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Staff Recommendation

That the public and key external stakeholders be consulted to provide feedback on the medium
and long term dike improvements required for part of Richmond’s West Dike (between Williams
Road and Terra Nova Rural Park) and part of the North Dike (between Terra Nova Rural Park to
No. 6 Road) as identified in the staff report titled “Dike Master Plan — Phase 2” from the
Director of Engineering, dated December 6, 2016.

ohn [rving, P.Eng.
Director, Engineeri
(604-276-4140)
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December 6, 2016 -2-

Staff Report
Origin

The 2008 — 2031 Richmond Flood Protection Strategy identified the need to “Prepare and
implement a comprehensive dike improvement program.” On February 11, 2014, Council
approved $200,000 from the 2014 Capital Budget to prepare Phase 2 of a Dike Master Plan.

By the year 2100, climate change scientists estimate that sea level will rise approximately 1.0
meter, combined with 0.2 meters of subsidence that is expected in that same time period.
Richmond will be required to raise dikes to accommodate these changes.

Richmond lies in the Fraser River delta, and is surrounded by the Fraser River estuary. The
estuary provides critical habitat for many species of fish and wildlife, and important ecosystem
services such as erosion control, shoreline stabilization and storm surge protection.

This report supports Council’s 2014-2018 Term Goal #6 Quality Infrastructure Networks:
6.1.  Safe and sustainable infrastructure.

‘The purpose of this staff report is to present the medium and long term dike improvements along
part of the West Dike and part of the North Dike (Phase 2 Study Area) that will be required to
address climate change induced sea level rise. The West Dike spans between Williams Road and
Terra Nova Rural Park. The North Dike section of the study area spans between Terra Nova
Rural Park and No. 6 Road. Staff request Council’s endorsement to consult public and key
external stakeholders on the long term dike improvements in the Phase 2 Study Area.

Analysis

The City of Richmond is approximately 1.0 meter above mean sea level and protected by 49
kilometers of dike. Climate change scientists estimate that sea level will rise approximately 1.0
meter by the year 2100, combined with 0.2 meter of subsidence that is expected in that same
time period. Guided by the 2008 — 2031 Richmond Flood Protection Strategy, the City continues
to adapt its flood protection system to protect against climate change induced sea level rise
primarily through raising dike crest elevations. The City’s target dike elevation for 2100 is 4.7 m
geodetic with the ability to expand it to 5.5 m geodetic. Dike improvements are ongoing through
the Capital Program and the strategy forecasts that implementation completion will be required
within the next 25 to 50 years to stay ahead of rising sea levels (current climate change science
predicts sea level rise will be approximately 0.2 m by 2050). Implementation may include
intermediate dike improvements where they make sense and would extend the timing for
achieving 4.7 m geodetic dike heights for those reaches, Ultimately, the timing of
implementation completion will be influenced by evolving climate change science and observed
sea level rise. Staff will update Council on significant updates for sea level rise predictions and
any impact they have on the Dike Master Plan implementation as they occur.
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West Dike (Williams Road to Terra Nova Rural Park)

The Phase 2 Study Area includes part of the West Dike between Williams Road and Terra Nova
Rural Park. Constraints, opportunities and recommendations for the Phase 2 Study Area of the
West Dike separated by design area are summarized in Table 1.

Tables 1 and 2 identify environmental information pertinent to this area. FREMP refers to data
from the Fraser River Estuary Management Program that identifies habitat productivity mapping.
Though FREMP is no longer in place, this data continues to be pertinent to dike master plans.
RMA refers to Riparian Management Areas which are City designated riparian habitats with
associated 5 or 15 metres setbacks in response to the provincial Riparian Areas Regulation. In
addition, the Fraser River shoreline within the LIDMP area is a City designated Environmental
Sensitive Area with an associated development permit and applies to the entire study area.

The trigger for implementation of the long term dike improvement recommendation between
Williams Road and Terra Nova Rural Park is sea level rise as has been projected by various

expert panels through the year 2100.

Table 1: Summary of constraints/opportunities/recommendations for part of the West Dike

FREMP Data | RMA
o k-]
Ble|t|yle Long Term Dike Improvement
DesignArea B38| 8 c| g Constraints Opportunities 8 e X
oizl | & ¢ Recommendation
bl =3 a g =]
2= g|la|=
Ly
» Raise dike on existing alignment
+ Barrieristands may be s Further study required to
. « Infilling of drainage ditches ) ¥ . ¥ req R
1) Seafair O g considered to reduce wave run-  determine the ecclogical and

impacts potential storage in the

2) Terra Nova
) City’s local drainage network

up, mitigating the need for future technical advantages/
dike crest increases disadvantages of land side and

water side expansion

North Dike {Terra Nova to No. 6 Road)

The Phase 2 Study Area includes part of the North Dike between Terra Nova Rural Park and No.
6 Road. Constraints, opportunities and recommendations for the Phase 2 Study Area of the North
Dike separated by design area are summarized in Table 2.

The triggers for implementation of the long term dike improvement recommendation between
Terra Nova Rural Park and No. 6 Road are sea level rise, development, redevelopment and River
Road reconstruction.
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Table 2: Summary of constraints/opportunities/recommendations for part of the North Dike

FREMP Data RMA
Tl o .

Design Atea T 4 - 8l s Constraints Opportunities Long Term Dike Imprf:vement
2|lS| 8| ¢ g Recommendation
z|E|c|2|3
2 ;'J pla|=<
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required to accommodate waterfront
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North East 1 1 [+ O raising the dike property is acquired
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acquired to complete dike raising
+ Mature trees near water side » Waterfront traif can be * Raise the dike on existing alignment
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Land Acguisition

Some dike reaches are constrained by land ownership and will likely require land acquisition to
facilitate dike raising. Land acquisition will primarily be achieved through redevelopment,
however, where redevelopment does not occur; the City may consider opportunistic land
purchase over the next 25 to 50 years. The Dike Maintenance Act allows the City through the
Provincial Inspector of Dikes to access the entire dike protecting Lulu Island for the purpose of
dike maintenance or improvement regardless of land ownership. However, long term strategic
acquisition of land and cooperative work with the development community will reduce the
impact of dike improvements on the community as compared to reliance on the Dike
Maintenance Act.

Next Steps

Staff will consult with key external stakeholders and the public on the long term dike
improvements in the Phase 2 Study Area. Key stakeholders include:

Adjacent residences and the general public
Port of Vancouver

Department of Fisheries and Oceans

BC Inspector of Dikes

Advisory Committee on the Environment
Urban Development Institute

The key external stakeholder group will be engaged through ongoing meetings and
communications. Public consultation will include two public open houses.

Financial Impact
Capital projects will be brought forward for Council’s consideration.
Conclusion

Consistent with the City’s 2008 — 2031 Richmond Flood Protection Strategy, Phase 2 of a Dike
Master Plan has been drafted. Dike Master Plan Phase 11 presents the medium and long term dike
improvements along part of the West Dike (Williams Road to Terra Nova Rural Park) and part of
the North Dike (Terra Nova Rural Park to No. 6 Road) that will be required to address climate
change induced sea level rise. Staff request Council’s endorsement to consult public and key
external stakeholders in order to obtain feedback on the long term dike improvement

It n the Phase 2 Study Area.

¥ v
L Corrine Haer, EIT
\ L _ lanning Project Engineer
(604-276-4075) (604-276-4026)

Att. 1: Dike Master Plan — Phase 2
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The purpose of the Lulu Island Dike Master Pian {LIDMP}) is to identify preferred methods for implementing the objectives
of the City of Richmond’'s 2008 - 2031 Flood Protection Strategy. The Lulu Island Dike Master Plan is heing prepared in
phases. Parsons {as Delcan} prepared Phase 1 of the plan for the Steveston and southern West Dike areas? {Phase 1
LIDMP}. The Study Area for Phase 2 has been defined from Williams Road on the West Dike to No. 6 Road on the North
Dike. The Study Area is highlighted orange within Lulu Istand in the figure below. Lulu Island lies in the Fraser River Delta,
and is surrounded by the Fraser River Estuary. The estuary provides ctitical hakitat for many species of fish and wildlife,
and important ecosystems services such as erosion control, shoreline stabilization and storm surge protection.

The Phase 1 LIDMP focused largely on technical issues
of assessing significant changes in dike alignment.
Instead of adapting upgrades to the existing shoreline
alignment which may have impacted heritage structures
in Steveston, the engineering feasibility of a future dike
and flood-gate along Steveston Island was presented,

In the Phase 2 Study Area, the existing dike alignment
along the waterfront is established and well defined.
There is limited basis to suppott any major changes to
the alignment of the existing dike, thus the
recommendations are generally in keeping with
traditional dike crest increases, with consideration for
localized constraints and opportunities. The Study Area
has been segmented into thirteen design areas to make these recommendations on an area specific basis. There are also
opportunities to consider flood protection strategies that are applicable throughout the entire Study Area. These area wide
strategies may be implemented to fortify the area specific adaptations.

The City has identified a target dike crest elevation of 4.7 m, with consideration for raising the dike to 5.5 m in the long
term future. Dike adaptations that achieve the target crest elevation are considered by area, forming the area specific
adaptations. Thase include dikes and floodwalls in any conformation. Area wide adaptations are those which may not
achieve the target dike crest elevation on their own, but contribute to overall flood protection. For example, barrier islands
that reduce wave run-up to eliminate the need for additional target crest increases, cr policy changes that facilitate the
implemeantation of dike adaptations are both categorized as area wide adaptations. Both area wide and area specific
strategies will be presented in the LIDMP, forming a comprehensive plan to achieve the cbjectives of the Flood Protection
Strategy. Area wide and area specific strategies will be considered within the context of the City's Ecological Network
Management Strategy (ENMS) such that the recommendations presented in the LIDMP are consistent with strengthening
the City’s green infrastructure, while managing and enhancing ecological assets.

Anumber of area wide approaches can be considered to enhance long term flood protection in the City and create resiliency
in addressing climate change and sea level rise. Preferred strategies are summarized below.

Plan for the long-term raising of lands adjacent to and inland of the existing dikes: Long term raising of land levels has
previously been recommended (2CG08-2031 Flood Protection Strategy). Maximizing the width of raised land adjacent to the
river decreases flood and seismic risks by increasing the integrity of the dike. Plan to raise the ground elevation of
waterfrount development sites to the prescribed dike crest elevation.

1 Lulu Island Dike Master Plan Phase 1, Delcan, March 2013
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Enhance floodproofing through amendments to the FCL By-law:The City's Flood Construction Level (FCL) Bylaw establishes
minimum levels to which land needs to be raised. Amending the FCL bylaw is the recommended area wide strategy to
regulate raising ground elevations with redevelopment 1o improve flood protection throughout the Study Area.

Support site assemblies along the waterfront that promote cohesive adaptations for flood protection: Large developments
along the waterfront allow for major improvements to flood protection infrastructure and often result in robust superdike
conditions.

Plan for implementation of offshore protection on Sturgeon Banks: If climate change and sea level rise predictions
materialize, increased depths offshore could simultaneously increase wave heights, particularly in the Georgia Strait.
Upland limitations to natural accretion within the Sturgeon Bank Wildlife Management Area may also contribute to
increased offshore depths beyond the West Dike. Offshore barrier islands are one option 1o consider to dissipate wave
energy prior to waves reaching the West Dike and stabilize shorelines, thereby minimizing future dike crest increases.
Enhancement of intertidal habitat alongside the creation of offshore barrier islands may provide natural ecosystem
mechanisms to further dissipate wave energy. The City may consider offshore protection in its long-term plans for flood
protection along the West Dike.

In practice, when dike upgrades have been made, they have been made aleng the existing alignment. Apart from select
site specific constraints and opportunities, the recommended future dike alignment for the Phase 2 Study Area matches
the existing dike alignment. Area specific strategies were selected with consideration for: flood protection, environmental,
geotechnical, infrastructure, site-specific constraints, social, property, economic, operational and cost considerations. The
City is committed to avoid, mitigate or compensate for any environmental impacts that may result from dike adaptation
projects. Completely avoiding any impact on an environmental area may not be feasible in some cases, for example where
dikes are highly constrained. In these instances, mitigation or compensation that follows a net gain approach may he
pursued.

Area specific strategies for the Phase 2 study are summarized below:

Wes! Dike: Raise the dike on the existing alignment. Additional studies required to quantify drainage impacts of land side
expansion, habitat impacts and costs associated with water side or land side expansion, and long term resiliency of a
constrained dike solution. Consider routing the dike inland through Terra Nova Rural Park.

North Dike: Terra Nova to No. 2 Road Bridge: Raise the dike on the existing alighment with land side expansion. Plan for
the raising of River Road.

North Dike: No. 2 Road Bridge o Dinsmore Bridge: Existing and proposed developments are raising elevations to 4.0 m to
4.7 m. Future raisings to 5.5 m can take place on the existing alignments and integrate into the adjacent landscaping.

North Diker Dinsmore Bridge to Moray Bridge: Raise the dike with land side expansion. Consider creation of a set-back
dike and inland raising {superdike)} in conjunction with the future Middle Arm Waterfront Park construction. Ensure any
interim dike upgrades are compatible with the long term strategy of constructing superdikes.

North Dike: Moray Bridge to Osk Street Bridge: Implement flood protection with approved development plans for Duck
Island and the River Rock Casino when available. If required to address sea level rise and climate change prior to
implementation of the approved strategy at the Duck Island or River Rock Casino sites, plan for a temporary adaptation,
such as a demountable floodwall, to protect City assets

North Dike: Oak Street Bridge to No. 4 Road: Raise the dike on the existing alignment. Site specific solutions may be
required at the Fraser River Terminal site. Plan for temporary dike along the alternate alignment if required to address sea
level rise and climate change prior to implementation of a strategy at the Fraser River Terminal site.

North Dike: No. 4 Road to Shell Road: Existing and proposed developments will raise the area generally to an elevation of
4.7 m. Future raisings to 5.5 m can take place on the existing alignments and integrate into the adjacent landscaping.

North Dike: Shell Road lo No. 6 Road: Raise the dike on the existing alignment. Land acquisition may be required to
facilitate construction of a trapezoidal dike (through redevelopment or otherwise). Implementation of a temparary floodwall
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adjacent to the waterfront lots may be required in advance of a permanent adaptation to address sea level rise and climate
change. Consider Bath Slough Revitalization Initiative for future designs. Additional studies are required to quantify
drainage, habitat impacts, and costs associated with land side expansion of a trapezoidal dike. A constrained land side
slope may be required to integrate with the existing drainage infrastructure.

envision m

Parsons has characterized the existing conditions and constraints of the Study Area, and has established and
recommended preferred area wide and area specific adaptation strategies for the City’s consideration.

The recommended next steps to finalize the Phase 2 LIDMP are:
1) Council Review;

2) Key External Stakeholder Review;

)
3) Public Information Session and Consultation;
43 Revise the Draft Final Master Plan Report per consultation if required; and
)

5} Council adoption of the Final Dike Master Plan Phase 2 Report.
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The recommended flood protection adaptations forming the Phase 2 LIDMP are assessed for their ability to achieve a
minimum crest elevation of 4.7 m, and accommeodate a future increase to 5.5 m as prescribed by the City. No independent
evaluation of these crest elevations has been conducted by Parsons. These target elevations have been accepted as the
hasis for the Phase 2 LIDMP.

Recommendations have been categorized as either area wide or area specific adaptations. Area wide strategies
encompass adaptations that are applicable for the entire Study Area, or a substantial part of it. These include policy
adaptations, as well as structural adaptations that would fortify the primary dike, hut would not achieve the City's target
crest elevation on its own. The Phase 2 LIDMP recommends adaptations in both categories to produce a comprehensive
strategy for improving flood protection in the Study Area.

Area specific strategies are structural adaptations that modify the existing dike or replace it to achieve the City's target
dike crest elevation of 4.7 m. The Study Area has been broken into thirteen design areas to recommend area specific
adaptaticns. The design areas have been delineated according to the boundaries for planning areas in the City's Cffigial
Community Plan {OCP). The design areas are described further in Section 2and Section 4.2

The Phase 2 LIDMP is a guidance document for future dike adaptation design and construction projects. No detailed
design, nor any construction will be undertaken as part of the Phase 2 LIDMP. Design and construction projects are beyond
the scope of the current planning exercise. Proponents of diking design and construction projects will need to confirm their
projects are in compliance with all regulatory requirements, in addition to adhering to the Master Plan, when projects move
forward.

In preparation of the Phase 2 LIDMP, Parsons previously prepared and submitted two technical memos to the City.
Technical Memo #13 (TM #1) presented potential flood protection options that may be appropriate for implementation in
the Study Area, based on a detailed review of current and future land uses, environmental and geotechnical conditions,
and other City guidance documents. Technical Memo #24 (TM #2) cutlined the evaluation of pctential flood protection
adaptations within the Phase 2 Study Area, and presented the preliminary concept for the Phase 2 LIDMP. Both technical
memos have been attached to the Phase 2 LIDMP as Aftachment 1 and Attachment 2 for reference.

Both technical memos were circulated internally to relevant City departments for review. The feedback received from these
stakeholders was integrated into the technical memos before each was finalized. The final Phase 2 LIDMP is derived from
these previous studies and as such, City feedback has been incorpeorated into the Phase 2 LIDMP.

The recemmendations in the Phase 2 LIDMP have been prepared in keeping with other City strategies and plans. Any
proposed diking projects should be designed and constructed with consideration for the Phase 2 LIDMP, as well as any
ather City guidance documents in effect at the time an adaptation project preceeds to design and construction. Policy
adaptations should also be implemented with consideration for compatibility with other City strategies and guidelines. City
guidance documentis considered in the development of the Phase 2 LIDMP included:

2009 Waterfront Strategy: The five Strategic Directions of the 2009 Waterfront Strategy were considered in the
development of the Phase 2 LIDMP. The Strategic Directicns inciude: 1) Working
Together; 2} Amenities and Legacy; 3) Thriving Ecosystems; 4) Economic Vitality; and
5) Responding to Climate Change and Natural Hazards.

3 Lulu Island Dike Master Plan Phase 2 — Technical Memo No. 1: Review of Existing Conditions, Parsons, Oct 5, 2018
4 Lulu Island Dike Master Plan Phase 2 - Technical Memo No. 2: Analysis of Flood Protection Alternatives, Parsans, Cct 5, 2016

PWT - 58



PARSONS

envision m
Flood Plain Designation and The Phase 2 LIDMP considers the existing Flood Plain Designation and Protection By-
Protection By-Law 8204: Law, and will consider outlines potential options to amend or accelerate increasing

flood construction levels adjacent to the foreshore.

2008 - 2031 Richmond Flood The Phase 2 LIDMP has been developed to address the goals of the Flood Protection
Protection Strategy: Strategy.

2015 Ecological Network The Phase 2 LIDMP is informed by the strategic goals outlined in the 2015 Ecological
Management Strategy: Network Management Strategy (ENMS) to promote the Ecological Network. The City's
ENMS is an ecological Blueprint for the preservation of natural land City-wide. Through
the ENMS the City will protect, restore and connect natural lands to avoid habitat
fragmentation. The strategic goals outlined in the ENMS are: 1) Manage and Enhance
Ecological Assets; 2) Strengthen City Green Infrastructure; 3) Create, Connect, and
Protect Diverse and Healthy Spaces; 4) Engage through Stewardship and
Collaboration. The objective of developing an Ecological Network was initially outlined
in the OCP under Chapter 9: Island Natural Environment {and Ecological Network

Approach}.
2006 Riparian Response The Phase 2 LIDMP is consistent with the Riparian Response Strategy (RRS), which
Strategy: protects Ripatian Management Areas that form part of the City’s Ecological Network.

The RRS identifies & m and 15 m Riparian Management Area {RMA) sethacks on
minor and major watercourses that flow into and support fish life in the Fraser River,
and are to remain free from development in accordance with requirements under the
provincial Riparian Area Regulation. The RRS applies to riparian habitat on the City's
inland watercourses but does not apply to the Fraser River, which is protected through
designation as Environmentally Sensitive Area {ESA) in the OCP.

2008 Climate Change The recommendations from the Phase 2 LIDMP are made with consideration of the

Response Agenda: 34 pillar of the City’s Climate Change Response Agenda - implemeant strategies for
adapting to unavoidable changes. Strategies have been considered that can meet
the short and long term goals with respect to crest elevations; however, they must
also ke adaptable to change.

2040 Richmond Trail Strategy: ~ The Phase 2 LIDMP is developed with regard for the goal of maximizing access to the
waterfront, as identified in the Richmond Trail Strategy.

The Phase 2 Study Area includes paits of the West Dike and the North Dike. The West Dike section of the Study Area spans
from Williams Road to Terra Nova Rural Park at the Middle Arm of the Fraser River. The North Dike section of the Study
Area spans from Terra Nova Rural Park to No. 6 Read.

On the water side of the West Dike is Sturgeon Bank, a provincially designated Wiidlife Management Area (WMA) within
the Fraser River Estuary. It is comprised primarily of near shore and intertidal hrackish marsh, sandflats, mudflats, and
open water. it is a protected area for the conservation of critical, internationally significant habitat for year-round migration
and wintering waterfowl populations and important fish hahitat. The water side of the North Dike includes pockets of mud
flat, salt marsh, and eelgrass hahitat.

On the land side of the West and North Dikes, Riparian Management Areas (RMA’s) are interspersed throughout the Study
Area. RMA designated watercourses are wetted the majority of the year and flow into and support fish life in the Fraser
River. The City's RMA’s have predetermined setbacks of 5 m or 15 m from top of hank to delineate areas that support the
form and function of the watercourses. These areas are protected under the provincial Riparian Area Regulation and form
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Area is provided helow. Further detail is pravided in the Envirowest Technical Briefé included as Aftachment 4for reference.
The following discussion presents environmental factors, regulations and guidance decuments in place at the time of this
writing. Any additional regulations that may he in place in future at the time that any diking project moves forward should
also he reviewed and considered in the preparation of dike design and construction plans.

Riparian Management Areas (RMA's} and Channelized Watercourses

Richmond has interconnected drainage catchments that are delineated by the operation of pump stations that discharge
into the Fraser River. The infand watercourses are slow moving and wetted the majority of the time. The high groundwater
table that feeds lecal watercourses and sloughs contains naturally-occurring dissolved ivon and other metals, and low levels
of dissolved oxygen. These water quality conditions are generally inhospitable to salmon and trout; however, other species
of fish, reptiles and amphibians may utilize the infand aquatic areas.

The City's watercourses flow into and contribute to fish and wildlife resources sustained hy the Fraser River, As such the
watercourses are designated fish hahitat under the federal Fisheries Act, the provincial Water Sustainability Act, and the
provincial Riparian Areas Protection Act. While the majority of these watercourses have been historically realighed into road
grid to support agricultural development, they are identified by the City as channelized watercourses and not stormwater
ditches. To support the form and function of these channelized watercourses, pre-designated riparian setbacks of b m and
15 m are designated by the City orn minor and major watercourses, respectively. These setbacks, developed in consultation
with the Department of Fisheries and Oceans (DFO), are identified by the City as Riparian Management Areas (RMA’s) and
protected from development. Channelized watercourses, and their associated RMA’s, are interspersed on the landside of
the West and North dikes within the LIDMP Study Area. Locations of RMA’'s are shown on the map included in Appendix B.

Environmenlially Sensitive Areas

The City has designated Environmentally Sensitive Areas (ESA’s) throughout the City. As identified in Chapter 9 of the OCP,
intertidal and shoreline ESA Development Permit (DP) areas are in place around the Lulu Island perimeter. The intertidal
DP area is defined as 30 m cut into the intertidal or subtidal area measured from the High Water Mark as defined in the
Riparian Area Regulations. The shoreline DP area is defined as 30 m inland of the shoreline into upland riparian habitat.
This ESA recognizes the estuarine values surrounding Lulu Island and provide direction for application of the DP through
DP permit guidelines. Along the West Dike section of the Study Area, ESA DP areas contain upland riparian, brackish marsh,
sandflats, mudflats, and open water habitat. Along the North Dike section of the Study Area, ESA DP areas contain pockets
of mud flat, salt marsh, eelgrass and upland ripatrian habitat. This ESA recognizes the estuarine values surrounding
Richmond and provides direction for application of the DP through DP permit guidelines. Along the West Dike section of
the LIDMP Study Area, the ESA Development Permit Area contains upland riparian, brackish marsh, sandflats, mudflats,
and open water habitat. Along the North Dike section of the LIDMP Study Area, the ESA Develepment Permit Area contains
pockets of mud flats, salt marsh, eelgrass and upland riparian habitat. Locations of ESA’s are shown on the map included
in Appendix C.

Gity Parks

The West Dyke Trail and Terra Nova Rural Park are both City park attributes contained within the Study Area. There is
habitat functionality and ecological value comprised within these fands.

Bath Slough

The Study Area includes Bath Slough at the boundary between the Industrial North East 1 and Industrial North East 2
design areas. Bath Slough forms part of the historical watercourse complex that stretched across Lulu Island, and receives
run-off from industrial and residential lands in the Bridgeport area. Through the 2014 Bath Slough Revitalization initiative,
the City has conducted a number of innovative ecological initiatives along Bath Slough including water quality
improvements, riparian enhancements and native pollinator pasture initiatives. The Bath Slough Revitalization Initiative
should he consideied in the design and construction phase of propesed dike upgrade projects in this area.

5 L ulu Island Dike Master Plan Phase 2: Technical Brief, Envirowest Consultants, November 2, 2016,
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Ecological Network Management Strategy (ENMS) Strategy Areas
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Both inland and foreshore ecological values are embedded within the six ENMS Strategy Areas. The ENMS and associated
Strategy Areas provide key ecological context within the Study Area. ENMS Strategy Areas as shown on the map included
in Appendix D.

Wildlife Management Area (WMA) - Sturgeon Bank

Sturgeon Bank is a provincially designated Wildlife Management Area (WMA) established in 1998 and is located on the
water side of the West Dike. It is protected for the conservation of critical, internationally-significant habitat for year-round
bird migration and wintering waterfowl| populations. It is also impertant fish habitat. It is comprised primarily of near shore
and intertidal brackish marsh, sandflats, mudflats, and open water. The WMA foreshore marsh and mudflat habitats
provide critical ecological values as well as ecosystem services for wave energy attenuation and shoreline erosion and
stabilization. Consideration for these key climate change adaptation and resiliency attributes along Sturgeon Bank should
he considered in the design and construction phase of proposed dike upgrade projects in this area.

Fraser River Estuary Management Program (FREMP) Mapping

Since the mid-1980's habitat preductivity mapping has been undertaken along the Fraser River shoreline from the mouth
of the Fraser River Delta upstream te the Pitt River/Maple Ridge area. This mapping was undertaken by the former Fraser
River Estuary Management Program (FREMP). FREMP was a cooperative agreement amengst member agencies, including
Environment Canada, Fisheries and Oceans Canada, Transport Canada, Fraser River Port Authority, North Fraser Port
Autherity, BC Ministry of Environment, and the Greater Vancouver Regional District. Though FREMP ceased to existin 2013,
the City continues to utilize this data resource to inform activities in and along the City's Fraser River foreshore. The FREMP
classification system comprises a three tiered colour-coded system: habitats are colour-coded red, yellow or green. Red-
coded shoerelines sustain highly productive fish and wildlife habitats. Yellow-coded shorelines sustained moderately
productive habitats, while green-coded shorelines were characterized by habitats of low productivity. Generally
development constraints are greatest within red-coded habitats, while development within green-coded habitats are
constrained the least. Habitat productivity within the LIDMP Study Area includes a majority of red-ccded reaches along the
West Dike and North Arm.

Detailed maps showing habitat coding throughout the Study Area are presented in Appendix E. An overview of the foreshore habitat
coding in the Study Area is shown in Figure 4. High productivity habitat is depicted to extend along the north dike generally
from No. 6 Road to the Knight Street bridge, along the Tait Waterfront Park, from No.4 Read to the Canada Line bridge,
under the Oak Street Bridge, immediately west of the River Rock casino, south of the Canada Line YVR line, and west of
Hollybridge Way to the Terra Nova Rural Park. Moderate and low preductive habitat are interspersed along this shareline
hetween Hollybridge Way and Knight Street bridge. High productivity habitat is depicted to extend along the entire sea-
ward edge of the west dike fronting Sturgeon Bank and Terra Nova Rural Park.

Fraser River Fish and Species at Risk Values

The Fraser River Estuary contains rich habitat for many species of fish and wildlife. Estuary marshes support a significant
porticn of the regions migrating salmon. While the inland watercourses are generally considered to not be hospitable 1o
salmon and trout species, they do flow into and support fish life in the Fraser River and are therefore considered to be
nutrient providing fish habitat.

A desktop review for species of management concern {i.e. included in Scheduie 1 of the Federal Species at Risk Act, and
Provincial Conservation Data Centre red- and blue-listed species) was undertaken on the Provincial Conservaticn Data
Centre weh map. The search provided a single result, specifically utilization of the Fraser River by white sturgeon. The
search did not provide any results along the seaward extent of the west dike, or along inland channelized watercourses .
The absence of search resuits does not indicate that species at risk or of management concern are absent, but that they
have either not been ohserved and /or recorded within these areas. A detailed species at risk assessment wili need to be
undertaken at the time of design construction as the potential for listed species such as white sturgeon, Yancouver Island
beggertick, streambank lupin etc. within the Study Area is high.
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dike crest elevation, forming a superdike. A superdike is formed whenever the lands behind the dike are filled to the same
elevation as the dike crest, and development is built on a ground elevation equal to the dike crest. Superdikes are
discussed in greater detail in Section 4.2.2. Through the industrial areas north of the City Center, the dike remains generally
earthfill with sections of sheet pile and floodwalls associated with specific sites.

The City of Richmond has two primary policies in place that guide flood protection initiatives. The QCP establishes flood
protection as a priority in the context of land use planning. Flood proofing ohjectives are enforced through Bylaw No, 8204,

At present, the OCP states that ESA’s serve the dual purpose of planning for environmental and flood protection needs.
Flood protection has been established as a priority alongside environmental pricrities within the OCP, especially in areas
that are designated ESA’s. This includes the entire waterfront of the Study Area. The QOCP also establishes a pricrity for a
green infrastructure network throughout the City's ecological network, including the intertidal, shoreling and upland riparian
areas. A green infrastructure network integrates the built and natural environment to realize associated ecosystem services
such as flood mitigation, and stormwater management.

The City currently enforces floed procfing through the Flood Plain Designation and Protection Bylaw No. 8204, established
in 2008 to set minimum Flood Construction Levels {FCL’s) throughout the City. The FCL prescribes the minimum elevation
where the underside of a floor system can be constructed. The By-law also provides for diking needs such as ROWSs by
specifying that lands at a certain distance from the dike or waterfront must be dedicated to dike works.

Proposed developments at the waterfront must commit to implementing flood protection measures in order to secure
approval for development plans. These are typically negotiated with the City on a site-by-site basis. In recent years,
residential developers have voluntarily raised the elevation of development lands to the same elevation as the dike crest
{creating a superdike) to ensure that the units on the ground flocr will have a view of the water.

The considerations in this section were used to evaluate potential flood protection adaptations to make the
recommendations that comprise the Phase 2 LIDMP. Any flood protection adaptaticn, whether in compliance with or
deviating from the Phase 2 LIDMP, should use the following considerations in evaluating the suitability of a proposed flood
protection project for implemantation. It is important that any propesed project avoid or mitigate negative impacts, while
maximizing the benefits, as a balance of the following considetations. In the event that a dike adaptation project differs
from the recommended adaptation for that design area, the project should still take these considerations into account.
These considerations outline important factors that should be incorporated into the implementation plans for both
structural adaptations that will alter the existing landscape, or policy adaptations that have indirect impacts on the
landscape.

The City has established a design crest elevation of 4.7 m with consideration to be further raised to 5.5 m in response to
climate change and sea level rise predictions. These design crest elevaticns have been adopted by the City in respense to
a combination of sea level rise predictions (1.0 m) and land subsidence {0.2 m)7?, anticipated to materialize by the year
2100.

Increases in dike crest levels (up to 4.7 or future 5.5 m) to address sea level rise and climate change are anticipated to be
staged and implemented over the next few decades to respond to rising sea levels. The City will continue to monitor sea
level rise and adjust the target dike crest elevations as required. Any flood protection project in the Study Area should, at

7 Sea Level Rise Adaptation Primer, Arlington Grougp &t. al, January 2013
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a minimum, adhere to these elevations. Additional regional guidelines should alsc be considered at the design stage of
dike improvements.
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Adaptations should be compatible with existing dikes and other flood protection measures adjoining the site of proposed
works. Connections to existing flood protection works should be designed to ensure there will not be inconsistencies or
weak points where an adaptation meets a pre-existing dike.

The Study Area is situation along the Georgia Strait and the Fraser River, two important fish and wildlife habitals. There are
also riparian areas and intertidal zones that have ecological value. Any diking prejects should be well-integrated with the
surrounding natural realm, and should be desighed to mitigate alterations that compromise the local environment, either
aesthetically or ecologically. The Study Area includes substantial open space and parklands, including wetlands and natural
areas on the waterfront. The City has an interest in preserving the environment at the waterfront for public uses, in
particular the dike trail for cyclists and pedestrians. The aesthetic value of the natural environment along the trails should
be considered as well as ecological significance.

The breadth of ecological values comprised within the study area is reflective of estuary habitats as described in Section
2.3. The perimeter ring dike in the Study Area is flanked by either ripariam or upland ESA habitat to the landside, and high
value shoreline & intertidal ESA or WMA habitais on the foreshore. Any proposed dike design and construction projects
should undertake an assessment of the adjacent ecological values to determine the most appropriate dike design and
footprint using an approach to avoid alterations in high value habitats, and if that is not feasible, then mitigate or
compensate with a net gain approach. The Study Area is comprised of large tracts of open space and park lands that
contribute significant aesthetic values within the estuary which must be considered in concert with the ecological values.

An overview of the federal and provincial regulatory context is provided above in Section 2.3. Detrimental impacts to the
environment are to be avoided wherever possible, in accordance with the City’s environmental regulaticns. In addition, sea
level rise should be manitered and reviewed in order to determine the impact on existing foreshore wetlands within the
Study Area. Additional guidance documents outlining the City's environmental protection and enhancement strategies are
listed in Section 1.3. Any flood protection project should be prepared by qualified persons having reviewed and understood
these documents, as well as any environmental guidance documents or regulations in effect at the time a project is
proposed. The design of proposed diking prejects should follow the City's approach regarding the priority to avoid habitat
impaci first. Where that is not feasible, enhancement and mitigation may be pursued with a net gain approach.

Geotechnical design considerations for dike adaptations include seepage contrel both under and through the dike, dike
slope stability, dike crest settlement, and seismic performance. Furthermore, additicnal leading from increased dike size
over any existing structures, such as building footings or bridge abutments, will need to be verified for confirmation that
existing infrastructure will nct be negatively impacted. Other types of structural Ttood protection measures will also need to
be verified for impacts to existing infrastructure.

Thurber has reviewed the existing geotechnical conditions in the Study Area. Their comments on the key design
considerations are outlined on the following pages.

Segpage

Seepage risk should be assessed and mitigated for any dike adaptation project, whether for dikes or floodwall systems.
Seepage becomes problematic where water flow through or under the dike dislocate the fill materials forming the dike,
which may weaken the integrity of the dike and increase the risk of failure during high water events. Adaptaticns should
be designed with proper drainage to mitigate seepage risks.

Increasing the height of an existing dike to 4.7 m or 5.5 m may increase the design flood height, defined as the height from
the ground at the land side toe of the dike to the height of water against the dike during a high water event. Existing dikes
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are between 3.0 m and 4.7 m, and the ground elevation con the landside of the dikes is generally at about 2.0 m. Raising
an existing dike may also increase the flood height, unless the lands adjacent 1o the dike are also raised in conjunction
with crest height increases, forming a superdike. Increasing the flood height may increase risks of landside heave of the
less permeable surficial silt layer, and piping through the dike or its foundation.

envision m

Piping occurs when excessive seepage forces cause the migration of soil particles through the soil matrix resulting in
internal erosion and eventually retrogressive failure. Heave can occur when there are excessive hydraulic pressures on the
landside of the dike caused by a lower permeability soil layer forming a cap over a more permeable layer near the ground
surface. Heave can lift and fracture the cap, causing large lccalised seepage volumes and internal erosion, which could
cause a dike breach.

To provide reliable protection from higher design flood heights, a system of seepage control measures will likely be required
for any dike adaptation project. The potential for heave and piping may be mitigated using relief wells, drainage blankets
or trenches to drain water from behind the dike face to an outlet such as a sewer or ditch. The receiving system’s capacity
should be verified to ensure drainage can be accommodated in the system. Relief wells and trenches should be designed
with filters, such as a geotextile, to prevent piping and internal erosion. Seepage exits should be similarly protected with
filters to minimize risk of fill materials migrating out of the dike.

Where there are ditches at the toe of an existing dike, filling the ditches may be considered within the scope of a proposed
dike adaptation project. Ditches at the toe of a dike increase the risk of piping, since these ditches shorten the seepage
path length and increase the hydraulic gradient. Filling the ditches may contribute to a comprehensive plan to reduce the
risk of seepage.

Seepage potential should be evaluated and mitigated for any structural adaptation, as seepage may cause build-up of
pressures behind the struciure that may increases risks of failure. Constrained dikes, designed with a retaining wall on one
or both sides, may be less susceptible to seepage risk if the dike face is a uniform material, such as a concrete cut-off wall
or a flcodwall. A dike face constructed with a segmental wall system, such as lock blocks or armour stone, may need to
have the joints between segments grouted to prevent seepage at the joints.

Stability

Any dike adaptation project should he designed and constructed to withstand pressures and forces it may be subjected to
during a high water event. For dike adaptaticns, high quality dike fill materials should be used and placed in accordance
with accepted engineering practice to maximize stability. The standard dike section is anticipated to be generally stable
with increased flood heights, although it will be less stable than the lower height configuration. In areas where stability is
a concern, minor medifications to the standard dike section may be required, such as flattening the landside slope,
caonstructing a toe berm or providing a seepage cut-off and filter within the dike. The stability of dikes may be further
improved where ditches at the landside toe are infilled.

Seftlement

Any dike adaptation project should be designed and constructed with consideration for settlement. Designs that minimize
settlement are preferred, though some measure of settlement is anticipated in the long-term in all cases.

Raising existing dikes may induce consolidation settlement of the surficial silt fayers. This settlement could be up to about
5% of the increase of the thickness of new dike fill placed. Dikes and surrounding areas may also experience compression
settlement due to on-going long-term compression of deeper silt layers. This ongoing settlement is typically in the range of
1 to 2 mm per year for dikes built on soil conditions in Richmend. Settlement could potentially be compensated for by
overbuilding the dike to a higher initial crest elevation, anticipating that it will settle to the target dike crest.

Local soil properties should be investigated prior to finalizing the design of any adaptations. Where construction is over
peat or highly organic soils, settlement may be higher.
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The Provincial Seismic Design Guidelines for Dikes® (Seismic Guidelines) published in June 2014 recommends designing
high consequence dikes to control seismic deformations within prescribed limits. For a trapezoidal dike to achieve the
objectives of the Seismic Guidelines, ground improvement may he required. Ground improvement reduces seismic
vulnerability by densifying the foundation of the dike. Compaction of the ground underlying the dike may achieve the targets
in the Seismic Guidelines. However, more intensive methods such as deep soil mixing or vibro-replacement to a specified
depth may be pursued if compaction alone is found te be insufficient. These ground improvements may he very costly.
Dikes that are set back from the waterfront are mors resistant to seismic events due to being restrained by earth at both
dike toes, as compared to a waterfront dike where the waterside toe is much deeper and may provide less force anchoring
the dike in place. Therefore, sethack dikes require less intensive methods to meet the Seismic Guidelines. Likewise,
widening the dike crest to create a superdike increases resilience to seismic events without typically requiring ground
improvements. Superdikes are discussed in greater detail in Section 4.1.2.

To further understand the potential seismic risks to dikes within the Study Area, Thurber conducted seismic deformation
analyses at three select locations (No. 1 Road Pump Station, No. 4 Road Pump Station, and Bath Slough Pump Station).
Results are included in their Seismic Deformation Analysis report? included in Aftachment 5. Results from the assessment
identified that at the three sites selected, horizental deformations were within the allowances prescribed for the 1:2,475
year event by the Seismic Guidelines. Vertical deformations exceeded the tolerances; however, overbuitding the dike to
provide post-earthquakle freeboard may be an acceptable alternate to meet the Seismic Guidelines instead of costly
ground improvements. The results are largely depended on the underlying soil conditions, slope of the riverbank, and depth
of the river bottom. Larger deformaticns could be expected where the river channel is deeper and steeper. The results
discussed in the Seismic Deformation Analysis pertain only to the three sections analyzed; these are generally
representative of Lulu Island however the results cannot be assumed to be consistent for any other locations. At the design
stage of a proposed dike adaptation project, a site-specific seismic deformation analysis should be conducted to confirm
seismic risks, and possible mitigation requirements. A seismic deformation analysis, for example a Plaxis model, may
inform whether ground improvements may be required, and what level of ground improvements may be required to meet
the Seismic Guidelines.

It is advantageous to pursue dike works alongside other infrastructure upgrades in the vicinity of the dike. Where
infrastructure works are proposed on the waterfrent, local diking needs should be evaluated and included in the scope of
proposed work wheraver possible. For example, when a road is being raised or resurfaced, the adjacent dike could be
upgraded concurrently. Including dike adaptations within the scope of other municipal works may also present a cost
savings as compared to pursuing projects independently. The resulting dikes may also be better integrated with the local
landscape if they proceed concurrently with neighbouring infrastructure upgrades.

Any impacts to local stormwater drainage patierns should be evaluated to ensure compatibility with the local infrastructure,
such as pump stations or roads. Where adaptations will interfere with existing drainage patterns, the capacity of the
receiving pump station must be confirmed. If ditches at the toe of the dike are to be filled, the associated loss of stormwater
storage and conveyance functions may need to be compensated with underground pipes or alternative systems.

Above ground utilities may be impacted by diking projects. Utility poles may need to be temporarily relocated while dike
works are underway, and retocated to a permanent pesition when works are complete. There may be an opportunity to
relocate cables underground when dike works proceed, particuiarly if roadworks are included. The dike trail and associate
park infrastructure, such as park benches and lockouts, may need to be relocated to accommodate dike adaptations.

B Seismic Design Guidelinas for Dikes, 2™ ed., Golder, Ministry of Forests Lands and Natural Resources (MFLNRO) Flocd Safety Section, Jun 2014
9 Lulu Island Dike Master Plan - Phase 2: Seismic Deformation Analysis, Thurber Engineering Ltd., Sep 12, 2016
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There may be sites with unigue features that must be accommodated when adaptations proceed. Dike adaptations may
be realigned to avoid special sites, however this may not always be feasible. Where development and infrastructure exists
along the waterfront where a dike adaptation project would ideally proceed, a custom design to accommodate that site
may be required. Examples include pump stations, bridges, or industrial sites located immediately on the water. There are
a number of bridges in the Study Area. Adaptations at bridge sites are discussed further under Section 4.3.

The adjoining adaptations on either side of the special site should be well-integrated with that site's custom adaptation
design, to ensure there are no vulnerabilities in the flood protection strategy at the boundaries between adaptation types.
For example, a section of floodwall within a dike should be protected at the joints to ensure the joints are as robust as both
the dike and floodwall. The joints should be as capable of withstandard high water levels as the adaptations on either side.

Dike adaptations should be designed with consideration of the public realm. The City's 2009 Waterfront Strategy presents
a vision that promotes community wellness, economic vitality and a healthy environment through initiatives that integrate
the waterfront with the urban landscape. The Study Area contains recreation, culture and heritage resoutces to be
preserved wherever feasible, according to the regulatory protections in place for heritage resources. Recreational uses
may include walking and cycling on the trail, as well as offshore aclivities such as sport fishing and hoating.

Heritage sites may be treated as sites with unique constraints, as described in Section 3.5, that require special
accommodations within a diking project. Heritage sites that have been identified as culturally significant should be
preserved per the Heritage Procedures Byiaw 8400 as applicable.

Any impacts that restrict use and enjoyment of the waterfront, as well as views of the waterfront, should be mitigated.
Impacts on cultural and heritage resources limiting the accessibility of these sites should be mitigated. Sites should remain
accessible to all people including those using mobility aids, such as wheelchairs or crutches.

Public access to the waterfront is provided by the perimeter dike trail system. Where waterfront access is constrained, the
City's Parks Planning and Design (Parks} department has identified connectivity at the waterfront as preferable to inland
trail detours. For example, where the existihg dike trail alignment crosses under low bridges, raising the dike may not
provide adegquate ciearance to maintain the trail over the dike. The preference is to keep the trail at the waterfront. A
boardwalk at the waterside toe of the dike would be a preferred approach as opposed to directing pedestrians up to the
road to circumvent a barrier.

Adaptations should be aesthetically integrated with the surrounding area. For example, in recreational areas or ecological
landscapes, adaptations that do not detract from the natural beauty of the local environment are preferable to those
adaptations requiring severe hardscaping, such as concrete or retaining walls. The local character of industrial areas is
amenable to man-made structures thus floodwalls may be in keeping with the landscape themes in industrial areas.

Adaptaticns should support, and be integrated with, the habitat functionality and aesthetics of the surrounding
environment.

The City must have permanent access to the dike adaptations in the long-term, for both construction and cngoing
maintenance operations. Acquiring property may add censiderable costs to a diking preject. Wherever feasible, adaptations
should proceed within the lands that are already under City ownership, or that the City may access through easements or
right-of-ways (ROW’s).

Much of the City's waterfront was developed prior to the establishment of robust policies for dedicating lands to diking. As
a result, older buildings remain directly on the waterfront, or within 30 m from the natural boundary. In cases where no
alternative alignment ¢an be implemented, it may be necessary for the City to acquire waterfront lands or obtain easements
or ROWs to construct or maintain adaptations.
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Forthe purposes of the Phase 2 LIDMP, economic considerations encompass impacts to local businesses operating in the
vicinity of existing or proposed dikes. The cost of adaptation projects is also an economic consideration, however for the
purposes of the Phase 2 LIDMP these will be referred to as “cost considerations,” discussed further under Section 3.10.

Flood protection projects provide an overall economic good by preventing damage to assets. Howevet, any changes to
existing conditions may trigger negative impacts to the local economy. For example, diking may damags views to the
waterfront, or challenge industrial activities by limiting water access.

Wherte economic impacts cannot be completely avoided, they should be mitigated to the extent feasible. Dike adaptations
should consider local economic fagtors in the overall decision making context.

lLands that were formerly used for economic purposes, such as waterfront shipping facifities, but are no longer being used
for economic activities may be suitable lands for dike adaptations. If alternative lands are available that do not have any
associated economic uses, those lands should be used rather than compromising lands of econemic interest.

Dikes in the Study Area provide access to City assets that must be maintained, such as drainage ditches and trails.
Adequate clearance must be retained for maintenance vehicles to navigate the dikes where required, and carry out
maintenance activities. For example, if a dike is raised in an area where there are drainage ditches at the dike toe, the
boom of an excavator on the dike must be able to reach the ditches for cleaning and maintenance.

Raising a dike may complicate access as the slopes must remain suitable for maintenance and emergency access.
Additional lands may be required to improve access to the dike.

The overall cost of implementing adaptations is driven by a number of factors that include habitat consideration, land
acquisition and ground improvements. When evaluating the cost of an adaptation, the costs of all associated works and
mitigation plans should be included. A projact with relatively higher construction costs may still be the least expensive
option if it does not require any habitat compensation, for example.

Flood Risk Management adaptations have been categorized as elther area wide or area specific.

Ultimately the City’s goal is to fortify the perimeter ring dike to a design crest elevation of 4.7 m, with consideration to be
further raised to 5.5 m in response 1o climate change and sea level rise predictions. Area wide adaptations are those that
facilitate the City's flood protection cbjectives in tandem with the dikes or alternative protection measures in place at the
waterfront. These could be policy adaptations, structural measures, or enhancement of green infrastructure tc secure
additional benefits to an adaptation that will achieve the 4.7 m crest elevation. Area wide adaptations may nct be sufficient
to meet the City’'s target dike crest elevation if implemented in isolation, however they may facilitate achieving the City's
flood protection goals. For example, revising City policies to include specific diking reguirements would be an area wide
adaptation, as this is applicable across the entire Study Area, however, cn its own, a revision to City poticy would not achieve
the target dike crest elevation. Area wide adaptations encempass strategies te facilitate implementing flood protection
projects, and seizing opportunities presented by waterfront development to implement fiood protection werks concurrently.
Area wide adaptations are defined and described in further detail in Section 4.1.

Area specific adaptations are recommended for each of the thineen specified design areas. These include all dike and
floodwall adaptations that may achieve the 4.7 m design crest, and may be further raised to 5.5 m in future when required.
As noted in Sectipn 2, the design areas have been delineated using the City's Official Community Plan {OCP) boundaries
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as identified in the OCP Areas, OCP Land Use Maps and OCP Sub-Area Plans. OCP Areas have been subdivided where
similar waterfront conditions exist for a clearly defined part of an area. Area specific adaptations are defined and described
in further detail in Section 4.2.

envision m

Recommendations from both area wide and area specific categories have been made to create a comprehensive flood
protection strategy for the Study Area. A summary of the recommended Flood Risk Management Stragies that apply to
either specific design arsas, ot all of the Study Area is provided in Table 2. The contexts for the recommended application
of each adaptation are detailed in Section 4.1 and Section 4.2.

DIKES FLOODWALLS

Widen Footprint to Land or Water Side
Raise in Place / Constrained Dike
Planning and Development Controls
Breakwaters and Barmier Islands

Permanent
Demountable
Superdikes
Flood Proofing
Secondary Dikes

Note that other adaptations were reviewed and evaluated for implementation in the Study Area, though only the
recommended adaptations are presentad in the Phase 2 LIDMP. Adaptations that were eliminated at the evaluaticn phase
include coastal wetlands, emergency preparedness and response, and managed retreated.

Coastal Wetlands: Coastal wetlands, including intertidal habitat such as brackish wetlands, eeigrass beds, mud
flats, and sandflats, temper the extremity of storm impacts by attenuating wave energy, similar
to breakwaters. There are no candidate sites within the Study Area to create new coastal
wetlands for the purposes of flood protection; however, existing coastal wetlands can be
maintained and enhanced to imprave their flood protection characteristics.

The West Dike runs adjacent to the Sturgeon Bank WMA which is comprised of intertidal brackish
marsh, sandflats, mudflats, and cpen water. The North Dike runs adjacent to pockets of mud fiat,
salt marsh, and eelgrass habitat. This intertidal habitat currently provides ecosystem services
such as erosion and wave attenuation. Where feasible through dike upgrades this intertidal
habitat could be enhanced. As part of the LIDMP the City will need Lo continue to work with inter-
jurisdictional partners to monitor the complexity of the surrounding intertidal habitat, evaluate
the existing ecosystems services that this habitat provides, and based on monitoring collaborate
of efforts and initiatives to maintain and enhance this area.

Emergency This strategy accommodates flood risks by preparing robust mitigation plans, to be carried out in
Preparedness and the event of flood emergencies. The City has an existing emergency response plan: the
Response: Emergency Cperations Centre cocrdinates with various departments to execute the Emergency

Preparedness Flood Management Plan. The plans in place have not been reviewed as part of the
Phase 2 LIDMP as this is beyond the scope of this study.

Managed Retreat: Managed retreat involves decommissioning or demolishing existing assets within a specified
hazard zone, thereby eliminating flood risk by removing any develepment where flooding may
occur. This strategy is not appropriate for the Study Area. The economic value of retaining existing
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assets exceeds the cost of reducing the risk of flood damage hy relocating assets, The existence
of development on Lulu Island that must be protected from flooding is considered a permanent
condition for the purposes of the LIDMP.

envision

In the context of the Phase 2 LIDMP, area wide adaptations are those that facilitate the City's flood protection objectives
in tandem with the dikes or alternative protection measures in place at the waterfront, but may not be sufficient to meet
the City’s target dike crest elevation in isclation. The target dike crest elevation is addressed through the area specific
adaptations described in Section 4.2

The recommended area wide adaptaticns are: superdikes; floodproofing; planning and development controls; breakwaters
and barrier islands; and, secondary dikes,. Each recommended adaptation is discussed in the following sections.

As noted in Section 2.4, a superdike is formed where the lands hehind the dike are filled to the same elevation as the dike
crest. Development is then hbuilt on a ground elevation equal to the dike crest.

Maximizing the width of raised land adjacent to the river decreases flood and seismic risks by increasing the integrity of
the dike. The existing dikes of Lulu Island are huilt on soft soils that are subject to liquefaction during seismic events. These
dikes may require ground improvements to meet the 2014 Seismic Design Guidelines (Seismic Guidelines). Superdikes
are an approach to achieve the dual ohjectives of reducing vulnerability to both high water levels and seismic events. A
superdike is more likely to withstand lateral movement and sloughing of the dike face without resulting in a dike breach,
as compared to a standard trapezoidal dike alone. By raising lands to a superdike condition, costly ground improvements
may not be required, even if they may have been required for a standard trapezoidal dike in the same area.

Any proposed dike adaptation project should comply with the Seismic Guidelines. If a proposed dike adaptation project will
not meet the requirements in the Seismic Guidelines, superdikes may be considered as an allernative to ground
improvements. At the design stage, a number of strategies should be investigated to determine which will meet the Seismic
Guidelines at the lowest cost, on the overall balance of the considerations listed in Section 3.

Any redevelopment of waterfront sites presents an opportunity to fortify existing flood protection measures. Although the
Study Area is already fully built out, [ands will continue to be redeveloped over the long-term future. Opportunities for
implementing superdikes are most attainable where existing cormmercial and industrial sites are leveled in support of
developing residential uses. Generally, industrial sites have different waterfront access and aesthetic needs than
residential sites, which benefit most from a superdike condition. In recent years, residential developers have voluntarily
raised the ground elevation of development sites to the same elevation as the dike crest to ensure that the units on the
ground floor will have a view of the water. Within the Study Area, this has been the case at the multi-family residential
developments next to the Olympic Oval, and the multi-family residential development under construction on the formerly
industrial waterfront sites between No. 4 Road and Shell Road.

Application: Commercial & Residential Lands on the North Dike

The lands of the City Centre area are anticipated to experience extensive intensification and redevelopment in the coming
years, further detailed in Section 4.2.7 and Section 4.2.8. This area has been identified as a candidate for superdikes, as
shown in Figure 5.

Redevelopment of waterfront sites presenis opportunities to implement flood protection works concurrently with
development. The optimal time for implementing superdikes is when existing assets are demolished and the site is leveled
o accommodate new development.
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Large Development Lols or Building Permit Value Criteria: The bylaw could be amended te require raising to 4.7
m and upgrading the local road network to accommaodate access. This is currently done in practice, however, it is
not specifically required under the current bylaw.

Additional studies on implementation of modified FCL bylaws should be conducted prior to proceeding with any changes.
Input should be provided from architects, planners, engineers, environmental consuitants and key stakeholders to obtain
a comprehensive understanding of oppertunities and factors 1o be mitigated while achieving flood protection goals.

Flood risk should be evaluated by the City periodically to determine whether increased risk warrants raising the target dike
crest elevation. The bylaw can be amended as required to meet evolving City guidelines as they are adjustied per changes
to flood risk conditions. For example, if the design crest elevation is raised from 4.7 m to 5.5 m, the FCL bylaw can be
amended to reflect the new minimum elevation. In this way, flood proofing can progress over time as required.

Planning and development controls may be implemented by enacting legislation to prohibit or restrict development in a
defined hazard zone, such as a floodplain. More flexible palicies can also be enacted 1o include conditional development
approvals, where projects may be approved on condition that developers commit to implementing flood protection
measures such as raising the abutting dike or raising the land elevation to a superdike.

Application: Site Assembly Size in the City Centre

In the Study Area, there are oppoertunities to pursue flood protection improvements in conjunction with new development,
especially in areas expected to be intensified in the coming years. In Richmond, planning and development controls can
be implemented through bylaws or amendments to the OCP.

Increasing the ground elevation of a single waterfront site is restricted by the existing elevations of adjacent lands. Where
adjacent sites remain low, a redevelopment site can only be minimally raised without introducing challenges to the local
read network and drainage patterns. To avoid complications arising from steep grades or retaining walls, the City can
encourage developers to assemble multiple adjacent sites until a specified minimum waterfront frontage can be developed
concurrently. This strategy permits increasing the dike crest level fully to the current standard elevation, and eases the
transition of the waterfront to a superdike. )

Breakwaters may be constructed to dissipate wave energy before waves reach the shore. This reduces the burden on the
flood control structures at the waterfront. In combination with a foreshore structure, ficod control structures with lower
crest elevations may remain adequate to withstand increased wave run-up associated with increased water depths due to
climate change and sea level rise.

With appropriate envirecnmental consideration during design and construction, breakwaters and barrier islands can create
intertidal habitat, such as sand flats, mud flats, salt marsh and eelgrass beds. These features can assist with ercsion and
wave attenuation. The intertidal habitat can work in combination with a constructed flood control structures like dikes and
floodwalls, to mitigate flocd risk.

Sea level rise and upland limitations to natural accretion within the Sturgeon Bank WMA could result in increased offshore
depths beyond the West Dike, which could simultaneously increase wave heights reaching the West Dike.

Increased water depths off-shore reduce the wave attenuating properties of Sturgeon Bank. The current predictions and
assumptions used in the BC Ssa Dike Guidelines10 fer the year 2100 suggest wave run-up may account for up te 2.7 m of
the future dike crest elevation. The full extent of future crast height increases will require detailed observation and study
of observed sea level rise.

12 Climate Change Adaption Guidelines for Sea Dikes and Coastal Flood Hazard Land Use Draft Policy Discussion Paper, Ausenco Sandwell, Jan 27
2011
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Breakwaters are most effective when constructed close to the shore, as broken waves grow again behind the breakwater
under the influence of wind. The effectiveness depends also on the crest height of the breakwater, with a higher breakwater
giving more wave reduction. Preliminary calculations from the Phase 1 LIDMP indicated that wave reduction with a
breakwater or barrier islands constructed to +3.0 m geodetic would reduce wave height by 70% if constructed 200 m
offshore, 60% at 500 m offshore, and 45% at 2000 m offshore.

envision m

Intertidal ecosystems are driven by inferdependent components including rates of accretion, stream velocity, salinity, water
quality, sea level, temperature, vegetation productivity, adjacent land use etc. that are complex te measure and model.
Understanding the complexity of current conditions to hetter prepare for predictable increases in sea level rise will help
direct strategies 1o maintain and enhance intertidal ecosystems. To this end, the City continues to wark on inter-
jurisdictional efforis to better understand the influencing factors that affect the Sturgeon Bank WMA, and intertidal habitat
throughout the Fraser River Estuary.

Secondary dikes work in conjunction with primary dikes to reduce the impact of a fload in the event that a primary dike is
hreached or overtopped. A secondary dike protects asseis behind the secondary dike alignment while the lands between
the primary and seceondary dikes may flood intermittently. Secondary dikes are appropriate for implementation where the
lands between the primary and secondary dike require a different measure of protection than lands hehind the secondary
dike. Eligible areas may include parking lots, parks or natural areas that can withstand intermitient flooding with minimal
damage or losses incurred.

As secondary dikes are built inland, they can be less costly to build and less susceptible to damage during seismic events
as compared to adaptations directly on the waterfront. The advantage is that an equivalent measure of protection can be
extended to important inland assets, at a lower cost and lower seismic risk, than raising the primary dike at the walerfront.
in the Study Area, secondary dikes are recommended for consideration where no critical assets are located on waterfront
tands and there are assets further inland that require protection.

Application: Terra Nova

In future, the City may consider exploring establishing an alternative dike alignment for a part of the Terra Nova area
through the park lands, as shown in Figure 8.

By setting the alignment inland, the City may avoid costly ground improvement measures that may be required for
upgrading the existing alignment on the waterfront. Assets sensitive to flooding, such as private homes and heritage sites,
would he protected by the secondary dike. Less sensitive assets, such as the park, trails and open space lands, can
withstand occasional flooding with minimal losses incurred and therefore may be adequately protected by a dike with a
relatively lower crest elevation.
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As per the typical dike sections prasented in Appendix F, the typical City dike upgrade cross-section consists of a 2:1 slope
on the water side, and a 3:1 slope on the land sidell. Raising a dike by 1 m then triggers a 5 m horizontal space requirement
{assuming the standard slopas are appiied). Land side dike expansions can he challenging where the footprint is
constrained by existing buildings, infrastructura, drainage ditches, or RMA's at the toe. Where a dike’s land side toe is
heavily constrained, a standard dike can be raised by widening its footprint onte the water side.

envision m

While shereline habitat within the Fraser River Estuary will generally have a higher habitat value, and expansion into this
area should be avoided, this may not always be the case. Implementation of area specific flood protection strategies will
have an environmental impact regardless of the strategy put ferth for a given area. Environmental assessments and
valuation will be undertaken in the design construction phase, where possible habitat impact will be avoided. Where impact
cannot be avoided, efforts will be made to mitigate, and if necessary compensate for impact following a net gain approach.

Ralse in Place / Constrained Dike

Where dike expansion is constrained on both the land and water sides, it may be possible to raise a dike within its existing
footprint, creating a constrained dike. This may be achieved by introeducing a retaining wall on one or both sides. In
Richmond, RMA's, developmant and infrastructure may abrupt to the landside of the dike, and intertidal habitat or marine
infrastructure may be on the water side of the dike, meaning the dike may have constraints on both sides. In the Study
Area, raising the dike in place can be pursued to minimize impacts on adjacent lands.

Permanent Floocdwall

A floodwall is a constructed harrier designed to hold back flood waters. In the Study Area, fioodwalls can be implemented
where space is limited and a dike would interfere with other land uses or infrastructure, such as existing buildings.
Floodwalls may also be preferable to a dike where access to the water is required for economic activity, such as fishing or
shipping. Generally, where feasible, earth fill trapezoidal dikes are preferable as they generally have lower costs, they are
easier to maintenance, they are more reliable and easier to repair in emargency situations.

Demountable Floodwall

In areas where waterfront access is desired, demountable flood barriers can be constructed so that the barrier is erected
oniy when required, during storm events. Regular access to the waterfront is maintained otherwise. This adaptation may
be appiied in the Study Area at industrial sites or marinas, where activities require amenities directly on the waterfront that
cannot be set back behind a ficodwall or dike. Where possible, this form of dike is avoided due to their higher costs,
mobilization requirements, and reliability concerns.

Parscns assessed each potential dike adaptation strategy based on the considerations outiined in Seetion 3. A summary
of the recommendations for each design area is provided in Table 3 Key issues and opportunities to be considerad when -
implementing the recommended adaptations are presented for each design area in Section 4.2.1through Section 4.2.13.

1 Typical Cross Section River DIke Upgrade, City Drawing Mb-98, Golder Associates, 2008
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Small lots with narrow frontages are highly constrained by grading. There must be adequate lands availakle to raise a dike
immediately to the target crest elevation. In areas where lot sizes are too small to implement adaptations that may
immediately achieve the dike crest elevation, lands can be incrementally raised by raising the lots in small intervals each
time it is redeveloped. Similarly, the frontage road can be raised by a practical interval whenever substantial road
rehabilitation works proceed. This is a very long-term strategy.

The ground elevation of individual lots may be raised as they are redeveloped, however the grading will be constrained by
matching neighbouring ground elevations, as well maintaining driveway access to the road. If the road is also raised, then
individual lots can be raised higher, however existing lots at relatively low elevations must still have driveway access to the
road. This limits the overall height that the frentage road can be raised. Over time, the frontage road and adjeining lots are
raised at different times. In this way, the road and surrounding lots are raised in steps. In the very long term, the overall
tand elevation can be raised to the target dike crest elevation using this strategy. The City may pursue interim adaptations
if a greater level of flood protection is deemed to be required before the tands can be raised to the specified elevation.

Where flood protection will be integrated with redevelopment, lot consolidation is prefetred to minimize impacts associated
with tying in 1o neighbuoting properties.

The City may need to acquire property where development is immediately adjacent to the waterfront, and bound on the
fand side by roads, buildings or other assets. Obtaining a sufficient ROW from some properties for diking may effectively
sterilize the lot, leaving insufficient space available for development. In those instances, the City may need to acquire the
entire property in order to implement dike adaptations. The riverfront lots between Shell Rocad and No. 5 Road may be
candidates for acquisition when dike upgrades proceed in that area, depending on land requirementis to implement dike
upgrades.

The City should acquire easements where dikes are being consiructed on private property. All adaptations on private lands
depend on the City being able to secure legal access to the property in order to maintain them.

The City should monitor sea level rise to pursue flood protection adaptations when higher dike crest elevations become
necessary. Presently, all adaptations will he designed to meet the 4.7 m target crest elevatien, with consideration for an
increase to 5.5 m. Depending on whether sea level tise predictions materialize, the City may wish to raise the target dike
crest elevation.

Temporary adaptations, such as a demountable floodwall, may be necessary where existing conditions are constrained by
existing infrastructure (such as bridges, roads, ditches, or buildings) that cannot be impacted or modified to make way for
diking. Temporary adaptations may also be pursued in instances where the City cannot yet secure adequate lands or capital
to implement the ultimate adaptation.

The timeline until the ultimate adaptation can be implemented should be considered when allocating resources to
temporary works. For example, if the interim adaptation will only be in place for a period of a few months, it it likely not
worth investing substantial resources into it. Interim adaptations may be considered if necessitated by sea level rise or any
other increase in flood risk.

Compatibility with the ultimate adaptation should be considered in the design of any interim adaptation. An interim
adapliation should be easily decommissioned, or able to remain in place indefinitely without interfering with the uliimate
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already present, there may be an opportunity to increase waterfront access by improving trails with ramps or paved
surfaces. Dike trails should remain accessible to people using mobility aids, such as wheelchairs or strollers.

envision m

The Parks department's preference is to have a trail directly adjacent to the water, without any rerouting inland, even if
this means trails are sometimes flooded.

Dike adaptations that proceed alongside the development of waterfroni parks may be suited to the concurrent
development of intertidal zcnes, to create additional habitat. The local ecosystem’s productivity may be increased hy
providing a rich riparian environment. These intertidal zones may be integrated with the typical foreshore rip rap or other
erosion protection by insetting habitat at lower elevations to be closer to the daily water level, and flcoded during high
water events. Projects incorporating the development of intertidal habitat may be designated as cocmpensation sites for
alterations required in environmentally sensitive areas.

As the Study Area lies within intertidal, shoreline and upland riparian habitat, environmental impact may be unavoidable.
Environmental assessments and valuation will be undertaken in the design construction phase, where possible habitat
impact will be avoided. Where impact cannot be aveided, efforts will be made to mitigate, and if necessary compensate for
impact following a net gain approach. To achieve a net gain approach to cecmpensation the City may consider establishing
a formal habitat banking program. Habitat banking guidelines should articulate appropriate compensation ratios by habitat
type, meonitoring periods and success measures for created or enhanced habitat. Additionally a hierarchy of compensation
options may be considered that replaces habitat types in order of priority as follows:

Create or increase productive capacity of like for like habitat within the same ecological unit;
Create or increase the productive capacity of unlike habitat in the same ecelogical unit; and

Create or increase the projective capacity of habitat in a different ecological unit.

Habitat credits could be applied to muitiple projects, or stored for future dike waorks. A formal habitat banking program may
assist with the implementation of long term flood protection infrastructure upgrade programs.

Key recommendations for the Phase 2 LIDMP Study Area are outlined as follows:
1. Planto raise the existing dike on its existing alighment.

The existing dike alignment along the waterfront is established and well defined. There is limited basis to support
any major changes to the alignment of the existing dike, thus the recommendations are generally in keeping with
traditional dike crest increases, with consideration for area specific constraints and opportunities.

2. Prepare conceptual level designs for the West Dike upgrades and conduct drainage and environmental
studies on the alternatives.

Future crest height increases to the West Dike will required landside or waterside expansion. Both will have
impacts to either intertidal, or upland riparian habitat. Environmental impacts should be guantified, and an
approach of avoid, mitigate, and compensate following a net gain approach should be used to in evaluating the
preferred strategy.

Landside expansion will impact drainage infrastructure. Impacts should be quantified to identify potential
internal drainage network upgrades required if [andside expansicn is the preferred alignment.
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3.

envision i

Continue to monitor sea level rise.

Design crest height elevations are selected with consideration for climate change and sea level rise predictions.
The City should continue to moniter sea level rise and adjust crest height targets and City flood protection police
as required to address any changes in predicitons.

Plan to establish a habitat banking program for dike improvement projects.

Where impact to hahitat cannot be avoided, efforts will be made to mitigate, and if necessary compensate for
impacts following a net gain approach. Tc achieve a net gain approact to compensation, the City may consider
establishing a formal habitat banking program. Habitat banking guidelines should outling appropriate
compensation ratios by hahitat type, menitoring periods, and success measures.

Plan for impiementation of offshore protection along the West Dike as a response {o climate change and sea
level rise.

Sea level rise and upland limitations 10 natural accretion within the Sturgecn Bank WMA could result in increased
offshore depths beyond the West Dike, which could simultaneously increase wave heights reaching the West Dike.
Offshore barrier islands are one option to consider to dissipate wave energy prior to reaching the west dike,
thereby minimizing future dike crest increases.

With approptiate environmental consideration during design and construction, breakwaters and barrier islands
can create intertidal habitat, such as sand flats, mud flats, salt marsh and eelgrass beds. These features can
assist with erosion and wave attenuation. The intertidal habitat can work in combination with a constructed flood
control structures like dikes and floodwalls, to mitigate flood risk.

The City should continue to coordinate with relevant agencies including (Port of Vancouver, Fisheries and Cceans
Canada, and others) to research and identify cpportunities to improve flood protection and enhance interdital
habitats in the Sturgeon Bank WMA and threughout the Fraser River Estuary.

Plan to raise River Road in the Thompson neighborhood.

The existing dike in the Thompson Neighborheod is confined by the Fraser River and River Road. Increasing the
grade of River Road will improve dike stability and resilence; and minimize regquirement to expand the dike into
the Fraser River. The City should plan to incrementally raise River Road.

Consider aquiring land to accommodate future dike construction between Shell Road and No. 5 Road.

Land acquisition may be required to accommodate construction of a future trapezoidal dike between Shell Road
and No. b Road. It is anticipated that acquisition will primarily be achieved through redevelopment, however,
where redevelopment does not occur; the City may consider oppaortunistic land purchase to accommodate future
dike crest height increases in the area. Plan to complete a conceptual design of the future dike through the
constrained area to verify the future dike footprint.

Plan for the long-term raising of lands adjacent to and inland of the existing dikes.

Long term raising of land levels has previously been recommended (2008-2031 Flood Protection Strategy).
Maximizing the width of raised land adjacent to the river decreases flood and seismic risks hy increasing the
integrity of the dike. Plan 1o raise the ground elevation of waterfrount development sites to the prescribed dike
crest elevation.

Support site assemblics along the waterfront that promote cohesive adaptations for flood protection.

Large developments along the waterfront allow for major improvements to flood protection infrastructure and
often result in robust supsrdike conditions.
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10.

11,

Parsons

envision m
Consider enhanced floodproofing through amendments to the FCL Bylaw
The City's Flood Construction Level {(FCL) Bylaw establishes minimum levels to which land needs to be raised.
Amending the FCL bylaw is the recommended area wide strategy to regulate raising ground elevations with

redevelopment to improve flood pretection throughout the Study Area. Plan to conduct an assessment on the
implementation of a modified FCL bylaw.

Facilitate public access to the waterfront.

Integrate new trails and trail improvements with diking projects; pravide trails and waterfront recreation areas
that are accessible to persons using mobility aids; and, route any new trails along the waterfront instead of
rerouting the trail inland.

has characterized the existing conditions and constraints of the Study Area, and has established and

recommended preferred area wide and area specific adaptation strategies for the City’s consideration.

The recommended next steps to finalize the Phase 2 LIDMP are:

1. Council Review;

2. HKey External Stakeholder Review;
3. Public Information Session and Consultation;
4. Revise the Draft Final Master Plan Report per consultation if required; and
5. Council adoption of the Final Master Plan
Regards, Reviewed By:
DRAFT DRAFT
Evelyne Russell, EIT Todd Bowie, P.Eng
Project Engineer Project Manager
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