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Targeted Innovation through Research Collaboration – The CANDU 
Owners Group Strategic Reduced Outage Program. 
Presenter: John de Grosbois 
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11:00 - 
11:20 

Automated analysis of electron micro-graphs using convolutional 
neural networks: accelerating characterization of Ni- and Zr-alloy 
samples from CANDU reactors.  
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Affiliation: Queen’s University 
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Affiliation: Kinectrics 
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Full list of technical abstracts: 

  DAY 1 – October 6 

Time 

Session 1.1 - Outage Management and Maintenance Schedule Reduction 

Chair: Salim El Bouzidi, CNL 

Co Chair: Moe Fadaee, Kinetrix 

11:30 - 11:50 

TARGETED INNOVATION THROUGH RESEARCH COLLABORATION – THE CANDU OWNERS GROUP STRATEGIC REDUCED OUTAGE PROGRAM 
by John de Grosbois 

CANDU nuclear plants are designed to support refueling at power and have the capability to operate for extended periods between outages. 
However many factors including requirements for inspection, test and maintenance have contributed to the need for planned outages to still 
be scheduled more frequently than desired. CANDU operators have long realized that significant economic benefit could come from 
minimizing outage frequencies and duration, provided that continued high levels of plant safely and reliability can be ensured and operating 
license requirements met. A collaborative Strategic R&D program was initiated by CANDU chief nuclear officers in 2017 to achieve 
aggressive long-term targets for reductions in outage duration, cost, maintenance, worker dose, and labour. The program is described. 
Working with key suppliers, its goals are to explore a range of new technologies and pursue innovation opportunities for development and 
deployment in CANDU plants. 

11:50 - 12:10 

Applied Machine Learning in Fitness-For-Service Assessments of CANDU Reactors by Moe Fadaee and Rex Lam 

Machine learning has been used in many industries to automate tasks, obtain insight and relationships, predictive analytics and monitoring 
systems and detection of anomalies. Many applications in the public awareness include large scale applications with significant up-front 
investments such as autonomous driving, email filtering, recommenders on shopping and streaming sites, network security and image/facial 
recognition. Kinectrics is currently developing and applying machine learning at a smaller and affordable scale to streamline, automate and 
improve fitness-for-service (FFS) assessments of CANDU reactors. Examples include automating the processing of inspection records, 
post-processing of inspection results, rapid prototyping of predictive models and augmenting the capabilities of existing analysis software. 

12:10 - 12:30 

Shift Scope and Execution Sequence Solving Algorithms to Determine the Scope and Execution Sequence for Fuel Channel Shifts by 
Tolulope Ogundimu, Rex Lam and Hongli Zhou 

Elongation of pressure tubes in CANDU reactors can be managed by shifting the fuel channels to gain available travel on the free face. This 
may require the shift of hundreds of unique channels. Careful analysis is required to determine the shift distances while also maintaining 
proper feeder to feeder clearance. Executing these shifts during an outage may involve multiple work teams shifting channels 
simultaneously. Efficient means for shift scope and sequence development were required. Path-finding algorithms were developed to 
incorporate the elongation models and the constraints imposed by the configuration of the fuel channels, feeders and field execution. The 
algorithms determine the shift scope to reach the target time and group the shifts into steps that can be executed simultaneously, minimizing 
critical path time. The final output is a coordinated arrangement of shifts with a shift sequence specified for each work team. 

12:30 - 12:50 

Incorporating Engineering Insight when Training an Artificial Neural Network by Rex Lam and Moe Fadaee 

Artificial Neural Networks (ANN) are highly flexible models used in machine learning. Large data sets are often required to train ANN as the 
complex relationships between inputs and outputs are determined empirically from the data without insight from the analyst. This implies 
that the reliability of the ANN is entirely dependent on the quality, reliability and volume of the training data. The data available for 
generating predictive models for fitness-for-service (FFS) assessments of major components in CANDU reactors is often difficult to obtain, 



either because the opportunities to obtain it are few, or much processing is required to reliably generate it. As such, the development of 
these models require much insight from subject matter experts. To take advantage of the ANN flexibility under these conditions, Kinectrics 
developed an algorithm to incorporate engineering insight when training an ANN to ensure it is consistent with state-of-the-art and can 
generate reliable predictions. 

  

  LUNCH (30 Minutes) 

 

Session 1.2 - New technologies for Nearly Autonomous Reactor Control, Operations 

Chair: Dr. Chary Rangacharyulu, University of Saskatchewan 

Co-Chair: Dr. Willie Cook, University of New Bruinswick 

13:20 - 13:40 

Development of a Nearly Autonomous Management and Control System for Advanced and Micro Reactors by Abhinav Gupta, Nam Dinh, 
Linyu Lin, Paridhi Athe, Saran Bodda and Harleen Sandhu 

Sponsored by DOE’s Advanced Research Program Agency – Energy (ARPA-E), this project aims to establish a technical basis for, and 
preliminary development of, a Nearly Autonomous Management and Control (NAMAC) system in advanced reactors. The system is 
intended to provide recommendations to operators during all modes of plant operation except shutdown operations: plant evolution ranging 
from normal operation to accident management (including Design Basis Accidents, Beyond Design Basis Accidents, severe accidents and 
multi-hazard external events). These recommendations are to be derived within a modern, artificial-intelligence (AI) guided system of Digital 
Twins, making use of continuous extensive monitoring of plant status, knowledge of current component status, and plant parameter trends; 
the system will predict near-term evolution of the plant state, and recommend a course of action to plant personnel. The NAMAC system 
utilizes simulation-informed, data/knowledge-driven, AI-guided, plant-data-assimilated real-time operating procedures and severe accident 
management guidelines (SAMG) to effectively support the operator in risk-informed management. 

13:40 - 14:00 

Considerations for Development and Application of Machine Learning and Digital Twin Technologies for Plant Control by Jeffrey Lane, 
Matthew Scroggins, Linyu Lin, Pascal Rouxelin, Nam Dinh and Robert Youngblood 

The development of a Nearly Autonomous Management and Control (NAMAC) system for advanced reactors has identified key elements 
for the development and application of machine learning (ML) and digital twin (DT) technologies for plant control. First and foremost, it has 
been identified that DTs must integrate knowledge from a variety of sources beyond "raw" data obtained either directly from plant monitoring 
systems or from advanced modeling and simulation. Such sources of information can include physical limits on equipment operation, plant 
operating limits and procedures as well as severe accident management guidelines (SAMG). These are vital knowledge bases that inject 
realism and provide boundaries on the application domain for DT training. Further, a critical step of DT development is to assess the quality 
and trustworthiness of simulation data prior to training ML algorithms. To this end, software and criteria to identify non-physical or 
anomalous results in simulation results will be demonstrated. Finally, the software and computational requirements for the simulation engine 
and data generation process will be discussed. All of these aspects contribute to establishing the credibility of DTs and will be critical to the 
adoption, and regulatory approval, of ML based technologies for nuclear safety applications. 

14:00 - 14:20 Synopsis of Westinghouse Machine Learning, Artificial Intelligence, and Digital Twin Developments for Nuclear Power Applications by 
Gregory Banyay, Brian Golchert, Jessica Preston and Clarence Worrell 



Westinghouse is a leader at incorporating new technology. Artificial intelligence, machine learning (AI/ML), and the manifestation of these 
tools in applications such as digital twins are now part of the Westinghouse tool kit for developing advanced analysis and simulation tools to 
improve the performance of all parts of the nuclear industry. Within AI/ML, Westinghouse developed state of the art tools that reduce cost of 
poor quality in the nuclear manufacturing process, saving the company hundreds of thousands of dollars annually. Machine vision coupled 
with AI/ML and robotics technology is being investigated as a method to reduce inspection costs of components, particularly concrete and 
welds. A suite of software that utilizes AI/ML has been developed to provide structural health monitoring and thus enable prognostic health 
management at nuclear power plants. Digital twins of components in a nuclear power plant have been developed to monitor the health of 
operating equipment, diagnose causes of costly failures in a plant, and prognosticate remaining useful life to ultimately inform operations 
and maintenance policy optimization. This presentation highlights Westinghouse developments in the field of AI, ML, and digital twins and 
examples of projects currently underway. Almost all of these advances are readily applicable to CANDU applications. 

14:20 - 14:40 

OPERATION OF A MONITORING & DIAGNOSTIC CENTRE – ADVANCED PATTERN RECOGNITION MODELLING AND ALERT MANAGEMENT by 
Joseph Metzler, Daniel Foster-Roman, Nazgol Shahbandi, Mailiis Qaqish, Edris Nur and Adam Opolski 

Ontario Power Generation (OPG) is operating a Monitoring & Diagnostic (M&D) Centre that relies upon Advanced Pattern Recognition 
(APR), a subset of supervised Machine Learning (ML), models to identify anomalies in the operation of plant equipment. This anomaly 
detection allows for the identification of degradations in equipment prior to failure, with the goal of optimizing equipment reliability while 
minimizing equipment downtime and maintenance costs. These benefits can only be successfully captured if the methodology of APR is 
well understood and the model receives an appropriate structure and domain knowledge input. Further, strong communication protocols 
must be in place between the M&D Centre and the sites being monitored to ensure degradations are identified and addressed prior to 
equipment failures. This paper will provide a brief explanation of APR and model design, followed by a discussion of the alert management 
process that has been developed to review and communicate anomalies. 

 

Session 1.3 - Regulatory Challenges 

Chair: Dr. A. Gupta, NC State 

Co-chair: Metin Yetisir, CNL 

14:45 - 15:05 Revolutionising nuclear safety documentation by Julianne Antrobus and Derreck Van Gelderen 

15:05 - 15:25 

The Canadian Nuclear Safety Commission's Approach to Disruptive, Innovative and Emerging Technology (DIET) by Kevin Lee 

Disruptive, innovative, and emerging technologies (DIET) are driving changes in many industries at a pace never seen before, and we can 
expect the same for the nuclear industry. The CNSC has historically made efforts to stay ahead of the technology curve in order to enable 
the assessment and regulation of activities involving new and novel technologies. To more systematically face a rapidly evolving 
technological environment CNSC, in 2019, established formed a DIET working group (WG) charged with the following: - meet with industry 
and other stakeholders to identify DIET they are considering - establish criteria to determine if a technology falls under DIET - establish 
criteria to determine if a likely to be implemented DIET: o requires updates to the regulatory framework, or o is sufficiently addressed in the 
regulatory framework. This paper/presentation it also includes a background on DIET from the CNSC perspective, an exploration of 
technologies of interest, likelihood of their implementation and criteria used to differentiate between them. 

15:25 - 15:45 

Artificial Intelligence Application in Nuclear Power Plant Predictive Maintenance and the Potential Regulatory Challenges by Tarek Tabikh 
and Yongchang Liu 

A maintenance program plays a vital role in the safe and reliable operation of safety-related systems, structures and components (SSCs) in 
nuclear power plants (NPPs). A mature and robust maintenance program ensures that safety-related systems continue to fulfill their design 



function, which further enables safe and reliable power production. Technological advancements in artificial intelligence and their application 
in predictive maintenance provide significant opportunities for resource optimization. As Canada’s nuclear regulator, the Canadian Nuclear 
Safety Commission (CNSC) oversees the implementation of the maintenance program to ensure that safety-related SSCs are maintained, 
repaired and monitored per applicable requirements. CNSC staff need to ensure that the adjustment to the maintenance program due to 
these technological advancements will not have an unacceptable impact on SSC reliability and their fitness for service. This presentation 
starts with a brief overview of the current regulatory requirements related to the NPP maintenance program. Then, anticipated impacts on 
the maintenance program from the implementation of artificial intelligence for predictive maintenance is discussed. Finally, the potential 
regulatory challenges these changes present are shared. Keywords: Regulator, CNSC, maintenance, predictive, challenges, AI. 

15:45 - 16:05 

Nuclear Fire Safety Inspections Solved by Paul Amendola 

Nuclear Safety Inspections Solved Changes are underway for the nuclear industry as facilities try to keep up with transformative technology 
that is innovating and refining the way work is performed, including safety inspections. This discussion will explore nuclear safety 
inspections including the reasons why they are performed, the methods in which inspections are generally completed and how digital IoT 
solutions can bring benefits to the inspection process, making compliance effortless by leveraging real-time insights from inspection reports. 
Agenda breakdown: -Reasons why people perform workplace inspections: Compliance, Insurance, Preventative Maintenance -How 
inspections are completed -Digital IoT solutions 

 

Session 1.4 - Cyber Security, Training 

Chair: David Track, CNL 

Co Chair: Ashlea Colton, CNL  

16:10 - 16:30 

Model-based detection of stealthy false data injection attack by Yeni Li and Hany Abdel-Khalik 

As the digitalization in industrial control system provides convenience for system control and monitoring, it also brings potential risks, the 
most critical one of which is denoted as false data injection (FDI). This type of attack aims to falsify the raw sensor’s data to mislead the 
operation process and control system. Specifically, the FDI attacks from the attackers with intimate knowledge or strong familiarity of the 
system model, can deceive the embedded safety check or the operators, since conventional anomaly detection techniques will be 
compromised under this scenario. To address this challenge, this work proposes a new class of defense method, randomized window 
decomposition (RWD) to establish signatures from time-series data, which can serve for classifiers to distinguish the attack scenarios from 
the normal ones. The rationale behind RWD is based on an assumption that the intimate knowledge of attackers can only capture or rebuild 
the dominant degrees of freedom (DOFs) of the system transient behavior, while the less dominant DOFs cannot be fully constructed, 
unless the attackers have privileged access to all proprietary data and historical records of operation. A RELAP5 simulated two-loop PWR is 
employed to calculate representative nuclear reactor behaviors for demonstration. 

16:30 - 16:50 

Covert Cognizance for Predictive Modeling: A Case Study for detecting FDI attack by Arvind Sundaram and Hany Abdel-Khalik 

Recent developments in industrial control systems using a cyber-physical framework have rendered them susceptible to cyberattacks. While 
traditional measures such as IT defenses and passive OT techniques excel at preventing system access and naive attackers, their 
effectiveness is reduced against capable adversaries such as advanced persistent threats. Thus, we highlight the need of active OT 
techniques to serve as a signature for these processes. However, it is acknowledged that the latter can often influence system behavior and 
affect its optimality. To this end, a new approach to securing such systems via active defense is introduced by using the idea of covert 
cognizance, or C2. The success of the C2 paradigm is demonstrated using a representative nuclear reactor control system to detect false 
data injection attacks in a deterministic manner. This is performed by augmenting the system dynamics by ways of a pattern-less signature 
that does not impact the system behavior. Statistical analyses have been performed to highlight the indistinguishability of the augmented 



process from a natural process, further cementing the notion of covertness. Additionally, the pattern-less nature of the signature makes the 
technique immune to detection by machine-learning and other data mining tools. 

16:50 - 17:10 

IMPROVING MENTAL MODELS IN OPERATOR TRAINING: HELPING ANALYTICAL THINKING WITH AUGMENTED REALITY by Marlene Khalil 
and Fernando Muniz Simas 

Nuclear Operations Training is a regulated, time-intensive fundamental component in the extensive Training Program of Ontario Power 
Generation. In 2019, OPG’s Learning Innovation and Training Systems Team initiated a pilot project called CID – Common Informed 
Decision - to evaluate Augmented Reality as an accessory tool in the risk evaluation and mitigation process during Fuel Handling System 
Simulator-based failure assessment. While CAD files detailed visualizations would help, this project took the next step and focused on the 
highest cost events in terms of lost revenue/reactor downtime and created dynamic, highly detailed, second per second, visuals of the path-
to-failure, providing a high-precision visual instance for the ANO, CRSS and CRSM to zero-in on the source of failure and agree on the 
mitigation path. Augmented Reality presents an opportunity to improve Mental Models as Training Information is retrieved during high-risk, 
high-stress training. The possibilities are vast. Keywords: Augmented Reality, Hololens, Operations Training, Simulation, Immersive 
Training, Human Performance 

17:10 - 17:30 

COMBINING SIMULATION AND VIRTUAL REALITY: AN IMMERSIVE TRAINING EXPERIENCE by Ryan Simpson and Fernando Muniz-Simas 

Control room and plant simulations have been a staple for training operations staff at nuclear stations for decades. Only recently has Virtual 
Reality (VR) emerged as a technology for enhancing visualization of plant equipment. While simulations offer a view of plant processes from 
the control room, they lack the in-the-field element of walkdowns and troubleshooting. Alithya and EXO Insights have merged their 
simulation and VR technologies to create a one-of-a-kind immersive training environment. Linking these technologies presents an 
opportunity to feed simulated process/equipment data to the VR models which become “alive” according to simulation models. Human 
Performance can then validate mental models, improving the quality of informed group decisions. The VR Smart models populate the virtual 
environment with simulated data for training purposes and generate corresponding equipment states, providing trainees with realistic in-field 
feedback. VR Smart Simulation technology offers a training experience like no other and the opportunities are vast. (see attachment) 

 

 

  DAY 2 – October 7 

Time 

Session 2.1 - Engineering and Scientific Data Analysis 

Chair: Richard Reid, EPRI 

Co Chair: Moe Fadaee, Kinectrix 

11:00 - 11:20 

Automated analysis of electron micro-graphs using convolutional neural networks: accelerating characterization of Ni- and Zr-alloy 
samples from CANDU reactors. by Laurent Karim Béland, Robert Topham, Chris Anderson, Jacob Klein, Heygaan Rajakumar, Sean Hanlon, 
Catalina Anghel, Colin Judge and Mark Daymond 

Ni- and Zr-alloys are used as structural materials in CANDU reactors. As they are exposed to neutron irradiation and elevated temperatures, 
high concentrations of He bubbles appear in X-750 (a Ni-alloy) and hydrides appear in Zr-alloys. Zirconium hydrides and He bubbles are 
both nanoscale microstructural features, which can lead to embrittlement and failure of the structural elements of the reactor. Because of 
their small size, these features are typically characterized using transmission electron micrographs. Currently, analyzing these micrographs 
in order to identify these features is a manual process, which can take up to half-an-hour per micrograph—identifying hundreds of He 



bubbles in a single image is especially time-consuming. Here, we train convolutional neural networks in order to automate these analyses. 
In the case of He bubbles, the network is able to analyze each image in less than a few seconds, representing significant time-savings. We 
will also present our latest progress in automating the analysis micrographs of zirconium hydrides using convolutional neural networks. 

11:20 - 11:40 

USING AI TO ESTIMATE WORK RATES IN STEAM GENERATOR VIBRATION MOCK-UPS by Tim Rector, Jude Alexander, Teguewinde 
Sawadogo and Salim Elbouzidi 

The Multi-Span U-Bend (MSUB) test rig was developed as part of the Advanced CANDU Reactor (ACR) program to study flow induced 
vibration in nuclear steam generators. In particular, the study of tube wear due to flow induced vibration is critical to plant maintenance and 
overall safety. Experimental measurements of work rate, a key parameter in predicting wear, are hard to accomplish both in experimental 
and plant environments, it would be highly desirable to estimate this parameter using accelerometer measurements, which are 
comparatively easy to make. Using historical data from the MSUB experiments, work was undertaken to predict tube-to-support contact 
forces using accelerometer measurements from within the tubes. Several standard system identification methods were attempted and 
compared to both neural network based autoregressive (NARX) and recursive neural network (RNN) estimators. The RNN proved to be 
superior at predicting the actual measured force directly from the accelerometer measurements. Keywords: Recurrent Neural Network, 
RNN, NARX 

11:40 - 12:00 

MACHINE LEARNING ALGORITHM FOR ULTRASONIC FREQUENCY SELECTION IN APPLICATION TO CROSS-CORRELATION FLOW 
MEASUREMENT by Alexander Gurevich 

Selection of effective ultrasonic frequency is a key aspect in the application of ultrasonic measurement devices, including the cross-
correlation flow meter. Depending on measurement conditions, effective ultrasonic frequencies may differ, and determining these 
frequencies can be time consuming. Changing flow conditions may affect the effective range of ultrasonic frequencies, in which case the 
process of frequency selection must be repeated and completed quickly enough to react to changing conditions. A machine learning 
algorithm was developed at Advanced Measurement and Analysis Group Inc. (AMAG) in order to automate and speed up the frequency 
selection process. The latest version of the algorithm was tested with promising results on simulated plant conditions that were created 
using real plant data. This presentation will discuss the applications and development of the machine learning algorithm, how plant 
conditions were simulated, and the results of the testing, which offer a significant improvement in speed of frequency selection. 

12:00 - 12:20 

GEOMETRIC APPROACH TO ELUCIDATE DATA VALIDATION AND RECONCILIATION METHOD (DVR) by Yuri Gurevich 

Data Validation and Reconciliation method, DVR is a tool for analysis of a system, such as power production plant and others, which is 
characterized by a set of measurements. Regardless of numerous publications, engineers, who are engaged in implementation of the 
method may benefit from better understanding of its basis. In the presentation a systematic approach of considering the DVR method in 
terms of geometry in multidimensional metric space (Riemann Space) is presented. It allows formulation of the method in mathematically 
accurate, and at the same time intuitively understandable level and enables discussion of the basic questions: What is the reason to 
suggest that the reconciled values are better representation of the system? Why uncertainty of each reconciled value is better (or in some 
cases is the same) than uncertainty of the original measurements? Why some parameters of the model are more important than others in 
reducing uncertainty? etc. 

12:20 - 12:40 

COMPUTER VISION: THE FUTURE OF DESIGN ENGINEERING by Gabriel Aversano and Tamer Sabrah 

Computer Vision (CV) technology has recently made tremendous progress in some industrial applications including checkout-less retail 
stores, diagnoses from medical information and self-driving vehicles. For existing nuclear power plants (NPPs), the Engineering Change 
Control (ECC) process often includes communication of design changes through change packages using engineering drawings markups. 
CV technology can enable computers to detect, track, register and classify objects for the purpose of interacting with engineering drawing 
information and automating tasks within ECC. CV may ultimately gain the ability to understand the context of the design changes providing 



a means to obtain Operational Experience (OPEX), detect anomalies, provide design recommendations, or even prepare markups 
automatically given information of the design intent. As part of its innovation program, Kinectrics is developing CV software aiding tool for 
these design engineering applications. The software has capabilities of detecting, duplicating, and automating processes that usually take 
more effort and longer times to complete manually or using traditional tools. The Kinectrics’ developed software aiding tool shows promising 
results and potentials to aid technical personnel to improve both quality and efficiency for projects delivery. 

 LUNCH (40 Minutes) 

 

Session 2.2 - Reactor Safety and Security 

Chair: Joseph Metzler, OPG 

Co-Chair: Dr. Willie Cook, University of New Bruinswick 

13:20 - 13:40 

RISK-INFORMED REACTOR SAFETY MARGIN EVALUATION USING BAYESIAN EMULATORS by Catalina Anghel, Sourena Golesorkhi, Jonathon 
McKay and Alexandre Trottier 

Complex reactor system models are subject to uncertainties from sources such as lack of knowledge of physical quantities, new conditions 
(e.g. aging components), and limited experimental data. Our knowledge of the shutdown systems relies on these simulation codes and 
informs regulatory review. The aim is to estimate functional failure distributions using statistical methods, so that both the estimated 
frequency of the system failure and the uncertainty of that estimate can be computed. A direct computation of this probability requires a 
prohibitively large number of both coupled neutronics/thermalhydraulics simulations, and the behaviour of safety systems in response. An 
improved statistical framework is required, using Bayesian emulators to approximate the outputs of coupled multiphysics simulations, with 
associated uncertainty, at reduced computational cost. CNL is developing an emulator for Loss of Coolant Accidents (LOCA) in a typical 
pressurized heavy water reactor. Gaussian process emulators are used to reproduce outcomes of interest, such as the amplitude of the 
power pulse and the maximum bundle enthalpy, to be subsequently used to quantify the functional failure rate. Our results detail the training 
and validation of the emulator over a range of initial conditions. 

13:40 - 14:00 

TEMPORALLY-REWEIGHTED DIRICHLET PROCESS MIXTURE ANOMALY DETECTOR by Nick Torenvliet 

This paper proposes a streaming anomaly detection algorithm using variational Bayesian non-parametric methods. We extend the use of 
Dirichlet process mixture models to anomaly detection for online streaming data through the use of streaming variational bayes method and 
a cohesion function. Using our algorithm, we were able to update model parameters sequentially near real-time, using a fixed amount of 
computational resources. The algorithm was able to capture the temporal dynamics of the data and enabled good online anomaly detection. 
We demonstrate the performance, and discuss results, of the algorithm on an industrial datasets with anomalies provided by a local utility. 
Index Terms—Time Series, Bayesian Non-parametric, Anomaly Detection, Variational Bayes 

14:00 - 14:20 

Development of an autonomous radiation detection and characterization platform for severe accident scenarios by Omar Nusrat and Ed 
Waller 

Devices that can provide quick, accurate estimates of radioactivity following potential nuclear emergency scenarios is an active area of 
research in the field of nuclear safety and radiation detection. We present the development of a novel robotic platform, equipped with 
comprehensive radiation detection, mapping, air sampling, data collection and characterization capabilities to assess and mitigate the 
effects of potential severe accidents in nuclear power plants and the surrounding areas. In addition, computer vision is used to assess 
potential structural damage, and light-weight machine learning algorithms are being developed for on-board analysis. Lastly, the 
development of a unifying graphical user interface (GUI) where these actions can take place is currently under development. 



14:20 - 14:40 

INNOVATING SECURITY BY LEVERAGING A 3D DIGITAL TWIN by Jim Raines, John Halsema and Ben Eazzetta 

Digital Twins, coupled with modeling and simulation software, is an innovative tool to support and enhance security effectiveness and 
posture. Security design, assessment and training has typically been implemented by utilizing the knowledge gained by Subject Mater 
Experts (SMEs) through years of experience. Given the complexity of security systems, the rapid and ever evolving technology, threats and 
the aging work force, it is challenging to maintain and expand the needed security expertise. This is how technology and the 3D Digital Twin 
provide an innovative solution. By leveraging a realistic model of the facility (the 3D Digital Twin) and SME knowledge and experience 
embedded software, what in the past would have taken many SMEs and a large expenditure of time and effort, can efficiently be 
accomplished to generate a quantified, consistent and reproducible solution. This presentation will introduce the security 3D Digital Twin 
innovation. Keywords: Digital Twin, Security, Subject Matter Expert, SME 

 

Session 2.3 - Waste Management, Decommissioning and Health Applications 

Chair: Gabriel Aversano, Kinetrics 

Co-Chair: Metin Yetisir, CNL 

14:45 - 15:05 

Evaluation of the Use of Augmented Intelligence in Decommissioning Planning by Richard Reid 

Augmented Intelligence (AI) has been successfully applied outside of the nuclear industry in the planning and execution of projects of similar 
complexity to decommissioning. Use of this approach has enabled project optimization, scenario evaluation, and faster response to major 
perturbations in project plans. The work described in this presentation evaluates the applicability of commercially available software and 
protocols for the use of AI in planning and execution of complex decommissioning projects. Specifically, the approach has been applied to 
planning of a substantive decommissioning task to determine the effect of uncertainties in radiological characterization to project 
performance. This is intended to demonstrate the effectiveness and limitations of the AI approach. A main concern is the availability of 
sufficient data to achieve meaningful results. The state-of-the-art for decommissioning planning relies heavily on personnel experienced in 
past projects. With the rapid global expansion in the number of simultaneous decommissioning projects in the planning and execution 
phases worldwide, the availability of experts is becoming limited. Use of AI that incorporates experience from completed projects offers the 
potential to enhance the planning process by providing insights that enable optimization of the decommissioning process, thereby providing 
greater certainty in the plan. 

15:05 - 15:25 

MEASUREMENT AND ASSOCIATED DATA MANAGEMENT OF NUCLEAR WASTES ARISING FROM REDUNDANT STORAGE VAULTS by Richard 
Hunter and Nick Fitzgerald 

Cavendish Nuclear have designed and installed waste retrieval systems which remove ILW from concrete storage vaults in the UK. The 
waste is measured and segregated on a sort tray before being placed into waste boxes for long term storage. The assay system utilizes 
gamma dose rate and high resolution gamma spectroscopy measurements. The measurement system’s software analyses the measured 
gamma spectra, combines the results with pre-existing radionuclide fingerprint information, and determines the inventory of each tray of 
waste, allowing a decision to be made regarding which waste box to tip the waste into. The system tracks the total waste inventory 
attributed to each waste box, ensuring that all packages are compliant with storage acceptance criteria, whilst optimizing the fill and activity 
content of each package. The software can re-calculate the inventory of each package as fingerprint data is updated, and to account for 
radioactive decay with time. 

15:25 - 15:45 
ROBOTIC CONTAMINATION MAPPING IN NUCLEAR OPERATIONS, MAINTENANCE AND DECOMMISSIONING by Joshua Barnfather 

Health physics surveying of floor space in facilities across the nuclear industry is heavily reliant on manual labor which risks human radiation 
exposure and low-quality data acquisition. Robotic automation offers a solution to these challenges, potentially having an impact in 



operational and decommissioning stages of a nuclear facility lifecycle. R&D has been undertaken to work towards realizing an industry-
ready robotic contamination mapping tool. This tool is based on an off-the-shelf robotic research platform, with integrated radiation detection 
and spatial mapping hardware, that runs bespoke software developed in collaboration with health physics surveyors using the Robotic 
Operating System (ROS). This presentation highlights target technology application areas, the approach taken towards system development 
and results gained so far in the R&D process. 

15:45 - 16:05 

RADIOMICS AND GAMMA CASCADE CORRELATIONS FOR PATIENT SPECIFIC DIAGNOSTIC MEDICAL IMAGING by Chary Rangacharyulu and 
Sriraksha Murali 

Just as the discovery of X-rays and nuclear radiations led to revolutionary changes in medical diagnostics in the form of non-invasive 
imaging, the extraordinary evolution of computing powers along with the mathematical apparati promise to offer a major shift in the image 
interpretations. The radiomics is a fast developing computer algorithm and database reliant techniques of machine learning. In this 
approach, the computer systems analyze a patient’s image along with their physiological and anatomical structure and health histories. 
Individual patients will be stratified based on the radiomic biomarkers with information about cancer traits to determine the patient's 
prognosis, making use of the machine learning algorithms of artificial intelligence[1]. Needless to say, this technique, as it evolves, will 
contribute to optimization of treatment protocols to match a patient’s condition. We are currently developing a new modality of medical 
imaging where non-collinear gamma ray correlations of beta minus emitters are candidate. We are working to establish working relations 
with engineers and computer scientists in medical professions here and abroad to develop radiomics based diagnosis techniques. [1] See, 
for example, H. Arimura et al, Journal of Radiation Research, Vol. 60, (2019)pp.150-157 

 

Session 2.4 - System and Component Health Monitoring 

Chair: Kevin Lee, CNSC  

Co-Chair: Ashlea Colton, CNL 

16:10 - 16:30 

ONLINE MONITORING OF EQUIPMENT AND INSTRUMENTATION CONDITION AND THE BENEFIT CALCULATION IN MAINTANANCE 
OPTIMIZATION AND EQUIPMENT HEALTH by Nazgol Shahbandi, Daniel Foster-Roman, Joseph Metzler, Mailiis Qaqish, Edris Nur, Adam 
Opolski and Muhammad Paracha 

Ontario Power Generation’s (OPG) Monitoring and Diagnostic (M&D) Centre has utilized Advanced Pattern Recognition (APR) technology 
to leverage station equipment and process data for Online Monitoring (OLM) of equipment condition and instrument calibration. OLM 
enables the M&D Centre to provide value through maintenance optimization and cost avoidance through early detection and prevention of 
equipment failures and consequent power generation losses. OPG has developed a strategy to calculate these benefits to demonstrate 
value added to plant health and return on investment. In this article, the necessity and challenges of benefit calculation strategies in OPG 
M&D Centre are discussed; Electrical Power Research Institute’s (EPRI) recommended benefit calculation methodology is reviewed. Finally, 
implementation of the methodology is presented and discussed through case studies on equipment degradations and instrument calibration 
drift identified by OPG’s M&D Centre. 

16:30 - 16:50 

USING ARTIFICIAL INTELLIGENCE TO MONITOR PRIMARY HEAT TRANSPORT PUMP SEAL DEGRADATION  by Salim El Bouzidi and Tim Rector 

Primary heat transport system pump seal failure is a source of forced outages in CANDU plants. Industry-wide efforts are underway to 
switch seals from periodic maintenance and corrective maintenance (run-to-failure) to condition-based maintenance. As such, there is an 
opportunity to develop “smart” diagnostic tools for condition-based maintenance. Pump seal conditions that will lead to failure can be difficult 
to assess. A seal could be determined to be fit for service during an outage, but experience sudden failure shortly after return to service. 
Typically, operating plants have instrumented their pump seals with temperature and pressure sensors. Pump shafts are also instrumented 
with vibration monitoring sensors, as excessive shaft oscillations due to unbalance or pump cavitation can lead to seal failure. However, 



beyond relying on heuristic criteria, this data is collected by the plants but not yet utilized as part of advanced condition monitoring tools. 
Advanced diagnostic tools could be developed, implementing fault detection algorithms to determine whether a seal failure has occurred, or 
is likely to occur, during reactor transient or steady-state operation. CNL has initiated the preliminary development of artificial intelligence 
tools that can predict common seal failure modes, based on data signals for pump seal parameters monitored within plants. A machine 
learning (ML) approach is under development to utilize CNL’s Seal Rig historical test data, available for nominal and faulty seal states, for 
training and testing ML algorithms. A methodology is being developed for feature selection of time-dependent seal parameters. 

16:50 - 17:10 

Prediction of Functional Failures in Health Reporting by Elham Harirpoush and Somayaji Ayalasomayajula 

Health reporting of equipment, components, systems, and programs in a power plant is an important factor in assessing and improving the 
reliability of process plants to assure safety and durability of the facility. As part of the health reporting process, one of the key indicators that 
is assessed is the number functional failures in a reporting period. Historically, the determination of a functional failure has been a manual, 
intensive process that required the collection and processing of multiple layers of data. In this project, a machine learning solution is 
proposed to predict whether a record should be categorized as a functional failure based on different attributes associated with the work 
order in question. These attributes are largely made up of two distinct types of data – categorical, and text based. To work with the different 
types of data, the proposed solution incorporates four different machine learning models including random forest with bootstrap class 
weight, logistic regression, SVM, and neural network. These models are applied in combination to estimate the degree to which a record 
could be considered a functional failure. To evaluate the performance of the predictions, out of sample error is computed with the k-fold 
cross validation resampling technique. 

17:10 - 17:30 

Machine Learning Techniques to Predict Flow Accelerated Corrosion Rate and Scalloping Behavior by Siddharth Raval, Derek Lister and 
Rachit Trivedi 

UNB Nuclear has been studying Flow Accelerated Corrosion (FAC) under various conditions for nearly two decades and have recently 
started to assess the machine learning techniques to predict corrosion rate and scalloping behavior. The objective of the study was to apply 
machine learning techniques on predicting corrosion rate under different conditions and to understand what circumstances cause scalloping 
- as it is still not a well understood phenomenon. Various statistical models such as linear regression, decision tree, and random forest were 
tested for their fitness against data and prediction success. It was found that the second order linear regression model had least prediction 
error of 10.7% (model was cross validated) for corrosion rate. Decision tree classifier was found to perform best with 82.4 % (cross 
validated) of F1-score for classifying scalloping. Corrosion rate and exposure time were found to be most important factors for the scalloping 
to occur. Due to lack of large amount of data to verify, conclusions cannot be made on the extent to which the scalloping depends on the 
exposure time, however this work laid some ground work to the possibility of applying machine learning techniques to existing experimental 
data, and to gain better understanding of FAC. 

 

 


