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ABSTRACT

Highway 97 runs through the Okanagan region of British Columbia and crosses
Okanagan Lake at Kelowna. By year 2000 an existing 3 lane floating bridge, opened in
1958, was in need of replacement due to severe traffic congestion and significant
deterioration. Traffic volumes in excess of 50,000 vehicles/day were causing
substantial delays crossing the only bridge across the 135 kilometre long lake. Delays
were compounded by the requirement for the bridge to be temporarily closed to
accommodate marine traffic.

Figure 1 - Old Okanagan Lake Bridge

The Province of British Columbia examined alternatives to address the issues of a
highway crossing Okanagan Lake and established project objectives to address safety,
traffic capacity, tolling, marine traffic, pedestrians and cyclists.

The project ruled our rehabilitation and then focused on a new crossing of the kilometre
wide lake. After examining cable stayed and tunnel options a combined floating and
elevated structure was selected as the preferred solution to meet all project objectives.

The bridge was delivered as a Public Private Partnership DBFO project with SNC
Lavalin selected as the Concessionaire in June 2005 with a design/construction cost of
$(Cdn)144.5 Million .The 5 lane bridge was completed in May 2008, 3 months ahead of
schedule and on Budget.
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1. INTRODUCTION

Occasionally a transportation challenge presents itself that cannot be solved by
conventional means. This paper presents one such project. The Province of British
Columbia (B.C.) is Canada’s most westerly Province. With a predominantly
mountainous landscape, BC is also home to a number of lakes. In South Central BC,
Highway 97S travels north-south through the Okanagan Valley. At Kelowna, a lakeside
city of 130,000 residents, the Highway crosses the 135 km long Okanagan Lake.

Originally the lake crossing was serviced with a vehicle ferry. In 1958, the province
undertook the construction of a two lane floating bridge, the first of its kind in Canada.
The bridge included a lift span to accommodate marine traffic. Growth in traffic resulted
in the expansion to three lanes in 1983 with the centre lane designated as a reversible
direction lane to accommodate peak flows.

Over time, traffic volumes grew steadily, eventually reaching 50,000 vehicles/day, and
causing substantial delays to commuter and commercial freight traffic travelling
Highway 97S. These delays were further compounded by the operation of the lift span
to service marine traffic. When activated for the passage of lake vessels under the
bridge, the lift span caused the short term closure of the Highway and further
congestion. Concurrent with the traffic growth was the progressive deterioration of
some of the floating concrete pontoon sections, as well as the electrical-mechanical
failure of the lift span.

With increasing congestion, accelerated bridge deterioration plus the increased
frequency of vehicle crashes, the Province determined that something drastic must be
done to reverse these trends.

2. PROJECT OBJECTIVES

In the late 1990s, the Province of British Columbia undertook an assessment of the
alternatives to establish a sustainable, safe, reliable and fully functional highway
crossing of Okanagan Lake capable of supporting all modes of transportation. The
assessment focussed on the following factors:

2.1 Safety and reliability

The old bridge accommodated both directions of traffic with no separation. Vehicle
collision frequency exceeded Provincial averages for similar conditions as did collision
severity. Collisions typically closed the bridge entirely leading to extended severe
congestion and delays. As the closure of the bridge meant a detour route around the
lake taking more than two hours, improved availability and reliability of the bridge
crossing was identified as a key project objective.

2.2 Traffic capacity

The rapid population growth in the Central Okanagan valley has led to Highway 97 in
the vicinity of the lake crossing becoming the most congested section of Highway in the
interior of the Province. Future projections had showed continuing traffic growth of
about three percent annually. By the year 2000, volume exceeded capacity by 20%
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leading to significant congestion delays particularly during the am and pm peak periods.
It was determined that a sustainable solution would need to provide excess capacity of
50% that would be absorbed over time by the continued growth until the overall
capacity constraints of the broader Highway corridor and system were reached.

2.1 Tolls

The Provincial government policy on tolls requires that a viable alternative route choice
must be available to road users before the implementation of tolls can be considered.
Due to the absence of a practical alternative lake crossing, the policy required that the
bridge crossing remain a “no-toll” facility.

2.2 Accommodating marine traffic

The old bridge lift span required activating to allow sailboats or larger commercial and
pleasure vessels to pass under the bridge. Each lift meant the closure of the highway
for at least 3 to 5 minutes. This constraint was seen to be increasingly unwelcome by
the highway users as traffic and congestion delays expanded. The Province
determined that a fundamental project objective was to eliminate vehicle-marine
conflicts by requiring a fixed navigable marine channel capable of accommodating an
18 metre vertical clearance at high water be incorporated into the future crossing.

2.3 Cyclists and pedestrians

Although the old bridge had two narrow sidewalks, they were insufficient in width to
accommodate safe two way cyclist and pedestrian movements. In addition, there was
no separation between the walkways and the vehicle lanes other than a curb. As it is
the Province’s policy to take measures to encourage transportation alternatives to
passenger cars, it was agreed that the project would provide improved cycling and
pedestrian facilities that would be safe and sufficiently wide to accommodate two way
movements.

2.4 Communities and Environment

Okanagan lake is a clean water source that provides drinking water to over 200,000
people. Environmental sustainability and enhancement was identified early on as a
vital objective, including the goal to meet and exceed regulatory requirements for
biodiversity, water quality and waste management.

The lake crossing also connects two urban areas and a first nations community. As
most bridge users are residents of these communities it was established that a key
objective would be to partner with each community, to develop a strong spirit of co-
operation to foster mutual benefits, and for the First Nations, to provide further specific
employment, business opportunities and recognition initiatives in keeping with
Provincial policy.

3. DESIGN OPTIONS

The lake crossing, at its narrowest point, is about 1000 metres across. Lake depths
vary from a shallow 5 metre deep shelf on the western shore to depths of 60 metres for
the eastern and central portions. However, the most challenging aspect of the site is
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the makeup of the lake bottom material where very soft lucustrian silts predominate to
a depth of up to 20 metres creating a very unstable environment for structural
foundations.

3.1 Cable stayed

A cable stayed design would have typically been considered an appropriate means to
span the kilometre wide and up to 60 metre deep crossing. However, the deep lake
sediments presented a major constraint to establishing affordable bridge tower
foundations. Towers would need to be widely spaced near the shores of the lake
creating a greater main span and a higher consequent cost.

3.2 Floating pontoon structure

The old bridge was a floating structure so there was no question that this proven,
though high cost solution could be employed. The challenge was to construct a floating
bridge that could also accommodate a navigable channel with an 18 metre vertical
clearance to allow all marine traffic to pass unimpeded under the bridge.

3.3 Causeway and piers

The western third of the crossing was shallow and could certainly be supported by
either a causeway fill or a series of pile supported pier foundations. The difficulty was
that the deep eastern and central sections of the bridge site could not practically
support a fixed foundation structure due to the depths and very unstable lake bottom
silts.

34 Tunnel

A lake bottom tunnel was considered as an initial option but quickly discounted due to
the deep soft silt lake bottom. The novel concept of a partially floating submerged
tunnel was also conceptually examined but found to be unfeasible and without any
known demonstrated application elsewhere.

3.5 The selected design

Through the process of elimination and the integration of options the selected design
incorporated a light causeway fill on the western shore, adjoining a fixed 300 metre
long elevated section accommodating the navigation channel supported by five deep
pile supported piers, and finally a 700 metre long concrete pontoon floating section to
span the deep center and eastern portions of the crossing. The design life of the new
bridge was set at 75 years, meaning this duration before major structural rehabilitation
would be required

IP340-Buckle-E.doc 4



Figure 2 - Profile of the selected design

4. DELIVERY OPTIONS

The bridge was originally intended to be procured through a design — bid — build
process and so the Province commissioned the selected option to proceed to design.
However, before completion of the design, the Province initiated a business evaluation
of alternative forms of project delivery in keeping with a new policy to undertake
alternate forms of delivery assessment, including P3, for infrastructure projects over
$20 million.

As a result of the qualitative and financial evaluation, a business case was developed
to invite proposals for a Design — Build — Finance — Operate (DBFO) model for a new
bridge crossing of Okanagan Lake. Some of the key reasons for selecting the DBFO
option and proposed features of this model included:

¢ Incentives for the private partner to manage the project efficiently, such as no
payments until the bridge opened, in order to encourage early completion.

o Flexibility to facilitate innovation in design and construction.

e Assignment of risk to the partner best able to manage it. For example the
Province retained land, legislative, archaeological and some environmental
approval risk, while the private partner assumed all design, construction,
operation and maintenance risk.

¢ Performance based payments over the life of the operating phase (27 years)
based on traffic safety record, lane availability, traffic volumes, and bridge user
satisfaction measures.

¢ Inclusion of long term operations and maintenance to encourage consideration
of life cycle costs.
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The procurement process from the Request for Expressions of Interest (RFEIO)
through to the signing of a Concession Agreement took 20 months. The evaluation of
the proposals was split into two processes. First a technical (pass-fail) evaluation was
undertaken to ensure the proposals met all the essential Provincial requirements. Then
a financial and commercial assessment was made to determine the best value for
money.

The successful proponent (Concessionaire) for the project was SNC Lavalin. The value
of the design-build capital cost of the bridge was $144.5 million ($CAD) and the
estimated total net present value of the 27 year stream of payments to the
Concessionaire was $170 million including all capital and operating costs.

5. PROJECT IMPLEMENTATION

The construction of the bridge and it's approaches was expected to take three years.
The key components of the construction were:

Graving dock (dry dock)

Floating pontoons

Fixed bridge and approach roadways
Pontoon installation and anchoring
Bridge fit-out

5.1 The Graving Dock

The critical path for the project was focussed on the fabrication of the floating pontoons.
Each pontoon was 25 metres wide and typically 90 metres in length and weighing
approximately 7000 tonnes. To construct these very large, floating, heavily reinforced
concrete boxes a special purpose dry dock, known as a graving dock, was required
(see figure 3). A suitable site was located seven kilometres up the lake from the bridge
and excavation commenced. Before the excavation had gone far, bones were
unearthed and the project had to be shut down for two months while a full
archaeological investigation was undertaken in co-operation with the neighbouring First
Nations. The graving dock, measuring 100 metres long by 30 metres wide by 5 metres
deep was constructed with steel sheet pile walls, a heated and cooled concrete floor
and a 13,000 litre/minute dewatering pump system.
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Figure 3 — Constructing the Graving Dock
5.2 The Pontoons

The construction of the pontoons commenced with the building of a prototype to test
the constructability of the design. In particular was the challenge of consolidating the
concrete within the tall thin walled forms heavily laced with reinforcing steel and post
tensioning conduits. A further challenge was the need to be able to place and support
formwork to build over one hundred encased cells in each pontoon, and then to
remove the formwork (see figure 4). Yet another challenge was the requirement to
create 36 fully watertight cell compartments per pontoon with no leakage or dampness
below the waterline.

Figure 4 — Fabricating the pontoons

The first pontoon took five months to construct. The contractor soon realized that with
such production rates continuing, the completion date would be substantially overshot.
An initiative was launched to develop efficiencies in construction methods, materials
handling, the training and distribution of workers and the use of new products.
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Productivity steadily improved as the new methods were implemented including
installing more overhead cranes, round the clock shifts, crew production incentives and
innovative new construction methods. The last four pontoons were each completed in
about sixty days representing a 250% productivity improvement. Upon completion of
each pontoon, the graving dock was flooded, the gates to the lake were opened, and
the new pontoon was floated out onto the lake and secured, awaiting its turn to be
towed to the bridge site.

5.3 The Fixed Bridge and Approach Roadway

At the bridge site, causeway fills were constructed at the east and west approaches.
The soft lake bed sediments led to settlements in excess of one metre as a result of
the preload. To minimize the weight of the fill, Styrofoam blocks were used to construct
very light weight embankments weighing only 24 kilograms per cubic metre, and
represented only about one percent of the weight of an equivalent conventional
granular fill.

The fixed portion of the bridge was supported by five concrete piers, with each pier
founded on twelve steel pipe piles each driven up to 60 metres in depth, as friction
piles, into the soft lake bottom.

Figure 5 - The fixed elevated span and the navigation channel

In order to provide an 18 metre high vertical clearance navigation channel under the
bridge, pairs of concrete columns were constructed at each pier to support the elevated
structure. (see figure 5) Horizontal members consisted of six welded steel girders each
with a span of 50 metres.

One of the unique features of this bridge was the special purpose expansion joints that
were designed to accommodate multiple degrees of movement including longitudinal
expansion and contraction, the rise and fall of the lake level and torsional rotation of
the floating pontoons. The composite rubber and steel joints incorporate a stiff
accordion diaphragm integrated with a sliding steel deck plate.
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Figure 6 — Towing the pontoons to the bridge site

Other special materials included maintenance free weathering steel to fabricate the
bridge girders and silica fume concrete to cast the deck, aiding in durability and
resistance to de-icing salts.

54 Pontoon Installation

Each of the nine pontoons was towed in sequence to the bridge site (see figure 6). The
installation first required making lateral connections with twelve anchors on each side
of the bridge. These large seventy-five tonne anchors and their corresponding cables
were then each hydraulically tensioned to their particular design load to ensure the
floating bridge remained in alignment under all wind, wave and ice conditions. Each
pontoon was then connected with its adjoining pontoons through 144 separate post
tensioned wire tendon joints. These connections were designed to be extremely strong,
in effect creating one 700 metre long rigid pontoon. Once the floating structure was in
its final position, a continuous concrete deck overlay was cast to establish the final
running surface.

Figure 7 — Constructing the floating elevated section
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5.5 Final Bridge Fit-out

The fit-out of the bridge included the construction of the sidewalk for pedestrians and
cyclists, the installation of median barrier, parapets, overhead lighting, signage, and
lane markings. Fourteen video cameras were installed in conjunction with integrated
systems allowing the counting of vehicles (a performance measure) as well as
facilitating rapid response to vehicle crashes, stalls and road conditions.

6. RESULTS

The five lane William R Bennett Bridge was opened to traffic in May 2008, 108 days
ahead of the contract substantial completion date. Two adjoining projects on Highway
97 either side of the new bridge provided additional lanes, eliminated intersections and
made other safety improvements to ensure a less constrained flow of traffic to the
bridge.

The bridge met the quality requirements specified by the Province with the exception of
two areas. The first involved the failure of the grout used to support the expansion
joints and the subsequent failure of the joints themselves. The Concessionaire had to
replace the expansion joints to resolve this problem. The second quality issue was the
extensive full depth cracking of the cast concrete deck for the fixed bridge. This
problem is being addressed by an extensive and ongoing program of epoxy crack
sealing. Both quality issues were the full responsibility of the Concessionaire who has
had to spend a significant cost undertaking these extensive repairs and replacements
through an ongoing program of night work partial lane closures.

Figure 8 — Closing the gap for the new bridge
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The operational performance of the bridge has been excellent to date with an
extremely good safety record, good lane availability performance and positive
stakeholder satisfaction ratings. Traffic growth since the opening of the bridge has
continued at a slow but steady rate.

7. SUCCESS FACTORS

71 Risk Assignment

The private partner assumed the design, construction and operations risk of the bridge
while the public sector retained the Iland, legislative and adjoining corridor
improvements integration risk. This worked well as each party was in a position to best
manage the risks assigned to them. Some risks, for example environmental matters
were shared. Such shared risks had to be carefully defined to delineate the respective
responsibilities and avoid disputes.

7.2 Performance based incentives

The payment structure was strongly geared to the Concessionaire’s performance. The
Concessionaire did not receive any payments until substantial completion, which
placed a strong schedule incentive to finish as early as possible. The monthly
payments to the Concessionaire are partially tied to the performance measures of lane
availability, traffic volume, safety and public satisfaction. These incentives proved to be
helpful in providing motivation to meet and exceed the objectives established by the
Province.

7.3  Life-Cycle costs

In principle, design choices and material specifications that are focussed on
sustainable and maintainable outcomes usually lead to lower life-cycle costs. While
these choices must be optimized with overall design and construction costs, most
decisions on the bridge design were closely linked to life-cycle costs. Two poorly
performing areas, expansion joints and deck cracking resulted in the Concessionaire
having to spend considerable expense to address them, but in general the
consideration of life-cycle costs has led to a very successful end product.

7.4  Inter Governmental Co-operation

The bridge, paid for by the Province of British Columbia spans Okanagan Lake and in
so doing joins the City of Kelowna and the Westbank First Nation. For the bridge to
function effectively, work was required within the two adjoining communities to upgrade
the corridor. Through formal agreements, and the spirit of a three way partnership the
three projects have been able to tie seamlessly together to achieve a broad, corridor
wide, successfully integrated transportation system.

7.5 Contractor Innovation

There are approximately ten large floating bridges world wide. To undertake a
technically very challenging task of this sort, a combination of innovative thinking and
proven design and construction approaches is required. The William R Bennett Bridge
brought together new and modern composite materials, industrial engineering

IP340-Buckle-E.doc 11



innovations in fabrication and production, novel recruitment training and retention
strategies for workers and the financing, management and oversight of a world class
engineering firm.

Thanks largely to this combination of innovative approaches, the project was
completed within budget, ahead of schedule and resulted in the delivery of an urgently
needed bridge that is now addressing the traffic, safety and service needs of this
primary British Columbia transportation corridor.
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