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PROJECT MATTERS

PRESSURE

PORT MANN MAIN WATER SUPPLY TUNNEL

Aecon cements its role as an innovative partner-of-choice in B.C.’s

heavy civil sector with Vancouver’s Port Mann Main Water Supply
Tunnel — the region’s ambitious response to the growing demand
for fresh drinking water.
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A formidable engineering project
located far beneath British Columbia’s
Fraser River, the Port Mann Water Supply
Tunnel is a fitting example of what can be
achieved when challenge meets
innovation. The project — the firstin a
series of major water transmission system
upgrades planned for the Metro Vancouver
region — challenged its McNally-Aecon joint
venture team early on with adverse
riverbed soil conditions and the highest
groundwater pressures ever observed in
Canadian soft-ground tunnelling. The team
attacked the problems with careful
planning, innovative techniques and a
comprehensive understanding of
underground construction, resulting in the
project successfully reaching substantial
completion in January 2017.

“By working as a team, we were able
to successfully complete this challenging
project,” says Frank Huber, Director, Major
Projects, Management Systems & Utility
Services, Metro Vancouver.

Originally built in 1974, the Port Mann
Water Main is one of several key water
supply links between Metro Vancouver's
watersheds and the municipalities located
south of the Fraser River. The region’s
ever-growing population and demand for
clean drinking water spurred the
construction of a new water main tunnel
to double the supply capacity and provide
enhanced earthquake and river erosion
resiliency. The new tunnel is located
30 metres below the Fraser River bed
(45 metres below the river’s surface level)
and completely replaces the old tunnel.

The key partnership bringing this
project to fruition was the formal joint
venture (JV) team of McNally Construction
Inc. and Aecon Constructors (now called
Aecon Major Projects West).

“We were truly an integrated JV,"
says Aecon Project Manager Andrew Rule.
“McNally brought the tunnelling
experience and we brought the heavy
civil, concrete and piping experience; it
was really one team that worked together
on everything.”

Aecon has worked with McNally in the
past, so becoming one team on this joint
venture was an easy task, says Rule.
“They're a really great crew; excellent
tunnellers, and they have the right people
and experience.”
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2016 TUNNELLING
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Praised by the Tunnelling Association of :—‘_—"—"

Canada(TAC) for exceptionalengineering
skill, a comprehensive understanding

of underground construction and

an innovative approach to modern

-

tunnelling, the Port Mann Water Supply S
Tunnel project was awarded TAC's ’
Canadian Innovation Project of the Year .(‘
Award in October 2016. I éim
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PROJECT OVERVIEW

It's safe to say the new Port Mann tunnel
couldn’t have happened without the help
of “Squirrel.” As is tradition in big
tunnelling projects, the nickname
affectionately assigned to the tunnel
boring machine (TBM) on the Port Mann
project delivered big time, despite its
small-stature moniker. Squirrel was tasked
with boring a 3.5-metre-diameter tunnel
that ran from the south side of the Fraser
River in Surrey, B.C., to Maguabeak Park in
Coquitlam. Before Squirrel’'s work could
begin, however, crews first needed to
excavate and build two massive shafts on
either side of the river.

Following the completion of the south
shaft, Squirrel began to tunnel north, as
crews installed the precast tunnel liner
sections that would protect and support
the 2.1-metre-diameter, welded-steel
water pipe that would eventually carry
drinking water to area residents.

In keeping with one of the stated
objectives of the overall project, both the
new shafts and tunnel are fully earthquake
resistant to mitigate the risk of any future
seismic damage causing a threat to the
region’s water supply.
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BUILDING THE SHAFTS
The first phase of construction included
excavating the 60-metre-deep south-side
shaft. Because of its close proximity to the
river and associated geology, crews spent a
significant amount of time installing the slurry
wall primary ground support and removing
materials from the base of the shaft in
preparation for pouring the concrete base.
And since the bottom of the shaft was below
water level, specialized divers were employed
to work underwater to complete the task.

The next step was to strengthen the
interior of the shaft with a reinforcement
system consisting of rebar cages, which
were first assembled on the surface and
then lowered into the shaft. Crews would
then fill the reinforcement area around the
shaft walls with approximately 140 cubic
metres per lift, totalling 2,200 cubic
metres, of self-consolidating concrete. A
unique product, self-consolidating concrete
offers a “runnier consistency” that allows
for flow around very heavily reinforced
structures, and is able to set without the
need for any mechanical vibration.

Crews used a large hopper to transport
the concrete down the shaft and then
place it through an opening in the form.

Construction of the north-side shaft
began while Squirrel tunnelled underneath
the Fraser River from the south shaft.
With the north shaft excavated, the
crews could then begin work on a similar
reinforcement system found in the
south shaft.

Deeper and smaller in diameter than its
south-side counterpart, the north shaft
required special consideration when it
came to preparing for an anticipated future
seismic event. The design called for the
installation of an isolation layer between
the slurry walls and the permanent lining.
The isolation layer consists of a grey,
plastic fabric called UHMW, or ultra-high
molecular weight, and it functions as a
slippery separation layer that prevents the
slurry wall from making contact with the
permanent lining, thereby decreasing the
seismic loading on the permanent lining
of the structure.

Like the south shaft, the north shaft
also serves an additional purpose. After
the TBM reached the north side and was
hoisted out of the north shaft, crews used
the top of the north shaft to construct a
valve chamber that controls the flow of
water to the other side of the river.
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PREPPING FOR SQUIRREL

In November 2013, the first major
milestone for the Port Mann Water
Supply Tunnel project had been realized,
the south shaft reached the end of
construction and crews began preparing
for tunnelling.

As work on the north shaft commenced
on the opposite side of the river, the crews
were also prepping to receive the first set
of a very large order of precast concrete
segments that would be used to line the
tunnel deep below the Fraser River. It took
a third-party company nearly one year to
manufacture 6,000 of these individual
sections, which, when assembled
together, create the 1,000 ring segments
that make up the interior liner of the
one-kilometre-long tunnel.

Since the weight of the earth and
groundwater above the tunnel is
considerable, the thick concrete segments
were built to withstand the extreme
pressure far below ground, protecting both
the workers in the tunnel during
construction and the water supply pipe
that would be installed within it.

Once the precast concrete tunnel
liner was completed, an earthquake-
resistant, welded-steel pipe was inserted
inside. The annular space between the
steel pipe and precast tunnel liner was
backfilled with 2,300 cubic metres of
cellular concrete.
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SQUIRREL GETS TO WORK

In December 2013, the Port Mann Water
Supply Tunnel south shaft job site was
where Squirrel, the massive TBM, was
lowered into the b0-metre-deep shaft to
begin its boring duties far beneath the
river's surface. It took a total of 30 days to
lower Squirrel into the shaft and assemble
it. Once boring commenced, Squirrel
worked its way toward the north shaft at
an average speed of 10 metres per day.

For the Port Mann project, it was crucial
that Squirrel be an earth pressure balance
(EPB) machine, designed to tackle both
the high pressure associated with the
tunnel’s depth and the challenging geology
under the Fraser River.

“The pressure from the weight of the
water —and in our case, there was a lot of
it —and the difficult geology required this
particular type of tunnel boring machine be
used,” explains Rule. "It uses a technique
that holds the water and earth pressure
back using an internal screw conveyor
system that allows the inside of the
machine balance to remain at atmospheric
pressure, which is why it's called ‘earth
pressure balance."”

In fact, one of the greatest challenges
of the project proved to be the ground
conditions under the river. The water
pressure was calculated as being the
highest ever observed in Canadian
soft-ground tunnelling. This, along with
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| Management Systems & Utlllty Services,

Metro Vancouver

the required and continuous maintenance
of the TBM, meant that the first

100 metres of the tunnel took a few
months to complete.

"It was a real geological challenge
getting across the river,” says Rule. “The
riverbed was made up of a combination of
clay, large boulders, sand and cobblestones,
and then, to add to that, the water pressure
was pushing the limits of existing
technologies in North America.”

In order to keep Squirrel moving, a
team of 15 to 20 people was required to
be on hand at all times. The machine was
operated by a crew of five people while
other workers operated the locomotives
and transported materials out of the tunnel
and shaft.

Squirrel was equipped with two skins —
outer and inner. Once it reached the
north shaft at Maquabeak Park, Squirrel’s
forward and head sections, as well as
its inner skin and all of the hydraulic
rams, were removed from the shaft. The
outer skin remained in the ground to form
the permanent seal between the shaft and
the tunnel.

Following 18 months of tunnelling,
Squirrel dutifully completed its job. Upon
removing the machine from the ground,
workers were impressed to see the TBM
had remained in reasonably good condition,
which meant it could be refurbished for a
future project and continue its lifecycle.

Pipe travelling
within the tunnel

TRANSPORTING THE WATER

After completing the tunnelling portion of
the massive project, crews began to install
the lined steel pipe that would transport
the region’s drinking water. The steel pipe
was made of nine metre-long segments
welded together underground. After it was
fitted into the tunnel, workers filled the
40-centimetre gap between the tunnel and
the steel pipe with cellular concrete, which
securely held the tunnel liners in place.

On December 17, 2016, the project’s final
milestone was achieved in a quiet Surrey,
B.C., neighbourhood when the last piece
of pipe was installed by Metro Vancouver’s
crews, linking the new tunnel to the
existing drinking water network.

“The entire project was an engineering
challenge that both the engineers and our
crews had to face,” says Rule. “We worked
with very tight construction tolerances and
numerous geological constraints. It was
tough, but it turned out to be such an
innovative and incredible job in the end.”

OUT OF SIGHT, OUT OF MIND
Following project completion and
extensive landscaping touches, the Port
Mann Main Water Supply Tunnel is now
fully functioning, delivering double the
capacity of clean, safe drinking water from
Metro Vancouver's reservoirs to Surrey
and neighbouring communities south of
the Fraser River.

“The new tunnel enables Metro
Vancouver to meet peak demands for
water long into the future and, at the same
time, mitigates concerns about possible
damage from earthquakes or high flows in
the Fraser River,” says Marilyn Towill,
Director, Operations & Maintenance,
Metro Vancouver.

Although so much of the work that
went into this project is hidden deep
beneath the ground, locked out of sight for
those who live in the surrounding area, the
project team and workers who invested
many hours working on the new Port
Mann Main Water Supply Tunnel will
forever know what a magnificent feat of
engineering, determination and hard work
rests beneath the surface.
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Port Mann Main Water
Supply Project site

PROJECT FILE

PORT MANN MAIN WATER SUPPLY
TUNNEL PROJECT

CLIENT: Metro Vancouver

LOCATION: Vancouver, British Columbia
CONTRACT VALUE: $170 million

TYPE OF CONTRACT: Lump Sum (Bid-Build)

JOINT VENTURE PARTNERSHIP:

McNally Construction Inc. — Aecon Constructors
(Construction Management provided by Hatch
Infrastructure)

AECON BUSINESS UNIT:
Aecon Major Projects West

SUMMARIZED SCOPE OF WORK:

- Set-up of two shaft sites and sinking of two
60-metre-deep shafts (Coquitlam and Surrey)

- One-kilometre excavation of EPB (earth pressure
balanced) tunnel with precast segmental lining
under the Fraser River, from Surrey to Coquitlam

- Installation of welded-steel pipe lining

- Construction of two near-surface valve chambers

TIMING: Spring 2011 to January 2017
EMPLOYEES ON SITE AT PEAK: 70 - 80

KEY EMPLOYEES:

Andrew Rule, Project Manager

Mark Thompson, Project Controls Manager
Steve Skelhorn, Tunnel Manager

Sean Gamble, Tunnel Superintendent

Arash Foadi, Civil Superintendent

Brian MclInnes, Planning & Engineering Manager
Peter Lyon, Safety Manager

Paul Babstock, Quality & Environmental Manager

QUANTITIES:

26,000 cubic metres of cast-in-place concrete
1,600,000 kilograms of reinforcing steel

41,000 cubic metres of excavation

1,497,000 kilograms of steel water pipe
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SAFETY MATTERS
™'

BETWEEN
THE LINES

By Mike Archambault
Senior Vice President,
Chief Safety Officer

Aecon has built much of the
transportation infrastructure that spans
our country, including highways, urban
roadways and bridges. We're proud of
this contribution to our nation and its
connection to our employees, who rely on
this critical infrastructure on a daily basis.

Whether the drive is part of a daily
commute or to a required job site location,
for our employees and contractors,
each day can bring a new driving
challenge. Some of these destinations
can be remote, locations with little traffic
along the way, while others require
driving through bustling suburban and
metropolitan areas and on some of
the busiest highways across North
America. Not only do our routes change,
but so do the conditions and potential
hazards, such as rain, ice, snow and
proximity to the public.

Considering the size of Aecon’s vehicle
and equipment fleet, it's clear that Aecon
employees are exposed to potential road
hazards every single day.

We have approximately 1,100 pickup
trucks and 170 dump trucks, as well as
1,200 additional pieces of equipment,
including vans, trailers, hydrovac trucks,
bucket trucks and service vehicles.

Last year alone, these vehicles drove
approximately 37 million kilometres.
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To put that into perspective, this

equates to:

- Driving from St. John's, Newfoundland,
to Vancouver, B.C., approximately
5,224 times

- Driving around the circumference of
Earth approximately 925 times

As a result, Aecon relies on robust
training and our employees to help
operate our fleet in a safe and professional
manner. Although everyone must pass
certain testing standards to obtain a
license to drive different classes of
vehicles, does this mean that everyone is
a safe driver? The answer is “no.”

Consider this: Aecon measures the
frequency of at-fault vehicle accidents per
one million kilometres driven. This enables
us to measure improvements made to the
company's motor vehicle incident
frequency.

In 2015, Aecon’s at-fault frequency was
3.71 per one million kilometres driven. That
same year, we introduced a comprehensive
driver training program that addressed
high-risk drivers and included both in-class
and practical training. Some 1,400
employees participated in this program.

By the end of the third quarter of 2017,
Aecon'’s at-fault frequency had notably
dropped, to 1.69 per one million kilometres.

AT-FAULT VEHICLE INCIDENT
FREQUENCY FROM 2016 TO 2017
(END OF Q3)

3.71
.\
27
.. 1.69
N
2015 2016 2017 - Q3

Frequencies are per one
million kilometres driven

Although these metrics are considered
“trailing indicators,” there is a correlation
between training and a reduction in at-fault
vehicle accidents.

This significant reduction highlights the
basic principle that when best practices
are followed every day, it's possible to
reduce vehicle incidents.

Aecon’s comprehensive driver training
program focuses on basic principles that
anyone can use to immediately reduce
potential hazards and risks on the road. It's
important to never become complacent or
hold on to bad habits that may contribute
to an incident when you're behind the
wheel or in the passenger’s seat.

With proper training and due diligence,
such as the implementation of safe driving
practices, we can all contribute to safer
roadways and reduce our risk of at-fault
incidents, no matter how remote our
destinations or how busy our commutes.

REMEMBER TO ALWAYS IMPLEMENT
SAFE DRIVING PRACTICES:

[J Complete a circle check to ensure there
are no immediate hazards around the
vehicle before use.

1 Always follow the speed limit and
adjust speed to accommodate road and
weather conditions.

1 Remain focused on driving and
avoid potential distractions, such
as electronic devices.

1 Always wear your seat belt.

[J Keep a safe distance between your
vehicle and others so you can avoid
potential hazards or dangerous
situations.

(1 Familiarize yourself with your travel
route for long or non-routine travel.

[ Keep an emergency kit in your vehicles
— for yourself or to help someone else.

[1 Take breaks and rest accordingly
during long trips.

[ Always signal and let others know
your intentions before changing lanes
or turning.

[1 Check mirrors regularly and be aware
of vehicles around you at all times.

[J Slow down and watch for pedestrians in
populated areas.

[ Ensure your vehicle is properly
maintained and safe for use on the road.

[1 Be ready for changing conditions, such
as rain, snow, ice or fog.

[1 Be winter ready; consider snow tires,
changing tire pressure with the
temperature, the type of washer fluid in
your vehicle, etc.

[J If driving a rental car or other vehicle
know how to control the lights,
windshield wipers, etc.
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Aecon East Headquarters
20 Carlson Court, Suite 800
Toronto, Ontario

Canada M9W 7K6

PHONE: 416 293 7004
TOLL-FREE: 1 877 232 2677
EMAIL: aecon@aecon.com

Aecon West Headquarters
110 9th Avenue SW, Suite 300
Calgary, Alberta

Canada T2P 0T1

PHONE: 403 695 3085
TOLL-FREE: 1 877 232 2677
EMAIL: aecon@aecon.com

Aecon Pacific Headquarters
1055 Dunsmuir Street, Suite 2124
Vancouver, British Columbia

Canada V7X 1G4
PHONE: 604 235 1398 ¥ aecongroup
TOLL-FREE: 1 877 232 2677 aecongroupinc

EMAIL: aecon@aecon.com daecon.com




