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RÉSUMÉ

Les compteurs de grappes de combustible usé, mis au point par le Programme
canadien d'appui des garanties pour l'Agence internationale de l'énergie
atomique (AIEI), permettent d'effectuer, de mainère sûre et autonome, le
comptage des grappes de combustible usé déchargées dans les piscines de
stockage des centrales électronucléaires CANDU. Des manuels (livres)
d'instruction ont, jusqu'à présent, servi à familiariser les inspecteurs
de l'AIEA avec l'exploitation et l'entretien des compteurs de grappes
ainsi qu'avec leur possibilité de signalisation très poussée. Afin de
fournir aux inspecteurs une assistance complémentaire, il a été élaboré un
manuel d'instruction interactif sur micro-ordinateur Apple Macintosh à
l'aide d'un logiciel à fonctions multiples. Ce programme ajoute le son et
l'animation à des textes et graphiques classiques, pour simuler le
fonctionnement et la logique de base compteurs de grappes. Ce rapport
présente les caractéristiques essentielles du manuel interactif et donne
les avantages de cette nouvelle technique de formation.
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ABSTRACT

Spent-fuel bundle counters, developed by the Canadian Safeguards Support Program (CSSP) for
the International Atomic Energy Agency (IAEA), provide a secure and independent means of
counting the number of irradiated fuel bundles discharged into the fuel storage bays at CANDU
nuclear power stations. Paper manuals have been traditionally used to familiarize IAEA inspectors
with the operation, maintenance and extensive reporting capabilities of the bundle counters. To
further assist inspectors, an interactive training manual has been developed on an Apple Macintosh
computer using hypermedia software. The manual uses interactive animation and sound, in
conjunction with the traditional text and graphics, to simulate the underlying operation and logic of
the bundle counters. This paper presents the key features of the interactive manual and highlights
the advantages of this new technology for training.
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1. INTRODUCTION

Spent-fuel bundle counters, developed by the Canadian Safeguards Support Program (CSSP) for
the International Atomic Energy Agency (IAEA), provide a secure and independent means of
counting the number of irradiated fuel bundles discharged into the fuel storage bays at CANDU*
nuclear power stations. Since 1982, six different configurations of bundle counters have been
installed world-wide; they include designs for Bruce [1], Pickering [2], Darlington [3], CANDU 6
(formerly called CANDU 600) [4], RAPP [5] and KANUPP [6] reactor sites.

A paper manual, one for each configuration, describes how an IAEA inspector can use the bundle
counter to obtain information on the number of bundles transferred since the last inspection.
Instructions are also included for on-site maintenance of the bundle counters that the inspector can
perform. However, unfamiliarity with the operation of the bundle counters and the station's fuel-
handling equipment, combined with the detailed technical nature of the manuals, have led to both
training and in-field operational difficulties for the inspectors.

The development of a hardware simulator was initially considered to assist in the training of IAEA
inspectors. Since the cost of a training simulator to emulate six configurations of the bundle
counters would be high, we decided to use computer-based training for this application.

Computer-based training is a relatively new field. Early work in this area consisted of simply
moving text from the written page to the computer screen. Once the training session was started,
the student was systematically led through a set of screens. The student was generally not allowed
to deviate from a predefined course. Recently, hypermedia software has emerged as a training tool
that can overcome these shortcomings.

An experimental hypermedia manual was developed for the Bruce A & B bundle counters using
HyperCard* [7], a hypermedia software application that executes on Apple Macintosh* computers.
While this first manual contained only partial information, the response from its evaluation was
very favourable, and a full prototype version was developed. After a second review, the manual
was expanded to include the Pickering and Darlington reactor configurations. Work is now in
progress to complete the manual for the remaining three bundle counter configurations.

This paper describes the key features of the hypermedia software for training, and of our
HyperCard implementation of the bundle counter training manual.

2 . HYPERMEDIA - FEATURES AND IMPLEMENTATION

Hypermedia offers an environment for information management in which data is stored in a
network of nodes connected by links [8,9]. The user navigates through this information using an
interactive brov/ser; it can also be used for performing actions and running simulations. These
features are described in this section.

2.1 Nodes and Links

Nodes can contain such information as text, graphics, audio, video, animation and executing code.
Within the bundle counter manual, the informaticri nodes are displayed as a set of pages on the
computer screen (see Figure I).

CANDU: CANada Deuterium Uranium is a registered trademark of AECL. Apple, Macintosh and HyperCard
arc registered trademarks of Apple Computer, Inc.



- 2 -

links, created by the designer, are placed between these nodes to allow the user to navigate
through the information, as well as to retrieve related information. Since these information nodes
can be accessed through several links, the need to duplicate common information is eliminated. As
a result, the current release of the manual consists of four hypermedia documents: a generic manual
and three site-specific documents (see Figure 2). The generic manual contains bundle counter
information common to all reactor sites, while the site-specific additions—one each for Bruce,
Pickering and Darlington—contain only station-specific information. Once the inspector has
selected a site, the generic manual and the selected site information appear as one contiguous
manual.

Hypermedia also provides the ability of monitoring the user's progress. As the inspector navigates
through the manual, a check-mark appears next to a section title (see Figure 3) when all mandatory
information in the section has been examined.

2.2 Navigation

Hypermedia documents contain navigation controls to guide the user in moving from node to node.
Most pages within the bundle counter manual include a navigation box located at the top right
corner of the screen (see Figure 4). This box contains a left arrow, a menu button, and a right
arrow. Clicking on the left arrow returns the inspector to the previous information. Clicking once
on the menu button returns to the table of contents for this section; clicking a second time returns to
the table of contents for the manual. The right arrow advances to the next information. Visual
effects simulate the turning of pages.

Navigation links can be temporarily disabled to block the user from proceeding until all mandatory
information is viewed. In some bundle counter training situations, the "right" navigation arrow will
appear dimmed (see Figure 5). In this case it indicates that the inspector is required to perform
some mandatory action(s), as part of the training process, before proceeding. After completing the
action(s), the inspector will be permitted to proceed.

2.3 The Browser

The browser, which is a pointer in the shape of a hand, provides a simple means to view
information. The browser is the real power behind hypermedia systems: with it, the inspector can
also navigate from node to node, reveal hidden information (see Figure 4), perform an action (see
Figure 5), or start a simulation (see Figures 6 and 7). The browser eliminates the need to remember
keyboard command sequences. In fact, within the entire manual, there is only one place where the
keyboard is actually required (in an exercise involving the entry of temperature readings).

3 . FEATURES OF THE BUNDLE COUNTER TRAINING MANUAL

The hypermedia manual was designed to complement the existing paper manuals. The direct
relationship between the sections, text, and graphics in both manuals reinforces the learning
process. However, the hypermedia manual goes well beyond the text and graphics found in the
paper version to provide enhanced training capabilities through the following features.

?. 1 Equipment Simulations

The hypermedia manual simulates the physical operation of the equipment. In Figure 4, for
example, when reviewing the Security Cabinets, the inspector is presented with front panel views
of the various pieces of bundle counter equipment. By using the browser, the inspector can



- 3 -

operate this equipment (buttons can be pushed, switches can be toggled, etc.). These simulations
respond to the inspector's actions as if they were the real equipment (see Figure 5). The realism
even extends to the sounds produced by the equipment as it operates.

3.2 Hands-on Training

The hypermedia manual provides the equivalent of hands-on training. When reviewing the
manual's operating instructions, the inspector is required to perform a series of specified actions on
the simulated equipment. In Figure 5, for example, the inspector must verify the operation of the
bundle counter display and then record the transfer totals on the inspection form. As the inspector
performs the actions, the hypermedia software monitors the progress and displays the transfers.
The right navigation arrow is dimmed unril the inspector completes all mandatory actions.

3.3 Animations

Animations are used to supplement the text and graphics in the hypermedia manual. For example,
in Figure 6, the operation of the Geiger assemblies is described to the inspector. These simple
animations are then used as the foundation to develop more complex animations. In the example,
shown in Figure 7, the overall operation of the bundle counter is described. A double bundle
transfer is in progress from the reactor to the bay (as shown in the top left corner of the figure). As
the transfer proceeds, the inspector can observe the internal logic followed by the bundle counter
electronics (bottom), and then see the final printout when the transfer is complete (top right).
Similar animations are used to describe all normal transfer sequences, as well as to describe some
common error sequences that may be encountered.

3.4 User Interface

Some individuals have a built-in aversion to using computers. To make the transition to computer-
based training easier, the bundle counter manual was designed to resemble a typical paper
document. Information presented on the computer screen is designed to resemble pages in a paper
manual. A table of contents (see Figure 3) provides an overview of the manual and to each section.
A special "Introduction" section is included to familiarize the inspector with the various features
and operation of the hypermedia manual. Elimination of the need to remember computer command-
key sequences also promotes the acceptance of this technology.

4 . ADVANTAGES OF HYPERMEDIA DOCUMENTS

While paper documents maintain a traditional advantage in the areas of cost and portability,
hypermedia documents now offer significant advantages in the areas of animation, simulation,
hands-on training, and material retention. Through the use of links, hypermedia documents can
offer access to a much wider range of related information. These features provide the student with
a much broader basis for training. Since several hypermedia documents can easily access common
information, the effort required to update hypermedia documents is also considerably reduced.

Hypermedia does have one shortcoming. Since information can be hidden and may have to be
explicitly requested, hypermedia documents must be designed with careful attention to presentation
and organization.
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These advantages and others are summarized in the table below.

TABLE 1: COMPARISON OF PAPER VERSUS HYPERMEDIA-BASED TRAINING

Feature
Cost
Text
Graphics
Animation
Simulations
Hands-on training
Material retention
Portability
On-line access to related information
Ease-of-revision of document

Paper
low
yes
yes
no
no
no
low
yes

limited
medium

Hypermedia
low to medium

yes
yes
yes
yes
yes
high

possible
unlimited

low to medium

5 . CONCLUSIONS

The recent developments in hypermedia software offer significant opportunities to enhance the
training process. We have identified several features of hypermedia software that are highly
effective for training and have used these features to successfully develop a hypermedia training
manual for spent-fuel bundle counters. Anticipated benefits of this approach include:

- accelerated rate of learning through the use of animation, simulation and hands-on
training,
reduced training costs and need for formal classroom sessions, as inspectors can learn to
use the equipment through self-study at their own pace and at a location of their choice,
improved inspector performance through enhanced understanding of the operation of the
bundle counters,
reduced on-site maintenance difficulties through the use of animated sequences and
equipment simulations, and
reduced development and maintenance costs by providing a low-cost software solution to
a traditionally high-cost, hardware-based problem.
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Figure 7: Screen Illustrating a Complex Bundle Counter Animation
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