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University of Waterloo – Mahesh D. Pandey IRC 

 

UNENE/NSERC IRC Program:  Risk-Based Life Cycle Management of 

Engineering Systems 
 
 
Overview 

 
The Waterloo Chair program is in the middle of its third five year phase.  
The program is developing probabilistic models and uncertainty analysis 
methods to improve the aging management and life cycle performance 
of nuclear plant systems. The basic research is driven by practical 
applications to critical nuclear plant systems, including fuel channels, 
feeders, and steam generators, and other important systems, structures, 
and components. In addition to supplying HQP to the industry, the 
program also provides valuable training to plant engineers in the areas 
of risk and reliability analysis. 
 
A highlight of year 2017 is the presentation of a keynote lecture by the 
Chair at a prestigious International Conference on Safety and Reliability 
in Vienna. The Chair has also been appointed as a co-Editor of a prominent journal, Reliability 
Engineering and System Safety. 
 
 
Research Program and Outcomes 

 
Statistical Analysis of Plant Performance Data 
During the operation of various systems in a nuclear plant, monitoring data are collected to (1) 
assess the performance, (2) ensure compliance with standards, (3) detect the onset and (4) 
evaluate the progression, of any degradation mechanism.  Some examples of such data sets 
are the reactor inlet header temperature (RIHT), the delayed neutron monitoring for fuel defect 
detection, the acid number of fire-retardant fluid (FRF) used in the electro-mechanical control of 
turbines, and so on.  Such data sets are examples of non-stationary and noisy time series with 
correlated observations, which cannot be analyzed by standard time series analysis methods.  
As a result, we have developed and employed other approaches, such as the empirical mode 
decomposition (EMD) method, which can be used to separate noise from the data, identify and 
underlying trend, and investigate the various sub-components (or modes) of the data. 
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Figure 1: The FRF acid number (a) raw data, (b) detected trend, and (c) data without the noise 
estimated using the EDM method. 
 
Figure 1a shows a time series of the total acid number of the FRFindicating short term 
fluctuations, noise, and trends in some segments of the data. While the short term changes may 
be caused by variations in chemical processes and the environment, the long term trend may be 
indicative of degradation in the condition of the control fluid that accumulates over time. This 
data was analyzed using the EMD method, which is based on the premise that a time series is a 
superposition of different, simple, and oscillatory modes, referred to as intrinsic mode functions 
(IMFs).  Figure 1b shows the overall long term trend in the acid number data identified by EMD, 
while Figure 1c illustrates the filtered data after the removal of the noise.  As shown by the 
results, the EMD is a versatile method for analyzing condition monitoring data collected from 
different types of systems.  
 
Thinning Rates of Pickering Feeders 
The analysis of thinning rates of Pickering feeders due to flow accelerated corrosion (FAC) is 
complicated by many factors, mainly related to the inspection tooling.  The ultrasonic probes are 
subject to high signal loss rates at feeder welds, due to the highly irregular surface geometries 
resulting from the welding process.  This issue is most pertinent to Pickering Unit 1 and Unit 4, 
where each feeder consists of multiple segments (i.e., elbows and straight sections) welded 
together, as opposed to a single bent pipe. 
 
The main goal of this project was to support the optimization of OPG’s feeder inspection and 
replacement planning by conducting an independent analysis of thinning rates of key Pickering 
feeders.  The work was based on the analysis of repeat inspection data from multiple 6-probe 
and 14-probe inspection scans for each feeder.  The assessment methodology was based on 
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our previously developed and published statistical approach, and considered all available 
information from all scans and outages. 
 

 
 
Figure 2: Thinning rate estimation for a sample Pickering feeder. 
 
Figure 2 shows the sample estimation of thinning rate for a particular Pickering feeder, 
indicating that the wall thickness loss due to FAC is constant (i.e., linear) over time.  Another 
direct outcome of this project was the development of a software platform that is being used by 
OPG’s analysts for the visualization and analysis of the 6-probe and 14-probe inspection data. 
 
 
Finite Element Modelling of Creep Deformation of Fuel Channels 
Probabilistic assessment of fuel channels requires the modeling of creep deformation.  At 
present, this capability is limited by the availability of the vendor maintained code, CDEPTH, 
which hinders exploration of many research issues related to probabilistic assessment.  For this 
reason, we are developing this capability in the University Domain to explore research issues 
and provide training to HQP on this important subject.  We have been successful in modeling 
this problem with a widely used and commercially available finite element code platform (Figure 
3).  This research project is ongoing and will continue with the important step of calibrating and 
comparing the model results to in-service measurements from operating reactors. The model 
will then be applied to probabilistic assessment of fuel channels.  
 

 
 

Figure 3: Finite element modelling of fuel channel creep deformation. 
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Benefits to the Industry 

 

 Effective life cycle management of nuclear plant systems  

 Risk-informed fitness for service assessment of reactor components and piping systems 

 Improved communication with the regulator about managing the risk  

 Minimize cost penalties associated with increased inspection and outage duration 

 Overall improvement in operational efficiency and environmental compliance of nuclear 
power generation  

 
 
Research Team 

 
Research Team in the Reporting Period (17) 
PhD – 9, MASc – 3, PDF – 4, Research Associates – 1 
 
Completion of Training (7) 
PhD – 3, MASc – 2, PDF – 2  
 
HQP Employment:  
Canadian Nuclear Safety Commission (CNSC), Ontario Power Generation (OPG), Candu 
Energy, National Research Council of Canada  
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Interaction with Industry  

 

 Participation in COG projects with industry partners 

 Member of CSA technical subcommittees for the development of new CSA standards  
o N290.17 “Probabilistic safety assessment for nuclear power plants” (issued 

spring 2017) 
o N290.9 “Reliability and maintenance programs for nuclear power plants” 

(ongoing) 
 
  




