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Abstract

This paper presents the work that has been carried out under the frame of the project
PRVIR, promoted by DTN in co-operation with the UPM and Vandellos II NPP, as the
pilot plant.

The aim of the project is to make use of computer-based training in nuclear plants,
taking advantage of multimedia resources and advanced computer graphics. The
area that has been selected for this first training program is radiological protection
fundamentals, and the end users of the program will be professionally exposed
workers. The software can also be used for radiological protection concepts
dissemination purposes.



Structure of the Course

The course has been divided into two sections, covering generic and specific
knowledge respectively. In the second section the objective is to gather all the
knowledge that is specific to a given nuclear power plant and therefore it would have
to be adapted in order to provide similar training in a different plant. The general
section, however, it is fully reusable.

The first section (general section) gives the student a general overview of what is
radiation and how it is produced, as well as the main biological effects that can be
derived from it. One chapter in the first section is devoted to explain the meaning of
the different dosimetric magnitudes (activity, absorbed dose, equivalent dose,
equivalent effective dose, collective dose, annual incorporation limit, etc.).

Then the course goes into the different types of risks associated with the work in a
nuclear plant (radiation, external contamination and internal contamination) and the
different types of devices that are used for detecting and measuring each of them.
With respect to radiation, the different types of dosimeters are explained.

When it comes to external contamination, the use of contaminameters is presented.
Contamination of tools is also considered . The system also explains how internal
contamination is produced, as well as the two ways of detecting this kind of
contamination: full body counters and in-vitro analysis. All of this gives the student
the basic knowledge that is necessary to understand the risks.

The so-called generial section is then concluded with some operational protection
topics that teach the student how to avoid or minimise the risks (signals, behaviour
rules, procedures, etc.). For instance, the student is shown how distance, time and
shielding are the main factors that must be taken into account in order to minimise
the radiation dose. The student is also advised of the behaviour rules that should be
respected in order to avoid external and internal contamination. The concept of
Professionally Exposed Worker is explained as well as the necessary documentation
and procedures to be followed to enter the controlled area. The ALARA criterion is
finally exposed.

The specific section deals more deeply with radiological protection, providing more
practical details which are usually specific to a given nuclear plant. A map of the
installation, for instance, is included into the program, as well as graphical three-
dimensional representations of the important scenarios.

The student will be taken through all the steps that a Professionally Exposed Worker
has to follow in order to safely do his job in the radiological area of the considered
nuclear plant (Vandellos). The first day formalities are the first step, with the physical
security controls, a visit to the administrative section, the medical service, the
dosimetry service, etc.

Prior to the entry into the controlled area, the student is taken to the radiological
protection service, where the ITR document (Instructions for a Work under Radiation)
is filled in and the necessary protective equipment is given to the worker. The next
step is the entry into the controlled area, after putting on the equipment and
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registering the dosimeter. While staying in the controlled area, the correct and
incorrect behaviours are exemplified, with an special focus on the transit zones. The
steps for exiting the area are then shown, explaining what to do in the case that the
exit contaminameter detects external contamination. The appropriate treatment for
tools and equipment is also demonstrated.

Three scenarios have been identified as the most significant: entry into the
radiological area, transit zones and exit of the radiological area. These areas have
been modelled in 3D. The student will learn the appropriate procedures to be
followed in each case, by interacting with the 3D environment under the supervision
of an intelligent tutor.

Pedagogical Approach

The first section follows a more conventional approach to computer-based education
and training, while the specific section required the design of a more elaborated
model that fully exploits the advantages of using an interactive three-dimensional
environment.

The system takes the role of an intelligent tutor, and is responsible for deciding at
every moment the next step to be taken by the program. A register is maintained with
information about the student, his progress through the course and an assessment of
his current knowledge. The decisions made by the intelligent tutor will depend on this
information, adapting the course to the needs of different students.

The general section is structured into modules, and each module is divided into two
stages. The first stage is mainly devoted to the transmission of knowledge. A set of
concepts are explained to the student. In this stage, the interaction between the
system and the student is quite limited. Communication is uni-directional, and the
student can only make a few choices (time spent reviewing a concept, exploration of
additional information linked to the concepts). For the explanation of the concepts,
drawings, photographs, video-clips and other multimedia elements are used
whenever they are useful for a better understanding.

The information has been structured in several levels of complexity. When all the
concepts have been exposed, a self-evaluation stage starts in which several
questions and activities are posed to the student with the aim of helping him verify
that the knowledge acquired is correct and complete. When an student fails a
question, the system explains why the answer was wrong and refers to the concepts
that should have been applied.

In the specific section there are also modules, concepts and activities, but there is
one kind of activity which is specially important: it is what we call scenarios. The
scenarios are used to transmit three different types of knowledge:

- Familiarisation with the physical environment and the disposition of objects and
places.

- Procedure to be applied in order to reach one or several objectives:
- Appropriate sequence of actions



- Movement through the physical space in the most efficient way ("Minimum
distance")

- Minimisation of the time spent in the execution of the procedure

- How to react to specific events:
- Appropriate reaction
- Timely reaction.

When a student enters a scenario for the first time, the objectives to he reached are
explained, and the system shows the most appropriate way to reach them. Two
views over the environment have been designed to help in this demonstration: a top
two-dimensional view, in which a ball represents the user, moving from one room to
another one, and a third-person point of view over the three-dimensional
environment. In this view, an avatar or three-dimensional mannequin is used to
represent the user. The point of view is located behind the mannequin and it follows
the mannequin wherever it goes. The student can observe the execution of the
procedure by the mannequin like in a video-clip.

After this familiarisation stage, the student is asked to execute the procedure by
himself. He takes control over the mannequin and starts interacting directly with the
environment. An interface has been designed to make this task simple: the
movement of the mannequin is controlled with the arrow keys in the keyboard, and
the actions to be executed are transmitted to the mannequin through a graphical user
interface.

Figure 1. Entering the controlled area



A more sophisticated interface could have been built, making use of virtual reality
peripheral devices, like data gloves, head-mounted displays and motion tracking
systems. However, under the end user stand point, this options have been discarded
due to economic and ergonomic reasons The behaviour of the student within the
scenario is supervised by the intelligent tutor, which provides the student with hints
and advice when the student's performance does not match with the required one.

Figure 2. Transit area

Each section finishes with a formal evaluation. Its goal is to provide a global and
external assessment of the student knowledge. This is how the NPP will verify that
the students have acquired the needed expertise.

The system has been developed in Visual C++, making use of the Direct X API
provided by Microsoft for the animation of the 3D environment. The models have
been built with 3D Studio.

Conclusions

It. is expected that the use of this educational software will help the NPP's to provide
high quality, just-in-time training, at a minimum cost with a program that is also
capable of adapting itself to the individual characteristics and previous knowledge of
every student, allowing a more personalised learning. This features are important
when the NPP's training services are overloaded during refueling outages. This
importance may be enhanced by the fact that the number of external workers
entering for the first time in a NPP is increasing due to the increasing competion
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among suppliers. The software makes also possible to practice in advance (it is in a
CD ROM, executable in a PC) and internalise the expected behaviours.


