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ABSTRACT 
 

The SLOWPOKE is a small, inherently safe, pool-type research reactor that was engineered 
and marketed by Atomic Energy of Canada Limited (AECL) in the 1970s and 80s. The 
original reactor, SLOWPOKE-1, was moved from Chalk River to the University of Toronto in 
1970 and was operated until upgraded to the SLOWPOKE-2 reactor in 1973. In all, eight 
reactors in the two versions were produced and five are still in operation today, three having 
been decommissioned. All of the remaining reactors are designated as SLOWPOKE-2 
reactors. 
 
These research reactors are prone to two major issues: aging components and lack of 
relevance to a younger audience.  In order to combat these problems, one SLOWPOKE-2 
facility has embraced a strategy that involves modernizing their reactor in order to keep the 
reactor up to date and relevant. 
 
In 2001, this facility replaced its aging analogue reactor control system with a digital control 
system.  The system was successfully commissioned and has provided a renewed platform 
for student learning and research.  The digital control system provides a better interface and 
allows flexibility in data storage and retrieval that was never possible with the analogue 
control system.  
 
This facility has started work on another upgrade to the digital control and instrumentation 
system that will be installed in 2010.  The upgrade includes new computer hardware, 
updated software and a web-based simulation and training system that will allow licensed 
operators, students and researchers to use an online simulation tool for training, education 
and research.   
 
The tool consists of: 
 

• A dynamic simulation for reactor kinetics (e.g., core flux, power, core 
temperatures, etc). This tool is useful for operator training and student 
education;  

• Dynamic mapping of the reactor and pool container gamma and neutron 
fluxes as well as the vertical neutron beam tube flux.  This research 
planning tool is used for various researchers who wish to do irradiations 
(e.g., neutron activation analysis, neutron radiography or in-pool mixed 
field irradiations); and 

• On-line viewing of archived data (temperatures, neutron flux, rod position, 
etc). 

 
This modernized digital control system, along with new tools for training, education and 
research will ensure a viable platform for teaching and research while at the same time 
reduce vulnerability due to an aging control system. 



  
1. Introduction 
 
SLOWPOKE (Safe LOW POwer c(K)ritical Experiment) is a small, inherently safe, pool-type 
research reactor that was engineered and marketed by Atomic Energy of Canada Limited 
(AECL) in the 1970s and 1980s. The SLOWPOKE-2 research reactor at the Royal Military 
College (RMC) in Kingston, Ontario was commissioned in 1985. A neutron beam tube was 
later installed to allow for neutron radiography (a non-destructive imaging technique).  The 
reactor has been used for teaching and research for the past 25 years. 
 
The reactor core sits inside a sealed reactor container in a pool of regular light water, 2.5 m 
diameter by 6 m deep, both of which provide cooling via natural convection.  The core is an 
assembly of 198 low-enriched uranium fuel pins, 22 cm diameter and 23 cm high, 
surrounded by a fixed beryllium annulus and a bottom beryllium slab. Criticality is maintained 
by adding beryllium plates in a tray on top of the core.  
 
The reactor produces neutrons and gamma rays that are used in many areas of research.  
The main uses for the research reactor are: 
 

• Neutron activation analysis (e.g., material identification, composition, etc.);  
• Radioisotope production (e.g., tracer elements and other radioisotopes); 
• Neutron radiography (e.g., non-destructive testing of aircraft control surfaces);  
• In-pool mixed field irradiations (e.g., gamma/neutron radiation for advanced material 

design and testing); and 
• Teaching, training, and other research and custom applications. 

 
2. A proactive approach for SLOWPOKE-2 
 
An unplanned, forced, or otherwise inadvertent reactor shutdown or power reduction is a 
significant event for a nuclear power plant or research reactor. So significant is such an event 
that nuclear reactor organizations are willing to proactively invest resources to reduce these 
occurrences to a minimum [1]. One of the ways to reduce these events is to have a robust 
maintenance regime that will maximize system reliability, availability and maintainability.   
 
At this facility, there is an ongoing effort that has seen the successful replacement of aging 
reactor components over the last decade and improvements in operational practices. Two 
recent areas of interest have been the reactor control/instrumentation system and 
training/simulation.  
 
The next generation upgrade to its digital control and instrumentation system will be installed 
in 2010.  The upgrade includes new computer hardware, updated software and a web-based 
system that will allow licensed operators, students and researchers to use an online tool for 
training, education and research.   
 
2.1 Control and instrumentation system upgrade 
 
In 2001, this facility replaced its aging analogue reactor control system with a digital control 
system called the SLOWPOKE Integrated Reactor Control and Instrumentation System 
(SIRCIS) [2].  The system was successfully commissioned and has provided a renewed 
platform for reactor operation, student learning and research work.  
 
As part of the SIRCIS-2010 upgrade, the control rod portion of the reactor head has been 
redesigned to remove redundant mechanical parts and provide a simplified mount for the 
control rod motor and optical encoder that provides rod position. 
 



The upgrade to digital control offers many advantages over the outdated analogue system 
such as: 
 

• Fewer mechanical parts meaning less downtime for maintenance 
• Improved features such as 

o Gravity based control rod insertion 
o Core high temperature shutdown 
o More accurate flux control; 

• Automated features such as calculate excess reactivity and flux hours; 
• A modern dynamic user interface;  
• Improved digital data logging (flux, rod position and core temperatures); and 
• Fault tolerance and graceful degradation: 

o Redundant remote display; 
o Redundant digital storage;  
o Hot swappable input device;  
o Triple redundant main power supply. 

 
Figure 1 shows the three generations of control system used at the facility. 
 

 
Figure 1: Analogue control system (1984), SIRCIS digital control (2001), SIRCIS digital control (2010) 

 
2.2 Advanced simulation, research and training tools for SLOWPOKE-2 
 
A new software-based tool has been developed for the SLOWPOKE-2 that consists of:  
 

• Dynamic reactor simulation; 
• Dynamic flux mapping; and 
• Data analysis 

 
This tool is web based and allows operators, students and researchers access over a 
secured network.  

2.2.1 Dynamic reactor simulator for training 
 
As part of the 2001 upgrade work, a software based SLOWPOKE simulator was created for 
training and demonstration. The simulator is normally run in a stand-alone mode that closely 
emulates the real operating environment. There is a hardware component to the simulator 
(e.g., control rod drive, key switches, etc) that connects to a dynamic simulation of reactor 
kinetics (e.g., core flux, power, core temperatures, etc). This simulator has been upgraded to 
integrate the latest changes to the digital control system and will be used for system 
validation/verification efforts as well as operator training. 
 
In addition to the stand-alone simulator update, a completely software-based simulation has 
been created and is available to researchers and students over the World Wide Web while 



using a secure connection to the simulation server. Once the SIRCIS 2010 update is 
complete, this software will be released for the use of facility personnel. 
 

 

 
Figure 2: SIRCIS simulator showing instrumentation tab 

 
Figure 2 shows the instrumentation tab of the web-enabled simulator.  

2.2.2 Dynamic flux mapping  
 
When researchers use the SLOWPOKE-2 reactor, they are generally interested in the 
neutron and gamma ray fluxes. The flux fields in the reactor core, outside the reactor 
container and at the neutron beam tube image plane, are complex and dependent on many 
factors such as geometry, materials, shielding, shimming and distance from the core (both 
radial and axial). 
 
Most irradiations in the core use inner and outer irradiation sites with reasonably well-
established neutron fluxes. However, for advanced material research and other projects, the 
gamma/neutron flux outside the core is not well characterized such that a researcher can 
easily select the best site for experimentation. 
 
Previous research projects and computer models have characterized fluxes at these other 
sites; however, until now there has been no single repository of data that could be used to 
visualize the fluxes with any degree of clarity or certainty. 
 
This portion of the software provides researchers with a real-time computer tool that will 
allow the prediction of the neutron and gamma fluxes at a specific location within the reactor. 
This will facilitate and expedite research activities.  

 



 
Figure 3: Flux map interface showing core profile 

 
The primary interface for the flux map is shown in Figure 3 where a profile of the core is 
shown. The user can move the cursor to any position and predict the flux that is also 
dependent on the reactor power level. The user can also create and explore a 3D contour 
model of the fluxes. 

2.2.3 Data Analysis 
 
Data from SIRCIS is archived digitally and available for review by facility operators and 
researchers. This tool allows for the electronic review of: 
 

• Event logs 
• Flux, rod position and temperature data 
• Excess reactivity logs 
• Operating hours 
• Error logs 

 
The ability to search and review data from operations and research remotely is a significant 
advantage to facility users.  
 
3. Conclusion 
 
This modernized digital control system, along with new simulation and training tools, will 
ensure a viable platform for teaching and research while at the same time reduce 
vulnerability due to an aging control system. 
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