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ABSTRACT 
 

An essential condition in order to ensure that nuclear power plants are operated reliably and safely is the 

availability in the Control Room of duly qualified persons capable both of preventing accidents and of 

responding to them should they occur. 

Training of the Control Room operating crews is accomplished in two major stages: a lengthy process of 

initial training in which the knowledge acquired at high school and university is built upon, leading to the 

specialisation required to appropriately carry out the tasks to be performed in the Control Room, and a 

continuous training program aimed at maintaining and improving the knowledge and skills required to 

operate the plant, with feedback of the lessons learned from the industry’s operating experience. 

The use of full-scope simulators replicating the physical conditions and environment of the Control Room 

allows the period of initial training to be reduced and is the most appropriate method for the continuous 

training program of the control room personnel, since these simulators increase the realism of the training 

scenarios, help to better understand the response of the plant and provide an accurate idea of transient 

response times. 

Tecnatom is the Training Centre for Spanish Operators; it is the “Operator Training Factory” and its mission 

is to train the nuclear power plant operating personnel in both technological fundamentals and the 

development of diagnostic skills through practical scenarios on the simulator and on-the-job training.  Our 

training programmes are based on a SAT (Systematic Approach to Training) methodology that has been 

implemented at both Spanish and overseas plants. 

 
 

1.  INTRODUCTION 

 

To ensure the safe and reliable operation of a nuclear power plant, personnel must possess 

the requisite knowledge, skills and attitudes to do their jobs properly.  

 

In order to achieve this, personnel must have specific technical degrees according to the 

jobs to be performed, and also appropriate training to update their knowledge. 

 

When referring to the training of nuclear power plant workers, special attention must be 

given to the Control Room operating personnel, since their work is closely related to 

safety.  An essential condition in order to get the secure operation of a nuclear power 

plants, is the availability in the Control Room of duly qualified persons capable both of 

preventing accidents and of responding to them should they occur. 

 

To give an idea of the magnitudes managed in nuclear power plant training programmes, it 

is sufficient to bear in mind that at Almaraz Nuclear Power Plant 150 training courses were 

delivered in 2010, involving the participation of 3,204 workers.  The total training hours 

amounted to 66,600, averaging 20.8 hours of training per trainee.  Of these, 31,100 hours 
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were dedicated to the initial training of personnel performing activities in the plant for the 

first time. Almaraz invested 29,500 hours in the training of 387 plant workers; a significant 

part was set aside for the Control Room personnel. 
 

2.  NUCLEAR POWER PLANTS IN SPAIN 

 

Nowadays, Spain has eight nuclear reactors producing electricity in six different sites 

(Figure 1), with a total power of 7,727 Electric Megawatts. 

 

Seven of these plants were started up in the eighties and they were delivered across the 

Spanish geography, from north to south and from east to west. 

 

 

Figure 1.  Spanish Nuclear Power Plants 

 

Nuclear generation is a very important energy source in Spain and represents 9.09% of the 

installed power but 20% of the average power supply.  

 

All the plants are working at full power all year round and only stop once every twelve or 

eighteen months for refuelling shut down. 

 

Endesa Generación, Iberdrola Generación, Gas Natural, Hidroeléctrica del Cantábrico and 

Nuclenor are the Spanish Utilities. 

 

3.  CONTROL ROOM CREWS 

 

Usually a Spanish NPP is operated by seven shifts of operation; each one has a turbine 

operator, a reactor operator, a shift manager and a shift supervisor in control room. 

 

Reactor operator, shift manager and a shift supervisor should posse a university three-year 

degree diploma. 

 

In order to conduct plant operations in a safe and professional manner, a wide range of 

technical abilities are requested to control room crews, such as: 

 

 Knowledge in sciences like nuclear physics, mechanics, electricity, 

instrumentation, radiation protection, etc,.  
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 Solid understanding of plant design and engineering principles. 

 Skill in manipulating plant controls. 

 Ability to diagnose plant status and to initiate corrective actions based on available 

information. 

 

At nuclear power plants, operation experience demonstrates that human errors accounts 

for a considerable proportion of safety-related incidents. For which reason, it has become 

increasingly clear that there needed to be a greater focus on improving soft skills such as: 

 

 Effective Communications.  The verbal communications between the members of 

the operating team are expected to be clear and concise, with a level of 

understanding in keeping with the knowledge and experience of the individuals 

involved. Three-way communications should be used. 

 Teamwork.  Safety, success and productivity are the result of the work of all 

involved. 

 Decision-making, learning to balance the time taken to think and that taken to 

respond. 

 Leadership by those responsible for the teams, to coordinate their crews in normal 

situations and situations of crisis and perform decision-making systematically. 
 

The professional performance of the Control Room personnel will be conditioned by the 

balance existing between technical and non-technical or soft skills (Figure 2).  

Figure 2.  Job Performance 

 

4.  TRAINING REQUIREMENTS FOR OPERATION PERSONNEL 

 

According to international standards, training is based on the implementation of a 

Systematic Approach to Training (SAT) methodology. 

 

SAT is a proven and structured approach for the efficient performance of performance-

oriented training responding to the needs and deficiencies of the personnel and the 

organisations.  The results of this training contribute to improving the results of the work 



2011 International Nuclear Atlantic Conference - INAC 2011 

Belo Horizonte,MG, Brazil, October 24-28, 2011 

ASSOCIAÇÃO BRASILEIRA DE ENERGIA NUCLEAR - ABEN 

ISBN: 978-85-99141-04-5 

 

performed and the professional development of people.  SAT is recognized as the 

international best practice for training. 

 

SAT Methodology is made of five steps (Figure 3): 

 

 Analysis. This phase comprises the identification of training needs and of the 

competencies required to perform a particular job. 

 Design. In this phase, competencies are converted into training objectives. These 

objectives are organized into a training plan. 

 Development. This phase comprises preparation of all training materials so that 

training objectives can be achieved. 

 Implementation. In this phase, training is conduced by using the training materials 

that have been developed. 

 Evaluation. During this phase, all aspects of training programmes are evaluated on 

the basis of the data collected during each of the other phases. This is followed by 

suitable feedback leading to training programme and plant improvement. 

 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 3.  SAT Process 
 

These methodologies are currently being applied to the training of all the workers. 

 

With a view to ensuring the desired qualification of the Control Room crews, the training 

process is carried out in two major stages: 

 A lengthy period of initial training, lasting approximately two and a half years 

(Figure 4), aimed at achieving the degree of specialisation required for the 

appropriate performance of tasks in the Control Room, this culminating with an 

examination set by the regulatory authority.  Throughout this period courses are 

delivered on the Fundamentals of Nuclear Physics, Nuclear Power Plant Technology, 

Thermohydraulics, Chemistry, Radiological Protection, Legislation, etc, combining 

with practical training in the control room simulator and on-the-job training at the 

plant. 

 A continuous training program aimed at maintaining and improving the knowledge 

and skills required to operate the plant, with feedback of the lessons learned from the 

industry’s operating experience. 
 

 

  

  Analysis Design 

Development Implementation 

Evaluation 
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These training sessions are especially necessary when there are important changes in 

the design of the plant, the operating procedures or the make-up of the working shifts 

or before performing manoeuvres that might have a significant impact on the plant 

and that are not frequently performed. 
 

 
 

Figure 4.  Initial Training Programme for Control Room Operators 

 

The basic tool for the training of the control room crews is the Full-Scope Simulator. 

 

The use of full-scope simulators replicating the physical conditions and environment of the 

Control Room allows the period of initial training to be reduced and is the most 

appropriate method for the on-going training of the control room personnel, since these 

simulators increase the realism of the training scenarios, help to better understand the 

response of the plant and provide an accurate idea of transient response times.  In addition, 

as the operating procedures are used in a similar fashion to the way in which they are used 

in the plant itself, the operators are able to become familiar with them and gain in-depth 

insight into their bases and objectives. Furthermore, the simulator is the most appropriate 

tool for the analysis of operating experience. The operators significantly appreciate the 

performance of scenarios on the simulator based on real events, allowing them to put 

themselves in the position of the crew that had to respond to the event and facilitating the 

assimilation of the lessons learned from it. 

 

During the initial training period a total of 400 hours are perform at the full-scope 

simulator. 

 

Respect continuous training, the experience of the industry indicates that the Control 

Room crews must be provided with at least 160 hours a year of technical training, 60 of 

which should be on the simulator. 

 

However, it has also been recognized that Full-Scope Simulators are not universally the 

best tool to achieve some training objectives. For initial training, simplified, interactive 

graphic simulators (IGS) can be more effective in helping trainees to understand nuclear 

reactor and thermodynamic principles.  

 

IGS is a pedagogical and analytical tool widely used during the training programme. IGS 

is a modular simulator made up of several active monitors connected to intelligent 

workstations that provides information about the process and makes it possible to 

intervene. The configuration of the system may be varied from two to eight or more such 

monitors, in order to facilitate the assignment of task to the different individuals who are 

working. 

 

 

 

           FIRST PART                             
Basic knowledge and skills 

THIRD 
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In recent years has been a significant overall improvement in the operation and safety 

performance of the Spanish plants. While it is not possible to determine the extent to 

which improved simulator training has contributed to these improvements, it is clear that 

improved simulator training has contributed to fewer unplanned shutdowns and more 

effective responses to abnormal plant conditions. 

 

To achieve the goals of training, a carefully planning is essential, covering all the areas of 

job performance, and with continuing training programs sufficiently broad in scope to 

systematically review areas of knowledge necessary for safe plant operation and flexible 

enough to cover recent internal and external operating experience, plant modifications and 

procedures changes. 

 

A process that warrants special attention in the area of training is the generational change 

that has been taking place at the Spanish nuclear power plants since the end of the 1990’s, 

due to the ageing of the workers of the electricity utilities. 

 

This circumstance, along with the fact that the plants have been experiencing fewer 

transients, start-ups and shutdowns, has reduced the accumulated experience of the control 

room crews.  The new operators are less familiar with the response of the systems than 

their older counterparts, as a result of which the generational change implies a transfer of 

know-how; in other words, the critical knowledge that has led to the nuclear power plants 

being safe and reliable must be shared and distributed, passing from the more experienced 

workers to those who have less experience.  In this process, the introduction of the figure 

of the “Mentor” (a person of recognised prestige in the organisation who takes the 

candidate under his wing) has made it possible to provide the trainees with the orientation 

required for them to successfully complete the training process and has facilitated the 

transfer of know-how. 

 

5.  THE ROLE OF TECNATOM ON THE OPERATION PERSONNEL TRAINING 

 

From the very beginnings of the Spanish nuclear industry, TECNATOM has been 

involved in the training of the nuclear power plant workers in all areas, and especially in 

the training of the control room crews.  The company has undertaken the role of an 

“Operator Training Factory”, developing, managing and delivering the entire training 

programme, in the classroom, on the job and on its simulators replicating the Spanish 

plants. 

 

To achieve this goal, a training centre for each NPP has been created including a full 

replica simulator. Operations outside control room (i.e. remote shutdown panels) are also 

included in the scope of the simulators. 

 

A total of 65 instructors work in those training centres, accumulating a wide experience in 

training activities. 

 

Additionally, despite is not directly related to control room personnel training, I will like to 

mention the “Human Factors Simulator” facility, which helps on preventing human errors 

thus improving safe behaviours on different environments. 
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6.  TRAINING PERSPECTIVES 

 

As a result of energy shortages and needs, new nuclear power plant construction projects 

have begun in recent years in Europe, America and Asia.  Nuclear power plants are being 

built in Finland, France, Russia, Slovakia, Rumania, China, Korea and Brazil,…, while 

other countries are reactivating or reviewing their nuclear policies.  This new impulse for 

nuclear power is based on competitiveness, guaranteed supply and respect for the 

environment 

 

The renaissance of nuclear energy will not be possible without initial and on-going 

training.  It is calculated that in the United States, 800 engineers per year will be required 

over the next 10 years [1].  In Spain, the handover from one generation to the next will 

continue, with half the post-graduate and technical staff being replaced, as a result of 

which 150 engineers will be required per year, based only on retirement figures, as has 

been pointed out.  Training and the maintenance of knowledge of nuclear issues is decisive 

in order to be able to cover current needs and face the challenges of the future. 

 

The evolution of the nuclear industry has not been smooth, with ups and downs in the 

industrial perspectives. A particular problem was the strong public and political opposition 

to nuclear energy after the accidents at Three Mile Island (TMI) and Chernobyl. In recent 

years the perspectives for nuclear energy have once again increased. 

 

The recent accident at the Fukushima-Daiichi plant in Japan has cast a shadow of 

uncertainty over the world nuclear panorama.  The TMI accident in 1979 halted the 

development of the nuclear industry, but meant a radical revision of the operating 

procedures and a change as regards the importance given to the initial and on-going 

training of the control room crews, these requirements having increased significantly.  

Training ceased to be a purely mechanical issue and more importance was attached to the 

need to assess and respond to unknown situations.  The result of all this was intense 

activity in the sector, an example being the setting up of INPO nine months after TMI to 

promote higher levels of nuclear power plant safety and reliability. 

 

The Fukushima-Daiichi accident will also oblige us to learn a series of lessons in areas 

such as the development of strategies to address severe accidents or the drawing up of 

procedures for the recovery of residual heat removal capacity before core meltdown 

occurs, activities which will imply the corresponding training processes for the personnel 

of the Technical Support Centre and Control Room crews.  In addition, the stress tests to 

which the nuclear power plants will be subjected in the wake of this accident will probably 

imply design modifications, which will require adaptation of the operating procedures and 

training programmes to the new situation. 

 

There are important energy-related and environmental challenges to be met, and this will 

not be achieved without nuclear energy being taken into account.  Training and the 

maintenance of knowledge of nuclear affairs are decisive in order to be able to meet 

current requirements and address the challenges of the future.  
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