. The flow library contains the 

following basic components: 

 

 nodes, 

 branches interconnecting the nodes, 

 pumps, 

 valves,  

 heat excangers,  

 tanks and 

 leaks. 

 

The engine simulates the dynamic behavior of the flow 

network by solving an equation system built up based on 

the structure of the network. The resulting equation 

system contains a mass and energy conservation 

equation for each node, and a momentum conservation 

equation for each branch.  By solving the equation 

system the engine determines the pressure, enthalpy, and 

transported material concentration in each node, and the 

mass flow rate in the branches. 

To simplifiy the solution of the equation system we 

assume that the fluid is incompressible, therefore the 

energy conservation equation can be solved 

independently from the mass-momentum equation 

system, based on the pressure and flow distribution in 

the network. 

To further simplify the solution of the equation system 

the flow network can be divided into sub-networks  

dynamically when different parts of the network become 

isolated (islands) form each other by closing some 

valves.   

  

EXAMPLE – SIMULATION OF WATER LEVEL 

CONTROL 

To demonstrate the capabilities of the SIMTONIA 

framework we present the simulation exercise of a 

simple coupled thermohydraulic and I&C model. The 

thermohydraulic model contains an open tank which is 

filled up with water at the top of the tank through a 

manual valve (Fig. 4). The valve can be used during the 

simulaton to interactively set a constant mass flow rate 

towards the tank. 

  

 

 
Figure 4: Simple thermohydraulic model 

 

 

 

The water flows out of the tank at its bottom through 

two parallel pipe sections, both of them containing a 

pump, pressure measurement devices (P1, P2), and 

check valves at their ends. The parallel pipe sections are 

joined after the check valves. The joined section 

contains a control valve, a manual valve, and a heat 

exchanger connected to the pipe by its tube side. There 

is a temperature measurement device at the outlet of the 

heat exchanger (T2), and the water leaves the simulation 

domain through constant pressure boundary condition, 

i.e. the pressure at the exit is prescribed. The shell side 

of the heat exchanger also contains two pressure 

boundary conditions, and a control valve which controls 

the mass flow rate of the heat exchanger. 

Three control logic schemes are connected to this 

thermohyraulic model: 

 



 

 

1. The control of water level (L1 measurement) in the 

tank with the control valve in the joined pipe 

section. 

2. The control of the outlet temperature at the tube 

side of the heat exchanger using the control valve at 

the shell side of the heat exchanger. 

3. Stopping and starting logics of the pumps based on 

the pressure (P1, P2) and water level (L1) 

measurements. 

 

In this example we only show the details of the water 

level control (Fig. 5). The two simulation engines are 

connected with each other via export-import variables. 

All measurments are exported from the thermohydraulic 

model, thus the control logic can import the value of the 

water level (L1) measurement with an import element. 

  

 
Figure 5: I&C model for level control 

 

This value is connected to an element which calculates 

control error, i.e. the deviation form a constant setpoint 

value, which is set to 1.2 meter in this case. The 

calculated deviation is connected to a standard PID 

controller, which generates close or open commands 

based on the prarameters of the controller. 

The output of the controller is processed by a pulse 

width modulator, which is often used in real 

technological systems to prevent valves from continuous 

operation (moving).  

The pulses produced by the generator drive a constant 

speed motor, which sets the relative position (1-100%) 

of the valve stem. The effective position of the valve 

stem can be determined by the characteristics of the 

valve. 

Finaly, the effective position of the valve is exported to 

the control valve of the thermohydraulic model by an 

export element. 

 

 
Figure 6: Plot of the water level (top) in the tank and 

control valve shaft position (bottom) 

 

The evolution of the water level and the position of the 

control valve determined by the control logic scheme 

can be seen in Fig. 6. At the beginning of the transient 

the controller gradually opens the valve setting the water 

level to the proper setpoint 1.2m. When the level 

achieves 1.2m, we initiate a short-time leakage in the 

system just behind the valve. Due to the leak the level of 

the tank starts to decrease rapidly and accordingly the 

controller gradualy closes the valve, in order to stop the 

deviation from the setpoint. Terminating the leakage, the 

water level starts to increase rapidly and controller start 

to open the valve to restore its proper setpoint value. 

  

CONCLUSIONS 

SIMTONIA framework provides a simple way to 

develop complex I&C, thermohydraulic and electric 

network models. Its model libraries have plenty of 

predefined elements letting the user to develop models 

easily for complex thermohydraulic, I&C and electrical 

networks without having any programing skills. 

Although here just a simple modeling exercise was 

given to demonstrate the vitality of this framework, its 

more comprehensive applications are under 

development in the backstage: development of a 

compact simulator for AES-1200 and for VVER-440 

type nuclear reactors. We hope to present the first 

simulation results of these simulators in the near future. 
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