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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 main research objective of the Waterloo Chair program is to improve 
the life cycle management of nuclear plant systems through the 
development and application of advanced risk and reliability models. 
Another important objective is the training of HQP for the industry. The 
key research areas include reliability analysis, statistical estimation, 
aging management, site-wide hazard analysis and generation risk 
assessment. Practical applications of the basic research include fuel 
channels, feeders, steam generators and other important systems, 
structures, and components. In 2014, the research program completed 
the second five year phase and now the program is entering in the third 
phase. Key industry-related projects completed in 2014 are summarized 
in the next Section. 
 
 
Research Program and Outcomes 
 
Corrosion of Buried Piping in Nuclear Plants 

A nuclear plant has a fairly sizable network of buried piping which is vulnerable to corrosion 
degradation. In the refurbishment of old stations, reliability of buried piping is a key concern. If 
there is evidence that the remaining life of the piping system is inadequate in relation to the 
second plant lifetime, expensive remediation work will be required.  
 

 

Figure 1:  Distributions of steady state corrosion rates of carbon steel piping for different soil 
texture groups. 
 
This project analyzed long-term corrosion data from the nuclear and pipeline industries to 
estimate the probability distribution of corrosion rate in different environments and soil textures.  
Sample results for varying soil textures are shown in Figure 1. The key innovation of the work 
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was the concept of steady state corrosion rate, which was fitted to the data using a two-step 
process involving a logarithmic transformation and regression analysis. The study results can be 
readily used for fitness for service assessment and structural integrity evaluation of buried 
carbon steel and cast iron piping in various soil types and conditions. 
 
Uncertainty Analysis in Leak-Before-Break (LBB) Assessment 

The leak before break (LBB) assessment of pressure retaining components, such as feeder 
pipes and fuel channels, is an important part of fitness for service assessment (FFS). In 
response to regulatory requirements, the nuclear industry has a great deal of interest in 
developing a consistent method for the uncertainty analysis of the output of LBB assessment. 
This project examined the currently available methods, such as two-stage Monte Carlo 
Sampling, and provided technically precise interpretation of results. 
 
A sample analysis is presented in Figure 2, in which the uncertainty bounds are displayed for 
the probability of leak in a pipe. The bounds reflect epistemic uncertainty in the flaw growth rate. 
 

 

 

 

 

 

 

 

 

 

Figure 2:  Sensitivity bounds on the probability of leak over time including the conditional mean, 
median and 5 % and 95 % limits, assuming epistemic uncertainty in the flaw growth rate. 
 
Compliance with Environmental Standards 

The thermal discharge from the Pickering and Darlington stations into Lake Ontario has the 
potential for an adverse impact on aquatic life. An Environment Canada study indicated that the 
thermal plume from nuclear stations increases the mortality of round whitefish eggs. The 
objective of this project was to carry out statistical analysis of experimental data and develop a 
statistical model linking the temperature with the probability of survival of the round whitefish 
eggs. 
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Figure 3 : Survival probability of fish eggs as a function of average test temperature  
(Logistic regression model). 
 
The proposed model was developed based on the logistic regression technique. The model 
results are compared to the experimental data and a legacy model reported by Griffiths (Ontario 
Hydro model from 1980) in Figure 3. As shown in Figure 3, the Griffiths’ model utilized in the 
Environment Canada study is much more pessimistic than the Waterloo model. In summary, our 
analysis helps to remove undue conservatism and increase the margin available for the 
operation of the nuclear plants. 
 
 
Other Projects: 

• Probabilistic modelling of degradation of optimized Inconel X750 spacers 
• Reliability analysis of fuel handling machines 
• Prediction of creep deformation in CANDU 6 fuel channels 
• Analysis of feeder weld thinning in Darlington due to flow accelerated corrosion (FAC)  
• Life cycle planning of Tritium Removal Facility  
• Development of data visualization tools for degradation assessment 

 
 
Benefits to 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  
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Research Team 
 
Current Team: 
PhD – 9, MASc – 3, PDF – 1, Research Associates – 1, Research Engineer – 1 
 
Employment of students after completing the training:  
Lakehead University, AMEC-NSS Toronto, Technology and Engineering Center for Space 
Utilization (China) 
 
 
Publications 
 
Selected Journal Papers: 

(1) Fan, H., Xia, D., Behnamian, Y., Yang, L., Luo, J., Pandey, M.D., Lu, Y., and Klimas, S.  
(2014). Memory Effect and Recoverability of Passive Film Degradation of Alloy 800 in 
Simulated Crevice Chemistry. Nuclear Engineering and Design, 280, 57-61. 

(2) Wu, J., Cascante, G., Pandey, M.D. (2014). Condition Assessment of Longitudinal 
Pavement Joints Using Ultrasonic Surface Wave. Canadian J. Civil Eng., Accepted for 
publication 13 October 2014. 

(3) Zhang, D.Y., Jia, H.Y., Zheng, S.X., Xie, W.C. and Pandey, M.D. (2014). A highly efficient 
and accurate stochastic seismic analysis approach for structures under tridirectional 
nonstationary multiple excitations. Computers and Structures, 145, 23-35. 

(4) Deng, J. Xie, W.C. and Pandey, M.D. (2014). Stochastic stability of SDOF linear 
viscoelastic system under wideband noise excitation. Probabilistic Engineering Mechanics, 
39, 10-22. 
 

Selected Conference Papers / Presentations/Industry Reports: 

(5) Jyrkama, M.I and Pandey, M.D. (2014). Reliability Analysis of the Fuel Handling System at 
a Nuclear Station”. 10th International Conference on CANDU® Maintenance, May 25-27, 
2014, Toronto, Canada. 

(6) Jyrkama, M.I and Pandey, M.D. (2014). LCM Planning of Darlington Tritium Removal 
Facility (TRF) Superheaters. 10th International Conference on CANDU® Maintenance, 
May 25-27, 2014, Toronto, Canada. 

(7) Shuo, Y., Pandey, M.D. Yalaoui, S. and Akl, Y. (2014). Common Cause Failure 
Parameters Quantification Using ICDE Database. Pages 1-10. 12th Conference on 
Probabilistic Safety Assessment and Management- PSAM12. Honolulu, Hawaii, USA 22-
27 June 2014. 

(8) Balomenos, G., Polak, M.A. and Pandey, M.D. (2014). Reliability analysis of a reinforced 
concrete slab-column connection without shear reinforcement. Structures Congress 2014, 
Boston, MA, April 3-5, 2014. pp. 835-846. doi: 10.1061/9780784413357.074. 

(9) Life Safety Impact of Nuclear Safety Regulations and Policy Decisions (2014). Society-
Wide Life Safety and Health Management Symposium, August 11-13, 2014, Copenhagen, 
Denmark. 

(10) Z.-L. Wang, M.D. Pandey, and X.-C. Xie (2014). Seismic Fragility Analysis of the Block 
Masonry Wall in Nuclear Power Plants. 19th Pacific Basin Nuclear Conference (PBNC-
2014)  August 24-28, 2014, Vancouver, Canada. 
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(11) Higo, E. and Pandey, M.D. (2014). Life Quality Impact of Japanese Energy Policy of 
Substitution of Nuclear Energy. The 5th Conference of the International Society for 
Integrated Disaster Risk Management (IDRIM 2014), October 30-31, 2014, London, 
Ontario. 

(12) Angell, P., Pandey, M.D., and Jyrkama, M.I. (2014). Interim Guidelines for Determining the 
Corrosion Rate for Use in Fitness for Service Evaluations of Buried Pipe, EPRI Report 
3002003057, EPRI, Palo Alto, CA. 

 
 

Interactions / Consultations with Industry  
 

• Participation in COG projects with industry partners 
• Organization of Workshops and Conferences 

o Risk and Reliability Training Course for the industry 
 
  




