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– David Novog (Associate IRC) 

 
UNENE/NSERC IRC Program:  Nuclear Safety Analysis 
 
 
Overview 
 
The research focuses of the NSERC/UNENE Industrial 
Research Chair and Associate Chair in Nuclear Safety 
Analysis at McMaster University is nuclear safety 
analysis methods, nuclear safety thermalhydraulics 
and severe accident prevention/mitigation. The 
objectives for this research program are to perform 
industry relevant research, generate top quality 
graduates for the nuclear industry, and provide an 
expert resource for 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 of media and public requests for IRC input. 
  
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 chairs. 
 
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. Currently the Chairs are in the application stage for the third term.  
  
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 new reactor 
physics professor who joined in 2009. An additional senior professor was hired in 2012 
specializing in nuclear waste management and 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. 
  
The program has advanced beyond Canada to include international cooperation and 
exchanges.  Examples of these activities include participation in OECD-NEA and IAEA activities 
and working groups, student exchanges and visiting research positions, and recognition at 
international meetings and conferences. 
 
The research objectives of the IRC program are related to: 

- Nuclear safety, plant modeling and uncertainty estimation – the focus here is on 
improved modeling and uncertainty approaches so as to better demonstrate available 
margins and event progressions.     

- Severe accident phenomena and mitigation means - given the wide ranging implications 
of Fukushima on the nuclear industry, McMaster is working in collaboration with many 
international researchers.  This includes examining international methods and tools for 
severe accident predictions and new experiments to support in-vessel retention. 

- Development of risk analysis methodologies for extreme events which are 
complementary to probabilistic risk assessment – this includes collaboration with 
industry stake holders on multi-unit accident effects and overall plant robustness. 

- Thermalhydraulic performance and improved reactor output - research here focuses on 
the improvement of methodologies and their experimental bases such as to support the 
fuel and fuel channel integrity metrics. 
 

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 in the process of in the final 
stage of completion.   
 
 
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.   
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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). This $24.5M regional facility will provide a suite of hot cells for Post-Irradiation 
Examination (PIE), mechanical testing and electron microscopy of irradiated materials 
from nuclear reactors; advanced material characterization tools, such as a 3-D Atom 
Probe and two SEM/FIB devices; 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.  
 

 
 Fig. 1  CANS PIE Hot Cell Facility nearing completion  

 
NSERC-COG: In 2014 Dr. Novog was awarded an NSERC-COG CRD in the area of 
moderator subcooling experiments with a total budget of $500k. The project will 
construct a new moderator test facility and supporting instrumentation to collect new 
data for Computational Fluid Dynamics validation. 
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CNSC Special Project: Dr. Novog received an additional $100k from the CNSC to 
support CFD applications in the nuclear safety analysis area and for participation in the 
OECD-NEA led benchmark on bundle flow predictions.   
    
Canadian SCWR Program – From 2008 through 2014 Dr. Novog participated in the 
national GEN IV program with a total budget of $600k.  Within this program he was 
integral in establishing the safety design for the new reactor concept and performing 
some of the first safety analysis to assist CRL in its design activities.  Within this 
program, Dr. Novog applied new safety analysis tools and methodologies (PARCS, 
SCALE, RELAP) which have benefited the utilities by increasing the knowledge base 
related to these tools. 
     

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.  In addition students utilize 8 high-performance workstations 
for various CFD, physics and thermalhydraulic analyses. 
 
A key component of the IRC/AIRC research is in the area of computational tools, model 
development and validation.  Through license agreements with AECL and students are currently 
conducting research using the CATHENA, ASSERT, RFSP, WIMS suite of computer codes in 
addition to the legacy codes (SOPHT, SMOKIN, FISSCON, FUELPIN, CURIES-II, CHAN-II, 
PATRIC, SOURCE 1.1 and HOTSPOT) provided by OPG.  Generic computational and 
engineering tools are also being utilized including STAR-CD (STAR CCM+), COMSOL 
Multiphysics, Matlab and FlexPDE software packages. 
    
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 

Several new experiments were performed covering transient and steady state CHF and post 
dryout heat transfer to enhance methodologies and code capabilities in support of the fuel and 
fuel channel integrity metrics. A high pressure CHF and PDO facility was completed in 2012 and 
tests performed under steady state and blowdown transients. In addition to new CHF data 
collected under regions where little data is available (near the critical quality region), new 
blowdown tests were completed which demonstrated the robustness of the industry prediction 
methods and also helped resolved some long-standing technical issues in literature. 
     
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 
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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.  
  

 
 
Figure 2: Image processed sequences of droplet explosion on various heated surfaces at Ts = 
300oC 
  
Interfacial Area Measurements 

Interfacial area plays a key role in two-phase flow since it dictates the phase-to-phase transfer 
processes (mass, momentum and energy). Most thermalhydraulics codes in wide application 
today use a combination of flow regime and void fraction to deduce the interfacial are at each 
point in a flow. Advanced codes and concepts use additional relationships to predict the 
interfacial area without using the flow regime concept, but these new methods suffer from a lack 
of high quality experimental data. Using the ultra-high speed videography equipment acquired in 
the CFI-MRI award, , McMaster is providing much needed experimental data on interfacial area 
through flow restrictions. The figure below illustrates the interfacial area change in a flow 
restriction where turbulence levels near a flow restriction (or bearing pad) overcome the surface 
tension forces and cause bubble breakup. 
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Figure 3: Optical images of interfacial area and its change through and flow restriction under 
high liquid velocity conditions taken at 10000 fps.   Observed turbulence induced bubble 
fragmentation.  
 
To further understand these phenomena an MASc student examined the flow and turbulence 
levels downstream of a CANDU type bearing pad. The most interesting result from the high 
definition laser velocity measurements is the appearance of swirl-like structures n the wake of 
the bearing pads, which appear to enhance bubble fragmentation phenomena, in addition to 
providing local heat transfer enhancement. 
 

 
Figure 4: Laser velocity measurements downstream of a CANDU bearing pad showing the 
presence of recirculation flows at lower locality and heat-transfer enhancing swirl-structures at 
higher velocities. 
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Transient CHF Test Facility 

As part of the Luxat CFI grant the CHF test facility at McMaster was expanded to upgrade the 
pump system and power supplies. Transient blowdown CHF experiments are underway at 
McMaster to determine the CHF characteristics under high-speed depressurization.  Figure 5 
shows some photos of the upgraded facility and the latest heat transfer and CHF test results. 
 
 
  
 

Figure 5: transient CHF Test Facility and Results.  (Left), phase separator and coiled heat 
exchangers, (top right) new pump system, (middle right) new power supply cable for test section 
and preheater. (Bottom-left) New heat transfer database as a function of heat flux and (bottom-
right) New CHF data in the critical quality region and comparison to AECL look up table. 
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Research Program 
 
The research program at McMaster continues to be very strong and covers a large number a 
projects.  In 2015 the Chair programs will apply for a third-term renewal with NSERC.  The high 
level objectives of the NSERC-UNENE Senior Industrial Research Chairs in nuclear safety and 
thermalhydraulics are to: 
 

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 
thermalhydraulics 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. 
 

Consistent with these high level objectives, the proposed research program of Dr. Luxat’s IRC 
for the next term will focus on the following areas: 

• Severe Accident Modeling and Analysis 
• Severe Accident Mitigation and Nuclear Safety Risk Assessment 
• The Safety of Advanced Fuel Cycles in CANDU reactors 
• Development of advanced methodologies for nuclear safety analysis and supporting 

experimental studies. 
• Consolidation of analysis methodology for evaluating Fuel Channel Integrity 

(consolidation of work completed in previous terms) 
• Advancement of the understanding of the inter-relationships between uncertainties in 

safety calculations. 
•  

The research program for Dr. Novog’s IRC for the next term will focus on: 

• Enhanced operating flexibility and reactor output by exploring alternative methodologies 
to enhance margins. 

• Severe Accident Modeling and Analysis 
• Safety of Advanced Fuel Cycles in CANDU reactors 
• Experiments and analysis to support Fuel and Fuel Sheath temperature predictions 
• Application of new toolsets and methodologies to CANDU in support of refurbishment 

and long term code replacement planning. 
• Uncertainty analysis methods 

 
These focus areas are all of high importance to the Canadian nuclear industry due to: 
unresolved issues with severe accidents, their mitigation and methods to accommodate 
uncertainties associated with common cause external hazards in multi-unit site nuclear safety 
assessments (issues that have developed from the Fukushima events); efforts underway by 
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CANDU reactor designers to develop and market reactors that are optimized to handle multiple 
advanced fuel cycle options. 
 
 
Training and Enrolment 
 
The IRCs at McMaster have been extremely successful.  A total of 20 Masters students have 
graduated from the program over Terms 1 and 2 with three more thesis defences pending.  
Seven PhD student have graduated including 2 who completed in 2014.  Currently there are 13 
Masters and 6 PhD students enrolled in the nuclear program supervised by Dr. Luxat and Dr. 
Novog.  Approximately 13 past students are employed at AMEC-NSS, 3 at CANDU Energy, 4 at 
CRL, 9 at Bruce Power and 8 at OPG and 2 at CNSC. 
 
There have been 28 summer student projects in the nuclear area supervised by the IRC 
professors.  Approximately half have gone on to graduate studies and many of the others are 
employed at Bruce Power, OPG, NSS and AECL. In addition 8 graduate students have had 
internships in the Canadian nuclear industry (AECL and NSS) during the program. 
 
Research exchanges and agreements have been, or are being pursued with, Penn State, 
University of Manchester, University of Pisa, INPG-Grenoble, CEA-Cadarache and Idaho 
National Laboratories. A total of 6 McMaster students have gained international experience (4 
more planned) with a comparable number of foreign students performing research at McMaster. 
 
 
Publications 
 
Submitted, Accepted or Published in Journals: 

1. M. Ball, A. Morreale, D.R. Novog, “Total Monte-Carlo Approach for Propagation of Nuclear 
Data Uncertainties in Core Wide Transients in a CANDU Reactor”, in preparation for Nuclear 
Engineering and Design, 2015. 

2. M. Ball, A. Morreale, D.R. Novog, “Local Power Uncertainties due to Nuclear Date 
Uncertainties in a CANDU Reactor”, in preparation for Nuclear Technology, 2015. 

3. M. Ball and D.R. Novog, “The Impact of Nuclear Data Uncertainties on Reactor Physics 
Depletion Calculations and Prediction of Fuel Isotopic Concentrations in a CANDU Fuel 
Bundle”, Submitted for publication to Nuclear Engineering and Design, 2015. 

4. M. Ball, C. McEwan, J.C. Luxat, D.R. Novog, “The Dilution Dependency Of Multi-Group 
Uncertainties”, Science and Technology of Nuclear Installations, Dec. 2014. 

5. L. Xia, J. Jiang, and J.C. Luxat, “Power distribution control of CANDU reactors based on 
modal representation of reactor kinetics”,    Nuclear Engineering and Design, (278) May 
2014.  

6. A. Rashkovan. D. McClure, D.R.Novog, “Examination of separate effect and integral 
phenomena within a grid spacer with mixing vanes - Results for the MATiS-H OECD-NEA 
benchmark exercise” Nuclear Science and Engineering, 2014. 

7. M. Avramova,A. Manera,D. Cuervo, A. Petruzzi, and D. R. Novog, “OECD-NEA PSBT 
Benchmark”, Science and Technology of Nuclear Installations, 2014.  
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Referred Conference Proceedings: 

1. M. Rohde, J. W. R. Peeters, A. Pucciarelli, A. Kiss, Y. F. Rao, E. N. Onder, P. Mühlbauer, A. 
Batta, M. Hartig, V. Chatoorgoon, R. Thiele, D. Chang, S. Tavoularis, D. Novog, D. McClure, 
M. Gradecka and K. Takase, A Blind, Numerical Benchmark Study on Supercritical Water 
Heat Transfer Experiments in a 7-Rod Bundle”, 5th International Symposium on Supercritical 
Water-cooled Reactors, Helsinki, 2015. 

2. D.R. Novog, Y. Wu, “Response of the Canadian SCWR to Loss of Offsite Power and Station 
Blackout”, the 5th International Symposium on Supercritical Water-cooled Reactors, Helsinki, 
2015. 

3. M. Lou, D.R. Novog, “Loss of Coolant Behaviour in the Canadian Supercritical Water 
Reactor”, the 5th International Symposium on Supercritical Water-cooled Reactors, Helsinki, 
2015. 

4. D. Hummel, D.R. Novog, “Coupled 3D Neutron Kinetics and Thermalhydraulic 
Characteristics of the Canadian SCWR”, the 5th International Symposium on Supercritical 
Water-cooled Reactors, Helsinki, 2015. 

5. F. Salaun, J. R. Sharpe, D. W. Hummel, A. Buijs, D. R. Novog, “Optimization of the PT-
SCWR Control Blade Sequence using PARCS and DAKOTA”, the 5th International 
Symposium on Supercritical Water-cooled Reactors, Helsinki, 2015. 

6. A. Rais, D.R. Novog and “TRACE code application to Low Operating Pressure Research 
Reactor safety analysis”, International Group on Research Reactors Conference, Argentina, 
2014 

7. J. Vecchiarelli, J. Luxat, D. Mullin, and E. Chan, “On the Concept of a Hierarchal Safety 
Goals Framework”, Proc. International Workshop on Multi-Unit PSA, Ottawa, November 17-
20, 2014. 

8. J.Luxat, “The Challenges Of “Black Swan” Events: Risk Analysis and Nuclear Safety”, Proc. 
IAEA Technical Meeting on Developing Methodologies for Complementary Assessment of 
Nuclear Power Plants’ Robustness against the Impact of Extreme Events, Vienna, Austria, 
July 7th -11th, 2014. 

9. J. Luxat, “Complementary Approaches for Risk Assessment and Management”, Proc. Int. 
Workshop on Whole-Site Risk Characterization of Nuclear Power Plants: Site Safety Goals 
and Holistic Approaches to Risk Assessment, Toronto, ON, January 14-15, 2014. 

10. D.R. Novog, C. Frepoli, “The Role of Microscopic and Macroscopic Phenomena in 
Thermalhydraulic Uncertainty Analysis”, submitted to the 2014 Pacific Basin Nuclear 
Conference, Vancouver 2014. 

11. A. Morreale, J.C. Luxat, “The Effect of Actinide Composition on Transuranic Mixed Oxide 
Fuel Performance in CANDU”, 2014 Pacific Basin Nuclear Conference, Vancouver 2014. 

12. D.R. Novog, M. Yetisir, D. Wang G. McGee, “Design Basis Safety Systems and Beyond 
Design Basis Mitigation Systems for the Canadian SCWR”, the China-Canada Conference 
on Advanced Reactor Development, Niagara Falls, 2014. 

13. F. Salun, D.R. Novog, “Examination of Edge Effects and Neutron Leakage in the Canadian 
SCWR”, the China-Canada Conference on Advanced Reactor Development, Niagara Falls, 
2014. 

14. D. Hummel, D.R. Novog, “Stability Analysis Using Coupled DONJON and CATHENA for the 
Canadian SCWR”, the 2014 Pacific Basin Nuclear Conference, Vancouver 2014. 

15. D. Lokuilyana, D.R. Novog, “Modifications and Testing of the COBRA-TF Subchannel Code 
for Application to the Candian SCWR” the 2014 Pacific Basin Nuclear Conference, 
Vancouver 2014. 
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Interactions and Consultations with Industry 
 
A large number or private and public consultations were performed by the IRC and AIRC during 
2014 ranging from technical consulting advisory work.  A summary of these interactions are: 
 
J.C. Luxat 

• Appointed Member & Vice-Chair, CSA N290B Technical Committee: Reactor Safety and 
Risk Management (May 2014). Developing nuclear standards CSA N290.16 – BDBA; 
CSA N290.17 – PSA; CSA N290.18 – PSR. 

• Chair, CSA N290B Technical Sub-Committee developing nuclear standard CSA 
N290.18 – PSR. 

 
D.R. Novog 

• Feb 2015 – CBC Radio North – Storage of Spent Nuclear Fuel 
• Sept 2014 – CHCH Television – Energy Supply Mix in Ontario 

 
 
  




