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Staff Report 

Origin 

The 2008-2031 Richmond Flood Protection Strategy (2008 Strategy) is the City's guiding 
framework for continual upgrades and improvement to the City's flood protection system. Since 
Council's endorsement of the 2008 Strategy, staff have implemented flood protection updates in 
policy, partnered with the Provincial and Federal government to secure funding, completed Dike 
Master Plans in anticipation of climate change-induced sea level rise, and constructed drainage 
and dike upgrades in priority locations. 

Staffhave developed the Flood Protection Management Strategy 2019 (Strategy) to update the 
2008 Strategy with new information on flood hazard management in the City. 

At the Regular Council Meeting on March 26, 2019, Council adopted the following motion: 

"That the public and key stakeholders be engaged as identified in the staff report titled 
"Flood Protection Management Strategy 2019- Public and Stakeholder Engagement" 

from the Director, Engineering, dated February 21, 2019." 

This report summarizes the results of the public and key stakeholder engagement. 

Analysis 

Richmond is recognized as a leading dike authority in British Columbia. A key component of the 
City's successful Flood Protection Program is the Flood Protection Management Strategy which 
provides high-level guidance for flood risk management in the City. As sea level rise science 
evolves and the population and economic investment in Richmond continue to increase, the 
City's priorities and management of flood risk need to be reviewed to incorporate best practices 
and current science. 

The Strategy includes an Implementation Program that outlines short and long -term strategies 
for policy planning, infrastructure upgrades, and other areas related to flood risk mitigation. The 
recommended actions are summarized in Table 1 below: 

Table 1. Summary oflmplementation Program 
Category Action 
Program Management - the • Ensure that the flood protection program is supported 
overall management of the flood with technical investigations, environmental 
protection program monitoring, funding, and staffing 

• Recognize habitat impact and enhancement 
opportunities with nature-based solutions 

Structural Flood Protection - • Complete dike master planning, establish a world-
area-specific upgrades to flood class flood protection standard and continue to 
protection infrastructure upgrade the perimeter dike 

• Adopt a seismic dike design standard that is suitable 
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for Richmond and accepted by the Province 

• Research and implement secondary dikes where 
opportunistic 

• Review, rehabilitate, and upgrade the City's internal 
drainage system 

Policy and Non-Structural • Update policies with current strategies and flood 
Flood Protection - plans, protection science 
legislation, and bylaws including • Manage the dike corridor to prioritize long-term flood 
the Official Community Plan protection with area-specific strategies 
2041, Local Government Act, • Update the dike operations and maintenance manual 
and Floodplain Designation and with dike master plans and best practices 
Protection Bylaw No. 8204 
Emergency Preparedness - • Continue with an integrated emergency management 
flood response planning and planning approach both internally and with partner 
preparedness through the agencies 
Emergency Management Office • Work with transportation authorities to upgrade post-
and interagency partnerships disaster routes for emergency evacuation 

• Update plans for emergency flood response and 
recovery 

A complete list of the recommended actions are located in the attached report under Part 2: The 
Implementation Program. 

Public Engagement 

In April2019, the Strategy was presented to the public through two open houses, an information 
session at the Dyke Trail Dog Park, and the Capital Projects Open House. These public sessions 
engaged over 100 residents, and over 500 people visited the "LetsTalkRichmond.ca" web page. 

Based on feedback, the public indicated: 

• Strong support for raising the perimeter dike and accelerating work on flood protection 
system components such as drainage pump stations and stormwater canals; 

• Strong support to continue funding relationships with senior government and other 
sources to advance flood protection; 

• Support for increasing the diking and drainage utility funding to accelerate investment in 
flood protection; 

• Support for further research into sustainable flood protection solutions; 

• Support for advancing flood protection through superdike developments and land raising; 

• Requests for more interactive maps, figures, and summaries related to flood protection 
for public access, visuals to highlight current and future levels of protection in the City, 
construction timelines, and cost; 
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• Requests for more public information related to flood protection including environmental 
impacts from land raising and soil fill placement, development contributions, and 
stormwater management; 

• Requests to review funding levels and prioritization for flood protection; and 

• Request for more public information related to City efforts to reduce climate change 
impacts, the City's resilience to rising temperatures, and seismic activity. 

Where appropriate, comments and suggestions were incorporated into the Strategy to improve 
usability and provide clarifications. This feedback informs next steps for stakeholder 
communication and flood protection planning in the City. 

Key External Stakeholder Engagement 

The following key external stakeholders were engaged: 
• Agricultural Advisory Committee (AAC) 
• CN Rail 
• Environment Canada 
• Port of Vancouver 
• Department of Fisheries and Oceans 
• BC Inspector ofDikes 
• Advisory Committee on the Environment (ACE) 
• Urban Development Institute (UDI) 
• Lafarge 
• BC Ferries 
• Ministry of Transportation and Infrastructure 
• Ministry of Forests, Lands, Natural Resource Operations and Rural Development 

(MFLNRORD) 
• City ofNew Westminster 
• Crown Packaging 
• Canadian Fishing Company 
• Finn Slough Heritage & Wetland Society 
• Mitchell Island Businesses 
• Vancouver Airport Authority 
• Milltown Marina 
• TransLink 
• City ofVancouver 
• Sea Island Community Association 

Stakeholders that returned comments were generally supportive of the findings and overall 
approach in the Strategy. Stakeholders indicated: 

• Suggestions for a summary of the Dike Master Plans and Floodplain Designation and 
Protection Bylaw No. 8204 to be included in the Strategy; 
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• Suggestions for additional detail in the regional engagement and relationships section of 
the report; and 

• Support and additional resources for consultation related to flood protection planning and 
projects. 

Key stakeholder input was incorporated into the Strategy where appropriate and informs future 
interagency engagement. 

Next Steps 

Staff will have ongoing engagement with key stakeholders and the public on climate change, 
flood protection, and area-specific considerations through the use of social media, open houses, 
presentations, and other platforms. In addition, key actions from the Strategy's Implementation 
Program will be advanced to improve the City's overall resilience to flooding. 

Financial Impact 

None. 

Project costs will be presented for Council consideration as individual initiatives and programs 
through the annual budgeting process. 

Conclusion 

The Flood Protection Management Strategy, which is the City's guiding framework for continual 
upgrades and improvement to the City's flood protection system, has been updated to reflect new 
information on sea level rise and flood hazard management in the City. Public and key 
stakeholder engagement has been completed and feedback has been incorporated into the 
Strategy where appropriate. 

Staff recommend that the Flood Protection Management Strategy 2019 be used as the primary 
guidance document for flood protection management in the City, replacing the 2008 Strategy. 

J~/ 
Jason Ho, P.Eng. 
Manager, Engineering Planning 
( 604-244-1281) 

JH:cc 

2(~. 
Christopher Chan, EIT 
Project Manager, Engineering Planning 
(604-204-8516) 

Att. 1: Flood Protection Management Strategy 2019 
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Preface 
The 2008-2031 Flood Protection Strategy (2008 Strategy) is a high
level guidance document for the management of flood risk in the City 
of Richmond. Since Council's endorsement of the 2008 Strategy, Staff 
have implemented flood protection updates in policy, partnered with 
the Provincial and Federal government to secure funding, completed 
Dike Master Plans, and constructed drainage and dike upgrades in 
priority locations. 

The Flood Protection Management Strategy 2019 (Strategy) updates 
the 2008 Strategy with current science and provides the next steps 
to establish a world-class flood protection system for the City of 
Richmond. 

The proposed Implementation Program objectives from the 2008 
Strategy have been substantially achieved as shown below: 

Table 1: 2008-2031 Flood Protection Strategy Implementation 
Program- Planning Actions 

Actions Results I 
Examine and pursue senior 
government cost sharing to implement 
the Flood Protection Strategy 
(Engineering; Public Works; Finance). 

Collaborate among City Engineering, 
Building Approvals, Policy Planning 
[PPD], Development Applications, 
Facilities Divisions to develop a phased 
plan for overall land grade increases 
(Engineering; Planning). 

Successfully secured over $30 
million in senior government grants 
for implementation of the Flood 
Protection Strategy. Completed 

Adopted Bylaw No. 8204 to establish 
Flood Construction Levels (FCLs) 
for flood protection. Waterfront 
developments are encouraged to 
build superdikes. Completed 

Pursue and plan for appropriate The City Centre plans are captured 
grade changes in City area plans (e.g. in the 2041 Official Community Plan 
City Centre Area Plan update) (PPD). (OCP). Completed 

Consult at timely intervals with 
experts (e.g., MoE, Canadian 
Hydrographic Service, FBC) and 
monitor the latest long-range ocean/ 
climate change forecasts and science 
for their implications (Engineering). 

Improve the City's ability to 
obtain data and undertake direct 
measurements (e.g., monitoring 
local sea level changes through 
City operated gauging stations 
(Engineering; Public Works). 

Establ ish a protocol for obtaining 
dike rights of way for Mitchell island 
(Engineering). 

The most applicable and current 
references have been used to 
complete the Flood Protection 
Management Strategy 2019. 
Completed 

Staff use a combination of river level, 
internal drainage water level, and 
rain gauges to control and monitor 
flood risk in the City. Completed 

Dike rights of way are negotiated 
through the rezoning and 
development application process. 
Completed 

City of Richmond 

The City of Richmond has pursued and been 
awarded over $30 million in grantfimding 
fi'om senior government to implement 
the 2008 Strategy. Using this funding the 
City has completed Dike Master Plans, 
rehabilitated pump stations, and increased 
the City s overall resilience to flooding. 

1 
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City crews continually maintain and 
upgrade the City~ diking infrastructure. 
The Dike Master Plans Phases 1 to 5, 
anticipated/or completion in 2019, specifY 
upgrade requirements for Richmond~ dikes 
according to current climate change science. 

2 

Actions Results 

Work with Department of Fisheries 
and Oceans (DFO) on a plan for 
widening the perimeter dikes-inside 
and outside existing dikes, addressing 
related mitigation and compensation 
requirements (Engineering). 

Work with external agencies (such as 
the Agricultural Land Commission) 
to develop a protocol that w ill allow 
for these changes in use through 
rezoning, development permits, etc. 
(PPD). 

Prepare plans and policies (e.g., OCP, 
area plans) to support increased 
density adjacent to dikes but require 
grade increases and contributions 
to dike improvements. Retain dike 
rights of ways and access (PPD, Real 
Estate). 

Ensure that emergency facilities and 
refuge areas are located in areas not 
subject to flooding (Engineering; 
Emergency & Environmental 
Programs; PPD, Dev Apps). 

Review implementation plans for 
refuge areas, emergency routes, and 
create publ ic awareness (Engineering; 
Emergency & Environmental 
Programs) 

Review th is Strategy approximately 
every five (5) years to ensure that 
new information is reflected (All). 

Develop on-going public evacuation 
and communication programs 
(Engineering; Emergency & 
Environmental Programs). 

Direct staff to update the City's Flood 
Response Plan as part of the overall 
Emergency Response Plan (updated 
on basis of new modeling and 
technical information) (Engineering; 
Emergency & Environmental 
Programs). 

Remove and relocate or replace 
toe ditches adjacent to dikes 
(Engineering). 

Staff work with the DFO on all diking 
projects that may impact habitat 
or are in close proximity to water; 
draft Dike Master Plans have been 
shared with the DFO with no further 
comments at this point. Completed 

Diking rights of way, land raising, 
and other diking requirements are 
currently established through the 
development and rezoning permit 
process that engages agencies. 
Completed 

The 2041 OCP. Bylaw No. 8204, and 
Dike Master Plans guide floodplain 
management and dike upgrades; 
contributions to dike improvements 
are established through the 
development or rezoning process. 
Completed 

Emergency facilities are strategically 
located and bu ilt to the required 
Flood Construction Levels per 
Richmond Bylaw No. 8204. 
Completed 

As most of Richmond is a designated 
flood plain, emergency routes 
generally lead to raised refuge areas 
such as Area A in Bylaw No. 8204. 
Completed 

Review of the 2008-2031 Flood 
Protection Strategy has been 
completed. Completed 

Richmond BC Alert, an emergency 
notification system, launched in 
2015 is an ongoing campaign 
for communication and public 
involvement. Completed 

The Flood Management Plan was 
updated in 2010. The Emergency 
Management Plan is scheduled for 
review in 2019. Completed 

Plans are in place through Dike 
Master Plans to remove or relocate 
toe ditches; strategies will be project 
specific. Completed 
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Actions Results 

Encourage the City of New 
Westminster to harmonize their flood 
protection levels with Richmond's 
strategy (Engineering). 

Work with VIAA (YVR) to clarify 
jurisdiction, maintenance standards 
and improvement programs for the 
Sea Island dikes (Engineering). 

Engineering departments are 
working together to unify flood 
protection objectives; established 
partnership agreement for Boundary 
Road pump station. Completed 

YVR is involved as a stakeholder for 
Dike Master Plan Phase 5 planning. 
Completed 

All bylaw-related actions have been completed and are shown in Table 2. 

Table 2: 2008-2031 Flood Protection Strategy Implementation 
Program - Bylaws Actions 

Actions ' Results 

Rescind Floodplain Management 
Implementation Strategy Policy 7000 
(PPD). 

Prepare a Floodplain Bylaw including 
the new FCLs and the requirement 
for covenants/ indemnity (Estimated 
cost-$7,500 for legal input) 
(Engineering; PPD; Law). 

Adopt other mechanisms and 
techniques (All). 

Ensure issues of flood protection, 
grade levels, as well as refuge areas 
are considered in the development of 
local area plans (planning; engineering; 
Emergency & Environmental 
Programs). 

Policy 7000 has been replaced by 
Bylaw No. 8204, as recommended by 
the City's 2006--2031 Flood Protection 
Management Strategy. Completed 

Adopted Bylaw No. 8204 to 
establish building setback, FC Ls and 
exemption areas. Completed 

Development to follow BC Dike 
Design Guidelines; Zoning Bylaw 
No. 8500 for developer and builder 
reference. Completed 

Staff have integrated processes that 
use software (Amanda) or document 
review (department concurrences) 
to provide input on development. 
Completed 

City of Richmond 

Flood Plain Designation and Protection 
Bylaw No. 8204 was adopted by Council in 
2008 to guide development setback, Flood 
Construction Levels (FCL), and exemption 
areas. 

3 
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All diking actions and their current status from the 2008-2031 Flood 
Protection Strategy are listed in Table 3. 

Table 3: 2008-2031 Flood Protection Strategy Implementation 
Program- Diking Actions 

Actions Results 

Establish protocol for obtai ning dike 
rights of way for Mitchell Island 
(Engineering, Law). 

Seek direction from Province on new 
acceptable probability criteria that 
will address sea level rise and cl imate 
related extremes for the next 1 00 
years 
• (Current city standard is 1:200 

for sea level event, and the 1894 
discharge of the Fraser River 
plus freeboard as per provincial 
standards, versus 1:1 250 
conditionally recommended by 
UMA). 

• (Potential additional sea 
level/ subsidence study cost 
estimate---$ 5,000) (Engineering). 

Review dike maintenance programs 
at ongoing 3 to 5 year intervals 
(Engineering; Public Works). 

Support sustainable funding for a 
federal (VFPA) river dredging program 
to mainta in river profi le (Engineering). 

Establish in City budget annual 
amount for land for access rights to 
waterfront and dike areas (All). 

Establ ish and maintain inventory of 
rights of way and access agreements 
to diking system (Engineering). 

Update existing procedural pol icy of 
comprehensive dike maintenance 
(Engineering, Publ ic Works). 

Prepa re and implement a 
comprehensive perimeter dike 
improvement program (researching, 
strengthening and widening dikes to 
reduce the level of risk) (Engineering). 

Dike rights of way are established 
through the rezoning and 
development permit process. 
Completed 

The City of Richmond is currently in 
the process of adopting revised BC 
Dike Design guidelines for 1 :500 tidal 
and river flood events with 0.6m 
freeboard plus 1m sea level rise and 
0.2m subsidence to the year 2100. 
Completed 

Staff review the dike maintenance 
program on an annual basis. 
Completed 

The Port of Vancouver is responsible 
for continuing the dredging program 
for the South Arm of the Fraser River. 
Completed 

The City is constantly looking for 
opportunities to establish waterfront 
access with funding from Capital 
budgets. Completed 

Rights of way and agreements are 
tracked in Amanda and Engineeri ng's 
GIS. Completed 

The City has a comprehensive dike 
maintenance program. The program 
is continually updated with best 
practices and research. Completed 

Richmond's perimeter diking 
program is establ ished through the 
Dike Master Plans; upgrades are 
ongoing. Ongoing 80% Complete 
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Actions : Results 

Establish a program for phasing/ 
prioritizing perimeter dike 
improvement (e.g., seismically weak 
areas first the mid-island barrier, 
overall perimeter dike improvements) 
(Engineering) . 

Priorities are establ ished through the 
Dike Master Plans (Phases 1-5) which 
are anticipated for completion in 
2019. Ongoing 80% Complete 

The actions and current statuses for the Mid-Island Dike are shown in 
Table 4 below. The Mid-Island Dike concept was studied (Delcan, 2009) 
and determined to provide a lower cost-benefit ratio when compared 
to upgrading the perimeter dike to a 1 0,000-year return period flood 
protection level. With this understanding, the Mid-Island Dike concept 
will be addressed after the perimeter dike has been fully upgraded or as 
opportunities to cost-share become available. 

Table 4: 2008-2031 Flood Protection Strategy Implementation 
Program- Proposed Mid-Island Dike Actions 

Actions Results ' 

Work w ith the BC MoT and others 
on a program to study, plan and 
cost share in the building of the 
Highway 99/Knight Street mid
island barrier (may require a 
Multiple Account Evaluation of 
interior barrier options-study cost 
estimate---$1 00,000) (Engineering). 

Once Mid-Island Barrier techn ical 
details are finalized: 
o established a phased 

implementation program; and 
o seek sen ior government cost 

sharing. 

Pursue development of the mid-island 
barrier along the Highway 99/Knight 
Street Corridor (Construction cost 
estimate---$16 mill ion) (Engineering). 

The completed 2009 Mid-Island Dike 
study (Delcan) showed that raising the 
perimeter dikes would result in higher 
overall benefit for the cost; the current 
focus is to raise all perimeter dikes to 
a minimum of 4.7m above mean sea 
level. Completed 

The Mid-Island Dike concept will be 
re-evaluated once the perimet er dike 
has been raised. Ongoing 

The Mid-Island Dike concept w ill be 
re-evaluated once the perimeter dike 
has been raised . Ongoing 

Notable projects and milestones from the Flood Protection Program are 
presented in a timeline format in Appendix 2. 

While the 2008-2031 Richmond Flood Protection Strategy continues to 
provide a sound basis for the City's flood risk management program, 
an update is warranted to fully encompass new learnings, analysis, and 
re-emphasize the City's commitment to achieving world-class flood 
protection. The review and update of the 2008 Strategy has resulted in 
the Flood Protection Management Strategy 2019. 

City of Richmond 
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Part 1: The Flood Protection 
Management Strategy 2019 

1.1 Purpose of Strategy 
The purpose of the Flood Protection Management Strategy 2019 
(Strategy) is to guide the ongoing development of world-class flood 
protection for Richmond that will: 

• keep Richmond a safe place to live, work, and play; 

• complement the Corporate Strategic Vision of making Richmond the 
most appealing, liveable, and well-managed community in Canada; and 

• establish an integrated, sustainable Strategy which better: 

- enhances the City's ability to reduce flood risk, prevent flooding, 
increase flood protection, minimize flood damage, improve flood
proofing and responses to floods; 

- co-ordinates and manages dike integrity, land use, infrastructure, 
emergency response and sustainability; 

- defines partnerships, roles, responsibilities and cost sharing; and 

- address climate change implications specific to Richmond. 

This report provides an update to the 2008-2031 Flood Protection 
Strategy which recommends periodic review to address current climate 
change science and flood mitigation guidelines. 

1.2 Extent of Application 
This Strategy applies to those areas within Richmond's municipal 
boundaries where the City has the legislative mandate and primary 
responsibility to address flood protection . 

In locations where the City does not have the jurisdictional authority, 
such as the Port of Vancouver lands in Richmond, lands held or 
controlled by either the Federal or Provincial Governments (e.g., most 
of Sea Island), the City's Strategy encourages interagency cooperation 
to address mutual flood protection interests and benefits based on the 
Strategy principles and site circumstances. 

Unless noted otherwise, all elevations in this report refer to the 
Canadian Geodetic Vertical Datum of 1928 (CGVD28). Should the 
newer CGVD2013 vertical datum be adopted, updating of the elevation 
references will be required at that time. 
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1.3 Principles 
The Flood Protection Management Strategy 2019 is based on the 
fo llowing principl es: 

Principle Emphasis 

Safety 

Proact ive 
Prevention 

Risk Avoidance 

Sustainability 

Coordinated 
Partnerships 

Research 

Integrated Flood 
Planning 

Adaptation 

Richmond is an island city located between the 
Fraser River and the Strait of Georgia. The City's 
residents, businesses and infrastructure are to be 
safeguarded from flood hazards with a range of 
methods includ ing an appropriate: 
• level of flood protection; 
• emergency response preparedness; and 
• f lood recovery plans and programs. 

The City wi ll proactively cont inue its efforts to: 
• research, plan, design, and implement a world-

class flood protection program. 

The City wi ll continue to minimize the risks and 
potentia l damage associated with flooding . 

Flood prevention approaches are to be: 
• socia lly, economically, environmentally 

susta inable; and 
• able to achieve the City's long term planning, 

growth and development objectives. 

The City will coordinate its Strategy in partnership 
with senior governments, regional agencies, other 
municipal ities, NGOs, emergency service agencies 
and the private sector. 

The City w ill continue its flood protection research 
w it h others to: 
• take advantage of the latest science, best 

practices, innovative solutions, and cost shari ng; 
and 

• improve its understanding of f lood risks and 
management. 

The City will prepare and update a range of f lood 
protection documents including this Flood Protection 
Management Strategy 2019, Dike Master Plans, a 
Floodplain Bylaw, flood infrastructure plans, flood 
preparedness plans, emergency response plans, flood 
recovery plans, the Integrated Rainwater Resource 
Management Strategy (IRRMS), and other plans, as 
necessary. 

The Strategy is the City's primary response to 
adapt to the projected impacts of Cl imate Change 
on flood risks. M itigation of Climate Change is 
addressed through the City's Community Energy 
and Emissions Plan (C EE P) and other st rategies. 

City of Richmond 

7 

CNCL - 711 



Flood Protection Management Strategy 2019 

8 

Principle Emphasis 

Standards 

Flood Protection 
System 

Incremental 
Solutions 

Cost Effectiveness 

Cost Sharing 

The City will establish and follow a variety of flood 
protection standards including: 

Provincial Standards: 
• Updated guidelines recommend planning for 1m 

of sea level rise to year 2100 and for 2m of sea 
level rise by 2200. 

• Provincial Dike Design Standards. 
• The Climate Change Adaptation Guidelines for 

Sea Dikes and Coastal Flood Hazard Land Use 
(2011) and Provincial Flood Hazard Area Land Use 
Management Guidelines (amended 2018). 

• Other, as necessary. 

City Standards: 
• Flood Construction Levels (FCL) standards for 

bui ldings and structures. 
• Flood proofing standards. 
• Alternate requirements for authorized exemptions 

to basic standards. 
• Other, as necessary. 

The City will provide an integrated physical fl ood 
protection system which includes: 
• a Perimeter Dike as the primary system of 

defence; 
• long-term raising of land levels above the 

f loodplain, strateg ically and economically, 
through policy and by specifying FCLs for new 
construction; 

• infrastructure (e.g. drainage system and pump 
stations), 

• f loodproofing buildings and structures; 
• maintenance programs-cleaning of 

infrastructure and upkeep of dikes; 
• stormwater retention/detention-best practices 

and implementation; 
• dredging (a Port of Vancouver responsibi lity); and 
• other, as necessary. 

The City will implement the Strategy incrementally, 
as cost effective solutions are identified. 

The City: 
• will implement the Strategy in a cost effective 

manner, appropriate to existing and planned 
growth and development; and 

• recogn izes that such costs are part of growth and 
development. 

The City will actively solicit partnerships with other 
levels of government, NGOs and the private sector, 
to share the benefits and costs of implementing the 
Strategy. Senior government funding is the historic 
primary source of funding for fl ood protection in the 
Province and is critical for successful implementation 
going forward. 
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1.4 Legislative Framework, Roles and Responsibilities 
City of Richmond's Role 
The City is the primary actor and service provider for flood protection. 

1. The City is responsible for local flood protection and management 
including the ongoing operation and maintenance of the dike 
infrastructure; 

• Planning for perimeter dike upgrades is nearing completion with 
Dike Master Plans Phases 3, 4, and 5 which are expected to be 
finalized in 2019. 

• The Dike Master Plans guide City designs for perimeter dike 
upgrades to the year 2100 with considerations for climate change 
induced sea level rise, land subsidence, and area plans. 

• City of Richmond Engineering & Public Works staff monitor and 
maintain the City's dikes on a continual basis. Upgrades to the City's 
dikes are completed as Capital projects which are approved by 
Council in an annual process. 

2. The City has a legislated duty, through the Emergency Program Act, 
to respond first to emergency situations within its jurisdiction and to 
have an emergency plan in place; 

• The City's Emergency Management Office (EMO) works together 
with senior governments and regional authorities to establish 
emergency management and recovery plans. 

• The City's Engineering & Public Works Division, in coordination with 
the EMO, have prepared the 2010 Flood Response Plan. 

• Threat specific plans are integrated by EMO into an overall 
management strategy. 

• The Emergency Management Plan is scheduled for review in 2019. 

3. The City has the authority, through the Local Government Act, to 
designate a floodplain and to set construction requirements for 
development, subject to Provincial policies and standards (e.g., the 
Provincial Flood Hazard Area Land Use Management Guidelines); 

• Floodplain Designation and Protection Bylaw No. 8204 was adopted 
in 2008 and guides building setback, Flood Constructions Levels, 
exemption areas and alternative conditions. 

4 . The City reviews Development Applications (i.e., Rezonings, 
Development Permits). Council has the authority to set conditions 
and to require the registration of restrictive covenants for 
development on land which may be subject to flood ing for all 
discretionary development applications; and 

5. The City reviews Non-Discretionary Applications (e.g., building 
permit approvals). The City has the authority, through the Local 
Government Act, to set conditions and to require registration of 
restrictive covenants for non-discretionary applications, when 
exemptions to the provisions of the floodplain bylaw are given. 

City of Richmond 
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Figure 1 -Flood Protection Framework 
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Provincial Role 
In 2004, the provincial role with regard to flood protection and 
management was significantly altered with legislative changes made to 
a number of statutes-notably to the Land Title Act, Local Government 
Act, the Flood Hazard Statutes Amendment Act, 2003 and the 
Miscellaneous Statutes Amendment Act (No. 2), 2004. 

1. Under the Dike Maintenance Act, responsibility and general 
supervision relat ive to construction and maintenance of dikes lies 
with the office of the Inspector of Dikes. 

• The Provincial Inspector of Dikes can require reports, inspect records, 
audit diking authorities, make regulations and prescribe trusts. 

• Approval from the Provincial Inspector of Dikes is required for: 

- the construction of new dikes and flood barriers (Dike 
Maintenance Act Approvals: MoE 2007); 

- changes or alterations to the cross section or crest elevation of a dike; 

- the installation of culverts, pipes, flood-boxes, utility lines, pump 
stations, or any structure through, on or over a dike; 

- the construction of any works on or over a dike right of way, 
including structures, excavations and placement of fill or other 
materials; 

- the alteration of the foreshore or stream channel where the works 
could increase flood levels or impact the integrity of a dike such as 
dredging; and 

- construction of erosion protection works, bridges and other in
stream works. 

2. BC Ministry of Forests, Lands, Natural Resource Operations and 
Rural Development (MFLNRORD) 

• MFLNRORD, through the Office of the Inspector of Dikes, provides 
guidelines for development in flood hazard areas, guidance and 
technical info rmation 

3. Subdivision Approval 

• Provincial approval for subdivision is not required, unless the lots are 
in proximity to a Provincial highway. 

• In those cases, the BC Ministry of Transportation and Infrastructure 
(MoTI) Approving Officers can now consider flooding and erosion 
potential. 

4. Approval of Municipal Floodplain Bylaws 

• Provincial approval of municipal floodplain bylaws is no longer required. 

5. MFLNRORD Establishing Flood Protection Standards 

• The Office of the Inspector of Dikes establishes standards for 
municipal dike design, construction, operation and maintenance plans. 

• The Office of the Inspector of Dikes reviews and approves these. 

City of Richmond 
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• The Province has adopted a new flood profile standard for the 
Fraser River which is defined by the 2008 study profile completed 
by Northwest Hydraulic Consultants. The Fraser River flood profile 
exceeds the coastal flood leve l for areas of Richmond east (upstream) 
of Nelson Road. 

- This new standard establishes flood design standards, for freshet, 
summer, winter and tidal flood threats, to safely convey the 
largest historical flood of record wh ich occurred in 1894. 

- For Richmond, the new profile varies from approximate ly 2.8m 
GSC near Steveston to 3.3m GSC near Queensborough. This does 
not consider sea level rise or wave effects. 

• Sea Level Rise Threats 

- The most recent study completed by the Province suggests a 
median projection of 1m of sea level rise by year 2100 and 2m of 
sea leve l rise by year 2200. 

- The Intergovernmental Panel on Climate Change (IPCC) reports on 
climate change (IPCC, 2018) estimate a lower increase in global 
mean sea level rise when compared to Provincial studies. 

- Add itional research is needed to refine these values given the 
variability in current climate change science. As sea level rise is 
realized and more data is available the projections can be adjusted. 

• For Subsidence Flood Threats 

- The most recent stud ies indicate that subsidence in Richmond is 
approximately 2mm/year. 

- These va lues wi ll continue to be monitored and will inform flood 
protection planning. 

6. Research 

• The Province conducts research with others (e.g., contributions to 
the Fraser River Hydraulic Modelling study, assessment of current 
seismic guidelines). 

• Ongoing Provincial research is encouraged. 

7. Funding 

• The Province was the primary source of funding for flood protection 
prior to the transition of diking authority to municipalities. 

• In October 2007, the Province announced new flood protection 
funding for BC of $10 million per year for 10 years. 

• In 2010, the City was awarded $3.9 million for pump station upgrades. 

• In 2016, the City was awarded $16.6 million for pump station and 
dike upgrades. 

• In 2017, the City was awarded $440,000 for flood protection planning. 

• Ongoing Provincial funding is encouraged. 
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8. Emergency Management BC (EMBC) Emergency Preparedness and 
Recovery 

The Province operates EMBC which coordinates aspects such as: 

- emergency preparedness training and funding; 

- disaster response coordination; and 

- recovery funding and assistance. 

• EMBC will respond to emergency calls from local governments and 
emergency personnel . Ongoing EMBC assistance is encouraged . 

9. Provincial (MFLNRORD) Approval of the City's Strategy 

• Provincial Jurisdiction : The Province has jurisdiction to approve those 
items that are directly related to the dike system (i.e., any proposed 
modifications or additions). 

• No Provincial Jurisdiction : For the City's Strategy, the Province is likely 
to provide only comments or advice. 

10. Foreshore & Water 

• Existing off-shore structures (navigation jetties) are controlled by 
senior governments. Contemplated offshore structures and nature
based concepts for wave attenuation (e.g. Sturgeon Banks) will also 
require land tenure and approvals from senior government. 

11. Summary 

• The City is committed to co-operating with the Provincial government. 

Federal Government 
The federal role has primarily been related to issues of national 
significance or to situations where the capacity or authority of 
a provincial government to deal with the situation is exceeded. 
Federal legislation such as the Emergencies Act enables the Federal 
Government to act in such situations. Much of the responsibility 
for flood protection has been turned over to the provinces and 
subsequently the municipality, with the Federal Government providing 
assistance through enabling funding and research. 

1. The focus of Public Safety Canada (PSC) includes: 

• Critical Infrastructure Protection; 

• Emergency Preparedness; and 

• Disaster Mitigation . 

Programs under these topics are still evolving particularly w ith regard to 
critical infrastructure protection. 

2. Establishing Flood Protection Standards 

• The Federal Government does not currently establish flood 
standards; however, CMHC funding for urban development, or post 
disaster recovery funding may be limited in designated floodplain 
areas, unless adequate floodproofing measures have been taken. 

City of Richmond 
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• The City intends to establish adequate flood protection measure 
through this Strategy and a range of implementation measures. 

3. Research 

• The Federal Government provides research assistance (e.g., climate 
change). 

• Ongoing Federal research is encouraged. 

4. Fu nding 

The Federal Government may assist in funding studies, capital dike 
improvements, preparedness and recovery programs. Periodically, 
the Federal Government co-funds with the Provincial Government 
programs for flood protection, for example: 

- the Federal Government provided funds toward the 2006 Lower 
Fraser Hydraulic Modeling study which was completed by the 
Fraser Basin Council (FBC); 

- in 2007, $33 million for flood mitigation initiatives to address 
concerns related to anticipated spring freshet water levels; 

- in 2009 and 2010, $8.6 million was awarded to Richmond 
through the Federal and Provincially funded Flood Protection 
Program; 

- in 2014, $2 million was awarded to Richmond through the Federal 
and Provincially funded BC Building Canada Fund; 

- in 2017, the City of Richmond was awarded $1.1 million for flood 
protection planning through the National Disaster Mitigation 
Program; 

- in 2019, the City of Richmond was awarded $13.8 million for flood 
protection infrastructure upgrades through the Disaster Mitigation 
and Adaptation Fund; and 

- in 2019, the City of Richmond participated in the national Smart 
Cities Challenge for the opportunity to win $10 million. 

• Ongoing Federal funding is encouraged. 

5. Dredging & Foreshore 

• The Port of Vancouver completes annual dredging of the South Arm 
of the Fraser River. 

• There is considerable federal land along the perimeter dikes on Lulu 
Island and Sea Island. The City works together with the Fisheries 
and Oceans Canada, as well as other Federal stakeholders, on a 
project-specific basis to identify any concerns or opportunities while 
completing flood protection upgrades. 

6. Summary 

• The City is committed to co-operating with the Federal Government 
and encourages ongoing Federal flood protection programs and 
funding assistance. 
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Regional Role 
There is no direct role for Metro Vancouver or other Lower Mainland 
jurisdictions w ith regard to the City's development and implementation 
of the Flood Protection Management Strategy, with the exception of 
coordination w ith New Westminster on infrastructure in the Hamilton
Queensborough area. 

Fraser Basin Council (FBC) 

Although it lacks a mandate or authority to oversee flood protection 
works or emergency services, the Fraser Basin Council has been work ing 
w ith federal, provincial, local government agencies and organizations 
to highlight flood risks through the Joint Program Committee (JPC) for 
Integrated Flood Hazard Management. This program has coordinated 
recent flood plain mapping exercises in the Lower Fraser and lead the 
recent study to update the Fraser Flood Profile. 

In 2014, FBC initiated the Lower Mainland Flood Management Strategy 
to promote collaborative, regional flood management on the lower 
Fraser River and the coast between partners spanning all levels of 
government, including the City, other local governments, and non
governmental organizations. 

FBC is the facilitator and administrator working on behalf of the 
partners to develop the strategy through three phases: 

• Phase 1 "Building a better understanding"; 

• Phase 2 "Developing a regional action plan"; and 

• Phase 3 " Implementation". 

Phase 1, completed in 2016, focused on flood hazards, vulnerabilities, 
and existing structural and non-structural flood protection measures. 
Phase 1 produced the follow ing components: 

• analysis of future flood scenarios; 

• regional assessment of flood vu lnerabilities; 

• Lower Mainland dike assessment; and 

• review of flood management policies and practices. 

Phase 2, initiated in 2017, is expected to include the following components: 

• assessment of regional flood mitigation options; and 

• assessment of decision-making models and cost sharing options. 

The f inal strategy, anticipated in 2019, is expected to include specific 
commitments for partners and a cost-sharing approach to support 
implementation. 

The City has been an active participant and funding partner in the 
Fraser Basin Council's JPC and is committed to the management of 
growth both w ithin an overall regional context and in terms of its 
Offic ial Community Plan (OCP). 

Richmond intends to continue participating in the Fraser Basin Council 
and w ith other stakeholders to better address flood prevention 
and protection. 

City of Richmond 
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1.5 Strategic Framework 
As a community within the floodplain, the City acknowledges that an 
element of flood risk will always exist for those areas that are not raised 
above the floodplain. 

This Strategy provides an integrated flood protection framework which 
emphasizes: 

• preventing flooding, and 

• minimizing the impacts of a flood event, should such an event occur. 

The integrated Flood Protection Management Strategy elements 
identified below addresses dike safety, land use management and 
emergency management. 

1. Sustainable Approaches 

• As the City of Richmond is committed to improving sustainability, 
where practical and cost effective, sustainable approaches will be 
undertaken when implementing the Flood Protection Management 
Strategy 2019. Flood prevention approaches are to be socially, 
economically, environmentally sound and sustainable, and able to 
achieve Richmond City Council's long term planning, growth and 
development objectives. 

2. Flood Protection System 

• The City's integrated flood protection system includes: 

- a Perimeter Dike; 

- raising land levels strategically and economically; 

- requiring Flood Construction Levels (FCLs) for new construction; 

- floodproofing buildings and structures; 

- infrastructure (drainage system and pump stations); 

- maintenance programs-cleaning of infrastructure; and 

- other, as necessary. 

3. Dike Integrity and Management 

• Richmond's Flood Protection Management Strategy 2019 recognizes 
both storm surge and river flood threats. 

• Richmond's perimeter dike is the primary flood protection system. 

New Dike Crest Elevation Standard 

The City is committed to meeting or exceeding the Province's coastal 
still-water flood level of 2.9m. In combination with 1m of sea level rise, 
a 0.2m land subsidence allowance, and 0.6m freeboard, this yields a 
design dike crest elevation of 4.7m. 

This standard is designed to accommodate the largest historical flood 
of record which occurred in 1894, sea level rise, and land subsidence to 
the year 2100. 

The City will continue to work with the Provincial, Federal and regional 
agencies to secure funding for research and construction to meet or 
exceed the provincial dike standards. 
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Perimeter Dike Improvement Program 
In conjunction with Provincial Diking Authorities, the City is currently 
upgrading priority sections of the perimeter dike. Completion of the 
Dike Master Plans will further guide efforts to upgrade the City's 
primary system of defence against flood hazards. 

4. Managing Sea Level Rise Risks 

• Sea level rise is monitored and the City will adjust flood protection 
strategies and implementation timelines to address climate change 
induced flood hazards as defined by the IPCC and subsequent 
regional analysis. Currently the City's design for perimeter dike 
upgrades includes an allowance for 1m of sea level rise to the 2100 
and 2m of sea level rise to the year 2200 (baseline at year 2000). 

• The City will participate in research studies, in partnership with 
others, to ensure that climate change induced sea level rise is 
monitored and proactive adjustments are made to the Strategy. 

5. Monitoring Subsidence 

• While geological subsidence is very slow and minor relative to sea 
level rise, it should be monitored and addressed . 

• Current levels of subsidence are monitored and the City has made 
allowances to accommodate additional flood risks due to subsidence. 

• The City will participate in research studies, in partnership with 
others, to ensure that there is proactive planning for land subsidence. 

6. Flood Construction Levels (FCL): 

• Floodplain Designation and Protection Bylaw No. 8204 establishes 
the floodplain boundaries, construction setback requirements, Flood 
Construction Levels, and exemption areas for the City of Richmond. 

• Bylaw No. 8204, in consideration of Provincial guidelines, defines 
certain classes of use and geographic areas within which construction 
elevations will not be required to meet the established flood levels. 

• Examples of exemptions (e.g., to raising the land, to building to FCLs, 
may include: 

- agricultural buildings and structures (except residential dwellings 
and accessory buildings); and 

- the Steveston Village Heritage Area where the introduction of 
grade changes for new construction would detrimentally affect 
the important heritage character of the area. 

7. Raising Land Levels 

• As an overall long term objective, the City will seek to raise the 
average grade of land within all areas of the City. 

• To achieve this, the City at its discretion, will strategically and 
incrementally encourage or require ground levels to be raised, for 
example where: 

- development opportunities exist (e.g ., through rezoning and 
property redevelopment); 
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- site size is sufficiently large to enable it to be achieved effectively; 

- negative impacts can be reasonably mitigated; and 

- land raising is being proposed to meet other objectives such as 
agricultural viability. 

West Cambie example: This approach was taken for the West Cambie 
area, where the whole Alexandria quarter section was raised during 
redevelopment. 

8. Interface Areas 
Between areas of different required raised land height and FCL 
construction level requirements, the City may establish land and FCL 
transition requirements and techniques to manage grade changes with 
minimal problems. 

In these situations, the City will determine specific raised land and FCL 
requirements, on a site by site basis. 

9. Ongoing Analysis 
The City will monitor the latest flood protection and climate change 
science (e.g. sea level rise, subsidence, river, ocean conditions), best 
practices, the effectiveness of its flood protection system and the 
Strategy. Improvements will be made as necessary. 

10. Annua l Flood Protection System Improvements 
Each year the City will improve its Flood Protection System. This will 
be achieved by preparing an Implementation Program for Council's 
consideration as a part of this Strategy. Funding will be through the 
designated diking utility and grant opportunities. 

Individual projects will be submitted through the annual Capital 
Program for Council's consideration. 

11 . Emergency Management 

• City Emergency Management Office (EMO): The City has established 
an Emergency Management Office which works with Richmond's 
protective service agencies and City departments to prepare 
response plans and programs that establish and implement 
mitigation, preparedness, response and recovery measures for 
emergency events. 

• City Emergency Management Plan: Under the EMO's guidance, the 
City has established an Emergency Management Plan that provides 
overall direction to guide the City's actions to prepare for, respond to 
and recover from major disasters. This Plan identifies the key hazards, 
such as flooding, which threaten the community, priority actions to 
be taken by threat, roles and responsibilities of staff and key response 
agencies responsible for managing the City's response and recovery 
from disasters. 

• Flood Response Operational Plan: The City Flood Response 
Operational Plan outlines the City's strategies for preparedness, 
response, and recovery surrounding the seasonal spring freshet and 
any flood events that may result from this annual event. 

City of Richmond 
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• City Flood Response Plan : Through the direction of the EMO, a series 
of threat specific plans have been, or are in the process of being 
prepared . With direct reference to flood protection management, 
a City Flood Response Plan has been prepared and operationalized 
through the City's Public Works Roads and Construction 
Department. 

• Key Emergency Management Elements: Some of the key emergency 
management elements imbedded within the Implementation 
Program include: 

- the co-ordination of community planning and emergency facilities 
to ensure that City refuge/public gathering areas during disasters 
are located in areas which do not flood; 

- the preparation and on-going updating of City public evacuation 
and communication programs; 

- reviewing and implementing plans for refuge areas, emergency 
routes, and creating public awareness; 

- establishing a protocol for dike restoration (e.g., City procedural 
response plan); and 

- updating the City's existing procedural policy of comprehensive 
dike maintenance. 

12. Funding 

• Each year, to implement this Strategy, the City intends to: 

- budget to implement this Strategy, subject to corporate priorities 
and funding, 

- seek senior government funding. 

13. Senior Government and Partner Funding 

• The success of the Strategy requires senior government and partner 
funding. 

• The City w ill seek senior government and partner funding for a 
w ide range of flood prevention and protection research, monitoring, 
studies, planning and improvements. 

14. City Diking and Drainage Util ity 

• In 2006, the City established a City Diking and Drainage utility for 
the purpose of funding dike and drainage improvements. The City 
intends to continue and grow this utility. 

15. Annua l City Dike Improvement Capital Funding 

• The City establishes an annual City capital budget to ensure that 
each year funds are available to undertake flood protection studies 
and work. The City intends to continue this funding mechanism . 

16. Implementation (see Part 2) 

• The City will implement the Strategy by establishing an 
Implementation Program. 

• The Strategy will guide all City Flood Protection actions and is to 
be referenced in all relevant City proposals and senior government 
funding requests. 
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Part 2: The Implementation 
Program 
The 2008-2031 Flood Protection Strategy was intended to be a living 
document-one wh ich evolved over time as new science, information, 
concepts, techniques, programs and cost sharing opportunities arose. 
The updated Flood Protection Management Strategy 2019 provides 
th is information and recommendations for future work related to flood 
protection. 

The City also recognizes that the Strategy requires: 

• jurisdictional, economic and cost sharing partnerships; 

• the involvement and direction, of senior governments, specifically 
regarding dike standards; and 

• on-going actions to enhance the City's knowledge and ability to 
prevent flooding. 

The Flood Protection Management Strategy 2019 wi ll be reviewed and 
updated, as required. 

The Flood Protection Management Strategy 2019 wi ll be implemented 
through an Implementation Program. 

The Implementation Program Chart below identifies: 

• next steps related to flood protection; and 

• continuing strategies for the City. 

Implementation wil l occur, subject to City corporate priorities and funding. 

Detailed implementation w ill be determined by Council annually. 

The City's Engineering and Public Works Division wi ll lead the Strategy 
and Implementation Program in a proactive and collaborative manner 
w ith other City division sections including Policy Planning, Finance, 
Building Approvals, Development App lications and the Emergency 
Management Office. 

City of Richmond 
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Implementation Program- Next Steps 

Category Action 

Program Ensure that the flood risk reduction program is 
Management supported by leading edge technical investigations. 

Short-term priorities should include a wave runup 
analysis, and definition of the potential f lowslide 
zone around the island perimeter. 

Investigate nature-based, sustainable solutions 
for flood risk mitigation through participation in 
regional research initiatives and identification of 
innovative technology. 

Lulu Island Finalize Phases 3, 4, and 5 of the Dike Master 
Perimeter Dike Plans to complete the conceptual framework for 

upgrading the City's perimeter dike. 

Review the Dike Master Plan Phase 1 to determine 
whether the proposed Steveston Island offshore 
dike I sea gate continues to be cost effective in 
view of the seismic design standard, and to update/ 
complete the construction cost estimate. 

Update the Phase 2 Dike Master Plan to include 
construction cost estimates. 

Establish a target timeframe for completion of dike 
upgrading as per the current Dike Master Plans, 
along with a system to report progress on this 
important objective. 

Adopt a world class standard for the next round of 
Lulu Island Dike Master Plans (1 0,000-year return 
period flood, current sea level rise projection for 
1 00-year horizon, consideration of sea level rise 
for 200-year horizon, conservative wave run up 
allowance). Support such determination with a risk-
based approach. 

Develop and adopt a seismic dike design standard 
that considers the specific situation in Richmond, 
and is also acceptable to the Province. 

Floodplain Update the flood construction levels of the bylaw to 
Designation and reflect the most recent Fraser River flood profile and 
Protection Bylaw current coastal fl ood level (including sea level rise) 

while considering implications on urban design and 
accessibility. This would ideally involve updated dike 
breach inundation modeling. 

Update the other provisions of the bylaw as noted 
in this report. Endeavour to reduce the number of 
situations in which exemptions and relaxations are 
provided. 
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Category Action 

Secondary Dikes on 
Lulu Island 

Internal Drainage 
on Lulu Island 

Dike Operation and 
Maintenance 

Management 
of Lulu Island 
Perimeter Dike 
Corridor 

Sea Island 

Consider potential effective secondary dikes on Lulu 
Island that would reduce the extent of flooding 
from a dike breach and/or help to achieve the 
desired level of seismic performance. 

Evaluate the Boundary Road secondary dike concept 
as per the Phase 3 and Phase 4 Dike Master Plans, 
with the intent to provide redundancy in flood 
protection, and also fulfil seismic performance 
objectives. 
~~-------------------------------------· 

Proceed with the mid island secondary dike on 
an opportunistic basis, either in conjunction with 
Highway 99 upgrading, or with large-scale land 
raising. 

Review and update design criteria for drainage 
pump stations and floodboxes (key issues include 
increasing flood level, increased duration of 
pumping, increasing internal runoff, and fish 
passage). Also consider whether some or all stations 
should be able to provide post-disaster service (key 
issues include seismic performance, standby power, 
and emergency access). 

Update the master drainage plan to accommodate 
the soon to be completed Dike Master Plans (in 
particular, moving drainage channels away from the 
perimeter dike) and Local Area Plans and Sub-Area 
Plans (with respect to land raising). 

Establ ish a consolidated dike operation and 
maintenance manual, organized by dike master 
planning reach (including Sea Island, Mitchell 
Island and Richmond Island) to provide a thorough 
record of dike design drawings, inspection reports, 
maintenance work, and miscellaneous activity along 
the dike. 

Designate area-specific strategies along the dike 
corridor that may include Development Permit Areas 
which would be coordinated with Richmond's 2041 
Official Community Plan, the Waterfront Strategy, 
and the Ecological Network Management Strategy. 
The purpose would be to ensure that all activity 
in these areas give priority to long-term flood 
protection objectives. 

In the Burkeville residential area, consider flood 
protection concepts as noted above for Lulu Island 
(land raising, updated flood construction levels, and 
internal drainage are particularly applicable). 

City of Richmond 
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Category Action 

Mitchell Island 

Habitat 
Compensation 

Proceed with a program of road raising, with future 
development areas ra ised to the flood construction 
level (as is recommended in the Phase 5 Dike Master 
Plan). 

Recognizing that dike upgrading will impact the 
fisheries resource, and that on-site mitigation of 
impacts is not always effective and/or practical, 
develop a broad-scale habitat compensation 
program to address the cumulative impacts of dike 
upgrading in al l areas of the City (possibly as a dike 
master plan phase). 

Implementation Program- Continuing Strategies 

Category Action 

Program Continue to have a senior staff position designated 
Management as the leader of the City's flood risk management 

program. 

Enhance monitoring of river/sea level, wind and 
wave effects, dike fill, internal water level and dike 
crest elevation. 

Review the level of funding for the Drainage and 
Diking Utility to ensure sufficient budgeting for the 
construction of structural flood protection works. 

River Engineering Work with the Port of Vancouver, and possibly 

Considerations other local governments in the Fraser River estuary, 
to ensure that key river monitoring activities are 
undertaken. This includes bathymetric survey, 
dredging management, and river engineering 
assessment. 

Lulu Island Continue to upgrade the Lulu Island perimeter dike 
Perimeter Dike as the top f lood protection priority. 

Promote and enable widespread land ra ising on Lulu 
Island through land use changes and development. 

Investigate regional soil disposal and dredging 
material as cost-effective sources of fi ll. 

Ensure that major underground utilit ies that cross 
Lulu Island are designed to accommodate significant 
future landfill that wou ld be associated with 
widespread land raising. 

Encourage the City of New Westminster to adopt a 
similar standard and approach for upgrading of its 
portion of the Lulu Island perimeter dike. 

Internal Drainage As pump stations are upgraded, ensure that locations 
on Lulu Island are consistent with the long-term dike alignment. 

Pursue an effective approach to rehabilitation of box 
culverts within the internal drainage system . 

-
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City of Richmond 

Category : Action 

Sea Island Continue to cooperate with the Vancouver Airport 
Authority to upgrade the Sea Island perimeter dike, 
and on other flood protection issues. 

Richmond Island Continue with flood protection as a responsibil ity 
of the single land owner on the island (as 
recommended in Dike Master Plan Phase 5). 

Emergency Continue with an integrated emergency 
M anagement management planning approach both interna lly 

and with other agencies the City will rely on during 
emergency events. 

Continue to work with transportation authorities 
wi th the objective of optimizing major 
transportation routes as post-disaster structures as 
key components of an emergency evacuation plan. 

Continue to enhance capabili ties for emergency 
planning, flood response and flood recovery. 

Periodic Program Continue to review the Flood Protection 
Review Management Strategy annually and consider formal 

updates on a 5-year cycle. 
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Appendix 1: Analysis 
Introduction 
This section was prepared by the City of Richmond with assistance from 
Kerr Wood Leidal Associates Ltd. and sub-consultants who provided 
expert advice on environmental, geotechnica l, and other fields related 
to flood protection . 

Purpose 
The purpose of the Flood Protection Management Strategy 2019 is to 
enhance the City's abi lity to prevent flooding and minimize the risk and 
effects of flood damage by monitoring climate change, implementing 
proactive policies and partnerships, and upgrading critica l flood 
protection infrastructure. 

Context 
Th e City of Richmond is composed of 17 islands and is located in the 
floodplain of the Fraser River. 

The three most developed islands are: 

• Lulu Island on which lies the developing urban portion (60%) of 
the City (West Richmond) and a considerable amount of va luable 
agricultural land (40%) in the provincial Agricultural Land Reserve; 

• Sea Island on which lies the Vancouver Internationa l Airport (YVR) 
and the community of Burkeville; and 

• Mitchell Island which consists of industrial related activi t ies. 

Richmond is bounded by the Fraser River and the Strait of Georgia, 
and is subject to flood risks from the Fraser River and the sea . The 
City is also subject to other flood-re lated hazards, including dike 
breach, seism ic effects, intense rainfall, and river instability. The City 
recognizes that w ith the human investment in both urban development 
and agriculture, the need for the protection of residents, farming and 
infrastructure is paramount. 

Until 2004, when the Province terminated its floodp lain management 
program, flood protection requirements and construction levels 
w ere regulated by the Province. These have now become largely the 
responsibility of the City as the local Diking Authority. 

The principal method of protecting li fe and property on Lulu Island 
from flooding has been a structu ral one, primarily diking. 

Richmond and New Westminster re ly on each other for flood protection 
on Lulu Island as they share responsibility for the Lulu Island perimeter 
dike. The Lulu Island perimeter dike is approximately 56km in total length, 
of which approximately 49km (88%) is under the City's jurisdiction. 
Richmond re lies on New Westminster for flood protection at the critica l 
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upstream end of Lulu Island (Queensborough). New Westminster relies 
on Richmond for flood protection in a broader sense, given that the 
greater proportion of the perimeter dike is within Richmond. 

Richmond and the Vancouver Airport Authority rely on each other for 
fl ood protection on Sea Island as they also share responsibility for the 
perimeter dike. The Sea Island perimeter dike is approximately 15km in 
length, of which approximately 1.1 km (7%) is under the City's jurisdiction. 

2008-2031 Flood Protection Strategy 
At a high level, the 2008-2031 Flood Protection Strategy: 

• documented climate change and sea level rise as emerging issues 
that the City would need to address; 

• recognized the Lulu Island perimeter dike as the cornerstone of the 
City's flood defences; 

• initiated a dike master planning process for dike upgrading; 

• identified the need for further consideration of seismic risk; 

• identified the need for an updated floodplain bylaw to regulate 
development; 

• provided for widespread land raising to be considered in the 
planning process; and 

• recommended the review secondary inland dikes. 

Integrated Rainwater Resource 
Management Strategy 
In 2016, Richmond's City Council endorsed the Integrated Rainwater 
Resource Management Strategy (IRRMS) which provides high-level 
strategies to address Richmond's unique water management needs. The 
purpose of the IRRMS is to protect and enhance the City's stormwater 
conveyance infrastructure and ecological assets under higher intensity 
rainfall events, and considers rainwater as a resource to be utilized. 

The Flood Protection Management Strategy 2019 and the Integrated 
Rainwater Resource Management Strategy considers future 
development, w ater management, and sustainable solutions as key 
components for achieving the City's goals for a safe and well-managed 
community. The strategies are compatible and can be used together to 
encourage management of water resources that are conducive to the 
ecological network, stormwater storage, and flood protection. 

City of Richmond 
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Key Factors Influencing the Strategy 
Climate Change 
Climate change induced sea level rise, higher intensity storms, and 
increase in freshet flows are primary considerations in the Flood 
Protection Management Strategy 2019 due to their significance in 
increasing flood risk. Models that project future climate suggest that the 
rate of sea level rise will accelerate as the climate warms. The effects of 
long-term subsidence also need to be considered due to its impact on 
relative sea level rise. Review of these projected conditions will guide 
infrastructure upgrades and land use considerations. 

Provincial Guidelines & Regional Considerations 
The Province has sign ificantly updated their sea level rise and dike design 
guidelines (e.g., Flood Hazard Area Land Use Management Guidelines) 
since the 2008-2031 Flood Protection Strategy was endorsed. These 
changes, including regional initiatives and guidance documents, such as 
those presented by the Fraser Basin Council, contribute to Richmond's 
updated design standards for flood protection. 

New Information 
The availability of improved information on climate change, variation 
in land use over the years, and the need to examine both structural 
and non-structural issues related to floodplain management, further 
demonstrates the need to review the 2008 Strategy. 

Project Context 
Flood Risks 

Flood Hazards - Summary 

The City faces the following primary flood hazards: 

• A dike breach that may occur as a result of water overtopping 
the dikes; 

• The liquefaction of soils under the dikes as a consequence of an 
earthquake or dike breach; 

• Piping through a dike caused by water under pressure, eroding 
soil particles to cause a tunnel through the dike; and 

• Human damage to a dike. 

The Strategy addresses these flood hazards in a comprehensive manner, 
in particular, those that: 

• originate from high tidal ocean levels; and 

• are caused by high freshet discharges in the Fraser River. 

It is unlikely that both extreme high ocean levels and extreme high river 
discharges will occur at the same time. 
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Most of the land surface of Lulu Island that has not been raised by fill 
placement lie between an elevation of 0.5m to 2.5m geodetic, with the 
average land level in Richmond between elevation 1.0m and 1.5m. 

Contributing Factors 
For floodwater to enter the interior of Lulu Island from the river or the 
sea, it must either overflow the perimeter dikes, or these dikes must be 
breached in some manner. Given the current design and generally good 
condition of the existing dikes, an overflow wou ld likely on ly result f rom: 

• an extreme high water condition in the river or tidal sea; 

• a lowering of the dike crest; or 

• an increase in the level of the Fraser River exceeding the dike crest 
by extreme freshet discharges in the Fraser River. 

When water overflows an earth dike, it may erode the embankment 
and breach the dike. The possibility of a breach developing from an 
overflow depends on the magnitude, nature and duration of the flow 
and the design and surface materials of the dike. 

Climate Change- Sea level Rise 

Sea level rise projections currently referenced by the Province is shown 
on Figure 3 and flood levels including projected sea leve l rise on Figure 4. 
The recommended linear projection w ill allow municipalities to overbuild 
their dikes in advance of the median projection. The City of Richmond 
has adopted 1m of sea level rise by 2100 and 2m of sea level rise by the 
year 2200 (relative to the year 2000) in current perimeter dike designs. 

Figure 3: Sea level Rise Projections (BC, Delcan, 2009) 
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Climate Change- Temperatures and Snow Melt 

Climate change wi ll increase average temperatures across BC. Whi le 
precipitation w ill increase slightly, the fraction falling as snow wi ll 
decrease. By mid-century, models suggest this wi ll result in substantial 
declines in snow accumulation at lower and mid elevations across the 
watershed (Islam et a!., 2017). 
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While average snowpacks and high-flow conditions are expected 
to decrease, climate change will also increase variability. Given the 
extensive uncertainties associated with climate change, a precautionary 
approach is appropriate. 

Sedimentation, Dredging and Erosion 

The Fraser River transports about 20 million metric tonnes of sand 
and silt to the sea each year, with about 80% of the annual delivery 
occurring during the spring freshet (Williams and Roberts, 1989). The 
material is transported as both bedload (along the river bottom) and 
suspended load (within the water column). 

For the period between April 2006 and March 2007, the Fraser River 
Estuary Management Program (FREMP) reported the removal of 
3.18 Mm3 for the navigation channel (FREMP, 2007). The need for 
removal of sediment by dredging needs to consider environmental 
impacts and ensure that river erosion is not increased in other areas. 

As a result of dredging and flood protection projects by various 
authorities on the lower Fraser River, the river has been relatively 
stable in the past century. Trifurcation works are maintained at New 
Westminster to control the flow split between the North Arm, South 
Arm and Annacis Channel. The potential remains for the river alignment 
to abruptly change in the future, most likely during a large flood. This 
could result in increased bank erosion where the redirected flow hits a 
vulnerable river bank. Such potential is greatest on the South Arm due 
to a higher percentage of flow that is directed into it. 

Wind Setup 
Wind setup is a local increase in water depth near the shoreline caused 
by the shear force of wind blowing over the water surface towards the 
land. The magnitude of wind setup depends on the available wind fetch 
and water depth, and will be greatest where there are extensive areas 
of shallower water. Sturgeon Bank is an example of an area that could 
contribute to wind setup along the western shoreline of the city. 

Because of its local nature, a "typical" value for wind setup cannot be 
defined for Richmond. Where applicable, site-specific values must be 
determined and added to the still-water coastal flood level. A case study 
of the West Dike in the 2011 Sea Dike Guidelines (Ausenco Sandwell, 
2011a) includes a local wind setup allowance of 0.3m to 0.4m. 

Wave Effects 
Wave effects can greatly exacerbate coastal flood hazards in 
unprotected areas. Historically, the western shorelines of Lulu Island 
and Sea Island have benefitted from the protection provided by 
Sturgeon Bank . This extensive complex of sand banks, mud flats and 
intertidal marshes follows the west side of the two islands from the 
Fraser River North Arm to the main South Arm. The shallow features 
help to dissipate wave energy during storms, causing the largest waves 
to break before reaching the foreshore. 
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Tsunamis 

Tsunamis generated by major earthquakes at remote locations around 
the Pacific Rim are not a major hazard to Richmond . The City is 
protected by Vancouver Island, and a tsunami generated at a distant 
location wou ld lose considerable energy passing through the Juan de 
Fuca Strait and Strait of Georgia. 

Earthquakes 

Potential impacts of an earthquake on the dike system include: 

• settlement of the dike crest, which increases the likelihood of 
overtopping; 

• deformation of the dike cross-section, wh ich decreases geotechnical 
stabi lity while increasing seepage and the potential for internal 
erosion; and/or 

• li quefaction of the dike fill and/or underlying river bank, triggering in 
a "flowslide" where some or all of the liquefied material flows into 
the river or foreshore. 

Liquefaction is considered the most severe of the above impacts, since 
a major flowslide cou ld conceivably result in the complete loss of a dike 
section, resulting in flooding at the next high tide. 

Regional Opportunities and Challenges 
Federal 
Federal jurisdiction relates to dredging of the Fraser River. Prior to 1998, 
the Coast Guard reported to Transport Canada and were responsible 
for dredging. In 1998 the Coast Guard began reporting to DFO, and 
through this, were given a revised mandate that does not include 
dredging (largely due to costs). As a result, dredging has become the 
responsibility of the Port Authorities. 

According to a 2014 report on Fraser River dredging (City of Richmond, 
2014), bigger vessels have resulted in a need to increase the navigable 
river depth from 8.7m in the 1960s to the current depth of 11 .5m. 

Provincial 
In 2014 the Province established new guidelines for dike seismic design, 
replacing the standards from 1998. The current BC Seismic Design 
Guidelines for Dikes outline an approach that is considered difficult 
to meet without costly and impractical ground improvement works. 
Additiona lly, the guidelines are considered very conservative in some 
situations because they require performance under extremely rare 
scenarios. For example, the guidelines require dikes to maintain 0.3m 
freeboard in the event of a 1 0-year return period flood occurring 
fo llowing a 2,475-year return period earthquake which has a probability 
of 0.004% in a 1-year period. This is significantly rarer than the design 
event for the dike crest elevation (500-year return period event has a 
0.2% annual exceedance probability). It is understood that the Province 
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is currently reviewing the guidelines, and an updated version may be 
forthcoming by 2021. This is considered to be an emerging area of 
regulation where the end result is uncertain. 

City of Richmond 

Raising Land 

City of Richmond Council adopted a Floodplain Management 
Implementation Policy 7000 on September 11, 1989. The strategy 
established: 

• flood construction levels; 

• procedures for development occurring within an exempt area (the 
principal urban portions of Richmond); and 

• priority dike construction and improvements. 

Bylaw No. 8204, recommended by the 2006-2031 Flood Protection 
Management Strategy and adopted in September 2008, has since 
replaced the Floodplain Management Implementation Policy 7000 and 
provides guidance on development setback, Flood Construction Levels, 
and exemption conditions. 

The general exemption for Area A is notable in that it covers a high 
population, urban area of the City, as shown on Figure 5. Structures 
within Area A are generally exempted from the above-noted FCL 
requirements, and are instead required to have the lowest level 
(underside of a floor system, pad, etc.) set at minimum 0.3m above 
the highest elevation of the crown of any road adjacent to the parcel. 
The Richmond existing ground elevation map (Figure 6) shows that the 
majority of land within Area A lies at or below elevation 1m. Therefore, 
it is interpreted that the Area A exemption would result in building 
lowest level elevations of 1.3m or less. This would be more than 1.5m 
lower than the 2.9m FCL prescribed for the area without the exemption. 

Review of the current large area exemptions could allow for more 
opportunities to raise land with development. 

City of Richmond 
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Figure 5: Bylaw No. 8204 Schedule B- Flood Construction Levels 
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Figu re 6: City of Richmond Elevation Map (2016) 

I 
" ~ 0 ~ 0 

0 "' "' -; -; :; '; '; 

£ 
0 0 ~ ~ "' "' -; w 

35 

CNCL - 739 



Flood Protection Management Strategy 2019 

36 

Hazard-Based vs Risk-Based Level of Performance 

A literature review was conducted to learn how other jurisdictions 
determine level of performance standards for structural and non
structural flood risk reduction measures . 

Two major high-level approaches were identified: 

1. Hazard-based level of performance 
A legal/political decision is made to set the performance of measures 
to a specific flood hazard intensity (e.g. 200-year return period/0.5% 
annual exceedance probability). Often, the specific level is based on a 
historic event. This is the current system in British Columbia (200-year 
return period/1894 Fraser River flood). This approach often does not 
take into account the consequences and overall risk associated with 
failure of the flood risk reduction measures. 

2. Risk-based level of performance 
A technical analysis of flood risk (a product of flood probability and 
flood consequences) is used in conjunction with a legal/political 
decision on societally tolerable risk to determine the suite of structural 
and non-structural measures needed to reduce the flood risk to an 
acceptable level. 

Two local jurisdictions are currently using the risk-based approach, these 
being the District of Squamish and the District of North Vancouver. 

Legal Considerations 

To take full advantage of the regulatory authority provided under the 
Local Government Act, Richmond has adopted Bylaw No. 8204 to 
guide developments in the City. In addition to allowing the municipality 
to regulate setbacks, flood construction levels and provisions for use, 
the Act provides the ability to require a statutory covenant and establish 
indemnity to the City and the Province for new construction in areas 
where flooding could occur. 

Under the Community Charter w here the Building Inspector thinks that 
a flood haza rd ex ists, a geotechnical report can be required, but once 
requested the Building Inspector must abide by the report without 
deviation and the building permits can only be issued with a covenant. 
Whi le a Section 910 bylaw is seen as the preferred and more flexible 
option for regulating flood protection measures, uncertainty exists as to 
how the following section of the Compensation and Disaster Financial 
Assistance regulation of the Emergency Program Act will be interpreted 
in the aftermath of a significant flood event: 

"If an area is designated under the Municipal Act as a floodplain and a 
public facility is built or installed in that area after the area has been so 
designated, no assistance will be provided to repair, rebuild or replace 
the public facility if it is damaged in a flood unless the structure was 
determined by the Minister of Environment, Lands and Parks or by 
Canada Mortgage and Housing Corporation to have been properly 
flood protected." 

The regulation also places similar constraints upon new public facilities. 
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Financial Considerations 

As part of any new strategic initiatives, dike improvements, 
maintenance, as well as construction, requ ires substantial capital 
investments. Richmond has an established dike utility which is used to 
address seismic/stability improvements to some of the weaker portions 
of the perimeter dike system. However the City w ill not have the 
resources to undertake such capita l improvements on its own. Thus, 
there is a need to pursue partnerships, senior government assistance as 
well as to broaden the use of City Development Cost Charges (DCCs) to 
include dike improvements and other initiatives. 

At a current leve l of utility funding of nearly $12M per year, and 
assuming that 75% (allocation varies annually with Program priorities) 
of the funding is applied to dike upgrading, at least 60 years of 
dike upgrading work wi ll be required to meet the performance level 
reflected in the current Dike Master Plans. Further work would be 
needed to implement any higher dike standard that may be desired. 

Changes to sea level rise and other flood hazards may require review 
of the current funding allocations. If flood risks increase at a faster rate 
than currently projected, the City may need to adjust funding priorities 
to mitigate the additiona l risk. 

Flood Risk Mitigation Analysis 
Flood Event Return Period 
For the lower Fraser River, the river flood design profi le has been 
derived based on the largest contemporary fl ood peak w hich occurred 
in 1894. This flood design profile and the extreme sea level recorded 
at Point Atkinson has been commonly used as the provincial standard 
for derivi ng design dike profiles for the Lower Fraser River and flood 
construction levels in the adjacent f loodplains. The peak discharge at 
Hope for the 1894 event has been estimated at 17,000m3/s. 

Historically, the design flood leve l has been the site-specific maximum 
of the 200-year return period coasta l fl ood (0.5% annual exceedance 
probability) and the 1894 Fraser River freshet flood of record. 

During the development of this Strategy, a decision was made to provide 
a higher standard of f lood protection in Richmond by considering the 
500-year return period flood event w ith sea level rise allowance, land 
subsidence and seismic events. Th is was based on the following: 

• a flood event greater than the current design event could occur; 

• to ensure that the substantial increases in Richmond's population, 
development, and investment, are best protected; 

• to maximize "Safety" and "Prevention", which are major City priorities; 

• to increase the confidence in the City's flood protection assumptions 
and planning; and 

• to consider the combined effect of a significant seismic and flood 
event occurring with in the same year. 
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For deriving the design sea level, the City has adopted the Province 's 
coastal sti ll-water flood level of 2.9m defined by the 2008 study 
completed by Northwest Hydraulic Consultants. In combination with 
the largest historical flood of record wh ich occurred in 1894, 1m of 
sea level rise, a 0.2m land subsidence al lowance, and 0.6m freeboard, 
this yields a design dike crest elevation of 4.7m for most of Richmond's 
perimeter dike. 

The Fraser Basin Council is completing other stud ies w hich will increase 
our knowledge of flood event levels and regional flood protection 
management. The City w ill consider this information in its on-going 
monitoring. 

Uncertainties 
Wh ile the type of hazards can be defined, including the probability of 
certain water levels being realized, current knowledge is insufficient 
to determine the actual risk or probabi li ty of a dike breach or failure. 
Dikes are now designed to be higher than a certain water level, and it 
is assumed that the defense system will not fail until at least that level is 
reached. 

Accurately assessing the probability of a dike breach is technically 
complex and requires a variety of detailed data. 

Information is required about: 

• load characteristics (e.g ., flood levels, wave effects, earthquake 
models, climate change assumptions, etc.); 

• potential fai lure modes (overtopping, piping, erosion, earthquake, 
etc.); and 

• performance characteristics of the dike structure (e.g. foundation 
conditions, crest elevation, geometry, fill materials, compaction, site
specific seism ic response soil data, etc.). 

Data on dike performance characteristics are much more limited for 
many of the dikes in BC's Lower Mainland. Most of the local dikes 
were originally built (or re-built) around the turn of the century without 
comprehensive engineering design standards or records. A significant 
data collection and monitoring program would be required to support 
on-going analysis of the likelihood of dike breaches. Some of th is 
information (e.g., accurate and detailed crest profile drawings) is 
considered critica l for the effective operation of any high-consequence 
dike system; obtaining this information is a priority for the City. The City 
of Richmond continues to collect and analyze dike performance data in 
coordination with regional diking authorities. 

The City has completed assessments of hydraulic (flood) loads and is 
currently looking into wave effects, seismic events, and performance 
characteristics of the City's dikes. 
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Combined Frequency Analysis . 
Earthquakes and floods can individually result in dike breaches through 
flowslide failures associated with earthquakes and overtopping, piping 
and other processes associated with floods . 

Earthquake and flood hazards can also interact to intensify dike breach 
hazards. 

While the potential for damage to the dike would be high, the 
likelihood of a major earthquake and a minor to major flood occurring 
at the exact same time is effectively zero. Consideration should 
therefore be placed in the scenario where seismic events damage the 
dikes and Richmond is exposed to an elevated flood risk until repairs 
are completed. 

Table 5 presents the probability that a flood occurs within 1 year of a 
major earthquake for a range of earthquake and flood intensities. This 
effectively represents the situation where an earthquake occurs and 
it takes 1 year to complete repairs to the dike system. For example, 
for any given year there would be a 1 in 24,750 chance or 0.004% 
probability of a 2,475-year return period earthquake and 1 0-year return 
period flood occurring within the same year. 

Table 5: Combined Probability of Earthquake and Flood 
Occurring in the Same Year 

Earthquake Return Flood Return Period (Years) 
1- - -- -- 1 - -- - -

Period (Years) I > 1 o · > 200 > soo 
' - : - -

::: 100 

:::475 

::: 2,475 

1:1,000 

1:4,750 

1 :24,750 

1:20,000 

1:95,000 

1:495,000 

1:50,000 

1:237,500 

1:1,237,500 

Site-specific geotechn ical seismic performance analysis and water level 
frequency analysis is required to assess this hazard. In general, the 
probability of this combination of events for various earthquake and 
flood event combinations can be determined using the following steps: 

1. Residual Crest Elevation 
Estimate the post-earthquake crest elevation of the dike (for a non
flowslide event). 

2. Minimum Overtopping Event 
Estimate the minimum return period water level event that would cause 
reduced freeboard such that overtopping is likely (e.g., 0.3m or less). 

3. Exposure Period 
Estimate a reasonable duration of time that would be required 
following the earthquake to repair the dike, including raising the crest 
to the pre-earthquake/design level. 

4 . Probabi lity 
Calculate the probability that the minimum return period overtopping 
water level occurs within the exposure period. 
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Contemplated Approach in Richmond 
Recognizing the unique situation in Richmond, an alternative approach 
and criteria have been developed as part of the strategy and current 
dike master planning activities. This represents some variance with the 
current BC Seismic Design Guidelines for Dikes. 

The purpose of this alternative approach is to harmonize the level 
of performance between seismic and non-seismic (i.e., overtopping, 
piping, etc.) dike failure modes. This will allow the City to more 
efficiently identify, prioritize, and address the areas of highest risk 
regardless of the governing failure process. 

The approach is conceptually simple, but requ ires confirmation of mult iple 
scenarios. Should flowslide failure be anticipated under the 475-year return 
period earthquake, additional mitigation measures should be implemented. 
The alternative approach calculates the post-earthquake dike elevation for 
t he specified area and identifies the flood return period which would result 
in unacceptable wave overtopping. Assuming a 1-year exposure period 
for dike repair (this value can be modified) the method then calculates the 
total overtopping risk by combining the probabilities for the earthquake 
and flood scenarios. This calculated probability is then compared with 
t he performance criterion (e.g., the adopted flood risk return period) to 
determine if seismic performance is acceptable. 

The most important aspect of seismic dike protection in the City is to 
identify potential flowslide areas, and to implement appropriate counter 
measures. As improvements in and around the dike are not likely to be 
effective in most flowslide situations, further investigation into large 
area land raising to mitigate flowslide failure may be warranted. 

Options for Minimizing the Potential for Flooding 
In addition to diking, there are a number of other approaches available 
to prevent and mitigate flooding. These include the following: 

Raise land levels 
The rationale for raising the level of the land is similar to that which 
led to the establishment of flood construction levels. It is an attempt 
to retroactively institute consistent flood construction levels related to 
design flood levels for all parts of Lulu Island, even those which are 
currently in the Floodplain Exemption Area. 

Flood Construction levels 
It is appropriate to periodically update the FCL's that are specified in the 
bylaw. This may be based on four considerations: 

• updated dike breach modelling in consideration of current sea level 
rise projections and estimated Fraser River flood level; 

• the extent to which land raising may be practically performed in 
various parts of the City in accordance with existing grade constraints; 

• the degree to which it is appropriate to require structural elevation 
of build ings (as opposed to landfill); and 

• specific direction for portions of buildings that may be below the FCL. 
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Further to the last bullet, further restriction of building use and/or 
configuration below the FCL cou ld be required where achieving the 
FCL by structural means is permitted. The need for further structura l, 
waterproofing and flood protection measures for building areas below 
the FCL (underground parking areas and basements) could also be 
considered. 

Flood Proofing 
Flood proofing is achieved by raising habitable space on fill, or on a 
crawlspace or carport or garage that can survive flooding. 

An alternative ca lled wet "flood proofing" allows habitable space 
below the FCL, but relies on the use of flood resistant building materials 
and construction methods to mitigate the flood impact. 

Management of Dike Corridor 
Under the Local Government Act, a municipality may designate 
Development Permit Areas in its Official Community Plan for one or 
more of the following purposes: protection of the natural environment; 
protection of development from hazardous conditions; protection of 
farming; revitalization of an area in which a commercial use is permitted; 
and establishment of objectives for the form and character of intensive 
residential , commercial, industrial and multi-family development. 

There may be merit in the City expanding the designation of 
development permit areas along the dike corridor, and developing 
additional guidelines to encourage land development to achieve the 
above-noted ideal scenario for the perimeter dike. 

Potential benefits may include: 

• bring the perimeter dike issue more broadly to the attention of the 
public and the development community; 

• giving the City additional tools to appropriately oversee/regulate all 
activit ies along the dike that may impact the dike; 

• consider options for raising land inside the dike in conjunction w ith 
land development (i.e. establish a superdike); and 

• promote the concept of widespread land raising inside the dike. 

Land Use and Environmental Considerations 
Growth 
Most of the residential, commercial and administrative nodes of the city 
are situated with in the 'floodplain exemption area' in West Richmond. 
Residential growth, as well as commercial expansion, has continued, 
but is confined largely to the western portions of the city (with the 
Hamilton area on the New Westminster boundary and Burkeville on Sea 
Island being notable exceptions). This additional development further 
emphasizes the need for continued monitoring and flood mitigation 
planning, since the added population and investment in the area has 
significantly increased the potential for damage from a flood event. 
Agricu lture predominates in the eastern portions of Lulu Island, w ith 
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extensive cranberry fields towards No. 8 Road and Nelson Road. This 
has been a growing sector over the past few years, and now over 
850 hectares of the agricultural crop land is devoted to cranberry 
production (the next largest crop is hay with about 430 hectares). 
Special drainage canals, ditches and dikes are required for the seasonal 
harvesting of cranberries. 

Land Use Changes 
Land use change has been dramatic since the initial adoption of the 
1989 flood management strategy. Notable is the expansion of the 
residential development in the City Centre and industrial and business 
park base. Major new activities include the development of the Port of 
Vancouver lands which extend along the south arm of the Fraser River 
at the southern ends of No. 7 Road, No. 8 Road and Nelson Road. 
Large warehousing and distribution centres characterize this area. The 
area has been developed on an extensive volume of fill sand taken from 
the dredging operations conducted by the Port of Vancouver. This fill 
creates a substantial area of high elevation topography in Richmond 
with a land surface situated above even the worst case extreme flood 
levels. The Port of Vancouver (Richmond lands) will ultimately provide 
for about 1,000 hectares of industrial use in this location, and the 
elevation of the land here functions as a significant flood barrier. 

Environment 
The City considers the environment to be of significant importance and 
has successfully protected several natural areas such as foreshore areas, 
the Richmond Nature Park, the Northeast Bog Forest and the Terra 
Nova Natural Area. In 1991, the City amended its Official Community 
Plan to include an inventory of environmentally sensitive areas such as 
bogs, estuaries, and sloughs as valuable natural habitats. In 2005, parks 
and protected areas accounted for 9.7% (1248ha) of the municipality's 
land base. 

The City's Integrated Rainwater Resource Management Strategy (2018), 
2022 Parks and Open Space Strategy (2013), Ecological Network 
Management Strategy (2015), Waterfront Strategy (2009), and Trail 
Strategy (201 0) are all considered as a part of Richmond's Flood 
Protection Management Strategy. 

CNCL - 746 



City of Richmond 

Appendix 2: Flood Protection Program Timeline 

43 

CNCL - 747 



C
IT

Y
 O

F 
R

IC
H

M
O

N
D

 F
L

O
O

D
 P

R
O

T
E

C
T

IO
N

 M
A

N
A

G
E

M
E

N
T

 S
TR

A
TE

G
Y

 

(~
) 

Fl
o

o
d

 P
ro

te
c
ti

o
n

 B
y

la
w

 A
m

e
n

d
m

e
n

ts
 

Pe
ac

e 
A

rc
h 

D
ra

in
ag

e 
P

um
p 

S
ta

tio
n 

re
bu

ild
 is

 c
om

pl
et

ed
 

20
02

 
A

 m
u

lt
iy

e
a

r 
pr

oj
ec

t 
be

gi
ns

 t
o 

hy
dr

au
iK

al
ly

m
od

el
 

W
es

t 
R

ic
hm

on
d'

s 
dr

ai
na

ge
 s

ys
te

m
 

an
dp

ri
or

it
is

es
y5

te
m

 
im

pm
ve

m
Em

ts
 

G
ilb

er
t 

R
oa

d 
N

or
th

 
D

ra
in

ag
e 

P
um

p 
S

ta
tio

n 
re

ha
b 

is 
co

m
pl

et
ed

 

N
ov

em
be

r 
20

03
 

Th
e 

D
ra

in
ag

e 
P

um
p 

S
ta

tio
n 

C
on

di
tio

n 
A

ss
es

sm
en

t i
s 

co
m

pl
et

ed
 

N
o 

1 
R

oa
d 

S
ou

th
 

D
ra

in
ag

e 
P

um
p 

S
ta

tio
n 

re
bu

ild
 is

 
co

m
pl

et
ed

 

I 
c~,~

-~L-
----

FI_o
_o_d

_P_r
_o_te_

c_t_i
o_n_

M __ a_
st_e

_r_P
_Ia_

n_n_
i_ng

----
----

~ 

O
ct

o
b

e
r 

2
0

0
5

 

Th
e 

Ts
un

am
i H

az
ar

d 
a

tt
h

e
F

ra
se

rR
iv

e
r 

D
el

ta
 S

tu
dy

 is
 

co
m

pl
et

ed
. 

N
o 

ts
un

am
iw

as
fo

on
d 

to
 im

pK
C

 R
ic

hm
on

d 
in

 t
he

l.
ls

t 
40

00
ye

cu
s 

(s
in

ce
 g

eo
lo

gi
ca

l 
re

co
rd

s 
be

ga
n)

 

C
ou

nc
il 

ad
op

t 
Ea

st
 R

ic
hm

on
d 

A
gr

ic
ul

tu
ra

l W
at

er
 

S
up

pl
y 

S
tu

dy
 2

00
6 

D
ra

in
ag

e 
P

um
p 

St
at

io
n 

re
ha

b 
is 

co
m

pl
et

e 

Th
e 

20
08

-2
03

1 
Fl

oo
d 

Pr
ot

ec
tio

n 
M

an
ag

em
en

t 
St

at
eg

y 
re

pl
ac

es
 th

e 
20

06
 S

tra
te

gy
 

R
ic

hm
on

d 
O

ly
m

pi
c 

O
va

l s
up

er
di

ke
 

co
ns

tr
uc

tio
n 

M
u

n
ic

ip
a

l 
F

lo
o

d
 P

ro
te

ct
io

n
 C

o
n

st
ru

ct
io

n
 

Th
e 

M
id

 Is
la

nd
 D

ik
e 

St
ud

y 
co

nc
lu

de
s 

th
at

it
is

m
or

ec
os

t 
ef

fe
ct

iv
e 

to
 u

pg
ra

de
 

Lu
lu

 Is
la

nd
's 

pe
rim

et
er

 d
ik

e 
th

an
 t

o 
bu

ild
 a

 m
id

 
isl

an
d 

di
ke

 

C
am

bi
e 

R
oa

d 
W

es
t 

D
ra

in
ag

e 
P

um
p 

S
ta

tio
n 

re
bu

ild
 is

 
co

m
pl

et
e 

20
11

 
D
r
a
m
<
~
g
e
M
o
d
e

ll
in

g 

is 
up

da
te

d 
to

 
su

pp
or

t 
B

yl
aw

 9
00

0,
 

Th
eZ

04
1 

O
lli

c•
al

 
C

om
m

un
ity

 P
la

n 

(A
) 

C
oo

nc
il 

ad
op

t D
ik

e 
M

as
te

r P
la

n-
P

ha
se

 1
 

R
ep

or
t t

ha
t 

tn
cl

ud
es

 
en

do
rs

em
en

t o
f 

St
ev

es
to

n 
Is

la
nd

 a
s 

th
e 

pr
ef

er
re

d 
lo

ng
 

te
rm

 d
ik

e 
so

lu
tio

n 
in

 
S

te
ve

st
on

 

D
e

v
e

lo
p

m
e

n
t 

D
ik

e
 C

o
n

st
ru

ct
io

n
 

O
nn

i {
S

te
ve

st
on

) 
M

lm
pe

ria
lla

nd
in

g"
 

su
pe

rd
ke

cC
li1

Sl
n.

.lc
tD

'i 

O
ct

o
b

e
r 

20
13

 
C

ou
nc

il 
ad

op
t 

A
ge

in
g 

In
fra

st
ru

ct
ur

e 
P

la
nn

in
g-

20
13

 
U

pd
at

e 
R

ep
or

t 

N
o.

 1
 R

oa
d 

N
or

th
· 

D
ra

in
ag

e 
P

um
p 

S
ta

tio
n 

re
bu

ild
 

co
m

pl
et

e 

Ju
ly

2
01

5 

B
at

h 
S

lo
ug

h 
D

ra
in

ag
e 

P
um

p 
S

ta
tio

n 
re

bu
ild

 is
 

co
m

pl
et

e 

~
mo

nd
 

CNCL - 748 



C
IT

Y
 O

F 
R

IC
H

M
O

N
D

 F
L

O
O

D
 P

R
O

T
E

C
T

IO
N

 M
A

N
A

G
E

M
E

N
T

 S
T

R
A

T
E

G
Y

 

(E
J) 

F
lo

o
d

 P
ro

te
ct

io
n

 B
yl

a
w

 A
m

e
n

d
m

e
n

ts
 

20
15

 
W

oo
dw

ar
d 

Sl
o

ug
h 

D
ra

in
ag

e 
Pu

m
p 

St
at

io
n 

re
ha

b 
is

 
co

m
pl

et
e 

20
16

 
A

sp
ac

 (
w

es
t 

of
 

O
va

l) 
su

pe
rd

ik
e 

co
ns

tr
uc

tio
n 

20
17

 

20
17

 
C

ity
re

ce
iv

es
N

D
M

P
 

g
ra

n
t 

fu
n

d
in

g
 

to
 c

om
pl

et
e 

Fl
oo

d 
M

iti
ga

tio
n 

S
tr

at
eg

y 
U

pd
at

e 
in

 t
h

e 
a

m
o

u
n

t 
of

 S
SO

O,
OO

O 
($

25
0,

00
0 

F
ed

er
al

, 
$2

50
,0

00
 P

ro
vi

nc
ia

l) 
w

hi
ch

 in
cl

ud
es

 D
ik

e 
M

as
te

rP
la

n 
Ph

as
e 

3,
 F

lo
od

 P
ro

te
d

io
n

 

20
17

 
O

ris
 ~
K
a
w
a
k

i"
 

C
ity

 r
ec

ei
ve

s 
N

D
M

P
 

su
pe

r d
ik

e 
gr

an
t 

fu
nd

in
g 

to
 

co
ns

tru
ct

io
n 

co
m

pl
et

eS
te

ve
st

on
 

Is
la

nd
 F

lo
od

 
M

iti
ga

tio
n 

P
la

nn
in

g 
in

 t
he

 a
m

ou
nt

 
o

f 
$1

,2
15

,0
00

 
( F

ed
er

al
 $

81
0,

00
0,

 
Pr

o
vi

nc
ia

l $
40

5
,0

00
, 

C
ity

 o
f 

Ri
ch

m
o

nd
 

Ju
ly

 2
0

17
 

$4
05

,0
00

) 
C

ou
nc

il 
a

d
o

p
t 

A
ge

in
g 

U
til

ity
 a

nd
 

R
o

o
d

ln
fr

a
s\

lu
ct

u
re

 
P

la
nn

in
g

-
20

17
 

U
p

d
a

le
re

p
o

t\
 

I 
(e

) 

20
17

 
M

itc
he

ll 
Is

la
nd

 
de

ve
lo

pm
en

t 
su

pe
rd

ik
e 

co
ns

tru
ct

io
n 

F
lo

od
 P

ro
te

ct
io

n
 M

a
st

e
r 

P
la

n
n

in
g

 

20
18

 
B

rit
an

ni
a 

Fl
oo

d 
P

ro
te

ct
io

n 
Im

pr
ov

em
en

ts
 is

 
co

m
pl

et
e 

A
p

ri
l2

0
1

8
 

C
ou

nc
il 

ad
o

p
t 

th
e

 In
te

gr
at

ed
 

R
ai

nw
at

er
 R

es
ou

rc
e 

M
an

ag
em

en
t 

S
\la

te
gy

 

20
18

 
N

o.
 2

 R
oa

d 
N

or
th

 

20
18

 
O

ris
"P

ar
cR

iv
ie

ra
 

Ph
as

e2
H

 s
up

er
di

ke
 

co
ns

tr
uc

tio
n 

M
ar

ch
 2

0
19

 
C

ou
nc

il 
ad

o
p

t D
ik

e 
M

as
te

r
Pl

an
 P

ha
se

s 
3

&
5

 

M
ar

ch
 2

0
19

 
D

ra
in

ag
e 

P
um

p 
S

ta
tio

n 
C

on
d

it
io

n
 

A
ss

es
sm

en
t 

is
 

co
m

pl
et

ed
 

M
u

n
ic

ip
a

l 
F

lo
od

 P
ro

te
ct

io
n

 C
o

n
st

ru
ct

io
n

 
(~
 

D
e

ve
lo

p
m

e
n

t 
D

ik
e 

C
o

n
st

ru
ct

io
n

 

FU
TU

R
E

 
PR

O
JE

C
TS

 

A
p

ri
l2

0
1

9
 

C
ity

re
<e

iv
es

 S
13

.8
 

m
ill

io
n

 g
ra

n
t 

fr
om

 t
he

 D
is

as
te

r 
M

iti
ga

tio
n 

an
d 

A
d

ap
ta

tio
n 

Fu
nd

 
fo

r 
flo

od
 p

ro
te

ct
io

n 
an

d 
in

fr
as

tru
ct

u
re

 
up

gr
ad

es
 

..
. 

. ·
··

. 

·········~
·· 

...
 

.. .
 

... 

•e
···· 

········
·~

···· 
·······~

···· 
... 
~

i 
···
~

··· 
20

19
 

20
19

 
St

e
ve

st
on

 H
ig

hw
a

y 
W

in
te

r 
20

19
 

W
in

te
r 

20
20

 
W

in
te

r 
20

20
 

S
pr

in
g 

20
21

 

Fl
oo

d 
P

ro
te

ct
io

n 
-

N
o.

3 
Ro

ad
 

H
or

se
sh

oe
 S

lo
ug

h 
Sh

el
l R

oa
d 

N
o

rth
 

N
o

.3
 R

o
ad

 t
o

 
N

o.
 2

 R
oa

d 
So

ut
h 

M
an

ag
em

en
t 

D
ra

in
ag

e 
Pu

m
p 

D
ra

in
ag

e 
Pu

m
p 

D
ra

in
ag

e 
P

um
p 

Fi
nn

 S
lo

ug
h 

D
ik

e 
D

ra
in

ag
e 

Pu
m

p 
St

ra
te

gy
20

19
 

St
at

io
n 

U
pg

ra
de

 
St

at
io

n 
S

ta
ti

on
 

Up
gr

ad
e 

S
ta

tio
n 

-~·
···

y··
··b

···
·-Q

 ....
 J,. 

.. ·
-Q

····
·6

····
·9

····
·b

·· 
··9

· .
.. 6

 ...
. 

...
 

...
 

<0
• 

·······
·.~

· 
<
~
 

···
~

··· 
H

O
 
~

i 

20
19

 
W

in
te

r 
20

19
 

W
in

te
r 

20
19

 
W

in
te

r 
20

2
0 

W
in

te
r 

20
20

 

D
ik

e 
M

as
te

r
Pl

an
 

G
ilb

er
t 

to
 N

o.
3 

Bu
rk

ev
ille

 D
ra

in
a

g
e 

N
o.

 7
 R

oa
d 

S
ou

th
 

N
o

. 9
 R

oa
d 

So
ut

h 
P

ha
se

4 
R

oa
d 

D
ik

e 
U

pg
ra

de
 

U
pg

ra
d

es
 P

ha
se

 1
 

D
r a

in
ag

e 
P

um
p 

D
ik

e 
U

pg
ra

d
e 

S
ta

tio
n 

~
mo

nd
 

CNCL - 749 



Flood Protection Management Strategy 2019 

44 

CNCL - 750 



City of Richmond 

Appendix 3: References 
APEGBC (The Association of Professional Engineers and Geoscientists of British Columbia), 2012. Professional Practice 
Guidelines-Legislated Flood Assessments in a Changing Climate in BC. 144pp. 

Arlington Group (The Arl ington Group Planning + Architecture Inc.), EBA Engineering Consultants Inc., DE Jardine 
Consulting, and Sustainabi lity Solutions Group. 2013. Sea Level Rise Adaptation Primer, a Toolkit to Build Adaptive 
Capacity on Canada's South Coasts. Prepared for British Columbia Ministry of Environment. 

Ausenco San dwell, 2011 a. Climate Change Adaption Guidelines for Sea Dikes and Coastal Flood Hazard Land Use. Sea 
Dike Guidelines. Prepared for BC Ministry of Envi ronment. 

Ausenco Sandwell, 2011 b. Climate Change Adaption Guidelines for Sea Dikes and Coastal Flood Hazard Land Use. 
Guidelines for Management of Coastal Flood Hazard Land Use. Prepared for BC Ministry of Environment. 

Ausenco Sandwell, 2011 c. Climate Change Adaption Guidelines for Sea Dikes and Coastal Flood Hazard Land Use. Draft 
Policy Discussion Paper. Prepared for BC Ministry of Environment. 

BC M ELP (BC Ministry of Environment, Lands and Parks) & FOC (Fisheries and Oceans Canada). 1999. Environmental 
Guidelines for Vegetation Management on Flood Protection Works to Protect Public Safety and the Environment. 

BC MWLAP (Province of British Columbia. Ministry of Water, Land and Air Protection), 2004. Flood Hazard Area Land Use 
Management Guidelines. 

BC MFLNRORD (BC Ministry of Forests, Lands and Natural Resource Operations), 2014. Simulating the Effects of Sea Level 
Rise and Climate Change on Fraser River Flood Scenarios- Final Report. 

BC MFLNRORD (BC Ministry of Forests, Lands, Natural Resource Operations and Rural Development), 2018. Amendment. 
Section 3.5 and 3.6- Flood Hazard Area Land Use Management Guidelines. 

City of Richmond, 1989. 7989 Floodplain Management Implementation Strategy, Policy 7000. 

City of Richmond, 2002. City Wide Flood Protection and Management Strategy- Report to Council. 

City of Richmond, 2007a. Flood Response Operational Plan. Seasonal Freshet Preparedness- May 7'1-July 30th 2007 April 
2007, Version 1. 

City of Richmond, 2007b. City of Richmond Evacuation Plan. 

City of Richmond, 2008a. 2008-2037 Flood Protection Strategy. 

City of Richmond, 2008b. Floodplain Designation and Protection Bylaw No. 8204. 

City of Richmond, 2009. City of Richmond Official Community Plan- Steveston Area Plan Bylaw 7100 Schedu le 2.4. 

City of Richmond, 2010. 2070 Flood Management Plan. Emergency Preparedness. 2010 Flood Response Plan . 

City of Richmond, 2012. City of Richmond Official Community Plan- Schedule 1 of Bylaw 9000. 2041 OCP- Moving 
Towards Sustainability. 

City of Richmond, 2014. Fraser River Dredging and Environmental Consideration for Steveston Harbour and Sturgeon Bank 
- Report to Council. 

City of Richmond, 2016a. Paris Climate Agreement and BC Climate Leadership Plan Update- Report to Council. 

City of Richmond, 2016b. City of Richmond Emergency Management Plan. V 1.1. 

45 

CNCL - 751 



Flood Protection Management Strategy 2019 

City of Richmond, 2017b. Aging Utility and Road Infrastructure Planning- 2017 Update- Report to Council. 

Clague J.J, Hutchinson I and Lesemann J-E, 2005. Tsunami Hazard to Richmond and Delta, British Columbia, Canada. 

Defra and EA, 2007. Def ra (United Kingdom Department for Environment, Food and Rural Affairs) and EA (Environment 
Agency). 2007. Performance and Reliability of Flood and Coastal Defences. R&D Technical Report FD 2318/TR1. August 
2007. 

Delcan, 2009. City of Richmond Mid-Island Dike Scoping Study (EB3673). Prepared for the City of Richmond. 

Delcan, 2009. Prioritization Framework for City of Richmond Perimeter Ring Dike Improvement Projects. Prepared for the 
City of Richmond. 

Delcan, 2012. Cost of Adaptation- Sea Dikes & Alternatives Strategies- Final Report. Prepared for Ministry of Forests, 
Lands and Natural Resource Operations. 

Delcan, 2013. Lulu Island Dike Master Plan Phase 1 - Dike Master Plan Report. Prepared for the City of Richmond . 

Delcan, 2016. Lulu Island Dike Master Plan Phase 2- Draf t Report. Prepared for the City of Richmond. 

District of North Vancouver, 2009. Natural Hazards Risk Tolerance Criteria. Access via: dnv.org/programs-and-services/risk
tolerance 

District of Squamish, 2018. Squamish 2040 Official Community Plan Bylaw 2500, 2017 Schedule A. Part 11 (Natural 
Hazards). Access via: squamish .civicweb.net /fi lepro/documents/157445?preview=162065 

Fraser River Estuary Management Program, updated 2003. A Living Working River: The Estuary Management Plan for the 
Fraser River. 

FREMP (Fraser River Estuary Management Program), 2007. Fraser River Estuary Management Program Sediment Budget & 
Dredging Activities Annual Report. For the Fiscal Year April 1, 2006 to March 31, 2007. 

Golder (Golder Associates Ltd .) & Associated Engineering (Associated Engineering (BC) Ltd .). 2011 . BC Dike Design and 
Construction Guide- Best Management Practices for British Columbia. Originally published 2003, amended 2011 . Prepared 
for Ministry of Water, Land and Air Protection. 

Golder (Golder Associates Ltd.), 2014. BC Seismic Design Guidelines for Dikes, 2nd Edition. Prepared for Ministry of 
Forests, Lands and Natural Resource Operations- Flood Safety Section. June 2014. 89pp. 

Hay and Company, 1989. Technical Report Floodplain Management Study. Report Prepared for the Township of Richmond. 
November 1989. 

IPCC, 2018 . Global Warming of 1.5°C. An IPCC Special Report on the impacts of global w arming of 1.5°C above pre
industrial levels and related global greenhouse gas emission pathw ays, in the context of strengthening the global response 
to the threat of climate change,Geneva, Switzerland World Meteorological Organization. 

Islam, S. U., Dery, S. J., and Werner, A . T., 2017: Future climate change impacts on snow and water resources of the Fraser 
River Basin, British Columbia, Journal of Hydrometeorology, 18(2), 473-496, doi: 1 0.1175/JHM-D-16-0012.1. 

KWL (Kerr Wood Leidal Associates Ltd.), 2011 . Coastal Floodplain Mapping- Guidelines and Specifications. Prepared for 
the Ministry of Forests, Lands and Natural Resource Operations. KWL fi le no. 2785 .001. 

KWL (Kerr Wood Leidal Associates Ltd.), 2015. Lower Mainland Flood Management Strategy Project 1: Analysis of Flood 
Scenarios- Final Report. Prepared for the Fraser Basin Council. KWL file no. 2038 .008. 

KWL (Kerr Wood Leidal Associates Ltd.), 2019. Flood Protection Management Strategy Update- Fina l Report. Prepared for 
the City of Richmond. KWL file no. 651.128-300. 

46 

CNCL - 752 



City of Richmond 

Metro Vancouver, 2016. Climate Projections for Metro Vancouver. 

Ministry of Environment, Lands, and Parks & Department of Fisheries and Oceans Canada, Province of BC, 1999. 
Environmental Guidelines for Vegetation Management on Flood Protection Works to Protect Public Safety and the 
Environment. 

Ministry of Environment, Lands and Parks, Province of BC, 1996. Sturgeon Bank Wildlife Management Area
Management Plan. 

NHC (Northwest Hydraulic Consultants Ltd.), 2006. Lower Fraser River Hydraulic Model- Final Report. Prepared for Fraser 
Basin Council. 

NHC (Northwest Hydraulic Consultants Ltd.), 2008. Fraser River Hydraulic Model Update- Final Report. Prepared for BC 
Ministry of Environment. 

NHC and Thurber (Northwest Hydraulic Consultants Ltd. and Thurber Engineering), 2015. Lower Mainland Dike 
Assessment. Prepared for BC Ministry of Forests, Lands and Natural Resource Operations. 

NHC (Northwest Hydraulic Consultants Ltd.), 2016. Lower Mainland Flood Management Strategy Project 2: Regional 
Assessment of Flood Vulnerability- Final Report. Prepared for the Fraser Basin Council. 

Pacific Climate Impacts Consortium (PCIC), 2015. Simulating the Effects of Climate Change on Fraser River Flood Scenarios 
-Phase 2. Prepared for Ministry of Forests, Lands and Natural Resource Operations. 

Rabinovich, A.B, Thomson R.E, Bornhold, B.D, Fine, I.V, and Kulikov E.A, 2003. Numerical Modelling of Tsunamis 
Generated by Hypothetical Landslides in the Strait of Georgia, British Columbia. Pure and Applied Geophysics, 60, 1273-
1313, doi: 10.10007/s000240300006. 

Richmond (City of Richmond), 2015. Ecological Network Management Strategy. 

Richmond (City of Richmond), 2016. Integrated Rainwater Resource Management Strategy. 

Safecoast, 2008, Coastal Flood Risk and Trends for the Future in the North Sea Region, synthesis report. Safecoast project 
team. The Hague, pp. 136. 

Shrestha R.R; Cannon, A.J; Schnorbus, M.A and Zwiers F.W, 2017. Projecting future nonstationary extreme streamflow 
for the Fraser River, Canada, Climatic Change, Springer, vol. 145(3), pages 289-303, December. doi: 10.1007/s10584-017-
2098-6. 

UMA (UMA Engineering), 2003a. Richmond Flood Protection and Management Strategy. Technical Memorandum No.1. 
Prepared for the City of Richmond. 

UMA (UMA Engineering), 2003b. Richmond Flood Protection and Management Strategy Technical Memorandum No.2. 
Prepared for the City of Richmond. 

UMA (UMA Engineering), 2004a. Richmond Flood Protection and Management Strategy- Cost Benefit Analysis of 
Alternative Dyke Routes. Prepared for the City of Richmond. 

UMA (UMA Engineering), 2004b. Elements for a Flood Management Strategy Draft. Prepared for the City of Richmond. 

UMA (UMA Engineering), 2006. 2006-2031 Flood Protection Management Strategy. Prepared for the City of Richmond. 

Van Alphen, 2016. The Delta Programme and Updated Flood Risk Management Policies in the Netherlands. Journal of 
Flood Risk Management 9 (2016): 310-319. 

Willians, H.F.L and Roberts, M.C, 1989. Holocene sea-level change and delta growth: Fraser River delta, British Columbia. 
Can. J. Earth Sci., 26: 1657-1666. 

47 

CNCL - 753 



City of Richmond 
6911 No.3 Road, Richmond, BC V6Y 2C1 
Telephone: 604-276-4000 
www.richmond.ca 

CNCL - 754 




