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McMaster University – John Luxat IRC 

 

UNENE/NSERC IRC Program:  Nuclear Safety Analysis 
 
 
Overview, Scope and Main Objectives 
 
The NSERC-UNENE Industrial Research Chair in Nuclear 
Safety Analysis was established in 2004 with John C. Luxat as 
the Executive IRC.  Subsequently David R. Novog was hired as 
the Associate IRC Chair in 2006.  In 2009 Dr. Luxat’s Executive 
IRC was converted to a Senior IRC and both he and Dr. Novog 
had their terms renewed for a further 5 year term following an 
NSERC site visit. In 2015 a successful application was 
prepared to renew Dr. Luxat’s Senior Chair for a third term and 
to promote Dr. Novog’s Associate Chair to a Senior Chair.  The 
terms of the two Senior Chairs started on January 1, 2016.  
 
The research focuses of the Senior NSERC/UNENE Industrial 
Research Chair (J. Luxat) are: nuclear safety analysis methods; risk assessment methods; 
severe accident modeling, analysis and accident prevention/mitigation; nuclear safety 
thermalhydraulics experiments and analysis; and more recently post irradiation examination of 
reactor materials.   The objectives for this research program are to perform industry relevant 
research, generate top quality graduates for the nuclear industry, and provide a source of 
expertise for national and international engagement through industry, government, public and 
media consultations.  The success of this program is illustrated through: a) the extent and 
frequency of industry consultations by the chairs, b) the number and quality of the HQP 
produced, c) the research output and additional leveraging of resources, and d) the number and 
extent of involvement with organizations and learned societies, both on Canada and 
internationally, and the engagements with the media and the public. 
  
The scope of the research covers the multi-disciplinary nature of nuclear safety analysis and 
severe accident analysis. This requires knowledge and skills that can be found in the Faculty of 
Engineering at McMaster University. The Chair program enhances and extends this nuclear 
safety knowledge and skills base while actively supporting the Canadian nuclear industry. The 
Chair program has enabled McMaster University to establish a robust, innovative and 
sustainable faculty research network and has been recognized internationally for its research 
and quality of graduates.  A major success indicator has been the very high degree of 
leveraging and the number of lead roles assumed by the two Chairs (Luxat and Novog). 
 
Since the initial award, the IRC program has catalyzed nuclear research and HQP training at 
McMaster as evidenced by new faculty hires in nuclear engineering and materials, expansion of 
HQP from 3 to over 30 enrolled graduate students. The success of the Chairs has also led to 
expansion in the number of faculty in nuclear engineering at McMaster with a reactor physics 
professor joining in 2009 and an additional senior professor, hired in 2012 specializing in 
nuclear waste management, who was awarded a Tier I Canada Research Chair.  Over the 
course of the chair program 3 distinguished visiting scholars in the safety analysis area have 
resided at McMaster. 
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The resulting knowledge, skills and innovation are applied to improving safe operation and 
competitiveness of nuclear power generation, and to examine severe accident behaviour and 
accident management for beyond design basis events. Novel research is aimed at improving 
the quantification of safety margins, helping to regain operating margins of nuclear generating 
units, improving the quality, efficiency and cost effectiveness of toolsets used and supporting 
the development of advanced CANDU reactor designs. This research continues to provide 
measurable contributions to operating power plants by improving the safety, reliability and 
competitiveness of generating units, expansion of the tools and experiments supporting the 
safety cases, and helping meet the HQP training requirements for the nuclear energy sector.  
 
These activities make use of existing facilities at McMaster (such as the McMaster Nuclear 
Reactor), newly built facilities (such as the Critical Heat Flux Test Loop) and the CFI-MRI 
funded Center for Advanced Nuclear Systems (CANS) which is now complete.  
 
  
Research Facilities and Equipment 
 
Over the first two terms of the IRC there has been exceptional success in leveraging industry 
investments and expansion of university facilities related to nuclear engineering: 
 
ORF-Research Excellence: In 2008, McMaster University, along with five partner universities, 
was awarded an Ontario Research Fund – Research Excellence (ORF-RE) award entitled 
“Nuclear Ontario” with Dr. Luxat as the Principal Investigator and Dr. Novog as a co-principal 
investigator. This program is complementary to UNENE and provided an addition $5M of 
provincial funding to support nuclear research at six universities in Ontario.   The ORF project 
was wrapped up over the last several years and was judged to be extremely successful based 
on the research output, infrastructure improvements and HQP generated.   
 
CFI-MRI research Infrastructure:  In 2008 Dr. Luxat led a regional, multi-university, proposal to 
the Canadian Foundation for Innovation (CFI) and the Ontario Ministry for Research and 
Innovation (MRI) to establish the Center for Advanced Nuclear Systems (CANS). In early 2016 
the Center for Advanced Nuclear Systems (CANS) project, led by Dr. Luxat was completed. 
This Centre was funded by a $24.5M grant from Canadian Foundation for Innovation (CFI), the 
Ontario Ministry for Research and Innovation (MRI) and McMaster University. This regional 
research infrastructure provides a Post Irradiation Examination (PIE) facility consisting of a suite 
of hot cells to handle irradiated reactor material, prepare samples, and perform mechanical 
testing and scattering Electron Microscope (SEM) examination, including Focused Ion Beam 
(FIB) milling of small samples of material equipment; advanced material characterization tools, 
such as a 3-D Atom Probe and an additional SEM/FIB device for examination of non-irradiated 
material; a thermal testing laboratory (at McMaster); and a radiation dose laboratory (at UOIT). 
The PIE facility is the only one of its kind at a university world-wide (see Fig. 1). This 
infrastructure, together with the McMaster Nuclear Reactor and the Canadian Center for 
Electron Microscopy, provides a world class materials and thermal testing center unique in 
North America. The project was supported by a majority of Canadian nuclear energy related 
companies (OPG, Bruce Power, AECL, Kinectrics) as well as a number of leading international 
organizations (EPRI, EdF, Bechtel).  In addition Dr. Novog received a $275k CFI - Leaders 
Opportunity Fund grant for a Phase Doppler Anemometer System for thermalhydraulic 
experiments.  
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Fig. 1  The CANS PIE Hot Cell Facility & FEI VERSA 3D SEM/FIB 

 
The computational facilities at McMaster have undergone significant upgrades as a result of the 
IRC program in safety analysis and successful leveraging opportunities.  The computational 
facilities include a central computational cluster and several high performance workstations.  A 
Linux-based high performance computer cluster with a total of 88 processors, 144 GB of 
memory and 6 TB of disk storage. Upgrading of the cluster, originally planned for early 2017, 
has been delayed to 2018 and will provide a total of 152 processors.  In addition students utilize 
8 high-performance workstations for various CFD, physics and thermalhydraulic analyses. 
 
Through the agreements between COG and RSICC code databank access was obtained to the 
SCALE reactor physics package, used by 3 students for propagating nuclear data uncertainties 
to the few group collapsed cross sections.  This included work using TSUNAMI, TRITON and 
KENO packages within SCALE. Also access to MCNP and SERPENT is provided where one 
student is engaged in an experimental and computational study of gamma flux distribution in the 
McMaster Nuclear Reactor core and another student is examining the application of SCALE to 
CANDU technologies.  Through the US NRC CAMP agreement McMaster is also piloting the 
application of the RELAP/TRACE and PARCS toolset for CANDU.  Access to the USNRC 
sponsored and Sandia Laboratories developed MELCOR severe accident software was 
obtained through the CNSC. 
 
 
Experimental Thermalhydraulics and Severe Accident Phenomena 
 
In support of high temperature heat transfer behaviour relevant to design and beyond design 
basis accidents several experiments were performed on CHF and quench behaviour.  A PhD 
was also completed on high temperature quench behaviour in cylindrical geometries and 
several publications generated in collaboration with the Department of Mechanical Engineering.  
Another CHF facility was built to obtain low pressure CHF data on downward facing surfaces to 
study the behaviour under these configurations, relevant to severe accidents in CANDU 
reactors, in particular In-Vessel Retention of molten corium.  As a result of the quench (see 
Figure 2) and CHF tests new experiments are being performed to support CHF on external 
surfaces (calandria vessel and calandria tubes) as well as examining heat transfer under 
severely degraded situations.   
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Figure 2: Image processed sequences of droplet explosion on various heated surfaces 
 at Ts = 300oC 
 
 
Objectives of the Senior IRC (Dr. J.C.Luxat) Research Program 
  
The high level research objectives of the IRC program in Term 3 are: 
 
1. Develop and enhance analysis methodologies in the area of nuclear safety analysis with a 

focus on improving nuclear safety, accident analyses and uncertainty estimation. 

2. Support the development of severe accident analysis methodologies and mitigation 

strategies. 

3. Perform fundamental and applied research and development in the areas of thermal 

hydraulics under normal and accident conditions and assess the potential for improved 

reactor output. 

4. Support assessment of Fuel and Fuel Channel Integrity under accident conditions. 

5. Train the next generation of Highly Qualified Personnel for the nuclear industry. 

6. Provide expertise to the university, government and the public in the area of nuclear safety. 

 
The specific objectives of the Senior IRC research program are focused on the following major 
areas, described below: 
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1. Nuclear Safety Analysis Methodology 

Development and enhancement of analysis methodologies for nuclear safety applications for: 
-  Design Basis Accidents (DBA) 

- Beyond Design Basis Accidents (BDBA) and Severe Accidents 

The objectives in this area are a) enhancing the quality of nuclear safety analysis through 
development of mechanistic models for key phenomena, b) improve the modelling and 
understanding of the complex behaviour that occurs during the progression of severe accidents 
c) quantify the time dependent uncertainties during accident progression, and d) provide 
information regarding effectiveness of candidate severe accident mitigation strategies and 
accident management measures. (High Level Objectives 1, 2, 3, 4) 
 
2. Risk Analysis Methods 

This area is strongly linked to analysis of severe accident scenarios and sequences in area 1, 
above.  The primary objective in this area is development of deterministic risk assessment 
methods that complement Probabilistic Risk Assessment (PRA) methods.  This is particularly 
important for very low frequency / high consequence events (“Black Swan” events) such as 
multiple external hazard events (e.g. seismic plus extreme flooding, tornado plus extreme 
flooding, high winds plus high winds, extensive ice storm plus loss of heat sinks) common cause 
external events affecting multiple reactor units on a site. (High Level Objectives 1, 2) 
 
3. Advanced Fuel Cycles in CANDU Reactors and Advanced Nuclear Reactors 

The objectives in this area are to characterize the resource requirements, waste streams and 
fuel utilization using reactor physics analysis coupled with system analysis.  The initial focus has 
been to analyze the synergistic utilization of CANDU reactors and other reactor types such as 
LWR and fast spectrum reactors to increase the utilization of uranium and thorium resources 
while reducing the design requirements for deep geological disposal repositories associated 
with the heat load and radiological burden of spent fuel. A second, recently developing focus in 
this area is supporting development of Small Modular Reactor (SMR) technology. (High Level 
Objectives 1, 3, 5) 
 
4. Post Irradiation Examination (PIE) 

This is a new area that has developed following the establishment of the Centre for Advanced 
Nuclear Systems (CANS).  This centre is a major research infrastructure funded by CFI, Ontario 
Ministry of Research and Innovation and McMaster University. J.C. Luxat is the director of the 
centre which is operated by McMaster’s Nuclear Operations and Facilities organization. (High 
Level Objectives 5, 6 ) 
 
5. HQP Development (High Level Objective 5) 
 
6. Provide Expertise to the university, government, public and the international nuclear 

community (High Level Objective 6) 
 
 
Progress Made To Meet The Research Objectives  
(Note: Milestones refer to specific items identified in the proposal to renew the IRC’s) 
 
1. Nuclear Safety Analysis Methodology 

1.1 Nuclear Safety Analysis of DBA 

The research activities to consolidate the mechanistic analysis methodology to evaluate Fuel 
Channel Integrity have progressed to the point where the methodology development is 
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complete. The modelling development work was initiated in previous terms of the IRC and a 
post-doctoral fellow was hired to bring the work to fruition.  This has resulted in publication of 
two journal papers, one which addresses mechanistic modelling of critical heat flux (CHF) on 
calandria tubes as part of DBA analysis of fuel channel integrity during critical break large break 
loss of coolant accidents (LLOCA) and the second which extends the mechanistic modelling to 
CHF on very large diameter horizontal vessels (the calandria vessel) applicable to in-vessel 
retention (IVR) of core debris during severe accidents. The first application is discussed here 
and the second application is discussed in section 1.2, below. 
 
One MASc student integrated the mechanistic models developed to describe: a) pressure tube 
heatup and deformation into contact with its calandria tube; b) transient contact conductance 
between the two tubes; c) calandria tube heatup post-contact; d) critical heat flux (CHF), onset 
of film boiling and quench/rewet of the calandria tube; and e) likelihood of further deformation of 
the two contacting tubes as a result of thermal. In addition to the modelling of CHF on horizontal 
calandria tubes, the quench/rewet modelling was informed by separate effects experimental 
work performed in previous terms on heated cylindrical surfaces subject to gravitational induced 
liquid jet flow. 
 
The significance of this work is that it provides fuel channel integrity analysis based upon 
fundamental mechanistic modelling.  This provides the means to support conclusions of past 
licensing analyses which employed empirically derived correlations and models that were 
developed from utility sponsored tests. [Milestone #5 complete].   
 
During the remainder of this term one MASc student will be hired in 2019 to apply the dynamic 
sensitivity analysis method proposed by the Senior IRC to evaluate the dynamic uncertainty 
associated with prediction of fuel channel uncertainty (High Level Objectives 1). 
 
A generalized model for fluid jet characteristics (pressure, temperature, expansion envelope) 
has been developed by the IRC that provides a screening tool for evaluating jet impingement 
loads in DBA and BDBA events. This supports assessment of the potential failure of important 
components within containment as part of risk analysis (High Level Objectives 1).  
 
1.2 Nuclear Safety Analysis of BDBA 

The major continuing focus this term is on degradation of fuel channel cooling and reactor core 
disassembly in the calandria vessel during a severe accident.  The progression of these events 
establishes the conditions in the vessel that govern the ability to retain solid and liquid debris 
within the vessel – referred to as In-Vessel Retention (IVR) - which if effective limits the 
progression and consequences of a severe accident. The effectiveness of in-vessel retention of 
core debris within the calandria is dependent upon a number of factors, including: timing of 
events (which determines the transient decay heat); the spatial location of lower powered fuel 
bundles in the debris bed (governed by the debris relocation mechanisms); the upward, 
sideways and downward heat transferred from the edges of the debris bed through the 
calandria vessel wall to the water surrounding the vessel (conduction from lower surfaces of the 
debris and radiation from the upward facing surfaces at the top of the debris); and effectiveness 
of heat transfer at the outer wall surface of the calandria vessel. 
 
In year 1 of this term one PhD student and one MASc student were hired.  The MASc student is 
developing a model that provides computation of the heatup, deformation and failure of all 480 
channels in a 900 MW(e) reactor core following an unmitigated total loss of heatsinks (Milestone 
# 1 ). The PhD student is developing models for the solid debris that forms at the bottom of the 
calandria vessel following the final collapse of the reactor core.  These models address the 
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thermomechanical and thermochemical behavior that may be encountered during heatup of the 
solid debris bed and development of a molten pool region in the debris bed.  A key issue is the 
amount of combustible gases generated from cooling of a degraded core as a result of severe 
accident management candidate actions adopted during the course of the accident. The 
combustible gases can challenge the integrity of the containment, leading to significant off-site 
radiological release. One MASc student hired in 2017 will perform dynamic sensitivity analysis 
methods to quantify the uncertainty in hydrogen generation in the debris bed. (Milestone # 6) & 
(Milestone # 11 ).   
 
A separate study of relocation of hot molten corium, either internal within the vessel or external 
to the vessel, is being performed by a second post-doctoral fellow hired in 2016 with the 
purpose of developing a mechanistic model of a mixture of molten metal and oxide material 
entering a pool of water.  This scenario can give rise to energetic interactions, referred to as a 
“steam explosion” or, sometimes a “vapor explosion”.  The concerns with such explosive events 
are in-vessel damage (less likely) and ex-vessel damage to containment (possibly more likely).  
Key factors in the range of consequences is triggering of fragmentation of the melt and the 
coherence of the vapor generation during fragmentation.  An important issue to be addressed in 
the mechanistic model is the necessary conditions of the melt and water which can result in self-
triggering of the melt fragmentation.  Significant progress in modelling steam explosion behavior 
has been made and validation against international experimental databases is underway.  A 
series of journal publications is anticipated in 2018 and 2019.  Contributing information to this 
modelling work has been obtained from experimental studies of quenching of high temperature 
metals by cold water liquid jets surfaces and water droplet behavior upon contacting high 
temperature metal surfaces. (Milestone # 11 ). 
 
One MASc student, on attachment from an Israeli research institute, analyzed the 
consequences of an unmitigated pool draining accident in the MNR, a “severe” accident.  This 
work provides updated safety analysis for MNR (as well as a sister pool type research reactor in 
Israel) and demonstrated significant time exists to implement mitigating actions to stabilize the 
core and terminate the event. 
 
2. Risk Analysis Methods 

The focus in this area is on multi-unit risk assessment methods for BDBA and complementary 
risk analysis. 
 
Multi-Unit Risk Assessment Methods 
A PhD student will be hired in 2018 to develop a Probabilistic Risk Assessment (PRA) 
methodology for assessing multi-unit risk associated with BDBA events.  This research 
[Milestone #2] has been delayed by two years by unavailability of a candidate. 
 
Complementary Risk Analysis Methods 
The three major nuclear power reactor accidents that have occurred in the past 38 years (TMI2, 
Chernobyl and Fukushima) can each be classified as “black swan” events.   A black swan event 
is: 
 
An event with high consequence which is judged to be incredible until it occurs, at which point 
the causes become apparent.  A key aspect of a black swan event is that the frequency of its 
occurrence cannot be predicted with any reasonable certainty.   Because its frequency is 
perceived be very low based on historical evidence, it is actually not possible to assign 
quantitative values to the frequency of occurrence in the future.  Another key aspect is that, 
because of the low perceived frequency of occurrence, the event is considered incredible, 
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thereby “justifying” that the event be given no further consideration (for example, application of a 
lower bound cut-off frequency used to rule out events in PRA). This causes major difficulties in 
appropriately treating such events within quantitative risk assessment, such as PRA.  Problems 
arise with the assignment of frequency values due to: 

 Unknown common–cause failures. 

 The impact of human operator psychology that can result in unexpected behavior. 

 Unidentified common–cause vulnerabilities, especially vulnerabilities to external 

events.  

To deal with this problem the IRC has proposed that probabilistic risk assessment be 
augmented with threat-risk assessment methods which are not probabilistically based. The 
application of threat- risk is applied consistent with the use of the IAEA defense-in-depth 
concepts.  
A PhD student will be hired in 2018 to develop an analytic approach to quantifying the threat-
risk measure using fuzzy logic and fuzzy algebra concepts (Milestone # 2 ). 
 
3. Advanced Fuel Cycles in CANDU Reactors and Advanced Nuclear Reactors 

Previous work in this area has focused on the reactor physics of utilization of a Mixed Oxide 
(MOX) fuel cycle and a thorium fuel cycle in CANDU reactors assuming that reprocessing 
capability is available.  This generates useful information for “proof of concept” evaluations but 
does not yield significant information on the various attributes of a large scale fuel cycle 
operation. In 2017 and 2018 undergraduate summer research students were hired to develop a 
modular fuel cycle systems analysis software package that provides the capability to assess 
characteristics of  a system of different reactor types (CANDU, PWR, and other defined reactor 
types), deployment strategies of these reactors, fuel reprocessing requirements, tracking of 
mass balances in the fuel cycle, spent fuel composition, spent fuel isotope composition and 
decay heat, and levelized cost of electricity (LCOE) for the various fuel cycle options.  The 
software package, ELORA, is developed using MATLAB and an object-oriented structure.  One 
MASc student has been hired, starting in January 2018 to refine the software by inclusion of 
additional functionality (modules) and to perform benchmarking against available international 
data.  
 
A PhD student, co-supervised by a colleague in the Department of Engineering Physics, is 
conducting research on batch fuelling strategies for the Canadian Advanced Supercritical Water 
Reactor concept to determine a pragmatic strategy to allow a stable steady state to be achieved 
following first cycle operation. (Milestone # 8 ) and (High Level Objective 5). 
 
In 2017 a MASc student was hired with a MITACS grant for internships with Terrestrial Energy, 
headquartered in Oakville, Ontario. Terrestrial Energy is developing the Integral Molten Salt 
Reactor (IMSR) as one of the Small Modular Reactor (SMR) concepts targeting initial 
deployment in Canada and the USA.  The MASc student is researching cladded metal materials 
for high temperature service in the IMSR primary molten salt heat exchanger. (High Level 
Objective 5). 
 
4. Post Irradiation Examination (PIE) 

With the establishment of the Centre for Advanced Nuclear Systems (CANS) a new research 
capability now exists for post-irradiation examination of components from operating power 
reactors or from test irradiations in research reactors.  The suite of hot cells and material 
characterization instruments is unique to McMaster and is not available at any university 
worldwide.  Presently use of the facility capabilities has been made by Canadian Nuclear 
Laboratories researchers (Dr. Colin Judge, Focused Ion Beam (FIB) milling of CANDU X750 
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alloy spacer samples) and the MASc student working on the SMR heat exchanger materials, 
mentioned above.  The cost of the latter materials characterization work was borne by the 
MITACS grant funds supplied by the sponsoring organization. 
 
It is anticipated that there will be an increase in research collaborations with other researchers 
at Canadian universities and with industrial researchers.  However, no IRC funds have been 
allocated to such activities.  If and when an opportunity materializes then, depending upon 
project funding for this research area, a request, with justification, will be made to NSERC. 
 
5. HQP Development 

Dr Luxat has maintained a large and active research group.  Over the past six years (2011 – 
2017) he has graduated 5 PhD and 12 MASc graduate students. Of the graduated students 
82% are employed in the nuclear industry.  Additionally, he has supervised 4 post-doctoral 
fellows (1 co-supervised) and 4 undergraduate summer research students in the IRC program. 
Under separate funding, 5 undergraduate summer research students have been employed in 
the Centre for Advanced Nuclear Systems hot cell facility in the past two years. 
 
In the two years of Term 3 (2016-2017) the number of graduate and under graduate students in 
Dr. Luxat’s research group are summarized in the table below. 
 
 

Type of Trainee Number  Graduated  

Undergraduate  students  2 N/A 

Master’s students  8 3 

Doctoral students  4 1 

Postdoctoral Fellows  2 N/A 

 
 
6. Provision of Expertise to the university, government, public and the international 

nuclear community 

 Independent Expert Reviewer for the Canadian Nuclear Safety Commission (CNSC) of 

intervenor concerns presented at licensing hearings relating to severe accidents in 

CANDU reactors.  Report documenting conclusions of the review prepared and 

submitted to CNSC and subsequently presented orally to Commission members at a 

hearing in Ottawa. 

 Member & Vice-Chair, CSA N290B Technical Committee: Reactor Safety and Risk 

Management. Developing nuclear standards CSA N290.16 – BDBA (issued); CSA 

N290.17 – Probabilistic Safety Assessment (PSA) (issued); CSA N290.18 – PSR 

(issued). May 2014 – 2017.  Continuing member of N290B T/C 

 Chair, CSA N290B Technical Sub-Committee developing nuclear standard CSA 

N290.18 – Periodic Safety Review (PSR) – (issued 2017) 

 Advisory Member, COG Safety & Licensing and Fuel Channel Technical Committees 

 Member of Project Advisory Committee, Sylvia Fedoruk Canadian Centre for Nuclear 

Innovation, Saskatchewan, 2012 -. 

 Chairman, International Nuclear Energy Academy (INEA), 2018-2020. 

 Member, Executive Committee, American Nuclear Society Thermal Hydraulics Division, 

2017-. 
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 Member, Program Committee, American Nuclear Society Thermal Hydraulics Division, 

2012-. 

 Chair, Conference Selection Committee, American Nuclear Society Thermal Hydraulics 

Division, 2016-2020. 

 Member, Honours & Awards Committee, American Nuclear Society Thermal Hydraulics 

Division, 2013- 2017. 

 Board of Directors & Vice President (Canada), American Association for Structural 

Mechanics in Reactor Technology (AASMiRT), 2012 – 

 Member Advisory Board, International Association for Structural Mechanics in Reactor 

Technology (IASMiRT) ,  2012 -  

 Invited by Elsevier Publishing to prepare two texts: Editor, Advances in Nuclear Safety 

Analysis Methodology and Author, Nuclear Safety Analysis and Reactor Accidents.  The 

books will be published under the Elsevier imprint Target publication date mid to end of 

2018. 

 Reviewer for leading nuclear and related engineering journals (Nuclear Engineering and 

Design, Annals of Nuclear Energy, Progress in Nuclear Energy, Nuclear Science and 

Engineering, Applied Thermal Engineering, Reliability Engineering and System Safety, 

International Journal of Thermal Sciences). 

 Public lecture, “Nuclear Energy’s Future: Its Safety and Environment,” in Science for 

Peace and the Voice of Women's series of free public talks, “This Nuclear World”, 

University of Toronto. 

 Member, international Steering Committee, NURETH 17 Conference, held Sep. 3-8, 

2017, X’ian, China. 

 Member, McMaster Institute for Multi-Hazard Systemic Risk Studies, 2015. 

 Chair, Independent Review Panel assessing performance of the Center for Nuclear 

Energy Facilities and Structures (CNEFS), NC State University,  November 2 -4, 2015. 

 
 

Benefits to the Industry and Canada 
 

 The service and outreach activities of the IRC directly assisted the Canadian regulator and 

the nuclear industry to resolve difficult licensing problems through application of the IRC’s 

technical and scientific knowledge, expertise and practical problem-solving in a wide range 

of disciplines related to nuclear safety. Such activities have been an ongoing part of the 

IRC’s activities since coming to McMaster in 2004. 

 The IRC continues to be the leading Canadian expert in nuclear engineering and nuclear 

safety issues with wide-ranging academic, technical and media requests from around the 

world. 

 McMaster University, the Canadian nuclear industry and Canada have gained enhanced 

national and international recognition in the nuclear engineering field through the leadership 

activities of the IRC, such as those listed in section 6 above, as well as the nuclear research 

infrastructure established at the university (e.g. CANS) (High Level Objective 6). 
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Collaborations 
 

 David Novog is the other NSERC/UNENE IRC at McMaster.  Strong collegial collaborations 

exist between Dr. Luxat and Dr. Novog ever since he was recruited in 2006. 

 Adriaan Buijs, Engineering Physics – analysis of batch fuelling strategies for the Canadian 

Generation IV Advanced Supercritical Water Pressure Tube Reactor concept. 

 J. Luxat, (Co-applicant with researchers from Civil Engineering Dept.) on 3 successful 

Research Tools and Instruments (RTI) grant applications for enhanced seismic testing 

capability at the McMaster Applied Dynamics Laboratory ($149,500 award for each of the 

three applications). 

 J. Luxat, (Co-PI with researchers from Civil Engineering Dept. – Wael El-Dakhakhni, Michael 

Tait, Tracy Becker, Lydell Weibe and Dimitrios Konstantinidis) on a successful CREATE 

grant application for HQP training in Canadian Nuclear Energy Infrastructure Resilience 

under Seismic Systemic Risk (CaN-Risk) ($1,650,000 award). He co-supervises, mentors 

and bring nuclear safety expertise to the graduate students in the Civil Engineering group 

 Co-PI, ORF-RE8 Grant, Analysis tools, measurement techniques and systems for mitigating 

severe accidents in CANDU nuclear power plants, (J. Jiang, Western, Lead PI), $1,404,703 

Award with $600,000 allocated to Dr. J. Luxat.  This research project involves research into 

monitoring and control systems for mitigating the consequences of severe accidents in 

CANDU reactors.  Western University IRC (J.Jiang, PI) is researching remote mobile 

Instrumentation systems for monitoring environmental conditions in containment, the 

McMaster IRC (J.C. Luxat, Co PI) is performing the analysis to quantify the range of extreme 

environmental and radiological conditions within containment that the monitoring equipment 

must accommodate, and the UOIT IRC’s (A. Waker and  E. Waller, Co PI’s) are developing 

radiation monitoring devices capable of operation in the very high radiation environment in 

post-accident containments. 

 MITACS Project Award (with Terrestrial Energy), “Cladding of structural materials for 

corrosion protection in molten fluoride salts”, $34,000, (2017-2018).  Two 4 month 

internships for a MASc student to work at Terrestrial Energy design office in Oakville, 

Ontario.  Collaborator: (Prof. J. Kish, Material Science and Engineering, McMaster 

University). 

 Dr. Simon Day, Safety Analyst, MNR.  Studies on fuel management analysis tools to support 

operation of the McMaster Nuclear Reactor.  This has included development of models and 

evaluation of fuelling in MNR using the OSCAR code (South African code developed for 

pool type research reactors). 

 Dr. Colin Judge, Canadian Nuclear Laboratories – materials characterization of irradiated 

reactor components. 

 Prof. Adrien Couet, University of Wisconsin-Madison, IRC is an international collaborator on 

a proposal to the US DOE for a project 
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