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UOIT – Scott Nokleby CRD
CRD Title: Development of New Fuel Channel Inspection Tools for
Increased Inspection Speed
Overview
Existing CANDU fuel channel inspection techniques are extremely
time consuming. First, they require the reactor to be off-line.
Second, they only enable one fuel channel to be inspected at a time.
These shortcomings have been identified by Ontario Power
Generation’s (OPG’s) Inspection, Maintenance, and Commercial
Services (IM&CS) Non-Destructive Examination Department. This
project proposes to address these shortcomings by developing two
new inspection tools.
The first tool to be developed will be a self-contained system that can
be inserted into a fuel channel as part of a fuel bundle string, while
the reactor is on-line, and perform the necessary inspections of the
fuel channel. This system, dubbed the capsule, must be able to provide required NonDestructive Examination (NDE) tests in the extremely demanding, high temperature, high-flux
core environment and, therefore, must be radiation hardened and total dose fault tolerant.
The second tool to be developed will be a fire-and-forget, self-propelled inspection tool that can
be inserted into a fuel channel of a reactor that is off-line. Multiple copies of this tool, dubbed
the crawler, will be capable of being inserted into multiple fuel channels and will perform
inspections in parallel, despite being inserted sequentially by a delivery machine such as the
Channel Inspection and Gauging Apparatus for Reactors (CIGAR) or the Universal Delivery
Machine (UDM).
The project was approved for a February 2012 start, but due to the timing of the notification for
the project and the ability to recruit HQP to work on the project; the project did not commence
until May 2012. In addition, upon further discussion with OPG personnel, the initial focus of the
project has been shifted towards developing the prototype for the second tool discussed above,
the fire-and-forget, self-propelled inspection tool, the crawler. It is anticipated that some of the
developed technologies for this prototype can be extended to the capsule prototype discussed
above.
There has been good progress to date on the project with regards to the design of the new
inspection system. To-date one PhD (part-time) student (Mr. Cliff Chan) and four MASc
students (Mr. Shivam Shukla, Mr. Jordan Gilbert, Mr. Mark Manning, and Mr. Abu Khan) have
been recruited. In addition, for the period of May 2012 to August 2012, three undergraduate
summer research students were involved with the project. From September 2012 until April
2013, two fourth year capstone design groups (one group of five students and one group of four
students) worked on different aspects of the project.
In terms of work completed to date, a detailed literature review of existing CANDU fuel channel
inspection systems along with other possible pipe inspection technologies has been conducted.
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The development of the new inspection system is proceeding on three fronts.
First is the development of a method to allow wireless communication of data through the fuel
channel closure plug. This piece is critical to allow the functioning of the overall system.
Potential technologies have been investigated and an initial concept has been proposed (see
Figure 1). A simple proof-of-concept prototype was built to verify the design concept. Currently,
a more rigorous prototype is being developed that will allow testing of the concept under design
pressures.

Figure 1: Concept Design for Modified Closure Plug
The second avenue of investigation is the development of a robotic crawler that will move the
inspection head in the channel. Concept generation and selection have been performed and
proposed design concept has been selected. A simple proof-of-concept prototype was originally
built followed by several iterations of prototypes built with rapid prototyped parts. These
prototypes allowed various concepts to be tested. The final prototype design has been
completed and a proof-of-concept prototype has been built (see Figure 2).

Figure 2: Proof-of-Concept Prototype of Crawler
The third avenue of research involves the development of a localization system in order to
accurately determine the position of the crawler in the pipe. To-date, a test rig has been built
that will allow for the testing the accuracy of different localization techniques (see Figure 3). In
addition, a Kalman filter approach for fusing the data from the three encoders mounted on the
system is being developed.
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Figure 3: Localization System Test-Rig
In addition to the above, work has continued on modeling the reactor in MCNP in order to
determine flux levels that the proposed crawler will experience (see Figure 4). The modeling
data will be used in the detailed design of the crawler as well as the online inspection system.

Figure 4: MCNP Model of a CANDU Reactor
Work has also continued on the development of a new flaw replication tool that can be used insitu (see Figure 5).
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Figure 5: Conceptual Design for an In-Situ Flaw Replication Tool
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Research Team
Professor Scott Nokleby is the principle investigator and has been providing the overall
leadership of the project including the day-today supervision of all HQP in the project.
Professor Ed Waller is the co-investigator has been actively involved in the project in areas
related to radiation effects and sensor technologies. All HQP are co-supervised by Professors
Nokleby and Waller.
Mr. Cliff Chan (PhD student, part-time) is working on the development of the wireless
communication across the end-cap, i.e., a wifi end-cap, along with the power and signal
transmission requirements for all sensors and the proposed robot crawler.
Mr. Shivam Shukla (MASc student) is working on the development of a robotic crawler that will
move the sensor head package through a fuel channel.
Mr. Jordan Gilbert (MASc student) is working on modelling the effects of radiation on the robotic
crawler
Mr. Mark Manning (MASc student) is working on developing the localization system for the
crawler.
Mr. Abu Khan (MASc student) is working on the in-situ flaw replication tool.
The main contact at OPG have been Mr. Don Jarron. Mr. Jarron has been providing valuable
feedback on the developments of the research group.

