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University of Waterloo – Carl Haas CRD 

 

CRD Title: Robotics and Automation for Optimal Characterization for 

Nuclear Power Plant Decommissioning 
 
 
Overview   
 
Nearly a third of the world’s nuclear power plants (NPPs) are over 30 
years old, and a large number of these will be decommissioned in the 
coming decades, including the Ontario Power Generation’s Pickering 
NPP. The focus of this research project is on developing automation 
and robotic methods, specifically environment characterization to aid in 
the deconstruction of NPPs. The ultimate goal of this work is to reduce 
exposure to humans from decommissioning activities, which includes 
demolition, packaging and removal of debris, and safe storage 
activities. It is anticipated that the results of this study will significantly 
enhance the tools and the process of providing semantic model inputs 
regarding the facility environment to decommissioning robots, 
automated waste selection, and packing optimization for low to intermediate waste disposal.  
 
Given the context, the project aims to address the following main objectives: (i) develop efficient 
methods to create as-built Building Information Models; (ii) develop and implement the requisite 
characterization information necessary to populate such models, specifically targeting and 
optimizing automated decommissioning tasks and the types of equipment to be used; (iii) proof-
of-concept demonstration of the concepts and tools which will be developed during this project; 
and (iv) build on the knowledge gained in meeting the preceding objectives to address inventory 
assessment and selective disassembly for optimization of demolition, disassembly and packing. 
While this phase of the study will focus on the facility characterization using sensors, it is 
anticipated that this work will lay the groundwork for the design and development of robotic 
tools and equipment to assist with decontamination and dismantling activities in the subsequent 
planned phases of this research partnership. 
 
Progress is being reported on various tasks as outlined in the original proposal. The project 
activities completed during the last year have largely been on track with the initial projections, 
with some minor adjustments. The staffing and activities are ongoing in earnest, and remaining 
activities will be completed as per the original schedule. The mobile robotic platform, mapping 
software, and sensor integration tasks are nearly complete. Semantic model development, 
optimization for packing, and non-destructive evaluation tasks are ongoing, and will continue 
into the new year. A majority of the remaining work will be focused on these tasks in the 
remaining two years of the project. Both OPG and the academic team have met nearly a dozen 
times (in-person and via video conferencing) during the last year, and this close interaction is 
expected to continue into the second and final years. 
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Program results, highlights and advances in knowledge    
 
The research started in September 2017, with five graduate students currently working on the 
project, supervised by the project investigators. Progress highlights include mobile platform 
integration, mapping software and trial deployment, a workshop in May on 3D modeling and 
scanning with over two dozen participants from OPG and Clearpath Robotics, and substantial 
progress on our initial research activities. These activities are grouped into the following four 
areas: 
 
Data acquisition system development and rapid scan-to-BIM 
The main activity in this task is the development of a mobile UGV hardware and software 
platform to carry a range of sensors to enable scan-to-BIM, NDE, and supporting inspection 
tasks. Scan-to-BIM is the process of taking laser point clouds and processing them into 
semantically meaningful building information models (BIM). In terms of research contributions, 
this platform will help us answer questions such as: “What is required to perform scan-to-BIM 
using a mobile platform equipped with relatively low cost sensors, with and without fixed 
targets?” And, “What fidelity we could achieve with respect to the “gold-standard” of fixed laser 
scanners that use stationary targets?” Subsequently, we would like to evaluate and quantify 
both the quality of such scans and how downstream applications (e.g., quantity estimations, 
planning and animation for automated disassembly processes, packing optimization, etc.) are 
impacted, specifically with regards to decommissioning applications, by using data from such 
mobile scans. The following tasks have either been completed or well underway: 

 Hardware construction and interface for the 3D medium range laser scanner with the 
UGV robot (see Figure 1) 

 Interfacing of three optical wide field of view (FOV) cameras, inertial measurement unit 
(IMU) and a radiation dosimeter with the UGV –  single camera integration complete, 
including hardware work, calibration, and software for fusing image data with laser 
scanner data. Radiation dosimeter compatibility and utility for this project is still being 
investigated. 

 3D mapping software development for continuous scanning using multi-sensor data; 
performed tests to compare against Faro scans and implemented scans using a stop-
and-go solution. 

 CRio® and ROS integration for incorporating NDE sensors completed 

 Hardware and software testing and trouble-shooting well underway and will proceed 
throughout as needed 

This platform will provide flexibility in terms of objectively comparing a wide range of existing 
and new algorithms related to SLAM-based 3D mapping, inventory assessment, packing 
optimization and disassembly which will all be developed during the course of this project. 
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Figure 1 – Mobile UGV Platform showing the mobile and stop-and-go mapping kits 

 
Material characterization using non-contact sensors 
The central objective of this task is to estimate global material properties of materials from data 
collected using non-contact sensors in an automated fashion, potentially using the UGV. Such 
information can be used to enrich the semantic models to be developed for the purposes of 
decommissioning. Considerable progress has been achieved in the following tasks: 
 

 Development of a NDE method based on changes in ultrasonic surface/guided wave 
velocity and surface/guided wave attenuation – spacing between transducers reduced 
(i.e. for f=150 kHz: fifteen wavelengths; for f= 250 kHz: five wavelengths) to avoid 
frequency shift based on initial analysis and lab experiments 

 Ultrasonic transducers were scanned with laser vibrometer in air. These results were 
used to compute transfer function (TF) estimator first, followed by the next phase which 
involves transducer scans coupled with glass and concrete blocks  

  Evaluation of the correlation functions between surface/guided wave velocity and the 
modulus of elasticity; and surface/guided wave attenuation and material conditions – 
initiated  

 
Detailed plans to integrate NDE sensors into the mobile platform are being discussed and will 
be finalized pending the outcome of this phase of exploratory work. 
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Figure 2 – Ultrasonic wave patterns in concrete acquired with laser vibrometer and sensor 
system 
 
 
BIM (Building Information Model) development 
The central objective of our work will be to develop a BIM specifically to address the 
management, visualization and planning of decommissioning. The BIMs created using 3D 
scanned point clouds (TLS and mobile LIDAR point clouds) will be enriched with other semantic 
information such as material properties, and a framework for how this information can lead to 
better informed decommissioning planning will be developed. The tasks envisioned in this 
phase of research will include inventory assessment (quantity take-offs), selective disassembly 
planning and input to 3D packing optimization. For deconstruction sequencing, we plan to 
develop methods to assess global structural stability and simulate such sequences on the FE 
models constructed from BIMs. The form and structure of the model developed will be uniquely 
suited for the preceding purposes and for nuclear power plant decommissioning. As well, 
prototype model segments of the Pickering NPP will be developed and linked to data collected 
in this research and the related research projects such as the UT UAV study. The BIM created 
will be a central repository and access point for most of the research program outcomes and 
data. Significant progress has been achieved with respect to the following tasks and details are 
as follows: 
 

 3D point cloud acquisition is ongoing; we have acquired scanned data of the SDIC lab 
using both a high-density laser scanner and LIDAR. We have also completed outdoor 
scans using GPS measurements 

 BIM model development – a 3D reactor model has been transformed to Revit (Figure 3), 
and a cloud hosted BIM environment in which NDE, quantity tracking and engineering 
data can be integrated is being constructed in the FORGE environment 

 Automatic conversion algorithms – graduate student training is complete and 
implementation has started  

 Disassembly methods – work has started on understanding the state-of-the-art in 
disassembly, and recent OPG plans have been studied 

 BIM semantic content development – OPG 3D workshops held in May (see Fig. 4)  
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Figure 3 – BIM Revit models in FORGE 
 
 
 

 
 

Figure 4 – Some of the two dozen attendees at OPG 3D workshop in May at Waterloo 
 
 
Packing Optimization 
Currently, research on nuclear waste is more focused on the waste disposal aspect: selection of 
technical options for waste processing and storage, performance and safety assessments of 
disposal facilities, etc. Research on the packing of nuclear waste is quite limited, while the 
packing problem in other industries has been a big concern, as better packing strategies can 
directly cut the budget of packaging and shipping. In the additive manufacturing industry, 
commonly known as 3D printing, packing and fabricating different objects simultaneously in one 
build chamber, instead of printing them one object at a time, has become one effective solution 
that has been studied to increase productivity. Similarly, the packing problem has been applied 
to the garment industry, sheet metal cutting, furniture making and shoe manufacturing to save 
material and to reduce costs. Progress is described on the following tasks: 
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 Literature review on 3D packing optimization theory – synthesis of theory from 
geotechnical, 3D printing, graphics and logistics industries has been completed (e.g., 
Figure 5 for some examples from the literature) 

 Commercial 3D packing optimization software – several software packages have been 
evaluated for functionality, fit-for-purpose and cost  

 Multi-objective optimization model – development has begun 

 Visualization tools – commercial and custom options are being evaluated 

 Economic model and experimental design for quantifying potential benefits of higher 
packing density in terms of labour reduction and packing units reduction – under 
development 

 Optimal balance between automated tools and manual intervention – under study  

 

                               (a)       (b) 

Figure 5 – images of packing optimization examples from the literature: (a) Reprinted from 
“HAPE3D—a new constructive algorithm for the 3D irregular packing problem *”, by X. Liu, J. 
Liu, A. Cao, and Z. Yao, Front Inf. Technol. Electron. Eng., vol. 16, no. 5, pp. 380–390, May 
2015; (b) Reprinted from "Level-set-based partitioning and packing optimization of a printable 
model", by M. Yao, Z. Chen, L. Luo, R. Wang, and H. Wang, ACM Trans. Graph., vol. 34, no. 6, 
pp. 1–11, 2015. 
 
 
Cases with Realized outcomes to Industry  
 
Since the research is in its initial phases, this is expected in the future. 
 
 
Research Facilities and Equipment established   
 
See Figures 1 and 2. 
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Current HQP enrolled in the program  
 
The following HQP are enrolled: 

 Elvina Mery – MASc (100%) 

 Yinghui Zhao – PhD (100%)  

 Piotr Wiciak – PhD (50%) 

 Nicolas Charron – PhD (25%) 

 Steve Phillips – PhD (25%)  
 
 
HQP graduated 
 
Since the research is in its initial phases, this is expected in the future. 
 
 
Publications 
 
Since the research is in its first year, this is expected in the future. 
 
 
Interactions with industry 
 
In addition to the workshop held in Waterloo in early May, a 3D Scanning Workshop was held at 
OPG’s 777 Brock Road Auditorium in Pickering with over three dozen attendees from OPG. 
Presentations included: 
 

 Introduction by Dr. Haas who facilitated the remainder of the workshop 

 Presentations by each group on uses (specifics on application, HW/SW used, value 
added/benefit): 

o Darlington – Martin Vanderheyden 
o Refurb – Perrik Le Dreff 
o IRI – Rick Cook 
o Pickering - Michael Cleave 
o RG - Bez Alavi 
o Pickering Safe Store – Vasile Bostan 
o Design Industry Platforms – Paul Murray 

 Action Plan 

 

  




