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ABSTRACT 
 
In the past, generic models, restrictive budgets, 
and general shortages of resources have limited 
the scope of the UK’s older Magnox simulators. 
Nevertheless, the simulators evolved slowly over 
time, becoming more like their reference plants, 
as resources became available. Three years ago, 
the Training and Development Branch of 
Magnox Electric plc took a giant leap, investing 
significant resources into the modernization of 
their training simulators. New hardware was 
built, including a new simulator room. The 
simulator software was ported from Unix 
running on outdated servers to new servers 
running Microsoft Windows NT. Perhaps most 
significantly, major model enhancements were 
made to key plant systems to significantly 
increase the likeness of each simulator to its 
reference plant. The upgrade to NT, the addition 
of state-of-the-art instructor stations, and some of 
the model enhancements were achieved with 
SimPort, an all-inclusive simulation package 
provided by DS&S.  
 
This paper will provide a more detailed view of 
the Magnox modular simulators, including how 
they are used and how they have benefited from 
the enhancements and upgrades implemented 
during the project. 
 
 
1. History 
 
With the exception of the single PWR at 
Sizewell B, all of the nuclear power generated in 
the United Kingdom comes from Gas-Cooled 
Reactors. These are generally divided in to two 
main types: Advanced Gas Reactors (AGRs) and 
the older gas-cooled “MAGNOX” type reactors. 

With the advent of computer driven simulators 
for reactor operator training, the newest stations 
received the most budget for their simulators. 
The AGRs received funding and built individual, 
site-specific simulators for training. For many 
years, the entire Magnox class of plants used a 
“generic” simulator to represent all of the 
stations for training. Over time, enhancements 
and upgrades were gradually made to the generic 
simulator. Initially, the simulation code was 
copied eight times so that changes could be made 
to each model as budget and resources allowed. 
Eventually, “modular” panels were created so 
that they could be swapped in and out as required 
for each simulator.  
 
In the mid-nineties, the simulators were ported 
onto Encore 93 machines with the Unix 
operating system. DEC Alpha servers were used 
to implement the instructor stations for the 
simulators, and SL-GMS was used to implement 
graphics on multiple terminals to enhance 
simulation and training. During this same time, 
the simulators for the two newest Magnox 
stations, Wylfa and Oldbury, received major 
model overhauls and enhancements to make 
them site specific. This was done at a time when 
the utility Nuclear Electric still owned and ran all 
of the gas-cooled reactors and had abundant staff 
to assign to the project. 
 
Shortly after the model enhancements to Wylfa 
and Oldbury were completed, Nuclear Electric 
was split into British Energy, which retained 
control of the AGRs, and BNFL Magnox, with 
retained the seven remaining Magnox stations. 
The systems modeling and simulation staff all 
but evaporated after the split. Enhancements had 
been made to the two newer concrete pressure 
vessel stations, but the older steel pressure vessel 
stations were virtually “left for dead”. 



2. The Next Step 
 
Early in 1998, BNFL decided that it was finally 
time to modernize and upgrade the simulators for 
their oldest Magnox plants. This decision 
resulted from a number of factors. Some funds 
became available, and it was decided to Upgrade 
the simulation hardware to powerful and more 
compact new servers running Microsoft 
Windows NT.  It was also decided to enhance 
the simulation of the Dungeness A, Hinkley 
Point A, Sizewell A, and Bradwell Power 
stations. These simulators had been running the 
same generic models, which did not adequately 
represent the individual stations, for many years. 
For instance, the generic model has four gas 
circuits, motor driven gas circulators and two 
turbine generators. However, Dungeness A has 
steam-turbine driven gas circulators. Hinkley 
Point A and Bradwell have six gas circuits and 
three main turbines. Sizewell A has only one 
main turbine and an extensive and unique 
structural monitoring system, which was not 
modeled at all. The biggest disparity was in the 
electrical distribution system, as the “generic” 
software and i/o for this system was not at all 
like any of the reference stations. 
 
At this point, BNFL knew what they wanted, but 
they also knew that their budget was still limited. 
Was there a vendor who could port the 
simulation software, provide major model 
enhancements, interface with existing i/o and 
other equipment, and make everything work 
reliably within budget and a short two year 
schedule? 
 
 
3. The Challenge 
 
3.1 Schedule and Budget 
 
DS&S accepted the schedule and budget 
challenge of this complex project by 
implementing a “multi-pronged” approach. 
Porting of the Wylfa simulator load to NT would 
start immediately, with the design phase for the 
Dungeness enhancements running concurrently. 
Since part of the contract was to provide 
complete sets of soft-panel graphics for each 
simulator, a third team worked to create these at 
the same time, hopefully to coincide with 
everything else. Eventually, a second modeling 
team was assembled so that the two teams could 
work in a “staggered” timetable. The “B” team 

would start working on the design phase for 
Hinkley Point A as the “A” team completed 
preliminary design and went into coding and 
testing on Dungeness A. The “B” team would 
complete Hinkley Point A having benefited from 
lessons learned on Dungeness A. The “A” team 
would proceed with Sizewell A enhancements 
and finally the “B” team would complete the 
Bradwell enhancements.  
 
With two teams of modeling engineers, a team of 
panel graphics designers, a team of computer 
engineers for software porting and several 
experts working in tandem, the task was 
undertaken. It seemed like a sound plan, but 
would it work? Many obstacles still stood in the 
way of success, not the least of which were the 
unique features of the legacy parts of the 
Magnox simulators. 
 
 
3.2 Hardware and I/O 
 
The computer hardware chosen was (at the time) 
the latest state-of-the-art in server technology. 
Four Dell Poweredge 2300, 450 MHz dual 
processor servers were selected with 256 MB 
RAM and 9 and 18 GB hard drives. These would 
replace the Encore 93 machines, but Magnox 
decided to retain their relatively new DEC Alpha 
Instructor Stations.  Since it was necessary to 
communicate in an efficient continuos manner, 
this posed a major challenge in and of itself. 
 
The old “camac” crate hardware part of the i/o 
would be retained. Now the communication with 
the servers, which had never been reliable, would 
employ a new NT driver for the new system. 
These were untested waters indeed as Hytec, the 
i/o supplier, was tasked with delivering an NT 
driver for their i/o which did not exist 
previously.  After much effort and many 
attempts, the communication with the i/o was 
perfected and it now runs “without a hitch”. 
 
 
3.3 Software 
 
The porting of the legacy code was not a major 
problem, as it was fairly standard FORTRAN. 
The database and variable structure was another 
story. Furthermore, model enhancements to the 
four applicable simulators were to be done on 
Unix before porting.  Moreover, these 
enhancements were recommended to be done in 
the old “pseudo-FORTRAN” PMSP code. Due 



to time and budgetary constraints, DS&S 
SimPort modeling tools were not going to be 
used for the model enhancements, but would be 
provided to Magnox for future model 
development. 
 
 
3.3.1 Porting 
 
The Wylfa simulator was chosen to be first. The 
legacy FORTRAN models were ported onto NT 
using DS&S proprietary utilities including the 
‘F2F’ converter. All of the models were moved 
into Microsoft Visual Studio, where the 
FORTRAN sources were compiled into objects. 
The objects were then grouped into ‘tasks’, 
which are converted into C++ and compiled 
using the SimPort Task Builder. The tasks are 
then scheduled to run in real-time by the SimPort 
executive system. 
 
Scarcely more than six months passed from 
contract award to the successful completion of 
Site Acceptance Testing (SAT) and the 
declaration of Ready For Training (RFT) status 
for the Wylfa simulator.  This achievement was 
particularly impressive due to the unique 
obstacles that were presented by legacy Magnox 
software and hardware. In particular, these 
included the following: 
 
3.3.1.1 Code 
 
Although the FORTRAN of the model code was 
mostly standard, it was necessary to restore all 
in-line comments to the final code from the 
original, pseudo FORTRAN ‘PMSP’ code 
generator inputs. Utilities were written to 
accomplish the code conversion and features 
were added to make the code more “readable” 
than the original object code and the input PMSP 
sources. 
 
3.3.1.2 Database 
 
The database structure was unique. Using global 
common blocks, most of the simulator variables 
had several versions. Typically, version 0 would 
be calculated by one part of the model. Version 1 
was reserved for the instructor to override the 
results of version 0. Version 2 would be output 
and/or used by another part of the model. The 
ability of the instructor to override virtually any 
variable through this method had to be retained. 
 

The conversion of the database was achieved 
through the flexibility of the SimPort “shared 
database” system. Using graphical objects to 
form a communication structure with the 
database, equivalent globals, or common blocks, 
were set up. Because the SimPort database is 
based on Microsoft Access, it was possible to 
maximize the benefits of and interface well with 
Visual FORTRAN and C++ in Visual Studio and 
the other Microsoft based utilities that handle the 
simulation. 
 
3.3.1.3 Instructor Station 
 
Magnox had put considerable effort into the 
design and implementation of their DEC Alpha 
based instructor stations (I/S). They insisted on 
keeping these to eventually run in parallel with 
the new SimPort I/S. Thus it was necessary to 
create an interface program, with appropriate 
protocols, to continuously communicate between 
the models running on the Dell servers and the 
DEC Alpha I/S. This was quite a challenge, but 
many obstacles were overcome to provide a 
reliable mechanism for the communication 
between the two systems. Malfunctions could be 
set from the Dell or the DEC I/S. Variables could 
be overwritten from either source as well.  
 
The DEC had to continue to be the master for up 
to twenty peripheral terminal displaying graphics 
built with SL-GMS. The Dell and SimPort had to 
synchronize the running of models and i/o and 
effectively take care of basic functionality (run, 
freeze, snap, reset, etc.) as well as more complex 
tasks, whether initiated from the DEC Alpha or 
the Dell. 
 
3.3.1.4 Integration, Testing and RFT 
 
In addition to the above-mentioned tasks, the 
integration of the system with stimulated systems 
such as GENSET monitoring took place. The 
complete set of panel graphics, with stand-alone, 
override, and monitoring capability were 
included. Everything was pulled together and 
underwent a rigorous SAT period during which 
all problems were resolved.  
 
RFT status was obtained on the Wylfa simulator 
on February 19, 1999. The simulator has run, 
virtually trouble free, and there were no open 
discrepancies as the one-year warranty period 
was completed in February 2000. 
 
 



3.3.2 Enhancements 
 
3.3.2.1 Dungeness A 
 
Just as the Wylfa simulator was preparing to go 
into SAT, the Dungeness A simulator 
preliminary design phase was completed. Major 
enhancements or complete replacements were to 
be made to the Boiler and Main Feedwater 
systems, the Gas Circulators, and the Electrical 
and Turbine Generator systems. In addition, a 
completely new model of a peripheral, graphical 
alarm system called ‘SACOS’ was to be added to 
the simulation. 
 
A small but dedicated team of modeling 
engineers wrote the preliminary design. 
However, due to contractual requirements, they 
were now facing the task of re-writing these 
models in legacy FORTRAN or PMSP (their 
choice), on an outdated Unix platform. The 
contract originally required that the models be 
enhanced before porting onto NT, as Magnox 
were concerned about reliability issues on the 
new platform. 
 
Using the early success of the Wylfa porting 
effort and offering to share the risk, DS&S 
convinced Magnox to allow the models to be 
ported to NT before enhancement. As added 
incentive, DS&S offered to replace two models 
on the last enhancement project with SimPort 
model building tools if the project were 
successful. The decision to port to NT before 
enhancing the models was probably the single 
greatest factor contributing to the overall success 
of the project. The advantages gained by first 
porting to NT were: 
 
 Ported models could be modified in the 

user-friendly Visual Studio environment 
using that product’s editor. 

 
 Modules could be compiled directly and 

efficiently using DEC Visual FORTRAN. 
 
 The powerful debugging tools in Visual 

Studio could be brought to bear.  Debug 
would have been considerably more difficult 
in Unix. 

 
 Models in the NT environment could be 

interfaced much more efficiently and run 
through the SimPort executive system. 

 

 SimPort executive system debugging 
features, such as task control, cycle rate, and 
parameter initialization could be used. 

 
Despite several early setbacks, including a lack 
of plant data, the project proceeded toward 
completion. Due to Magnox staffing and support 
issues, the ATP was delayed three weeks from 
the original schedule. However, both sides 
benefited as this time provided the opportunity to 
do more off-line testing of the models. Once 
SAT started, it was completed in the allotted 
nine-week testing period. Furthermore, the later 
enhancement projects benefited greatly from the 
experience gained by both sides on Dungeness 
A. SAT was completed and RFT status was 
obtained on July 9, 1999. In the meantime, the 
Oldbury simulator had been ported and 
successfully completed. Now both DS&S and 
Magnox were confident that the right decision 
had been made to go ahead with the porting 
ahead of the model enhancements. This helped to 
pave the way for the remaining three 
enhancement projects. 
 
3.3.2.2 Hinkley Point A 
 
Having learned some valuable lessons from the 
Dungeness A team, the Hinkley Point A software 
team was prepared for the challenge. And 
challenge there was, because Hinkley Point A 
required more model enhancements in a shorter 
period of time. Additionally, only seven weeks 
were allotted for SAT. 
 
For the modeling engineers, the biggest new 
problem on Hinkley Point A was to replace the 
existing four gas circuit model with a differently 
configured six-circuit model. Six main systems 
were modified, including gas circulators and gas 
path and their interface with the archaic but 
highly complex Magnox reactor model. The 
main turbines were redesigned and a third one 
was added to the model. Also a VF (Variable 
Frequency) Turbine model was added to drive 
the gas circulators.  Finally, as with the other 
enhancement models, the Electrical system was 
completely replaced. 
 
Not only was the project completed in the 
allotted time, but also all of the schedule time 
lost during the Dungeness A phase of the project 
was recovered. RFT was obtained on September 
17, 1999, with warranty successfully closed one 
year later. 
 



3.3.2.3 Sizewell A 
 
With the Hinkley Point A project team rapidly 
making up time in the short schedule, the 
Sizewell team which had transitioned from 
Dungeness made progress in leaps and bounds. 
 
For this project, the generic Boiler and 
Feedwater and four gas-circuit configuration was 
retained. The electrical system was replaced as 
usual. The gas circulators were redesigned and 
the gas path system had to be re-tuned with a 
complex control added for new Inlet Guide 
Vanes (IGVs) added to the model. 
 
A new challenge was posed, as Sizewell A also 
required the addition of a brand new system to 
model their structural temperature monitoring 
system. A third party PC based program called 
WIZCON that runs in the plant was ordered for 
the simulator and had to be stimulated as part of 
the effort. 
 
The models were integrated and tested on time, 
and integrated on-site with the WIZCON system.  
SAT was completed on schedule and RFT was 
obtained on December 20, 1999. Warranty was 
recently completed with no outstanding 
discrepancies. During this same time, the Chapel 
Cross simulator also was ported and completed. 
 
3.3.2.4 Bradwell 
 
With the completion of the Hinkley Point A 
project, it was decided to take some additional 
risk to demonstrate the effectiveness of the 
SimPort modeling tools to Magnox. The project 
team could see the light at the end of the tunnel, 
and it was time to add a new dimension to the 
Magnox simulator models. 
 
Bradwell was strategically chosen to follow 
Hinkley Point A and use the same team to do the 
models, because the models requiring 
enhancement were essentially the same. As on 
Hinkley Point A, the gas circuits were increased 
from four to six. A third main turbine was added, 
along with two additional variable frequency 
turbines. 
 
It was decided to use the SimPort electrical 
system modeling tool to replace the generic 
model that had been used on Bradwell. The other 
system replaced by SimPort was the Feedwater 
system. SimPort’s pressure-flow solution tool 
PITON was used for the task. All of the SimPort 

modeling tools have been proven effective and 
accurate engineering grade models. The 
challenge was not so much in modeling the 
chosen systems with SimPort, although the 
dearth of plant data did pose somewhat of a 
problem. The main issue was the successful 
interfacing of the SimPort graphically designed 
C++ base models with the legacy and new 
FORTRAN hand coded models. 
 
The risk was worth taking, as the result was a 
great success. The Feedwater and Electrical 
System models created by the graphical SimPort 
modeling tools not only faithfully reproduced the 
plant systems that they were used to model, but 
also interfaced well with the FORTRAN code. 
This interface between the global database and 
the SimPort internal variable database was 
created using links called “hidden transfers”. 
These transfers are SimPort objects that define a 
one-to-one relationship between external model 
variables and internal SimPort variables. 
 
With the SimPort graphical based models, the 
Bradwell simulator ended up with useable 
“simulation diagrams” of the electrical and 
feedwater systems. This provided additional 
functionality and controls that would otherwise 
not have been available.  
 
The highly successful Bradwell project has been 
in warranty since April 19, 2000. There are 
currently no open discrepancies on the simulator. 
 
 
4. The Results 
 
BNFL were so pleased with the work done by 
DS&S on their simulators that they ordered 
many additional modifications and additions to 
scope during the course of the project: 
 
4.1 A fourth Dell server was added to 

increase capacity, provide a platform 
for a soft-panel simulator, and allow 
extra redundancy. 

 
4.2 Thirty-one separate modifications to the 

Dungeness A Simulator were 
incorporated during the course of the 
project.  

 
4.3 Eighteen separate modifications to the 

Hinkley Point A Simulator were 
incorporated. 

 



4.4 Twelve separate modifications to the 
Sizewell A Simulator were 
incorporated. 

 
4.5 Six separate modifications to the 

Bradwell Simulator were incorporated; 
including the addition of a crucial, plant 
specific Data Acquisition System called 
DAS/DDS, which is, used for 
monitoring reactor temperatures for 
drift and margin. 

 
4.6 Additional resources were allocated to 

DS&S to assist Magnox personnel in 
the verification and update of their 
CONAID i/o databases. 

 
4.7 At the end of the project, Magnox 

ordered additional upgrades and 
features. Further enhancements were 
made to the SimPort based I/S. On 
Oldbury, a critical Plant Data 
Processing and Alarm system was 
added. Simulation of the system was 
added as well as stimulation of the PC 
based alarm and temperature analyzer 
displays. 

 
Currently, the Magnox simulators run on four 
platforms: The “old” training simulator (TRG 1), 
the “new” training simulator (TRG 2), which 
was built during the course of this project, a 
development simulator (DEV) and a soft-panel 
graphics based simulator (SFT). 
 
A utility batch program exists for “moving” the 
software simulator loads from one hardware 
platform to another. As for the panels 
themselves, they must be “reconfigured”. 
Essentially half of the panels, including boilers, 
feedwater, gas circuits and electrical, are sections 
which can literally be unplugged and replaced by 
their counterparts from another plant. The 
remaining panels, including reactor and turbine 
controls are reconfigured by replacing switches, 
meter scales, labels, fascias, etc. 
 
Although they still do not quite have a 
permanent hardware platform for each software 
simulator, the five remaining Magnox simulators 
at Oldbury Training Centre (OTC) now have 
much improved plant specific software and 
hardware. The feedback from trainees has been 
exceptional. 
 
 

5. The Future 
 
BNFL were able to build a second training 
simulator during the project. Now that all of the 
AGR simulators have left OTC, BNFL have 
undertaken construction of a third training 
simulator. The ultimate goal is to eventually 
have a complete hardware simulator for each 
station, in large, new simulator rooms. 
 
As for the software, BNFL now have an 
excellent base and modeling tools to eventually 
enhance and/or replace existing models as time, 
budget, and staffing constraints allow. After a 
long period of having inadequate models, they 
now have plant specific ones and graphical 
modeling tools with which to move forward. 
 
DS&S will be there to help. The DS&S SimPort 
simulation environment is not a “simple” tool 
that can be used by anyone. It is, however, an all-
inclusive simulation environment. It supplies a 
real-time executive, model building tools for 
pressure-flow, gas, electrical, and logic and 
control systems. It packs the power and 
flexibility of the Microsoft NT platform and 
associated products like MS Visual Studio and 
Access, allowing the simulation to evolve. 
 
Considering the age of the Magnox plants (built 
from the late fifties through the sixties), their 
simulators now have some of the most modern, 
powerful simulation technology anywhere. 
Known as an “end-of-life” company with aging 
plants, BNFL simulators are nevertheless in 
many ways on the cutting edge. 
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