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ABSTRACT 
 
As the nuclear power simulation training 
industry matures, the needs of the individual 
training facilities are becoming increasingly 
diverse. To respond to this trend, simulation 
vendors must offer a greater level of 
customization, and as such, are facing 
increasingly challenging projects.  In 2002, CAE 
embarked on such a project for South Africa’s 
Koeberg nuclear power station.  This simulator 
upgrade project, carried out in two phases, 
served as a unique exercise in product 
customization.  In the first phase, CAE replaced 
the simulation servers, the software environment, 
and re-hosted the existing plant models.  In the 
second phase, CAE replaced several of the 
existing thermal-hydraulics models to improve 
simulator fidelity.  Throughout this project, CAE 
overcame a series of challenges stemming from 
project-specific requirements.  In fact, the 
retention of the legacy software maintenance 
tools, the preservation of the instructor station 
package, and the interfacing with the existing 
hardware panel elements presented a number of 
opportunities for innovation. In the end, CAE 
overcame the challenges and acquired invaluable 
experience in doing so. 
 

INTRODUCTION 
 
Over the past few decades, the nuclear power 
plant (NPP) industry has evolved dramatically, 
and alongside it, so has the NPP training 
industry. For some years now, the supply of new 
simulators to new power plants or training 
facilities has been diminishing, and the emphasis 
now tends to be on replacement or upgrading of 
existing facilities. This situation has caused two 
distinct long-term maintenance methodologies to 
emerge within the industry. The first approach 
involves the complete replacement of outdated 
simulation technology with the newest available 
technology, at specific intervals during the 
system lifecycle. The second approach is to 
apply a system of (more frequent) incremental 
upgrades, designed to address only those areas 
that are considered inadequate at any stage. To 
respond to these varying industry needs, 
simulation vendors have had to adapt their 
products, and to prepare more customized 
solutions. 
 
KOEBERG UPGRADE PROJECT 
 
CAE’s Power Systems and Simulation team, 
which has always endeavoured to stay a step 
ahead of the industry’s needs, was chosen by 
South African power utility Eskom Holdings 
Limited to upgrade the training simulator of its 
Koeberg nuclear power station.  
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Koeberg, located at Duynefontein, 30 km. north 
of Cape Town, is currently the only nuclear 
power plant on the African continent. Koeberg 
generates electrical power for the entire Western 
Cape, one of the fastest growing regions in South 
Africa. The station’s two Framatome Pressurized 
Water Reactors (PWRs) began operations in 
1984 and 1985 respectively, supplying 1,840 
megawatts or 6.5 per cent of South Africa's 
generating capacity. 
 
Koeberg’s training facility adopted the 
incremental upgrade approach.  Two years prior, 
Koeberg had chosen GSE to upgrade its 
instructor station package on a simulator that 
was originally built by LMT in 1980, and 
subsequently upgraded by Thomson-CSF in 
1991.  In 2002, CAE was awarded a contract to 
further upgrade the simulator in a two-part effort. 
The first phase would consist of replacing the 
simulator executive, simulation environment, the 
computers, and the communication with the 
control room panels. The second phase would 
require replacing the core model and reactor 
coolant system (RCS) thermal-hydraulic model 
with CAE’s advanced models. This upgrade was 
prompted by the limitations of the original core 
model imposed by Koeberg’s prior move to 
higher energy core loads, and the requirement to 
conform to the recommendations laid out in 
INPO SOER 96-02*. It was not possible to 
match the existing core model to the higher 
energy fuel characteristics.  The replacement of 
the core model would only be possible if 
accompanied by the replacement of the 
simulation computers, which by this stage had no 
spare processing capacity and were dogged by 
reliability and obsolescence problems.  The 
potential problems of trying to match a new core 
model with the legacy RCS hydraulic model 
were avoided by the inclusion of this model 
within the scope of the upgrade. 
 
The project presented several unique challenges 
to the development team.  As a result of the 
retention of most of the original models in the 
upgraded system, Eskom wanted to preserve the 
use of its legacy software development 
environment, and required that its output be 
seamlessly integrated into the overall 
maintenance process.  Eskom also wished to 
maintain its existing instructor station package, 
adding to the complexity of the project. Finally, 
because there was no requirement to replace the 
original control room panel input/output (I/O) 
electronics, CAE were required to integrate the 

existing panel I/O system with the new 
simulator. This offered a series of interesting 
challenges to CAE. 
 
RE-HOSTING THE MODELS 
 
The first phase of the project involved upgrading 
the existing Bull Unix DPX2000 simulation 
server to a Linux-PC operating system. Three 
rack-optimized Dell PowerEdge 6600s equipped 
with quad-Intel Xeon processors were selected as 
servers.  The first was used for the full-scope 
simulator platform, the second for the classroom 
simulator platform, and one remained as a 
development and maintenance platform.  The 
choice of rack-mounted components provided for 
a compact installation when coupled with the 
existing Instructor Station servers and associated 
uninterruptible power supply units. The choice 
of Linux as the operating system for the new 
simulation server was a straightforward decision 
for Eskom. Based on satisfaction with its 
simulator’s previous OS (UNIX) over the years, 
and its experience with the stability of Linux for 
their PC-based Instructor Station servers, the 
choice to follow along the same pathway was a 
clear one. 
 
The new platform offered CAE’s most up-to-
date simulator executive (Simex), ready to 
receive the modules re-hosted from the original 
simulator. Eskom required the retention of the 
legacy tools as a method to make alterations to 
the preserved models. Therefore, CAE created a 
software package (Figure 1) that allowed users to 
make the appropriate changes within the legacy 
environment and export these changes into the 
new CAE simulator environment. The tool 
would convert the legacy models and generate all 
necessary files for the functioning of these 
models in the run-time configuration.  
 
This created a pathway for Koeberg to be able to 
maintain these models with their original tools 
and transport the changes as seen fit. By 
providing Eskom with a means to maintain its 
existing tools, it essentially allowed for a smooth 
transition from the previous simulation to the 
newly re-hosted one. This was of paramount 
importance to Koeberg’s simulator support team, 
whose intention was to incrementally update 
additional legacy models using CAE’s ROSE® 
modeling package. (ROSE is CAE’s component-
based visual simulation environment).  In 
overcoming this challenge, CAE had developed a 
tool that would allow the use of the customer’s 



legacy tools in the short term, while enabling the 
customer to migrate legacy simulation models to 
the new environment according to its own 
schedule.  

 

Isis 
Server

Interceptor Existing MIS 
Client 

Figure 2 – Isis Interceptor  

 

 
The Interceptor is a program that, as its name 
indicates, intercepts the XML parsing language 
commands sent by CAE’s Isis server and 
converts them into MIS-friendly commands. 
Conversely, the Interceptor receives control 
commands from the MIS client and encrypts 
these into XML commands for the server. The 
adoption of XML permits any IS client package 
to be readily integrated with the Isis server 
without requiring any knowledge of proprietary 
formats or protocols. For Koeberg’s needs, the 
interceptor program was customized to fit the 
MIS client program, and bridged the gap 
between the two programs.  In the end, the 
Koeberg simulator maintained its front-end IS 
program, but powered it with CAE’s Isis server. 
The result: a complete simulation overhaul, 
transparent to the end-users (i.e., instructors and 
students). The long-term advantage of this 
solution is that Koeberg now possessed the Isis 
server application, and could at any time opt for 
a simple upgrade to the Isis client package to 
fully utilize all of Isis’s features. 

Figure 1 – Rehost Tool 
 
INTEGRATING THE INSTRUCTOR 
STATION 
 
The second challenge offered by the Koeberg 
project was the integration of the existing 
Instructor Station (IS) package into CAE’s 
software architecture. Having replaced its IS two 
years prior to this project, the customer had no 
desire to replace it again.  Furthermore, in 
maintaining the current IS, Koeberg avoided 
having to retrain its simulator instructors on a 
completely new platform so soon after the 
previous upgrade, especially since the instructors 
were already proficient with that system. 
Therefore, a solution was designed to offer the 
most advantages to Koeberg both in the short 
and long term. CAE proposed to replace the 
current Motif Instructor Station (MIS) server 
application but retain the existing IS client 
program. For this, CAE utilized Isis, its latest 
Java-based multi-platform instructor station 
package. Isis makes use of Extensible Markup 
Language (XML) technology; an ideal solution 
for transferring structured data between 
applications over any network, including the 
Internet.  Combining a unique design with this 
versatile technology, Isis offered the possibility 
to connect to any client package through the use 
of an ‘interceptor’ program, as shown in Figure 
2. 

 
COMMUNICATION WITH I/O 
 
The third challenge was to design a replacement 
interface controller for the existing control-room 
panel I/O system originally supplied by LMT of 
France. Although the customer had experienced 
exceptional reliability with the panel I/O 
electronics since its supply in 1980, the interface 
controller between panel I/O and the simulation 
host had proven to be problematic due to ageing 
and obsolescence. Eskom therefore had no desire 
to replace the main panel I/O system, but it was 
clear that the interface controller would need 
replacing. 

 Architecture 
Previous Hardware Architecture 
 
The original simulation computer (left-hand side 
of Figure 3) was electrically connected to 
interface cards mounted in remote interface 
racks. By way of a SCSI and a software protocol, 
the host computer was able to drive (read/write) 
the hardware Input/Outputs (I/O) for the 
simulator control room panels’ instruments.  

 

 



In simulator environments, it is often the case 
that the interface racks are at a distance from the 
command unit (remote interface). The 
transmission of remote signals is likely to cause 
an intolerable noise level in the system. The use 
of bi-directional differential transmitter/receiver 
(TX/RX) modules remedies this situation by 
allowing an exchange of remote information 
through adapted two-wire lines. The master 
TX/RX coupler located near the host computer 
exchanged information with several remote 
TX/RX couplers; each coupler serving its own 
rack.  

 
The following mechanism is used to drive the 
interface: 

 
• The host Ethernet interface sends a 

command to the X-IOCTRL, 
• The X-IOCTRL implements different 

drivers to access the external cards in order 
to activate the correct signals to access them. 
These signals are sent on the differential 
lines that connect to the next remote TX/RX 
coupler.  

• The remote TX/RX coupler puts the 
differential signals back to normal ground-
referenced signals and executes exchanges 
with the relevant I/O interface card that the 
X-IOCTRL wants to access. 

 

 

 
CAE’s Software Implementation 
 
The X-IOCTRL software implementation was 
executed under Windows CE 3.0 real-time 
operating system (RTOS) for embedded 
applications. The installed software package 
consisted of a minimal installation of a Windows 
CE 3.0 kernel with networking TCP/IP support, 
serial communication drivers and Storage Flash 
File System. Running under this environment are 
two XIOCTRL-resident applications: 

 
1. DOS prompt command interpreter 

(Windows CE 3.0 internal component), 
2. X-IOCTRL Card Driver. Figure 3 – Interface System Conversion 

  
On the simulation host computer, a standard 
ANSI C X-IOCTRL Communication Driver 
establishes the connection and maintains 
communication. 

 
CAE’s Hardware Implementation 
 
As shown in the right-hand side of Figure 3, a 
dedicated I/O controller card based on the Intel 
StrongARM microprocessor was designed to 
interface with the legacy I/O system. This card 
replaced both master and remote RX/TX 
couplers. The SCSI interface was replaced by a 
more convenient Ethernet interface that runs a 
TCP/IP protocol.  

 
REPLACING THE REACTOR AND 
RCS MODELS 
 
In the second phase of the project, CAE replaced 
the existing core and RCS thermal-hydraulic 
models to improve simulator fidelity, and to 
provide the capability of cycle-specific core 
behaviour. CAE’s proven reactor kinetics model, 
based on Equivalence Theory, was used to 
simulate the physics of the reactor core.  The 
core model was generated with the user-friendly 
Chorus™, CAE’s graphical reactor core 
simulation development and update utility. 
Chorus was adapted to accept data directly from 
the neutronics code used at the site, to enable 
Koeberg personnel to perform in-house cycle 

 
The new system of communication between the 
simulation computer and remote interface cards 
involves three (3) cards: 

 
1. A host Ethernet interface card, 
2. X-IOCTRL (new) card, 
3. The original remote TX/RX couplers of the 

panel I/O system, located in each of 14 
remote I/O racks. 



specific core updates.  CAE also replaced several 
other simulation models (Reactor Coolant 
System, Reactor Coolant Pump, Pressurizer, 
Pressurizer Relief Tank and Steam Generator) 
with new models created using 
ANTHEM2000™, CAE’s advanced ROSE-
based two-phase, non-homogeneous thermal 
hydraulic model for nuclear and fossil based 
steam supply systems.  Upgrading the models 
demanded no special efforts. However, 
interfacing CAE’s newly inserted modules with 
the remaining legacy modules was a greater 
challenge -- one that allowed CAE to benefit 
from the lessons learned from its earlier 
experience with the Chinese Daya Bay simulator 
upgrade project, which also involved re-hosting a 
French legacy simulator to PC-based technology. 
 
CONCLUSION 
 
As we have seen, the Koeberg simulator upgrade 
project provided many interesting obstacles. 
Maintaining the existing instructor station 
package, integrating the legacy tools into the 
configuration management system, developing a 
new panel communication system for the I/O, 
and upgrading/interfacing the real-time 
simulation modules with the legacy code, all 
proved to be learning opportunities for both CAE 
and the Koeberg simulator staff. The acquired 
experience has helped CAE demonstrate the 
capabilities of its instructor station, and has 
helped Eskom increase its simulator reliability. 
Having chosen the path of incrementally 
upgrading its simulator to keep abreast of the 
latest technological developments, Koeberg will 
endeavour to gradually upgrade its remaining 
legacy modules into the ROSE environment. 
This project has helped forge a long-term 
partnership between CAE and Eskom that will 
surely strengthen over the years.  
 
 
* SOER 96-02 is a Significant Operating Event 
Report for “Design and Operations 
Considerations for Reactor Cores”, published in 
1996 by the Institute of Nuclear Power 
Operators. 
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