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Executive Summary 

The City of Surrey is in the process 
of developing a comprehensive 
strategy to address coastal flooding 
risks in the Mud Bay area. The area 
has the potential to be affected by 
coastal flooding (king tides and storm 
surge), as well as riverine flooding 
from the Serpentine and Nicomekl 
Rivers. The risk of flooding by either 
mechanism is anticipated to greatly increase with climate change and sea level rise. 
 
In support of Phase 1 of the Coastal Flood Adaptation Strategy (CFAS) process, the City engaged 
Associated Engineering (AE) to plan and deliver a workshop targeted at infrastructure owners and 
emergency service providers. This workshop was held on March 28, 2017, and was attended by 66 
participants representing 28 organizations.  
 
The workshop used the Engineers Canada 

Public Infrastructure Engineering Vulnerability 

Committee (PIEVC) High Level Screening Tool 
to assess the infrastructure in the Mud bay study 
area.  The use of the procedure allows for a 
systematic process of assessing flood vulnerability 
of the various infrastructure types affected by 
flooding in the lowlands. The procedure was 
selected to capture the various infrastructure 
owners’ wealth of information, including system 
knowledge and risk management expertise.  
 
The workshop focused on identifying 
vulnerabilities to, and interactions between, transportation infrastructure (rail, roads, trails, and runways), 
utilities (power, gas, sanitary sewers and lift stations), and flood control / marine infrastructure (marinas, 
private docks, drainage pump stations, sea dams, and dykes) and assessing the consequences of the 
impacts from flooding. 
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The flooding scenarios used in the risk assessment are based on the outcome of several floodplain studies 
developed in the CFAS project. The workshop focused on the following two scenarios: 
 
 Scenario A: Coastal dyke breach causing progressive inundation of the coastal floodplain by the 

ocean. 
 Scenario B: 200-year return period riverine flooding, with releases to Mud Bay via the sea dams 

restricted by tidal cycles. 
 
Both scenarios were assessed under both present-day and year 2100 time horizons. Climate change is 
affecting both the intensity and frequency of storms and flood events, causing today’s extreme floods to 
become more frequent in the future. Sea level rise will restrict the amount of time the sea dams and 
floodboxes can drain. The land in Mud Bay is also subsiding, which will exacerbate the effects of sea level 
rise. 
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Risk Assessment Summary  

 
Using the PIEVC process, risk scores were developed for each interaction between infrastructure 
component and flood scenario. To determine the risk score (R) for each interaction, a probability score (P) 
was established for each flood scenario and the participants selected a consequence score (C) for each 
interaction between flood scenarios and infrastructure.  
 
The resulting risk R = P x C, is the product of the probability score (P) and the consequence score (C). 
 
 R = >10      Risk requiring minimal action 

 
 R = 10 – 19      Risks that may require future action 

 
 R = 20 – 25    Risks that require action 
 
 
Flood Scenario A – Coastal Flood with Dyke Breach 

 40 assets assessed per scenario 
 Current risks are mostly low and medium 
 Future risks increase to medium and high 
 

 Number of Assets in Each Category 
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Total: Scenario A Future 

Low Risk 9 3 5 17 3 0 0 3 

Medium Risk 7 9 5 21 2 7 6 15 

High Risk 0 0 2 2 11 5 6 22 

 

Medium Risk  

High Risk 

Low Risk 
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Flood Scenario B – Riverine Flood 

 40 assets assessed per scenario 
 All assets are currently at low risk 
 The number of assets subject to medium risk increases to 23 (>50% of the number of assets 

assessed), while 7 assets (~20%) are at high risk. 
 

 Number of Assets in Each Category 

Flood Scenario B Current Flood Scenario B Future 
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Total: Scenario B Future 

Low Risk 16 12 12 40 5 3 2 10 

Medium Risk 0 0 0 0 9 6 8 23 

High Risk 0 0 0 0 2 3 2 7 
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A summary of flood risk for the infrastructure is listed below.  
 

Infrastructure 

Flood Scenario 

A 
Current 

A 
Future 

B 
Current 

B 
Future 
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Runway     

Surrey/King George Airpark Turn Runway 4 5 3 5 

Regional / International Transportation 
Infrastructure     

4 km of four-lane arterial roadway 12 25 3 10 

7 km section of Highway 99 linking Peace Arch 
Border 16 25 3 10 

Highway 91 and 99 Interchange 12 20 3 10 

4 km section of Highway 91 8 20 3 10 

6 km dyke trail connecting to parks 4 5 3 10 

Delta-Surrey Greenway 4 5 3 10 

Local Government Arterial and Collector Roads     

King George Boulevard (City of Surrey) 12 25 3 10 

152nd Street (City of Surrey) 4 20 3 5 

112 Street (City of Surrey) 8 15 6 15 

Colebrook Road (City of Surrey) 8 15 6 15 

Ladner Trunk Road (Corporation of Delta) 12 20 9 20 

Class 1 Railways Originating at Port Metro 
Vancouver     

Burlington Northern Santa Fe (BNSF) Nicomekl 
Swing Bridge and Trestles 16 20   

6 km of BNSF Railway (Freight frequencies ~ 20 
trains daily and up to 4 daily Amtrak Cascades 
trains) 

16 25   

Roberts Bank Railway Corridor (BC Railway Co. 
ownership with usage by CN, CP and BNSF) ~ 18 
trains daily 

8 20   

Connection to Southern Railway of British 
Columbia 4 20 9 20 
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Infrastructure 
Flood Scenario 

A 
Current 

A 
Future 

B 
Current 

B 
Future 

U
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Sanitary Lift Stations     

City of Surrey:  Elgin 12 15   

City of Surrey:  South Port 16 20   

City of Surrey:  Winter Crescent 12 15   

City of Surrey:  Stewart Farm 16 20 6 20 

Metro Vancouver:  Crescent Beach 16 20   

Underground Infrastructure      

5 km of Metro Vancouver 750 mm diameter Water 
Transmission Main  16 20 6 10 

10 km of Metro Vancouver Sanitary Sewer 
Forcemains (500 mm to 1050 mm diameter) 12 15 6 10 

>10 km of FortisBC Gas Mains  8 10 9 15 

Overhead Utility Infrastructure     

BC Hydro Twin 500kV bulk transmission line 
providing Intertie between BC Hydro and 
Bonneville Power  

12 15  20 

BC Hydro local overhead distribution lines 16 20  20 

Shaw and Telus telecom lines 8 10 6 10 

Green Infrastructure (Added) 8 15  15 
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Infrastructure 
Flood Scenario 

A 
Current 

A 
Future 

B 
Current 

B 
Future 
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City of Surrey Sea Dams (2) 20 20 6 25 

15 km of dyking, including ditches and floodboxes 20 25 9 20 

City of Surrey: Colebrook Pump Station 16 20 6 15 

City of Surrey: Maple Pump Station 16 20 3 15 

Corporation of Delta: Oliver Pump Station 16 25 6 15 

Ducks Unlimited Canada Serpentine Fen Nature 
Reserve 

8 10 3 5 

Water control features to maintain environmentally 
sensitive area including freshwater irrigation 
system 

12 15   

Screw Pump Stations (Added) 4 10 3 10 

Marine Facilities     

Crescent Beach Marina  8 15 6 10 

Wards Marina  8 15 6 10 

Private docks  8 15 9 10 

Farms     

Private dairy facilities for over 1,000 head of Cattle  16 25 3 10 
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Following the risk assessment, adaptation scenarios and strategies were discussed with an emphasis on 
high risk interactions on the Mud Bay infrastructure. Three adaptions approaches were discussed; Protect, 
Accommodate, and Retreat. 
 

 
Results from the discussions and a follow-up survey were documented and will be used to inform the next 
phases of the CFAS project. 
 
Representative adaptation stakeholder comments include: 
 
 Accommodate and do incremental upgrades. 
 Rock groin / breakwater (offshore 7 km long extending from beyond Crescent Beach to 

Highway 91) complete with tide gate (Stage construction with barrier raised over time, add gate 
later, upgrade dyke and pump station as required).  Create better habitat internally. 

 Retreat was not looked upon favorably since it will significantly impact transportation corridors.  
However, partial retreat was not explored (and it should be). 

 Without offshore improvements, dyke upgrades will be challenging and will take a long time. 
 Retreat for highways not considered feasible. 
 Incremental adaptations are needed to meet changing needs of climate change. 
 If we retreat, how will be transportation corridors be maintained?  Could a long bridge be an option 

spanning the retreated area?  Would the public be okay with intermittent road closures during high 
tide? 

 Build a sea wall across Mud Bay. 
 Dyking is a good option. Offshore islands are a no-go for Crescent Beach. 
 Benefits of offshore islands on reducing flood vulnerability to infrastructure in Mud Bay. 
 Raise the dykes - build a barrier wall. 
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 BC Hydro may implement protect or accommodate adaptation features for its infrastructure. 
 No single approach but rather a combination of different options will need to be employed with input 

and support of all stakeholders in the Lower Mainland. 
 What would be a global approach to adopt options to develop strategies against coastal flood risks? 
 Sea level rise and subsidence are long term processes that will continue indefinitely. Protect 

options buy time, rather than permanent protection. You might consider how long protect options 
would be effective for. 

 Look at options and evaluate problems they solve instead of vice versa. 
 Incremental adaptations. 
 Engage the whole Lower Mainland area. 
 Yes, engagement with neighbouring municipalities should be needed for this type of workshop. 
 Focus on people, infrastructure, ALR lands over Mud Bay environmental impacts (i.e. if a sea wall 

was constructed). 
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1 Introduction 

1.1 COASTAL FLOOD ADAPTATION STRATEGY 

The City of Surrey is in the process of developing a comprehensive strategy to address coastal flooding 
risks in the Mud Bay area. The area has the potential to be affected by coastal flooding (king tides and 
storm surge), as well as riverine flooding from the Serpentine and Nicomekl Rivers. The risk of flooding by 
either mechanism is anticipated to greatly increase with climate change and sea level rise. 
 
The City’s prime consultant responsible for the overall Coastal Flood Adaptation Strategy (CFAS) is 
Northwest Hydraulic Consultants (NHC) with EcoPlan International, Diamond Head Consulting, and KM 
Consulting as subconsultants.  
 
The current phase (Phase 1) focuses on education 
and increasing awareness of the flood hazards 
faced, and gathering input on the values and needs 
of various stakeholder groups, including:  

 Farmers and the agricultural community; 
 Residents, businesses, and community 

groups; 
 Environmental and recreational groups; 
 Semiahmoo First Nation; and 
 Infrastructure operators, owners, and 

emergency service providers. 
 
In support of Phase 1 of the 
CFAS, the City engaged 
Associated Engineering (AE) to 
plan and deliver a workshop 
targeted at the infrastructure 
owners and emergency service 
providers. This workshop was 
held on March 28, 2017, and was 
attended by 66 participants 
representing 28 organizations.  
 
This report summarizes the process and outcomes of the workshop. The information collected during the 
workshop will be used to help inform flood mitigation approaches in later phases of the CFAS. 
 
  

WORKSHOP FOCUS AREA 
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1.2 INFRASTRUCTURE FLOOD VULNERABILITY ASSESSMENT 

The infrastructure vulnerability workshop was formulated around the 
Engineers Canada Public Infrastructure Engineering Vulnerability Committee 
(PIEVC) High Level Screening Tool. The use of this procedure allows for a 
systematic process for assessing flood vulnerability of the various 
infrastructure types affected by flooding in the lowlands. The procedure was 
selected to capture the various infrastructure owners’ wealth of information, 
including system knowledge and risk management expertise. Engineers 
Canada licensed the PIEVC Tool to the City of Surrey for use on this project. 
 
1.1.1 PIEVC High Level Screening Assessment 

The High Level Screening Assessment is based upon four main steps: 
 
In Step 1, the infrastructure under evaluation, and the hazards which it can 
face are scoped. In the case of the Mud Bay Assessment, this is the 
transportation, utility, flood control and marine infrastructure in the study 
area.  
 
In Step 2, the assessment team determines the probability of future climate 
change events interacting with their infrastructure. In the Mud Bay 
Assessment, the two main flood scenarios were explored:  Flood 
Scenario A: Coastal Flood with Dyke Breach; and Flood Scenario B: 
Riverine Flood.   
 
In Step 3, the assessment team evaluates the consequences of the 
interaction between future climate changes and infrastructure. In the Mud 
Bay Assessment, this assessment was conducted in a one day workshop 
with infrastructure stakeholders in the Mud Bay area.  The workshop 
focused on a subset of the overall CFAS project area extending from Mud Bay east to 152 Street.  
 
In Step 5, the assessment team provides a portrait of the climate change 
risks for their infrastructure, and proposes recommended actions and areas 
of further study. In the case of the Mud Bay assessment, conclusion and 
recommendations were not developed, but rather, outcomes including 
adaptation comments and strategies were captured for further evaluation in the CFAS Project.  
 
  



 1 - Introduction 
 

 1-3 
  

1.1.2 PIEVC Workshop 

The workshop was held at Surrey City Hall on March 28, 2017. A total of 66 people representing 28 
organizations participated in the workshop. The organizations in attendance were: 

 
 Associated Engineering 
 BC Ambulance Service 
 BC Hydro 
 BC Rail Consultant 
 Burlington Northern Santa Fe Railway 
 Canadian Coast Guard 
 City of Surrey (Various Departments) 
 City of Surrey Operations 
 City of Surrey Fire 
 City of Surrey RCMP  
 City of Vancouver 
 Corporation of Delta 
 Cowichan Valley Regional District 
 Ducks Unlimited Canada 
 Emergency Management BC 
 Engineers Canada 
 FortisBC 
 Metro Vancouver 
 Ministry of Agriculture 
 Ministry of Community, Sport and Cultural Development 
 Ministry of Environment 
 Ministry of Transportation and Infrastructure 
 Mud Bay Dyking District 
 Northwest Hydraulic Consultants 
 Port of Vancouver 
 SNC Lavalin 
 Southern Railway of BC 
 Telus 
 

The workshop focused on identifying vulnerabilities to, and interactions between, transportation 
infrastructure (rail, roads, trails, and runways), utilities (power, gas, sanitary sewers and lift stations), and 
flood control / marine infrastructure (marinas, private docks, drainage pump stations, sea dams, and dykes) 
and assessing consequences of the impacts from flooding. 
 
The day began with roundtable introductions and opening remarks on the CFAS Project and on the 
Engineers Canada PIEVC risk assessment process. A “History of Flooding” was then presented that 
outlined past flood impacts in the region and the flood infrastructure that was constructed in the Mud Bay 
area.  
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The next series of presentations provided background information on the Flood Scenarios (A and B) and an 
orientation on the PIEVC risk assessment process. Following this orientation, a series of group exercises 
were conducted.  
 
These group exercises included facilitated 
discussions on flood impacts to each 
infrastructure component for each flood 
scenario and risk analysis to assess and 
quantify the consequence of each flood 
scenario to these infrastructure 
components. For the group exercises, 
workshop participants were provided a 
workshop workbook to write down 
comments and rationale. At the completion 
of each exercise, a group discussion took 
place to share comments from each 
individual table to all the workshop 
participants.  
 
Following the risk assessment exercises, 
an “Adaptation Background” presentation 
was completed outlining the adaptation 
framework the CFAS project was exploring.  
 
This was followed by a facilitated group 
exercise which asked participants to discuss and document adaptation options (protect, accommodate, 
retreat) for higher risk infrastructure identified in the previous exercises. At the completion of the exercise, a 
group discussion took place to share comments from each individual table with all the workshop 
participants. 
 
The day concluded with a question and answer session and a brief presentation on the outcomes of the 
workshop and next steps of the CFAS project.  
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2 Step 1 - Infrastructure Definition 

2.1 INFRASTRUCTURE DEFINITION 

In advance of the workshop, potentially vulnerable infrastructure within the 
study area was identified, and was divided into three categories to assist in 
the assessment: 1) Transportation Infrastructure; 2) Utilities; and 3) Flood 
Control / Marine Infrastructure.  
 
Tables were organized for each infrastructure category and workshop participants were assigned to one of 
the three categories to focus on for the day. Participants from emergency services organizations (City of 
Surrey Fire, RCMP, and BC Ambulance Service) were divided amongst the tables to provide their 
perspectives. 
 
2.2 INFRASTRUCTURE IDENTIFICATION 

The workshop study area encompasses the region from Mud Bay east to 152 Street. The infrastructure 
identified within the workshop study area is as follows:  
 
Reference Figure 2-1, Transportation Infrastructure, Figure 2-2, Utilities Infrastructure, 2-3, Flood Control / 
Marine Infrastructure. 
 
 Transportation Infrastructure 

 Runway 
 Surrey / King George Airpark Turf Runway 

 Regional / International Transportation Infrastructure 
 4 km of four-lane arterial roadway 
 7 km section of Highway 99 linking Peace Arch Border 
 Highway 91 and 99 interchange 
 4 km section of Highway 91 
 6 km dyke trail connecting to parks 
 Delta-Surrey Greenway 

 Local Government Arterial and Collector Roads 
 King George Boulevard (City of Surrey) 
 152 Street (City of Surrey) 
 Colebrook Road (City of Surrey) 
 Ladner Trunk Road (Corporation of Delta) 

 Class 1 Railways Originating at Port Metro Vancouver 
 Burlington Northern Santa Fe (BNSF) Nicomekl swing bridge and trestles 
 6 km of BNSF Railway (freight frequencies ~20 trains daily and up to 4 daily 

Amtrak Cascades trains) 
 Roberts Bank Railway Corridor (BC Railway Co. ownership with usage by CN, CP, 

and BNSF, ~18 trains daily) 
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 Connection to Southern Railway of British Columbia 
 Utilities 

 Sanitary Lift Stations 
 Elgin (City of Surrey) 
 South Port (City of Surrey) 
 Winter Crescent (City of Surrey) 
 Stewart Farm (City of Surrey) 
 Crescent Beach (Metro Vancouver) 

 Underground Infrastructure 
 5 km of Metro Vancouver 750 mm diameter water transmission main 
 10 km of Metro Vancouver sanitary sewer forcemains (500 mm to 1050 mm 

diameter) 
 >10 km of FortisBC gas mains 

 Overhead Utility Infrastructure 
 BC Hydro Twin 500kV bulk transmission line providing intertie between BC Hydro 

and Bonneville Power 
 BC Hydro local overhead distribution lines 
 Shaw and Telus telecommunications lines 

 Flood Control / Marine Infrastructure 
 Flood Control Infrastructure 

 Serpentine sea dam (City of Surrey) 
 Nicomekl sea dam (City of Surrey) 
 15 km of dyking, including ditches and floodboxes 
 Colebrook Pump Station (City of Surrey) 
 Maple Pump Station (City of Surrey) 
 Oliver Pump Station (City of Surrey) 
 Ducks Unlimited Canada Serpentine Fen Nature Reserve 
 Water Control Features to maintain environmentally sensitive area, including 

freshwater irrigation system 
 Marine Facilities 

 Crescent Beach Marina 
 Wards Marina 
 Private docks 

 Farms 
 Private dairy facilities for over 1,000 head of cattle 

 
In advance of the workshop, the CFAS Primer, Backgrounder and Workshop Questionnaire were sent 
to the invitees and twelve responses were received. Copies of these documents are included in Appendix 
A. Key responses from the questionnaires are summarized as follows: 
 
 Metro Vancouver identified one pump station, a dozen valve chambers, and approximately ten 

kilometres of sewer main within the study area and noted that they have had minimal impacts from 
flooding to date, other than reduced access. 
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 The Ministry of Transportation and Infrastructure identified the following structures, but did not 
identify any known history of overtopping or damage to those structures due to flooding: 
 Peacock Brook culvert on Highway 99 
 Serpentine bridge on Highway 99 
 Nicomekl bridge on Highway 99 
 Bigslough culvert on Highway 99 
 Unknown culvert on Highway 99 west of Mud Bay overpass. 

 Fortis identified the presence of high pressure and distribution pressure underground gas lines in 
the area, and noted that no significant impacts due to flooding have been experienced to date. 

 Ducks Unlimited confirmed the presence of water control features at the Serpentine Fen to maintain 
the environmentally sensitive area. 

 BNSF identified that storm surges have impacted the railway from White Rock to Mud Bay, and that 
they are continuously monitoring and fortifying their infrastructure through the area. 

 
During the workshop, one additional infrastructure type (‘green infrastructure’) was identified and included in 
the assessment. Green infrastructure was generally defined as vegetation, and the rationale is that tree and 
vegetation mortality associated with flooding can be problematic and should be considered. 
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2.3 INFRASTRUCTURE VULNERABILITY 

The functionality of infrastructure in the Mud Bay region is reliant on flood control infrastructure, including 
sea dams, sea dykes, floodboxes, pump stations, and ditches.  
 
The coastal floodplain is subject to flooding from both coastal processes (high tide, storm surge, wind and 
wave setup) and riverine processes (heavy precipitation, rain on snow / snow melt, high tides). As time 
progresses, sea level rise, land subsidence, and upland development will contribute to increased risk of 
flooding from these processes.  
 
A previous vulnerability assessment of the sea dams, dykes, bridges, roads, and railroads, conducted by 
NHC, indicated that at the present 200-year flood condition: 
 
 Freeboard would be compromised at the Serpentine Sea Dam;  
 The Serpentine left bank dyke downstream of the sea dam would be inundated and freeboard 

would be compromised at all of the lowland dykes;  
 Bridge decks would be inundated at three of the bridges and the low chords submerged at nine 

other bridges;  
 A portion of Highway 99 would be inundated and freeboard compromised at Colebrook Road, with 

a few sections of railroad having compromised freeboard as well. 
 
In 2100 at the 200-year flood (ignoring potential precipitation increases): 
 
 Both the Serpentine and Nicomekl Sea Dams would be inundated;  
 The lowland dykes upstream and downstream of the sea dams would also be inundated and nearly 

all other dykes would have compromised freeboard;  
 The bridge decks would be inundated at seven bridges and the low chords submerged at 10 other 

bridges;  
 Major roads and railroads would have either compromised freeboard or some inundation. Even 

during moderate present floods, some damage to infrastructure can be expected. Consequences of 
inundation may include widespread power outages, damage to transportation routes, challenges for 
emergency services and loss of critical assets such as water and sewage transmission. These 
primary impacts are likely to lead to cascading impacts outside the floodplain and in neighbouring 
municipalities. 

 
The workshop participants identified potential impacts due to flooding on each piece of infrastructure. These 
impacts are summarized in Tables 2-1, 2-2, and 2-3. 
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Table 2-1:  Flood Impacts to Transportation Infrastructure 

Infrastructure Identified Potential Flood Impacts 

Surrey / King George Airpark 
Turf Runway 

 Environmental contamination from fuel stored on-site. 
 Damage to aircraft and facilities. 
 Loss of access to patients for emergency response. 

4 km of Four-Lane Arterial 
Roadway (including King 
George Boulevard) 

 Inundation or washout of bridges, culverts, and the road structure. 
 Loss of access for emergency services. 
 Disruption of potential evacuation route for the public.  
 Environmental contamination from fuel. 
 Economic losses due to disruption of commuter traffic movement, 

congestion. 
 Loss of access to sea dams and other critical infrastructure. 
 Public safety issues with people parking cars or equipment on the 

roadside. 

7 km Section of Highway 99 
Linking Peace Arch Border 

 Inundation or washout of bridges, culverts, and the road structure. 
 Loss of access for emergency services and maintenance operations 

on damaged utilities. 
 Disruption of potential evacuation route for the public. 
 Environmental contamination from fuel, possible hazardous good 

transport. 
 Economic losses due to disruption of commuter traffic. 
 Economic losses due to disruption of commercial and public access 

to the Canada / USA border.  

Highway 91 and 99 
Interchange 

 Economic losses due to disruption of commercial and public access 
to the Canada / USA border. 

 Potential structural damage to the interchange due to scour, 
inundation of the foundations. 

6 km Dyke Trail Connecting to 
Parks 

 Loss of use due to inundation or partial washout. 
 Impact to commuter cyclists. 
 Impeded access to flood control infrastructure for repairs or 

maintenance. 

152 Street  Loss of access to the region for emergency services, the public, and 
operations and maintenance staff. 

Colebrook Road  Bridge damage. 
 Disruption of access to trains. 
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Infrastructure Identified Potential Flood Impacts 

Ladner Trunk Road  Disruption of access to airport and hospital. 

BNSF Nicomekl Swing Bridge 
and Trestles 

 Economic disruption to the national economy, including goods 
movement to the US and the Ports. 

 Damage to the rail line with long recovery time. 

6 km of BNSF Railway  No specific comments 

Roberts Bank Railway Corridor  Economic impacts due to the loss of the sole connection to Deltaport. 

Connection to Southern 
Railway of British Columbia 

 No specific comments 

 
Table 2-2:  Flood Impacts to Utilities 

Infrastructure Identified Potential Flood Impacts 

Sanitary Lift Stations  Loss of power to the stations.  
 Inundation of the controls, shutting the stations down and reducing 

their capability to function or to be restored.  
 Potential interactions within the system, where if one on-line pump 

station goes down the entire system cannot function. 
 Increased inflow and infiltration (I&I) exceeding the capacity of the 

pumps and leading to surcharge and potential release of raw sewage 
to the environment. 

 Compromised access to the utility to perform maintenance, 
inspection, or repair. 

 Flooding of backup generators affects recovery time. 

5 km of Metro Vancouver 
750 mm diameter water 
transmission main 

 Exposure of the utilities due to scour, potentially triggering a break.  
 Possible break in the system if the Nicomekl sea dam is 

compromised and either shifts or fails (the transmission main goes 
through the dam).  

 Loss of drinking water supply for communities south of Mud Bay – 
some redundancy in the system but may be insufficient capacity for 
demand. 

 Lost availability of water for firefighting. 
 Release of chlorinated water into a potentially sensitive receiving 

environment. 
 Compromised access to the utility to perform maintenance, 

inspection, or repair. 
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Infrastructure Identified Potential Flood Impacts 

 Flooding of PRVs in the lowlands. 
 Corrosion due to saltwater. 

10 km of Metro Vancouver 
sanitary sewer forcemains 
(500 mm to 1050 mm 
diameter) 

 Release of raw sewage if the capacity is overwhelmed due to 
increased I&I, or if upstream users do not adjust their behavior. 

 Loss of capability to convey sewage. 
 Exposure of the utilities due to scour, potentially triggering a break. 
 Corrosion due to saltwater. 
 Compromised access to the utility to perform maintenance, 

inspection, or repair. 

>10 km of FortisBC gas mains  Exposure of the gas mains due to scour, potentially triggering a break 
and release of gas into the environment. 

 Potential loss of up to five stations. 
 No backfeed. 
 Corrosion of the gas mains due to saltwater. 
 Compromised access to the utility to perform maintenance, 

inspection, or repair. 

BC Hydro Twin 500kV bulk 
transmission line providing 
intertie between BC Hydro and 
Bonneville Power 

 Scour along the base of the towers could lead to failure of this power 
transmission (internationally regulated) with a long recovery time. 

 Compromised access to the transmission lines to perform 
maintenance, inspection, or repair. 

 Economic loss to BC Hydro due to the inability to sell power to the 
USA. 

 Potential corrosion of the towers due to saltwater. 
 Widespread power loss to the region. 
 Reduction in overhead clearance. 

BC Hydro local overhead 
distribution lines 

 Failure of the poles due to scour or wood rot. 
 Loss of power to the public with a long restoration time. 
 Loss of power to drainage pump stations and sanitary lift stations, 

compromising those utility functions. 
 Loss of power to streetlights and traffic control, exacerbating 

congestion and disrupting traffic and evacuations. 
 Compromised access to the distribution system to perform 

maintenance, inspection, or repair. 
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Infrastructure Identified Potential Flood Impacts 

Shaw and Telus telecom lines  Failure of the poles due to scour or wood rot (poles are shared with 
BC Hydro). 

 Loss of routine and emergency communication capabilities. 
 Compromised access to the lines to perform maintenance, 

inspection, or repair. 
 Potential loss of SCADA control communication to pump stations. 

Green infrastructure  Loss of root stability leading to damage of above-ground utilities, and 
reduction in available leaf-area for rainwater interception. 

 
Table 2-3:  Impacts to Flood Control / Marine Infrastructure 

Infrastructure Identified Potential Flood Impacts 

Sea dams  Potential failure due to scour, destabilization, overtopping, and an 
inability to inspect or repair because of access and/or inundation. 

 Damage to utilities passing through the sea dam including Metro 
Vancouver water transmission main. 

 Inability for the dams to open and release water to relieve upstream 
flooding. 

 Seepage and saltwater intrusion affecting agricultural land and 
sensitive utilities upstream of the dam. 

15 km of dyking, including 
ditches and floodboxes 

 Potential scour and erosion of the dykes, or overtopping contributing 
to failure and cascading increases to flood magnitudes. 

 Inability to drain fields for an extended period of time, impacting 
agricultural lands and property upstream. 

 Compromised ability to access pump stations and dykes to conduct 
inspection and repair. 

Drainage pump stations  Potential for pumps to operate on a near-continuous basis for an 
extended period, resulting in excess wear, increased maintenance, 
and / or shortened service life. 

 Loss of power to the pump stations, limiting the ability to drain the 
upstream lands and contributing to cascading increases in flood 
impacts. 

 Inundation of stations damaging controls or flooding backup 
generators and resulting in long recommissioning timelines. 

Ducks Unlimited Canada   Shift to less productive brackish marsh due to saltwater intrusion. 
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Infrastructure Identified Potential Flood Impacts 

 Potential for environmental contamination and loss of filtration 
capability of the system, resulting in degraded water quality. 

 Damage to critical habitat for Canada’s largest wintering waterfowl 
populations. 

Water Control Features to 
maintain environmentally 
sensitive area including 
freshwater irrigation system 

 Loss of ability to manage water levels in the environmentally sensitive 
area.  

 Damage to electrical pumps and erosion or failure of flood culverts. 
 Saltwater intrusion into freshwater system. 

Crescent Beach Marina  Potential loss of secondary emergency responder access by the 
Coast Guard. 

 Public safety for people on the docks. 
 Potentially severe damage to infrastructure. 

Wards Marina  Public safety for people on the docks. 
 Potentially severe damage to infrastructure. 

Private docks  Significant damage and loss of the docks, potentially contributing to 
debris hazards elsewhere in the system. 

Private dairy facilities for over 
1,000 head of cattle 

 Interruption of feed production with effects on long-term sustainability 
of the facility. 

 Death of livestock (estimated 2,400). 

 
General notes: 
 Transportation corridors severely impacted, affecting access to the various utilities for repairs, 

access by emergency responders, and access to repair critical flood control infrastructure. Detours, 
evacuations, and congestion likely to be a major problem. Impacts are similar for all of the roads, 
magnitude of the problem depends in part on which roads are affected and whether alternate 
routes are available. 

 Coastal breach scenario is most likely to occur around Christmas to New Years (the time when king 
tides typically occur), delayed response by utility operators. 
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3 Step 2 - Climate Parameters 

The flooding scenarios used in the risk assessment are based on the 
outcome of several floodplain studies developed by NHC. The workshop 
focused on the following two scenarios: 
 
 Scenario A: Coastal dyke breach causing progressive inundation of the coastal floodplain by the 

ocean. 
 Scenario B: 200-Year return period riverine flooding, with releases to Mud Bay via the sea dams 

restricted by tidal cycles. 
 
Both scenarios were assessed for both the present-day and the year 2100 time horizons. Climate change is 
affecting both the intensity and frequency of storms and flood events, causing today’s extreme floods to 
become more frequent in the future. Sea level rise will restrict the amount of time the sea dams and 
floodboxes can drain by gravity. The land in Mud Bay is also subsiding, which will exacerbate the effects of 
sea level rise. 
 
Reference Figure 3-1, Scenario A – Current, Figure 3-2, Scenario A – Future, Figure 3-3, Scenario B – 
Current, Figure 3-4, Scenario B – Future. 
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4 Step 3 - Risk Assessment 

The workshop participants, working in table groups, completed a risk 
assessment of the Mud Bay infrastructure based on the two flood scenarios 
(A and B) using the PIEVC Screening Tool.  
 
To determine the risk score (R) for each interaction, a probability score (P) was established for each flood 
scenario and the participants selected a consequences score (C) for each interaction between flood 
scenarios and infrastructure.  
 
The resulting risk R = P x C, is product of the probability score (P) and the consequence score (C).  
 
Flood mapping, and probability and consequence tables, and other resources were provided the 
participants to assist in the determination.  
 

 
The probability (P) scores for each scenario and time horizon were assigned in advance of the workshop by 
AE in collaboration with NHC. The probability scores were 4 and 3 for Scenario A and B, respectively under 
existing conditions; and were 5 for both scenarios under future conditions. 
 
   

Score Probability

Method A

Negligible

Not Applicable

Highly Unlikely

 Improbable

Remotely Possible

Possible

Occasional

Somewhat Likely

Normal

Likely

Frequent

0

1

3

2

4

5

Score Consequence

Method D

No Effect

Insignificant

Minor

Moderate

Major

Catstrophic

3

0

1

4

5

2
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A resulting risk score is established where: 
 

 R = >10      Risk requiring minimal action 
 

 R = 10 – 19      Risks that may require future action 
 

 R = 20 – 25    Risks that require action 
 

 
4.1 RISK ASSESSMENT RESULTS 

4.1.1 Group Results 

The workshop participants risk assessment results are summarized in Tables 4-1, 4-2, and 4-3. 
  

Low Risk 

Medium Risk  

High Risk 
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Table 4-1:  Transportation Infrastructure Risk Assessment Results 

Infrastructure 

Flood Scenario 

A 
Current 

A 
Future 

B 
Current 

B 
Future 

Tr
an

sp
or

ta
tio

n 

Runway     

Surrey/King George Airpark Turn Runway 4 5 3 5 

Regional / International Transportation 
Infrastructure     

4 km of four-lane arterial roadway 12 25 3 10 

7 km section of Highway 99 linking Peace Arch 
Border 16 25 3 10 

Highway 91 and 99 Interchange 12 20 3 10 

4 km section of Highway 91 8 20 3 10 

6 km dyke trail connecting to parks 4 5 3 10 

Delta-Surrey Greenway 4 5 3 10 

Local Government Arterial and Collector Roads     

King George Boulevard (City of Surrey) 12 25 3 10 

152nd Street (City of Surrey) 4 20 3 5 

112 Street (City of Surrey) 8 15 6 15 

Colebrook Road (City of Surrey) 8 15 6 15 

Ladner Trunk Road (Corporation of Delta) 12 20 9 20 

Class 1 Railways Originating at Port Metro 
Vancouver     

Burlington Northern Santa Fe (BNSF) Nicomekl 
Swing Bridge and Trestles 16 20   

6 km of BNSF Railway (Freight frequencies ~ 20 
trains daily and up to 4 daily Amtrak Cascades 
trains) 

16 25   

Roberts Bank Railway Corridor (BC Railway Co. 
ownership with usage by CN, CP and BNSF) ~ 18 
trains daily 

8 20   

Connection to Southern Railway of British 
Columbia 4 20 9 20 
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Table 4-2:  Utilities Infrastructure Risk Assessment Results 

Infrastructure 
Flood Scenario 

A 
Current 

A 
Future 

B 
Current 

B 
Future 

U
til

iti
es

 

Sanitary Lift Stations     

City of Surrey:  Elgin 12 15   

City of Surrey:  South Port 16 20   

City of Surrey:  Winter Crescent 12 15   

City of Surrey:  Stewart Farm 16 20 6 20 

Metro Vancouver:  Crescent Beach 16 20   

Underground Infrastructure      

5 km of Metro Vancouver 750 mm diameter Water 
Transmission Main  16 20 6 10 

10 km of Metro Vancouver Sanitary Sewer 
Forcemains (500 mm to 1050 mm diameter) 12 15 6 10 

>10 km of FortisBC Gas Mains  8 10 9 15 

Overhead Utility Infrastructure     

BC Hydro Twin 500kV bulk transmission line 
providing Intertie between BC Hydro and 
Bonneville Power  

12 15  20 

BC Hydro local overhead distribution lines 16 20  20 

Shaw and Telus telecom lines 8 10 6 10 

Green Infrastructure (Added) 8 15  15 
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Table 4-3:  Flood Control / Marine Infrastructure Risk Assessment Results 

Infrastructure 
Flood Scenario 

A 
Current 

A 
Future 

B 
Current 

B 
Future 

Fl
oo

d 
C

on
tr

ol
 / 

M
ar

in
e 

City of Surrey Sea Dams (2) 20 20 6 25 

15 km of dyking, including ditches and floodboxes 20 25 9 20 

City of Surrey: Colebrook Pump Station 16 20 6 15 

City of Surrey: Maple Pump Station 16 20 3 15 

Corporation of Delta: Oliver Pump Station 16 25 6 15 

Ducks Unlimited Canada Serpentine Fen Nature 
Reserve 

8 10 3 5 

Water control features to maintain environmentally 
sensitive area including freshwater irrigation 
system 

12 15   

Screw Pump Stations (Added) 4 10 3 10 

Marine Facilities     

Crescent Beach Marina  8 15 6 10 

Wards Marina  8 15 6 10 

Private docks  8 15 9 10 

Farms     

Private dairy facilities for over 1,000 head of Cattle  16 25 3 10 
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4.1.2 Risk Assessment Summary 

 40 assets assessed per scenario  
 

 Flood Scenario A – Coastal Flood with Dyke Breach 
 Current risks are mostly low and medium 
 Future risks increase to medium and high 

 

 Number of Assets in Each Category 

Flood Scenario A Current Flood Scenario A Future 

Tr
an

sp
or

ta
tio

n 

U
til

iti
es

 

Fl
oo

d 
C

on
tr

ol
 / 

M
ar

in
e 

Total: Scenario A Current 

Tr
an

sp
or

ta
tio

n 

U
til

iti
es

 

Fl
oo

d 
C

on
tr

ol
 / 

M
ar

in
e 

Total: Scenario A Future 

Low Risk 9 3 5 17 3 0 0 3 

Medium Risk 7 9 5 21 2 7 6 15 

High Risk 0 0 2 2 11 5 6 22 
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 Flood Scenario B – Riverine Flood 
 All assets are currently at low risk 
 The number of assets subject to medium risk increases to 23 (>50% of the number of 

assets assessed), while 7 assets (~20%) are at high risk. 
 

 Number of Assets in Each Category 

Flood Scenario B Current Flood Scenario B Future 

Tr
an

sp
or

ta
tio

n 

U
til

iti
es

 

Fl
oo

d 
C

on
tr

ol
 / 

M
ar

in
e 

Total: Scenario B Current 

Tr
an

sp
or

ta
tio

n 

U
til

iti
es

 

Fl
oo

d 
C

on
tr

ol
 / 

M
ar

in
e 

Total: Scenario B Future 

Low Risk 16 12 12 40 5 3 2 10 

Medium Risk 0 0 0 0 9 6 8 23 

High Risk 0 0 0 0 2 3 2 7 
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5 Step 5 - Outcomes and Integration 

Following the risk assessment, adaptation scenarios and strategies were 
discussed with an emphasis on high risk interactions on the Mud Bay 
infrastructure.  

Prior to the discussion, the City of Surrey presented some background 
information on adaption options and some general ideas of strategies that could be considered in reducing 
risk to the Mud Bay and surrounding infrastructure.  

In the context of the CFAS project, three adaptions approaches were presented: Protect, Accommodate, 
and Retreat. 

 
5.1 ADAPTATION ASSESSMENT RESULTS 

5.1.1 Group Results 

The summary results of the workshop participants’ adaptation options discussions are included in 
Appendix B. The tables in Appendix B summarize comments on the individual adaptation options that were 
considered, as well as broader general comments. 

It is worth noting that the adaptation options discussion was influenced by the presentation of the 
adaptation options being considered for the area, and so alternate adaptation options beyond those 
presented were not brainstormed or explored. Additionally, because the workshop focus was on risk 
assessment, full exploration of the benefits and constraints associated with each adaptation option was not 
feasible, considering the breadth of the topic. 

During the discussion, many participants found it challenging to commit to firm answers, and important 
points were raised, such as: ‘at what time does ongoing protection and accommodation become too 
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infeasible or costly, such that retreat becomes the only viable option? If retreat is the only applicable 
ultimate solution, then perhaps a stepped progression towards that end needs to be pursued’. 

Further exploration of adaptation options is recommended, but the comments received provide insight into 
the opinions of the participants on adaptation measures. A selection of representative adaptation comments 
is listed below. See Appendix B for the remainder of both option-specific and general adaptation comments. 
 
 Accommodate and do incremental upgrades. 
 Rock groin / breakwater (offshore 7 km long extending from beyond Crescent Beach to 

Highway 91) complete with tide gate (Stage construction with barrier raised over time, add gate 
later, upgrade dyke and pump station as required).  Create better habitat internally. 

 Retreat was not looked upon favorably since it will significantly impact transportation corridors.  
However, partial retreat was not explored (and it should be). 

 Without offshore improvements, dyke upgrades will be challenging and will take a long time. 
 Retreat for highways not considered feasible. 
 Incremental adaptations are needed to meet changing needs of climate change. 
 If we retreat, how will be transportation corridors be maintained?  Could a long bridge be an option 

spanning the retreated area?  Would the public be okay with intermittent road closures during high 
tide? 

 Build a sea wall across Mud Bay. 
 Dyking is a good option. Offshore islands are a no-go for Crescent Beach. 
 Benefits of offshore islands on reducing flood vulnerability to infrastructure in Mud Bay. 
 Raise the dykes - build a barrier wall. 
 BC Hydro may implement protect or accommodate adaptation features for its infrastructure. 
 No single approach but rather a combination of different options will need to be employed with input 

and support of all stakeholders in the Lower Mainland. 
 What would be a global approach to adopt options to develop strategies against coastal flood risks? 
 Sea level rise and subsidence are long term processes that will continue indefinitely. Protect 

options buy time, rather than permanent protection. You might consider how long protect options 
would be effective for. 

 Look at options and evaluate problems they solve instead of vice versa. 
 Incremental adaptations. 
 Engage the whole Lower Mainland area. 
 Yes, engagement with neighbouring municipalities should be needed for this type of workshop. 
 Focus on people, infrastructure, ALR lands over Mud Bay environmental impacts (i.e. if a sea wall 

was constructed). 
 
5.1.2 Post Workshop Survey Comments 

The workshop participants post-workshop survey comments are summarized in Table 5-1. The comments 
are in response to the survey question: “Are there any adaptation options or strategies you would like to see 
explored further related to infrastructure in the area?”. 
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Table 5-1:  Infrastructure Adaptation Comments 

Infrastructure Adaptation Comments 

Transportation / Utilities / Flood 
Control / Marine 

 Foreshore dyke. 
 Off-shore dyke with multiple uses. 
 Feasibility of off-shore options. 
 Offshore barrier islands? Raise Highway 99 as a dyke? 
 Look at development strategies and policies to assure net-zero 

surface flow post/predevelopment. Low-impact development 
strategies. Buy / lease back land options. 

 The great Mud Bay dyke / wall to reclaim more land. 
 Benefits of offshore islands on reducing flood vulnerability to 

infrastructure in Mud Bay. 
 Raise the dykes - build a barrier wall. 
 BC Hydro may implement protect or accommodate adaptation for its 

infrastructure. 
 Green infrastructure. 
 No single approach but rather a combination of different options will 

need to be employed with input and support of all stakeholders in the 
Lower Mainland. 

 What would be a global approach to adopt options to develop 
strategies against coastal flood protections. 

 Sea level rise & subsidence are long term processes that will 
continue indefinitely. Protect options buy time, rather than permanent 
protection. You might consider how long protect options would be 
effective for. 

 Look at options and evaluate problems they solve instead of vice 
versa. 

 PIEVC has good risk ranking procedure to suit outstanding priorities 
 Options analysis for all 3 options. 
 Incremental adaptations. 
 Engage the whole Lower Mainland area. 
 Yes, engagement with neighboring municipalities should be needed 

for this type of workshop. 
 Focus on people, infrastructure, ALR lands over Mud Bay 

environmental impacts (i.e. if a sea wall was constructed). 
 All that we discussed. Very valuable! 

 
Further information on the post-workshop survey responses are included in Appendix C. 
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6 Next Steps 

The findings based on the information obtained in the infrastructure flood vulnerability assessment will be 
used in the next steps of the CFAS study in conjunction with other feedback from stakeholders in other 
engagement sessions and workshops. 
 
The information will also be shared with the workshop participants and the public to engage in further dialog 
on the CFAS project.  
 
This project focused on the first three steps in the PIEVC process, namely the definition of infrastructure 
(Step 1), evaluation of climate changes (Step 2), and a risk / vulnerability assessment (Step 3). The overall 
CFAS project would benefit from further engineering analysis on each of the sectors defined here 
(transportation, utilities, flood control, marine), and follow-up risk assessments. This would follow Step 4 of 
the PIEVC protocol. The initial broader adaptation options developed as part of the CFAS project could then 
be refined to develop improved micro-scale adaptation options for high-risk infrastructure sectors. These 
options could be analyzed and discussed during a follow-up workshop with stakeholders to better define 
conclusions and recommendations (Step 5 of the protocol). 
 
 
 
  
 



 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

This page intentionally blank.  Formatted for double-sided printing. 



REPORT  

 

Closure 

This report was created by Associated Engineering to summarize the outcomes of the Mud Bay 
Infrastructure Flood Vulnerability Assessment PIEVC Workshop, held on March 28, 2017 at Surrey City 
Hall.  
 
The services provided by Associated Engineering (B.C.) Ltd. in the preparation of this report were 
conducted in a manner consistent with the level of skill ordinarily exercised by members of the profession 
currently practicing under similar conditions.  No other warranty expressed or implied is made. 
 
Respectfully submitted, 
Associated Engineering (B.C.) Ltd. 
 
Prepared by: 

 
 
 
 
 
 
 

Jeff O’Driscoll, P.Eng., (Manitoba), IRP 
Lead Workshop Facilitator 

 
 

 
 
 
 
 
 

Jason Kindrachuk, EIT 
Water Resources Engineer 
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Appendix A - Workshop Backgrounder, Primer, and 
Questionnaire 
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(1) Potential 200-year inundation from coastal dyke breach or riverine flooding.
(2) Coastal flooding assumes coastal dyke breaching, riverine flooding assumes riverine dykes remain intact.



(1) Potential 200-year inundation from coastal dyke breach or riverine flooding.
(2) Coastal flooding assumes coastal dyke breaching, riverine flooding assumes riverine dykes remain intact.
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Appendix B - Participant Risk Score and Adaptation 
Comments 
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PIEVC Assessment Worksheet - Participant Risk Scores and Comments

Infrastructure Components

TRANSPORTATION

Runway

Surrey/King George Airpark Turf Runway

Regional / International Transportation Infrastructure

4 km of four-lane arterial roadway

7 km section of Highway 99 linking Peace Arch Border

Highway 91 and 99 Interchange

4 km section of Highway 91

6 km dyke trail connecting to parks

Delta-Surrey Greenway

Crescent Road

Local Government Arterial and Collector Roads

King George Boulevard (City of Surrey)

152nd Street (City of Surrey)

Colebrook Road (City of Surrey)

Rational For Consequence Rational For Consequence

Y/N P C R Y/N P C R Y/N P C R Y/N P C R

Y 4 1,1,1,1
,1,2,1 4 Y 5

1,1,1,1
,1,1,1,

4,1
5

Fuel on-site: environmental issue. Mostly private impacts.
Low due to it being a recreational facility.

Fuel on site - private site.
Fuel stored on site.

Oil / gas stored at site.
Fuel stored on site.

Grass runway is fairly resilient. Most aircraft can be flown out with advance notice.

Y 4
1,1,1,1
,1,1,1,

1
4 Y 5 1,1,1,1

,1,1,1 5

Impacts very little for very few.
Costs / risks borne privately.

Private.
Not for the overall communities - private, few people.

Not catastrophic for anyone other than those effected (few people).
Not regionally significant.

Private, few people.

Y 4 3,3,3,3
,3,4,3 12 Y 5 4,5,5,5

,5,5,5 25
Lower impact in today's conditions.

Infrastructure damages.
Commuter traffic.

N 4 5 Interpreted as King George below.

Y 4
3,4,4,4
,4,4,3,

4,4
16 Y 5

4,5,5,5
,5,5,4,

5,5
25

Today infrastructure would be intact if damaged. At higher flood levels, impact on Hwy 99 is elevated.
Major consequence of highway closure due to flooding.

Major corridor; structural damage; main commerce thruway.
Major corridor.

Major damages to infrastructure / commerce.
Bridges.

Major corridor & source of commerce.
International customs alternate crossings at Hwy 15.

Connection to US border tourism, local emergency response, truck trade, scouring at bridges (typical
for Hwy 99 and 91)

Y 4 4,4,4,4
,4,3,4 16 Y 5 5,5,5,5

,5,5,5 25

International border - N/S link.
If we lose the bridge, takes longer to recover.

2 bridges + 2 culverts, approaches.
Wave impacts, approaches, structural loss, scour. 2 (older) bridges, 2 culverts. Many months if lost a

bridge.
Corrosion (culverts etc) - wave impacts.

2 major bridges / wave impacts existing / major routes.
Waves impacts during existing. Bridges and culverts.

Y 4
4,3,3,3
,3,4,3,

3
12 Y 5

4,4,4,4
,5,4,4,

4,4
20

Interchange is elevated and higher than dyke, but impact is mostly on Hwy 99.
Interchange at higher elevation - depends on connections.

Assumptions: no data for future; dependent on connections.
Major corridor / commerce.
No data - connectivity issue.

Structural.
Assumption no data; dependent network connectivity.

Wave impacts damage / erosion / drawdown. Spread footing damage, EPS flotation at approaches.

N 4 Y 5 5,5,5,5
,5,5,5 25

Erosion from wave impact - possible structural issue.
Major.

Structural.
Approaches are gone. Both highway - high foundation. Rotational failure.

Structural.
Major route / may impact approaches.

Wave impacts / approaches / structural loss (scour).

Y 4 2,1,1,1
,1,5,1 8 Y 5

3,1,1,1
,4,1,5,

5,1
20

No data for future. Traffic impacts. Can be used for serviceability / access.
Highway likely closed, maybe used to direct traffic to ?

No data for future. Traffic congestion.
Limited data.

No data.
No way around.

N 4 Y 5 4,4,4,4
,4,4,4 20

Time to recover.
Major.

No way around.
Ways around it - less time to recover.

Alternate routes.
Major route, can bypass.

Ways around easier / time to recover.

Y 4 1,1,1,1
,1,1,1 4 Y 5

1,1,1,1
,1,1,2,

1
5

Loss of trail itself is inconvenience, dyke is another issue as far as impact. If trail isn't replaced, loss of
public asset and quality of life impacted.

Trail loss / recreational loss.
Rated as a trail, not as a dyke - 1 million visitors / year.

Dyke 'significant' - trail perspective ' insignificant'
Rated as trail.

Rated as trail - could effect community quality of life.
Some environmental damage. loss of trail use an inconvenience only - cost to rebuild, quality of life

(typical for Delta Surrey Greenway)

Y 4 1,1,1,1
,1,1,1 4 Y 5 1,1,1,1

,1,1,1 5

Local.
Local impact.
Local impact.
Local impacts.

Not significant to region for short term.
Local impact not high.

Y 4 1,1,1,1
,1,1,1 4 Y 5

2,1,1,1
,1,1,2,

1
5

Loss of trail itself is inconvenience, dyke is another issue as far as impact. If trail isn't replaced, loss of
public asset and quality of life impacted.

Loss of connectivity .
Rated as a trail, not a dyke - 1 million visitors / year.
Consideration of quality of life - 1M visitors / year.

Local.

N 4 Y 5 1,1,1,1
,1,1,1 5

Local.
Local.

Local impacts.
Not significant to region for short term.

Local impact not high.

Y 4 4,3,3 12 Y 5 4,5,5 25
Considered duplicate of #6 for many responses.

Lower impact in today's conditions.
Bridges.

N 4 Y 5 5,5,5,5
,5,5,5 25

N/S link.
2 bridges.

Major ? For King George Boulevard, Bridges (1 old 1 new).
Access / egress for emergency vehicles.

1 new bridge / 1 old - major road.
2 bridges - time to recover.

Y

4 1,1,1,1
,1,1 4 Y 5

4,4,4,4
,3,4,3,

4
20

Important network connection.
Divide line - emergency services; network reliability.

Network reliability.
Community divide line - access to South Surrey / White Rock.

Volume of services; network reliability.
No current risk but yes in future. N

4 Y 5
3,4,3.5
,3.5,3,

3.5
20

Time to recover is less.
Less time to recover.

Congestion?
Major impact to traffic - slower velocity, less water.

Less waves / depth easier to recover.

Y 4
2,1,1,1
,1,3,1,

2,1
8 Y 5

3,3,3,3
,2,3,3,

3
15 Not a critical link, few people and bus.

Access to properties. Y 4 2,2,2,2
,2,2,2 8 Y 5 2,2,2,2

,2,2,2 10

Local - limited area and use.
Minor - affects local people only.

Local.
Local road - affect limited area.

Local farm road - affects limited area.
Other ways around - not as critical.

Local affects limited area.

Flood Scenario

Table Group A Table Group B

Flood Scenario A -
Future

Flood Scenario A -
Current

Flood Scenario A -
Future

Flood Scenario A -
Current
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PIEVC Assessment Worksheet - Participant Risk Scores and Comments

Infrastructure Components

Ladner Trunk Road (Corporation of Delta)

112 Street (added)

Class 1 Railways Originating at Port Metro Vancouver

Burlington Northern Santa Fe (BNSF) Nicomekl Swing Bridge and Trestles

6 km of BNSF Railway (Freight frequencies ~ 20 trains daily and up to 4 daily Amtrak Cascades trains)

Roberts Bank Railway Corridor (BC Railway Co. ownership with usage by CN, CP and BNSF) ~18 trains daily.

Connection to Southern Railway of British Columbia

Rational For Consequence Rational For Consequence

Flood Scenario

Flood Scenario A -
Future

Flood Scenario A -
Current

Flood Scenario A -
Future

Flood Scenario A -
Current

Y 4
3,3,3,3
,1,3,3,

3
12 Y 5

4,4,4,1
,5,4,4,

4
20 Large - significant for Delta - airport / hospital. Y 4 3,3,3,3

,3,3,3 12 Y 5 5,5,5,5
,5,5,5 25

Access to -- very limited access out.
Major for Delta (hospital, airport).

Might use for airport access / hospital.
Significant - access airport & hospital.

Major route to Delta, may not be reinstated.
Significant for Delta / access to airport and hospital.

Y 4 2,2,2,2
,2 8 Y 5 3,3,3,3

,3 15
Access to properties; hard to tell level to which road itself is affected.

Rated with respect to access to properties.
Only west end at crescent beach.

4 5

Y 4
2,2,2,2
,2,2,2,

2
8 Y 5

4,4,4,4
,5,4,4,

4
20

Not the limiting piece of infrastructure here.
Future will have more shutdown.

Inundation - time to repair (typical for all rail crossings).
Effects not captured accurately on maps.

Y 4 4,4,4,4
,4,4,4 16 Y 5 4,5,5,5

,5,5,5 25
Swing bridge, how to sustain trade in your area. Wave effects. Months to recover.

Unintentional dike - wave effects.
Wave effects / critical route for trade to USA.
Wave effects existing / catastrophic bigger.

Y 4
4,4,4,4
,4,4,4,

4
16 Y 5

5,5,5,5
,5,5,5,

5
25

Impact to highway if you have to raise railroad at underpass.
Potential Hwy 99: raise if railway raise. Wave action vs saturation.

Potential impact to the highway.
Y 4 4,4,4,4

,4,4 16 Y 5 4,5,5,5
,5,5,4 25

Lost all USA connections.
Wave effect / critical route for trade to USA / acts as dyke.

Wave effects existing / catastrophic bigger.

Y 4
2,2,2,2
,2,2,2,

2
8 Y 5

4,4,4,4
,5,4,4,

4
20

Weakest link is western portion. Damage to infrastructure, but would likely stay intact. Impact
operations for storing trains at BNSF. Economic and structural impacts.

Constrained by BNSF at Hwy 91 / 99 - I/C east, low water both sides. Constrain operation of Mud Bay
siding and Oliver siding.

No high waves hitting the tracks.
Constraints of section and water on both sides - compromises to siding.

Weakest link NR Colebrook

Y 4 2,2,2,2
,2,2,2 8 Y 5 4,5,5,5

,5,5,4 20

Train more likely to be in the area.
Minor for Scenario A - consequence is high.

Train more likely present, minor.
Lost all USA connections.

Wave effects / one of major exits to Canada.
Train more likely present (minor in existing).

Y 4
1,1,1,1
,1,1,1,

1
4 Y 5

1,1,1,1
,4,1,1,

1
5

Impacts on rail network.
Low consequence.

Outside study area, minimal impact.
Outside study area.
Outside study area.

N 4 Y 5 4,4,4,4
,4,4,4 20

Future.
Loss all USA connections.

Not affected by sea event currently. Will be affected in future, will get back in service quicker.
Actual connection at 192
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PIEVC Assessment Worksheet - Participant Risk Scores and Comments

Infrastructure Components

UTILITIES

Sanitary Lift Stations

City of Surrey:  Elgin

City of Surrey:  South Port

City of Surrey:  Winter Crescent

City of Surrey:  Stewart Farm

Metro Vancouver:  Crescent Beach

Underground infrastructure

5 km of Metro Vancouver 750 mm diameter Water Transmission Main

10 km of Metro Vancouver Sanitary Sewer Forcemains (500 mm to 1050 mm diameter)

>10 km of FortisBC Gas Mains

Overhead Utility Infrastructure

BC Hydro Twin 500kV bulk transmission line providing Intertie between BC Hydro and Bonneville Power

BC Hydro local overhead distribution lines

Shaw and Telus telecom lines

Green Infrastructure (Added)

Rational For Consequence Rational For Consequence

Flood Scenario

Flood Scenario A -
Future

Flood Scenario A -
Current

Flood Scenario A -
Future

Flood Scenario A -
Current

Y/N P C R Y/N P C R Y/N P C R Y/N P C R

N 4 Y 5 3,3 15 Sewer backup.
N = behind dykes, at higher elevation. Y 4 3,3,3,3

,3,2 12 Y 5 3,3,3,3 15 Affected by flooding at Stewart.

N 4 Y 5 3,3 15 Sewer backup.
N = behind dykes, at higher elevation. Y 4 4,4,4,4

,4,2 16 Y 5 4,4,4,3 20 Affected by flooding at Stewart

N 4 Y 5 3,3 15 Sewer backup.
N = behind dykes, at higher elevation. Y 4 3,3,3,3

,3,3 12 Y 5 3,3,3,3 15 Affected by flooding at Stewart

Y 4 2,2,2 8 Y 5 3,4,4 20 Sewer backup.
In floodzone, services ~200 properties. Y 4 4,4,4,4

,4,4 16 Y 5 4,4,4,4 20

Affected directly by flooding.
Chain effect of failures.

Interconnected - all stations would fail.
Highest consequence because it is on the series - starts chain reaction upstream.

Possible cascade of failing of the pump stations.

Y 4 2,2,2,2 8 Y 5 4,4 20 Sewage overflows.
If PS completely flooded and genset fails, sanitary sewer overflows. Y 4 3,4,4,3

,3,3 16 Y 5 3,4,4,3
,2 20

Inflow through flooding of sewers. L/S itself wouldn't flood.
Indirectly impacted in existing conditions. Inflow from Crescent Beach.  Impact partly dependent on

response of public (not flushing toilets)

Y 4 2 8 Y 5 3 15 Low probability of failure - welded steel; flooded valve chambers. Y 4 4,4,4,4
,4,4 16 Y 5 4,4,4,4 20

Local PRVs vulnerable to flooding / MV reroute supply.
Erosion concern = potential break.

Water more important than sanitary (fire).
Chlorinated water released if break.

Impact would be on the local system. Some routing around could be done, but would be limited
supply. Nicomekl sea dam has w/m through it. Questionable supply.

Water is the most important can reroute through south Surrey. Farm lands can be flushed (chlorine)

Y 4 2,2 8 Y 5 3,3 15 If valve chambers flood, reduced O&M access and corrosion of valves and equipment.  If dike
abandoned, then pipe at risk of erosion and flotation, so may need relocation. Y 4 3,3,4,3

,3 12 Y 5 3,3,4,3 15 As long as PS can release to ocean.
Environmental impacts mitigated by tide in and out. Impacts to residents from backup.

Y 4 2,2,2,2 8 Y 5 3,3,3,3
,3 15

Minimal infrastructure loss and min. customers affected (higher consequence in the winter).
Number of customers lost - insignificant. Damage to infrastructure is minimal.

Number of customers lost (2 more such comments)
Y 4 2,2,2,2

,2 8 Y 5 2,2,2,2 10 Limited impact because not much infrastructure is affected, and usually has several shutoff locations.

Y 4 2 8 Y 5 4 20 Extended power outage over large area. Y 4 3,1 12 Y 5 3,4,3,3
,1 15

Ground clearance can be an issue.
Issue with tower at Serpentine river.

Transmission lines may need to be refurbished, raised, armored.
Present consequence insignificant - if lost, lost revenue. Rerouting not possible in real time. Could be

scour / erosion around pedestals.
Possible flow past footings

Y 4 2,4 12 Y 5 4,4 20 Extended power outage.
Long restoration time (for the ranking of 4) Y 4 4,4,4,4

,3 16 Y 5 4,4,4,3 20

Pump station affected and cannot pump.
If poles are flooded, difficult to inspect. Could fail, loss of power to pump stations.

Issue for sanitary pump station.
Power loss to streetlights would contribute to traffic congestion - affect emergency response and

evacuation.

Y 4 2,2,2 8 Y 5 2,5,2,2 10 (25)
Essential for communication.

Communication infrastructure affect many different interested parties - loss of communication can
cause a number of different problems (for the ranking of 5).

O&M: need access to site to operate and maintain. ER: cannot call for help if loss of service.

Y 4 2,2,2,2 8 Y 5 2,2,2,2 10
Affect communications in operations.

From operating and monitoring perspective.
Communications for SCADA infrastructure.

Y 4 2 8 Y 5 3 15
Erosion / deposition of soil leads to increased need to dredge / maintain other infrastructure to remove
buildup; reduced oxygen production in region; reduced carbon sequestration; urban heat island effect

increased.

Table Group A Table Group B
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PIEVC Assessment Worksheet - Participant Risk Scores and Comments

Infrastructure Components

Flood / Marine

Flood Control Infrastructure

City of Surrey Sea Dams (2)

15 km of dyking, including ditches and floodboxes

City of Surrey: Colebrook Pump Station

City of Surrey: Maple Pump Station

Corporation of Delta: Oliver Pump Station

Ducks Unlimited Canada Serpentine Fen Nature Reserve

Water control features to maintain environmentally sensitive area including freshwater irrigation system

Marine Facilities

Crescent Beach Marina

Wards Marina

Private docks

Farms

Private dairy facilities for over 1,000 head of Cattle

Rational For Consequence Rational For Consequence

Flood Scenario

Flood Scenario A -
Future

Flood Scenario A -
Current

Flood Scenario A -
Future

Flood Scenario A -
Current

Y/N P C R Y/N P C R Y/N P C R Y/N P C R

Y 4 4,4,4,4
,4,4 16 Y 5 5,5,5,5

,5,5 25 Velocities high with dam breaches
Debris potential, salt intrusion, loss of life in 2100 Y 4

5,2,2,2
,5,2,5,

2
20 5 2,1,3,4

,4,5,4 20

Sea dam will continue to operate but will be less effective.
Sea dam will return to function post-event.

Can't function as efficiently as when there is no flood. Future, loss of functionality - harder to repair.
Not really affected (current ranking of 2). Future major damage possible as water recedes (erosion).

Wide effect & consequence to City / region.
Road access for emergency services, water resources for fish, agricultural impacts.
Future: sea dam will need major repair, access road over seadam will be affected.

Y 4 4,4,4,4
,4 16 Y 5 5,5,5,5

,5 25 Y 4
5,4,4,4
,4,5,5,

4
20 5 5,4,5,5

,5,5 25

Dyking is allowing water over, ditches / floodboxes not effective.
Failure to protect Crescent Beach / farmland.

Crescent Beach - loss of homes, damage, debris, cannot temporary repair, higher economic impact in
future.

Major flooding, economic loss, evacuation, major dikes damage (current). Widespread flooding, larger
economic loss (future).

Wide effect & consequence to City / region.
Compromised integrity and function to protect - $up

Y 4 2,2,2,2
,2,2 8 Y 5 2,2,2,2

,2 10 Power loss, longer salt water, blueberries Y 4
5,3,1,3
,4,3,3,

4
16 5 4,3,5,4

,4,5 20

Pumps should continue operating provided power / backup power is not affected. Potential damage to
housing structure.

Should survive / function in current scenario, doubtful in future.
Elevation of backup generator, maintenance an issue. Extra time (24/7) to pump out water.

Still generally functioning

Y 4 2,2,4,2
,2,2 8 Y 5 3,2,2,2

,2,4,2 15
Pump station services primarily people and property

Breach and break slows recovery
Pump station is ineffective during breach

Y 4
5,3,1,3
,4,3,3,

4
16 5 4,2,5,4

,4,5 20
Rebuilt and updated

Damage to building holding the pumps. Damage to power / backup power, ability to repair.
Major repairs probably required.

Still generally functioning.

Y 4 2,2,2,2
,2 8 Y 5 2,2,2,2

,2 10 Pump station services primarily agricultural land
Pump station is ineffective during breach Y 4

5,3,1,3
,4,3,3,

4
16 5 4,3,5,5

,4,5 25

No immediate effect - post flood requirement.
Difficult access, not function as intended. Needed to be serviceable for recovery.

Lengthy post-flood recovery, potential irreparable damage.
Major PS in Delta. Will not keep up with flooding (current). Genset may be flooded (future) .

Still generally functioning.

Y 4 1,1,1,1
,2 4 Y 5 1,1,2,2

,2 10 Birds will relocate during event. Rodents will also relocate.
Pump station is ineffective during breach Y 4 2,1,2,1

,4,1,2 8 5 2,1,2,2
,2,4 10

Large / significant waterfowl refuge area.
Saltwater will affect vegetation.

Environmental impact minor - somewhat designed to handle flooding.
Flooding is a natural process for a fen but salt water intrusion may be harmful.

Environmental damage - difficult to reverse.
Critical habitat for pacific flyway, Canada's largest wintering waterfowl populations.

Y 4 1,1,1,2
,2 4 Y 5 1,1,2,2 10 Salt intrusion Y 4 3,4,2,2

,4,1,2 16 5 3,4,3,2
,4,3 15

More effective area as fresh water marsh.
Difficult to reverse salt water in short / medium term - potential fisheries impacts.

Intrusion into freshwater habitat, complete loss of functionality. Difficult to reverse damage. More
study of impacts required, fisheries impact, increased pollution, lower biological productivity, highly

social impact.
Distribution system is not essential.

Environmental damage - difficult to reverse.
Contaminated water for long time.

Y 4 2,2,2,2
,2,2 8 Y 5 2,2,2,3

,2,2 10 Possible use by CCG as landing spot / patient transfer
Boats might seek refuge here - not large marinas Y 4 1,1,1,2

,2,1,1 4 5 3,4,3,3 15

Marinas are not protected by the dyke system
Difficult access / debris damage (current) - flood damage to marina / docks (future)

Damage to buildings, wharfs - higher in future scenario.
Boats & docks floating unfettered may cause damage to other infrastructure or cause oil spills.

Private property - limited effect on others.
Building damage.

Y 4 2,2,2,2
,2 8 Y 5 2,2,2,3

,2,2 10 Boats might seek refuge here - not large marinas Y 4 1,1,1,2
,2,1,1 4 5 3,4,3,3 15

Most of infrastructure can accommodate the water.
Difficult access / debris damage (current) - flood damage to marina / docks (future).

Private property - limited effect on others.
Building damage.

Y 4 2,2,2,1
,2 8 Y 5 2,2,2,3

,2 10 Boats might seek refuge here Y 4 1,1,1,1
,3,1,1 4 5 4,3,2,3 15

Difficult access / debris damage (current) - flood damage to marina / docks (future)
Longer time to get back access, perhaps higher damage and cost to repair - future scenarios.

Private property - limited effect on others.

Y 4 4,4,4,4
,4,4 16 Y 5 5,5,5,5

,5 25
Cattle will be relocated to Cloverdale Race Track. During future scenario, people's lives likely lost.

Food insecurity, lives at risk.
Current condition, cattle should survive. Not in 2100.

Y 4 4,3,5,4 16 5 5,5,5 25

Entire farm area and livestock would be affected.
Potential to evacuate the animals, high risk of harm - cattle evacuation route (current). Less potential

to save animals - high mortality expected (future).
Evacuation necessary, cannot drink water. High value economic impact of interrupted production, cow

health & safety, sustainability very questionable in long run.
Destruction of animal life & generations old, large regional / national /  international dairy business

(unless there is some higher ground.

Table Group A Table Group B
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PIEVC Assessment Worksheet - Participant Risk Scores and Comments

Infrastructure Components

TRANSPORTATION

Runway

Surrey/King George Airpark Turf Runway

Regional / International Transportation Infrastructure

4 km of four-lane arterial roadway

7 km section of Highway 99 linking Peace Arch Border

Highway 91 and 99 Interchange

4 km section of Highway 91

6 km dyke trail connecting to parks

Delta-Surrey Greenway

Crescent Road

Local Government Arterial and Collector Roads

King George Boulevard (City of Surrey)

152nd Street (City of Surrey)

Colebrook Road (City of Surrey)

Ladner Trunk Road (Corporation of Delta)

112 Street (added)

Class 1 Railways Originating at Port Metro Vancouver

Burlington Northern Santa Fe (BNSF) Nicomekl Swing Bridge and Trestles

Rational For Consequence Rational For Consequence

Y/N P C R Y/N P C R Y/N P C R Y/N P C R

Y 3 1,1,1,1 3 Y 5 1,1,1,1
,1 5 Y 3 1,1,1,1

,1,1 3 Y 5 1,1,1,1
,1 5 Local airport impacted but not significant to regional issues.

Y 3 1,1,1,1 3 Y 5 2,2,2,2
,2 10 3 5

Y 3 1,1,1,1 3 Y 5 2,2,2,2 10 Y 3 1,1,1,1
,2,1,1 3 Y 5 1,2,2,3

,2,2 10 But minor.
Highways are not greatly impacted by standing water in farm fields.

Y 3 1,1,1,1 3 Y 5 2,2,2,2 10 N 3 N 5

Y 3 1,1,1,1 3 Y 5 2,2,2,2 10 N 3 N 5

Y 3 1,1,1 3 Y 5 2,2,2 10 N 3 N 5 Dyke is not overtopped.
Trails not affected.

Y 3 1,1,1 3 Y 5 2,2,2 10 Y 3 1,1,1 3 Y 5 1,1,1,1
,1 5 Trails not affected.

3 1,1 3 5 2,2 10 Often interpreted as duplicate of #6 N 3 N 5 Major city roads not affected, similar to highway.

Y 3 1,1,1,1
,1 3 Y 5 1,1,1,2

,1 5

Congestion impacts N

3 N 5

Y 3 2,2,2,2
,2 6 Y 5 3,3,3,3

,3 15 Access issues, contaminants from cars. Y 3 2,2,2,2
,1,2,2 Y 5 2,3,3,3

,2,3,3
Minor inconvenience - affects local roads.

More often future & longer to clean.

N 3 N 5 Y 3 2,3,3,3
,3,2 Y 5 2,5,4,5

,3
Minor inconvenience - affects local roads.

Y 3 2,3,2,2 6 Y 5 3,3,3,3 15 Access issues, contaminants from cars. 3 5

N 3 N 5 Minimal impacts. Railways likely continue operating. N 3 N 5

Flood Scenario B -
Current

Flood Scenario B -
Future

Flood Scenario B -
Current

Flood Scenario B -
Future

Table Group A Table Group B

Flood Scenario
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PIEVC Assessment Worksheet - Participant Risk Scores and Comments

Infrastructure Components

6 km of BNSF Railway (Freight frequencies ~ 20 trains daily and up to 4 daily Amtrak Cascades trains)

Roberts Bank Railway Corridor (BC Railway Co. ownership with usage by CN, CP and BNSF) ~18 trains daily.

Connection to Southern Railway of British Columbia

Rational For Consequence Rational For ConsequenceFlood Scenario B -
Current

Flood Scenario B -
Future

Flood Scenario B -
Current

Flood Scenario B -
Future

Flood Scenario

N 3 N 5 Minimal impacts. Railways likely continue operating. N 3 N 5 Not affected by rainfall (typical of other rail crossings except Southern Railway)

N 3 N 5 Minimal impacts. Railways likely continue operating. N 3 N 5

Y 3 3,3,3 9 Y 5 4,4 20 Vulnerable connection. Y 3 3,3,3,3
,3,3,3 9 Y 5 4,4,4,4

,4,4,4 20 Railway is impacted by seawater and rainfall events.
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PIEVC Assessment Worksheet - Participant Risk Scores and Comments

Infrastructure Components

UTILITIES

Sanitary Lift Stations

City of Surrey:  Elgin

City of Surrey:  South Port

City of Surrey:  Winter Crescent

City of Surrey:  Stewart Farm

Metro Vancouver:  Crescent Beach

Underground infrastructure

5 km of Metro Vancouver 750 mm diameter Water Transmission Main

10 km of Metro Vancouver Sanitary Sewer Forcemains (500 mm to 1050 mm diameter)

>10 km of FortisBC Gas Mains

Overhead Utility Infrastructure

BC Hydro Twin 500kV bulk transmission line providing Intertie between BC Hydro and Bonneville Power

BC Hydro local overhead distribution lines

Shaw and Telus telecom lines

Green Infrastructure (Added)

Rational For Consequence Rational For ConsequenceFlood Scenario B -
Current

Flood Scenario B -
Future

Flood Scenario B -
Current

Flood Scenario B -
Future

Flood Scenario

Y/N P C R Y/N P C R Y/N P C R Y/N P C R

N 3 N 5 N 3 5 Pumps directly to the MV main - not affected by Stewart Farm.
Based on Stewart not being an online pump station.

N 3 N 5 N 3 5 Pumps directly to the MV main - not affected by Stewart Farm.

N 3 N 5 N 3 5 Pumps directly to the MV main - not affected by Stewart Farm.

Y 3 2,2,2 6 Y 5 4,4,4 20 Not protected by a dyke. Y 3 3,3,3,3
,1 9 Y 5 3,3,3,1 15

May or may not be affected by flooding at all.
If the pump station is within the flood area - location was not exact.

Possible water impact of overtopping of the 2100 flood event.

N 3 N 5 N 3 5

Y 3 2 Y 5 2 Valve chamber flooding. Fresh water okay. Y 3 2,2,2,2 6 5 2,2,2 10
Likely the only impact is on CoS local connections.

Lower risk of scour versus sea flooding.
Not significant risks (slow moving water).

Y 3 2,2,2,2 6 Y 5 3,2,2,2 10
Erosion over creek crossings.

May have tougher time accessing pipe & valve chamber but any flooding would be fresh water so no
corrosion.

Y 3 2,2,2,2
,1 6 5 2,2,2,1 10 Loss of line is not a doomsday scenario.

Localized flood areas could effect.

Y/N 3 1 3 Y 5 4,4,4 20 One response identified Y for current - remainder N. Y 3 3,2,3,3 9 5 3,2,3,3 15
Number of Fortis Stations affected. Modest consequence.

Based on Fortis comments.
Possible break in lines.

3 5 4 20 Extended power outage over a large area. Y 3 2,3,2,2 6 5 2,3,3,2 15

Towers are close to the river and may be affected.
Erosion of tower near Serpentine River.

Towers are 70 m or less from bank.
If the river's water velocity is significant, it could erode foundations.

Could be erosion risks, destabilization.

3 5 4,4 20 Extended power outage.
Long restoration time. Y 3 3,3,3,3

,2 9 5 3,3,3,3 15 Affected in local areas only.
Saturated soil and high winds.

3 5 1 5 If any customers are out of service due to flood it may impede maintenance / repair vehicles. Y 3 3,1,2,2 6 5 3,1,2 10 Share poles with Hydro distribution. Impact is the same.
Similar impact as distribution lines, because they usually follow beneath.

3,3
Larger / frequent events detrimental to plant / tree growth.

Erosion / deposition of soil leads to increased need to dredge / maintain other infrastructure to remove
buildup; reduced oxygen production in region; reduced carbon sequestration; urban heat island effect

increased.

Table Group A Table Group B
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PIEVC Assessment Worksheet - Participant Risk Scores and Comments

Infrastructure Components

Flood / Marine

Flood Control Infrastructure

City of Surrey Sea Dams (2)

15 km of dyking, including ditches and floodboxes

City of Surrey: Colebrook Pump Station

City of Surrey: Maple Pump Station

Corporation of Delta: Oliver Pump Station

Ducks Unlimited Canada Serpentine Fen Nature Reserve

Water control features to maintain environmentally sensitive area including freshwater irrigation system

Screw pump stations (added)

Marine Facilities

Crescent Beach Marina

Wards Marina

Private docks

Farms

Private dairy facilities for over 1,000 head of Cattle

Rational For Consequence Rational For ConsequenceFlood Scenario B -
Current

Flood Scenario B -
Future

Flood Scenario B -
Current

Flood Scenario B -
Future

Flood Scenario

Y/N P C R Y/N P C R Y/N P C R Y/N P C R

Y 3 2,2,2,2
,2,2 6 Y 5 3.5,3,3

.5,3.5 25
Extended duration may require larger floodboxes or pumping at sea dam.

Increased pressure on sea dams.
Scour hole on Serpentine sea dam.

Y 3 1,1,2 3 Y 5 3,1,1 15

Should not be greatly affected - operation will be reduced as sea levels rise.
One responded not affected - passive structures, but SLR occurrence decreases their window of

opening.
Reduced functionality - take longer to drain the area.

Reliant on pumping for internal drainage.
May be affected by increased water pressure.

Y 3 3,3,3,3
,3 9 Y 5 4,4,4,4 20

The dykes need to be raised. Larger footprint. Stability.
Assuming dykes are raised, much less impact.

Velocity increases therefore erosion becomes more of a problem.
Geotech, seepage issues.

Y 3 1,1,5,5 15 Y 5 3,1,2,1 10

Raised - improved capacity.
Shorter low tide interval in future.

Shorter time to gravity flow out of FB.
Stress on dykes could lead to breach.

Flooding may be from a breach, higher risk of breach.

Y 3 2,2,2,1
,1,1 6 Y 5 3,3,3,3

,3,3 15
Consequences based on not upgrading pump station.

Impact on agricultural.
Pump duration will be increased due to sea level rise. Y 3 2,1,2,2

,3,5 9 Y 5 3,2,1,2
,2 10

Increased maintenance due to increased use (all pump stations).
Need to replace & upgrade capacity per lifecycle requirements (low cons)

Longer service cycle - operate for longer periods.
Working full time (if at all).

Y 3 1,1,1,1
,1,1 3 Y 5 3,3,3,2

,2 15
Consequences based on not upgrading pump station.
Pump duration will be increased due to sea level rise.

Discharge gates submerged more.
Y 3 2,2,2 6 Y 5 3,2,1,2

,2 10

Y 3 2,1,2,1
,1,1 6 Y 5 3,3,3,2

,3 15 Consequences based on not upgrading pump station.
Pump duration will be increased due to sea level rise. Y 3 2,2,2 6 Y 5 3,2,1,2

,2 10

Y 3 1,1 3 Y 5 1,1 5 Y 3 2,1,1,2
,2,2 6 Y 5 2,1,1,1 5

Water flow change affect wildlife.
Minor biologic impacts, debris, garbage.

Limited impact.
Reduced ability to manage water levels, different depths for dabbling vs diving ducks. Increased

overland garbage floating in and pollutants.

N 3 N 5 Y 3 2,1,2,2
,2 Y 5 2,1,1,2 10

Potential garbage / debris impacting system.
Minor impacts, debris, garbage.

Limited impact.

Y 3 1,1,1,1 3 Y 5 2,2,3 10
Pumping stations improved to same standard as dykes.

Assume upgrades at same standard as dykes.
Limited by height ability / chosen for environmental status.

N 3 N 5 Y 3 2 6 Y 5 1,2 10 Will require adaptation for water levels / flows (all marine facilities)

N 3 N 5 Y 3 2,2 6 Y 5 1,2 10 Some damage but limited.

N 3 N 5 Y 3 2,3 9 Y 5 1,2 10

Y 3 1,1,1 3 Y 5 2,2,1,2 10 Y 3 1,2 6 Y 5 1,2 10
Moderate floodin+Y98:AQ114g to grazing land.

Reduced grazing areas.
Limited damage.

Table Group A Table Group B

Appendix B
Consequence Rationale
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Infrastructure

Adaptation Option

A
Current

A
Future

B
Current

B
Future

Tr
an

sp
or

ta
tio

n
Runway

Surrey/King George Airpark Turf Runway Retreat Retreat Retreat Retreat

Regional / International Transportation Infrastructure

4 km of four-lane arterial roadway Full wall / sea barrier - Crescent Beach to Delta
Border alignment

Accommodate: education and effective response
systems

7 km section of Highway 99 linking Peace Arch Border
Enhance existing dyke system with new sea dams

at mouth of river.
Build up as dyke.

Highway 91 and 99 Interchange Highway 99 new dyke alignment and retreat; move
sea dam to Highway 99

4 km section of Highway 91 Combination of options

6 km dyke trail connecting to parks

Delta-Surrey Greenway

Crescent Road

Local Government Arterial and Collector Roads

Local Government Arterial and Collector Roads (general)

King George Boulevard (City of Surrey)

152nd Street (City of Surrey)

112 Street (City of Surrey)

Colebrook Road (City of Surrey)

Ladner Trunk Road (Corporation of Delta)

Class 1 Railways Originating at Port Metro Vancouver

Burlington Northern Santa Fe (BNSF) Nicomekl Swing Bridge and Trestles.

6 km of BNSF Railway (Freight frequencies ~ 20 trains daily and up to 4 daily Amtrak
Cascades trains).

Roberts Bank Railway Corridor (BC Railway Co. ownership with usage by CN, CP and
BNSF) ~18 trains daily.

Connection to Southern Railway of British Columbia
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Infrastructure

Adaptation Option

A
Current

A
Future

B
Current

B
Future

U
til

iti
es

Sanitary Lift Stations

City of Surrey:  Elgin

Add gen-sets where necessary. Add off-line
emergency storage (Surrey only). Raise buildings
and electrical (typical comment for all Sanitary Lift

Stations and Scenarios).
Not affected. None required. (Consensus).

Not affected. None required. (Consensus). Not affected. None required. (Consensus). Not affected. None required. (Consensus).

City of Surrey:  South Port Not affected. None required. (Consensus). Not affected. None required. (Consensus). Not affected. None required. (Consensus). Not affected. None required. (Consensus).

City of Surrey:  Winter Crescent Not affected. None required. (Consensus). Not affected. None required. (Consensus). Not affected. None required. (Consensus). Not affected. None required. (Consensus).

City of Surrey:  Stewart Farm
Coffer dam - floodproof.

Flood protect.
Flood proof - dam?

Dyke unprotected pump station.
Raise elevation of pump station.

May need to be raised.
Raise station.

Coffer dam - floodproof.
Flood Protect.

Floodproof - dam?

Dyke unprotected pump station.
Coffer dam - floodproof.
May need to be raised.

Raise station.

Metro Vancouver:  Crescent Beach

Use stainless steel at chambers.
If needed, raise existing electrics and controls higher

in building.
Dykes around community. Offshore islands.

Floodproof.

When it is time to replace the PS, design and
construct to take into account the flood and sea level

rise scenario.
Dykes around community. Offshore islands.

Raise as capital replacement.

OK as is, but adaptation for Scenario 'A' will also
further reduce risk for Scenario B.

Not affected. None required. (Consensus).

OK as is, but adaptation for Scenario 'A' will also
further reduce risk for Scenario B.

Underground Infrastructure

5 km of Metro Vancouver 750 mm diameter Water Transmission Main
Modify valve chambers as required.

Upgrade already planned. Address scour in design
criteria.

Upgrade already planned. Address scour in design
criteria.

Address during replacement by MV.

Upgrade already planned. Address scour in design
criteria.

Upgrade already planned. Address scour in design
criteria.

Address during replacement by MV.

10 km of Metro Vancouver Sanitary Sewer Forcemains (500 mm to 1050 mm dia.)
Upgrade as required.

Use stainless steel at valve chambers.
Address scour in next design criteria.

When it is time to upgrade pipes, design and
construct to account for flood & sea level rise

scenario. Also design and construct valve chambers
that are not susceptible to salt water ingress. Armour
river crossings if not already done. If the sea dyke is
removed, then moving the sewer line to safety would

be considered, but very $$.
Address scour in next design criteria.

OK as is, but adaptation for Scenario 'A' will also
further reduce risk for Scenario B.

Address scour in next design criteria.

OK as is, but adaptation for Scenario 'A' will also
further reduce risk for Scenario B.

Address scour in next design criteria.

>10 km of FortisBC Gas Mains

Install more isolation valves. Install deeper crossings
at rivers. Raise stations.

Common comment: add valves as isolation strategy,
evaluate the crossings, stations elevated.

Not affected

Install more isolation valves. Install deeper crossings
at rivers. Raise stations.

Raise stations. Add more valves to isolate shorter
reaches

Not affected

Install more isolation valves. Install deeper crossings
at rivers. Raise stations.

Not affected

Install more isolation valves. Install deeper crossings
at rivers. Raise stations.

Raise stations. Add more valves to isolate shorter
reaches

Not affected

Overhead Utility Infrastructure

BC Hydro Twin 500kV bulk transmission line providing Intertie between BC Hydro and
Bonneville Power

Not affected.
Protect.

Divert current at base to protect towers.

Reinforce foundation. Raise the towers.
Protect towers near rivers.

Accommodate (Raise).
Not affected. Raise the towers.

Accommodate (raise).

BC Hydro local overhead distribution lines
Change to fibreglass poles in wet areas.

Do nothing (listed for all scenarios)
No action.

Change to fibreglass poles in wet areas.
Replace poles with fibreglass (rot).

Program to replace poles - poly/fibre?
Accommodate (raise).

Change to fibreglass poles in wet areas.
No action.

Change to fibreglass poles in wet areas.
Replace poles with fibreglass (rot).

Replace poles - poly / fibre?
Accommodate (raise, FRP poles)

Shaw and Telus telecom lines

Change to above ground in flood areas.
Accommodate (listed for all scenarios): most of

TELUS infrastructure is aerial any future design in
accordance to the City can be designed above

ground as well to minimize damage.
Can't do much about existing infrastructure. Will

replace as necessary.
Not affected.

Change to above ground in flood areas.
Keep services aerial.   Some existing underground
cables - would replace with aerial if / when there is

an issue.
Keep all plant aerial; all new developments should

be serviced aerially.
Not affected.

Work in conjunction with BCH

Change to above ground in flood areas.
Can't do much about existing infrastructure. Will

replace as necessary.
Not affected.

Change to above ground in flood areas.
Keep all plant aerial; all new developments should

be serviced aerially.
Not affected.

Work / replace in conjunction with BCH.

Green Infrastructure (Added)
Adapt: plant salt tolerant / flood tolerant species.

Protect: encourage tree / shrub growth. Retreat: let
nature take its course (for all scenarios)
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Infrastructure

Adaptation Option

A
Current

A
Future

B
Current

B
Future

Fl
oo

d
C

on
tro

l/
M

ar
in

e

City of Surrey Sea Dams (2)

Series of sea dams.  What areas do we want to
protect

Replace & upgrade.
Seismic upgrade - bigger gates, add pumps

(Protect).
Replace & upgrade (Protect).

Protection strategy (sea dams and dyking infra).
Replace sea dams.

Replace for seismic reasons if nothing else (protect).

Augment with pumps.

Don't increase development
Pumps (listed for Current & Future)

Include pumping capacity.
Protect.

Add pumping capacity at sea wall to increase
drainage rate.

Protect.

15 km of dyking, including ditches and floodboxes

Upgrade (also listed for Colebrook, Maple (Scenario
A Current; Crescent Beach Marina, Wards Marina,

Private Dock all scenarios)
Upgrade / better floodboxes / deeper ditch (Protect).

Increase capacity.
Offshore islands.

Consider retreat or accommodation (listed for
Colebrook, Maple for both Scenario A and Scenario

B Future scenarios).
Accommodate? Protect? Offshore islands, raise

dykes, other.
Add more pumping stations.

Offshore islands to reduce heights required.
Offshore islands

Pumps (listed for Colebrook, Maple Current).
Increase pumping capacity. Accommodation and upgrades

Add more pumping stations.

City of Surrey: Colebrook Pump Station Upgrade as required - rebuild with increased
capacity.

Increase capacity, raise.
Build higher & increase capacity.

Upgrade.
Accommodate (listed for all PS).

Accommodation and upgrades
Accommodate. (listed for all PS)

City of Surrey: Maple Pump Station Build higher & increase capacity
Abandon Accommodation and upgrades

Corporation of Delta: Oliver Pump Station Upgrade. Maintain Accommodation and upgrades
Raise water control structures.

Ducks Unlimited Canada Serpentine Fen Nature Reserve Accommodate - increase discharge capacity of
saltwater.

Relocate west of Highway 99.
Expand - transition upland to wetland long-term
leases with phases for evaluation for retreat /

accommodate.

Maintain Raise water control structure levels.

Water control features to maintain environmentally sensitive area including freshwater
irrigation system

Screw pump stations

Marine Facilities

Crescent Beach Marina

Accommodate - as infrastructure is replaced /
upgrades.

Protect / accommodate (listed for all marine facilities
current Scenario A and B)

Retreat? Or accommodate.
Accommodate.

Accommodate (listed for all future condition Scenario
A and B)

Accommodate.

Wards Marina

Private docks Accommodate.

Farms

Private dairy facilities for over 1,000 head of Cattle

Accommodate (raise buildings, roads, build 'mounds'
for cattle retreats).

Protect / accommodate (listed for Current Scenario A
and B)

Retreat / abandon. Accommodate (listed for Future
Scenario A and B)
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General Adaptation Comments

Transportation Tables Utilities Tables Flood Control / Marine Tables

· Retreat for highways not considered feasible – unless sacrificing land.

· Consider co-benefits of approaches such as: retention / detention ponds – could be irrigation in summer.

· Offshore solution, rock groins, trestles, relocate BNSF

· Onshore: pumps capacity, higher elevations.

· Retreat common option for airpark.

· Accommodate: education and effective response systems.

· Elevate some local roads to prioritize movement.

· Combination of options likely required.

· If BNSF decides to remove their dyke crossing of Mud Bay, this could initiate a retreat, accommodate, or replace the dyke

with another superstructure.

· Incremental adaptations are needed to meet changing needs of climate change.

· If the sea dams are upgraded or an offshore dyke barrier is constructed, how will this accommodate future climate changes?

· If we retreat, how will be transportation corridors be maintained?  Could a long bridge be an option spanning the retreated

area?  Would the public be okay with intermittent road closures during high tide?

· There are too many unknowns.  For example, if temperature rises due to climate change, blueberries might not be able to

grow.  Might not need to prevent the agriculture land.  Should continue to monitor the changes over years.

· Do not think it is practical to raise the river dyke.

· Build dyke on the land side, and use Hwy 99 as buffer.

· 152 St will be widened in the future.  There is an opportunity to raise 152 St to act as barrier as a secondary flood barrier.

· Retreat for highways not considered feasible – unless sacrificing land.

· Consider co-benefits of approaches such as: retention / detention ponds – could be irrigation in summer.

· Offshore solution, rock groins, trestles, relocate BNSF.

· Onshore: pumps capacity, higher elevations.

· Retreat common option for airpark.

· Accommodate: education and effective response systems.

· Elevate some local roads to prioritize movement.

· Combination of options likely required.

· If BNSF decides to remove their dyke crossing of Mud Bay, this could initiate a retreat, accommodate, or replace the dyke

with another super structure.

· Incremental adaptations are needed to meet changing needs of climate change.

· If the sea dams are upgraded or an offshore dyke barrier is constructed, how will this accommodate future climate changes?

· If we retreat, how will be transportation corridors be maintained?  Could a long bridge be an option spanning the retreated

area?  Would the public be ok with intermittent road closures during high tide?

· There are too many unknowns.  For example, if temperature rises due to climate change, blueberries might not be able to

grow.  Might not need to prevent the agriculture land.  Should continue to monitor the changes over years.

· Do not think it is practical to raise the river dyke.

· Build dyke on the land side, and use Highway 99 as buffer.

· 152 St will be widened in the future.  There is an opportunity to raise 152 St to act as barrier as a secondary flood barrier.

· Upgrade to Metro Vancouver watermain is planned. Address flood issues (especially scour

/ erosion) in design.

· Build a sea wall across Mud Bay.

· Relocate BNSF (helps White Rock) use new structure of BNSF piles as foundation for a

new wall on that same alignment.

· BCH and Shaw/Telus share poles – distribution network prone to rot / destabilization. Can

be accommodated by replacing with fibre-reinforced poly poles.

· Dyking good option. Offshore islands are no-go for Crescent Beach

· Need better understanding of sediment transport and flushing and how offshore options

would affect this.

· Sewage transmission line to Annacis is needed for now – needs to go through the

floodplain. Potential for utility through sea wall rather than through floodplain (risky).

· BCH does resiliency assessments on their transmission lines – approximately 45-year

replacement cycle.

· Mainly accommodate.

· Retreating is NOT an option.

· No access to infrastructure.

· Infrastructure permanently submerged.

· Can’t maintain infrastructure.

· If retreat from ocean – MV forcemain would be on ocean side of dyke and would be

vulnerable. Replacement of forcemain further east. Valve chambers – could use stainless

steel.

· Hydro check integrity of wood poles every 10 years, dig 2 feet down and check pole

integrity.

· Focus on off-shore options.

· Accommodate and do incremental upgrades.

· Options are largely driven by rail line management beyond jurisdiction of City.

· Protect seems to be leading contender (with little consideration of $)

· Assumption that dykes are raised in Scenario B – implies protect / accommodate

– at what point is retreat considered – eventually will have to. Dyking affects

everything else.

· Severity of Scenario B can be partly attenuated through upstream watershed

management – decrease peak flow from new developments, or magnified by

increases in precipitation

· Offshore solutions:

o Rock groin\breakwater (offshore 7 km long extending from beyond

Crescent Beach to Highway 91) complete with tide gate.  (Stage

construction with barrier raised over time, add gate later, upgrade

dyke and pump station as required).  Create better habitat internally.

o Offshore Segmental wall – Geotechnical concerns.

o Trestle (could extend beyond White Rock, BNSF could sell property

and build raised trestle) – this would knock down wave height, but not

surge and rising sea levels and provide many decades of protection.

o Retreat was not looked upon favorably since it will significantly impact

transportation corridors.  However, partial retreat was not explored

(and it should be).

o Without offshore improvements dyke upgrades will be challenging

and will take a long time.
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Exit Survey Responses
Compiled by City of Surrey

Strongly
Agree

Agree Undecided Disagree
Strongly
Disagree

Low Medium High

12 21 0 0 0 4 15 20
36% 64% 0% 0% 0% 10% 38% 51%

Undecided
100% 0% 0%

Strongly
Agree

Agree Undecided Disagree
Strongly
Disagree

Yes No

13 18 1 1 0 37 4
39% 55% 3% 3% 0% 90% 10%

Undecided
94% 3% 3%

Strongly
Agree

Agree Undecided Disagree
Strongly
Disagree

Yes No

11 21 0 1 0 37 1
33% 64% 0% 3% 0% 97% 3%

Undecided
97% 0% 3%

Strongly
Agree

Agree Undecided Disagree
Strongly
Disagree

Response Statistics

7 13 12 0 0 Participant Attendance 59
22% 41% 38% 0% 0% Submitted Exit Survey 38

Undecided Exit Survey Response Rate 64%
63% 38% 0% Submitted Workbooks 42

Workbook Response Rate 71%
Much too

short
Too short Just right Too long

Much too
long

0 0 27 6 0
0% 0% 82% 18% 0%

Just Right
0% 82% 18%

Short Long

You felt your opinion was heard?

To what extent is coastal flooding
a concern for you and your

family?

Do you feel that your top
concerns about coastal flooding

were captured today?

Do you have a greater awareness
of the impacts of flooding on
infrastructure in Mud Bay?

Agree Disagree

Agree Disagree

The logistics (location, time) of
the Workshop were suitable:

The length of the workshop was:

You will like to continue to be
involved in the CFAS planning

process:

You understood the information
that was presented

Agree Disagree

Agree Disagree

Mud Bay Infrastructure Flood Vulnerability Assessment
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Question 3 Question 5

If your main concerns were not addressed, could you please tell us what
are your top concerns?

Are there any adaptation options  or strategies you would like to see
explored further related to infrastructure in the area

Question 11

Yes & no.

Please provide any further comments on today's meeting (Feb
3, 2017)

Foreshore Dyke Foreshore Dyke

As a federal response agency, I did not have much input other
than to make aware the Coast Guard as a response option.

Thank you for including us in the discussion

Look at development strategies and policies to assure net zero
surface flow post/pre development.  Low impact development

strategies.  Buy/lease back land options

Green infrastructure & its potential to provide solutions Green infrastructure Too slow developing and running through scenarios

Feasibility of the offshore option
Great presentations - very informative

Offshore barrier islands.  Raise highway 99 as a dyke

No single approach but rather a combination of different options will
need to be employed with input and support of all stakeholders in

the lower mainland

Good cross section of stakeholder representations for
awareness and future engagement on this subject

matter…thank you

What would be a global approach to adopt options to develop

PIEVC has good risk rank procedure to sort outstanding priorities
Very practical workshop but few more presentations would

have been more helpful

Sea level rise & subsidence are long term processes that will
continue indefinately.  Protect options buy time, rather than provide

permanent protection.  You must consider how long protection
options will be effective for

Well put together

Growing population in south surrey, impact on the network.  Traffic
congestion on alternate route not able/delay to get to work

Options analysis for all 3 options Job well done

1.  Incremental adaptions  2.  Engage the whole lower mainland area

Serpentine river basin rainfall outcomes on the upper basin; river basin
dyke assumptions on "Part B" directed the conversation too quickly away

from river issues.
The great mud bay dyke/wall to reclaim more land Great facilitation by associated engineering

Emergency Services & impact on residents All that we discussed

BC Hydro may implement protect or accommodate adaptation for
its infrastructure

Environmental impacts:  I didn't see much info on this in the
workshop

Look at options and evaluate problems they solve instead of vice
versa

Yes, engagement with neighbouring municipalities should be
needed for this type of workshop

Raise the dyke - build the a barrier wall

Benefits of offshore islands on reducing flood vulnerability to
infrastructure in Mud Bay

Could have been accomplished in 3/4 of a day

Focus on people, infrastructure, ACR lands over Mud Bay environmental
impacts

As per #3
Very good timely discussion, need Langely  to come to the

table.  Delta should have remained after lunch
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