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Executive Summary
Gabriola Island is located approximately 4.5 kilometres (km) east of downtown Nanaimo, with a resident
population of 4,050. The British Columbia Ferry Services Inc. (BC Ferries) provides regular service between
Descanso Bay on Gabriola Island and Nanaimo Harbour.
Consistent with the provincial government’s goal of connecting coastal communities in a sustainable manner
and finding innovative ways to reduce the upward pressure on coastal ferry fares, the BC Ministry of
Transportation and Infrastructure commissioned CH2M HILL Canada Limited to provide a technical
assessment of the feasibility of a Fixed Link, connecting Nanaimo and Gabriola Island.
The study objectives were to assess the technical feasibility of a potential Fixed Link crossing as a
replacement for the ferry service, and evaluate feasible options against the existing ferry service, providing
information to support informed debate.
The study area is under the authority of multiple jurisdictions, including the BC Ministry of Transportation
and Infrastructure, the Island Trust, the City of Nanaimo, and the Regional District of Nanaimo. It
encompasses four land reserves of the Snuneymuxw First Nation and the asserted traditional territory of
the following First Nations: Snuneymuxw First Nation, Stz'uminus First Nation, Cowichan Tribes , Halalt
First Nation, Lake Cowichan First Nation, Lyackson First Nation and Penelakut.
A variety of existing and proposed land uses within the study area were considered during the development
of road and bridge options. Although archaeological and environmental factors require careful
consideration, based on early assessments, none of them render the project technically unfeasible.
With continued ferry service, travel demands are expected to grow modestly between 2015 and 2044,
increasing from 900 to 1,220 vehicle trips per day. With a Fixed Link, projections increase from 900 to 5,000
vehicle trips per day.
Of the Fixed Link options developed (see Figure ES‐1), False Narrows East Crossing was determined to be
technically unfeasible, as the navigational clearances could not be acheived without significantly
compromising acceptable engineering standards for the approach grades to and from the structure.
The average cost for the technically feasible Fixed Link options is $359 million (reported in 2015 Canadian
dollars). The lowest cost option is $258 million and the highest cost option is $520 million.
As summarized in Table ES‐1, a Fixed Link is estimated to have a Net Present Value of ‐$113.3 million, based
on the average capital cost. The negative Net Present Values indicates that the present value of this project
exceeds the present value of the benefits. The benefit/cost ratio was calculated as 0.55, also based on
average capital cost. Applying high and low value cost estimates produces a B/C range of 0.34 to 0.92.
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S ECTION 1

Introduction
1.1 Overview
Gabriola Island is located approximately 4.5 kilometres (km) east of downtown Nanaimo. Gabriola Island
had a resident population of approximately 4,0501. In summer, the population almost doubles in size with
the addition of tourists and visitors. Access to the island is by boat or ferry.
Mudge Island lies between Gabriola Island and Nanaimo. Access to Mudge Island is by private boat only.
According to the 2007 Official Community Plan, the full time resident population is estimated at 65 people,
with a summer population over 200.
The British Columbia Ferry Services Inc. (BC Ferries) provides regular service between Descanso Bay on
Gabriola Island and Nanaimo Harbour. Residents of Gabriola Island rely on the ferry for commuter trips and
access to a range of services and facilities in Nanaimo. The ferry service also provides access to Gabriola
Island for tourists and visitors.

1.2 Project Scope
Consistent with the provincial government’s goal of connecting coastal communities in a sustainable manner
and finding innovative ways to reduce the upward pressure on coastal ferry fares, the BC Ministry of
Transportation and Infrastructure (BC MoTI) commissioned CH2M HILL Canada Limited (CH2M HILL) to
provide a technical assessment of the feasibility of road and bridge “Fixed Link” options between Nanaimo
and Gabriola Island. This study is intended to assist discussion about how to connect coastal communities in
an affordable, efficient, and sustainable manner.
The scope, as defined by the Terms of Reference, includes the following tasks:
1.
2.
3.
4.
5.
6.
7.

Problem Definition Statement;
Prepare Forecast Demand Estimate;
Review Previous Studies;
Develop Crossing Alignment Alternatives;
Evaluation of Alternatives;
Preferred Corridor Identification; and,
Report and Recommendations.

This report is the outcome of Task 7 and incorporates the engineering review, analysis, and evaluations
carried out in Tasks 1 through 6.

1.3 Project Objectives
The objectives of this feasibility study are as follows:
1. Assess the technical feasibility of a potential Fixed Link crossing between Nanaimo and Gabriola Island
as a replacement for the ferry service: The study examines the facts regarding a Fixed Link crossing,
considering alignment, road connections, construction costs, operation and maintenance costs, travel
time, reliability, and flexibility for potential users. It includes a high‐level assessment of the socio‐
economic and environmental impacts of such a connection.

1 Based on 2011 Census data from Statistics Canada
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Existing Conditions
2.1 Overview
This section describes the site context, archaeological and environmental conditions which require
consideration in development of options for the Fixed Link. The existing conditions analysis is based on
desktop assessments and data obtained from the following technical stakeholders: the Islands Trust, the
Regional District of Nanaimo (RDN), the City of Nanaimo, Department of Fisheries and Oceans Canada (DFO),
the Ministry of Forests, Lands and Natural Resource Operations, the Ministry of Environment, and the
Council of Marine Carriers.

2.2 Site Context
This section describes land use, including: developments, facilities, and amenities within the study area.

2.2.1 Gabriola Island
Gabriola Island is slightly less than 58 square kilometres of land and is serviced by ~138 km of two‐lane
roads. Of these, ~100 km are paved and 38 km are gravel. While much of Gabriola Island is forested, some
parts have been cleared for agriculture.
Residential homes and vacation properties are dispersed around the island. Other facilities and amenities
include: local shopping, restaurants, a library, post office, an elementary school, and a museum.

2.2.2 Mudge Island
Mudge Island is approximately three (3) square kilometres with ~10 km of dirt and gravel roads. Residential
development is low density and access to the island is via water only. The island has no shopping or schools
and its residents travel to Gabriola Island or Vancouver Island for all amenities and services.
In 2006, BC Assessment indicated that Mudge Island had a total of 360 separate properties – 173 with single
family dwelling units and 187 with vacant lands.

2.2.3 City of Nanaimo
The study area includes a portion of the City of Nanaimo and within that portion, a variety of land use exists.
This section provides a broad outline of the various developments, facilities and amenities:










Residential neighbourhoods: The semi‐rural residential area has larger properties than in a more heavily
urbanized environment. Generally, the residences are single family with few higher density developments;
Areas of recreational value: Cable Bay Trail and other less formal trails exist within the study area. Further,
Dodd Narrows and the adjacent shore lines are well used for water‐based recreation by local residents
and visitors;
Industrial development: A variety of light industrial development exists along Duke Point;
Schools: Cedar Community School is located within the study area;
Farming activities: Hobby as well as commercial farming takes place in the area;
Amenities, including: grocery stores, restaurants, gas stations, churches, retail outlets; and,
Two large master plan communities: The proposed Ocean View development is a 500 acre site in the Cable
Bay area and the Sandstone development is a 726‐acre site adjacent to the Trans‐Canada Highway and
the Duke Point Highway.
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Cost Estimates
5.1 Overview
Cost estimates for all Fixed Link road and bridge options are presented in this chapter.

5.1.1 Unit Rates
Typical unit rates, extracted from BC MoTI’s cost estimating database, were used for the major construction
items in order to arrive at the overall planning level cost estimate for the work.
For the purposes of this estimate, an all‐inclusive unit rate for bridge construction was assumed.



$6,500/m2 for concrete box girder bridges
$10,000/m2 for cable stayed bridges

These rates reflect the complexity of the structures and account for total construction cost including
mobilization and site preparation, temporary works, permanent works, and professional fees.

5.1.2 Property Impacts
Based on general property value ranges for various zonings and lot characteristics provided by BC MoTI,
estimated property impact costs were determined and are included in the overall cost estimate. A
contingency of 50% was added to property acquisition estimates, given the early stage of design, and the
number of uncertainties.

5.1.3 Engineering and Supervision
As an estimate of the engineering and supervision, the following estimated rates were used, based on the
total estimated construction cost:


10% of the construction cost was used to estimate construction supervision costs. This would cover
activities such as site staff, administration, materials testing, monitoring, accommodation, and travel
costs, etc.



10% of a select portion of construction cost was used to estimate Engineering Design services. This
select portion included: grading, drainage, structures, paving, signing and pavement markings, and
electrical works. Engineering Design services includes preliminary and detailed design, legal and
topographic survey, geotechnical investigation, pavement analysis, and environmental impact
assessment.

5.1.4 Contingencies
With the conceptual level of design completed under this study, a contingency allowance of 50% was
included to account for items and conditions unknown at this level of design. Besides those items identified
earlier, additional items could include sub‐excavation in soft soils; additional haul for embankment materials
or gravels; gravel pit development; environmental mitigation; and archaeological remediation.

5.1.5 Accuracy
BC MoTI published Project Cost Estimating Guidelines (2013) which provided guidance on the level of
accuracy to be expected at various levels of planning and design. Applying theses guideline, the level of
project development completed at the conceptual planning level is between 1% and 15%, and the
associated level of accuracy to be expected for the cost estimates is ±35%. However, it is considered
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APPENDIX A
ALIGNMENT DRAWINGS

APPENDIX B
GEOTECHNICAL ASSESSMENT

would connect to Phoenix Way near Harmac, Option B to Nicola, Barnes and Holden Corso Roads
and Option C would be a new alignment tying into the intersection of Phoenix Way and Duke
Point Highway. Locally cuts and fills exceeding 10 m are anticipated.
Our scope of work in this phase of the project is to complete a desktop study and prepare a brief
report summarizing the general geotechnical conditions along the contemplated alignments,
identifying potential geotechnical-related risks for design and construction of the roadway, bridges
and approaches, and to provide preliminary recommendations to mitigate such risks based on
available existing geotechnical information.
2. BACKGROUND INFORMATION
Available information is limited to surficial and bedrock geology.
summarized below.

Information sources are

1. Surficial geology, Map 27-1963, Sheet 92 G/4 and 92 F/1 East, Geological Survey of
Canada.
2. Surficial geology and shaded seafloor relief, Naniamo, British Columbia, Geological
Survey of Canada, Map 2118A.
3. BC Ministry of Energy and Mines Geological Survey Branch Open File 1998-07 Geology
of the Naniamo Coal Field, British Columbia, NTS 92G/4.
4. Doe, N.A. 2000. Sandstone and Shale – Gabriola’s origins, SHALE 1, pp. 26-35.
5. BC Ministry of Environment, Water Stewardship, Ground Water Resources of British
Columbia, Chapter 9 — Ground Water Resources of the Basins, Lowlands and Plains,
Section 9.1.2 Naniamo and Georgia Lowlands.
6. Salish Sea Pilot, A Cruiser`s Guide to Anchorages & Marinas, 2014, 82 pages.
For discussion purposes, we refer to the document numbers listed above.
3. PROGRAM OF WORK
Thurber conducted a site reconnaissance of the Vancouver Island portion of the alignment on
Novemer 27, 2014 and completed a desktop study in preparation of this report.
4. FINDINGS
4.1

Site Reconnaissance

The general area was visually assessed by automobile followed by a hike into Joan Point at Dodd
Narrows via the Cable Bay Trail system accessed from Nicola Road. During the hike to Joan
Point, generally undulating terrain with frequent bedrock exposures were observed. Depending
on where the alignment crosses the creek that drains into Cable Bay, a small bridge may be
required. Photo 1 shows the rock at Joan Point and Photo 2 shows the gently dipping rock at
Purvis Point on Mudge Island.
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geology of the area generally consists of marine veneer over bedrock, with the exception of the
thick fluvial deposits associated with the Nanaimo river delta. Information on the drawing
suggests that foundation conditions along the alignments are anticipated to consist primarily of
relatively thin overburden deposits overlying bedrock and that, in lowland areas, thicker deposits
of soft, fine grained deposits may be present.
Only limited submarine geotechnical information is available for the crossings alignments as
shown on Dwgs. 17-834-185-1, -2 and -3 and in Document 6. Dodd Narrows is a relatively deep,
navigation channel and will likely require an elevated structure that completely spans the channel.
However, Percy Anchorage is up to about 24 m deep and, as indicated in Document 6, is underlain
by recent deposits comprised of gravel and mud. False Narrows is relatively shallow and may be
underlain by recent soil deposits. We also infer that portions of Northumberland Channel are
likely underlain by recent soil deposits.
5. ENGINEERING ASSESSMENT AND PRELIMINARY RECOMMENDATIONS
5.1

General

This section summarizes the results of our desktop study and site reconnaissance. For
conceptual design purposes, we have assumed that the bridge crossings will be designed in
general accordance with CAN/CSA S6-06, which contemplates a 1:475 year design earthquake,
and that the proposed structures will be supported on pile foundations.
Conceptual
recommendations for design of rock cuts and embankment construction are based on our
experience with similar site conditions.
5.2

Seismic Design

5.2.1

Site Response Spectrum

Natural Resources Canada’s seismic hazards calculation website was used to predict peak firm
ground accelerations equal to 0.273g for the 1 in 475 year earthquake (10% probability of
exceedance in 50 years). The 2010 National Building Code Seismic Hazard Calculation out for
the site is attached. Based on the findings of our desktop study and site reconnaissance, the site
condition for upland bridge foundations is classified as Soil Profile Type I following the
CAN/CSA-S6-06 bridge code. The corresponding Site Coefficient (S) per Table 4.4 is 1.0. For
marine foundations, it will be necessary to determine the nature and thickness of overburden
present.
5.2.2

Seismic Liquefaction

Where present, recent deposits in Northumberland Channel, Percy Anchorage and False Narrows
will likely be susceptible to seismic liquefaction. The nature and thickness of these deposits will
have to be determined in the next phase of the work to assess the potential impacts to foundation
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design. For conceptual design purposes, it should be assumed that all structural loads will be
transferred to bedrock.
5.3

Bridge Foundations

Bridge foundations for the various crossings will likely require rock socketed piles. Depending on
seismic load requirements, pile embedment length may be controlled by lateral fixity requirements
rather than vertical compression resistance requirements. Construction of rock socketed piles
typically requires advancing steel casings by drilling techniques to the bedrock surface with a
socket formed below. After clean out, reinforcing steel is placed and then the socket and pile
casing filled with concrete. All load transfer is typically assumed to be from concrete to rock in
shear along the socket length.
The design bond stress between the concrete and the walls of the socket will be a function of the
concrete compressive strength, rock strength, and degree of fracturing. We expect that it will be
difficult to advance the steel casing sufficiently far into the rock to effect a total cutoff of seepage
into the hole. As such, we suggest that the design and construction anticipate water seepage into
the socket. This will require maintaining water in the casing and placement of concrete using
good tremie techniques.
Rock socket design should anticipate weathering, fracturing, sloping rock conditions and the usual
challenges of cleaning from the base of the socket. Further, if it is apparent during installation
that the rock slope is steep, that there is a considerable amount of muck that cannot be cleaned
from the socket, or that the concrete will be contaminated for one reason or another, then the
socket should be lengthened accordingly.
Very high loads are typically attainable with socketed caissons. Typically, the full structural
resistance of a pile sections can be developed. The uplift resistance on socketed piles is
governed by fracture in the rock mass and not simply by the bond length. Generally, the full uplift
resistance can be developed, but the socket length is partially a factor of the proximity of other
piles and must be reviewed during detailed design.
Inspection of the rock socket construction during drilling and after completion of the drilling is
important to confirm that the rock conditions are as anticipated, that the sidewalls of the rock
socket have been adequately cleaned, and that the required length of the socket has been
obtained. The need to increase the socket length due to steeply sloping rock or inadequate
cleaning of the base of the socket can only be made by an experienced inspector. For relatively
shallow and dry installations, the visual inspection of the completed socket can be made using a
lamp and or mirror. Deeper installations, or shallow installations where significant groundwater
seepage is occurring, typically require inspection using an underwater colour camera.
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5.4

Bedrock Cuts

5.4.1

Rock Cut Slope Angle

We have reviewed the regional bedrock geology mapping shown on Dwgs. 17-834-185-3 and -4
and information from our files for the Duke Point Ferry Access road to develop preliminary
recommendations for the conceptual design. The following assessment is not based on any site
specific observations and should be considered general only. We have not been provided with
details such as rock cut heights, cut slope orientations or previous studies by others. A specific
bedrock mapping program will be necessary to confirm our assumptions and finalize the rock cut
geometry.
The Decourcy and Gabriola Sandstone units are anticipated to consist of medium grained,
massive to blocky, medium strong to strong rock. Bedding is anticipated to be the predominant
discontinuity set with orthogonal secondary and tertiary jointing. The bedding is typically relatively
flat lying (<20° dip) and dips of about 75° to 90° are anticipated for the orthogonal joint sets.
The design rock cut slope angle geometry attempts to balance the excavation volume and
construction footprint versus the potential for kinematic instability (due to wedges, daylighting
planes and toppling) and the need for stabilization. We recommend using rock cut slope angles
of 0.25H:1V for conceptual design. Flatter slopes may be required if the regional jointing in the
sandstone is steeper than about 30° or in zones of weaker rock types such as shale, siltstone or
coal (if encountered).
It should be assumed that higher cut slopes (i.e. greater than 10 m) will likely require scaling and
some rock bolting to stabilize potential daylighting planar blocks and wedges. In addition, localized
shotcrete and steel mesh may also be required in more fractured or weathered areas.
5.4.2

Rock Cut Slope Catchment Ditch Design

Typically, the minimum rockfall catchment ditch width design is based on the following documents:
•
•
•
•

“MoTI Technical Bulletin GM02001 (Rock Slope Design)” dated September 17, 2002
“Rockfall Containment for Rock Cuts Highway 99 – Horseshoe Bay to Whistler”, submitted
to MoT by Wyllie & Norrish Rock Engineers in October 2002
“Evaluation of Rockfall and Its Control.” by Ritchie in 1963, “Discussion on Rockfall
Protection Measures” by P.G.D. Whiteside in 1986
“Rockfall Catchment Design Guide” for Oregon Department of Transportation in 2001.

For conceptual planning purposes, the MoTI Technical Bulletin GM02001 provides a description
of catchment ditch geometry and a table of preliminary catchment widths based on slope height.
The recommended catchment widths in the MoTI document may require modification during
detailed design based on the results of the investigation, analysis and construction geometry.
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All rock slopes should be constructed in accordance with standard MoTI practice that includes
smooth wall controlled blasting techniques (pre-shearing), rock scaling and spot rock bolting.
5.4.3

Soil Cuts above Bedrock Cut Slopes

In locations where overburden will be encountered at the top of rock cut slopes, an assessment
will be required to determine the appropriate slope angle. If topography limits the height of the
slope, we expect that it will likely be feasible to cut the material to slopes of between 1.5H:1V to
2H:1V. The standard MoTI design section also requires a 3 m wide horizontal bench between
the top of rock cut and the toe of the soil cut above.
Where thin overburden soils combined with steep slopes are encountered above the top of
bedrock cuts, very high sliver cuts can be required in the overburden unless a retaining wall is
constructed above the bedrock cut or an anchored mesh system such as Tecco Mesh is used to
retain the soil.
5.4.4

Coal Mines

The greater Nanaimo area is known for the presence of coal mines that were excavated in the
1800s and early 1900s. Our cursory review of the mine records database suggests that there are
no recorded mines in the vicinity of this project. However, it should be noted that there is potential
for undocumented mines to exist in this area and any future design should consider the possibility
of coal mine existence.
5.4.5

Metal Leaching and Acid Rock Drainage (ML-ARD)

Although we are not currently aware of any significant ML-ARD issues in the Nanaimo area, MoTI
standard practice requires a screening level assessment is completed for all bedrock excavations
that exceed 1000 m3 of material in accordance with Technical Circular T04/13. As such, an
assessment will be required in the preliminary design phase of this project. In general, sandstone
(the primary anticipated rock type) would be anticipated to represent a low to moderate risk of
ML-ARD generation. Shale and coal deposits (if encountered) would represent a moderate risk
of ML-ARD generation.
5.5

Soil Cut Slopes

Soil cut slopes in granular or till-like soils should typically be cut at a slope angle of 1.5H:1V or
flatter. If fine grained soils are encountered locally, they will have to be assessed on a case by
case basis.
It is important that adequate measures be provided during construction to prevent erosion of cut
slopes during periods of heavy rainfall, snow melt or runoff. Erosion control measures should be
implemented in accordance with the BC MoT “Manual of Control of Erosion and Shallow Slope
Movement (1997)”.
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Excavated slopes should be vegetated immediately following excavation. Seepage from
overburden slopes may occur locally and can only be identified during excavation. Where such
seepages are encountered, drainage measures should be installed. Seepage zones should be
excavated to shallow depth and resloped with shotrock to match the adjacent cut slope. A
geosynthetic should be placed over the overburden prior to placement of the rock fill.
5.6

Embankments

General fill construction should be carried out in accordance with the Standard Specifications for
Highway Construction, Sections 201.36 and 201.37. Embankments will generally be constructed
of either blast rock fill or suitable earth backfill. Where encountered, we recommend that silt and
clay material not be used in embankment construction.
Fills constructed on slopes steeper than 3H:1V should be constructed with rock fill and have their
toes keyed into the slope. The keys should be constructed by excavating a horizontal bench at
the toe of the fill such that the fill toe has a minimum horizontal width of 5 m. If solid bedrock is
encountered before the 5 m horizontal width is reached, field assessment will be required.
Benching should also be done on existing slopes to create horizontal terrace widths of at least
1.5 m.
Earth embankments should generally be constructed in accordance with SS201.37. For fill
materials with less than 35% material passing the No. 200 (0.075 mm) sieve, the slopes can be
constructed at 1.5H:1V to 2H:1V depending on the desired level of performance. Fill materials
with greater than 35% material passing the No. 200 (0.075 mm) sieve will need to be constructed
with 2H:1V or flatter slopes.
Blast rock embankments can typically be constructed at 1.5H:1V slopes. In some locations it may
be preferable to use steeper slopes to fit the existing topography. These locations will have to be
assessed on a case by case basis.
6. SUPPLEMENTARY WORK DURING PRELIMINARY DESIGN
Once a preferred alignment has been selected, we recommend that a detailed marine
investigation be undertaken. The investigation should include detailed bathymetry, seismic
profiling and test hole drilling at select locations to determine the nature and thickness of
overburden and sufficient information regarding the nature and quality of the bedrock for design
of rock sockets.
7. CONCLUSIONS
Based on the findings of our assessment, we consider the project to be technically feasible from
a geotechnical perspective. Further, we believe that all technical issues identified in this report
can be addressed during the design and construction stages of the fixed link project.
Client:
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STATEMENT OF LIMITATIONS AND CONDITIONS
1.

STANDARD OF CARE

This Report has been prepared in accordance with generally accepted engineering or environmental consulting practices in the applicable jurisdiction.
No other warranty, expressed or implied, is intended or made.
2.

COMPLETE REPORT

All documents, records, data and files, whether electronic or otherwise, generated as part of this assignment are a part of the Report, which is of a
summary nature and is not intended to stand alone without reference to the instructions given to Thurber by the Client, communications between
Thurber and the Client, and any other reports, proposals or documents prepared by Thurber for the Client relative to the specific site described herein,
all of which together constitute the Report.
IN ORDER TO PROPERLY UNDERSTAND THE SUGGESTIONS, RECOMMENDATIONS AND OPINIONS EXPRESSED HEREIN, REFERENCE MUST BE
MADE TO THE WHOLE OF THE REPORT. THURBER IS NOT RESPONSIBLE FOR USE BY ANY PARTY OF PORTIONS OF THE REPORT WITHOUT REFERENCE
TO THE WHOLE REPORT.
3.

BASIS OF REPORT

The Report has been prepared for the specific site, development, design objectives and purposes that were described to Thurber by the Client. The
applicability and reliability of any of the findings, recommendations, suggestions, or opinions expressed in the Report, subject to the limitations provided
herein, are only valid to the extent that the Report expressly addresses proposed development, design objectives and purposes, and then only to the
extent that there has been no material alteration to or variation from any of the said descriptions provided to Thurber, unless Thurber is specifically
requested by the Client to review and revise the Report in light of such alteration or variation.
4.

USE OF THE REPORT

The information and opinions expressed in the Report, or any document forming part of the Report, are for the sole benefit of the Client. NO OTHER
PARTY MAY USE OR RELY UPON THE REPORT OR ANY PORTION THEREOF WITHOUT THURBER’S WRITTEN CONSENT AND SUCH
USE SHALL BE ON SUCH TERMS AND CONDITIONS AS THURBER MAY EXPRESSLY APPROVE. Ownership in and copyright for the contents
of the Report belong to Thurber. Any use which a third party makes of the Report, is the sole responsibility of such third party. Thurber accepts no
responsibility whatsoever for damages suffered by any third party resulting from use of the Report without Thurber’s express written permission.
5.

INTERPRETATION OF THE REPORT

a)

Nature and Exactness of Soil and Contaminant Description: Classification and identification of soils, rocks, geological units, contaminant materials
and quantities have been based on investigations performed in accordance with the standards set out in Paragraph 1. Classification and
identification of these factors are judgmental in nature. Comprehensive sampling and testing programs implemented with the appropriate
equipment by experienced personnel may fail to locate some conditions. All investigations utilizing the standards of Paragraph 1 will involve an
inherent risk that some conditions will not be detected and all documents or records summarizing such investigations will be based on
assumptions of what exists between the actual points sampled. Actual conditions may vary significantly between the points investigated and the
Client and all other persons making use of such documents or records with our express written consent should be aware of this risk and the
Report is delivered subject to the express condition that such risk is accepted by the Client and such other persons. Some conditions are subject
to change over time and those making use of the Report should be aware of this possibility and understand that the Report only presents the
conditions at the sampled points at the time of sampling. If special concerns exist, or the Client has special considerations or requirements, the
Client should disclose them so that additional or special investigations may be undertaken which would not otherwise be within the scope of
investigations made for the purposes of the Report.

b)

Reliance on Provided Information: The evaluation and conclusions contained in the Report have been prepared on the basis of conditions in
evidence at the time of site inspections and on the basis of information provided to Thurber. Thurber has relied in good faith upon representations,
information and instructions provided by the Client and others concerning the site. Accordingly, Thurber does not accept respons bility for any
deficiency, misstatement or inaccuracy contained in the Report as a result of misstatements, omissions, misrepresentations, or fraudulent acts
of the Client or other persons providing information relied on by Thurber. Thurber is entitled to rely on such representations, information and
instructions and is not required to carry out investigations to determine the truth or accuracy of such representations, information and instructions.

c)

Design Services: The Report may form part of design and construction documents for information purposes even though it may have been issued
prior to final design being completed. Thurber should be retained to review final design, project plans and related documents prior to construction
to confirm that they are consistent with the intent of the Report. Any differences that may exist between the Report’s recommendations and the
final design detailed in the contract documents should be reported to Thurber immediately so that Thurber can address potential conflicts.

d)

Construction Services: During construction Thurber should be retained to provide field reviews. Field reviews consist of performing sufficient and
timely observations of encountered conditions in order to confirm and document that the site conditions do not materially differ from those
interpreted conditions considered in the preparation of the report. Adequate field reviews are necessary for Thurber to provide letters of assurance,
in accordance with the requirements of many regulatory authorities.

6.

RELEASE OF POLLUTANTS OR HAZARDOUS SUBSTANCES

Geotechnical engineering and environmental consulting projects often have the potential to encounter pollutants or hazardous substances and the
potential to cause the escape, release or dispersal of those substances. Thurber shall have no liability to the Client under any circumstances, for the
escape, release or dispersal of pollutants or hazardous substances, unless such pollutants or hazardous substances have been specifically and
accurately identified to Thurber by the Client prior to the commencement of Thurber’s professional services.
7.

INDEPENDENT JUDGEMENTS OF CLIENT

The information, interpretations and conclusions in the Report are based on Thurber’s interpretation of conditions revealed through limited investigation
conducted within a defined scope of services. Thurber does not accept responsibility for independent conclusions, interpretations, interpolations and/or
decisions of the Client, or others who may come into possession of the Report, or any part thereof, which may be based on information contained in
the Report. This restriction of liability includes but is not limited to decisions made to develop, purchase or sell land.
HKH/LG_Dec 2014

APPENDIX C
ROAD NETWORK OPTIONS DESCRIPTION

where it generally follows the internal road network envisioned in the Oceanview Golf Resort and Spa
Master Plan. A new intersection, where Maughan Road meets the new local road, will be required.
Mudge Island Section
Fixed link options that have a connection between Dodd Narrows and the crossing to Gabriola Island will
require the reconstruction of the existing roads on Mudge Island, including Ling Cod Lane, Coho Boulevard,
Weather Way and View Ridge Road. These existing roads are low volume, gravel roads that will require
extensive upgrading to meet the design criteria for horizontal and vertical alignment as well as road width.
Two new road sections would also have to be constructed to access the proposed bridge crossing
locations, (False Narrows Central Crossing option and the False Narrows East Crossing option).
A new road connecting to connect Coho Boulevard and Weather Way would be required to provide a link
to the False Narrows Central Crossing option, while new road would have to be constructed between the
east end of Weather Way and the easterly section of Coho Boulevard to provide access to the False
Narrows East Crossing option. The upgrading of the existing roads and new road construction is likely to
have significant impact on a number of private properties on Mudge Island. Potential Right of Way
acquisitions of are likely to be required.
Gabriola Island Section
It is proposed that all bridge crossings from Vancouver Island and Mudge Island would connect to South
Road on Gabriola Island. For the purposes of this technical feasibility assessment, the roadworks on
Gabriola Island will be limited to an intersection providing access to the bridge. However, as presented
later in this section, substantial upgrading of South Road from the crossing location to the village centre
will be required to meet the recommended design criteria.

APPENDIX D
ENVIRONMENTAL REVIEW

Fresh Water Aquatic
No at‐risk fresh water aquatic species were identified via the desk top study, however fresh water
drainages likely connecting to Northumberland Channel were identified which may contain potential
rearing and spawning habitat for salmon, trout, and char species. (McElhanney, 1993a; McElhanney,
1993b).
Marine
The blue‐listed eulachon marine fish is an at‐risk marine species was found within the Study Area. This
species has the potential to occur at the bridge crossing locations (BC Conservation Data Centre, 2012).
Although not considered to be species at risk, the review highlighted potential spawning habitat for
herring (BC Conservation Data Centre, 2012) and ling cod, and the presence of oyster and clam beds
along the coastal shorelines near the bridge crossings (McElhanney, 1993a).
Environmentally Sensitive Areas
The Douglas fir/dull Oregon grape ecological community, identified as a sensitive ecological community,
is present in the Study Area. This ecological community is a Red listed environmentally sensitive area
and is found throughout the terrestrial habitats, in particular on Mudge Island and in dispersed areas on
Vancouver Island and Gabriola Island.
The Strait of Georgia, which encompasses the entire marine ecosystem within the Study Area, was also
identified by DFO as an Ecologically and Biologically Important Area (Fisheries and Oceans Canada,
2009). These Ecologically and Biologically Important Areas are classified by DFO as containing significant
or critical marine habitats and allows DFO to provide enhanced protection of these areas (Fisheries and
Oceans Canada 2004). No provincially designated parks, protected areas, or conservation areas were
located within the project area, however Joan Point Park, a City of Nanaimo park is located within the
Study Area near Dodd Narrows.

Environmental Screening of Options
Northumberland Crossing Option
This option is the longest of the bridge crossing options and would require two deepwater pylons within
the Northumberland Channel and two pylons on either shoreline.
Three BC listed species were identified along this alignment. The blue‐listed eulachon may be impacted
by instream work to build the deepwater pylons.
The alignment potentially impacts two unidentified ‘sensitive’ species (BC Conservation Data Centre,
2012). It is unknown if these species inhabit terrestrial or marine environments, therefore potential
impacts to these species is unknown at this time, but may include loss of or alternation of habitat as a
result of removal and clearing for construction of the pylons.
The Strait of Georgia has been identified as an Ecologically and Biologically Important Area by DFO
(Fisheries and Oceans Canada, 2009). Potential impacts resulting from construction of the deepwater
pylons may result in a direct loss of marine habitat or degradation of water quality and marine habitats
due to sedimentation or the introduction of other deleterious substances.
Should a detailed environmental assessment be conducted for this project, additional information
should be gathered on the unidentified BC listed species and DFO consulted to avoid or mitigate
potential impacts to these marine ecosystems.

False Narrows West Crossing Option
This is the longest of the crossing options between Mudge and Gabriola Islands. It is expected that the
north pylon would be constructed instream, while the south pylon would be constructed on shore.
Three BC listed species and one red‐listed ecological community were identified along this alignment
corridor.
The blue‐listed eulachon may be impacted by instream work to build the deepwater pylon. The two
unidentified ‘sensitive’ species are present within this crossing corridor (BC Conservation Data Centre,
2012). The red‐listed Douglas fir/dull Oregon‐grape Ecological Community is present throughout Mudge
Island where the south pylon would be located. Potential impacts to the ecological community may
include loss or alternation of habitat as a result of removal and clearing for construction of the pylons.
This bridge crossing is also located within the Strait of Georgia and identified as an Ecologically and
Biologically Important Area by DFO (Fisheries and Oceans Canada, 2009). Potential impacts resulting
from construction of the deepwater pylon may result in a direct loss of marine habitat or degradation of
water quality and marine habitats due to sedimentation or the introduction of other deleterious
substances.
Should a detailed environmental assessment be conducted for this project, additional information
should be gathered on the unidentified species and DFO consulted to avoid or mitigate potential
impacts to marine ecosystems.
False Narrows Central Crossing Option
The proposed concrete box girder bridge includes six instream pier supports at the south end of
Northumberland Channel and two supports along the shorelines of Mudge Island and Gabriola Island
above the high tide. Three BC listed species and one red‐listed ecological community were identified
along this alignment corridor.
The blue‐listed eulachon may be impacted by instream construction of the piers. It is unknown if this
area is used by eulachon for critical life stages such as spawning. Marine areas, including False Narrows
which is located to the east of this bridge crossing were identified as containing spawning habitat for
herring (Fisheries and Oceans Canada, 2015). The presence of oyster and clam beds along the coastal
shorelines in the vicinity of the bridge crossing were also reported (BC Conservation Data Centre, 2012;
McElhanney, 1993a).
The two unidentified ‘sensitive’ species are present within this crossing corridor (BC Conservation Data
Centre, 2012). It is unknown if these unidentified species inhabit terrestrial or marine environments.
Potential impacts to these species may include loss or alteration of habitat due to clearing and removal
for construction of the pylons on either shoreline. The red‐listed Douglas fir/dull Oregon‐grape
Ecological Community is present throughout most of Mudge Island where the north bridge abutment
will be located (BC Conservation Data Centre, 2012).
Should a detailed environmental assessment be conducted for this project, additional information
should be gathered on the unidentified BC listed species and DFO be consulted to avoid or mitigate
potential impacts to the marine ecosystems.
False Narrows East Crossing
The proposed concrete box girder bridge will contain five instream pier supports, spaced at 60 metres
through False Narrows, with an additional two supports along the north shoreline of Gabriola Island
above the high tide. Three BC listed species were identified along this alignment option.
The blue‐listed eulachon may be impacted by instream construction of the piers. It is unknown if this
area is used by eulachon for critical life stages such as spawning. Marine areas, including False Narrows,
were identified as containing spawning habitat for herring (Fisheries and Oceans Canada, 2015). The

presence of oyster and clam beds along the coastal shorelines in the vicinity of the bridge crossing were
also reported (BC Conservation Data Centre, 2012; McElhanney, 1993a).
The two unidentified ‘sensitive’ species are present along this alignment option (BC Conservation Data
Centre, 2012). It is unknown if these unidentified species inhabit terrestrial or marine environments and
therefore impacts to these species as a result of the bridge cannot be adequately assessed, however
potential impacts may include loss or alteration of habitat.
This bridge crossing is located within the Strait of Georgia and is identified as an Ecologically and
Biologically Important Area by DFO (Fisheries and Oceans Canada, 2009). Construction of the instream
piers may result in a loss of habitat for these marine species. Degradation of water quality may also
result from sedimentation during construction of instream piers.
While the majority of Mudge Island contains the red‐listed Douglas fir/dull Oregon‐grape Ecological
Community, this particular bridge location does not conflict with this ecological community as the bridge
is located outside of the habitat polygon.
Should a detailed environmental assessment be conducted for this project, additional information
should be gathered on the unidentified BC listed species and DFO consulted to avoid or mitigate
potential impacts to marine species.
Dodd Narrows Crossings
The bridge crossing options at Dodd Narrows will require construction of two support pylons on each
shoreline above the high tide. This alignment option has the potential to impact three British Columbia
(BC) listed species and one red‐listed ecological community.
The blue‐listed eulachon, a marine fish, was identified as occurring within the vicinity of Dodd Narrows.
Marine areas including Dodd Narrows were identified as potential spawning habitat for herring
(Fisheries and Oceans Canada, 2015) and ling cod (McElhanney, 1993a). The presence of oyster and clam
beds along the coastal shorelines near the bridge crossing were also reported (McElhanney, 1993a).
The red‐listed Douglas fir/dull Oregon‐grape Ecological Community was located throughout much of
Mudge Island including along the shores where vegetation removal may be required for construction of
the bridge crossing. Two unidentified ‘sensitive’ species were also highlighted as potentially occurring in
the vicinity of the crossing. It is unknown if these species inhabit terrestrial or marine environments,
therefore potential impacts to these species is unknown at this time, but may include loss of or
alternation of habitat as a result of removal and clearing for construction of the pylons. Should a
detailed environmental assessment be conducted for this project, additional information on these
unidentified species should be requested, in particular, location data with respect to the alignment
options so impacts can be avoided or appropriately mitigated (BC Conservation Data Centre, 2012).
This bridge crossing is located within the Strait of Georgia which has been identified by DFO as an
Ecologically and Biologically Important Area (Fisheries and Oceans Canada, 2009), based on uniqueness
(rare or distinct habitats), aggregations (relative density of a species habitat use in one area), and fitness
consequences (areas containing habitat for critical life stages). Impacts to marine species and/or their
habitat, may result from construction of bridge pylons if works are conducted along the shoreline or
extend instream. Degradation of marine habitats may result from sedimentation or the introduction of
other deleterious substances to the water.
Phoenix Way Road Option
Three unidentified ‘sensitive’ species could be impacted by this alignment option (BC Conservation Data
Centre, 2012). It is unknown what type of environment these unidentified species inhabit, therefore
impacts to these species as a result of the roadway cannot be adequately assessed without additional
information. However, potential impacts may include loss of habitat.

A total of five BC listed plant species were also identified within 100 meters of the road way. These
species included four blue‐listed plants (awned cyperus, banded cord‐moss, Nuttall’s Quillwort, slimleaf
onion) and one red‐listed plant (white‐top aster). Two red‐listed plant species (Muhlenberg’s centaury
and white‐top aster), were identified within 300 meters of the Alt 2 alignment. Potential impacts to
these plant species include removal, disturbance, alteration, or loss of habitat for construction of any
roadway.
Depressions identified along the roadway from a review of satellite imagery likely drain into the
Northumberland Channel. While no known fish observations were identified along this route option (BC
Ministry of Environment, 2011.), previous studies identified freshwater fish species (including chinook
salmon, chum salmon, coho salmon, rainbow trout, cutthroat trout, and Dolly Varden) in the general
project area. Previous studies also identified potential rearing and spawning habitat in unnamed
watercourses located to the west of the alignment (McElhanney, 1993a; McElhanney, 1993b). It is
therefore assumed that these depressions are fish bearing. Installation of culverts to facilitate drainage
at these locations has been proposed. Potential impacts to the fresh water ecosystems resulting from
the culvert installations may include alteration or loss of fish and aquatic habitat, loss of riparian habitat,
sedimentation, or the introduction of other deleterious substances.
Should a detailed environmental assessment be conducted for this project, additional information
should be gathered on the unidentified British Columbia listed species and DFO consulted to avoid or
mitigate potential impacts to the fresh water ecosystems.
Nicola Road Option
Three unidentified ‘sensitive’ species were identified along this alignment (BC Conservation Data Centre,
2012). It is unknown what type of environment these unidentified species inhabit, therefore impacts to
these species as a result of the bridge cannot be adequately assessed. However, impacts may include
loss of habitat.
Two red‐listed plant species (Muhlenberg’s centaury and white‐top aster), were identified within 100
meters of the roadway. Potential impacts to these plant species include removal, disturbance,
alteration, or loss of habitat for construction of any roadway.
Should a detailed environmental assessment be conducted for this project, additional information
should be gathered on the unidentified ‘sensitive’ species.
Central Route A/B Options
Three unidentified ‘sensitive’ species were identified along this alignment (BC Conservation Data Centre,
2012). It is unknown what type of environment these unidentified species inhabit, therefore impacts to
these species as a result of the bridge cannot be adequately assessed. However, impacts may include
loss of habitat.
One blue‐listed plant species (Nuttall’s Quillwort), was identified within 100 meters of the roadway.
Potential impacts to this plant species includes removal, disturbance, alteration, or loss of habitat for
construction of the roadway.
Two red‐listed plant species (Muhlenberg’s centaury and white‐top aster), were identified within 300
meters of the roadway. Potential impacts to these plant species include removal, disturbance,
alteration, or loss of habitat for construction of any roadway.
Should a detailed environmental assessment be conducted for this project, additional information
should be gathered on the unidentified ‘sensitive’ species.
Road Segments on Mudge Island
Roadway segments on Mudge Island are required to connect the respective bridges from Mudge Island
to Gabriola Island. Two unidentified ‘sensitive’ species were identified along these alignment options

(BC Conservation Data Centre, 2012). It is unknown what type of environment these unidentified species
inhabit, therefore impacts to these species as a result of the road segments cannot be adequately
assessed at this time, but may include loss of habitat.
The red‐listed Douglas fir/dull Oregon‐grape Ecological Community is present throughout most of
Mudge Island and overlaps with all three road segments (BC Conservation Data Centre, 2012). Potential
impacts to this ecological community includes removal, disturbance, alteration, and/or loss of habitat
for construction of the roadway. Should a detailed environmental assessment be conducted for this
project, additional information should be gathered on the unidentified ‘sensitive’ species.

