IAEA-CN-143/68
Virtual reality in decommissioning projects: experiences, lessons learned and future
plans
G. Rindahl, N.K.F. Mark, G. Meyer
Halden VR Centre, Institute for Energy Technology,
Halden, Norway
Abstract. The work on Virtual Reality (VR) tools for decommissioning planning, dose estimation and
work management started at the Norwegian Institute for Energy Technology (IFE) in 1999 in the VRdose project
with Japan Nuclear Cycle development institute (JNC), now JAEA. The main aim of this effort has been to help
minimize workers’ radiation exposure, as well as help to achieve more efficient use of human resources. VRdose
is now used in the decommissioning of one of JNC’s reactors, the Fugen Nuclear Power Station. This VR
decommissioning project has later resulted in a series of projects and applications. In addition to
decommissioning, IFE also put great focus on two other branches of VR tools, namely tools for knowledge
management, training and education in operating facilities and tools for control room design. During the last
years, this work, beginning at different ends, has been converging more and more towards VR technology for
use through out the life cycle of a facility. A VR training simulator for a refuelling machine of the Leningrad
NPP (LNPP) developed in cooperation with the Russian Research Centre Kurchatov Institute (RRC KI) is now
planned to be used in connection with the decommissioning of the three intact reactors at Chernobyl in Ukraine.
In this paper we describe experiences from use of VR in decommissioning processes, as well as results from
bringing the VR technology initially developed for planned or productive facilities into the decommissioning
toolbox.

1.

Introduction

During the last ten years advanced 3D computer visualisation has grown from being fancy, almost
exotic phenomena into being an integral part of many everyday computer applications, both at work
and at home. Important factors in the fast development in this field have been the computer games and
movies. The market for entertainment applications has grown into vast proportions, and the
technology has been pushed forward by large budgets, and eager developers and students waiting in
line for a creative job in computer games or film development. Other important uses of such tools have
also been evolving fast. Examples are training applications and scientific visualisation. Nowadays, it is
also expected that any news station will be able to provide elaborate animated 3D-models of a plane
crash as soon as they have access to even a limited amount of data about the event.
At the time when Halden VR Centre (HVRC) was established at the Norwegian Institute for Energy
Technology in 1995, Virtual Reality (VR) was not commonplace, and deploying VR to real life
challenges was widely regarded as an experimental approach. Could these entertainment techniques be
of any real use? It actually took until 2003 before VR received its own chapter in the Halden Project
work programme. By then a number of commercial projects using VR had been completed at HVRC.
The major application area had from the start been in aiding Nuclear Power Plants in their control
room designs, and after few years this grew into the HVRC CREATE suite, developed in cooperation
with Electricité de France (EDF). These are now unique software tools for control room design and
verification. Another important early project was the refuelling operation simulator (RMS-VR OPT)
developed for LNPP as part of the Norwegian government’s safety program towards nuclear power
plants in Russia, Central and Eastern Europe. And from in 1999, the VR technologies were also
deployed for development of decommissioning tools by the start of the VRdose project[1][2].
Initially these were separate tools and in part based on separate third party technologies. After
experiencing several times how vendors disappeared from the market or suddenly stopped developing
their software (or hardware) for other reasons, the developers needed to be able to fully control the
software they were working with. At the same time, the customers demanded lightweight solutions
that did not force them to invest in large and expensive hardware facilities in order to use their
software. It was therefore decided to use Java as the programming language in all projects, with the
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Java3D API () for the 3D-graphical part. Java3D has recently become an open source project. This
allows Java3D users to influence the code and guarantees that it will live for a long time. HVRC is
now working with tools for the whole life cycle of the NPPs, and they are all developed on the same
portable platform. Now these applications may be merged into tools not only for some dedicated phase
of an NPP’s life, but for its whole lifespan.

2.

VR dose and the Fugen decommissioning project

When it was decided that the Fugen Nuclear Power Station (NPS) was to be decommissioned, Japan
Nuclear Cycle Development institute, JNC, (now JAEA), decided to go for a positive approach to the
new situation. One of their aims was to build up a foray of methods, competence and knowledge to be
available in future decommissioning projects in Japan, as well as internationally. And JAEA
employees at Fugen are still looking upon the decommissioning tasks ahead as interesting new
challenges in planning, research and execution.
With basis in this philosophy, it was decided to use what in 1999 was cutting edge technology, at best,
as a part of the decommissioning. The VRdose project thus started at IFE in 1999 with the aim of
improving work planning and communication and reducing individual work doses by using virtual
reality techniques. One of the ideas was that being able to view radiation conditions inside a
representative computerised reproduction of a work environment one might increase the radiation
awareness in both operators and executive decision makers. Another important issue was the
experiences previously made in Halden regarding control room design: using VR tended to increase
the involvement in and understanding of a work process at all levels of the organisation. This could
help in making the work both better and more effective.

Figure 1. Work scenario and radiation visualisation.

2.1. Deployment of VR dose at Fugen
At present VRdose is a part of the advanced technology used at Fugen[3][4]. It is a tool for visualising
work situations and radiation conditions inside a Virtual Environment (VE) of a workplace. The VE
can be obtained in various ways, as described in [5], and there are also several options for creating the
radiation map. After the VRdose project was completed in March 2004, the system has been at use at
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the Fugen NPS. The last update of VRdose was delivered to Fugen in 2006, and further updates are
planned. The following shows an example on how VRdose is used.

Figure 2.Fugen analysis of the VRdose results.
A floor drain pipe needed replacement in the building where the radioactive waste at Fugen NPS is
treated. A study was made in connection to this work operation in order to compare the real dose that
the workers were exposed to and the dose predicted by VRdose. The work period was from July 2005
to September 2005, and results from this study were kindly made available to HVRC by JAEA in
2006. The screenshot to the left in Figure 1 shows the VR model of the work area with 3D-radiation
visualisation. At the bottom right we see VR operators entering the work area, wearing intake
protection gear. In the upper right corner the workers movements are indicated as black paths on a
colour coded 2D-radiation map. After the work was completed, the results from VRdose simulations
were compared to the real life experience, as shown in Figure 2. The conclusions of the Fugen staff
were that the VRdose predictions tended to be conservative, as also demonstrated in previous tests [1]
and that the average ratio estimated dose/real dose were at approximately 1.4.
The worker doing the cutting of the pipes has received a slightly higher dose than VRdose has
predicted. One possible reason for this is the way VRdose is estimating intake doses. Gamma
radiation, which was the main concern during the first phased of project work, is treated very
thoroughly by the VRdose and Hitachi DRES software [2], while only simple linear interpolation is
used for the measured intake values. However, dismantling work often leads to intake doses, and
adding a proper calculation of this distribution is therefore next on the VRdose work list, and
improved algorithms will probably be implemented during the Spring of 2006.
It is not worrying that the dose of the inspector calculated by VRdose is close to double of the real
dose. VRdose should give a conservative estimate when used right, and as all worker movements are
not added to a work scenario, the virtual workers are often recorded as standing still in high radiation
areas, while the real worker, when aware of the radiation situation, will keep stepping back between
operations. If we look at the dose graphs in Figure 3, we can see from the colour coding under each
graph what each virtual person was doing when the dose was received. Green means walking, yellow
means working or stopping up to inspect something. We can see that the virtual inspector is moving
only at the beginning of the scenario. He is then recorded as standing still in one spot, close enough to
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the work to see what he needs
for the last 2 hours of the
scenario. The real life inspector
was probably moving around
more, and only went as close as
this position when it was
necessary.
Another
important
work
operation with deployment of
VRdose is being investigated as
this paper is written. Results
may hopefully be reported in the
poster session in the conference
in December. In this case, the
work operation is no longer
maintenance,
but
real
dismantling work. This work
started on the 14th of November
2005. This time the focus of
VRdose use is to estimate dose
and work time of actual
dismantling work in the Heavy
Water Upgrader Building 1 at
Fugen NPS. It is also expected
that the use of VRdose and 3D
Figure 3. VRdose estimates of radiation exposure
CAD
will
improve
the
understanding of the dismantling work operation prior to dismantling.

3.

RMS VR at Leningrad and Chernobyl

As part of its safety program towards nuclear power
plants in Russia, Central and Eastern Europe, the
Norwegian government funded from 1999 to 2004
four projects at LNPP with the purpose of
improving training related to the use of the
refuelling machine (RM) at LNPP. The projects
have involved an international Russian-Norwegian
joint team with the participation of LNPP, IFE and
the Russian Research Centre Kurchatov Institute
(RRC KI). The projects have resulted in two closely
related VR-based applications. The first one
developed in 1999-2002 was the Refuelling
Machine Simulator using the VR Technology for
Operation Personnel Training (RMS-VR OPT) [6].
Figure 4. The LNPP refuelling machine
Based on the solution developed for that system the
other training system, Refuelling Machine Simulator using the VR Technology for Maintenance
Personnel Training (RMS-VR MPT) [7], was made in 2003-2004. One of the systems, the refuelling
operation simulator (RMS-VR OPT), is auditioning for an important role in the decommissioning of
the Chernobyl NPP. The second system, the procedure training system (RMS-VR MPT), is usable for
training almost any procedure including those related to decommissioning. This application will be
developed further by the project participants in 2006-2007.
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3.1. Motivation for developing VR-based training systems
The Leningrad NPP near St. Petersburg consists of four RBMK reactors.
Each reactor has an effect of 1000 MW. The RBMK reactor design enables
on-line refuelling, which means that the operation takes place while the
reactor is at full power using a special refuelling machine (RM). Typically
the refuelling replacement schedule includes up to 400 operations per year.
In connection with the refuelling operation and the RM it-self there are
numerous operations and work tasks that are critical for safety, but difficult
to train in secure environments due to safety risks, economical costs and
practical reasons. Because of the complexity of the RM operation, it is
important that the personnel involved have good knowledge and skills.
Thorough education and training, before carrying out the actual work is
therefore considered to be of highest importance.
The aim of the training is to allow the RM operators and RM maintenance
workers to complete their tasks easily, safely, efficiently, and with few
errors. The training should therefore familiarise the trainees with
procedures, equipment, steps, coordination, inspections, and safety
concerns. To be effective, training must transfer to the actual work
environment meaning that the skills and behaviours learned during training
must be demonstrated in the working conditions. This means that:

Figure 5. Seeing the
invisible: here the
inside of the
machinery

�

Training must involve the user requiring active interaction on the part of the user;

�

The training must be sufficiently realistic supporting transfer to the actual work environment;

�

The trainee must receive feedback on his performance.

Human factors research done both by IFE and others [8], [9], [10] clearly indicates that VR provides a
useful tool for training because it offers the trainee direct experience with the material to be learned.
This is in contrast to traditional training based on printed materials. In addition VR provides a safe
method of training workers on tasks to be performed in radiation-exposed areas[11], [10].

3.2. Planning to use the refuelling simulator in the Chernobyl NPP decommissioning
The decommissioning of the remaining three reactors of Chernobyl NPP (CNPP) is now being
prepared. The reactor type at Chernobyl NPP is RBMK like the ones at LNPP. The dismantling
includes the removal of the old fuel elements from the reactor core using the refuelling machine. This
is a big challenge since most of the RM experienced specialists has left the plant and new ones have to
be trained. According to the plans the removal of the fuel from unit No. 3 should have started in
November 2005, but for the moment the work has been delayed due to the lack of trained specialists
and proper funding.
Chernobyl NPP has evaluated RMS-VR OPT at LNPP TTC and concluded that the use of RMS-VR
OPT for training the refuelling personnel before actually performing the task will be significant for the
success of the project. On this background a project proposal for use of RMS-VR OPT in training the
CNPP operators was sent to the Norwegian government by IFE, LNPP, RRC KI and CNPP in January
2006 with expected start-up of the project in late 2006 or the beginning of 2007.

4.

Conclusions and future work

It is our experience so far that VR technology is useful for planning and training. Because it offers the
potential for real-time interaction, it enables the users to experience straight away the consequences of
actions taken by themselves or as a result of events. Thereby a user learns by actually performing a
task rather than using traditional means such as paper exercises, reading or passively watching a video,
or getting instructions in a classroom.
The deployment of VRdose has so far given good results both in terms of prediction, planning, and
communication, and the further use at Fugen will be watched closely also by the developers in order to
keep improving the system. The refuelling simulator originally built for LNPP has already
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demonstrated very good training results, and has a definite potential for use also in decommissioning.
An evident step forward now is to combine these tools, and also to incorporate functionality from the
design and verification tools at HVRC to obtain a true life cycle suite of nuclear VR technology.
Another interesting question is whether the use of VR tools as described in this paper may also
improve the accordance between procedures and practices. Can procedures and regulations be
improved, and thereby also be made more acceptable to the operators if the decision makers have
access to VR tools? Can the understanding and acceptance of procedures be improved by letting the
operators view and enact their work operations in VR? We would like to know.
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