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Staff Report
Origin

As detailed in the Council-endorsed Flood Protection Management Strategy, flood protection is
integral to protecting the health, safety, and economic viability of the City of Richmond. A key
action identified in the City’s Flood Protection Management Strategy involves continuing to
upgrade the City’s perimeter dike in anticipation of climate change-induced sea level rise. The
accelerated flood protection program supports completing all upgrades in a 50-year timeline. The
City’s Dike Master Plans address this need by recommending dike upgrade options for each dike
section throughout the City.

Council has endorsed the following phases of Dike Master Plans to date:

e Dike Master Plan Phase 1 — Steveston and the West dike south of Williams Road,
endorsed by Council on April 22, 2013;

e Dike Master Plan Phase 2 — West dike between Williams Road and Terra Nova Rural
Park and north dike between Terra Nova Rural Park and No. 6 Road, endorsed by
Council on April 23, 2018;

e Dike Master Plan Phase 3 — South dike between No. 2 Road and Boundary Road,
endorsed by Council on March 25, 2019; and

e Dike Master Plan Phase 5 — Sea Island dike from the Sea Island Connector Bridge to the
south end of 3800 Cessna Drive, Mitchell Island and Richmond Island, endorsed by
Council on March 25, 2019.

The Dike Master Plan Phase 4 Draft Report was presented at the regular Council meeting on
June 28, 2021, where Council resolved the following:

“That, as outlined in the staff report titled “Dike Master Plan Phase 4 — Public and
Stakeholder Engagement”, dated May 20, 2021, from the Director, Engineering, the
public and stakeholder engagement program be endorsed.”

Staff have now completed public and key stakeholder consultation for Dike Master Plan Phase 4;
the results of that consultation are the focus of this report. Dike Master Plan Phase 4 is the last
phase of the plan, and upon its endorsement, the City’s Dike Master Plan will be complete.

This report supports Council’s Strategic Plan 2022-2026 Focus Area #1 Proactive in Stakeholder
and Civic Engagement:

Proactive stakeholder and civic engagement to foster understanding and involvement and
advance Richmond'’s interests.

1.2 Advocate for the needs of Richmond in collaboration with partners and stakeholders.

1.3 Increase the reach of communication and engagement efforts to connect with
Richmond’s diverse community.
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This report supports Council’s Strategic Plan 2022-2026 Focus Area #2 Strategic and
Sustainable Community Growth:

Strategic and sustainable growth that supports long-term community needs and a well-
planned and prosperous city.

2.1 Ensure that Richmond’s targeted OCP update shapes the direction and character of
the city.

Analysis

The City of Richmond is situated in a flood plain and is approximately 1 metre above sea level,
making flood protection critical to safeguarding the community. The City is protected from coastal
flooding by 49 kilometres of perimeter dike. Current climate change science estimates that the sea
level will rise approximately 1 metre by the year 2100, and 0.2 metres of land subsidence is
forecasted over the same period.

The Flood Protection Management Strategy identifies strengthening and raising the City’s dike
to 4.7 metres geodetic as a priority response to sea level rise and increased variability in freshet
flows due to climate change. All new dikes are designed to accommodate a further height
increase to 5.5 metres to address sea level rise beyond 2100.

As outlined in the staff report titled “Accelerated Flood Protection Program Update,” dated
March 4, 2022, from the Director, Engineering, a target annual revenue level of $30 million by
2031 was endorsed for the Flood Protection Utility to support a 50 year implementation period,
improving the City’s diking infrastructure well in advance of the currently anticipated climate
change impacts. Dike improvements are ongoing through the Council-approved Capital and
development projects. Cost estimates for the remaining dike upgrades continue to be refined, and
any changes to the required long-term funding will be brought forward for Council consideration
in future Ageing Utility Infrastructure and Utility Budget reports.

The Dike Master Plans are intended to be a comprehensive guide to:
e Upgrading the City of Richmond’s perimeter dike;
e Protecting Richmond from both storm surges and Fraser River freshet events;
e Adapting to sea level rise and land subsidence;
e Being seismically resilient;
e Integrating the Ecological Network Management Strategy vision and goals;

e Following the five strategic directions of the City’s Waterfront Strategy (Working
Together, Amenities and Legacy, Thriving Eco-Systems and Community, Economic
Vitality, Responding to Climate Change and Natural Hazards); and

e Prioritizing dike improvement phasing to use resources efficiently.
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All phases of the Dike Master Plan are shown in Figure 1. Council has endorsed Dike Master
Plan Phases 1, 2, 3, and 5. Public and stakeholder consultation for Dike Master Plan Phase 4 is
complete, and the findings are summarized in this report.

/

PHASE 1

Figure 1: Dike Master Plan Phases

Dike Master Plan Phase 4

The Dike Master Plan Phase 4 report, appended as Attachment 1, provides upgrade
recommendations for the north dike along River Road between No. 6 Road and Boundary Road,
considering several factors, including adjacent land use, available land for diking, environmental
conditions, and potential amenity improvements. It evaluates the various reaches within the study
area and recommends upgrade approaches including separated dike and road, standard dike, and
superdike.

Public Engagement

There was an extensive Flood Protection Public Engagement Campaign, including in-person and
online engagement activities. This campaign was carried out over five months, from May 2022
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to September 2022, to collect public feedback on the Dike Master Plan Phase 4. The City’s
accelerated flood protection program and the City’s habitat enhancement initiatives were also
highlighted as being integral to the overall program.

The engagement included the following:

e Five community pop-ups (Emergency Preparedness Week, Kwantlen Street Farmers
Market, Steveston Farmers & Artisans Market, Burkeville Daze, “Island City, by Bike”
tour);

Two in-person open houses at Hamilton Community Centre;

Three Works on Wheels bus tours;

Four online Community Conversation engagement sessions;

Elementary school presentations;

‘Walk Richmond’ walking tour;

Updated flood protection webpage on the City’s website;

LetsTalkRichmond.ca flood protection project page;

New Flood Protection page on StoryMaps; and

Over 100 door-to-door visits in the Dike Master Plan Phase 4 study area.

Approximately 1,000 people attended the in-person engagement activities and events.
Additionally, approximately 2,000 people participated online through the City’s flood protection
webpage and a Let’s Talk Richmond project page that was set up to support community
outreach.

Public Feedback

The feedback received through public engagement was generally positive and supportive of the
Dike Master Plan Phase 4 and the City’s flood protection initiatives. The public is aware of the
flood risks and Richmond’s flood protection measures, and most are supportive of upgrades that
provide other community benefits and amenities. A vast majority of the engaged residents
supported the accelerated flood protection program and the associated utility rate increases. Most
residents appreciated being included in conversations about flood protection and being provided
with the opportunity to ask questions and have them addressed directly at the event.

Based on feedback, the public indicated:

e Strong support for the accelerated flood protection program with a 50-year
implementation timeline;

Support for the actions being taken with regard to community safety;

Support for environmental considerations in the Dike Master Plan;

Support for coordination with development to create superdikes;

Support for improved cyclist experience along River Road;

Support for amenity upgrades along the dike corridor, including delineated bike lanes,
multi-use pathways, benches, washrooms, perimeter dike trail continuity, and traffic
calming features;
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Concern regarding the removal of trees and habitat along the dike. Once staff explained
how trees in the dike could impact its overall structural integrity, the participants
understood why tree removal may be necessary for some situations;

Concern regarding the uncertainty in sea level rise trends. The participants were assured
that the City is continuously monitoring and reviewing the evolving climate change
science and adjusting the City’s flood protection plans to protect the City well ahead of
the sea-level rise;

Concern regarding New Westminster’s dike-raising plans. Staff are coordinating with
New Westminster to ensure their dike upgrade plans are in alignment with Richmond’s;
Appreciation for the flood protection public engagement campaign and desire for more
similar initiatives in the future;

Appreciation for all materials available to provide information to residents, including the
webpage, online StoryMaps, hand-out flyers, and poster boards; and

Appreciation for being able to communicate directly with City staff regarding their flood
protection concerns.

More details on public engagement and feedback are provided in the “What We Heard’ report
appended as Attachment 2.

Key Stakeholder Feedback

Key regulators, community stakeholders, and advisory committees listed below were engaged
and invited to provide feedback for the Dike Master Plan Phase 4. Staff mailed out information
flyers to the local businesses to invite them to attend the community conversations, and held both
in-person and virtual presentations for the advisory committees and some regulators. The other
stakeholders were sent the Dike Master Plan Phase 4 report with links to the City’s website,
information flyers, and a survey on Let’s Talk Richmond via email and were invited by staff to
provide comments or meet for further discussions.

Community Stakeholders

7182372

Local businesses;

Agricultural Land Commission;
Ministry of Transportation and Infrastructure;
CN Rail;

Environment Canada;

Port of Vancouver;

Urban Development Institute;
Pembina Pipeline;

Telus;

BC Hydro;

Hamilton Transit Centre; and
City of New Westminster.
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Advisory Committees

e Richmond Food Security and Agricultural Advisory Committee; and
e Richmond Advisory Committee on the Environment.

Regulators

Department of Fisheries and Oceans;

Ministry of Forests;

Ministry of Water, Land and Resource Stewardship;
Ministry of Emergency Management and Climate Readiness;
Ministry of Agriculture, Food and Fisheries; and

BC Inspector of Dikes.

In the past, First Nations were not specifically engaged on the overarching Dike Master Plans.
First Nations were engaged on individual projects as required through the Province’s permit
approval processes. Through the staff report titled “Truth and Reconciliation Update,” dated
April 11, 2023, from the Director, Intergovernmental Relations and Corporate and Strategic
Planning, Council endorsed creating a new position for Manager, Indigenous Relations at the
Regular Council Meeting on May 8, 2023. Once this position has been filled, staff will use this
opportunity to bring forward future diking and flood protection projects to First Nation groups
and conduct meaningful engagements to advance reconciliation efforts.

Stakeholder Feedback

Staff received a limited number of comments and survey responses from the community
stakeholder group. The advisory committees and the community stakeholders that returned
comments were generally supportive of the findings in Dike Master Plan Phase 4. Some
additional comments are provided below:

e Richmond’s Advisory Committee on the Environment generally supported dike-raising
and noted that New Westminster’s dike-raising plans should align with Richmond’s. The
City is coordinating with the City of New Westminster to ensure that East Richmond will
remain protected from flood risks.

e Richmond Food Security and Agricultural Advisory Committee noted that implementing
a continuous trail network along the perimeter dike and tree planting for habitat
compensation should be prioritized. Additionally, opportunities for accessing the river for
water activities should be investigated. The recommendations provided in the Dike
Master Plan Phase 4 include a continuous multi-use pathway for dike trail continuity as
well as habitat enhancement and compensation recommendations. Staff will also explore
water access opportunities during the detailed design phase of the various dike reaches.

e Ministry of Transportation does not have any infrastructure in the Dike Master Plan

Phase 4 study area; however, they noted their request to be notified and engaged
wherever Richmond’s dike project may intersect with Ministry infrastructure.
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e Fortis BC also requested a notification for dike upgrades along Reach 1 of Dike Master
Plan Phase 4 to relocate or regrade one of their critical pump stations.

Regulatory Feedback

Staff met with the Fish and Fish Habitat Protection Program team at the Department of Fisheries
and Oceans to discuss the dike-raising initiative and how impacts on fish and fish habitat are
planned to be mitigated or compensated where impact cannot be avoided. They encourage the
implementation of more nature-based solutions. Staff are in discussion with the Department of
Fisheries and Oceans to implement a habitat bank, per council direction.

The Ministry of Forests commented on habitat impact from potential Riparian Management Area
(RMA) watercourse infills along River Road. Staff will be working closely with a Qualified
Environmental Professional, in collaboration with the Ministry, during the detailed design phase
of the different dike sections to address regulatory requirements that limit impacts where
possible and provide adequate high-value habitat compensation where necessary.

The Ministry of Forests also noted that Land Act authorizations would be required for any
potential dike infrastructure that may encroach into the river or aquatic areas. Staff will obtain all
required authorizations and permits before any dike upgrade works commence.

The plan notes that all other relevant federal and provincial regulatory agencies including, but
not limited to, the Department of Fisheries and Oceans, Ministry of Forests, Ministry of
Environment, and the Inspector of Dikes will continue to be engaged during the detailed design
of the dike reaches.

Recommendations

Following public and key stakeholder consultation, comments received have been reviewed and
are incorporated in the finalized report. The City’s findings indicate that in addition to strong
support for the accelerated dike upgrades, the residents of Richmond and the community
stakeholders were most interested in seeing upgraded amenities to increase community safety
and for recreational use. These include multi-use pathways, bike lanes, dike trail continuity, and
other park features. There was also general support for creating high-value habitat through the
City’s habitat banking initiative for dike upgrades.

The updated recommendations of Dike Master Plan Phase 4 are summarized as follows:

1. Separated Dike and Road— Separate the dike core footprint from River Road footprint and
raise River Road to the same elevation as the adjacent dike crest to produce a total width
(dike plus road) of over 20 metres, providing robust flood protection, separated multi-use
path and linear park sections are desired, and utilities relocated out of the dike. Where
feasible, the separated multi-use path will aim to improve pedestrian and cyclist safety and
promote dike trail continuity, while linear park sections can incorporate park amenities
desired by the community.
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2. Raised Dike Elevation— Raise the dike crest to allow for 1 metre of sea level rise. West of
Nelson Road, the raised dike crest would be 4. 7 metres (CGVD28). East of Nelson Road, the
raised dike crest would increase to 5.1 metres at Boundary Road. The plan also allows for
longer-term upgrading to accommodate a further 1 metre of sea level rise (i.e. 2 metres of sea
level rise). The above noted desired amenities can be integrated at the ultimate dike
elevation.

3. Drainage Upgrades— Replace the drainage channel immediately inside the dike with storm
sewers and swales. This will improve dike stability and provide some of the land needed to
relocate River Road. The stakeholders noted concerns regarding changes in the function or
loss of open watercourses as they provide habitat value. The Habitat Banking work will
consider and respond to these concerns.

4. Habitat Enhancement— Overall, maintain a goal to create and maintain high-value habitat
to fulfil habitat compensation requirements for dike-raising projects;

5. Superdikes— Land and road raising immediately inside the dike (during redevelopment) to
improve seismic resilience. This will also improve liveability by allowing residents to look
down over the water.

6. Secondary Dike— Construct the north section of a secondary dike near Boundary Road.

Next Steps

Dike Master Plan Phase 4 identifies a medium to long-term program for dike improvements on
the north dike along the eastern half of River Road. All sections included in the Dike Master Plan
will be raised within the next 50 years to meet the target established by the accelerated program
to stay ahead of climate change-induced sea level rise and land subsidence. Staff will continue to
review the latest climate change predictions and update the plan to keep up with the current
trends.

Based on the guidelines provided in the Flood Protection Management Strategy and feedback
collected through stakeholder engagement, staff have identified a significant amount of work that
can be carried out in the short and medium term in preparation for these upgrades. Should
Council endorse this work plan, staff will proceed with the following:

a) Identify and include dike reaches from Phase 4 for detailed design and construction in the
future Capital Budgets. The detailed design of these reaches will be guided by the
recommendations included in the Dike Master Plan Phase 4 and incorporate the
aforementioned public and stakeholder feedback;

b) Explore upcoming senior government funding opportunities for upgrades to dike reaches
identified in the Dike Master Plan Phase 4;

c) Continue coordination and discussions with the regulatory entities and engage the First
Nations for future dike upgrade initiatives;

d) Continue regular coordination with the City of New Westminster to ensure their flood
protection initiatives align with the City’s;
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e) Advance the habitat banking program to support dike improvement projects;
f) Encourage the construction of superdikes through development;

g) Re-evaluate current and future flood construction levels and development bylaws to
reduce flood risk;

h) Strategically acquire properties in support of future dike upgrading;
1) Monitor sea level rise using water level sensors; and

j) Continue public engagement activities for the City’s flood protection projects to inform
and involve the community.

Financial Impact

Capital projects will be brought forward for Council consideration as part of the budget process.
Conclusion

The Dike Master Plan Phase 4 is the last phase of the Dike Master Plan. Consistent with the
City’s Flood Protection Management Strategy, it provides medium to long-term dike upgrade
recommendations along the north dike between No. 6 Road and Boundary Road. It generally
recommends that the City raise the dike to a minimum 4.7 metre dike elevation while allowing
for a further height increase to 5.5 metres in the future, integrate the proposed dike concepts
within the study areas, pursue superdikes through development, and strategically acquire land
required to facilitate the upgrades.

This project's public and stakeholder engagement is complete, and the feedback is generally
favourable with support for the Dike Master Plan Phase 4 and the accelerated flood protection
program. The feedback collected will be incorporated into capital dike improvement projects as
identified in this plan.

>

Eric Sparolin, P.Eng. Ridhi Dalla, EIT
Manager, Engineering Planning Project Manager, Engineering Planning
(604)-247-4915 (604)-204-8521

Att. 1: Dike Master Plan Phase 4 — Final Report
2: What We Heard Report
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Executive Summary

The City of Richmond uses a Dike Master Planning program to guide future dike upgrading projects, and to
ensure that land development adjacent to the dike is compatible with flood protection objectives. The program
includes 4 phases for the 49 km of the Lulu Island perimeter dike that is within Richmond, plus another phase
for Sea Island, Mitchell Island, and Richmond Island. The immediate goal is to raise the dikes to allow for 1 m of
sea level rise, and to allow for further upgrading in the future. The ultimate goal is to provide the City with a
world class level of flood protection to keep pace with the rapidly growing community that relies on the dikes.

Dike Master Plan Phase 4 covers 9 km of the Lulu Island perimeter dike along the Fraser River North Arm,
between No. 6 Road and Boundary Road. The dike within Phase 4 is mainly under River Road, with private
property inside and outside of the dike. Phase 4 land use along the dike corridor is primarily industrial in the
west, agricultural in the middle, and residential/industrial in the east. Specific features within the Phase 4 area
that complicate dike upgrading include River Road on top of the dike, driveways to private property inside and
outside the dike, pedestrian and bicycle traffic and safety issues along the dike/road, utilities within the dike,
large drainage channels immediately inside the dike, a railway trestle crossing above the dike, the North East
Bog Forest, and liquefiable soils beneath the dike.

This report describes existing conditions, develops an ideal vision for dike upgrading, presents design criteria,
identifies options for dike upgrading, and presents recommended dike upgrading options that appropriately
address the challenges. This work can be used as a basis for design of dike upgrading projects, recognizing
that site-specific refinement of recommended options will be required in some areas. This work can also be
used to assist with land use planning activities along the dike corridor.

The main recommended upgrading option in Phase 4 involves separating the dike and River Road, and
raising River Road to the dike crest elevation. This will produce a total crest (dike plus road) width of
over 20 m which will provide robust flood protection, separated multi-use paths and a linear park, and
utilities relocated out of the dike.

Some of the additional features of the recommended options in Phase 4 are described below:

e Raise the dike crest to allow for 1 m of sea level rise. West of Nelson Road, the raised dike crest would be
4.7 m (CGVD28). East of Nelson Road, the raised dike crest would increase to 5.1 m at Boundary Road.
The plan also allows for longer term upgrading to accommodate a further 1 m of sea level rise (i.e. 2 m of
sea level rise).

e Replace the drainage channel immediately inside the dike with storm sewers and swales. This will improve
dike stability, and will provide some of the land needed to relocate River Road.

¢ Raise land and roads immediately inside the dike (during redevelopment) to improve seismic resilience.
This will also improve liveability by allowing residents to looking down over the water.

e Construct the north section of a secondary dike near Boundary Road.

It is also recommended that the City prepare a comprehensive implementation plan for dike upgrading that
incorporates the elements of the Phase 4 Dike Master Plan, and the elements of the other Dike Master Plans.

To address habitat compensation issues associated with dike upgrading, it is further recommended that the City
consider development of a habitat banking program that could provide effective large-scale compensation.
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1. Introduction

Flood protection in Richmond is guided by the City’s 2008-2031 Flood Protection Management Strategy
which includes a comprehensive suite of measures including structural measures (e.g. dikes and pump
stations), non-structural measures (e.g. flood construction levels), and flood response and recovery
plans.

Dike Master Plans are critical components of the City’s 2008-2031 Flood Protection Management
Strategy and are used to guide the implementation of long-term dike upgrades.

The City of Richmond (City) has retained Kerr Wood Leidal (KWL) to prepare the Richmond Dike Master
Plan Phase 4. The report was essentially completed and a draft report submitted in November 2018.
The current final submission includes a summary of some additional stakeholder and public feedback
received since the 2018 submission. The Flood Protection Management Strategy Update was
submitted in May, 2019 and updates the 2008-2031 Flood Protection Management Strategy. Some of
the results of this update may not be reflected in the Dike Master Plan Phase 4 because it was written
first. Also, cost estimates were completed in 2018 dollars.

Phase 4 covers the north-eastern portion of the Lulu Island perimeter dike, from No. 6 Road to
Boundary Road (City of New Westminster). Figure 1-1 presents the extent of the City’s Dike Master
Plan phases. Phase 4 has been subdivided into 6 reaches with relatively uniform conditions. Figure
1-2 shows the reaches of the Phase 4 Dike Master Plan.

1.1 Background

Richmond has a population of about 220,000 and is situated entirely on islands within the overlapping
Fraser River and coastal floodplains (Lulu Island, Sea Island, Mitchell Island, Richmond Island, etc.).
The City’s continued success is due in part to its flat, arable land and its strategic location at the mouth
of the Fraser River and on the seashore. The low elevation of the land and its proximity to the water
comes with flood risks.

Lulu Island is the most heavily developed part of Richmond. Lulu Island is bounded by the Fraser River
and the Strait of Georgia and is subject to flood risks from the Fraser River and the sea. Lulu Island is
also subject to other flood-related hazards, including dike breach, seismic effects, internal drainage,
tsunami, and river instability. The typical natural ground elevation' is in the range of 1 mto 2 m as
shown on Figure 1-1.

The cornerstone of the Lulu Island flood defenses is a 49 km long perimeter dike. Internal drainage is
provided by an integrated system of channels and storm sewers that drain to 39 pump stations /
floodboxes. Richmond occupies over 90% of Lulu Island. The balance of Lulu Island (the upstream
end) is occupied by the Queensborough neighbourhood of the City of New Westminster.

As Richmond is fully situated within the river/coastal floodplain, there is no option to locate development
out of the floodplain. The continued success of the City depends on providing a high level of structural
and non-structural flood protection measures. Without continued improvements, the flood risk within the
City would progressively rise as a result of rising flood levels (due to climate change), subsiding land,
and increasing development.

" All elevations in this report refer to the Canadian Geodetic Vertical Datum of 1928 (CGVD28), unless stated otherwise.
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The 2008-2031 Flood Protection Management Strategy guides the City’s flood risk reduction activities
across the City’s organizational structure and across the spectrum of structural and non-structural flood
protection measures.

The Lulu Island perimeter dike is the most critical structural flood protection measure. With essentially
unlimited inflow available from the Fraser River and the sea, significant flood damages and impacts
could occur in the event of a dike breach.

1.2 Purpose and Objectives

The purpose of the Dike Master Plan is to guide the implementation of dike upgrades and provide a
starting point for the City to work with proposed developments adjacent to the dike. The Dike Master
Plan defines the City’s preferred and minimum acceptable dike upgrading concepts.

The Dike Master Plan facilitates the City’s annual dike upgrading program by providing critical
information for the design of dike upgrades, including:

general design concept;

alignment;

typical cross-section (conceptual design);

footprint and land acquisition and tenure needs;

design and performance criteria;

infrastructure changes required for dike upgrading;
operation and maintenance considerations;
environmental features and potential impacts;

social and public amenity considerations;

guidance for future development adjacent to the dike; and
guidance on interaction with other structural flood protection measures (e.g. secondary dikes).

The Dike Master Plan is intended to guide dike upgrading over the next 20 to 30 years.

Other flood protection measures, including non-structural measures, are addressed in the City’s
2008-2031 Flood Protection Management Strategy.

1.3 Approach and Methodology

The Dike Master Plan has been developed using a 5-step approach presented and described below.

Define: Confirm Dike Master Plan objectives and design/performance criteria.

Understand: Collect and compile relevant information, including spatial data and background reports from
the City and several other parties (City of New Westminster, provincial regulators, the port, etc.).

Assess: Develop dike upgrading options and identification of constraints and potential impacts.
Desktop and field review of options with City staff to identify preferred options.

Consult: Present to and gather feedback from council and stakeholders on preferred options.

Refine: Develop the master plan informed by consultation and review by the City.
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The scope for the Dike Master Plan includes the following main tasks:

goals and objectives development;
background data collection and review;
design criteria development and identification of constraints;
options development and review;

site visits;

drainage impacts assessment;

desktop habitat mapping and impacts review;
geotechnical assessment;

public amenity review;

stakeholder consultation; and

report preparation.

1.4 Report Format
This report is organized as follows:
e The executive summary provides a high-level overview of the master plan and key features;
e Section 1 introduces the master plan context and process;
e Section 2 documents the existing conditions;

e Section 3 documents the options development and assessment, and presents the recommended
options;

e Section 4 provides implementation strategy, including costs, phasing, and coordination;

e Section 5 is a compilation of 2-page summary sheets highlighting existing conditions and key
features of the preferred option for each reach; and

e Section 6 provides general and reach specific recommendations for next steps and implementation.

Appendix A provides figures showing conditions along the existing dike alignment, and the preliminary
design footprint for a number of upgrading options discussed in Section 3.

1.5 Project Team
The KWL project team includes the following key individuals:

Colin Kristiansen, P.Eng., MBA — Project Manager;

Mike Currie, M.Eng., P.Eng., FEC — Senior Engineer and Technical Reviewer;
Amir Taleghani, M.Eng., P.Eng. — Project Engineer;

Laurel Morgan, M.Sc., P.Eng., P.E. — Drainage Engineer;

Daniel Brown, B.Sc., B.Tech., BIT — Project Biologist; and

Jack Lau - GIS/CAD Analyst.

This report was primarily written by Amir Taleghani, and reviewed and updated by Colin Kristiansen.
The report was reviewed by Mike Currie.

Thurber Engineering Ltd. (Steven Coulter, M.Sc., P.Eng.) provided geotechnical engineering services
and Hapa Collaborative (Joseph Fry, BCSLA) provided landscape architecture services.
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The project was guided on behalf of the City by:

e Pratima Milaire, P.Eng., PMP - Project Engineer, Engineering Planning.
¢ Ridhi Dalla, EIT - Project Manager, Engineering Planning; and

e Eric Sparolin, P.Eng. — Manager, Engineering Planning;

Many additional City staff contributed to the project during workshops, site visits, and in reviewing draft
report materials.
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2. Existing Conditions

This section summarizes the options development process undertaken, including the following
components:

review of existing conditions;
design considerations;
upgrading strategies; and
preferred options and concepts.

2.1 Reaches and Major Features

River Road is a defining feature of the dike in Phase 4 because the road is located on the dike crest for
most of the dike alignment. A variety of land uses, structures, and infrastructure are located on either
side of the road/dike. Space is limited along the road corridor, presenting unique challenges for the
master plan. City staff have identified road safety, including pedestrian and cyclist safety, as an
important consideration for the Dike Master Plan.

Land uses adjacent to the dike in Phase 4 comprise industrial, agricultural, and single family residential.
Drainage channels run parallel to River Road on the south side. On the north side of River Road, the
setback between the river bank and the dike (road) varies from more than 15 m to none where the edge
of the dike/road is the river bank and riprap bank protection is in place. Several industrial and single
family residential parcels are located on the river-side (north) of the dike (road), and therefore are not
protected by the dike. Much of the dike alignment is adjacent to, or in some places on, the Agricultural
Land Reserve (ALR).

Phase 4 has been subdivided into 6 reaches with relatively uniform conditions. The reach extents are
presented on Figure 1-2.

Table 2-1 describes the existing conditions and features of each reach. It is anticipated that these
defined reaches can be subsequently used for dike upgrading implementation phasing.

Appendix A provides a set of figures showing the existing dike alignment, adjacent land tenure,
municipal infrastructure, and existing habitat.
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Land Tenure

Most of the existing dike footprint is located within the City’s road dedication, on a right-of-way, or on
City-owned land parcels. However, there are several areas where the existing dike footprint encroaches
onto private property or where space is very limited such that any upgrading would encroach onto
private property.

The existing land tenure in Phase 4 is presented on Figure 2-1 and in more detail in Appendix A.

Infrastructure

There is considerable infrastructure and utilities associated with the existing dike corridor in Phase 4.

In addition to the road that runs along the top of the dike for much of the reach, there are also watermains,
drainage channels, and storm sewers that run parallel to the dike, predominantly at the landside toe. This
infrastructure may need to be moved to accommodate any increases to the dike footprint.

There are 4 pump stations and 1 PRV (water) station that cross through the dike in Phase 4. The pump
stations and the associated reach are summarized in Table 2-2. The condition of each pump station
was not assessed as part of preparing the master plan.

Table 2-2: Phase 4 Pump Stations and Reach Locations

Pump Station Reach
No. 6 Road North 1
No. 7 Road North 1
No. 8 Road North 2
Queens North 6

Habitat

Desktop Review

A desktop review was conducted to assess the ecological setting along and adjacent to the existing dike
alignment. Spatial data were used to identify overlap of known environmental values with the Phase 4
study area.

Spatial data reviewed in the desktop study included:

e Fraser River Estuary Management Program mapping (FREMP 2012, 2007) mapping used to
identify riparian and intertidal habitat types and quality;

e iMapBC web application (iMapBC 2017); and

e City of Richmond aerial photographs and Riparian Area Regulation 5 m and 15 m buffer layers
(Richmond Interactive Map 2017).

The location and extent of high quality Fraser River riparian and intertidal habitat was identified to inform
development of dike upgrade options and their potential impacts. FREMP habitat polygons were
assigned the following categories: high quality riparian, high quality intertidal, or other. Deciduous tree
woodland polygons were categorized as high quality riparian habitat because these communities
provide cover and nutrients to fish using nearshore habitat. Mud, sand, and marsh polygons were
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categorized as high quality intertidal habitat because of the foraging and nesting habitat they provide for
bird species and the foraging, egg deposition and rearing habitat they provide for fish species. Aquatic
and riparian habitat on the land side of the existing dike was identified and mapped using the Riparian
Area Regulation buffer layers and interpretation of recent aerial photography (City of Richmond 2017).

Aquatic and Riparian Habitat

High quality intertidal and riparian habitat is present in all six Phase 4 reaches on the Fraser River side of
the dike. This important habitat provides forage and cover habitat as well as a staging area for
anadromous salmonids transitioning from saltwater to freshwater. Conversely, armoured sections of
shoreline on the Fraser River side of the existing dike are present in Reaches 1, 4, 5, and 6. These
sections provide limited habitat value and construction here would have less of a negative impact on fish.

On the land-side of the dike, drainage channels are present in all six reaches. These channels provide
low to moderate quality aquatic and riparian habitat for fish and amphibians.

Two fish habitat compensation projects are present in the Phase 4 study area. These were created in
1986 and 1989 respectively and included the creation of intertidal marsh habitat to compensate for
damage to habitat elsewhere.

Wildlife and Terrestrial Habitat

Terrestrial habitat types in Phase 4 include deciduous tree woodland, tall shrub woodland, low shrub
woodland, and vascular plant meadow, as well as uncategorized sections (e.g. paved lots; FREMP
2007). These habitat types have potential to provide nesting habitat to migratory birds in all six reaches
of Phase 4. Orthoimagery review identified potential raptor nesting trees in all six reaches of the

Phase 4 study area.

The internal drainage channels that are mentioned above and are present in all six reaches of Phase 4
are likely used by native amphibian species as breeding habitat as well as by fish species. It is possible
that additional amphibian habitat is present in small ponds or channels along the dike that were not
identified in the desktop review.

Species and Ecological Communities at Risk

No known occurrences of terrestrial wildlife species at risk are present in the Phase 4 study area, but
several occurrences exist on nearby islands in the Fraser River or on the river banks across from
Richmond. It is possible that individuals of these species also occur on the Richmond side of the Fraser
River. The Lower Fraser River population of White Sturgeon (Acipenser transmontanus pop. 4)is
known to occur in the Fraser River next to the dike. Mapped critical habitat for at-risk species is not
present within 500 m of the Phase 4 study area.

FREMP mapping (2007) indicates the presence of intertidal marsh communities in all six reaches of the
Phase 4 study area. Many of these communities in British Columbia are considered at-risk (i.e. Blue-
Listed; special concern, or Red-Listed; threatened, or endangered). No ecological communities at-risk
are shown in either the study area on BC iMap (2017), but it is likely that some are present in the
Phase 4 study area.

Table 2-3 presents the findings of the desktop review on a reach-by-reach basis and separates Fraser
River side results from land-side results.
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3. Options Assessment

This section summarizes the options development process, including the following components:

design considerations and design criteria;
upgrading strategies;

upgrading options and concepts;

options evaluation; and

recommended options for implementation.

The next version of the draft report will include a summary of external stakeholder engagement results.

3.1 Design Considerations

This section summarizes the main themes and issues that have informed the development of upgrading
strategies and options for Phase 4.

Dike Performance, Maintenance, and Upgrading

Dike performance, maintenance, and upgrading are the most important design considerations for the
Dike Master Plan.

The following themes define an ideal vision for dike upgrading:

1.

0651.122-300

Level of Protection: The City’s 2008-2031 Flood Protection Management Strategy sets a target level
of protection for structural measures. The City is presently developing an updated flood protection
management strategy that will have an even more ambitious flood protection level target. The level of
protection translates to a hazard-based design flood scenario to be incorporated into the Dike Master
Plan. At this time, the proposed design flood scenario for the Lulu Island perimeter dike is the 500-
year return period flood event (0.2 % annual exceedance probability, AEP) with climate change
allowances including 1 m of sea level rise. However, the Dike Master Plan should be flexible to
accommodate a future change in the design flood scenario in the future.

Form and Performance: The preferred form of the dike is a continuous, compacted dike fill
embankment with standard or better geometry. Walls and other non-standard forms are less
reliable and are not preferred. The level of performance of the Lulu Island perimeter dike should be
in line with the significant population and assets that the dike protects. The dike should meet all
relevant design guidelines of the day and in some cases, exceed guidelines to provide a higher
level of performance. Dike performance can be expressed in terms of freeboard above the design
flood scenario water level, and factors of safety against various failure processes, including flood
conditions and internal erosion (piping).

Passive Operation: Minimal human or mechanical intervention or operation should be required to
achieve full dike performance. To achieve this, the dike should not have any gaps, gates, or stop
log structures.

Enhance Performance (slow failure): The likelihood of a catastrophic dike failure causing significant
flood damages can be reduced by design features that aim to slow down failure processes, provide
redundancy, and provide time to implement emergency repairs. In general, failure can be slowed or
controlled with additional setback, crest width, and armouring of the river-side slope, crest, and land-side
slope. Such measures can slow the impacts of river erosion, overtopping erosion, and stability failures.
Increased monitoring approaches and technology may also be helpful.
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5. Post-earthquake Protection: The dike should provide adequate protection following a major
earthquake until permanent repairs can be implemented. In general, this means avoiding dike
conditions where a major earthquake results in a sudden and full failure of the dike cross-section
into the river, referred to as a ‘flowslide failure’. Other conditions where the dike crest settles, but
still provides sufficient freeboard and factors of safety until repairs can be conducted may be
acceptable. In general, increased crest width, crest elevation, and setback from the river may be
undertaken to help achieve adequate post-earthquake protection. In some cases, improved seismic
performance will also require ground improvement and densification works.

6. Future Upgrading: Uncertainty in climate change, particularly sea level rise timing, may require the
City to further upgrade the dike sooner or higher than anticipated by current guidelines and policies.
Sufficient space should be reserved under secured land tenure for future upgrading based on
standard geometry. Conceptual design is provided for design flood levels which incorporate 1 m of
sea level rise, and proof-of-concept design is provided for design flood levels which incorporate
another 1 m water level increase for further climate change impacts (i.e. 2 m of sea level rise).

Some specific design considerations related to the above principles are presented in Table 3-1.

Table 3-1: Ideal Dike Design Principles and Considerations

Design Principle Ideal Design Principles and Considerations

e Based on 2008-2031 Flood Protection Management Strategy

Level of Protection e Currently proposed: 500-year return period (0.2% AEP) with
climate change allowances as per provincial studies

e Continuous, compacted dike fill with standard or better geometry
e Crest elevation and adequate freeboard

Form and Performance e Factors of safety against stability

e Minimal infrastructure within the dike corridor

e Adequate bank protection or setback

o No gaps, gates, or stop logs

e Passive monitoring (e.g. SCADA water levels)
e Wide dike crest

e Armoured river-bank slope to resist erosion

e Paved/armoured crest and/or land-side slope to resist
overtopping

e \Wide setback from the river

Passive operation

Enhance Performance
(slow failure)

¢ No loss of full dike geometry into the river (“flowslide failure”) up
to a return period to be determined

e Adequate post-earthquake freeboard and stability until repairs
e Wide dike crest and/or wide setback from the river

Post-earthquake Protection

e Space and tenure for upgrading (standard or better geometry)

Future upgradin
Pg g o Avoid need for future infrastructure relocation or land acquisition
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River Road Safety and Access

The safety of drivers, cyclists, and pedestrians using River Road is a significant consideration in

Phase 4. City transportation engineering staff were consulted during the master plan development to
provide input on dike upgrading concepts that will also improve road safety. The City’s preferred
concept for River Road is to provide wider vehicle travel lanes and separated multi-use paths, which
may be located on the dike crest. Preferred travel lane and multi-use path widths are documented in
the design criteria in Section 3.2. Additionally, the City’s goal is to create a continuous path around Lulu
Island along the river/on the dike system.

Vehicle access to properties located on both sides of River Road is also a significant consideration.

Dike raising along River Road will impact driveway access in some areas. Land use on these properties
includes industrial / port-related uses, residential, and agricultural. As such, a variety of vehicles,
including semi-trailer trucks, need safe access from River Road to these properties. Currently, these
properties are generally at grade with or slightly below River Road, and access is provided via asphalt
or gravel driveways. For properties located south of River Road, the driveway crosses the existing
drainage channel via a culvert. In some areas where the channel is large, the driveway crossing culvert
has a large lock block headwall.

Driveway access was considered in options development by identifying several access upgrading
concepts including upgrading driveways with retaining walls, land filling to raise sites to the dike/road
level, and providing vehicle parking at the dike/road level. Retaining walls should consider the need for
handrails for safety, in accordance with applicable regulations.

Internal Drainage System

As with any diked area, the drainage for the interior protected area must be integrated with the flood
protection measures such that the protected area does not experience flooding due to conflicting
functions between the drainage of water from the interior area and prevention of flooding from water
exterior to the dike system.

In this part of Lulu Island, there are large drainage channels adjacent to the interior (land) side of the
existing dike and River Road through much of this area. Most upgrading options (discussed in Section
3.4) will impact these drainage channels throughout Phase 4.

The master plan assesses the potential drainage impacts of filling in the existing channel adjacent to
River Road and installing a piped drainage system. The assessment was conducted using East
Richmond hydraulic model (MIKE URBAN software) provided to KWL by the City.

Land Raising and Acquisition

Land acquisition is an important consideration for the development and evaluation of dike upgrading
options. In many areas, the River Road dike corridor is confined on both sides by private property with
no room for expansion of the dike footprint.

The figures in Appendix A present the overlap between the proposed dike footprint and private property
for select upgrading options discussed in this section. This overlap can be used to produce a land
acquisition plan.

In some locations, an alternative to land acquisition may be to raise private property lots up to the dike
elevation to create a much wider land raising platform (similar to recent developments along the Middle
Arm (e.g. Olympic Oval).
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Environmental Considerations

City of Richmond Bylaws

The City’s Official Community Plan (OCP) bylaw (2011) includes an Ecological Network Management
Strategy (ENMS) that identifies ecologically important areas in the City’s Ecological Network (EN).
These areas include Environmentally Sensitive Areas (ESAs), Riparian Management Areas (RMASs),
and EN components (hubs, sites, and corridors, shoreline, city parks).

ESAs are designated as Development Permit Areas (DPAs) with specific restrictions and guidelines for
development controlled through a review and permitting process (HB Lanarc-Golder and Raincoast
Applied Ecology 2012). There are five ESA types, based on habitat, each with specific management
objectives. These are summarized in Table 3-2 and more detailed guidelines can be found in HB
Lanarc-Golder and Raincoast Applied Ecology (2012). According to Richmond’s OCP, dike
maintenance is exempt from development permits in ESAs. However, the guidelines provide useful
direction that can be used to minimize impacts to these areas and provincial and federal legislation (see
below) still applies to these areas.

RMAs are setbacks that were implemented in accordance with the provincial Riparian Areas Protection
Act and act as pre-determined Streamside and Protection Areas (SPEAs) under the Act. They extend

5 m or 15 m back from the top of bank of the City’s higher value drainage channels or more natural
watercourses and are to remain free from development unless authorized by the City (City of Richmond,
2017). RMAs are present in all six Phase 4 reaches.

Hubs, sites, and corridors are components of the City of Richmond’s EN, which aren’t specifically
afforded protection, but often overlap ESAs and RMAs, which are protected. These components are
present in all 6 reaches of Phase 4.

Dike upgrade options will consider the potential impacts to these areas.

Table 3-2: City of Richmond ESA Type Management Objectives

Reaches Where
Present

ESA Type

Management Objectives

e Prevent infilling or direct disturbance to vegetation and soil in
the intertidal zones

Intertidal All S . .
e Maintain ecosystem processes such as drainage or sediment
that sustain intertidal zones
e Preserve existing shoreline vegetation and soils, and increase
Shoreline 1,2,3,4,6 natural vegetation in developed areas during development or
retrofitting
Upland e Maintain stands or patches of healthy upland forests by
Fgrest 1 preventing or limiting tree removal or damage, and maintaining

ecological processes that sustain forests over the long-term

¢ Maintain the extent and condition of old fields and shrublands,

Old Fields while recognizing the dynamic nature of these ecosystems
and None e Preservation should recognize the balance between habitat
Shrublands loss and creation with the overall objective of preventing

permanent loss of old fields and shrublands
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Reaches Where

ESA Type Present

Management Objectives

e Maintain the areal extent and condition of freshwater wetland

Freshwater None ESAs by preserving vegetation and soils, and maintaining
Wetland predevelopment hydrology, drainage patterns, and water
quality

Modified from HB Lanarc-Golder and Raincoast Applied Ecology 2012

Fish Habitat and Offsetting

Fish and aquatic habitat is protected by the federal Fisheries Act. Under the Act, serious harm to fish
must be authorized by the Minister of Fisheries and Oceans and impacts that cannot be avoided or
mitigated must be balanced through offsetting. Offsetting plans are negotiated on a case-by-case basis
and may require consultation with aboriginal groups and the Province. Offsetting measures include
habitat restoration or enhancement and habitat creation and must be proportional to the loss caused by
the project.

Often, the amount of offsetting habitat created is greater than the area of habitat impacted. The area of
offsetting may need to be increased to account for uncertainty of effectiveness and time lag between
impacts and offsetting. Selecting offsetting locations and beginning habitat creation works prior to all
impacts occurring can help to reduce requirements for additional offsetting area required due to lag
time. Creation of a smaller number of larger area habitat restoration, enhancement, or creation sites
would allow for a more efficient use of resources and potentially reduce uncertainty.

Wildlife Considerations

Migratory birds, their eggs, and active nests are protected by the Migratory Birds Convention Act and
appropriate measures must be taken to avoid incidental take. The most effective and efficient of these
measures includes scheduling vegetation clearing outside of the migratory bird nesting season. If this is
not possible, bird nest surveys can be completed immediately prior to vegetation clearing to identify
active nests and delay vegetation clearing until the nest is no longer active.

The nests of Bald Eagles, herons and other raptors (both active and inactive) are protected under the
provincial Wildlife Act. It is also prohibited under the Wildlife Act to disturb or harm birds and their eggs.
The detailed design stage for dike upgrading should attempt to avoid the removal of trees where bald
eagle nests are located.

Native amphibian species may use the drainage channels on the land side of the dike at certain times of
year. These species are protected by the provincial Wildlife Act and detailed design should also
consider potential impacts to these species.
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Tie-in with City of New Westminster Dike

The Phase 4 dike needs to tie into the City of New Westminster portion of the Lulu Island
perimeter dike.

As shown in the Appendix A, the dike alignment within the tie-in area is not well-defined. The alignment
crosses between industrial sites including the Tree Island Steel property (3933 Boundary Road) and the
recently developed Translink Hamilton Transit Centre property (4111 Boundary Road) to reach the
border (Boundary Road) with the City of New Westminster.

The dike alignment on the City of New Westminster side of the boundary also doesn’t appear well
defined. Coordination between the City and the City of New Westminster is important to confirm the
dike tie-in design at the boundary.

Potential Future Secondary Dikes

The City’s 2008-2031 Flood Protection Management Strategy identifies potential secondary dike
concepts which are important considerations for Phase 4, including the proposed mid-island dike and
the proposed Richmond-New Westminster boundary dike. The purpose of these secondary dikes would
be to limit flood damage by creating flood cells on Lulu Island which would contain flooding to smaller
areas, and prevent complete flooding of the island if dike breaches were to occur.

The Phase 4 Dike Master Plan has been developed to allow tie-ins with the proposed mid-island dike
and the proposed Richmond-New Westminster boundary dike. It is understood that the City is also
considering implementation of both of these proposed dikes through gradual land raising through
development as opposed to a dedicated dike corridor. The City’s 2008-2031 Flood Protection
Management Strategy provides additional information regarding potential future secondary dikes.

Public Realm and Ecological Enhancement

The dike is a major existing public realm feature providing a variety of recreation opportunities. The
Dike Master Plan provides an opportunity to significantly enhance the public amenity of the dike system,
particularly in the Phase 4 project area where walking, biking, and resting opportunities along River
Road are limited. Additionally, the dike upgrading provides an opportunity to enhance ecological value
through the landscaping treatments that will define the dike surface and edges.

Appendix B presents a suite of landscape concepts prepared by Hapa landscape architects to
supplement the Dike Master Plan. These include landscape design principles, an overall network
connectivity concept for the Lulu Island perimeter dike trail, and design toolkits for ecological
enhancement and public realm features. Additionally, the Appendix B also includes descriptions of
landscape concepts associated with the upgrading options presented in this section.
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This section describes the main design criteria used in the Dike Master Plan.

Table 3-3 presents a summary of the design criteria, and is followed by additional discussion. The
criteria are presented in terms of both a minimum acceptable level, and a preferred level.

Proposed Dike Crest
Elevation

Table 3-3: Design Criteria Summa

Value and Description

Minimum Acceptable

Preferred

4.7 m CGVYD28 downstream of Nelson Road
4.7 m CGVD28 to 5.0 m CGVD28 between Nelson Road and

Boundary Road

Future Dike Crest Elevation
(for proof-of-concept design)

5.5 m CGVYD28 downstream of Nelson Road
5.5 m CGVD28 to 6.0 m CGVD28 between Nelson Road and

Boundary Road

Geometry and Stability

4 m wide crest with dike fill core
3H:1V land-side slope

3H:1V river-side slope (or 2H:1V
with riprap revetment)

Retaining walls minimized

Sheetpile walls acceptable only
with minimum 4 m wide dike fill
core behind wall

No standalone flood walls

Meet minimum geotechnical
factors of safety

Meets or exceed provincial dike
standard and City dike standard

Land Tenure

Registered right-of-way

Dike located on City-owned land

Infrastructure in Dike

Crossings designed with seepage
control

Locate parallel infrastructure to
land-side outside of dike core

No infrastructure in dike

Land Adjacent to Dike

Land is raised as much as is
practical

Land is raised to meet or exceed
dike crest elevation

Seismic Performance

Minimum 3.2 m CGVD28 post-
earthquake dike crest elevation
and maintain dike core integrity

No damage to dike from
earthquakes up to a return period
to be determined

0651.122-300
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Value and Description

Preferred

River-side Slope and
Setback

Minimum Acceptable

2H:1V bank slope with riprap
revetment designed for freshet
flow velocities and vessel-
generated waves

>10 m setback between river top
of bank and dike river-side slope
toe

3H:1V river-side bank slope with
acceptable vegetation

side Slope Treatment

Crest Surfacing and Land-

Crest surfacing: 150 mm thick
road mulch

Land-side slope treatment:
hydraulically seeded grass

Meet or exceed provincial dike
standard and City dike standard

Consider paved crest and land-
side slope vegetation/armouring
to add robustness against
overtopping

River Road Design Width

From river-side to land-side:
4.0 m multi-use path

0.5 m allowance for barrier

0.6 m min horizontal clearance
Two 3.7 m travel lanes

0.6 m min horizontal clearance
0.5 m allowance for barrier
Total width: 9.6 m

From river-side to land-side:
4.0 m multi-use path

0.5 m min horizontal clearance
0.5 m allowance for barrier

0.6 m min horizontal clearance
Two 3.7 m travel lanes

0.6 m min horizontal clearance
0.5 m allowance for barrier

2.0 m pedestrian walkway
Total width: 16.1 m

Dike Crest Elevation

At this time, the Province has not established a Fraser River flood profile and dike design profile that
considers sea level rise and climate change. It is understood that the Fraser Basin Council's Lower
Mainland Flood Management Strategy project may produce a recommended flood profile in the near
future. The most recent available flood profile information is provided in the Province’s 2014 study of
climate change and sea level rise effects on the Fraser River flood hazard.

The designated flood profile for the purpose of developing the Dike Master Plan is proposed as the
maximum of the following flood scenarios:

e 500-year return period coastal water level with 1 m of sea level rise (no wave effects); and
e 500-year return period freshet with moderate climate change impacts and 1 m of sea level rise.

Figure 3-1 shows the estimated flood profile water levels (in CGVD28 vertical datum, excluding
freeboard) along the river in the study area. As shown on the figure, the coastal flood scenario governs
from the Ocean upstream to approximately Nelson Road.

Design dike crest elevations are derived by adding freeboard and an allowance for land subsidence to
the flood level. Table 3-4 presents the components that sum to the proposed dike crest elevation.

0651.122-300
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Table 3-4: Flood Levels and Dike Crest Elevations

Upstream of Nelson Road

Downstream (sloped profile)

of Nelson Boundary

Road Nelson Road Eastern Tip of

(f|at profile) Road (Border with City Lulu Island
of New

Westminster)

. tide + storm .
Governing Flood Hazard surge Fraser River freshet
Level of Performance 500-year return period (0.2% annual exceedance probability)
. 1 m sea level 1 m sea level rise and 20% freshet flow
Climate Change Allowance ) X
rise increase
Design Flood Level (m, CGD28)" 3.8 | 4.2 4.6
Wave Effects Allowance None
Freeboard (m) 0.6
Land Subsidence Allowance (m) 0.2
Dike Crest Elevation? (m) 4.6 5.0 5.4
Notes:
1. From (BC MFLNRO, 2014).
2. The City’s adopted downstream design crest elevation (4.7 m) exceeds the minimum required elevation (4.6 m). Thisis a
result of updated coastal water level analysis methods (joint probability analysis) that result in a discrepancy when compared
to previous methods (additive method).

The Dike Master Plan also allows for further upgrading by providing proof of concept for raising to
between 5.5 m downstream of Nelson Road, and 6.0 m at the boundary with the City of New
Westminster.

Seismic Performance

The current provincial seismic performance criteria for dikes are difficult to meet without costly and
complex ground improvement works. Additionally, the guidelines are considered very conservative in
some situations because they require performance under extremely rare scenarios. For example, the
guidelines require dikes to maintain 0.3 m freeboard in the event of a 10-year return period flood
occurring following a 2,475-year return period earthquake which has a probability of 0.004% in a 1-year
period. This is significantly rarer than the design event for the dike crest elevation (500-year return
period event has a 0.2% annual exceedance probability). It is understood that the Province is
conducting a review of the current criteria and associated guidelines.
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For the purpose of the Dike Master Plan, an alternative seismic performance approach that focuses on
failure mechanisms and post-earthquake level of protection is proposed. The alternative criteria are
presented below.

Table 3-5: Proposed Alternative Seismic Performance Criteria

Criteria Description / Value

Flowslides (resulting in full loss of dike cross-section into the river or
Failure Mechanisms channel) are not acceptable up to a return period to be determined
(e.g. 2475-year return period).

0.2% annual exceedance probability

Calculate probability through comparison of various post-earthquake
dike crest elevations and future flood levels + 0.3 m freeboard.
Assume a minimum 1-year exposure period for dike repairs, or longer
if local site conditions warrant.

Maximum post-earthquake In general, this results in a minimum post-earthquake dike crest
overtopping probability elevation of 3.2 m which corresponds to the governing scenario of an
average annual maximum coastal water level (1.9 m) with 1 m of sea
level rise occurring within 1 year of a 475-year return period
earthquake. The post-earthquake dike crest would need to provide
adequate dike performance and static stability (i.e. no major
deformations and cracks).

This approach would make the service level of the dike in a seismic scenario consistent with the service
level for the dike crest elevation which is set based on a 500-year return period flood or a 0.2% annual
exceedance probability.

For the coastal design dike crest elevation of 4.7 m CGVD28, this approach would allow for up to 1.5 m
of vertical settlement, as long as core dike integrity is maintained.

The length of time between earthquake and dike repair will be a critical assumption for analysis to support
this approach. The City may wish to specify consistent assumptions through the Dike Master Plan to
ensure consistent analyses. For example, reconstruction of a dike that has failed into the river channel
following a flowslide failure from an extreme earthquake may take up to 2 years or more, whereas more
straightforward compaction and raising of a settled dike could be done in less than a year after an
earthquake.

In addition, it should be noted that meeting the seismic performance criteria through increasing the dike
crest elevation, as opposed to ground densification, has the added benefit of increasing the level of
protection against flood events.

The seismic performance criteria may need to be further reviewed if/when the Province issues updated
guidelines for seismic performance of dikes.
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3.3 Alternative Upgrading Strategies

Several high-level upgrading strategies, summarized in Table 3-6, were considered to inform the
development of specific options for the Dike Master Plan.

Table 3-6: High-level Dike Upg

Strategy

Advantages

CITY OF RICHMOND

Richmond Dike Master Plan — Phase 4

Final Report
April 28, 2023

Disadvantages

Road Dike

Raise road to dike crest
elevation

Smaller footprint
Wider crest (more robust)
Smaller impacts to habitat

Operation and maintenance
challenges

Infrastructure within dike

High cost to raise dike in the
future

Separated Dike and Road

Conventional dike adjacent to
road

Operation and maintenance
separated from road
No infrastructure within dike

Larger footprint and impact to
infrastructure and habitat

Raise Riverbank Dike

Conventional dike along
riverbank

Minimize footprint

Limited space

Impacts to river side riparian
and intertidal habitat and land
side riparian and aquatic habitat

Reduced seismic performance
Erosion hazard

Fill River-side Dike

Build into river to achieve
conventional dike

Less impacts to existing
development and on-shore
infrastructure

Larger impacts to river side
riparian and intertidal habitat

Reduced seismic performance
Erosion hazard

Setback Dike

Realign significantly away from
river

Increased seismic performance
Reduced erosion hazard
Increased opportunities for
riparian and intertidal habitat
enhancement

Increase in unprotected
development

High infrastructure impacts

High cost to construct new dike
alignment

Would result in 2 dikes (existing
and setback) to maintain

Land Raising (“superdike”)

Raise development and roads
adjacent to dike

Wider crest (more robust)
Reduced grading issues (after
implementation)

Less impacts to raise a dike in
the future

Timing and phasing depends on
development

High cost to raise large lots with
low-density land use

Grading and access issues for
water-oriented developments

0651.122-300
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Options and Concepts

Through a series of meetings and site visits with City staff, the high-level upgrading strategies have
been narrowed down to a set of options and concepts for each reach.

The options developed for Phase 4 include:

Option 1: Raise dike and road, extend land-side (Figure 3-2);
Option 2: Raise dike and road with retaining walls (Figure 3-3);
Option 3: Raise dike only and extend river-side (Figure 3-4); and
Option 4: Raise dike only and extend land-side.

In addition to the above options, the following options have been developed to address site-specific
issues at the rail trestle (Reach 4) and at the tie-in with the City of New Westminster (Reach 6):

Option 6: Rail trestle — raise road/dike under trestle (Figure 3-5);

Option 7: Rail trestle —fill in between trestle piles (Figure 3-6);

Option 8: City of New Westminster tie-in — raise Boundary Road (Figure 3-7);

Option 9: City of New Westminster tie-in — fill Tree Island Steel property to dike level (Figure 3-8); and
Option 10: City of New Westminster tie-in — new alignment across Tree Island Slough (Figure 3-9).

Table 3-7 presents a summary of the options as applied to each reach based on discussions with City
staff and is followed by a discussion of the options. Appendix B includes landscape concepts prepared
by Hapa associated with the cross-section options.

Table 3-7: Major Dike and Road Alignment and Cross-section Options

Reach ID and Name Alignment and Cross-section Options
1 — Bridgeport Industrial e Option 1: Raise dike and road, extend land-side**
2 — Industrial and Shipyards e Option 1: Raise dike and road, extend land-side**

3 — Riverfront Houses and ALR ¢ Option 1: Raise dike and road, extend land-side**

e Option 1: Raise dike and road, extend land-side

e Option 2: Raise dike and road with retaining walls

e Option 3: Raise dike only and extend river-side**

Specific options for rail trestle:

¢ Option 6: Rail trestle — raise road/dike under trestle
Option 7: Rail trestle —fill in between trestle piles

4 — Bog and Rail

[ ]
. ¢ Option 1: Raise dike and road, extend land-side**
5 — Hamilton Frontages .

Option 3: Raise dike only and extend river-side

e Option 3: Raise dike only and extend river-side**
e Option 4: Raise dike only and extend land-side
Specific options for tie-in with City of New Westminster dike:

e Option 8: City of New Westminster tie-in — raise Boundary Road

6 — Tree Island Slough and

Boundary X \ X
e Option 9: Fill Tree Island Steel property to dike level
e Option 10: City of New Westminster tie-in — new alignment
across Tree Island slough
Notes:

** Option footprint is presented in Appendix A plan figures.
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Raise Dike and Road, and Extend Land-side

The preferred option developed for Reaches 1 to 3 involves separating the dike and River Road, raising
both to the dike crest elevation, and extending the footprint of the fill towards the land-side. Figure 3-2
presents a typical cross-section for this option.

Figure 3-2 shows a 10 m wide dike crest to allow for additional future dike raising without the need to
reconstruct the road. An alternative approach to reduce the overall footprint at first would be to have a
4 m wide dike crest and to extend the footprint and reconstruct the road in the future.

This option addresses several of the main design considerations including providing a substantially wide
dike and improving River Road safety by separating vehicles and cyclists/pedestrians.

Extending the footprint towards the land-side takes advantage of the space currently occupied by
drainage channels. This option requires filling in the existing channel and replacing or relocating the
drainage conveyance and storage. The preferred approach is to replace the channels with pipes. This
will result in a loss of aquatic and riparian habitat and will require habitat creation or enhancement to be
completed elsewhere to offset the loss. Drainage modification options are discussed separately below.

Extending the footprint towards the land-side will also require land acquisition where the existing
corridor width is insufficient. In general, this would affect a narrow strip of land on the frontage of large
lots and should be feasible to implement.

However, there are also areas on both the land-side and the river-side where the upgrade will result in
access issues. The areas with the most severe space limitations and potential options to address the
access issues are presented in Table 3-8.

Table 3-8: Space Limitations and Access Issues
Reach / Location / Options to Address Footprint

Description and Access

Reach 1 e Retaining walls and steeper
driveway access
e Replace pump station during dike

No. 7 Road Pump Station upgrades

Reach 1

e Retaining walls and steeper
15700 River Road driveway access
e Coordinate with FortisBC to raise

FortisBC gas pipeline parcel during next major upgrade

facility
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Options to Address Footprint

Description

Reach 2
16291 River Road

Residential / Office Space

and Access

Retaining walls

Provide parking on land-side
(instead of driveway down to lot)
Raise parcel of land at time of
redevelopment

Land acquisition / managed
retreat (buy-out, relocate, or do
not allow redevelopment)

Reach 2
16971 River Road

Tom-Mac Shipyard on
water side, Residential on
inland side

Retaining walls

Provide parking on land-side
(instead of driveway down to lot)
Raise parcel of land at time of
redevelopment

Managed retreat (buy-out,
relocate, or do not allow
redevelopment)

Reach 3
17740 River Road

No. 8 Road North
Drainage Pump Station

Retaining walls
Replace pump station during dike
upgrades

Reach 3
18871 River Road

Storage, and Residential
lots (Water Side)
Large Channel
(Inland Side)

Retaining walls

Provide parking on land-side
(instead of driveway down to lot)
Raise parcel of land at time of
redevelopment

Land acquisition / managed
retreat (buy-out, relocate, or do
not allow redevelopment)
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Options to Address Footprint
and Access

Description

Reach 3
19051 River Road

Metro Vancouver Tilbury
Watermain Crossing

Retaining walls and steeper
driveway access

Coordinate with Metro Vancouver
to raise parcel during next major
upgrade

Reach 4
21200 River Road

CN Rail Trestle Bridge

Refer to rail trestle discussion
paragraph in this section
(page 3-18)

Reach 5
22760 River Road

Queen Road North
Drainage Pump Station

Retaining walls and steeper
driveway access

Replace pump station during dike
upgrades

0651.122-300
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Filling in Drainage Channels (Extending Land-side)

The interior channels along River Road will generally be filled in the preferred option which involves
raising the dike and River Road, and extending the footprint towards the land-side. Options considered
to replace the conveyance and storage capacity provided in the channels are described in Table 3-9.

Table 3-9: Options for Replacing Existing River Road Drainage Channels

Comments

o Would impact the adjacent properties, requiring acquisition of right-
of-way or, potentially, of whole lots (depending on extent of impact

to the lot)
1. Relocate channels ¢ New channels may not need to be as wide as the existing channel
further inland to new o New channels would be located at the toe of the road and outside
River Road toe the dike section

e ltis notideal to have a channel near the toe of the dike and the
option of locating a channel near the toe of the dike would need to
be evaluated by a geotechnical engineer for seepage concerns

e Would involve replacing the channel functions with a pipe below
the road

e Pipe would be located within the road base but must be outside of

2. Replace channels the dike cross-section or toe of the dike

with pipe : . - . :

e The size of pipe that could be fit into the available space in the

road cross-section is a potential limitation
e Would result in a loss of land side aquatic and riparian habitat
e Would require re-grading of lots and re-connection of lot drainage
3. Reconstruct channels to rear of lot

at rear of lots along e Property acquisition for drainage right-of-way would be required
River Road e Road drainage would need to be accommodated in additional

infrastructure — likely a pipe below the road on the inland side

The option expected to be both the simplest to implement and the least cost is to replace the existing
channels along River Road with pipes. As noted, this option is limited by the size of the pipe that can fit
within the road cross-section and outside of the dike cross-section in the preferred option for the dike
upgrades. It is estimated that maximum pipe size is approximately 1.2 m diameter, and a circular pipe
will fit better than a box section in the available space.

Drainage from both River Road and the interior lots adjacent to the road would be directly connected to
the new drainage pipes. The new pipes would drain to the existing north-south channels that convey
runoff to the pump stations.

A preliminary assessment of the replacing the drainage channel with a piped system was done to
determine whether it could provide the necessary conveyance and storage functions to replace the
existing channels along River Road. The existing hydraulic model of the east Richmond drainage
system was provided to KWL for this purpose by the City. The preliminary assessment indicates that
replacement of the existing River Road channels with 1.2 m diameter concrete pipes would provide
adequate conveyance and storage for drainage of the design storms from the interior drainage system.
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The internal drainage system in the eastern part of Lulu Island provides irrigation service as well as
drainage service. The system of channels allows water from intakes on the Fraser River to flow into
Lulu Island and distribute through the drainage conveyance system to provide irrigation water to the
farmlands in eastern Lulu Island. This use of the drainage conveyance system relies on the storage
capacity within the channels to provide adequate water to the farmlands. The system was reviewed
relative to the impacts on irrigation functions with the proposed removal of the large storage channels
along River Road and their replacement with pipe infrastructure. The function of these channels for the
irrigation system was discussed with City staff (Derek Hunter, Pump Station Manager). From an
irrigation perspective, these changes to the system along River Road are not expected to impact the
irrigation functions of the system. The east-west running channels along River Road have one-way flow
gates at the junctions with the north-south running channels that convey flow to and from the pump
stations and the irrigation intake points. These one-way gates allow the water to drain out of the east-
west channels along River Road to flow to the pump stations, but they block irrigation water from
entering the east-west channels when the irrigation function of the channels is in use during the growing
season. Therefore, the proposed replacement of the channels along River Road with pipe infrastructure
should not impact the irrigation system. Similar one-way gates should be used on the new pipe
infrastructure to allow the irrigation flow in the north-south channels to continue to bypass the drainage
infrastructure that will provide drainage service along the new River Road.

Infilling drainage channels will remove a large amount of aquatic and riparian habitat important for fishes
and amphibians. This will require a significant amount of habitat creation, restoration, and/or
enhancement to offset this loss.

North East Bog Forest (Reach 4)

In Reach 4, raising both the dike and River Road to the design dike elevation and extending the
footprint towards the land-side (Option 1) would encroach onto the north-east Bog Forest, and is
generally not preferred from an environmental perspective. The bog is a unique feature on Lulu Island,
and impacts to the bog need to be carefully considered.

To avoid encroaching onto the bog, the following additional options are considered for Reach 4:

e Option 2: Raise dike and road with retaining walls; and
e Option 3: Raise dike only and extend river-side.

Option 2 would limit the encroachment onto the bog by retaining the road land-side slope using retaining
walls. Settlement may be a significant concern with Option 1 and Option 2 because the soils adjacent
to the bog may experience significant settlement.

By filling towards the river-side instead of the land-side, Option 3 would avoid encroachment and filling
in the bog. Building into the river would cause an impact to existing riparian and aquatic habitat and
require offsetting. However, the desktop habitat review (Section 2.4) shows that there are existing
areas of low quality riparian and aquatic habitat in the eastern portion of Reach 4. As such, building into
the river provides an opportunity to replace the low quality riparian habitat with higher quality riparian
habitat. One concept to achieve this is to build out a shallow river-side slope with riparian and marsh
benches, as shown in Figure 3-4. A shallow river-side slope would also reduce the erosion concern and
reliance on riprap bank protection. Aquatic habitat loss will have to be offset elsewhere.

Since this option would involve filling in a portion of the river channel, it may have some impact on
channel conveyance or navigation. However, the existing trestle piles and piers located upstream
already limit the conveyance and navigation in this area. These impacts should be considered further if
this option is preferred.
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Rail Trestle (Reach 4)

The existing rail trestle structure at eastern end of Reach 4 is an obstacle to conventional dike
upgrading due to limited space for widening the dike and road, and due to limited overhead clearance
space for raising the road — as shown on the photo below.

The existing maximum road clearance below the structure is posted at 5.88 m. Raising the road/dike
would reduce the clearance.

The following options have been developed for dike upgrading at the rail trestle:

e Option 6: Rail trestle - raise road/dike under trestle; and
e Option 7: Rail trestle —fill in between trestle piles.

To achieve Option 6, the trestle structure may need to be modified to achieve a minimum acceptable
overhead clearance (to be confirmed with City staff).

Option 7 would avoid reducing the overhead clearance by leaving the road as-is and constructing a new
dike on the river-side filling in between the trestle piers. The feasibility of this option needs to be
confirmed from geotechnical engineering and constructability perspectives. Additionally, this option
would involve filling in a portion of the river channel and may have an impact on channel conveyance or
navigation. However, the existing trestle piles and piers already limit the conveyance and navigation in
this area. These impacts should be considered further if this option is preferred.

Hamilton Frontages (Reach 5)

Upstream of the rail trestle, in Reach 5, the primary option is the same as Reach 1 to 3. This involves
raising the road and the dike to the design dike elevation, and extending the footprint to the land-side
(Option 1). This will remove a large amount of aquatic and riparian habitat and will require a significant
amount of habitat creation, restoration and/or enhancement to offset the loss.

However, Option 3, raise dike and extend to river-side, is also considered because of the opportunity to
convert the existing low quality riparian and aquatic habitat into higher quality habitat (see Section 2.4).
One concept to achieve this is to build out a shallow river-side slope with riparian and marsh benches,
as shown on Figure 3-4. A shallow river-side slope would also reduce the erosion concern and reliance
on riprap bank protection. Additionally, this option is considered in both Reach 4 and Reach 6, and
would allow for continuity in alignment. This option would involve filling in a portion of the river channel
and may have an impact on channel conveyance or navigation.
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Tree Island Slough and Tie-in with City of New Westminster Dike (Reach 6)

Near the western end of Reach 6, River Road intersects Westminster Highway. The existing dike runs
along the river bank, and is separated from River Road. The existing dike runs east until it reaches the
recently developed Hamilton Transit Centre. The existing dike alignment is not well defined from the
Hamilton Transit Centre to Boundary Road where jurisdiction of the Lulu Island perimeter changes to
the City of New Westminster.

The following options have been developed for Reach 6:

e Option 3: Raise dike only and extend river-side; and
e Option 4: Raise dike only and extend land-side.

The following specific options have been developed for tie-in with the City of New Westminster dike:

e Option 8: City of New Westminster tie-in — raise Boundary Road;
e Option 9: Fill Tree Island Steel property to dike level; and
e Option 10: City of New Westminster tie-in — new alignment across Tree Island Slough.

Options 3 and 4 address dike upgrading along the existing dike alignment from Reach 5 to the Hamilton
Transit Centre, from which there are 2 compatible options for tie-in with the City of New Westminster dike:

e construct a dike along the right-of-way north of the Hamilton Transit Centre and raise Boundary
Road (Option 8); and

o fill the Tree Island Steel property (3933 Boundary Road) up to the dike elevation through
redevelopment.

Option 3 (extend river-side) would involve impacts to existing intertidal habitat, but also presents the
opportunity to improve river side riparian habitat, while Option 4 would have private property impacts.

Raising Boundary Road (Option 8) may be difficult to achieve through a standard dike design because
there is a railroad access line to the Tree Island Steel property that crosses Boundary Road. This may
require a rail gate, which is not desired.

Raising the land elevation of the Tree Island Steel property (Option 9) would create a wide and robust
dike at the tie-in, but this option is dependent on redevelopment of the site and may have feasibility
issues due to access requirements.

Option 10 provides an alternative approach that realigns the dike to cross over the slough and runs
along the Tree Island Steel property and directly connects to the City of New Westminster dike along the
river bank. Option 10 would involve partially or completely closing off the slough and presents the
opportunity to construct a large habitat enhancement project. One concept for this is to create an
intertidal marsh in the slough and have a tide gate installed on the dike crossing at the outlet of

the slough.

3.5 Stakeholder Engagement

Stakeholder engagement for Phase 4 was completed in four stages. This included internal (City)
stakeholder review, Council review, external stakeholder engagement, and then public engagement.

Prior to City Council review, initial stakeholder engagement included meetings with internal City
departments and some regulatory agencies. This initial stakeholder engagement provided input from
City groups on options developed, additional background, and future coordination, with the goal of
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informing the preferred upgrade options. City departments included Transportation, City of Richmond
Parks, Planning, and Sustainability.

Following Council review, additional stakeholder engagement was conducted, including meetings with
specific stakeholder groups.

External stakeholder feedback was received originally received in 2018 from the City of New
Westminster and the Ministry of Forests, Lands, Natural Resource Operations, and Rural Development
(MFLNRORD), including Inspector of Dikes, Flood Safety, and Water Authorizations staff. In 2022 and
2023, additional feedback was received from the Department of Fisheries and Oceans, Ministry of
Transportation, Fortis BC, and the Ministry of Forests, Richmond’s Advisory Committee on the
Environment, and Richmond’s Food Security and Agricultural Advisory Committee.

The Department of Fisheries and Oceans (DFO) originally declined to meet with the City in 2018, stating
that input would be provided during later stages in the established review and approvals process.
However, at a later date City staff met with the Fish and Fish Habitat Protection Program team at the
Department of Fisheries and Oceans to discuss the dike-raising initiative and how impacts on fish and
fish habitat are planned to be mitigated or compensated, where impact cannot be avoided. They
encourage the implementation of more nature-based solutions. Staff are in discussion with the
Department of Fisheries and Oceans to implement a habitat bank, per council direction.

Richmond’s Advisory Committee on the Environment generally supported dike-raising and noted that
New Westminster’s dike-raising plans should align with Richmond’s. The City is coordinating with the
City of New Westminster to ensure that east Richmond will be protected from flood risks.

Richmond Food Security and Agricultural Advisory Committee noted that implementing a continuous
trail network along the perimeter dike and tree planting for habitat compensation should be prioritized.
Additionally, opportunities for accessing the river for water activities should be investigated. The dike
cross-section recommended in the Dike Master Plan includes a continuous multi-use pathway for dike
trail continuity and

The Ministry of Transportation does not have any infrastructure in the Dike Master Plan Phase 4 study
area; however, they noted their request to be notified and engaged wherever Richmond’s dike project
may intersect with Ministry infrastructure. Staff will consult with the Ministry staff for any dike reaches
where their infrastructure is located.

Fortis BC requested to be notified in advance of dike upgrades along Reach 1 of Dike Master Plan
Phase 4, which is between No. 6 Road and No. 7 Road, to relocate or regrade one of their critical pump
stations. They also noted the potential impact to their DP gas main along the rest of Reach 1. A preload
and impact memo was requested during design to determine if there are impacts and mitigative
measures needed.

Ministry of Forests expressed concerns about habitat impact from potential Riparian Management Area
(RMA) ditch infills along River Road. They also noted that Land Act authorizations would be required for
any potential dike infrastructure that may stretch over the river or aquatic areas. Staff will obtain all
required authorizations and work closely with a Qualified Environmental Professional, in collaboration
with the Ministry, during the detailed design phase of the different dike sections to limit impacts where
possible and provide adequate habitat compensation, as necessary.

Public Feedback

The City sought and received feedback from the public. The engagement is described in the November
2022 report by the City titled City of Richmond Flood Protection What We Heard Report. The
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engagement was conducted by the City over a five month period from May to September, 2022.
“Approximately 1,000 people attended in-person engagement activities and events. Over 2,000 people
participated online, both through the City’s flood protection webpage and Let’s Talk Richmond project
page that was set up to support community outreach.” The received feedback included:

e Strong support for the accelerated flood protection program with a 50-year implementation timeline;
e Support for the actions being taken with regard to community safety;

e Support for environmental considerations in the Dike Master Plan;

e Support for coordination with development to create superdikes;

e Support for improved cyclist experience along River Road;

e Support for amenity upgrades along the dike corridor, including delineated bike lanes, multi-use
pathways, benches, washrooms, perimeter dike trail continuity, and traffic calming features;

e Concern regarding the removal of trees and habitat along the dike. Once staff explained how trees
in the dike could impact its overall structural integrity, the participants understood why tree removal
may be necessary for some situations;

e Concern regarding the uncertainty in sea level rise trends. The participants were assured that the
City is continuously monitoring and reviewing the evolving climate change science and adjusting the
City’s flood protection plans to protect the City well ahead of the sea-level rise;

e Concern regarding New Westminster’s dike-raising plans. Staff are coordinating with New
Westminster to ensure their dike upgrade plans are in alignment with Richmond'’s;

e Appreciation for the flood protection public engagement campaign and desire for more similar
initiatives in the future;

e Appreciation for all materials available to provide information to residents, including the webpage,
online StoryMaps, hand-out flyers, and poster boards; and

e Appreciation for being able to communicate directly with City staff regarding their flood protection
concerns.

3.6 Options Evaluation and Selection

The options described in Section 3.4 have been evaluated based on the design considerations and
feedback from the stakeholder meetings held to date.

Recommended options have been identified and are described below. Environmental impacts and
geotechnical considerations associated with the recommended options are also summarized below.

It is understood that the recommended options will be confirmed through Council and additional
stakeholder consultation.
Recommended Options

In general, the recommended option is to separate River Road from the dike, and have both the road and
the dike at the dike crest elevation. This is referred to as the “separated dike and road” option and is
presented as Option 1 in Section 3.4.

The main features of this option are described below.
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Separate the dike and roadway such that there is an over-wide dike and separate travel areas for
vehicles and cyclists/pedestrians.

Raise the dike crest and road surface to the design dike crest elevation and extend the footprint of
fill towards the land-side.

Retain the land-side toe of the road with retaining walls (e.g. MSE) where necessary (e.g. to
minimize impact to North East Bog Forest).

Fill existing land-side drainage channel and replace with a piped drainage system.

Modify driveways and access ramps into adjacent properties where reasonable (some constrained
areas may require major modifications, redevelopment, or property acquisition).

Incorporate public space, linear park, and multi-use path features appropriate for a dike crest.

Install bank protection works on the river-side to match existing (may not be required where the
alignment is setback from the river-bank).

The dike portion of the overall crest would be 10 m wide to accommodate future dike raising without
having to modify the road. This option is recommended because it is the most robust of the options
considered as it produces an earth fill embankment (dike and road) that would be approximately 22 m
wide at the crest. This is a significant increase above the standard dike crest width of 4 m and is
expected to reduce the likelihood of failure for a variety of processes. Additionally, separating the dike
and road would provide several community benefits including improved pedestrian, cyclist, and vehicle
safety, and the opportunity for a linear park/multi-use path.

Other options are recommended below in areas which are constrained and do not allow for the separated
dike and road option.

0651.122-300

Riverbank Dike (Option 4):

o Use in eastern end of Phase 4 where there is no road associated with the dike.

o Raise the dike crest to the design height and extend the footprint of fill towards the land-side.
o Install bank protection works on the river side to match existing.

Combined Dike and Road Below Trestle (Option 6):

o Use only at the CP rail trestle crossing where there is not enough space for a separated dike
and road.

o There is sufficient clearance to raise the road to the design dike elevation based on discussion
with City transportation staff.

o Install bank protection works on the river side to match existing.

Construct Dike Between Tree Island Steel and Hamilton Transit Centre, and Raise Boundary
Road (Option 8):

o Use to tie-in with the City of New Westminster’s portion of the Lulu Island perimeter dike.

o Use existing right-of-way between Tree Island Steel property (3933 Boundary Road) and the
Hamilton Transit Centre (4111 Boundary Road).

o Raise Boundary Road from Tree Island Steel property towards river bank to tie into City of New
Westminster’'s portion of the Lulu Island perimeter dike.
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o Boundary Road raising will require road and possible intersection changes.

o The existing rail spur line servicing Tree Island Steel will need to be addressed (e.g. rail dike
gate, raise rail spur, etc.).

o Alternatively, if redevelopment of the Tree Island Steel property occurs during the implementation
period of the Dike Master Plan, then the recommended alternative option is raise the property (or a
portion of it) to the dike crest elevation as per Option 9.

In addition to the options listed above, another recommendation for flood protection in all areas of
Phase 4 is to target land raising of the areas behind the dike.

Table 3-10 below presents a summary of the recommended options for each reach.

Table 3-10: Recommended Dike Upgrading Options
Reach # and Name Recommended Options

1 — Bridgeport Industrial e Option 1: Separated dike and road
2 — Industrial and Shipyards e Option 1: Separated dike and road
3 — Riverfront Houses and ALR e Option 1: Separated dike and road
e Option 1: Separated dike and road’
4 — Bog and Rail Site specific option at rail trestle crossing:

e Option 6: Combined dike and road below trestle

5 — Hamilton Frontages e Option 1: Separated dike and road

e Option 4: Riverbank dike

6 — Tree Island Slough and Boundary | Site specific option for tie-in with City of New Westminster dike:
e Option 8: Raise boundary road

1. Retaining walls (Option 2) may be required to minimize impacts to the bog.

Environmental Impacts of Recommended Options

In total, the estimated impact for the selected Phase 4 options is 3,300 m2 of high quality Fraser River
intertidal habitat, 1,900 m? high quality Fraser River riparian habitat, 28,500 m? drainage channel aquatic
habitat, and 106,200 m? drainage channel riparian habitat. These areas represent an estimate based
on FREMP habitat mapping (2007), and City of Richmond orthoimagery interpretation (2017). Not all
Fraser River riparian and intertidal habitat was quantified. The desktop review only quantified high-
quality riparian and intertidal habitat types on the Fraser River side of the existing dike. The remaining
habitat area, while not calculated here, would also be required in calculations for determining offsetting
requirements. Calculation of the exact area of impact of selected options will require an aquatic habitat
survey and aquatic effects assessment.

Table 3-11 presents the summary of habitat impacts for the recommended options by reach.

of Habitat Impacts
High-Quality = High Quality Drainage Drainage
Reach # and Name Fraser River Fraser River Channel Channel

Table 3-11: Reach-by-Reach Summa

Intertidal (m?) Riparian (m?) Aquatic (m?) Riparian (m?)

1 - Bridgeport Industrial - 500 3,300 14,800
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High-Quality = High Quality Drainage Drainage
Reach # and Name Fraser River  Fraser River Channel Channel
Intertidal (m?) Riparian (m?) Aquatic (m?®) Riparian (m?)
2 - Industrial and Shipyards - 800 5,900 28,000
3 - Riverfront Houses and ALR 50 300 3,000 16,100
4 - Bog and Rail 100 300 10,200 23,500
5 - Hamilton Frontages 900 - 5,900 23,700
6 - Tree Island Slough and Boundary 2,200 - - -

Geotechnical Considerations for Recommended Options

The proposed dike improvements were assessed with consideration for the BC Seismic Design
Guidelines for Dikes.

Thurber Engineering Ltd. (Thurber) assessed 3 sample cross-sections to estimate the potential deformation
resulting from seismic events. The cross-sections were based on the preferred cross-section at what was
judged to be the most susceptible areas for deformation. Soil conditions were determined by cone
penetration tests. Seismic performance was assessed on the basis of existing foundation conditions, (i.e.
no additional ground improvement/densification) to determine the need for ground improvement or
alternative approaches. The analysis included seismic events representing 100, 475 and 2475-year return
period events. Seismic performance was assessed using 2 methods: 1-D (i.e. flat ground) liquefaction
assessment to estimate reconsolidation settlements, and 2-D numerical deformation assessment to
estimate dynamic deformations. The methods are complimentary, and the results are interpreted together.

The preliminary geotechnical report is attached in Appendix C.
The key results of the geotechnical analysis are summarized below.

e Proposed dike cross-sections will not meet the performance requirements of the seismic design
guidelines, without ground improvement or alternative approaches, based on the results of both
assessment methods.

e The liquefaction hazard is considered insignificant for earthquakes up to the 100-year return
period event.

e The liquefaction hazard is considered moderate and high for the 475 and 2475-year return period
events respectively. The resulting deformations would be large.

e Liquefaction may result in a flowslide into the river for dike alignments along the river-bank due to
lateral spreading, whereas it would result only in vertical deformation for dike alignments
significantly set back from the river bank.

e The deformation analysis indicates that dikes may meet the performance requirements of the
seismic design guidelines if they are typically set back 50 m to 100 m from the river-bank and have
flat slopes or some localized ground improvement.

Options to address seismically induced deformations, and opinions on each, include:

o Densification — The typical approach to densification is to install stone columns. To be effective
against the liquefaction expected to follow the 2475-year return period event, densification would
have to extend the depth of the liquefaction zone, and for a similar width. In a typical scenario, this
can be considered as a 30 m (width) by 30 m (depth) densification located at the river-side toe of
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the dike. Densification can be very costly (e.g. $9,000 to $18,000 per lineal metre of dike).
Alternate experimental techniques are being tested by the City that may offer a more
economic solution.

Higher Crest — For the 100-year return period event, additional crest elevation may compensate for
deformations caused by settlement. For events that cause liquefaction, added height just results in

added deformation, so it would be less effective. This is not an effective strategy by itself for return

periods above 100-year due to lateral spreading and large vertical deformations.

Setback and Slope — Flatter side slopes on the dike improves seismic stability. However, to
prevent large deformations in the 2475-year return period event, the maximum acceptable slope
between the river channel invert and the dike crest would need to be approximately 2%, which
would require a significant setback between the dike and river.

Wide Crest (“superdikes”) — A very wide dike (e.g. crest width of 100 m to 200 m) could be used to
extend the dike beyond the limit of significant lateral spreading due to liquefaction. A portion of the
wide crest could be considered sacrificial in the even to major lateral spreading. Raising the land
for approximately 200 m inland of the dike is desirable for related flood protection reasons, and may
be desired by the City for other reasons such as land use planning. It has already been done as
part of multiple family, commercial, and industrial development projects along the waterfront.
Buildings within this area must already account for liquefaction in their foundation design.

Dike Relocation / Secondary Dikes — Place the dike inland of the liquefaction lateral spreading
zone (similar to set back approach) or place a secondary dike inland of the liquefaction lateral
spreading zone. The wider option above would essentially include a secondary dike. Relocating
the primary dike inland would be a form of retreat and would leave property and buildings exposed
outside of the dike.

Post-earthquake Dike Repair — Dike reach specific plans could be developed for post-earthquake
dike repairs. These would need to consider the feasibility of dike repair construction following a
major earthquake. In general, it is likely not feasible to quickly repair a dike that has failed due to a
flowslide induced by liquefaction lateral spreading, especially if the breach results flooding from
regular high tides. However, it may be feasible to prepare dike repair plans for dikes where a
flowslide is not anticipated.

Additionally, the City may wish to use alternative seismic performance criteria, such as the criteria discussed
in Section 3.2 which aims to develop a consistent level of performance between seismic scenarios and flood
level scenarios (i.e. an overall 0.2% annual exceedance probability of failure across all hazards).

Recommendations to manage the seismic risk include:

0651.122-300

Consider the proposed alternative seismic performance criteria provided in Section 3.2. Review the
criteria iffwhen the Province issues updated guidelines for seismic performance of dikes.

Fill land for approximately 200 m inland of the dike to dike crest elevation. Buildings in this zone
should be built above the dike crest elevation and have densified foundations capable of
withstanding liquefaction. The required distance requires some additional evaluation and may be
addressed in the pending updated to the Flood Protection Management Strategy.

Continue to investigate practical densification options and consider earthquake induced dike
deformations in emergency response and recovery planning.
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3.7 Cost Opinions

Cost opinions for the recommended option in each reach are provided to help the City consider the
financial implications for planning and comparing options. A breakdown is provided to help understand
the proportional cost for recommendations such as separating and raising the road.

Costs are based on unit rate cost estimates and tender results for similar works. Costs are presented in
2018 dollars. They have not been updated between the original draft submission in 2018 and the
current final report. The most relevant rates are from the City’s Gilbert Road dike project. The City
provided a summary of the cost estimate prepared by WSP for this project.

Rates from recent tenders for diking on the Lower Fraser River and other locations within the Lower
Mainland were used to check the reasonableness of the rates and estimate other features such as
sheet piles or large diameter drain pipes.

The costs were broken down by reach so that unit rates could be applied to similar typical cross-
sections. They were also broken down into the main features that coincide with options that the City
may wish to consider further. These features are described below.

o Dike Raising — this is the core element required to provide flood protection. It includes a 10 m crest
width that can be raised while still achieving a 4 m crest width. This includes site preparation, fill,
and erosion protection.

e Road Structure and Utilities — this includes stripping, subgrade preparation, pavement structure,
drainage and utilities. Where the existing road is atop the dike, most of this cost would be incurred
regardless of where it gets relocated.

¢ Road Raising To Dike Crest — this includes the additional fill required to raise the road to the dike
crest elevation.

e Other —This category was used to capture pathways and utilities if the option did not include road
construction.

e Contingency — A 40% contingency is provided because the costs are based on concept plans only.

Table 3-12 presents a summary of all reaches with cost breakdowns for the items described above.
Costs for each reach are also provided in the Reach Summary Sheets in Section 5.

Table 3-12: Summary of Construction Costs ($ in Millions
Reach 1 Reach 2 Reach 3 Reach 4 Reach 5 Reach 6

Dike Raising $7.6 $7.7 $4.1 $10.5 $7.3 $4.7 $41.9
Road Structure & Utilities $12.3 $12.6 $6.6 $16.8 $11.8 $1.5 $61.4
Raise Road to Dike Height $3.2 $3.3 $1.7 $4.3 $3.1 $1.6 $17.2
Other* $1.5 $2.0 $1.1 $2.0 $1.5 $4.6 $12.8
Contingency (40%) $9.8 $10.2 $5.4 $13.5 $9.5 $5.0 $53.3
Total $34.3 $35.8 $18.9 $47.1 $33.1 $17.4 $186.6
*Other - includes utilities if there is no road
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Costs that are not included are noted below.

e Land acquisition is not included. Ideally, land will be acquired during redevelopment. Similarly,
there may be opportunities to have dike improvements tied to adjacent development.

e Densification is not included. The recommendation is to fill 200 m back from the dike face as a
preferred strategy to deal with liquefaction. If the road and land behind the dike is not raised, then
densification is recommended. Current techniques such as stone columns would cost
approximately $9,000 to $18,000 per metre of dike.

o Off-site habitat projects (that may be needed beyond the habitat enhancement provided along the
dike corridor) are not included. Such cost could be roughly 5% of the construction cost. Itis
understood that a separate Dike Master Plan may be prepared to address habitat compensation by
identifying and developing medium to large habitat compensation concepts.

¢ Raising the land behind the dike is not included. This is proposed to be a condition of development
behind the dike, with the cost and benefit attributed to the property owner.

e Professional fees (engineering, surveying, environmental, archeological, etc.) are not included.
Such costs could be in the range of 10% to 15% of the construction cost.

e Inflation since 2018.
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4.1

4.2

CITY OF RICHMOND

Richmond Dike Master Plan — Phase 4
Final Report

April 28, 2023

Implementation Strategy
The implementation strategy has three parts:

e pre-design measures;
e construction sequencing for a typical reach; and
e prioritization of reaches for construction.

Pre-design Measures
Before construction can be implemented, the following steps are recommended.

e Use the Dike Master Plan as a planning tool with City land use planning to acquire land during
redevelopment, and to rezone land with conditions for land raising inland of the dike.

e Acquire land prior to construction.

e Seek habitat compensation projects to bank credits in preparation for drainage channel and
associated riparian area impacts. A separate mater plan for habitat compensation could be
prepared to identify and develop medium to large habitat enhancement concepts to serve as
compensation for multiple reaches.

e Assess required drainage system modifications (e.g. filling drainage channels and constructing a
piped drainage system) in additional detail.

o Design with consideration for construction sequencing noted below.
e Advance public space and multi-use path design concepts further.

e Consider the need for an appropriate building setback from the land-side toe of any future flood
protection works in view of the current BC setback guideline of 7.5 m. This should consider the
planned dike upgrade to 4.7 m CGVD28, as well as future buildout to 5.5 m CGVD28. This may
require consultation with the Inspector of Dikes.

Construction Sequence

The construction sequence for a typical reach is provided below. A typical reach currently has a road
atop the dike, and utilities within the dike.

1. Secure land.

2. Coordinate third party utility relocations. This is mainly hydro on poles. Coordination with rail
needed at trestle.

3. Install storm sewer (approximately 1200 mm dia., to be confirmed through at design) in proximity to
existing channel.

4. Fill over storm sewer to underside of road structure. The fill placement may be followed by a
settlement period depending on geotechnical recommendations. If so, this fill may include a preload
depth in excess of the road fill.

5. Install new utilities (typically water and hydro, with some sewer).

Construct new road with parking where access outside the dike will be impacted.

NERKK VWWUUUV LCIVAL AJOVULVIAILCD LI V.
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CITY OF RICHMOND

Richmond Dike Master Plan — Phase 4
Final Report

April 28, 2023

Divert traffic to new road.
8. Remove existing road and utilities. Don’t abandon utilities within dike.

Fill dike to crest elevation. Excavation of sub-grade may be required to remove unsuitable
materials.

10. Complete armouring, trail, and landscaping.

Larger projects will result in less temporary road diversion works. As an alternate, the entire road could
be reconstructed first, in phases, before the dike is built later. This would work with the new road being
raised to dike crest elevation.

4.3 Prioritization

Priority for construction will depend on which section is the lowest and therefore most urgent to raise,
opportunities such as site development or road improvement plans, level of preparedness for issues
such as land acquisition and habitat offsets, and adjacent residents’ receptiveness to a higher dike. A
preliminary priority list is provided below. Opportunities may shift the order, and the reaches may be
broken down into smaller or larger projects.

Table 4-1: Priority by Reach
Reach ID and Name Extent / Length Notes

3 — Riverfront . .
1 Houses and ALR No. 8 Road to Nelson Road e Low section and road safety issues.

e Low section and road safety issues. Rail

2 | 4 —Bog and Rail Nelson Road to Rail Trestle L :
coordination takes time.
5 — Hamilton . . :
3 Frontages Rail Trestle to Queens Road | ¢ Relatively straightforward.
4 2 - Industrial and No. 7 Road to No. 8 Road . SeeK rfafjevelopment opportunities: for land
Shipyards acquisition and to resolve access issues.
5 1- Bm;igeport No. 6 Road to No. 7 Road . SeeK rfafjevelopment opportunmes: for land
Industrial acquisition and to resolve access issues.

e Coordinate with planned park, road

6 — Tree Island , realignment, and redevelopment. Seek revised
6 | Slough and Queensvl\?lgzsn:ﬁ]gg of New alignment with Tree Island Steel site, and
Boundary further investigate Tree Island Slough habitat
enhancement.

NERKK VWWUUUV LCIVAL AJOVULVIAILCD LI V.
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Lulu Island Dike Master Plan

Reach Summary Sheets

This section contains 2-page, reach-by-reach summary sheets that summarize the existing conditions, design
considerations and potential constraints for each reach of Phase 4. The second sheet will summarize the
features of the master plan through each reach including typical cross-sections, plan features, costs and priority

for upgrade.

PWT - 204
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Lulu Island Dike Master Plan

Reach 1: Bridgeport Industrial

. N 7N

Existing Conditions

The existing dike in this reach is located in River Road. A Unique Features
watermain and overhead utilities run along the southern portion | «  Drainage pump station at No. 6 Road.

of the road. . Industrial sites with water access north of River Road (e.g.

This reach has wide vegetated channels on the inland side of Mainland Sand and Gravel).

the dike, and a wide vegetated riparian zone on the riverside O TOUEEC e il ey el el el ses erhie: 7
3 ' Road.

Industrial lots and associated infrastructure exist throughout the | ¢  Drainage channel and pipe south of road.

reach, including warehouses and container storage. e  Riparian area north of road.

No. 6 Road is the tie-in location with Phase 2 of the Dike . Potential future tie-in location with proposed mid-island dike.

Master Plan, and is also a potential tie-in location for the
proposed mid-island dike.

Considerations

AP Flood Protection ke Industrial 4 Environmental
Dike alignment Water access industrial sites north No. 7 Road Pier Park Fraser River side habitat includes
Dike crest elevation of road/dike Align with 2009 Waterfront high quality intertidal habitat and
Erosion protection Road design and driveway grade Strategy high quality riparian habitat

to accommodate large trucks Land side includes drainage

channels adjacent to dike
No. 7 Road Pier Park

Connect to existing and planned

Seismic performance ; . o
trails and public amenities

Static stability and seepage
River toe stability and setbacks
Boat waves

Wayfinding and public information
signs

PWT - 205
52
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Reach 1: Bridgeport Industrial - Recommended Improvements

Lulu Island Dike Master Plan

Master Plan Features

ATAFIood Protection

kﬂ Industrial

Raise dike to 4.7 m and separate and raise
road inland of the dike as illustrated above.

Dike alignment will typically extend up from
the current face of dike, and widen inland.
Provide erosion protection along the face of
the dike, typically consisting of rip rap
revetment.

Raise properties 200 m inland to 4.7 m or

densify to the depth of potential liquefaction.

Replace channels with storm sewers and
swales to improve stability and reduce
seepage.

Raise road to dike crest
elevation to permit access over
tide to industrial sites north of
dike.

Raise industrial sites to dike
crest elevation during
redevelopment.

For lower sites, driveway
ramps may need to extend into
lots with grades that
accommodate large trucks.
Ramps may require retaining
walls to limit footprint.

Construct multi-use path on top
of dike, separate from road.
Link to parks, trails, public
amenities, and wayfinding.

%Construction Cost

’ Environmental

The proposed footprint would
impact an estimated 500 m? of
high quality Fraser River
riparian habitat, 14,800 m? of
drainage channel riparian
habitat, and 3,300 m? of
drainage channel aquatic
habitat

NOTE: This is an estimate
based on 2007 FREMP
mapping and 2017
orthoimagery interpretation.
Exact numbers will require an
aquatic habitat survey and
aquatic effects assessment

=l Priority
Priority is ranked 5% out of 6 reaches. Costs below are for 1.7 km of dike similar to cross-section above.
This is one of the lower priority reaches due to Item Cost per metre Cost
relatively good existing height, and benefits to ; i i
coordinating with future land redevelopment. The Dike Raising Sl $7.6 Milion
dike is at a higher elevation than the high priority Road Structure & Utilities $5,300 $8.9 Million
reaches. Required land may be secured through . . . -
redevelopment opportunities. Land raising during Raise Road to Dike Height $1,900 $3.2 Million
rgdevelopment will also reduce the wifjth r.equired for Pathway $600 $1 Million
dike and road work, and the need for interim access
ramps. Other (Drlveyvays, Ramps or Road $.5 Million
Reconstruction)
Utilities (Drainage, Water) $2,000 $3.3 Million
Contingency (40%) $9.8 Million
Total $34.3 Million

Cost opinions are in 2018 Canadian Dollars.

PWT - 206
53
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Lulu Island Dike Master Plan

Reach 2: Industrial and Shipyards

Existing Conditions

The existing dike alignment in this reach is a dike in River Unique Features

Road. This reach has industrial IOtS, ShlpyardS and a narrow ° Water-oriented industrial parce|s located north of road

riparian strip on the water side of the dike.

The inland side of the dike has access to industrial lots and

residential lots to the east side of the reach.

Currently, there is parking along the dike for the shipyard

employees.

Considerations

ArFlood Protection

Eﬂ Industrial

Dike alignment

Dike crest elevation

Erosion protection

Seismic performance

Static stability and seepage
River toe stability and setbacks
Boat waves

0651.122-300

Water access for tugboats, and
shipyards.

Road design and driveway grade
to accommodate large trucks

Drainage pump station at No. 8
Road

Parking for shipyards is along
River Road

Road.

Align with 2009 Waterfront
Strategy

Connect to existing and planned
trails and public amenities
Wayfinding and public information
signs

PWT - 207

(tugboat operation and Tom-Mac Shipyards).

. Residential/storage properties located north of road with
minimal setback between road and structures.

. Large industrial parcels located south of road near No. 7

e ALR parcels with houses located south of road.
e Drainage pump station at No. 8 Road.

’ Environmental

Fraser River side habitat includes
narrow deciduous treed woodland
high-quality habitat

Western portion of Land side
includes drainage channels
adjacent to dike; eastern portion of
land side has trees/hedges along
residential lots



Lulu Island Dike Master Plan

Reach 2: Industrial and Shipyards - Recommended Improvements

Master Plan Features

ATAFIood Protection

kﬂ Industrial

Raise dike to 4.7 m and separate
and raise road inland of the dike
as illustrated above.

Dike alignment will typically extend
up from the current face of dike,
and widen inland.

Provide erosion protection along
the face of the dike, typically
consisting of rip rap revetment.

Raise properties 200 m inland to
4.7 m or densify to the depth of
potential liquefaction.

Replace channels with storm
sewers and swales to improve
stability and reduce seepage.

=l Priority

Raise road to dike crest elevation
to permit access over tide to
industrial sites north of dike.

Raise industrial sites to dike crest
elevation during redevelopment.

For lower sites, driveway ramps
may need to extend into lots with
grades that accommodate large
trucks.

Construct multi-use path along
dike, separate from road. Link to
parks, trails, public amenities, and
wayfinding.

%Construction Cost

’ Environmental

The proposed footprint would
impact an estimated 800 m? of
high quality Fraser River riparian
habitat, 28,000 m? of drainage
channel riparian habitat, and
5,900 m? of drainage channel
aquatic habitat

NOTE: This is an estimate based
on 2007 FREMP mapping and
2017 orthoimagery

interpretation. Exact numbers will
require an aquatic habitat survey
and aquatic effects assessment

Priority is ranked 4™ out of 6 reaches.

Costs below are for 1.7 km of dike similar to cross-section above.

This is one of the lower priority reaches due to

relatively good existing height, and benefits to

coordinating with future land redevelopment. The
dike is at a higher elevation than the high priority
reaches. Required land may be secured through
redevelopment opportunities. The adjacent industrial
land is less developed than Reach 1, so opportunities
for land acquisition and land raising through
redevelopment may arise earlier than for Reach 1.
Land raising during redevelopment will also reduce
the width required for dike and road work, and the
need for interim access ramps.

0651.122-300

Item Cost per metre Cost

Dike Raising $4,500 $7.7 Million
Road Structure & Utilities $5,300 $9.1 Million
Raise Road to Dike Height $1,900 $3.3 Million
Pathway $600 $1 Million
e G 1
Utilities (Drainage, Water) $2,000 $3.4 Million
Contingency (40%) $10.2 Million

Total $35.8 Million

Cost opinions are in 2018 Canadian Dollars.

PWT - 208
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Reach 3: Riverfront Houses and ALR

No 4 Rd

Cambie Rd

(
\

Existing Condition

The dike in this reach is a
combination of residential
the dike.

The inland side of the dike has large residential lots separated
from the road by a large channel and hedges. The water side
of this reach has access to docks, storage, drainage pump

station.

There is a major Metro Va
reach.

Considerations

?Flood Protection

]

dike in River Road, with a Unique Features
and industrial lots on either side of 0

Road.

Road.

ncouver pipe river crossing in this

kﬂ Industrial

Dike alignment

Dike crest elevation

Erosion protection

Seismic performance

Static stability and seepage
River toe stability and setbacks
Boat waves

0651.122-300

Drainage pump station at east side
of the reach

Storage and water access on the
north side of River Road

Metro Vancouver watermain

Align with 2009 Waterfront
Strategy

Connect to existing and planned
trails and public amenities

Wayfinding and public information

crossing signs
Road design and driveway grade
to accommodate large trucks
PWT - 209
5-6

Lulu Island Dike Master Plan

Residential/storage properties located north of road with
minimal setback between road and structures near Nelson

e ALR parcels with houses located south of road.
. Metro Vancouver Tilbury watermain crossing near Nelson

’ Environmental

Fraser River Side habitat includes
narrow deciduous treed woodland
high-quality habitat along the 75%
of the reach

Land side has tree/hedges along
residential lots and drainage
channels



Lulu Island Dike Master Plan

Reach 3: Riverfront Houses and ALR - Recommended Improvements

Master Plan Features

ATAFIood Protection

kﬂ Industrial

Raise dike to 4.7 m and separate
and raise road inland of the dike
as illustrated above.

Dike alignment will typically extend
up from the current face of dike,
and widen inland.

Raise road to dike crest elevation
to permit access over tide to
properties north of dike.

Parking for properties north of dike

to be provided at side of road, or
with driveways and ramps or

Construct multi-use path along
dike, separate from road. Link to
parks, trails, public amenities, and
wayfinding.

’ Environmental

The proposed footprint would
impact an estimated 300 m? of
high quality Fraser River riparian
habitat, 50 m? of high quality
Fraser River intertidal habitat,
16,100 m? of drainage channel
riparian habitat, and 3,000 m?

Provide erosion protection along raised parking on private property.

the face of the dike, typically
consisting of rip rap revetment.

Raise properties 200m inland to
4.7m or densify to the depth of
potential liquefaction.

Replace channels with storm
sewers and swales to improve
stability and reduce seepage.

drainage channel aquatic habitat

NOTE: This is an estimate based
on 2007 FREMP mapping and
2017 orthoimagery

interpretation. Exact numbers will
require an aquatic habitat survey
and aquatic effects assessment

%Construction Cost

Costs below are for 0.9 km of dike similar to cross-section above.

=l Priority

Priority is ranked 1% out of 6 reaches.

This is highest ranked priority due to low crest ltem Cost per metre Cost
elevations and road safety issues.
Land acquisition may be required, but the large Dike Raising $4,500 $4 Million
agricultural/residential lots typically include adequate Flrs S & Uiies $5.300 $4.8 Million
setbacks to provide enough space without ’ ’
redevelopment. Raise Road to Dike Height $1,900 $1.7 Million
Land raising during redevelopment will also reduce Pathway $600 $.5 Million
the width required for dike and road work, and the
need for interim access ramps. Other (Driveways, Ramps or Road $.6 Million
Reconstruction) ’
Utilities (Drainage, Water) $2,000 $1.8 Million
Contingency (40%) $5.4 Million
Total $18.9 Million

Cost opinions are in 2018 Canadian Dollars.

PWT - 210
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Lulu Island Dike Master Plan

Reach 4: Bog and Rail

e

Existing Conditions

The dike in this reach is within River Road. Unique Features

There are environmental and agricultural constraints along o AlRGEEES W_ith Gl s U °T road.
either side of the dike. Outside of the dike on the riverside, »  Verylarge agricultural channel south of dike.
there is a narrow strip of riparian zone and riprap along the *  North East Bog Forest (City park).

Fraser River. e  Rail trestle river crossing.

. No space between road edge and river channel (existing

Informal agricultural (cranberry) dikes are located along the o] Bl ol sy

south edge of the road/dike. The drainage channel in this
reach is very wide.

The North East Bog Forest is a city park/conservation area
located south of the road/dike.

The east side of the reach includes a rail trestle bridge that
crosses the dike and Fraser River.

Considerations

?Flood Protection b Industrial 4 Environmental
Dike alignment Water access and parking for North East Bog Forest Fraser River side habitat includes
Dike crest elevation docks. Align with 2009 Waterfront harrow low-brush riparian zone on
Erosion protection Road and Driveway access will Strategy /2 of reach

Land side includes drainage
channels adjacent to and North
East Bog Forest at eastern end of
the reach

need to be regraded. Connect to existing and planned
Train rail trestle located at east trails and public amenities
side of reach.

Seismic performance

Static stability and seepage

. y. ) . Wayfinding and public information
River toe stability and setbacks Farm dike on the inside of the signs
Boat waves current dike.

Soft soils (bog)

PWT - 211
5-8

0651.122-300



Reach 4: Bog and Rail - Recommended Improvements

Lulu Island Dike Master Plan

Master Plan Features

'?\Flood Protection

!!ﬂ Industrial

Raise dike to 4.7 m and separate
and raise road inland of the dike
as illustrated above.

Dike alignment will typically shift
into the river, with some widening
inland.

Provide erosion protection along
the face of the dike, typically
consisting of rip rap revetment.

0651.122-300

Coordinate work around rail trestle
with rail company.

Construct multi-use path along
dike, separate from road. Link to
parks, trails, public amenities, and
wayfinding, per Lululoop concept
developed in Phase 3. Ensure
barriers are in place where the
road and path narrow into closer
proximity at the rail trestle.

PWT - 212

’ Environmental

The proposed footprint would
impact an estimated 300 m? of
high quality Fraser River riparian
habitat, 100 m? of high quality
Fraser River intertidal habitat,
23,500 m? drainage channel
riparian habitat, and 10,200 m?
drainage channel aquatic habitat

NOTE: This is an estimate based
on 2007 FREMP mapping and
2017 orthoimagery interpretation.
Exact numbers will require an
aquatic habitat survey and aquatic
effects assessment



Reach 4: Bog and Rail - Recommended Improvements

Lulu Island Dike Master Plan

=l Priority

%Construction Cost

Priority is ranked 2" out of 6 reaches.

This is ranked high due to low crest elevations and
road safety issues.

Regulatory and rail company approvals may take
extra time due to proposed widening into river and
work around the trestle structure.

Land acquisition may be required, but the large
agricultural/residential lots typically include adequate
setbacks to provide enough space without
redevelopment.

Land raising during redevelopment will also reduce
the width required for dike and road work, and the
need for interim access ramps.

0651.122-300

Costs below are for 2.2 km of dike similar to cross-section above.

Item Cost per metre Cost
Option 1
Dike Raising $4,500 $10.3 Million
Road Structure $5,300 $12.1 Million
Raise Road to Dike Height $1,900 $4.3 Million
Pathway $600 $1.4 Million
B R R 50 ion
Utilities (Drainage, Water) $2,000 $4.8 Million
Option 6 Only at Rail Trestle Crossing
ghimdv;:de asphalt road with 2x1.1 m $1.900 $1 Million
Contingency (40%) $13.5 Million
Total $47.1 Million

Cost opinions are in 2018 Canadian Dollars.

PWT - 213
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Reach 5: Hamilton Frontages

Lulu Island Dike Master Plan

.\

Existing Conditions

This reach of the dike is located on a narrow strip of right-of-
way between the Fraser River, and agricultural/residential lots. | «

On the Fraser River side of the dike, there is a strip of riprap for | *
bank protection. The inland side of the dike includes a minor
drainage channel, agricultural land and residential lots at the

east side of the reach.

There is a major Metro Vancouver pipe crossing in this reach.

Considerations

?Flood Protection

=

-~

/ y
/
X
Unique Features

River Road.

Highway.

!!ﬂ Industrial

Dike alignment

Dike crest elevation

Erosion protection

Seismic performance

Static stability and seepage
River toe stability and setbacks
Boat waves

0651.122-300

Pump station on waterside of dike
Road design and driveway grade

Align with 2009 Waterfront
Strategy

Connect to existing and planned
trails and public amenities

Wayfinding and public information
signs

PWT - 214

5-11

ALR parcels south of road with houses located close to road.

No space between road edge and river channel (existing
riprap bank protection).

. Metro Vancouver Big Bend forcemain crossing west of 21920

e  Queens North drainage pump station west of Westminster

’ Environmental

Fraser River side has narrow
riprap slope, with low-quality
habitat

Land side includes agricultural
land for % of reach, and low-
quality habitat and maintained
lawn (residential) for remainder of
reach. Drainage channels and
associated riparian and aquatic
habitat area present along the full
length of the reach



Lulu Island Dike Master Plan

Reach 5: Hamilton Frontages - Recommended Improvements

Master Plan Features

¢Flood Protection

kﬂ Industrial

Raise dike to 4.7 m and separate
and raise road inland of the dike
as illustrated above.

Dike alignment will typically extend
up from the current face of dike,
and widen inland.

Provide erosion protection along
the face of the dike, typically
consisting of rip rap revetment.
Raise properties 200 m inland to
4.7 m or densify to the depth of
potential liquefaction.

Replace channels with storm
sewers and swales to improve
stability and reduce seepage.

=l Priority

Driveway ramps required to extend
to access private properties until
properties raised.

wayfinding.

%Construction Cost

Construct multi-use path along
dike, separate from road.
parks, trails, public amenities, and

’ Environmental

The proposed footprint would
impact an estimated 900 m? of
high quality Fraser River intertidal
habitat, 23,700 m? of drainage
channel riparian habitat, and
5,900 m? of drainage channel
aquatic habitat

NOTE: This is an estimate based
on 2007 FREMP mapping and
2017 orthoimagery

interpretation. Exact numbers will
require an aquatic habitat survey
and aquatic effects assessment

Link to

Priority is ranked 3rd out of 6 reaches.

This is ranked just above average high due to
moderate elevations, but relatively straightforward
implementation.

There are some active redevelopment plans for the
area, including road realignment at the east end of
the reach. Road and development changes may
change the priority of this reach.

Land acquisition may be required, but the large
agricultural/residential lots typically include adequate
setbacks to provide enough space without
redevelopment.

Land raising during redevelopment will also reduce
the width required for dike and road work, and the
need for interim access ramps.

0651.122-300

Costs below are for 1.6 km of dike similar to cross-section above.

Item Cost per metre Cost

Dike Raising $4,500 $7.3 Million
Road Structure & Utilities $5,300 $8.6 Million
Raise Road to Dike Height $1,900 $3. Million
Pathway $600 $1. Million
e G
Utilities (Drainage, Water) $2,000 $3.2 Million
Contingency (40%) $9.5 Million

Total $33.1 Million

Cost opinions are in 2018 Canadian Dollars.

PWT - 215
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Lulu Island Dike Master Plan

Reach 6: Tree Island Slough and Boundary

Existing Conditions

The dike system in this reach is between a slough and the Unique Features
backyards of single family residential homes. Riprap bank s River Road dike alignment from Queens Road to Westminster
protection exists along the river-side slope. Highway, then a river-bank dike runs north of Westminster

Highway houses to edge of new Hamilton Transit Centre.

The slough on the Fraser River side of the dike provides high- e Ties Island|Stas|sits (3933 Boundary Road) creatas a slough

quality marsh and mudflat habitat. north of the dike that shelters the road/dike from the river.
The existing dike alignment is not well-defined east of the *  Backyards of singls family homes located south of dike.
Hamilton Transit Centre. It is understood that the current tie-in | ¢  Dike alignment not well defined from Hamilton Transit Centre
with the City of New Westminster's portion of the dike is along to City of New Westminster river-bank dike.

Boundary Road. The Tree Island Steel property (3933 . Potential tie-in with proposed secondary dike to separate

Boundary Road) has rail access across Boundary Road which Richmond and New Westminster.

may be an obstacle to dike raising.

Existing city-owned lots provide an opportunity for a Richmond-
New Westminster boundary secondary dike.

Considerations

™ Flood Protection ke industrial @ Environmental
Dike alignment Hamilton Transit Centre Align with 2009 Waterfront Slough located on the Fraser River
Dike crest elevation Tree Island Steel with rail Strategy side of the dike
Erosion protection connection Connect to existing and planned High-quality mud flats and marsh

. trails and public amenities found within the slough
Seismic performance . . . . L
. - Wayfinding and public information Land side of dike includes
Static stability and seepage signs maintained backyards for the
River toe stability and setbacks western portion of the reach
Boat waves
PWT - 216
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Reach 6: Tree Island Slough and Boundary

Lulu Island Dike Master Plan

Master Plan Features

?Flood Protection

kﬂ Industrial

Raise dike to 4.7 m as illustrated above.

Dike alignment will typically extend up
from the current face of dike, and widen

inland.
Provide erosion protection along the

face of the dike, typically consisting of

rip rap revetment.

Raise properties 200 m inland to 4.7 m

or densify to the depth of potential
liquefaction.

Construct north section of secondary

dike near Boundary Road.

0651.122-300

Seek shift of dike alignment to
include the Tree Island Steel

side and Tree Island Slough if
and when this site redevelops.

Raise the dike through the
Hamilton Transit Centre during
future redevelopment.

Construct multi-use path along
dike. Link to parks, trails, public
amenities, and wayfinding, per
Lululoop. Develop trail link to
south dike at Boundary Road,
plus links to New Westminster
dike trail.

PWT - 217

5-14

’ Environmental

The proposed footprint would
impact an estimated 2,200 m? of
high quality Fraser River
intertidal habitat

NOTE: This is an estimate based
on 2007 FREMP mapping and
2017 orthoimagery
interpretation. Exact numbers
will require an aquatic habitat
survey and aquatic effects
assessment



Reach 6: Tree Island Slough and Boundary

Lulu Island Dike Master Plan

=l Priority

%Construction Cost

The is the lower ranked priority reach. This dike is
higher than other sections. Stalling construction
increases the chance that a realignment opportunity
could arise with Tree Island Steel. Alternatively,
Hamilton Neighbourhood Plan implementation may
provide early opportunities to raise the dike along with
road realignment, park development, and some
property development.

0651.122-300

Costs below are for 1 km of dike similar to cross-section above.

Item Cost per metre Cost

Option 4

Dike Raising $4,500 $3.6 Million
Pathway $600 $.5 Million
Bioengineering Slopes $1,000 $.8 Million
Marsh Benches $100 $.08 Million
Utilities (Drainage, Water) $2,000 $1.6 Million
Other (Driveways, Ramps or Road $.3 Million

Intersection Reconstruction)

Option 8 — Through ROW between Hamilton Transit Centre and Tree Island Slough

Dike Raising $4,500
Pathway $600
Retaining Walls $1,500
Utilities (Drainage, Water) $2,000

$1.1 Million
$.1 Million
$.8 Million
$.5 Million

Option 8 — Raise Boundary Road from ROW between Hamilton Transit Centre and

Tree Island Steel River Bank

Raise boundary road to become dike $5,400 $1.6 Million
Road Structure $2,850 $.9 Million
Utilities (Drainage, Water) $2,000 $.6 Million
Contingency (40%) $5 Million

Total $17.4 Million

Cost opinions are in 2018 Canadian Dollars.

PWT - 218
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CITY OF RICHMOND

Richmond Dike Master Plan — Phase 4
Final Report

April 28, 2023

6. Recommendations

It is recommended that the City adopt the Phase 4 Dike Master Plan as documented in this report,
including the main features described below.

¢ Raise the dike crest to allow for 1 m of sea level rise. West of Nelson Road, the raised dike crest
would be 4.7 m (CGVD28). East of Nelson Road, the raised dike crest would increase to 5.1 m at
Boundary Road. The plan also allows for longer term upgrading to accommodate a further 1 m of
sea level rise (i.e. 2 m of sea level rise).

e Widen the dike on the land side rather than into the Fraser River North Arm.

e Move River Road inside the dike to facilitate short-term and long-term dike upgrading. This will
require the road to be reconfigured and reconstructed, with some additional need for land tenure.
Moving the road will allow removal of utilities within the dike.

¢ Raise the relocated River Road to the dike crest elevation. This will facilitate driveway access over
the dike to riverside properties. It will also be compatible with the desire to raise land inside
the dike.

e Replace the drainage channel immediately inside the dike with storm sewers and swales. This will
improve dike stability, and will provide some of the land needed to relocate River Road.

¢ Raise land and roads immediately inside the dike (during redevelopment) to improve seismic
resilience. This will also improve liveability by allowing residents to looking down over the water,
rather than at the backside of a dike.

e Improve pedestrian and cyclist safety by constructing a separate multi-use path along the dike. This
would be consistent with the City Parks vision for a perimeter trail system (Appendix B)

e Construct the north section of a secondary dike near Boundary Road.

It is also recommended that the City prepare a comprehensive implementation plan for dike upgrading
that incorporates the elements of the Phase 4 Dike Master Plan, and the elements of the other Dike
Master Plans.

To address habitat compensation issues associated with the Dike Master Plans, it is further
recommended that the City consider development of a habitat banking program that could provide
effective large-scale compensation for the environmental impacts of dike upgrading. This could include
the potential Tree Island Slough project identified in this report.

For all phases of the Dike Master Plan, continue to research alternative densification strategies for
seismic stability, consider the proposed alternative seismic performance criteria in Section 3.2, and plan
to fill land for approximately 200 m inland of the dike to crest elevation. The required fill distance
requires additional evaluation and may be addressed in the pending update to the Flood Protection
Management Strategy.

NERKK VWWUUUV LCIVAL AJOVULVIAILCD LI V.

Pwi' 219

0651.122-300



PWT - 220



CITY OF RICHMOND

Richmond Dike Master Plan — Phase 4
Final Report

April 28, 2023
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Appendix A

Plans and Sections for
Richmond Dike Master Plan — Phase 4

Greater Vancouver +« Okanagan * Vancouver Island - Calgary + Kootenays kWI.Ca
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Appendix B

Richmond Dike Master Plan
Landscape Concepts and Dike Typologies

Greater Vancouver * Okanagan * Vancouver Island « Calgary + Kootenays kWI.Ca

PWT - 235



8T02 ‘Uig Isnbny

S1d3ON0J 3dVISANV
NVId 43L1SVIAN 3MIQ ANOWHOI¥;

-

=

i
d001N1N71
\/\



*9S1d |8A8] ©8S 01
suoneydepe uo olignd ay) 81eoNPS
‘aul|adoys 8y}

pauIpoW pue padayieb saey eyl
$84NJIN0 8SJBAID 8U) 8Bpsimoudor
{SUOIB|[BISUI BAI10BI81UI

ybnouyl Jeyieem pue Jeald syl

10 swe1sAs Juellodwl 8y3 [eanad

'saoeds PaUlBJISUOD

uj Jepuom Jo} saiiunidoddo puy
‘U0I108UU0D [B]O0S

JoJ 8n[eA [ednynod pue ‘[elisnpul
‘[ea160j028 JO seade abeuong)
{UOIINGIJISIP PUB ‘A3IAI308UUOD
‘1X83U00 Uo paseq aoeds oyignd
J0J SUOIIBOO| 1S8q BUjUWIe18p

‘BuipuyAem pue ‘UoljeAJeSqo ‘1s8d
10 sjulod se sBuiysiuang spiroud
‘speoJ 0} Jajing

pue WyiAyd e epirodd 03 sesdy
18841 JoJ seniun1doddo Joj 3oo)
{J9IBMUIIO0)S

91BJ}|UUl puR adedspley

ueyjos 01 Bupueld azijn

"[8ARJ] JO SBpOUl Usemlaq
SUuOIISUBJ] 8]qISS8208 MO|[B puB
o1e1udoudde edeym Buiyued spnjoul
‘sJep|noys peod

aJes Buipirodd Jo syjed Buijededss
AQg s1811940 10 A18es eyl adnsus
‘sBulysiuang pue ‘Bunybi ‘spdejjoq
UM seede ueldisepad 1n0 MJew

80-80-8TOC
SLdIONOD 3dVOSANVT | Nv1d ¥3LSYIN 3xIa ANOWHOIY

‘Kem oy Buole seoe|d
anbiun sy 01 UoIIUSIIE UM USIUL
0] 1Je1S Wody Jesn |iedy a4y 1ybijep

SU0I108UU0D AMoId) Jouyebol
Buipeadyy ‘[red1 ayy ul sdeb anjosad
‘adN1eU S11 pue pue|s! 8yl syJoddns

9JN10NJISBJIUI MOY BAISSTO
pUB puowWyoIY 81eBIABUWINDJID

:8dn1n} pue jsed syl Jo
sosdwli|f moje 1ey1 sedniea) ybnodyy
aJnieu Buibueyo s,JeAld 8yl a1edisn|||

43AIY 3H1 40 AYOLS FHL

:ofenbue| ubisep JUsISISUOD
e Buldeys 11ysj001 s|gekoldsp B yiim
Wwiead o1ignd Jo seade |eloads a1eA|10Y

1S3Y3LNI ANVISI

}InlINeaq os[e aJe 1ey) Selalew
S|gRUIBIUIRW “S|GBIND UM JBAI PUB
‘Iledy “‘speod Jo seBpe ey souryul

ONIMVL HLYOM HLvd V

:AinJ108dssad pue Ajejes oI MeuU
SO[0IUSA pUR ‘SayIq ‘sueldisepad ay) Buoje |redy o1jgnd snonuR3oo B
10 1UsWBAOW 8y 81edbeu| 918840 03 syjed JO %lomisu B 308Uu0)

MON ¥3H13901 11V d007 NIN1AHL

=

o

S31dIONIdd NIIS3A 3dVOSANVT
NV1d ¥3.LSVIN 3XId ANOWHOIY



aN3931

sus ABojodAy Jolew

sayoeay

d001N1N1
\l(

[2/uepIsel JUsoRlpe ybnoyg uui4
opisAiunod Juadelpe

JeLsnpUl Jusoelpe

seinou efpkolg .

seseyd ying

suondo  aseud

v113d

suopdo g eseud

siJed/uswiuodiaue L4

Ansnpu;

Ayunwwod

uopneys dwnd

80-80-8TOC
SLdIONOD 3dVOSANVT | Nv1d ¥3LSYIN 3xIa ANOWHOIY

wled Bog
[[L=NTREEA]

RO
e @

: ceaq

Buibexord umou)

=
. y

° B0 T
Q0] ..

iy,
H,
ADQ@ 4,
1
)

vw@

O

ed
Ul0d AdJeg

®® z 2 & 2
e P F © s
=
obuese = - m
swed/AuswuodInuS W. m 8
= SINVE NOIDHNLS
ampnoBe ™
AN
@G ANOWHOIY » _
r o =
ANTISI SIOYNNY R W
Pl — -~ v3S HSIVS
, AMH Y3LSNINLSTM ! ol
© /v
.
4 N3V HLYON ¥3AIY ¥3svy4 /
T - YPPEE ed
\ e e e . BAON BJJB]
L] . - -
7 .
v .
Y3LSNINLSIM e oo o 0
. puowIRY

M3aN

158404 mom. .
1S€3 ULION Se

ABVNYNG e o YIANOINVA

PEOY LON

ANVISI V3s

NIVILANS

NV1d Ld3ONOD
NV1d 43LSVN 3NIa ANOWHIIY



*suoiIpuo9 1ybid eyl Jepun sjdoad Aq
8|qR1IgRY 8J0W 8Q 0] 1 SMOJ[B 1Y) U0J108UuU0d
[B1J1S8UJO] B UJIM 1NQ JB1ICGRY BAIJISUSS  *
‘au0z [epideul Buimojos yipim Buipuedxe e
tayijpueld Jo AyeldeA Yol e

:an[eA [e0150]008
ybiy yiim pue| pue JeAld Usemiad aorjJeiu]
NVI4VdIY

oMIp 8yl Buoe ybis uowwod
B ‘symey Bununy pue spJiq Buos yim Buiwesel e
‘UIPIM B[GBIJEA UM pUB Buo|

‘sebpe
8y] 1B $88J] |[eUIS UM SQNJyS puB saysnJing

:abpa s,JoaAld
10 O1sIUeI0BIBYD “UB1BM AQ paiepunul Ajjusnbed4

IVAILYALNI

80-80-8TOC
SLdIONOD 3dVOSANVT | Nv1d ¥3LSYIN 3xIa ANOWHOIY

S1N3a303yd

'spJig Buipem Jo spunodb Buibeuo) sy pue
‘uosbunis pue uowies Buipnoul ysy 01 swoy
‘obpa
s,Je1em ay) Buimojjoy ‘enisdewigns pue BuiAl-mo| e
‘sjueld o1penbe-jules pue oljenbe

:POOMIIIP JO ded
-diJ Ul pesJedsdeiu] sewilowos ‘Jajem ay) Ul Jo 1y

o1LvNdVv-ans

T-239

"1s8483ul 011gnd ploy 1.yl s
AdoredBiw pue ‘uosBinig 81IUM ‘Uow egee
yons aJi|p[iM oIleWsSIJeyD, JoJ 181IgRy JurlJodWl .
'S10V [RIOUINOJ4 8|geolidde
pue ABeied1g Juodldeiep “ABeiedig Juswebeury
sJomiaN [20160]007 JO UOIBJISPISUOD .
se108ds aAIlBU Y1IM Aloaisnjoxe Bunueid .

IMBIABJ [RIUBWILOJIAUSG O] 108[qns pue

s1s16001g y3Im padojensp eq 03 Bullue|d pue selis
0)Ip JO OpIS Jo1eM 8] JO JusWulead] 01 seyoeodddy

3dIS ¥31vM

IN3JN3INVHNA V31901094
1IM7001



*1X1U00 [edNjeU pue [ednd 1 INg sednssedd
9PISPROJ PURISYLIM 0] Pe10s|es seloads
{S]00J MO|[RYS puUB ‘sdepes| 1ybiedis
‘seldouro JUSISISUOD Ylim padeds Apubin
!S99J] SNOIPI0SP JUBIS|0) UBdun

‘Alisusp gnJys ybnouyy

Ured pue peod usemiaq uelpeul pejueld
SOYIEMS JoldJeq 1J0S

se 1nqg sauljiybis Jesjo Joj 1ybiey 1siem mojeq
‘ofewep

01 JUeISISad aJe eyl sqnays Ainp Aresy

SIN3Ad393y4d

‘ubisep

S|qeuUlRIURW ‘UBS|D 1N UoIlouN) 8|geswded
'suolsseddep padols 8|gelins Ulm Jesu|
1yBnodp Jewwins os[e Ng uolepunu|
puBISUIIM URD JBY) seloads jueld aAlleu

80-80-8TOC
SLdIONOD 3dVOSANVT | Nv1d ¥3LSYIN 3xIa ANOWHOIY

:sebpe uequn Buore
Jenoo Adouro pue jusulsle JUB81SISU0D BUIpIAOId

S3IYL 13341S

:seade esn-ybiy 01 peins Buiueld gndys ejgedng

4344N9 aNYHS AQYVH

1 sqnJus pue ‘sebpes
‘58sSeJb U)IM JSIBMUUIO]S JO UOIRJ} Ul 8PISPROY
NIAYVONIVYH

PWT - 240

*sueldlsepad pue oujed] usamleq Uoijouny
[eo1B0j008 UY1IM SJeying 8deos]JoS JO UOIIBSJD  «

‘ABoredis

Juswebeury Adisedoq uegdn pue seullepinb
Bulueld pue eaJ] 199J1G 0} 8oUBIBYPR .
tsojoads eAljdepe pue aAljeU Juede|0l-1ubnodp .

:81J0dd || 8%1P YHM JOIHUOD INOYIM
‘obpe peod Buole Buiue|d s|qeURIURW ‘POURIUCY

$390d3 avod

IN3JN3INVHNA V31901094

1IM7001



‘ooeds o|qe1INS

sepirodd pue| aJeym seade ou10ads ul Bulnooo e
todeys epim pue paJelsn|o e Buiye) “Yesdgpuim

Joy sebps J81J4oys Yiim ‘[[ey 1leymeulos pue 1ybn e
11900 punoJb pue

‘SQNJUS “S88J1 SNOJSBJILOD PUB SNONPIOSP BAIjeU  «

-JOPIJ4JOD B4lPIIM
Buoe Bunuerd Jo seyojed [Bol1deA JSOW ‘Isesus(

153404

"S[RWIWIBW [[BWS puUe spJig Buiiseu
07 jueodwi Ajieoibojoos I1nq ‘e|qedisuad sse| e

‘SgnJys

PUB $83J] 1JOUS JO SJ8ISN|0 YlIM pUB MOopesW
Uey) O14JUS0U0D PUB POIBJIIUSOUOD 8JOW  ©
{58641 SNONPIOSP PUB ‘SANJUS ‘Sassedd saljeu

:5904)
Jlews pue aJnixe} Uum A unwiuioo jueld padeke

ANV1aooM

11sedelul Buluemop [euosess yim pueissedt usdg

80-80-8TOC
SLdIONOD 3dVOSANVT | Nv1d ¥3LSYIN 3xIa ANOWHOIY

SIN3Ad393y4d

*seuljlybis pue punodb uo

10edwl Mol Uym Bunueld Buijeedde pue oijiApr e
‘swoo|q

UM pejusooe sadeys peiebuole ‘Buimoy o
‘sol08ds paJUnoAR)

-Jojeul|jod 1M sqJoj pue sessedd aAljeu e

Moavan

T-241

*sednies) wWieed ojgnd pue sjied] yotned
aJdnieu 01 ss8o0R 2ljgnd aseaJdoul 01 AjlunlJogglo .

‘mejAg

101109104 884] yum Buoje ABeied1g eoedg

uadQ pue syded pue ABejedig uswebeuey
»JOoMI8N 0160007 10 UOIIRJIBPISUOD .

‘sadnies)

[ednjeu enbiun pue saif0jooe Bullsixe ouryUS
01 SUOIIUBAJEIUI BAI}ISUSS PUB [BNIXSIU0D  «

:1B1IgRY JO seade o[eos Jebue| 0] wnipsw
Buisn soeds [ednjeu 01 seyoeoddde epis pue]

3dIS ANV

IN3JN3INVHNA V31901094
1IM7001



*AJISNPUL JOALJ JO BAIJRO0AS  *
‘goussedd pue SSew YlIm Wwdo) Jesul| ‘Buoj e
‘sjuBUOdW0D
paziueAeb pue [991s pasodxe pajeoodapmod
U1IM S1B8S pueR 8|ge] Joquijl Jeped e

:I1ed} 8U3 JO W0}
Jeaul| 8y) 01 paJojie] ‘ejge; oiuoid ayewiyn ay L

3719V1 ONO1

9Y1q JNOA %00] 0] 8oeld B
se o|qiba| A|SN0IAQO NG JojoeJeyD [elUISNPUl  *
‘9Z|[epueA 0} 3NOLIP pue
aJnjoeinuBW 0] Ases WJoy [eUOOUNY ‘Bldwis
‘|oo)s pajeoodepmod e

‘OIS AQ BpIs “S8YIq OM} JO MOBJ &YI] [981S
NIVYH Mg

80-80-8TOC
SLdIONOD 3dVOSANVT | Nv1d ¥3LSYIN 3xIa ANOWHOIY

SIN30d393y4d

“jueq JaAld Uo dn paysem sBo| seousdsjed
{Apog uewny o}

paun} A|ge1dojuiod INg UJoy 8|gednp ‘Aresy
‘sjusuoduwlod paziueaeb pue [981s

pasodxe pajeoodapmod UM Sdaqull} Jepad e

:Buiised Jusnbaudy
opInodd 03 peords seyousg POOM Jogudl} AAeeH

HON34

PWT - 242

1s8Je1ul ollgnd Jo seaJe Joay1o Jo syJded
P9108UU0D PUB ‘8SI0U OUJBIY “BA|J 0] SMBIA

1)1X91U00 JO UOITBJISPISUOD U}IM SJUSWISIS 81BN}IS  «
{ABe1e1S eordg USd( pUB SHJBd

pue ‘Ueld |IBJL ‘ABS1RBJIS 1UOJLISIBM JO MBIASY .
‘seade osn uledisepad ybiy ul

woog Adens se yonul se Buiess epinodd 01 Wie .

:Ired] oI ay3 Buoe seyiq uo sjdoad pue
suelJ)sapad 81BPOUIODOR 0] S8JNJes) 8[eds [|BWS

XV13d ANV 1S3

WTV3y J1Mdnd
11001



*soljedJs [e1oe|b Jo ded did Jo suoiIpuoo
abps JeAld 0] 8ousdeled 0160j0eb Jo [elisnpu; e
:Buiyess Jo yidep a|e1Jojwod
pue soussadd Joj pazis wJoy Buipeoses e
‘sdaqulil Jepeo abdJe| Jo au0ls ajjuelb e

:SMOJ[B 1X8IU0D
puB MaIA aJaym sdejs 1ess Jequull AAesy Jo 8u0lg

Sd3ls 1v3s

SIN3A3d03yd
'sBulysiuany

8|ge] PUB Youeq 01 Jeljilie) AJ[edl1SIuelorleyd ¢ “JUSWEBUJIO INOYIIM 8Jnjes] [euoiiouny ‘jeonoedd

‘odeospue| Ul peppaquie Ajednoss pue /00J UlBJP PUB UOITepUNO)
‘o1elddoudde eusym sjredpdend yuim widoy oidwis  « U0 Pa1oNJISU0D Ajadndss INg WJo) eAIsndIgoun e
‘oourlsIsad dj|s JoJ peyJew sdequll} Jepeo tosimy1Bus| unJ sdequisul poom [ens] ‘ybiy e
‘poJR
1S8JoJUI JO BaJR 0] SS800R J0) sdals Joquuil AAeeH  Jamo| 01 Alljigisseooe Buljjod Joj duded poom papeds
Sd3ils dAVY

80-80-8TOC
SLdIONOD 3dVOSANVT | Nv1d ¥3LSYIN 3xIa ANOWHOIY

WT - 243

"SJE}GRY PUE SUOIONIISUOD BAILISPPS
uo 10edul enleboaU 8oNPad PUB SUOIBUIISEP
91B8J0 0] Uoj1eJo|dX®e JO UOj1BAJSSO JO
SJUBUIBIS JOUJ0 YlIM S8dnjea) suiquiod .
sj00gpueH Aljigisseooy 0g 10edsad .
‘9pIS pue| pue
9pIS J8BM UO SBaJe Jamo| 0] UMOP 1840 8YIp
ay1 Wod] ejdoad Buiyel A|gisseode Jo) suesWw .«

:Ired] oI ay3 Buoe seyiq uo sjdoad pue
suelJ)sapad 8)1BPOUIODOR 0] S8JNJes) 8[eds [|BWS

S3avy9 3141SS303v

WTV3y J1Mdnd
11001



‘syorys Buiysy payjis Jo sueg uoebinig
U0 SJ0108}8d Jeped 01J01sIy 8y) Bulousdeied e
tJeyeys pue sejoylubis yum pulig pdig pepleius
e 01 dn Buipes| sJiels jedids Jo Buibbez-6iz -
‘Buippe|o pue ‘Yosp ‘s1sod Jepad e

:Buiyorempuiq
pue 1n0o Buiyoo| Joy sdiels Jo 18s e dn juiod ebejuep

d3amol

“|UBg pue JoAld 8y} ebplig 01 pejusido
08P 1B0Q P81oNJISU0osp & oyl Bulleadde
‘Buiues| pue Buiis Joy ssueld Jusdallip
01Ul SIe|S JO spJeoq Jo Juswiubie olujewosh
‘lleapaenB ajdwiis yjim spdeoq Jeped

:SYUBQ S1I WIOJJ
JoAId 8U] JO BUIMBIA MOJ[e 0] Y[BMPJBROG pUE %080

LNIOdM3IA

S1N30d3934d

‘|loay esnoyieod Adedoduleiuoo

‘yJeay e punoJde
Buness pue jood padojs yim wdo) ajdulis e
1J00J U1} YIM 8dn1onJis weeq pue 1sod e

:Buideyieb Jo soe|d pue
Jayiesm ey wod) e1dsed Bujwidem Jo pspeys v

EENRELS

80-80-8TOC
SLdIONOD 3dVOSANVT | Nv1d ¥3LSYIN 3xIa ANOWHOIY

T-244

*9ouBIJodUll [BINYNO JO O1JOIS!
soor|d pue ‘Buiyorempdiq Jo) seoeds JUBIJOFRUI
‘(Buntedey pue Bulysy Ajjeloedse) seade
S1Jods J0 1UsAS 0] U0I108UU00 YlIM Ajeloadsse
‘seoeds yJed pue seade pesn-||em Ul 8BNS .
‘ABe1ed1S eordg UBdQ puR
SJed pue ABs1ed1S JuodiJeien ebpsimousoe .
'sBulueyied oignd uebuo) Jo Jebde| Joy
SjUsUBle padslleys seulilsulos pue sjgeliqey .

:sadeospue| JebJe| 0] UOII0BUUOD
PUB UOIJEAJISSTO JOJ S8dn1ea) 8[eds WNIPs|A

JAY3S40

WTV3y J1Mdnd
11001



ot

‘seyoded Joided pue poomulip Bupjons e

‘yoead UIylm 1ng Ajuiopued AjBuiwess peoeid e
‘oour)sIsal-dls Jos padnixel

pue payloddns Ajjednjondis sdaqull) palp e

:Buiguio pue Buidwin( Joy sednies) Aeid adnien
1S3N S.M0YI + dANFr 901

‘lInepadep Buididse ey) Joj sednies) sjgeluspun e

1Jesy 1e Bunok
U1 Jo sepld JebunoA spaemol padesb 1ybley o
‘sBuiusem 1y61ug yum 1eydse Jo 1J4ip pepedb e

:yjed ey Buole S|y} [lews Joj sduted 14oys
SdIANC aMig

S1N30d3934d

*apI1 10 pooy pue qge 01 sydepe
1BU1 JB1BM 841 01Ul UOISNJIUI [BUIIUIW ‘UBB|D
‘Bade padanod yiim dis Jo Joid Buijeoy e
‘S|IR19p [981S SSO|UIRIS UM POOM  ©

‘1JRJO Jojem
pajjedoud-Jjes |lews Buipue| pue Buiyoune| Jo-

HONNVT XVAVI

80-80-8TOC
SLdIONOD 3dVOSANVT | Nv1d ¥3LSYIN 3xIa ANOWHOIY

PWT - 245

‘sedeospue| yuim Juswebebus [eiusuidojersp

aninisod epirodd 01 ebusjieyo pue Aeid Axysid Jo
sourlJodull 8y} 0S[e Ing A18Jes JO UOITBJBPISU0D .

{ABe1e1S 90RdS USd( pUB SHJBd

pue ‘ABs81eJ1S JUOJLISIBM ‘UB|d |IBJL PUBISIOPUN .

‘spunoJbAeld
aJdniusApe pue Aejd ednieu Jo seidioulud esn .

:sel1ljige pue sebe
||e 4o} ‘uoiedojdxe pue uny Jo} sednjes} [e1oadsg

34071dX3

WTV3y J1Mdnd
11001



1T

‘ubisep Adedoduwoiuoo ‘oidwis e
‘U0I10NJISUOD 8|gednp YimM by WT'T
!S]B|S POOM [BO[1JOA  »

:SUOIIIPUOD OM) USBM1aq
|[EM 8SI0U JO JoldJeq ajes e Buljesuo Jo-

Y31JdVE/NIFHIS

'sus| Adedoduusjuoo
ybnouyy oneyisee Buipingdiys Jo [eldisnpul e
‘90ussadd adnoss ‘a|ge1s y1im ubisep sjduwlis e
‘loo)s pareoodspmod yim Jequuiy Anesy e

:Bunyby
KyaJes Joy uondo yim syied Jo uoljededss [eolldop
ayviiog

SIN30d393y4d

*8JNIxXU udepouwl

“1oo|s pue [e81s Aedb 1ubi| Jo sj0d UspoOM
‘seyied Bupjem pue ayiq

usamiaeq ubisep adieuswn| [enp yim ybly wg e

‘loe1s Aedb 1ybi) Jo sjod uspoom e

:S8U0Z 1SeyJep
pue sebps uegdn Joj Bunybi 1ndino 1seybiy
370d LH9IT NVI¥1S3a3d

80-80-8TOC
SLdIONOD 3dVOSANVT | Nv1d ¥3LSYIN 3xIa ANOWHOIY

T - 246

"oJes [88] surlJisepad @c_L:Wv
pue ‘AQ1jigisiA Buisesdoul ‘Ouled} @c_éw
‘sdnoJf Jesn usemieq S101JU0D 01 SUOIIN|0S
aJes aplrodd 01 sdnodb Buljoko ebebus .
tsejdiourdd As sdep
os|e pue sauljsping ubiseq ueqJn sbpsimouroe .
‘seyIg uo sjdoad
pue uelJisepad Jo 8|rOS pue spaads Jomo|s 8yl
pUB JUBWBAOWI Bjigouloine usemiad Buijeipeul .

:SOPOUI [9ARU] JO UOIjeJtRdES JoldJeq
Jo [eonden pue 1ybi| Buipinodd Jo) seunies) A1ejeg

S30N3d4 ANV ONILHIIN

SAUNLV34 1VIO3dS
1IM7001



ctT

*seBUBYO S,JoAld
o] YorJ] 01 udniad pue Ajisnolno Buididsul e
‘Joyderswl [niAeid y1m widoy 8|qibe| ‘ejdwiis e
‘loo)s pajeoodepmod Jo ssejuels e

:uidoy Boreue
ul sebueyo api} pue Joyiesm Bunosyed Jeyden

NOILVLS 3AIL/43H1IVIM

'sjusooe ubjsep

818J0S|P YlIM Jl18y]see [eldisnpul ueldejljiin -
‘pBUIRIP-||OM JB1BM

MOUJaA0 Yim ubBisep Joodddsduwiey ‘sigednp e
{U0I1ONJISUOD

|981S pojeodJepmod puUB 818J0U0D  *

1ulodyoeyo
9SN-11INW B WO0JJ Jo1em JO Jie YlMm [jusy

NIVLNNO4 ¥31VM/YIVd3d INid

SIN3Ad393y4d

sdnoub asJdenip Aq Buipesd yoinb
Buimolie Jnojoo pjog yiim Jeyoedeyo sidulis e
‘pejeoss-ueuiny
1NQ 90URISIP B WOJJ 8|qISIA pue &ylj-3sod
pJBOQ UISad JO [991S YlIM Jepsd e

:obenbue| ubisep 1Us)SISUOD
pue solydedb a|qibe| ‘Jes|o y1m pdeogdey

ONIANIJAVM

80-80-8TOC
SLdIONOD 3dVOSANVT | Nv1d ¥3LSYIN 3xIa ANOWHOIY

T -247

"8S1J [9A8] B8S 0] Selejay

SB 8JN10oNJISeJjUI pUB 8dBoSpUE| 8y] 0] 108dPAd
U1IM |1ed] 8Y) JO 8sIn00 8yl Buole 1sedsul pue

Allusule epinodd pue eyip 8yl 01 seoeds yJed

pue ‘syred ‘seinod eyiq Bunsixe Jeyieboy e .
‘ABe1ed1S eordg UBdQ puR

SYJed pue ‘AB81RJIS 1UOJLJoIBM ‘UBI] |IBJL &SN .
“yJded Jeaul| e se Joyyebol

Jled1 8yl o1 01 ebenbue| ubisep 1us1SISU0D .

:UOIBONPS PUB ‘SBOIAJES
‘BuipuyAem Joy sjusuis|e sjgeiesdad ‘|[lewS

SNOILVLS V1vad ANV ONIANIJAVM

SAUNLV34 1VIO3dS
1IM7001



8T

80-80-8TOC
SLdIONOD 3dVOSANVT | Nv1d ¥3LSYIN 3xIa ANOWHOIY

T-248

"S8850UISNq Umwp

-JOAIJ PUB ‘SPUBIS 1INJJ 8pISpeOd @c_usmm_
aJdnynoidbe [eoo| “yded Bog meu 01 100UU0D .«

‘uswdolonep

Jueoylubis Jnoylm seade ul sednjes) 1ub1 pue
sebps pejueld ybnouyy yjed Jo oeos eonpad .

‘s)sixe Apeadie 1e1IgRY 8Jeym sinojind peod pue

‘suoiels dwnd ‘syded Buisixe - e1eludoddde
aJaym sadnies) UoljeAdesqo apirodd .

:odeOSPUR| 1UOJJJBALI JO Y018J1s Bulisedaiul
ulyym Aliunidoddo wiesd oljgnd jus|jeox3

(S-T S3IHOVIY) 3AIS-ANV1 ANILX3 ANV AVOy ANV 3MId 3SIVY

T NOILdO ‘v ASVHd
$319070dAL INIA



6T

80-80-8TOC
SLdIONOD 3dVOSANVT | Nv1d ¥3LSYIN 3xIa ANOWHOIY

(@)]

4

(q\]

INELN

ay3 dn Jaybiy uoijeo0| 18 adnjea) aAljeldleidro

‘uoleadasqo ‘Buiieoq peziJoiow-uou Joj sS

UM papirodd 8q pIn0d JUOJJJBAL JO SBUB APY  «

sousldedxe yred Jo 1soul exewl 01 yred
pue AeMpeoJ Usamiaq UOISIAIP Jes apirodd .«

‘J910BJRYD

[200] 03 BuiInglJluoo pue seyig uo sjdoad Joy

speads sjoiysa Buronpad 8j1lym |lem Bujurelsd je
AKjoJes epinodd 01 Jolddeq [e1oads Jo esn adodxe .

:seaJe 1Usoe[pe 01

sseo0e Buipinodd pue speads oyjed) Bulleipsw Joy
sal1luniyoddo sepinodd Jepinoys peod PauleJiSuo)

(v HOV3Y) STIVM ONINIVLIY HLIM aVOy ANV 3MId 3SIVY

2 NOILdO ‘v ASVHd
$319070dAL INIA



oec

g7
v

g7

mnwc_m

80-80-8TOC
SLdIONOD 3dVOSANVT | Nv1d ¥3LSYIN 3xIa ANOWHOIY

- 250

Jusuodwod Juswebepoe

2llgnd B UM seoeds [eunieu EmEWm

1BU] SU0I108UU0D pue sAemyied ONILSPPS

ybnoJyl 1B1IgRY [BpPIIJeIUl puR ‘seade 1nojnd
apIsJanld 1saJdo) Bog 03 SU0I08UU0D 8oURYUS .

‘saunies) Aejd [ednjeu Jepisuoo ‘ereludoddde
8JaUM 18840 8YIp JO 140 sseooe epinodd .

SUOIIPUOD [erosds Jo esn olignd ebednoous
03 sjuewsle Burueyiedb ongnd epiroud .

‘JuswsoUBYUS

aMIp pue ABojoos JeAld y1im Juswebebus oljgnd
Joy Ajiuniyoddo yiim uonipuod peziednieu Alybiy

(9-¥ SIHOV3IY) 3AIS-Y3AIY ANILX3 ANV AINO 3IMIa 3SIVY

€ NOILdO ‘v ISVHd
$319070dAL INIA



e

80-80-8TOC
SLdIONOD 3dVOSANVT | Nv1d ¥3LSYIN 3xIa ANOWHOIY

PWT - 251

*J910BJRYO 8nbiun
S/ 01 UOJJUS1IB MBJP O} 0S[e 1Ng Uol108104d Joy
2JN30NJ1S punodJe sJelddeq pue Bunybi epirodd .
‘BuipuyAem psyesoddooul
Jo e ojgnd Buipnjoul 8Jnjondis Jepun
9[1s8d] 8y1 01 seyoroudde aAlleAOUUI BJO|dXD .
‘1seJoj Boq Jadesu
Algissod ‘eade punode yied Buinod 01 %00| .

18]1584] [IBJ J8pUN ABMPEROJ PBUIBJISUO)

(v HOV3Y) 3711S3¥L ¥3ANN INIA / AVOY 3SIVY - ITLSIYL TVY

9 NOILdO ‘v ISVHd
$319070dAL INIA



cc

80-80-8TOC
SLdIONOD 3dVOSANVT | Nv1d ¥3LSYIN 3xIa ANOWHOIY

~N

T-252

“84NJONIS JO co:omywu
pue Ajajes ueldisepad Jo) SpJe|joq mu_\,D_:a .
:8ul|
uleJdl eyl Jo Je1oedryo enbiun syl Aolus osfe 1ng
UoiINeD Y1im peeoodd 01 SUsylo pue JUNOWSIp
01 s&¥Ig uo sjdoad sbeunoous 01 g)1s8d]
18 90rdS JBMOJJRU 01Ul Sjsuuny yied spim .
‘sedniea) Buipuyiem
Jo 1J4e oljgnd Bunedoddooul Jol seiniunidoddo
1UB||90X8 apIA0Jd JOAL PUB 9|1S8d] |IBd .«

:8PIS J8JBM UO 8]31S84] [IBd MOJ8] Uied

(v HOV3Y) 31Id 37LS3YL NIIMLIE-NI 1714 - 3TLSTUL VY

L NOILdO ‘v ISVHd
$319070dAL INIA



—— City of Richmond ——

_/\/\/\/\

PWT - 253



BACKGROUND AND OVERVIEW. . .. ..ottt ittt i it iieii i i ennaennanns 6

Online Materials 23
Print Materials 29
KEY FINDINGS ...ttt ettt eeeseeeeeeeeeeenennnnnnnnnnnnnnnns 34

PWT - 254



Figure 21: Visitors to Let’s Talk Richmond Flood Protection webpage

Figure 22: Summary of visitors to the Let’s Talk Richmond Flood Protection
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Executive
summary

This report summarizes the public
engagement that was conducted for the City
of Richmond'’s flood protection program and
Dike Master Plan Phase 4. The engagement
campaign was carried out over a five-

month period from May 2022 to September
2022. The purpose of this outreach and
engagement was to:

* Inform residents about the accelerated
timelines of the flood protection program.

* Gauge and improve community awareness
of climate change impacts and flood
protection plans and initiatives in
Richmond.

e Gather feedback on the amenities,
features, and design of the upgraded
dikes.

The feedback will be used to inform the City’s
budget process and support the Dike Master
Plan Phase 4 Report.

The public engagement was designed

to reach a wide range of residents and
interested parties. Activities included
community pop-ups, online and in-person
engagement events, the production of online
materials, and the development of physical
materials that were distributed at in-person
events, community venues, and facilities. In
total, approximately 1,000 people attended
in-person engagement activities and events.
Over 2,000 people participated online, both
through the City’s flood protection webpage
and a Let’s Talk Richmond project page that
was set up to support community outreach.
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Feedback from all engagement activities revealed the following key findings:

The public is aware of the
City of Richmond’s flood
protection measures and
is supportive of the City’s
flood protection work and
efforts.

e Residents and other
stakeholders found that
the public information
materials were useful and
wanted to learn more.

¢ Participants were
generally aware of
Richmond's flood
protection work. However,
there is room for
continued outreach and
education on Richmond's
flood risk mitigation and
management plans, and
climate change induced
flood risks (e.g., sea level
rise, increased frequency
and intensity of extreme
weather).

The public is supportive
of the City of Richmond'’s
accelerated flood
protection program and
the associated utility rate
increases.

* Residents and
stakeholders were fully
supportive of Richmond’s
plan to expedite flood
protection improvements
projects and the
associated rate increases.

* Many residents and other
stakeholders would like to
stay involved/up to date
on future implementation
work and detailed
planning work.

The public is most
supportive of upgrades
that provide other
community benefits and
amenities.

® Environmental features
(e.g., habitat areas
and habitat benches),
recreational amenities
(e.g., seating, bike racks,
signage — wayfinding and
information), and multi-
modal transportation
improvements (e.g.,
separated bike lanes,
improved wayfinding and
walking paths) are the
most highly rated and
sought-after features for
new and upgraded flood
protection measures.

* Many participants would
like to see improvements
to pedestrian and bicycle
safety along River Road.

Comments received during the public
engagement for the 2018 Dike Master Plan
Phase 2, 2019 Dike Master Plan Phase 3, and
2019 Dike Master Plan Phase 5 were generally
consistent with the feedback received during
the engagement for this project. In particular,
the topics of proactive planning and flood
protection improvements, dike aesthetics and
recreational use, and environmental and habitat
considerations.

During the public engagement for Dike Master
Plan Phase 2, Phase 3 and Phase 5, comments
and questions were received regarding climate
science and climate change projections. Such

questions and comments were not received
during this round of outreach and engagement.
Anecdotally, in-person public engagement
reported more conversations around people’s
personal experiences of climate change-
related incidents, including the November
2021 atmospheric rivers and flooding, the
June/July 2021 heat dome and wildfires,

and the 2020 wildfires and smoke/air quality
issues. Collectively, these direct and personal
experiences with climate change impacts and
the climate emergency are enhancing public
awareness of climate change and reinforcing
public support for Richmond’s accelerated flood
protection program.
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Background
and Overview

Surrounded by the Fraser River and the
Strait of Georgia, the City of Richmond is
situated approximately one metre above sea
level and is subject to flood hazards, such

as climate change induced sea level rise.
Richmond is planning for 1 metre of sea level
rise by 2100. During this same period, land
in Richmond is expected to subside by 0.2
metres.

The City currently has 49 kilometres of dikes
and 39 drainage pump stations that can
withstand high water events, such as spring
freshet, storm surges, and king tides and are
designed to handle an extreme 1:500 return
period Fraser River freshet events. Upgrades
of the City’s flood protection system are
required to protect the City’s residents,
infrastructure, and economic vitality.

Richmond's Flood Protection Management
Strategy and dike master plans provide

a guiding framework for upgrades and
improvements to this flood protection system
and to address climate change-induced

sea level rise and heightened flood risks.
Dike Master Plan Phase 4 (DMP4) provides
flood protection from the north arm of the
Fraser River and spans from No. 6 Road to
Boundary Road.

Currently, Richmond is focusing on raising
the perimeter dikes from, on average, 3.5
metres to 4.7 metres. The City recently
accelerated the implementation timeline for
its flood protection program from 75 years
to 50 years to improve diking infrastructure
in advance of currently anticipated climate
change impacts. The strategy plans for
approximately 1 km of dikes being upgraded
per year and may be further accelerated if
sea level rise intensifies.
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From May 2022 to September 2022, the City
of Richmond carried out a public engagement
campaign on the City’s flood protection work
and DMPA4. The purpose of this outreach and
engagement was to:

e |nform residents about the accelerated flood
protection program.

e Gauge and improve community awareness of
flood protection and climate change impacts
and plans in Richmond.

o Gather feedback on the amenities, features,
and design of the upgraded dikes.

This report summarizes the engagement
campaign and key findings that emerged about
participants’ awareness and support of the flood
protection program and their ideas of how dike
upgrades could simultaneously address other
community and user needs.
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DIKE MASTER PLAN PHASE 4

DMP4 is the final phase of a five-phase plan to Ongoing dike upgrades around the City of
upgrade the City’s dikes to prepare for sea level Richmond, including those included in DMP4,
rise, climate change, and flood impacts. Phases provide ample opportunity to engage with the
1-3 and 5 are completed. DMP4 encompasses public about challenges and opportunities that
the north dike between No. 6 Road and are posed by sea level rise and other climate
Boundary Road, which is a unique area given it change impacts. Additional future public

is largely agricultural with few residences and engagement will also shape how the upgrades
businesses, including both marine businesses on are enacted.

the Fraser River and some industrial operations. ] ) )
The figure illustrates locations for each phase of

DMP4 recommends the following typical dike the dike master plan and the year completed.
upgrade approaches:

* Separated dike and road.

e Standard dike in areas without existing roads.

* Superdike (land behind the dike built up to the
same elevation as the dike itself).

Dike Master Plan

PHASE 4
Dike Master Plan

PHASE 5 Dike Master Plan
PHASE 3

Dike Master Plan
PHASE 2

Dike Master Plan
PHASE 1

et
2008 2013 2017 2019 2019 2023
Richmond Flood Dike Master Plan Dike Master Plan Dike Master Plan Flood Protection Dike Master Plan
Protection Strategy Phase 1 Phase 2 Phase 3& 5  Management Strategy Phase 4
Update
FIGURE 1: Dike Master Plan Timeline
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RICHMOND FLOOD PROTECTION
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ENGAGEMENT OVERVIEW

Community engagement and outreach took
place over a five-month period from May 2022 to
September 2022.

Engagement was designed to reach a wide range
of residents and interested parties. Engagement
activities in this phase included community pop-
ups, online, and in-person engagement events
and the production of a wide range of new
information materials that were distributed online
atin person events, and at different community
venues and facilities. Engagement included

the following, which are also summarized in the
following figure.

* 5 community pop-ups (Emergency
Preparedness Week, Kwantlen Street Farmers
Market, Steveston Farmers & Artisans Market,
Burkeville Daze, “Island City, by Bike" tour)

2 in-person open houses (Hamilton
Community Centre)

3 bus tours (Works on Wheels)

4 online Community Conversation
engagement sessions

1 elementary school presentation
1 walking tour (Walk Richmond)

Updated and expanded flood protection page
on Richmond.ca

LetsTalkRichmond.ca flood protection project
page

1 new Flood Protection StoryMap
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ENT AND COMMUNICATIONS SUMMARY

1 4

PROJECT OPEN HOUSE 1 | 3

6 COMMUNITY -w =
CONVERSATIONS

COMMUNITY WORKS ON WHEELS
POP-UPS BUS TOURS

DOOR-T-O-DOOR VISITS ***

in Hamilton
d with over 8(

River Road area
engagemen

print and online

. 1200
20 2

flood protection page

(J
> n
M distributed along 23 attendees

popular dike trails
e 06 06 06 o o

distributed

attended project
presentation
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ACTIVITY TYPE EVENT DETAILS

Community Pop-ups Emergency Preparedness Week
Location: Brighouse Fire Hall No. 1
Date: Saturday, May 7

May 7, 2022 ~ 11:00am-5:00pm

September 9, 2022 yjigitors: Approximately 200

In Person

Kwantlen Street Farmer’s Market
Location: Brighouse Neighbourhood
Park

Date: Tuesday, May 24
12:00pm-4:00pm

Visitors: Approximately 50

Steveston Farmer's & Artisans Market
Location: 4320 Moncton St

Date: Sunday, June 5

10:30am-3:30pm

Visitors: Approximately 450

Island City, by Bike Tour
Location: Minoru Centre for Active
Living

Date: Sunday, June 12

9:30am - 12:30pm

Attendees: 100

Burkeville Daze

Location: Burkeville Neighbourhood
Park

Date: Sunday, June 26, 3:00pm-6:00pm
Visitors: 40

Hamilton Night Out

Location: Hamilton Community Centre
Date: Friday, September 9
5:30pm-8:00pm

Visitors: Approximately 250

SUMMARY

- In total, there were approximately

1,000 interactions with residents
at the community pop-up events

- Passers-by and interested

residents had the opportunity
to attend or stop by at a pop-
up event and learn more about
flood protection measures in
Richmond, including the DMP4

- Materials included interactive

poster boards (with sticky notes
and dots to share and vote on
ideas), flyers, postcards with a
QR code to Richmond.ca, flood
protection-themed stickers, and
reusable shopping bags

- Each pop-up resulted in more

community members becoming
aware of Richmond's flood
protection measures in general,
with some becoming informed
by interacting with pop-up staff
and the poster boards, and
some engaging with the DMP4
project by taking materials
home to review, leaving a sticky
note comment on the poster,
signing up for the newsletter, or
connecting through the QR code

- Hamilton Night Out was one

of the busiest events, with
approximately 60 public
interactions and over 250 people
dropping by the tent

Open Houses Dike Master Plan Phase 4 Community
Open House

Location: Hamilton Community Centre
Date: Tuesday, June 21
11:30am-1:00pm

Participants: 40

In Person
September 9, 2022

- 40 people attended the first

open house which included lunch
for participants and a project
presentation from City staff

- Materials included interactive

poster boards (with sticky notes
and dots to share and vote on
ideas), flyers, postcards
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ACTIVITY TYPE EVENT DETAILS

School Presentation

Location: Blair Elementary School
Tuesday, May 17

Students: 28

Blair Elementary
School presentation

In Person
May 17, 2022

SUMMARY

- City of Richmond staff presented

to a grade 5/6 split class

- Activities included a presentation,

Mentimeter trivia questions, and
a drawing exercise.

Walking and bus South Dike Walking Tour

tours Location: South Dike Trail

In person Date: Saturday, May 21
10:00am — 11:00 am

May 21, 2022 - Attendees: 23

June 19, 2022
Works on Wheels Bus Tour

Location: Richmond Public Works Yard
Dates: June 11, 18, and July 9
11:00am — 2:00pm

Attendees: 66 (22 each tour)

- Approximately 90 residents

participated in the tours.

- Walk Richmond walking tour was

a free guided walk coordinated
by the City of Richmond. City of
Richmond Staff attended the
walk where they shared project
materials and spoke about flood
management and other areas of
interest.

- Three interactive Works on

Wheels bus tours showcasing
Richmond's flood protection
projects were held in June, and
due to popular demand, a third
date was held in July

- The tours offered a behind-the-

scenes visit to a recent dike
upgrade, a recently built pump
station, and the Britannia flood
wall in Steveston

- Each tour was fully booked and

there were 23 people on the
waitlist

Community
Conversations

Dike Master Plan Community
Conversation

Date: Monday, June 20
12:00pm - 1:00pm

Flood Protection Community
Conversations

Date: Wednesday, June 22
12:00pm - 1:00pm

2:30pm — 3:30pm

Date: Thursday, June 23
12:00pm - 1:00pm

Online

June 21, 2022 —
June 22, 2022

- In total, there were 10 attendees

at the Community Conversations

- Participants attended an hour-

long presentation where staff
introduced the City's flood
protection program and provided
space for discussion and
questions

- Attendance was limited, but the

participants provided positive
feedback and were able to ask
staff questions about the project

PWT - 265
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ACTIVITY TYPE EVENT DETAILS SUMMARY

Richmond.ca Project and flood protection - Approximately 1,957 visitors
Online information was available from accessed the Flood Protection

May 2022 - September 2022 at materials on the Let’s Talk
May 2022 - Richmond.ca, including: Richmond website
September 2022 - Project overview videos

- StoryMap

- PDF versions of all information

materials

Let’s talk Richmond  Online opportunities for engagement - Approximately 848 visitors
Online and information were available from accessed the Flood Protection

May 2022 — September 2022 at materials on the Let’s Talk
May 2022 - LetsTalkRichmond.ca Richmond website
September 2022 _ .

Engagement tools: - Interactive tools available

- Weekly polls on the website included an

- Question and Answer ArcGIS StoryMap, weekly

- Mapping tool polls, interactive mapping

features, videos, downloadable
information write-ups and a place
to ask questions

Advisory Committee Location: Richmond City Hall - 13 committee members

on the Environment  May 11, 2022 - Members offered their feedback
of their priorities based on the
Advisory Committee mandate

—— City of Richmond ——

e e

Steveston
Farmers &
Artisans Market §

SUN, JUNE 5
10:30am-3:30pm

FIGURE 4: Steveston Farmers Market Community Pop-up
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FIGURE 5: Community Pop-up at Emergency Preparedness Week
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FIGURE 6é: Burkeville Daze Community Pop-up
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FIGURE 7: Blair Elementary School presentation

FIGURE 8: Blair Elementary School
student drawings envisioning flood
protection in the City of Richmond
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FIGURE 9: Works on Wheels bus ride and site visit

18 | City of Richmond - Flood Protection
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FIGURE 10: Posters at the Island City bike tour
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FIGURE 11: Dike Master Plan Phase 4 Community Conversation

FIGURE 12: Final Open House at Hamilton Community Centre, marking the end of a successful engagement and outreach period
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Communication
and Outreach
Program

From May 2022 to September 2022, staff ran a
communications and outreach program to share
information about Richmond’s flood protection
program and to promote outreach events and
activities. Materials included:

* Social media posts

* Updated and expanded flood protection page
on Richmond.ca

¢ LetsTalkRichmond.ca flood protection project
page
* A new flood protection StoryMap

® Five new Flood Protection information
products — print and online (Fact Sheets,
Q&A, Richmond Flood Protection Overview
in English and Traditional Chinese, Flood
Protection Timeline)

e Transit shelter ads
* Lawn signs

e Postcards

PWT - 273
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FIGURE 13: Summary timeline of the communications and outreach program
COMMUNICATIONS AND OUTREACH PROGRAM SUMMARY TIMELINE
APR MAY JUN AUG SEP

Online Materials

Social Media

Richmond.ca Flood Protection

Let's Talk Richmond Flood
Protection

E-Newsletter

Print Materials for Distribution

Postcards

Information materials

Print Materials for Promotion

Transit Shelter Ads

Lawn Signs

Communication and outreach materials are described in the following sections.
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ONLINE MATERIALS

City of Richmond staff used online materials to share information with the public about flood hazards
and protection measures in Richmond and to promote engagement events and other project updates.
The purpose of many of the online materials was also to create a Flood Management information hub
to be updated and added to as Richmond implements the Flood Protection Management Strategy.

Richmond.ca Flood Protection

The flood protection webpage at
Richmond.ca is a hub for all things

related to flooding and flood protection

in the City of Richmond. In addition to
project overview videos and a new flood
protection StoryMap, the site also includes
PDF versions of all information materials
(fact sheets, Q&A, flood protection
overview flyers, etc.).

FIGURE 14: The City of Richmond'’s Flood
Protection animation

FIGURE 15: Image of Richmond’s flood protection StoryMap providing information about the City’s drainage pumps. An ESRI
StoryMap is a web map that has been thoughtfully created, given context, and provided with supporting information so it
becomes a stand-alone resource. It integrates maps, legends, text, photos, and video and provides functionality, such as
swipe, pop-ups, and time sliders, that helps users explore this content.
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From May to mid-September
2022, the total number of
page views was 369 more than
this same period in 2021. In
total, there were 2,863 views
and 1,957 unique visitors.
Views peaked at the beginning
of June when outreach efforts
and engagement events were
highest.

The page also included links to
the Dike Master Plan webpage
and the Flood Protection
Strategy. A new webpage,

the Dike Master Plan page
experienced 856 page views
from 633 unique visitors who
visited the site between May
and September 2022. Dike
Master Plan views peaked in
July. From May to July 2022,
the Flood Protection Strategy
had 101 page views from 72
unique visitors.

The Richmond.ca Flood
Management webpage

also included a link to the

Let’s Talk Richmond flood
protection page, where visitors
could learn more about the
project and provide input

and feedback on flooding

and flood management in
Richmond.

TOP FIGURE 16: Number of page
visits to the main Richmond.ca Flood
Management hub: https://www.
richmond.ca/services/rdws/dikes.htm

MIDDLE FIGURE 17: Number of
page visits to the Dike Master Plan
webpage (May 2022 — September
2022)

BOTTOM FIGURE 18: Number of page
visits to the Flood Protection Strategy
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Let’s Talk Richmond Flood Protection

May 2022 - September 2022

In mid-May, an informative and interactive
webpage about flood protection went live on
the City of Richmond's engagement website,
Let’s Talk Richmond. The Let’s Talk Richmond
Flood Protection webpage is a place to “Learn
about events and opportunities to have your

say” (an online stakeholder engagement service).
Here, visitors could learn more about Richmond’s

flood protection measures and the accelerated
flood protection program by reading
informational materials, or become engaged by
participating in interactive tools that included:

* Weekly quick polls about knowledge of flood

management and support for the accelerated

program

* A mapping tool to indicate places for
amenities and features to priorities with the
dike upgrades

* A place to submit specific questions for the
project team to answer

Since going live, the webpage experienced

a steady flow of visitors daily, with a peak of
104 in a single day near the beginning. As of
September 20, more than 1,000 people visited
the Let’s Talk Richmond Flood Protection
webpage at least once. Of these visitors, more
than 260 learned about the project by clicking
on informational materials, while more than 90
participated by interacting with the tools.

FIGURE 19: Frequently asked
questions and facts sheets made
available at the Richmond.ca
and Let’s Talk Richmond Flood
protection webpages

Climate Change and Flooding

FACTSHEET SERIES

The City of Richmond is a collection of islands with an average height of 1 metre (3 feet)
above sea level and is part of the historic floodplain of the Fraser River. The City relies on
a network of dikes, pumps, and other systems to protect it from flooding. Richmond is
exposed to flooding from the river, the ocean, and from heavy rainfall events. Sea levels
are rising due to global warming, and the frequency and intensity of storms are increasing.
As climate change continues, Richmond's exposure to coastal and river flood hazards will

increase.

Richmond Flood Hazards
SEA LEVEL RISE

With climate change, warmer temperatures melt

glaciers and ice caps and increase the temperature

of the ocean, causing water to expand. As a result,

global sea levels are rising. Sea level rise increases

flood risks posed by:

« king tides: the highest tides of the year;

« coastal storm surges: high tides mixed with high
water levels caused by wind and waves.

The Province of British Columbia advises
municipalities to plan for 1 metre of sea level rise by
2100. During this same period, land in Richmond is
expected to move downwards by 0.2 metres as land
settles into the Fraser River delta.

FRESHET

Freshet is the term used to describe river floods
caused by snowmelt that typically occurs in the
spring. Changes in snowmelt and precipitation
patterns in the Fraser Basin are expected to
contribute to larger and more frequent floods on the
Fraser River. Sea level rise will heighten water levels
in the lower Fraser River during spring freshet.

RAINFALL

Over the past 20 years, the average intensity

of rainfall events in Richmond has increased by
approximately 15 per cent. With climate change,
this trend is expected to continue. Extreme rainfall
events can increase the flow, speed, and height of
the water in the Fraser River.

FLOOD PROTECTION

What is protecting Richmond from
floods?

The City of Richmond sits an average

of 1 metre above sea level. Our flood
protection system protects us from ocean
storm surges, river flooding, extreme
rainfall, and sea level rise. The system is
made up of:

Dikes: 49 kilometres of dikes for
holding back the waters of the sea
and river

Drainage Pipes: 585 kilometres
of drainage pipes that transport
water out of the city

Culverts: 61 kilometres of culverts
and tunnels that carry streams and
act as rainwater storage

- Channelized watercourses: 165
‘ kilometres of man-made channels
that move water through and out
of the city

“ Pumps: 39 drainage pump

stations that pump rainwater into
the Fraser River

Sensors: Numerous flood
protection sensors spread
throughout Richmond that provide
real-time data on river levels,
rainfall, and stormwater drainage.
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 SALISH SEA RISING: A child born today can expect 50
centimetres of sea level rise by the time they're 30 and 1
metre by the time they are 80. The lighter shaded area shows
2 higher range of sea level rise that could occur if global
emissions redluction targets are not met.

» RICHMOND ATMOSPHERIC RIVER: The atmospheric river
events that hit the province in November 2021 are examples
of extreme rainfall events that can lead to flooding. While
Richmond did not experience the same level of rainfall or
flooding as some areas of the Fraser Valley, it did receive over
130 millmetres of rain in a three-day period, which is the
biggest storm Richmond has faced in half a century. The image
shows the flooded low-lying park fields around Walter Lee
elementary during the atmospheric river events in November
2021. Low lying areas like this park help store excess rainwater
during extreme events and will drain when the system has
capacity to do so. Carlos Silva photo, via Twitter.

What is a “Superdike”?

As Richmond raises its dikes to decrease
the impacts of future water levels, there
is also the opportunity to make wider
dikes by raising the land area behind
the dike to the same height. These kinds
of large dikes are wide enough that
buildings and streets can be built on top
of them. Engineers call these wide dikes,
superdikes.
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Aware, Informed, Engaged - What it means on the web

AWARE: An aware visitor has made at least one single visit to the project webpage
project.

INFORMED: An informed visitor has taken the ‘next step’ from being aware if they:
Viewed a video

Viewed a photo

Downloaded a document

Visited the Key Dates page

Visited a FAQ list page

Visited multiple project pages (that means clicking from one project into the next or
clicking on pages within the project, for example into a forum discussion)

Every webpage visitor that contributes to a tool is noted as being ‘engaged’
if they:
e Contributed to a Forum
Participated in a Survey
Participated in Quick Polls
Posted a comment on the guestbook
Asked Questions
Placed Pins on Maps
Contributed to Ideas

FIGURE 20: Highlights of visitor interactions with Let’s
Talk Richmond Flood Protection webpage (May 2022
— September 2022)

FIGURE 21: Visitors to Let’s Talk Richmond Flood Protection webpage, by month (May 2022 — September 2022)

FIGURE 22: Summary of visitors to the Let’s Talk Richmond Flood Protection webpage. By September 20, 811 people
visited the webpage (aware). Of these visitors, 226 clicked on webpage tools (informed), and 93 provided input in the tools
(engaged).
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Social Media

The flood protection project team promoted
upcoming engagement events via social

media including Facebook, Instagram, and
Twitter. Some posts included hyperlinks to a
webpage with a full list of upcoming events and
opportunities to be in involved. Social media
included animated reels and gifs.

In total, between May 11 and September 3,
there were 36 social media posts with over 800
engagements (e.g., likes, comments, shares):

* 11 Facebook posts with 312 engagements
* 13 Twitter posts with 251 engagements
* 12 Instagram posts with 239 engagements

Posts that were boosted outperformed non-
paid content. The social media content did not

generate significant comments or discussion from

audiences on the City’s social media platforms.

To encourage more engagement, the City of
Richmond partnered with the Richmond Public
Library to offer participants a change to win a
$100 gift card by liking the June 8 Facebook
post, following the City’s and Library’s Facebook
pages, and registering for an engagement
session.

FIGURE 24: Twitter post example FIGURE 25: Instagram post example
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FIGURE 23: Facebook post example with rules for contest
to engage in Richmond Flood Protection Activities and be
entered to win a $100 Visa gift card
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CAN'T MAKE IT?
Check out

< LET'S TALK RICHMOND

Come learn
more about

Master Plan 4
Open House

to learn about other
opportunities to
become involved

HAMILTON
COMMUNITY CENTRE

FRI, SEPT 9
6-8PM

flood protection

FIGURE 26: Instagram story example

Climate Action E-Newsletter

The City of Richmond'’s spring Climate

Action e-newsletter promoted in-person and
virtual event series to raise awareness and
understanding of the importance of flood
protection in Richmond as a response to climate
change. The e-newsletter included a link to the
Richmond.ca Flood Protection webpage.

FIGURE 27: Richmond Flood Protection engagement
promoted in the Climate Action spring e-newsletter
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PRINT MATERIALS

A range of print materials were developed to

support outreach and engagement. These materials
educated people about local flood hazards and
provided information about flood protection and dike
upgrades, including the DMP4 process. Materials
included:

* Project Postcards

e Fact Sheets (Climate Change and Flooding, Flood
Protection and Coastal Ecology)

* Flood Protection Q&A brochure

¢ Flood Protection Overview (English and Traditional
Chinese)

* Flood Protection Timeline

These materials were available for hand out at
community pop-ups, for downloading online, and for
pick up at community venues (Hamilton Community
Centre, Library — Brighouse Branch, City Hall.

FIGURE 28: Climate Change Fact Sheet and Flood Protection Q&A brochure

PWT - 281

What We Heard Report | 29



Postcards

Approximately 2,000 postcards

were distributed with project
information and a brief explanation
of flood management in the City of
Richmond. A QR code linked to more
information at Richmond.ca.

The postcards were handed-out at
community pop-ups, door-to-door,
and at other events around the DMP4

area. They were also available online Qi
and for pick up at City Hall. Sealevels are rsing.

Richmond is preparing. —//

Provide your input on flood protection in Richmond

Climate change is driving significant changes
that Richmond is preparing for. This includes
at least 1 metre of sea level rise and increased
rainfall over the next 80 years.

Richmond is upgrading and raising the City's
dikes to protect against sea level rise. Richmond
City Council recently endorsed accelerating
upgrades to improve diking infrastructure in
advance of future climate change impacts.

Visit richmond.ca/floodprotection to:

- learn about what Richmond is doing for flood
protection and growing climate change risks

- share your thoughts and feedback

May 2022

FIGURE 29: Front and back of the Richmond flood protection postcard
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Information Flyers

A one-page information flyer that promoted
upcoming engagement events and where
to find more information about the project.
A QR code linked to more information at
Richmond.ca.

In the Hamilton neighbourhood, City staff went
door-to-door distributing the information flyers
and postcards. Staff also spoke with residents
who were home. In total, approximately 100
households, farms, and businesses were visited.

— City of Richmond ——

L

JOIN US IN-PERSON OR ONLINE FOR ANY OF THE FOLLOWING EVENTS!
There are 3 ways to register for any of the events:
= ¢ ]
€ Scan the QR code and Call 604-276-4300
complete the steps online Mon - Fri, 8:30 am - 5:00 pm

In person at any
community facility

Posters

A large format 11X17 poster was developed.
They provided an overview of the challenges
Richmond is facing from climate change-driven
flooding and the actions the city has taken

to address them. A QR code linked to more
information at Richmond.ca.

Posters were displayed at the Hamilton
Community Centre and other locations,
including City Hall and the Brighouse Public
Library.

—— City of Richmond ——
LI i

An Island City @

Surrounded by both river and sea and sitting at an average of 1 metre (3 feet)
above sea level, Richmond is subject to flood hazards from coastal storm
surges, snowmelt flooding, and extreme weather events.

COMMUNITY
CONVERSATION
Dike Master Plan
Phase 4 (virtual)

This event is virtual and
will take place on Zoom.
A Zoom link will be
emailed the day before
the presentation.
Monday, June 20
12:00 pm - 1:00 pm
ID# 163673

COMMUNITY
CONVERSATION
Dike Master Plan

Phase 4 (in-person)

This event is in-person
at the Hamilton
Community Center.
Lunch will be
provided.
Tuesday, June 21
11:45 am - 1:15 pm
Hamilton
Community Centre
ID# 163658

COMMUNITY
CONVERSATION
Richmond Flood

Protection (virtual)

This event is virtual and

will take place on Zoom.

A Zoom link will be
emailed the day before
the presentation.

Wednesday, June 22
12:00 pm - 1:00 pm
ID# 163674
6:00 pm - 7:00 pm
ID# 163675
Thursday, June 23
12:00 pm - 1:00 pm
ID# 163676
6:00 pm - 7:00 pm
ID# 163678

Learn more and engage online at letstalkrichmond.ca/floodprotection

e 222

OPEN
HOUSE
Dike Master Plan
Phase 4 (in-person)

This event is taking
place at the Hamilton
Signature Summer
Event at the Hamilton
Community Center.

Friday, September 9
6:00 pm - 8:00 pm
Hamilton
Community Centre

%mond

FIGURE 30: One-pager distributed in the Hamilton

neighbourhood

CLIMATE CHANGE AND FLOODING

Due to climate change, sea level is rising, and the frequency
and intensity of extreme weather events is increasing.
Individually and together, these climate

events are increasing
Richmond's exposure

WHAT’S KEEPING RICHMOND DRY?
The City of Richmond'’s flood protection
system is capable of withstanding a
1:500 flooding event, a major flood
that has a 0.2% chance of happening

in any given year. The current flood

to coastal, river protection infrastructure includes 49 km

and rainfall flood of dikes, 585 km of drainage pipes, 61

hazards. km of culverts and tunnels, 165 km of
channelized watercourses, and numerous
sensors that provide real-time data on
river levels, rainfall, and stormwater

a drainage
PLANNING FOR CHANGE

X SALISH SEA RISING: A chi
time they're 30 and 1 met
range of sea level rise that

Since the early 2000s, Richmond has
rebuilt and upgraded 19 drainage pump
stations, increasing total capacity by
29% since 2005. The current focus of
work is on dike raising. Richmond plans
to upgrade dikes from the current 3.5
metres in elevation to 4.7 metres in
elevation, to stay ahead of sea level rise

> RAIN, RAIN, RAIN!
Over the pa:
years, the average
in fall

10-Year Return
Period Rainfall (mm)

1998 Present 2100

Visit richmond.ca/floodprotection to:

EZEZE - learn about what Richmond is doing for flood
i’; protection and growing climate change risks

55

[

- share your thoughts and feedback

%mond

FIGURE 31: Community poster
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Transit Shelter Ads

From June 2022 to September,
ads promoting the project
were posted at 10 transit
shelters. There was also a
digital version that was played
on transit shelters with digital
ad capability. The transit
shelter ads included
information about flooding and
flood management in the City
of Richmond and a link and
QR code to the project hub
webpage on Richmond.ca.

FIGURE 32: Transit shelter ads in the
community

S VADG6B073 - Ne oad 75ft S/0O Saba Road ES
VAD68053 - Mo 3 Road 75ft N,
m VAD68005 - No 3 Road 150ft N/O L
VAD67661 - No 3 Road 300ft 5/0 Cambie Road ES F/S
VADSG8079 - No 3 Rd 75f 5/0 Westminster Hwy WS F/N
VAD69207 - Garden City Rd 175k N/O Alderbridge Way ES F/§

FIGURE 33: Map showing the location of the transit shelters where flood protection
materials were posted from June to September 2022
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Lawn Signs

Twenty graphically compelling H-frame lawn
signs with a simple “think” message and a QR
code that linked to the main project website

on Richmond.ca were printed for distribution.
Signs were in English on one side and Traditional
Chinese on the other.

Signs were placed around popular Richmond
walking dikes in the project area.

FIGURE 34: Image of a lawn sign with the message, “Sea
levels are rising, Richmond is preparing”
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Key Findings

Feedback from both in-person and online activities determined the following key findings:

The public is aware of the City The public is supportive of the The public is most supportive
of Richmond'’s flood protection City of Richmond's accelerated of upgrades that provide

measures and is supportive flood protection program other community benefits and
of the City’s flood protection and the associated utility rate  amenities.
work and efforts. increases. )
® Environmental features (e.g.,
e Residents and other e Residents and stakeholders habitat areas and habitat
stakeholders found that the were fully supportive benches), recreational
public information materials of Richmond’s plan to amenities (e.g., seating, bike
were useful and wanted to expedite flood protection racks, signage — wayfinding
learn more. improvements projects and and information), and
the associated utility rates. multi-modal transportation

* Participants were generally improvements (e.g.,

aware of Richmond’s flood * Many residents and other separated bike lanes,
protection work. However, stakeholders would like to improved wayfinding and
there is room for continued stay involved/up to date on walking paths) are the most
outreach and education future implementation work highly rated and sought-
on Richmond's flood risk and detailed planning work. after features for new and

mitigation and management

olans, and climate change upgraded flood protection

measures.
induced flood risks (e.g.,
sea level rise, increased * Many participants would
frequency and intensity of like to see improvements to
extreme weather). pedestrian and bicycle safety

along River Road.

Comments received during the public engagement for the 2018 Dike Master Plan Phase 2, 2019
Dike Master Plan Phase 3, and Dike Master Plan Phase 5 were generally consistent with the feedback
received during the engagement for this project. In particular, the topics of proactive planning and
flood protection improvements, dike aesthetics and recreational use, and environmental and habitat
considerations.

During the public engagement for Dike Master Plan Phase 2, Phase 3 and Phase 5, comments and
questions were received regarding climate science and climate change projections. Such questions
and comments were not received during this round of outreach and engagement. Anecdotally, in-
person public engagement reported more conversations around people’s personal experiences of
climate change-related incidents, including the November 2021 atmospheric rivers and flooding,
the June/July 2021 heat dome and wildfires, and the 2020 wildfires and smoke/air quality issues.
Collectively, these direct and personal experiences climate change impacts emergency may be
enhancing public awareness of climate change and reinforcing public support for Richmond’s
accelerated flood protection program.

Each finding is expanded in the following sections.
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The public is aware of the City of Richmond’s flood protection measures and is
supportive of the City’s flood protection work and efforts.

In general, most engagement
participants said they were
somewhat familiar with
Richmond's existing flood
protection measures. Very few
knew a lot about Richmond’s
flood protection measures
and several engagement
participants said they were
not very familiar with the
accelerated program. Just
under half of the Let’s Talk
Richmond weekly poll
participants indicated that
they did know about the
accelerated dike upgrade
program, which indicate

that there is a continued
need for communication and
education about flooding and
dike upgrades in the City of
Richmond.

How much do you know about the accelerated flood program?

60%

50%

40%

30%

20%

10% |~ ~

0%

11%

A lot I’'m somewhat familiar Not much

FIGURE 35: Community pop-up feedback about awareness of the accelerated
flood program

FIGURE 36: The Let’s Talk Richmond Flood Protection webpage quizzed general knowledge about the City’s flood protection

measures
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program and the associated utility rate increases.

The public is supportive of the City of Richmond’s accelerated flood protection

Although information about Richmond's flood protection
measures was new to some engagement participants,
feedback received through the engagement campaign
generally supported the accelerated program. There was
no negative reaction to the expedited rate increase. Some
comments even suggested accelerating the program even
more and upscaling work by partnering with neighbouring
waterfront municipalities (e.g., New Westminster). Many
participants requested more information sessions to keep
updated on the project, especially related in the Hamilton
neighbourhood.

Do you agree with the accelerated flood protection program?

100% (-~~~ "~~~ """ " "TTTTTTTTTTTTTTTTTTTTTTTTTTTTTToTToToTo
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FIGURE 37: Community pop-up feedback about support of the accelerated flood

program
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FIGURE 38: Weekly quick poll
questions on the Let’s Talk Richmond
Flood Protection webpage asked
about resident’s support of the
accelerated Flood Protection Program



amenities.

The public is most supportive of upgrades that provide other community benefits and

Participants were asked about their ideas and suggestions on how the dike upgrades could be

implemented to better meet the community’s and users’ needs.

FIGURE 39: Collaborative mapping tool on Let's Talk Richmond that shows where participants want to see changes and

amenities with the dike upgrades
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FIGURE 40: Frequency

of amenity categories
mentioned on the Let’s

Talk Richmond mapping
tool. The mapping

tool provided Let’s Talk
Richmond webpage visitors
the opportunity to indicate
what types of amenities and
changes they would like to
see implemented and where,
as the flood protection
system is upgraded. Visitors
could place a pin on the
map, choose a category
that the pin represents, and
explain their idea.
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FIGURE 41: Poster board with sticky note comments and dots at the Steveston Farmers Market Community Pop-up
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The following summarizes ideas shared by participants, organized by common topic themes.

TRANSPORTATION AND MOBILITY

Most ideas shared at the Community pop-
ups, Community Conversations, and Let’s Talk
Richmond and other engagement focused on
transportation, mobility, and connectivity for
pedestrians, bikes, and motorized vehicles.
Collectively, most comments were about:

* Multi-use pathway — ways to make the path
safer (e.g., avoid pedestrian-vehicle conflicts,
improve slippery and uneven surfaces), and
increase access to walk by the water.

¢ Bike lanes and amenities — where to add,
extend, or improve on-street bike lanes,
increasing bike safety on River Road, bike
repair at pump stations.

¢ Traffic and Roadways - use dike upgrades to
improve traffic conditions and road upgrades
for River Road and fix traffic safety (especially
truck safety) concerns. Expand Bridgeport
Road and National Avenue to remove trucks
from River Road.

* River Road improvements — truck traffic,
cyclist safety, and wildlife impacts resulting
from traffic speeds need to be addressed on
River Road.

CLIMATE CHANGE MITIGATION

Many comments suggested finding ways to
reduce emissions and mitigate climate change
with the dike upgrades.

* Clean energy - incorporate renewable energy
opportunities with upgrades (e.g., solar,
offshore wind power)

NATURE AND THE ENVIRONMENT

Several comments focused on nature, including
enjoying, protecting, and enhancing the natural
environment. Common ideas include:

e Ecosystems and Wildlife — Protect the trees
and bird/eagle nests along River Road where
possible. Replace trees that are removed
further inland and consider river depth and
sediment when constructing the dikes.
Consider removing log storage near important
habitat areas.

e Natural features — Use natural features for
environmental benefits and wildlife concerns.
Plant pollinator plants (e.g., lilac, borage,
wild roses) and other native shrubs for their
ecosystem benefits (e.g., beauty, shade,
erosion control, and sound dampening).

RECREATION

Participants noted a range of recreation and

play opportunities they would like to see
prioritized with the dike upgrades. Ideas included
playgrounds, fitness equipment, and seating
areas. Another key recreation opportunity
focused on food, including opportunities to dine
and to grow food.

* Play elements/features — Build playgrounds,
fishing piers, and paths, as well as where to
place exercise equipment (dip bar and pullup
bar), and bike racks (with surveillance).

® Spaces to rest — Build benches and sheltered
areas. Having seating and washrooms along
the waterfront is important.

* Spaces to eat — Develop picnic spaces and
areas with food and drink vendors.

* Growing food - Plant fruit bearing trees and
establish community gardens. Comments also
acknowledged the importance of protecting
the Agricultural land reserve.

SIGNAGE AND WAYFINDING

Participants noted places to add signage about
heritage, emergency preparedness, transit, and
dike upgrades.

* Interpretive signage/features - Added
signage on heritage (e.g., Britannia shipyards),
educational (e.g., habitat), emergency warning
(e.g., tsunami), transit schedules (e.g., ferries
real time signage), and directions.

e Pedestrians, cyclists, and motor vehicles
- Include speed limits and signage to keep
bikes and pedestrians separate.

¢ Dike upgrade notices — Create signage/
notices and further engagement to explain
why trees need to be removed around dike
areas or build park areas and plant trees
behind dikes.
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Moving Forward

Overall, many engagement participants shared
that they have little-to-moderate knowledge

Is Richmond preparing for long-term sea level
rise, with 2 metres of sea level rise considered

of flood protection and the accelerated unavoidable?
dike upgrades in Richmond but are strongly
supportive of the accelerated program,
recognizing the importance of these actions in

the face of climate change.

e How is the City of Richmond working with The
City of New Westminster?

e Will the City add more washrooms and trails?

Moving forward, information sharing about o
challenges and opportunities that are posed by

sea level rise and climate change impacts, as

well as progress on Richmond’s Flood Protection * Can the program be further accelerated?
Management Strategy and Dike Master Plans will
continue to be important.

When will upgrades will occur and how they
are prioritized?

* Does dredging impacts flood hazards?
Common questions from engagement e Does sea level rise affect groundwater levels?
participants that could inform future materials e Where will land be raised and by how much?
included:

Overall, participants expressed positive
sentiments towards the Richmond’s ongoing
flood protection work and expedited dike
improvement project. Participants look forward
to learning more about flooding and flood
management in the City of Richmond as the
accelerated project unfolds.

* Will homes with water access on their property
retain safe access?

® s truck traffic safe along dike roads, or will it
cause seismic/erosion problems?

* How does the program manage for inland
flooding? (Specifically for the Hamilton area).

* Do the pumps have backup generators and
are they resilient to earthquakes, storms, and
power outages?
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