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The NWMO’s Proof Testing Program Enters
New Phase

If you want to find Alan Murchison, the NWMO's Manager of Fuel Handling and Sealing System Design, chances are he would not be in the
Toronto office. That is because Mr. Murchison and the engineers on his team are spending most of their time in testing facilities, where for
the past two years they have been proof testing the NWMO’s award-winning engineered-barrier system (EBS).

An EBS consists of four engineered barriers that, in combination with a suitable rock formation, work together to safely contain and
isolate used nuclear fuel from the environment.

The NWMO'’s EBS Design

Within Canada’s deep geological repository, a series of engineered and
natural barriers will work together to safely contain and isolate used
nuclear fuel from people and the environment. In addition to a natural
barrier of rock, there is an EBS consisting of four physical barriers:

Barrier 1: Hard, high-density ceramic nuclear fuel pellets that are _
extremely durable, and resistant to water, wear, and high temperatures.

Barrier 2: The tubes, or fuel elements, in which the pellets are sealed.
Together, these make up the fuel bundle. The fuel elements are made
of a strong, corrosion-resistant metal called Zircaloy that contains and
isolates the fuel pellets.

Barrier 4
Barrier 3: The used nuclear fuel container, which is made of carbon
steel and coated with corrosion-resistant copper.

S S S S Sy

Barrier 4: Bentonite clay, which is used to make the buffer boxes
in which used fuel containers are encased, the spacer bricks placed
between them, gapfill, and the seal blocking off the placement room.

(Continued on page 2)
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(Continued from page 1)

When engineers proof test an EBS, they are
looking for two things: can its components
meet the rigorous requirements for use

in a deep geological repository, and can
they be readily implemented using proven
processes and practices?

Mark Mielcarek, one of the NWMO
engineers working with Mr. Murchison,
recently provided an overview of the latest
developments in the NWMQO's proof testing
program. He started by showing visitors
the buffer box that encases the used fuel
container. “It is made of bentonite clay,” he
explained. “Bentonite is basically weathered
volcanic ash, and it is an ideal sealing
material because it is both very stable and
forms a natural barrier to water flow.”

“But here is the challenge: a buffer box
weighs around eight metric tonnes, about
the weight of 10 moose. It is incredibly
heavy, in other words, and requires
specialized equipment to carry it down to
the emplacement room and deposit it on
the floor. There is no available equipment
we could purchase to do this, so the
NWMO generated a concept and designed
and built a slip skid to test buffer box
placement. The prototype is purpose-built
simply to demonstrate the design is capable
of lifting, transferring, and emplacing the
buffer box assembly onto a floor, or on top
of another buffer box. This is not the final

version, just demonstration equipment to
validate technology.”

Mr. Mielcarek next showed his visitors
a box containing clay pellets known as
gapfill. “The pellets are made from bentonite
powder,” he explained. “It is called gapfill
because it is placed in the gap between
the buffer box and the rock wall in the
emplacement room. It is important to fill
the narrow gap between the box and wall
to make sure that the space is completely
filled. The only way to reliably deliver it is
with a screw conveyor. Since no one builds
a screw conveyor to our requirements, we
had to have one custom-designed and
-built.”

“Our next step was to test the screw
conveyor. So we built a simplified test room
with a narrow opening that would allow us
1o test the screw conveyor. The test room
sits on load cells so we could very precisely
measure the amount of gapfill placed. This
allows us to calculate the gapfill's density.
We confirmed that with this equipment, we
can meet the density requirement for gapfill
in the region between the buffer box and
the excavated rock wall.

“These small steps give us confidence in
the systems we would use to implement the
Adaptive Phased Management program,”
Mr. Mielcarek concluded.

This prototype slip skid, designed by NWMO
engineers, is designed to lift, transfer, and
emplace the buffer box assembly onto a floor,
as well as to stack buffer boxes.

The screw conveyor prototype designed by
NWMO engineers fills the gap between the
buffer box and the rock wall with densely
packed pellets of bentonite clay.

This structure, designed by NWMO engineers, is used
to test whether gapfill has completely filled the space
between a buffer box and the excavated rock wall.
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The NWMO Participates in Expert Group on Operational
Safety

As part of its commitment to following international best practice
in implementing Qanada’s plan, the NWMO routinely participates in s of e Itomatbhalrauns HialWMO pariolai
many of the meetings and workshops of the Nuclear Energy Agency in is the Nuclear Energy Agency’s Expert Group on
(NEA). Founded in 1958, the NEA works to assist its 31 member Operational Safety (EGOS). The NWMO's Kelly Liberda,
countries in maintaining and further developing the scientific, Riftured hogJpaiciostod e pomeeting g oht s

. ) . EGOS this year.
technological and legal bases required for the safe, environmentally
friendly and economical use of nuclear energy for peaceful purposes.

One of the NEA groups the NWMO participates in is the Expert
Group on Operational Safety (EGOS). Created in 2013, the EGOS
works to identify and define international best practices in safely
operating geological repositories for radioactive waste.

The EGOS consists of members from 11 countries and the
International Atomic Energy Agency (IAEA). It meets twice a year, for
one regular meeting and one technical workshop.

Since 2013, the NWMO has attended technical meetings
to discuss repository operational safety topics in fire protection
measures and system design, ventilation system design and
operation, the management of co-activities underground (room
excavation and waste emplacement), and on-site transfer of
radioactive waste and waste emplacement.

The NWMO has also supported the production of an interim
report on fire risk management in underground facilities and an
analysis of hazards associated with co-activities in deep geological
repositories.

The most recent meetings of the EGOS took place in February
and June 2016, with the NWMO participating in both.

Kelly Liberda, an engineer at the NWMO, attended both meetings.
“The EGOS is an example of countries co-operating to enhance the
safety of deep geological repositories,” she said. “It’s one of the ways
we, at the NWMO, are learning from and contributing to international
best practice.”

The June workshop, co-organized with the IAEA, focused on
three key aspects of operational safety: (1) technical design aspects
(e.q., fire risk management, on-site transportation and emplacement);
(2) repository regulatory framework and requirements; and (3)
radiological protection in deep geological repositories.

In addition to Canada, participants attended from Belgium,
the Czech Republic, Finland, France, Germany, Japan, Poland,
South Korea, Sweden, Switzerland, the United Kingdom, and
the United States.
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The NWMO Helps Develop New Methods to Predict Rock

Mass Strength

Researchers at the University of Alberta and Queen’s University
recently completed a five-year research project to further the
understanding and capabilities to predict rock mass response
in deep subsurface excavations and during long-term repository
evolution. This work program was a joint research effort among
the NWMO, the Swedish Nuclear Fuel and Waste Management
Company (SKB), and the Natural Sciences and Engineering
Research Council of Canada (NSERC), and funded 14 graduate
students between the collaborating universities.

The NWMO and partners benefited from acquired
geomechanical knowledge in the Canadian and Swedish programs
over the past decades. A key thrust of the research was to
examine a novel new approach, coined Synthetic Rock Mass
(SRM), which is able to capture the response and interaction of the
intact rock and intervening fractures that comprise the rock mass
individually.

The work program stemmed from an understanding of rock
mass behaviour that has been achieved over the last 50 years
using empirical design methods. Such methods are limited in

A

In June, Queen’s University hosted a workshop in which the results
of the project were presented. The 20 participants included graduate
students from three Canadian universities.

application for prediction of rock mass response on time frames
over 1,000 years, particularly in the case of a used nuclear fuel
repository subject to complex long-term natural and repository-
induced perturbations.

“The SRM approach provides a new methodology to
explore rock mass behaviour using simple or complex boundary
conditions,” said Prof. Derek Martin. “The first step in building
confidence with any new technology is comparing the results
from case studies using empirical and continuum models to
those results produced by the SRM. The findings to date using
experimental data from Atomic Energy of Canada Limited’s Tunnel
Sealing Experiment and Mine-By Experiment, and SKB’s Aspd Pillar
Stability Experiment have demonstrated that the SRM can readily
capture the behaviour of intact rock when subjected to excavation-
induced and thermally induced loading.” This collaborative research
provides an example of how the Adaptive Phased Management
technical program is continually seeking to test and advance best
practice in geoscience.
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Minister of Natural Resources Canada Commends
the NWMO'’s Progress

In June, Canada’s Minister of Natural Resources, the Honourable James Gordon Carr, provided his comments on
the NWMO’s most recent annual report, Progress Through Collaboration — Annual Report 2015. The report was

submitted to the minister in March, as required by the Nuclear Fuel Waste Act (NFWA).

“The Government of Canada believes strongly in the importance of the NWMQO'’s mandate, and will continue to
ensure that the organization fulfills its responsibilities under the Nuclear Fuel Waste Act as it implements Canada’s

plan for nuclear fuel waste,” the minister said in his statement.

The minister acknowledged the NWMO's engagement with communities and the advances made in 2015 in
working collaboratively with them to identify a safe and suitable site for a deep geological repository and Centre of

Expertise for the long-term management of Canada’s used nuclear fuel.

Minister Carr commended the NWMO’s “extensive efforts to reach out to Indigenous communities to benefit from
their partnership, knowledge and experience.”

He noted the NWMO'’s collaborative science and technology program. In particular, the minister singled out the NWMO'’s participation in
domestic and international research projects, including work underway with 15 Canadian universities.

Minister Carr further underscored the importance of engaging with communities and other interested groups on the safe transportation
of used nuclear fuel, noting the steps the NWMO took in 2015 to engage the public on this important subject.

The NFWA requires the NWMO to report its progress to the minister every year through its annual report, and every three years, through
a triennial report. The minister then tables the current report in both Houses of Parliament, and issues a statement on it.

The NWMO’s annual report and a link to the minister’s full comments can be accessed at www.nwmo.ca/en/AnnualReport2015.

Student Receives Award for Excellence in Research

Dr. Stewart Mclintyre presents Joseph Turnbull
with his prize.

Joseph Turnbull, a PhD candidate in
chemistry whose research is being funded
by the NWMO, has been awarded this
year’s Dr. N. Stewart MclIntyre Award in
Surface Science. The award is made to a
full-time undergraduate or graduate student
at Western University for excellence in
research, involving surface analysis or
surface science.

Mr. Turnbull’s research focuses on the
corrosion of copper in solutions containing
nitric acid, a product produced when
radiation causes molecules to disassociate.
Because the NWMO’s used fuel containers
are copper-coated, this is an important
factor to understand and plan for when
designing an engineered-barrier system
that can safely contain and isolate used
fuel over the long term.

Mr. Turnbull’s research is jointly
supervised by Profs. Clara Wren and
David Shoesmith, both of whom hold
collaborative research and development
grants jointly funded by the Natural
Sciences and Engineering Research
Council of Canada and the NWMO.

David Hall, Corrosion Scientist
at the NWMO, also studied under
Professors Wren and Shoesmith. “We are
very fortunate to have talented students
like Mr. Turnbull as part of our corrosion
research program,” he says. “Working
with and supporting the next generation of
Canadian scientists makes me incredibly
optimistic about the future of Canada’s
long-term management of used nuclear
fuel.”
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Future Scientists Learn About Used Nuclear Fuel at SHAD

Summer Campuses
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SHAD students on the Queen’s University campus attend a seminar
offered by the NWMO.

As part of engaging with youth and encouraging their involvement
in nuclear waste management, the NWMO helps support several
youth science programs. One of those programs is SHAD,

a four-week summer program held on university campuses
throughout Canada. Participants, all high-performing high-school
students, develop their skills in science, engineering, technology,
leadership, and entrepreneurship.

“This year, we had more than 400 students attend NWMO
presentations,” noted Isaac Werner, the Government and External
Relations Analyst at the NWMO who organizes our participation in
SHAD.

He added: “The students were quite interested in the topic and

asked very important questions regarding Canada’s plan. It is a
great experience to engage and invest in these future leaders.”

Tim Jackson, SHAD President and CEO, agrees. “The NWMO
offers an exceptional learning opportunity for SHAD youth,
encouraging them to think deeply about complex STEAM-related
challenges. | really appreciate the NWMO’s commitment to sharing
your team with so many SHAD programs.” STEAM stands for
science, technology, engineering, arts and math.

This summer, NWMO specialists spoke at seven SHAD
campuses: Carleton University, Lakehead University, McMaster
University, Queen’s University, the University of New Brunswick,
the University of Waterloo, and Western University.
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NWMO Geoscience Seminar Presents Latest Research
Advances in Repository Safety

Every June, the NWMO hosts a
Geoscience Seminar that brings together
Canadian and international specialists to
discuss geoscientific research that can
contribute to repository safety. This year’s
conference, the 14" such event, was held
in Toronto and attended by more than

70 participants, including representatives
from federal and provincial agencies, a
dozen universities, the NWMO, and its
counterparts in Sweden, Switzerland, and
Finland.

The conference’s 32 presentations
addressed a wide variety of topics
specific to the role geoscience is playing
in understanding repository safety.

Topics included recent developments in
international deep geological repository
programs, and with respect to the NWMO,
advances in the Geosciences program

in the development of multidisciplinary
methods to characterize potential
repository sites in crystalline and
sedimentary bedrock settings. Examples
of presentations included topics such

as past glaciation of the Canadian

land mass, characterization of bedrock
porewater compositions to determine
origin, geomechanical testing to evaluate
long-term rock strength, seismic monitoring
on the Canadian Shield, and the use of
“natural signatures” in the subsurface to

In June, the NWMO held its 14* annual Geoscience Seminar. This
year’s conference was attended by more than 70 researchers from
around the world and included 32 presentations on the ways in
which geoscientific research can contribute to repository safety.

better understand a site’s past geologic
evolution and stability.

Eric Sykes was one of the NWMO
geoscientists who participated in the
seminar. “The Geoscience Seminar
provides a fantastic means to facilitate
discussion and collaboration among
researchers,” he said. “Through the
NWMO'’s geoscience technical program,
continued advances and refinements
are made to the tools and methods to
be used to illustrate the long-term safety
and stability of potential deep geological
repository sites.”
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The NWMO Published Its Draft Implementation Plan for
2017 to 2021

Every year, the NWMO posts a draft plan of its work program for the next five years. The latest draft plan, Implementing Adaptive Phased
Management 2017 to 2021: Draft for Public Review, was available for public comment between July and October.

“A hallmark of Canada’s plan is that it is adaptive, both to advances in technology and science, and to changes in the values and
priorities of the people it serves,” explains Kathryn Shaver, the NWMQO's Vice-President of Adaptive Phased Management Engagement
and Site Selection. “Feedback on our draft implementation plans helps us ensure that our work continues to be aligned with those
values and priorities as the site selection process moves forward.”

The comments and ideas received are being used to refine the final plan, which will be released in March 2017. To see what those
comments and ideas were and how we responded to them, please be sure to read our upcoming triennial report, which will be released
at the same time.

Correction

In our last issue of NWMO News, we incorrectly referenced the report
APM 2016 Lifecycle Cost Estimate Update Summary Report in the article
“Carleton Researchers Complete Transportation Study for the NWMO.”
The correct title of the report referenced in that article is Assessing
Radiological Dose to Members of the Public and Workers During UFTP
Transportation.
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