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ABSTRACT 

NPP Kr�ko started with licensed operator training using its own plant-specific full scope 
simulator in April 2000. Today, two years after simulator was completed, the benefits of 
simulator use are visible in various fields.  

The simulator was effectively used to conduct licensed operator continuing training and 
practical examinations. Two-year continuous training program was designed to help maintain 
and improve operator performance. The simulator was also used to provide just-in-time 
training prior to plant evolutions.  

Together with licensed operators the non-licensed operators are also included into 
simulator training to provide affective team training opportunity and to foster good 
communication and increase scenario realism. 

Now, the first group of initial licensed operator training using plant-specific simulator is 
also almost completed. It is the first time that NPP Kr�ko training department conducted 
complete initial training and this will represent the great experience for future training.   

Besides training, the simulator was also utilized for procedure development and 
validation, operating standards development, testing of plant modifications and other 
activities, like emergency preparedness procedures validation and training exercises. 

 

1 INTRODUCTION 

 Operation of nuclear power plant consists of many different activities that take place in 
various fields.  Training of personnel is one of the core businesses that directly support overall 
plant operation.  Providing quality and timely training to operations personnel has been 
proved as crucial for safe and reliable operation of the nuclear power plant.  

To be able to conduct realistic and high quality training for operators the great majority 
of nuclear power plants around the world have introduced the use of full scope plant-specific 
simulators to provide practical training.  Simulator as a training tool, together with quality 
instruction and supporting materials is used to initially train the operators and to provide 
continuous training helping to improve and maintain proficiency of safe and reliable plant 
operation. 



0704.2 

Proceedings of the International Conference Nuclear Energy for New Europe, Kranjska Gora, Slovenia, Sept. 9-12, 2002 

2 HISTORY OF NPP KR�KO SIMULATOR TRAINING 

 During previous years, various training vendors in United States provided training for 
NPP Kr�ko operations personnel. Training was conducted using different plant simulators that 
were available at certain time. Special consideration was exercised when selecting simulators 
for training of our operations personnel to select as close as possible plant design and main 
control room configuration compared to NPP Kr�ko.  Training on a dislocated and different 
simulator has several disadvantages like difference in plant system designs, main control 
room configuration, limited applicability of operations procedures, and limited involvement 
of NPP Kr�ko management in various training phases.   
 Initial reactor operator training was mainly provided by original plant vendor, 
company Westinghouse that initially trained majority of our operators. Training on the 
simulator was conducted as a final phase of initial reactor operator training, after completing 
first two phases, fundamentals of plant operation and plant systems. Training on a different 
plant simulator had to be introduced with a review of systems that were specific for the 
simulator in use. This was major disadvantage of training on a different simulator because 
trainees had to learn two different sets of plant systems design during one initial training 
course. After completing simulator training phase, the knowledge of our plant systems was 
again refreshed during so called on-site training.  Other disadvantages of training on a non 
plant-specific simulator were the use of different procedures and dislocation from home plant, 
that influenced oversight over training process and progress of trainees.  

Continuing training for licensed plant operators was also conducted at various plant 
simulators that were different from our plant by design. Usually only seven days and 28 hours 
of simulator training were conducted for each operations crew per year. Procedures that were 
used during simulator training were from our plant, but they were not completely applicable. 
Main disadvantages of this training approach were limited time of practical simulator training, 
difference of plant systems and main control room configuration, and limited involvement of 
NPP Kr�ko management. 

 

3 PURCHASE OF NPP KR�KO PLANT-SPECIFIC SIMULATOR 

 The NPP Kr�ko management and operations personnel had striven for our own plant-specific 
simulator for many years.  We were aware of disadvantages of training on a different 
simulator and also the benefits that purchase of plant-specific simulator would have on our 
plant operation. Finally, in the April 1995 the Slovenian Nuclear Safety Administration issued 
licensing amendment requesting obligatory acquisition of full scope replica simulator at NPP 
Kr�ko [1].  

In year 2000, the NPP Kr�ko had undergone overall plant modernization that involved 
Steam generator replacement and plant power up-rate. One of major four projects for plant 
modernization was also the purchase of full scope plant-specific simulator.  The simulator 
was manufactured by CAE from Canada, with the strong support of NPP Kr�ko personnel. 

Kr�ko NPP full-scope plant-specific simulator has the capabilities of simulating wide 
variety of plant operation modes with large number of specific and generic malfunctions. It 
has also the capability of simulating severe accidents including damage of reactor core and 
containment building. Besides copy of main control room panels and environment, it provides 
also the capability of training on plant shutdown panels. Since the simulator uses two main 
computers, one is used for training on main simulator, while the other can be used in the 
classroom computer-based simulator for scenario development and testing. 

The simulator was built and tested in accordance with American standard ANSI/ANS-
3.5, Nuclear Power Plant Simulators for Use in Operator Training and Examination [2]. This 
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standard is used by most countries as acceptance criteria for determination of simulator 
conformance.  

  The NPP Kr�ko plant-specific simulator was initially used for training of all 
operations crews during the outage in April 2000. At that time the plant configuration was 
changed due to steam generator replacement and modifications of various plant systems.  The 
goal at that time was to train all operations crews before plant startup. The simulator training 
consisted of variety of normal and abnormal operation scenarios, including reactor startup, 
generator synchronization, power changes and several accidents. One special portion of 
training was dedicated to prepare operators for specific tests that were planned after plant 
startup as part of post-modifications testing. Besides training of operators, the simulator was 
also used for validation of plant procedures and verification of plant modifications.  

It was recognized at that time that plant startup and specific testing were performed 
without complications partially also due to effective training and availability of plant-specific 
simulator. 

 

 

Figure 1: Simulator control room 

 

4 USE OF PLANT-SPECIFIC SIMULATOR IN TRAINING 

Since year 2000 the NPP Kr�ko plant-specific simulator was continuously used to 
deliver practical and hands-on training to operations personnel and other supporting groups. 
Training programs were developed based on analysis of main control room job positions and 
applicable knowledge and abilities that operators have to posses. The programs based on 
Systematic Approach to Training - SAT methodology were designed to prepare operators for 
their job and to help maintain proficiencies. Besides programmatic and standard content, the 
training programs are also partially based on performance of the operators or trainees and 
indicated training needs. That is why the programs are also referred to as performance-based 
training.  
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Simulator was used to train operators on application of fundamentals and systems 
knowledge, use of plant procedures, to help improve teamwork inside operations crews, and 
to introduce various operating practices and standards. Simulator was also used to support 
emergency preparedness organization exercises as a duplicate of main control room and focal 
point of all activities.  

Besides training activities, the simulator was used to develop and validate plant 
procedures and to verify plant modifications. 

 
4.1   Initial licensed operator training 

Initial reactor operator training program is designed to train new reactor operators [3]. 
Trainees that enter this program are coming from their previous non-licensed operator 
positions or from other positions if they have an engineer degree. The program lasts 
approximately two years and is divided into five major phases: 

- Phase A:  Fundamentals of nuclear power plant operation, 
- Phase B: Nuclear power plant systems and operation, 
- Phase C: Plant procedures and simulator training, 
- Phase D: On-the-job training in main control room, 
- Phase E:  Final audit and certification.   

 
 Fundamentals of nuclear power plant operation phase includes nuclear and reactor 
theory, thermodynamic, hydrodynamic, electrical and instrumentation basis, material science, 
chemistry and radiation protection topics. Classroom training is supported by use of the Basic 
Principles Simulator � BPS at the ICJT training center.  The simulator is used for 
demonstration purposes to provide the way to apply theoretical knowledge in plant operation.   
 During the power plant systems phase the NPP Kr�ko full scope simulator is used 
regularly to conduct demonstrations of systems operation and later also integrated plant 
operation. The simulator is also used for familiarization with main control board layout, 
controls, indications and alarms. It was recognized that the use of simulator to support 
systems training brings several improvements into training program. Trainees obtain better 
knowledge of system operation, classroom topics are supported with demonstrations, 
familiarity with control board is better and the need for introduction period into following 
training phase is eliminated. 
 The third phase of reactor operator initial training is dedicated for plant procedures and 
simulator training. Training is designed so that every day the simulator is used after the 
classroom training, where the plant procedures are introduced. This training phase is divided 
into following portions: 
 - General operating procedures � normal plant operation, 
 - Abnormal operating procedures � off-normal plant operation, 
 - Emergency operating procedures � accidents and emergency operation,  
 - Practicing using unannounced malfunctions,  
 - Preparation for final examination. 
 
 Simulator training is conducted with a group of four trainees that rotate on following 
main control room positions: Reactor operator, Balance of plant operator, Back-panel 
operator and Shift foreman. Usually, simulator training sessions are performed following 
classroom training to provide the opportunity for use of specific procedures. Besides the use 
of procedures, the training is also used to introduce specific operating practices and to train 
teamwork. Each training session is concluded with post-scenario critique where individual 
and crew performances are discussed.  
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 During this phase written and practical evaluations on the simulator are regularly 
performed to evaluate individual and team performance. Frequent evaluations provide timely 
feedback on trainee progress and quality of training process.   
 Final portion of the simulator training phase is dedicated for comprehensive final 
examination. Before the candidates take the state regulatory exam, two exams are conducted 
internally. Each exam consists of written and practical evaluation on the simulator using 
several scenarios. First the audit exam is conducted to provide feedback of trainee knowledge 
and practical competencies.  At this time the individual reactor startup certification is also 
performed. After period of remedial or additional training the final exam is conducted that 
completes phases C and E. Because the on-the job training phase D runs in parallel with phase 
C, this also concludes complete initial reactor operator training. Candidates that successfully 
complete final examination are recommended to take the regulatory license exam.   
 When compared to previous years, initial reactor operator training that is conducted on 
the plant-specific simulator has several advantages. We are now able to train our own 
operating procedures without exceptions and operate the control board and systems that have 
identical response as our power plant. Knowledges and abilities gained through this phase of 
training are also on higher level when compared to previous years due to more time spent on 
the simulator. New operators are thus better prepared for regulatory exam and to assume the 
reactor operator position in the main control room.      
 
4.2 Licensed operator continuing training 

Continuing training of licensed personnel is conducted through two-year cycles [3]. 
Each training cycle consists of eight training segments from which four are conducted in the 
first and four in the second year. Within each training segment the same topics and scenarios 
are repeated six times for operating shift crews and two more times for operations department 
staff. Training of operations personnel is predeceased with instructor training and scenario 
validation week. Each training day consists of three hours of classroom presentations and four 
hours of simulator training. 

Continuing training content is defined by regulatory requirement and plant procedures. 
The program is based on job and task analysis of licensed personnel working positions. One 
portion of training topics is always dedicated for specific and current training needs.  

Training of licensed personnel on the simulator is usually conducted in a form of eight 
to ten scenarios per segment. Scenarios include variety of plant operation modes and 
malfunctions. Content of one scenario per week is usually defined by crew itself � team time. 
Simulator as practical training environment is used for application of theoretical knowledge in 
plant operation, for familiarization with and operation of plant systems, for operating 
procedure use, and for development of analytical and teamwork skills.    

Each simulator scenario starts with shift turnover of operating information. Training 
scenarios are conducted in the training mode or performance mode. Each scenario is 
concluded with scenario critique session where the individual and crew performances are 
discussed. 

First scenario in the week is used for as-found evaluation where instructors and 
operations management observe crew and individual performance. Constructive feedback is 
provided to the crew as a guide for future training. Training segment is concluded by weekly 
exam scenario, where individual and crew performances are evaluated again using specific 
criteria. At the end of the year during last training segment, the annual written and practical 
evaluations are conducted. At the same time the operating license renewal exams are 
conducted by a board of examiners appointed by the Slovenian Nuclear Safety 
Administration.      
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After two years of plant-specific simulator use and nine segments of licensed personnel 
continuing training completed several advantages are evidenced. More simulator training time 
is available when simulator is located on-site. Training is more effective because it is 
conducted using plant-specific procedures at the simulator that completely replicates main 
control room. Weekly and annual examinations including license renewal exams are now 
conducted using simulator for practical evaluations, which provides best picture of individual 
and crew performances. Operations department management ownership and involvement in 
various training phases has been improved since the training is being conducted on-site.   

 
4.3 Non-licensed field operator training 

Non-licensed field operators continuing training programs were designed with similar 
approach as for licensed staff. For effective teamwork development it is important that one 
complete operating shift crew attends training at the same time. During training week, there 
are some common lectures and scenarios that are conducted for both groups, licensed and 
field operators. 

The simulator scenarios that involve field operators are designed to involve specific 
local operator actions and frequent contacts between main control room and field operators. 
This approach brought improvements into crew teamwork, application of operating practices 
as communication and procedure use, and the scenario realism was improved.      

 
4.4 Other simulator training activities 

Besides training of operational staff the simulator is also used for training of other plant 
groups. For example, the nuclear fuel engineers are being trained on the simulator for conduct 
of reactor startup and physics testing activities. In the future, the simulator will also be 
available to support training of instrumentation or electrical maintenance personnel.  

The simulator was also used to support preparation and conduct of emergency 
organization exercises required by the plant emergency response plan training program. 
During the exercise, the simulator is used as control room and central location of operational 
activities and communication with the Technical Support Center - TSC. This way the 
scenarios for emergency exercises are more realistic, resulting in better overall preparedness.  

5 BENEFITS OF TRAINING ON THE PLANT-SPECIFIC SIMULATOR  

• Structure of training programs: With simulator capacity being available on-site 
the training programs for initial and continuing training of licensed operators were 
redesigned to include practical training. This improved overall training programs 
and made them more effective.   

• Available training time: Since the plant-specific simulator at NPP Kr�ko is in 
use, the available simulator training time has been significantly increased. For 
example, the licensed operator continuing training program accommodates 
annually around 80 hours of simulator training, which is, much more than 
previous 28 hours. 

• Practical evaluations: Practical evaluations of operator and crew performance 
have been improved since the simulator was introduced in training. With the 
simulator used for practical evaluations, the conduct of weekly and annual exams 
together with license renewal exams has been improved from the aspect of exam 
realism and applicability.    

• Management involvement in training: With the simulator being used on-site, 
the operations management has opportunity to emulate the best practices between 
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operating shift crews and to reinforce management expectations while observing 
training and participating in regular weekly performance evaluations. This also 
brings improvements into training process from the aspect of quality and 
ownership. 

• Improvements in operator performance: Training on the plant-specific 
simulator that is now being conducted more frequently supported improvements 
in the area of individual and team performances. These improvements are 
evidenced through simulator practical evaluations and plant operational events 
statistic. 

• Use of plant-specific procedures: With plant-specific simulator we are able to 
use our own plant operating procedures for training without exceptions. 
Previously, we were sometimes forced to use procedures that were specific for the 
simulator that was in use, or our procedures in a limited scope.    

• Familiarity with control board layout: Since the plant-specific simulator with 
identical main control room layout, control board and systems design is used for 
initial and continuing training, there is no need for additional adaptation to 
different simulators that was the case in the past. Additionally, the familiarization 
with our plant configuration is achieved faster and better.  

• Feedback to plant processes: Training using plant-specific simulator on-site 
brought several improvements into various plant processes. Procedure 
development and validation process is now supported by use of the simulator. The 
simulator training provided also a lot of comments and inputs for revisions of 
procedures. Besides operating procedures, the simulator training also supported 
the definition and introduction of several operating practices and standards. 
Simulator supports the process of plant modifications in the phase of modification 
package validation. 

• Availability of simulator to support plant operation activities: Simulator was 
used several times to support just-in-time training as a prerequisite for special or 
infrequently performed plant activities.  
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