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Abstract. Two interactive computer codes for education and training on nuclear safety and radioprotection 
developed at RA6 Reactor Division-Bariloche Atomic Center-CNEA are presented on this paper. The first code 
named SIMREACT has been developed in order to simulate the control of a research nuclear reactor in real time 
with a simple but accurate approach. The code solves the equations of neutron punctual kinetics with time variable 
reactivity. Utilizing the timer of the computer and the controls of a PC keyboard, with an adequate graphic 
interface, a simulation in real time of the temporal behavior of a research reactor is obtained. The reactivity can be 
changed by means of the extraction or insertion of control rods. It was implemented also the simulation of 
automatic pilot and scram. The use of this code is focalized on practices of nuclear reactor control like start-up 
from the subcritical state with external source up to power to a desired level, change of power level, calibration of 
a control rod with different methods, and approach to critical condition by interpolation of the answer in function 
of reactivity. The second code named LICEN has been developed in order to help the studies of all the topics 
included in examination programs for obtaining licenses for research reactor operators and radioprotection 
officials. Using the PC mouse, with an adequate graphic interface, the student can gradually learn the topics 
related with general and special licenses. The general option includes Nuclear Reactor Engineering, 
Radioprotection, Nuclear Safety, Documentation and Normative. The specific option includes Mandatory 
Documentation, Description of the Installation and Task on Normal and Emergency Situations. For each of these 
topics there are sub-items with all the relevant information. The objective of this code is to joint in one electronic 
place a large amount of information which usually it is disseminated on difficult to find separated papers. 
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1. Introduction 
 
Two interactive computer programs for education and training on nuclear safety and radioprotection 
developed at RA6 Reactor Division-Bariloche Atomic Center-CNEA are presented on this paper.  
 
In Section 2, the code for simulating the control of a research nuclear reactor in real time named 
SIMREACT is described.  
 
In Section 3, the code for interactive study of all the topics included in examination programs for 
obtaining licenses for research reactor operators and radioprotection officials named LICEN is 
presented. 
 
2. Real Time Simulation of Research Reactor Control (SIMREACT) 
 
2.1 SIMREACT. The Code 
 
SIMREACT has been developed in order to simulate the control of a research nuclear reactor in real 
time with a simple but accurate approach, including the essential elements needed for achieving this 
objective.  
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The code solves the equations of the punctual kinetics with time variable reactivity using the method 
of Hansen, Koen and Little [1], due to their numeric stability, to their simplicity, and because 
their formulation introduces characteristic features that make it an adaptive method without 
strong complications to an iterative procedure applied to a scheme of simulation in real time. 
The details of this method can be found on the reference.  
 
2.2 SIMREACT. The Interface 
 
Utilizing the timer of the computer and the controls of a PC keyboard, with an adequate graphic 
interface, a simulation in real time of the temporal behavior of a research reactor is obtained.  
 
The reactivity can be changed by means of the extraction or insertion of control bars. It was 
implemented also the simulation of automatic pilot and scram.  
 
After an operation session, graphs of the evolution of neutron density, asymptotic period, and extraction 
percents of control rods in function of time are shown for all the operation time. These values are 
tabulated and stored in a file for further analysis and study.  
 
The graphic interface of the simulator is very simple and includes four screens (up today on Spanish 
language only): initial screen (Fig. 1), help screen (Fig. 2), main screen (Fig. 3), and graphics display 
after a session of operation (see example on Fig. 4).  
 
Figure 1: SIMREACT initial creen. Options for changing default reactivity of core and control rods, 
for beginning the simulation, for display help screen and for exit. 
 

 
 

On the initial screen the default values are shown for several parameters that users can change: 
 
Core reactivity. The default value is 3300 pcm. Pulsing function keys F1, F2 changes the value. 
 
Total reactivity of broad control rod. For simplicity, it is included only one broad control rod. Their 
default value is 3600 pcm. With function keys F4, F5 users can change this value. 
 
Total reactivity of thin control rod. The default value is 690 pcm. Pulsing function keys F6, F7 
changes this value. 
 
Finally, with F8 begins the practice, appearing the screen of simulation (Fig.3); with F9 the help 
screen (Fig.2) is displayed, and with F10 the program is stopped. 
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Figure 2: SIMREACT help screen. Commands for working with the simulator screen. 
 

 
 
On the help screen, the available commands for working with the simulator are shown. These 
commands are:  
 
- buttons for up and down the broad control rod (up and down cursor keys);  
 
- buttons for up and down the thin control rod (right and left cursor keys);  
 
- F1: button of scram. Upon pressing this button, it is introduced a negative reactivity of 12000 pcm, in 
order to simulate the presence of four broad control rods (two safety control rods 100% extracted  
during normal operation plus a third control rod not explicitly included on the simulator also 100% 
extracted during normal operation, plus the explicitly included  control rod partially inserted during 
operation).  When it is pulsed the function key F1 the scram is produced and sounds a continuous 
beep. This beep also sounds in case of an automatic scram. The conditions of automatic scram are: for 
period (lower to 0.25 sec), for rate of introduction of positive reactivity (higher to 100 pcm by second) 
and for power (higher to the fixed power less 10%).  
 
- F2: button on/off automatic pilot. 
 
- F3: button on/off alarm (beep that begins to sound when the period is lower than 0.25 sec).  
 
- F4, F5: buttons to increase/ decrease power to a required value. 
 
- F6: partial scram button (put 0% extracted the explicitly included broad control rod).  
 
- x: key: concludes the simulation session. When this key is pulsed, the graphic screen of parameters 
in function of time appears (see Fig.4).  
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Figure 3: SIMREACT main screen. Control panel screen of the simulator. 
 

 
 
The main screen appears when F8 key in the initial screen of the simulator is pulsed. This screen 
contains the following elements (from top to bottom and from left to right): 
 
- Indicator of the required power. 
 
- Indicator of the current power. 
 
- Graphic indicator of 1/T (bar).  
 
- Graphic indicator of extracting position of the broad control rod.  
 
- Indicator of extraction percent of the broad control rod. 
 
- Indicator of extraction percent of the thin control rod. 
 
- Indicator (light) of automatic pilot connection. 
 
- Indicator of period T: the current value of 1/T (1/sec) and of T (sec). 
 
- Indicators (lights) of broad and thin control rods ascending/lowering. 
 
- Indicator (light) of scram. 
 
Upon beginning the practice, these indicators show the initial values and, in proportion to the work of 
the corresponding buttons, these indicators go changing with the new values corresponding to those 
actions.  
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Figure 4:  Example of graph creen. 
 

 
 
The variation of the four main parameters (P: power, T: period-inverse (1/T), and BG, BF: extraction 
percent of broad and thin control rods) in function of time (bottom of the screen), for the full temporal 
range of the session, can be visualized in graphic form once the session of simulation is completed.  
 
Fig.4 shows a session that begins with a super-critical condition up to a desired power level. Once this 
level is achieved it is maintained for a time by means of the thin control rod. After a time of critical 
condition, a scram is made and the reactor shut-down. 
 
2.3 SIMREACT. Uses  
 
The use of this code is focalized on practices of nuclear reactor control like start-up from the subcritical 
state with external source up to power to a desired level, change of power level, calibration of a control 
rods with different methods, and approach to critical condition by interpolation of the answer in 
function of reactivity.  
 
This code has been recently used (November 2007) on practices of the Nuclear Safety Course organized 
by the Nuclear Regulatory Authority of Argentina (ARN) for Latin-American professionals.  
 
Approach to critical state: In this practice, it is tried to predict the state of criticality (the position of 
the control rods), from extrapolations in a graph of the inverse of the number of counts in a detector, in 
function of the position of a control rod, parting from the reactor turned off with a core whose 
reactivity is unknown. The program includes an option for generating a random reactivity of the core. 
This option is utilized to produce different practices. The value of the reactivity of the core is shown 
after the practice.  
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Setting to critical state: This is a practice of the routine operation of carrying a reactor to critical 
from their shut-down state, ascending a control rod and then fitting to the critical state with the thin 
rod by hand or connecting the automatic pilot.  
 
Change of power level: In this practice, parting from the critical state at a given power, passes to 
another higher or lower power allowing the growth of neutron population extracting or introducing a 
control rod at small steps, until achieving the new level, returning to the state of criticality once the 
new desired power is reached.  
 
Calibration of a control rod with the method of the asymptotic period: This method is based on 
that, when one introduces positive reactivity (extracting a control rod in a certain percent), after 
waiting for enough time so that the transient terms are smalls compared with the fundamental one, the 
answer n(t) = no exp(t / T). The experimental procedure consists of extracting the rod whose reactivity 
is wanted on a manner that the resulting period is of the order of, for example, 50 sec, waiting the 
necessary time for the neutron density duplicates their initial value. Then, n(t) = no exp(t/T) = 2 n, and   
T= t/(ln 2). With an auxiliary program that solves the in-hour equation, tables of reactivity vs. T are 
produced. These tables are used in order to find the reactivity in function of the percentage of 
extraction of the control rod.  
 
Reactor shut-down: the evolution of the parameters of the reactor is shown when it is shut-down by 
means of a scram.  
 
3. Interactive Lectures for Operators and Radioprotection Offcicial Licences (LICEN) 
 
3.1 LICEN. The Code 
 
LICEN has been developed in order to help the study of all the topics included in examination programs 
for obtaining licenses for research reactor operators and radioprotection officials.  
 
The objective of this code is to joint in one electronic place a large amount of information which 
usually it is disseminated on separated papers that some times are difficult to find. 
 
Te code is based on menu options to choose the desired item from a list of topics. Then, successive 
screens are presented with the relevant information of each item. 
 
The material included on this code has been collected from different sources (Nuclear Reactor Physics 
and Radioprotection books and papers, documentation from different ARN norms and guides -
Agencia Regulatoria Nuclear Argentina, and RA6 Bariloche-Argentina nuclear research reactor 
manuals). The code contents are adjusted to the program for Licences from ARN [2]. 
  
3.2 LICEN. The Interface 
 
Using the PC mouse or keyboard, with an adequate graphic interface, the student can learn gradually all 
the topics related with general and special licenses.  
 
The graphic interface of the code is very simple and includes many screens (up today on Spanish 
language only). The initial screen is sown in Fig. 5. It contains the main menu from which the user can 
begin his study. Figs. 6 and 7 show examples of two secondary screens displayed from the main menu 
and Fig. 8 shows one of the many screens that display a given topic.  
 
The general option includes Nuclear Reactor Engineering, Radioprotection, Nuclear Safety and 
Documentation and Normative. The specific option includes Mandatory Documentation, Description of 
the Installation and Task on Normal and Emergency Situations. For each of these topics there are sub-
items with all the relevant information (Fig. 5).  
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Figure 5: LICEN initial screen. 
 

 
 

Fig. 6 shows the topics related to Nuclear reactor engineering: Introduction to research reactors, 
Radiations and nuclear reactions, Reactor statics, Neutron diffusion and moderation, Reactor kinetics 
and control, Energy extraction, Instrumentation and control, and Materials and reactor chemistry.  

 
Figure 6: Nuclear reactor engineering main menu screen 
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Fig. 7 shows the topics related to Radioprotection: Radiation sources, Dosimeter magnitudes, External 
radiation, Internal contamination, Biological effects or radiation, Basic criteria of radioprotection, 
Organization of occupational protection, Public radiological protection, Fundamentals of radiological 
protection for intervention, Radioactive wastes management, Safety transport of radioactive materials, 
and Prevention of criticality accidents and others.  
 
Figure 7: Radioprotection main menu screen 
 

 
 
 

Fig. 8 is included as one example of the development of a specific topic. It is displayed when the user 
clicks GENERAL > Nuclear safety > Fundaments of nuclear safety > Fundamental principles. It is 
shown the principle of deep defence fundament: relations between barriers and protection levels. First 
level: first barrier: fuel matrix, second barrier: fuel clad, third barrier: primary coolant limits. Second 
level: control of normal function and failure detection. Third level: Systems of safety and protection: 
fourth barrier: confinement. Fourth level: emergency answers exterior to the installation.  
 
At the end of several topics the code includes screens with typical questions related with the developed 
themes on each section. These questions are classified by level of study depending of the type of 
licence that the user wishes to obtain.  
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Figure 8: Example of a safety topic screen 
 

 
 
3.3 LICEN. Uses 
 
The use of this code is focalized on helping to new candidates for licensing as research reactor 
operators and radioprotection officials on the studies of all the topics included in examination programs 
for obtaining licenses.  
 
This code has been used and is currently used by future operators of RA6 Reactor-CAB-CNEA-
Bariloche- Argentina.  
 
4. Conclusion 
 
The two interactive computer programs for education and training on nuclear safety and radioprotection 
developed at RA6 Reactor Division-Bariloche Atomic Center-CNEA presented on this paper are useful 
tools for new candidates to obtain licenses of research reactor operators and radioprotection officials 
and for basic training on main activities related with neutron kinetics on nuclear reactor operations.  
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