
River Flood Hazards & Mitigation Concepts
Council Update #7

Integrated Flood Hazard Management Plan

February 16, 2016



Agenda

• Background
• Guiding Principles
• Risk & Mitigation
• Public Engagement
• Online Survey
• Stawamus Floodplain
• Cheakamus Floodplain
• Squamish/Mamquam Floodplain
• Discussion



Integrated Flood Hazard Management Plan

Phase 1 

• Background/Gap Analysis

• Complete

Phase 2

• Coastal Flood Mitigation Strategy

• Complete

Phase 3

• River Flood Mitigation Strategy

• In progress

Phase 4

• Integrated Flood Hazard Management Plan

• Up next



• Reduce flood risk
• Identify development

opportunities
• Make sustainable decisions
• Design achievable solutions

Guiding Principles
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Accept
• Residual Risk



Risk Mitigation
Reduce Probability Reduce Consequence

Driving
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Risk Mitigation
Reduce Probability Reduce Consequence

Driving Drive speed limit
Stay sober
Avoid bad conditions
Good tires
Anti-lock breaks
Traction control

Wear seatbelt
Air bags
Booster seats
Infant Rear Facing Car Seat
Crumple zones

Flooding Increase dike height
Address dike deficiencies
Dike Inspections
Seismic assessment
Toe Berm
Erosion protection

Avoid development in high risk 
areas
Establish FCLs
Direct growth to low risk areas
Preserve floodplain conveyance
Develop Emergency Response Plan



Public Engagement



Public Engagement
Month Activities

Nov 2015 Workshops
• Squamish Nation 
• Highly Affected Stakeholder
• Residents/Stakeholders

Online Survey

Dec 2015 Project Team Workshop

Feb 2016 Residents/Stakeholders Workshop
Technical Working Group Meeting
Council Presentation (Today)
Public Open House

March 2016 Squamish Nation Presentation
Online Survey

April 2016 Council Presentation
Technical Working Group Meeting



Online Survey

• 117 responses

• Support for mitigation strategies:
– Protect (Dikes) 89%
– Accommodate (FCL) 83%
– Avoid (Developing  High Risk) 82%
– Retreat (Relocated Development) 33%

• Utilize all practical approaches 90%
• Do not rely on a single approach 92%
• Avoid/discourage intensive 

development in high risk areas 82%
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Stawamus Floodplain

Mamquam
Forest Service 
Road

End of dike

Highway/CN constrictions



Stawamus Floodplain Planning Areas

Avoid raising 
roads

Maintain 
setbacks/avoid 
filling floodways

Stawamus Mitigation

Maintain dike

Raise new development 
above flood level

#1 - Protect

#2 - Accommodate



Stawamus Mitigation

#1 - Avoid

#2 - Retreat

#3 - Protect

#4 - Accommodate
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Cheakamus Floodplain

Bailey Bridge

Rural Residential 
Areas

Sunwolf, Cheekeye
Ranch & other 
development

Campground

Cheakamus Centre

Squamish Nation 
communities



Cheakamus Mitigation
1) Avoid densification through 
rezoning

– Avoid development in floodway

2) Accommodate hazards
– Setbacks, raise buildings above 1:200 

flood level

3) No new diking
– Don’t accept new dikes to protect new 

development
– Protect transportation

4) Work with Squamish Nation on dike 
proposal



Agenda

• Background
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• Risk & Mitigation
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• Squamish/Mamquam Floodplain
• Discussion



Squamish/Mamquam Floodplain

Modeling Overview

Inputs:
• 1:200 year river flows
• Topographic data
• Dike breach locations
• Year 2100 development 

conditions

Outputs:
• “Composite” Floodplain 

mapping



Upper Floodplain Results (Extents, Depth)

Judd Slough

Dryden Creek

Harris Slough



Upper Floodplain Results (Depth, Hazard Rating)



Lower Floodplain Results (Extents, Depth)



Social/Environmental Consequences

• Community Impacts

– Social

• Public safety

• People displaced

• Emergency response

• Core services impacted

• Infrastructure damage

• Employment disruption

– Environmental



Economic Consequences

• Upper Floodplain:
• $190 million (mostly 

residential) 

• 7,000 displaced

• Lower Floodplain:
• $257 million (half 

residential) 

• 3,400 displaced

• Building damage and 
inventory only 
lower bound estimate

High River, AB 2013



Squamish / Mamquam Mitigation



Improve Protection
• Correct all known deficiencies (ongoing)

– Dike too low  Raise dike to 1:200yr

– Lack of land tenure  Acquire SROWs

– No access  Ensure adequate access

– Oversteepened slopes  Flatten slopes

– Too narrow Widen

– Poor quality/missing erosion protection  Fix

– Etc, etc, etc

Challenge Areas: Judd Slough/Eagle Viewing Area

Reduced probability= Reduced Risk



Squamish River Super Dike
• Long term: Adopt higher level of protection

– Implement: Opportunistic/planning

• Higher, wider, stronger than provincial standard



“Super Dike” Benefit-Cost Analysis

• Cost for “super dike” upgrades: ±$40M

• B-C analysis results:

• Stakeholder consultation indicates support



Accommodate Flood Hazards

• Implement new Flood Construction Levels 
(FCL)

– Process for granting variances in hardship

• Establish building requirements

• Establish/preserve floodways



Squamish / Mamquam Floodplain Planning AreasEstablish/Preserve Floodways

Restrict Development

Regulate Development



Variance Process

Applicant proves 
hardship

Use all 
reasonable 

measures to 
mitigate risk

QP certifies ‘safe 
for intended 

use’



FCL Exemption for Downtown Area 
• Continue exemption for 

ground-level businesses

• All other variance 
requirements apply

• Mitigation measures

– Diking upgrades

– Emergency response

– Flood insurance



Calgary, 2013



Calgary, 2013



Canmore, 2013



High River, 2013



Floodways



Bill 27 and Floodway Development 
Regulations



Upper Floodplain

Lower Floodplain



Upper Floodplain

Lower Floodplain



Downtown



Garibaldi Springs 
Golf Course





OCP Amendment

OCP Amendment
Rezoning

Subdivision

Rezoning
Subdivision



`Encourage 
Growth in 
Safer Areas



Joso, Japan 2015



Squamish 2003



IFHMP Next Steps

• Complete engagement process

• Finalize plan

• Council endorsement of mitigation plan

• Prepare final IFHMP 

– Draft floodplain bylaw

– Further consultation

• Finalize IFHMP, 1st Reading draft bylaw

• Incorporate into OCP

Now

Aug 
2016



Guiding Principles

• Reduce flood risk
• Identify development  opportunities
• Make sustainable decisions
• Design achievable solutions 



Questions/Discussion


