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1 INTRODUCTION  

To help its coastal communities prepare for a changing climate and become more resilient to flooding, 
the City of Surrey initiated a comprehensive process to develop a Coastal Flood Adaptation Strategy 
(CFAS) in 2016. To describe and summarize the overall process, a CFAS Strategy Document (‘Strategy 
Document’) was prepared.  

The Strategy Document sets out decade-by-decade actions to prepare and adapt for sea level rise. The 
CFAS Actions have been separated into two categories: ‘program and policy’ actions and ‘area-specific’ 
actions. The program and policy actions address education, communications and advocacy; planning, 
studies, and data collection; regulatory controls, standards and guidelines; and the management of 
extreme floods. Area-specific actions are provided for each of the three Planning Areas - Mud Bay, 
Crescent Beach and Semiahmoo Bay. Due to the large size of the Mud Bay Planning Area, it was further 
divided into seven Sub-Planning Areas - Serpentine North, Inter River East, Inter River West, Nicomekl 
South, Colebrook, Mud Bay Foreshore, NicoWynd Area, Crescent Beach and Semiahmoo Bay Area.  

In the interest of brevity of the Strategy Document, the background information supporting the area-
specific recommended actions is provided in this technical background document, forming Appendix III 
of the Strategy Document. This appendix also includes detailed information on Surrey’s Disaster 
Mitigation and Adaptation Fund (DMAF) application (Section 5). 

 

2 TECHNICAL CONSIDERATIONS FOR ADAPTATION 

This section describes the technical factors that were considered in the development of area-specific 
strategic actions proposed in the Strategy Document. Each of these factors has received in-depth 
attention over the past decade through several separate studies that Surrey or other agencies have 
performed (please see Section 8, References).  

To avoid redundancy, detailed results and graphics from prior studies are not reproduced here. Instead, 
the emphasis is on presenting key conclusions of past studies and describing how they influenced the 
development of the area-specific adaptation measures. Citations are provided so readers can reference 
the pertinent prior studies to get more detailed information. 

2.1 Future flood level estimates 

Flood levels in the Serpentine/Nicomekl River channels and their interjoining floodplains are a complex 
function of ocean levels, precipitation including resulting run-off, watershed storage and the interaction 
of numerous hydraulic structures such as sea-dams, pump stations, flood-boxes, spillways, culverts and 
ditches. 
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To predict future flood levels impacted by climate change, an understanding of future sea level rise, 
ground subsidence, precipitation and land-use change is required, along with hydraulic modelling 
capabilities to simulate the response of the Serpentine and Nicomekl River system to varying ocean and 
inflow boundary conditions. A brief review of these parameters and the necessary modelling is provided 
here. 

 Sea level rise  

Provincial guidelines currently in effect assume that local sea levels will rise linearly by 1 m between 
years 2000 and 2100 or by 10 mm/year. This projected adjustment was applied to present ocean levels 
estimated based on ocean modelling. With sea level rise, coastal flooding conditions are expected to 
continuously worsen (Ausenco-Sandwell, 2011).  

 Ground subsidence 

Portions of the Fraser delta and the adjacent floodplain are known to be subsiding. Thurber Engineering 
(2014) estimated the subsidence for various regions within Surrey to range from 0 to 2 mm/year. To 
estimate the relative sea level rise an average subsidence rate of 1 mm/year was assumed for riverine 
assessments and up to 2mm/year along the coastline in establishing future target dyke elevations.  

 Precipitation 

Climate change will affect precipitation, with winters generally becoming wetter but the number of wet 
days becoming fewer (Dillon Consulting, 2013).  A unique approach was developed by NHC to assess 
climate change impacts on future precipitation. Two alternative synthetic time series of hourly 
precipitation were developed to reflect a moderate and a severe climate change scenario based on 
downscaled results from Global Climate Models. The analyses suggest that at the 200-year return period 
level the moderate scenario may increase daily precipitation by roughly 33% and the severe scenario by 
50%. Long-term hydrologic simulations were carried out using the synthetic moderate and severe 
precipitation records to develop corresponding hydraulic model inflow timeseries. 

The hydrologic model prepared by NHC (2015a) reproduced observed calibration storm volumes within 
about 5% and event peaks within 10%. Some uncertainty continues to surround reported flows at WSC 
Station 08MH155, Nicomekl at 203rd Street. 

Current precipitation projections reflect plausible representations of the future, given the best current 
scientific information, but do not represent specific predictions. As climate science improves, the 
estimates will need refinement. 

To model future run-off based on the estimated increases in precipitation, land-use changes in the 
Serpentine and Nicomekl watersheds were considered. Future land-use projections were provided by  
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City of Surrey, reflecting increased development density, particularly in the upper Serpentine River and 
along the Nicomekl River in South Surrey.   

 Hydraulic Modelling 

To estimate present and to project future flood levels, hydraulic modelling for the study area was 
performed using HEC-RAS. The model was validated to the January 2013 and January 2014 flood events 
and showed good agreement at most locations. (Observed discrepancies are likely due to some 
observed water levels being recorded in ditches and not being representative of the average floodplain 
water level.) The model was run for years 2010, 2020, 2040, 2070, 2100 and 2200, each run accounting 
for projected sea level rise. Three additional sensitivity simulations were done for year 2100 by 
incorporating moderate and severe climate change impacts on precipitation in addition to sea level rise 
and by adding a 1 mm/year subsidence allowance. Flood levels were output at 97 locations for the near-
50 year simulation time period and annual peak levels were extracted from frequency analyses to 
estimate the 200-year flood level at each location (NHC, 2015a).     

It was observed that, based on model results, lower river reaches are more susceptible to flooding 
caused by increases in sea level than the upper reaches. The floodplain cells experiencing the largest 
increases in peak 200-year water levels from 2010 to 2100 (about 0.5 m to 1 m) are those connected to 
the river channels with spillways. The upper reaches are most sensitive to increases in runoff and the 
200-year water levels showed a noticeable change from 2020 to 2040, coinciding with the adopted 
change from existing to future land-use. This was further confirmed by the model runs incorporating 
precipitation increases due to climate change. Impacts of revised subsidence rates appear to fall within 
the accuracy of modelling.  Based on model results, in the reaches just upstream of the sea-dams the 
present 200-year flood level will have a return period of less than 2 years by year 2100. In the upper 
Nicomekl and upper Serpentine reaches, the present 200-year flood level will have a return period of 
roughly 75 years in year 2100, assuming no changes in precipitation.  With the estimated precipitation 
increases corresponding to a moderate or severe climate change scenario, the present 200-year water 
level would occur on average every 5 to 10 years (NHC, 2015a).  

2.2 Coastal Flooding 

Required coastal dyke design crest elevations were calculated at nine locations for years 2010, 2020, 
2040, 2070, 2100 and 2200. The computations allowed for inundation of the existing dyke crest 
elevations that range from 2.3 m to 3.3 m (GSC). Results showed that the existing dyke crest elevations 
are up to 0.9 m below 200-year design crest elevations for present ocean conditions and 1.9 m below 
projected year 2100 conditions (NHC, 2015a). Consequently, most of Surrey’s coastal dykes offer 
inadequate protection against flooding and improvements are required to reduce the risk of overtopping 
and breaching. 
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The estimated return period ocean event that each dyke is able to withstand will decrease with time due 
to sea level rise. For 2010 conditions, the return period of flows that the dykes can withstand without 
overtopping ranged from 2 to 350 years, with only two of the dykes meeting 200-year ocean level 
standards. Assuming the linear increase in sea level recommended by provincial guidelines, by year 
2020, none of the dykes will meet the 200-year standard; by 2040, the return period event the dykes can 
withstand without overtopping will be less than 10 years; and, by 2070, it is expected that all dykes will 
be inundated multiple times per year. The coastal dykes are not designed for overtopping and would 
likely fail if ocean water levels exceed crest elevation. 

2.3 Riverine Flooding 

Recent work related to inland flooding focussed on year 2010 and 2100 flood conditions (NHC, 2015a). 
Tentative projections were made for year 2200 flood conditions; however, the associated climate 
change projections are highly uncertain.  

While coastal dykes appear to be the most vulnerable (as described above), inland dykes generally have 
some degree of freeboard at present 200-year flood conditions. By year 2100, the region’s sea dams, 
dykes, bridges, roads and railroads will frequently be flooded.  

An initial assessment of dyke failures indicated high hazard ratings for present conditions, with potential 
loss of life in the vicinity of the breaches. Similar breach scenarios in 2100 would have catastrophic 
consequences, likely with significant loss of life. Considering the topography of the floodplain, relatively 
minor increases to the inundation area are expected by year 2100. A comparison of present model 
results and FCLs in effect since the 1990s indicates a need to update the FCLs. However, presently 
estimated 200-year flood levels plus freeboard should not be adopted as accurate FCLs without further 
review.    

2.4 Dyke Breaches 

The two-dimensional capabilities of HEC-RAS software were used for an initial assessment of flood 
depths and velocities following a dyke breach.  The impacts of breaches were last modelled 30 years ago 
and did not include any SLR projections.  Results are sensitive to the selected breach locations, adopted 
parameters and river or ocean water levels, prior to and following a breach (NHC, 2015a).  

The breach modelling simulated: 1) a storm induced failure of coastal dykes under existing (2010) and 
future (2100) conditions; 2) a future seismic failure of an inland dyke; and, 3) conditions following failure 
of the sea-dams. Sea dyke failures had flow velocities in the order of 4-5 m/s at the breach, dropping to 
1.5 – 2.5 m/s on the floodplain.  At present conditions, the breaches modelled could potentially result in 
some loss of life and extensive damage, whereas future breaches would be catastrophic with water 
depths reaching over 3 m.   
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Based on one particular inland seismic breach modelled during typical winter conditions (the Coast 
Meridian dyke) inundation depths and velocities were moderate. However, impacts of a seismic breach 
occurring during a high river level are anticipated to be severe.   

A post-failure sea-dam scenario was modelled, reflecting moderate tidal conditions in 2008 to 2010. This 
scenario did not result in dyke over-topping but freeboard was compromised in several locations. It is 
anticipated that impacts would have been more severe under higher tide conditions. Further, the loss of 
flood storage would result in more frequent flooding of areas downstream of the sea dams. Sea dam 
failure will also result in upstream migration of salt-water which will impact the ability to irrigate 
agricultural lands.   

2.5 Flood Extents and FCLs 

With the steep rise in topography bordering the floodplain, inundation extents for the different model 
scenarios showed relatively minor variation. Year 2100, in combination with a severe precipitation 
scenario, had the largest increase in floodplain area compared to present conditions, showing a total 
area increase of 25% (with main expansions in floodplain south of the Erickson and Burrows pump 
stations and by the Latimer and Bear Creek tributaries) (NHC, 2015a).  

The City’s current FCLs are based on design water levels computed by KPA (1994). Considering the 
different approaches adopted for the present modelling, simulated 200-year flood levels plus freeboard 
were expected to vary from the 1994 FCLs. In general, the flood levels for both 2010 and 2100 are lower 
than the historically adopted flood levels in the floodplain storage cells but higher where flood levels are 
directly influenced by the ocean and also in some of the upper river reaches. There is a need for 
updating the FCLs. 

2.6 Overview of vulnerable infrastructure 

Prior studies by Surrey have shown significant coastal and inland infrastructure vulnerabilities in both 
the present and year-2100 scenarios.  The vulnerability of infrastructure was assessed by comparing the 
infrastructure elevation with the flood levels for years 2010, 2020, 2040, 2070 and 2100. 

 Coastal dyke vulnerability 

Of Surrey’s nine coastal dykes (Figure 1), half have a current dyke crest elevation that will be overtopped 
in year 2020 during storms with a return period less than 30 years (or 3% AEP). As a result of sea level 
rise, the level of protection afforded by the current dykes reduces to less than a 10-year return period 
(or >10% AEP) by the year 2040. The estimated return periods of total water level associated with the 
current dyke crest elevations are given in Table 1.   



 

City of Surrey Coastal Flood Adaptation Strategy 8 
Technical Background Document 

 

Figure 1  Coastal dykes in Surrey 

Table 1.  Water level return periods associated with the dyke crest elevations  

Site Location DCE (m) 2010 2020 2040 2070 2100 
1a 

 

Colebrook - Serpentine 2.84 22 8 2 <1 <1 
1b Crescent Beach East 2.88 220 70 7 <1 <1 
1c Mud Bay - Serpentine 3.00 28 11 2 <1 <1 
1d Mud Bay - Nicomekl 2.98 350 110 10 <1 <1 
2 Colebrook (Highway 99) 3.15 22 10 2 <1 <1 
3 Crescent Beach North 2.90 2 1 <1 <1 <1 
4 Crescent Beach South 3.30 70 22 3 <1 <1 
5 BNSF Railway 3.20 7 3 <1 <1 <1 
6 8th Avenue at Campbell 2.30 4 1 <1 <1 <1 

Notes:   
1. Total water levels do not include freeboard. 
2. Dyke crest elevation values will change if dyke geometry is modified or updated. 
3. The total water level is calculated as the sum of relative sea level rise (RSLR), design flood level (DFL) and 

wave effect; this is equivalent to dyke crest elevation (DCE) without freeboard allowance. 
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 Inland vulnerability 

The vulnerability of inland infrastructure focused on key components such as sea dams, dykes, bridges, 
main roads and railroads.  Figure 2 shows the classification scheme used to classify dyke vulnerability:   

 

 

 

 

 

 

In the present 200-year 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 Hwy 99 would be inundated and freeboard 
compromised at Colebrook Road, with a few sections of railroad having compromised freeboard as well. 

Figure 3 and Figure 4 show example figures with the vulnerability of inland dykes to 200-year water 
levels in year 2010 and 2100. 

In the year 2100 200-year flood, 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 experience some inundation. 

Therefore, infrastructure upgrade or adaptation is required for not only the year-2100 condition but for 
the current condition as well.  

In addition to dykes, several other types of infrastructure such as roads, bridges, and railway lines are 
also vulnerable to coastal floods. Because such impacts are localized, descriptions of such vulnerable 
infrastructure have been provided on an area-specific basis in Section 4. 
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Figure 3  Vulnerability of dykes (current dyke design elevations) to 2010 200-year water levels. 

 

Figure 4  Vulnerability of dykes (current dyke design elevations) to 2100 200-year water levels. 
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3 PROGRAM AND POLICY ACTIONS 

Program and Policy Actions apply across the entire CFAS Study Area. A number of Program and Policy 
Actions have been prioritized as more tactical, shorter-term to be implemented between 2020 to 2030. 
Other Actions will be implemented in the period from 2030 to 2100 as conditions warrant. Figure 5 
summarizes the program and policy actions proposed in the Strategy Document. 

Program and policy actions are described in detail in the Strategy Document, and further treatment is 
not included here with the exception of monitoring and evaluation indicators, provided in Section 3.1. 

Figure 5 Summary of Program and Policy Actions 
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3.1 Monitoring and Evaluation Indicators 

The Strategy Document contains a general discussion on how program and policy actions can be 
monitored and evaluated during the CFAS execution period. Tentative indicators for monitoring and 
evaluating each program and policy action are listed in Figure 6 along with City departments likely taking 
the lead on an action.   

While certain indicators are qualitative in nature, others are quantitative and based on readily available 
information. However, many of the quantitative indicators require data that is difficult to obtain and 
consequently harder to update over time. It is recommended that progress made in measuring specific 
actions be evaluated on a periodic basis and that development of indicators be subject to available 
resources and the capacity within various departments.  Some of the indicators may require a detailed 
study to assess progress. For others, the rate of change may be so slow that long periods will pass before 
a particular indicator needs revisiting. Indicators may also evolve over time, as progress is made towards 
full implementation of an action or after capacity to implement an action is developed. 

The projections of sea level rise and future precipitation patterns are highly approximate and the 
present estimated values may vary significantly in the future. Key to CFAS is its adaptability and 
flexibility. The City’s foresight in maintaining the coastal and Serpentine/Nicomekl floodplains largely as 
agricultural and low-density residential has ensured that flood risk is more manageable than it would 
otherwise likely be.    

Of the CFAS ongoing education, communications and advocacy initiatives (Actions 1-6) all have been 
initiated and are progressing (see Figure 18 – Engagement Summary Snapshot in Strategy Document). 
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Figure 6  Indicators for Monitoring and Evaluation of Program and Policy Actions 
No.          Action Proposed Indicator Department 
1 CFAS Steering Committee 

Number of participants & meetings 
held, feedback from participants 

Engineering 
2 Internal Updates Engineering 
3 CFAS Advisory Group Engineering 
4 CFAS Website Number of views and updates Engineering 

5 Advocacy Partners Workshop 
Number of participants & meetings 
held, feedback from participants 

Sustainability 

6 Communications and Media 
Number of views, number of people 
contacted, references in external 
media 

Engineering 

7 Update hazard bibliography  Engineering 

8 
Update coastal flood hazard 
assessment 

Elapsed time since previous 
assessment. Available updates to 
relevant guidelines. 

Engineering 

9 Detailed studies - Strategic actions  Engineering 

10 
Review development variance 
practices 

Number of applications receiving 
variances versus those built to 
designated flood construction levels 
or adopting flood/erosion tolerate 
construction 

Plan & Dev 

11 
Support flood resilient design and 
construction  

Number of floodproofed/ erosion- 
protected structures 

Plan & Dev 

12 Explore sea level rise planning area Established timeline for study Plan & Dev 
13 Design standards guidebook Established timeline for study Plan & Dev 

14 Hazard review 
Whether hazard assessment reflects 
climate conditions at time of 
evaluation 

All 
departments 

15 Training and readiness 
Elapsed time since last training 
exercise 

Emergency, 
Engineering 

16 
Improve flood warning systems and 
communications 

Elapsed time since previous review of 
warning system and communications 
review 

Emergency, 
Engineering 

17 
Temporary protection measures 
assessment 

Number of events when temporary 
protection deployed (successfully/ 
unsuccessfully) 

Engineering 

18 Build Back Better program Established timeline for study 
Plan & Dev, 
Engineering 
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4 AREA-SPECIFIC ADAPTATION MEASURES   

The Strategy Report recommends strategic actions specific to each planning unit shown in Figure 7. 

 

Figure 7  CFAS Planning Units 
 

For a summary of area-specific actions, refer to Figure 8. The locations of the area-specific actions are 
shown in Map 1, at the end of this report.  The text within the action boxes on the map is colour-coded, 
black text representing existing infrastructure, red text infrastructure to be funded under DMAF and 
blue text infrastructure to be built as part of future CFAS projects. 
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Figure 8  CFAS Planning Area-Specific Actions 

 



 

City of Surrey Coastal Flood Adaptation Strategy 16 
Technical Background Document 

 

4.1 Mud Bay  

 Mud Bay Foreshore 

This area covers the near-shore areas of Mud Bay to a maximum distance of 2.5 km into the ocean from 
the existing shoreline.  

Flood hazards 

The anticipated impacts of climate change on the Mud Bay Foreshore are loss of intertidal habitat, 
reduced exposure time of mud flats and biofilm, loss of existing eelgrass community, and increased 
salinity in freshwater wetlands (Diamond Head, 2018). 
 

 

Figure 9 Mud Bay Foreshore 

Recommended measures: 

Action 19 – Foreshore enhancements:  

A mitigation option proposed for the foreshore is to build green infrastructure to mitigate the loss of 
intertidal habitat. Creating a softer shoreline can include promoting coastal vegetation in front of a dyke 
to help reduce wave heights for flood protection while also supporting important ecological functions. 
Foreshore infrastructure will not only help maintain and enhance the foreshore ecosystem, but also 
provide flood reduction benefits by attenuating coastal floods. For a detailed discussion of foreshore 
green infrastructure, see Diamond Head (2018). This action is funded under the DMAF grant. 
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An adaptive management approach is recommended for such complex and dynamic environments. A 
pilot project aimed at establishing different kinds of green infrastructure in the foreshore area and 
observing their performance would inform later phases that consider larger scale mitigation plans. 
Details of the approach for establishing foreshore green infrastructure should be developed on the 
results of the adaptive management pilot. 

The majority of the foreshore lies outside the jurisdiction of the City of Surrey. Therefore, the adaptive 
management pilot will have to be performed by a partnership with other regional and provincial 
agencies and NGOs. Surrey may not be a lead agency for the pilot. Surrey’s efforts should be focused on 
building the partnerships that would be necessary to implement the work.  

Action 20 – Sediment augmentation: A mitigation option identified is to promote sediment retention 
within various intertidal portions of Mud Bay. In order for the salt marshes of Mud Bay to accrete 
vertically at the same rate as sea level rise, approximately 4,000 m3 of sediment would need to be 
retained annually. Accretion can be promoted by installing intertidal features to help trap sediment and 
extend the intertidal zone out as far as possible. Dredgeate from the Fraser River could be a possible 
source of sediment to be placed at Mud Bay. For a detailed discussion of sediment retention options, see 
Diamond Head (2018). 

Instituting measures to promote sediment retention across Mud Bay represents a large-scale and 
complex effort, with its complexity compounded by uncertainty of the magnitude of sea-level rise. 
Similar to the recommendation for foreshore infrastructure, an adaptive management pilot should be 
implemented to guide detailed design of such works. An example of a pilot project in Mud Bay would be 
to apply sediment over a relatively small section of shoreline in which sediment is delivered via rail 
(because of proximity of the BNSF line to the foreshore) to promote sediment retention. As discussed 
above, this work will entail collaboration with other agencies and NGOs. 

 Inter River West 

Inter River West covers the area between the Serpentine and Nicomekl Rivers, west of 152nd Street.  

Flood hazards 

Flood hazards in the area downstream of the sea-dams are a function of high tides in combination with 
storm surge, waves, and wind effects. Between the sea-dams and 152nd Street, flood levels are also 
affected, to some degree, by river flows. 

Under 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 on the Nicomekl right bank; five bridges in the area would have their low chord 
in contact with flood water (e.g., Hwy 99 crossing over Serpentine River) or have their freeboard 
compromised (e.g., Hwy 99 crossing over Nicomekl River) (NHC, 2015a). 
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In the year-2100, 200-year flood, ignoring potential precipitation increases, both the Serpentine and 
Nicomekl sea dams would be inundated; both the Serpentine left bank and Nicomekl right bank dykes 
would be overtopped; five bridges would be impacted with two bridges being inundated and others 
having their low chord in contact with flood water (including Hwy 99 crossings over Serpentine and 
Nicomekl Rivers). 

 

Figure 10 Inter River West Area 

Recommended measures 

Action 21 - 152 St upgrades and raising: A significant flood along this road alignment would have major 
economic impacts, restrict the region’s ability to respond to emergencies and impact the flow of vehicles 
and people. The proposed action entails widening and raising 152 Street to meet new standards for 
flood resilience. 152 Street would be widened to 4-lanes including cycling facilities and turning lanes for 
farm access. In addition to protecting 152 Street operations against flood risk, the benefits of this action 
will be addition of multi-modal facilities for cyclists and improved road capacity for cars, public transit 
and goods movement. This action has been approved for funding under DMAF. In future, if flood storage 
is provided to the east of the road, the road embankment will provide flood protection to the lands on 
the west side, between the road and the Hwy 99 protection works.   

Action 22 – Serpentine and Nicomekl sea dams: The Serpentine and Nicomekl sea dams are expected to 
be overtopped in extreme floods in future climate scenarios and represent a significant vulnerability for 
Surrey in the coastal flooding context. Both sea dams would be relocated as part of this action. The 
design of the relocated sea dams would include climate and seismic resilience with a higher crest 
elevation, adjustable flood gates to adapt to rising water levels and a foundation designed to resist an  
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extreme earthquake. The Nicomekl Sea Dam should integrate with the Nicomekl Riverfront Park to 
provide flood storage.  This action has been approved for funding under DMAF. 

Action 23 - Upgrade Serpentine left bank and Nicomekl right bank dykes: As discussed above, these 
dykes have freeboard threatened in the present-day 200-year flood and would be overtopped in the 
year 2100 200-year flood. Therefore, both the Serpentine left bank and Nicomekl right bank dykes will 
need to be raised and upgraded in the area east of the Hwy 99 Protection Works (the new sea-dam 
locations) once the Hwy 99 Protection Works are in place.  The Nicomekl left bank is addressed through 
the proposed flood tolerant Nicomekl Riverfront Park Plan. This action has been approved for funding 
under DMAF. 

Action 24 – Install pumps at sea dam in phases: Rebuilding the sea-dams will reduce the risk of dam 
failures and sudden severe salt-water inundation across the entire floodplain. In addition, relocating the 
Serpentine sea-dam from its present location to the proposed dyke west of Hwy 99 will reduce flooding 
along the Serpentine south dyke between the new and old sea-dams. To reduce the flood potential in 
the area upstream of the sea-dams, pumping capacity at the sea-dams would be required. With rising 
sea levels, the duration that the sea-dam gates remain closed will increase, affecting the migration of 
salmonids. Upstream and downstream fish access will need to be considered in both the sea-dam and 
pumping designs, ensuring safe passage in either direction. The pumps will have to be installed in a 
phased manner, corresponding to the sea dam construction schedule ( NHC 2015b). 

Action 25 - Hwy 99 Works – New dyke west of Hwy 99: The measure will consist of a new dyke located 
to the west of Hwy 99. The exact location of the dyke will have to be determined in the future based on 
an adaptive approach in light of observed sea-level rise and tie in to the Nicomekl and Serpentine Sea 
Dams. The dyke should have gradual side slopes and would require much less erosion protection than an 
offshore barrier. With the dyke in place, primary public transportation corridors and key infrastructure 
would be maintained, and there would likely be some environmental benefits from new salt marshes 
developing to the west of the dyke as this area is retreated from. It is recommended that the dyke be 
designed with a widened base to allow for future raising. The fill will result in ground subsidence, and 
dyke maintenance is expected to be significant. The dyke will need to be sufficiently offset from Hwy 99 
and other adjacent infrastructure to not cause uneven settlement.  

Action 26 - Pullback to Hwy 99 Protection Works: In future, the floodplain outside the coastal dyke 
would be returned to its original state through a gradual, managed process dependent on actions 
outside the City’s control. Assuming that, by then BNSF will abandon the railway line that is currently 
located along the Mud Bay shore, the embankment could become part of a recreational trail system. The 
timing of the managed retreat activities would be established by the actual rate of sea level rise and 
observed severe flooding, rather than following a pre-meditated timeline.  
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 Inter River East 

Inter River East represents the area bounded to the west by 152nd Street, to the north by Hwy 10, to the 
east by Hwy 15, and to the south by the Nicomekl River.  

Flood hazards 

Flood hazards in this area are a function of ocean levels and river flows. This area includes the lowest-
lying portions of the Surrey floodplain that would be challenging to protect in the long-term.  

Under the present 200-year flood condition, both the Serpentine left bank and Nicomekl right bank 
dykes have their freeboard compromised; some segments of Hwy 10 will be inundated or have 
freeboard compromised; three road bridges would have their low chord in contact with flood water or 
their freeboard compromised; a segment of the British Columbia Railway Company (BCRC) railroad 
would have compromised freeboard and some segments of the Southern Railway of BC (SRBC) would 
either be overtopped or have freeboard compromised (NHC, 2015a). 

In the year 2100, 200-year flood, ignoring potential precipitation increases, both the Serpentine left bank 
and Nicomekl right bank dykes would be overtopped; some segments of 168th Street will have freeboard 
compromised; two bridges would be inundated and one bridge have its low chord in contact with flood 
water; some segment of both the BCRC and SRBC railroad would either be overtopped or have 
freeboard compromised. 

 

Figure 11 Inter River East Area 
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Special considerations 

Over time, rising peak flow levels may require that an inland flood storage be created to accommodate 
excess rain-fed or snowmelt flows in the Serpentine and Nicomekl Rivers. This adaptation measure may 
negatively impact the Cloverdale neighbourhood because gravity drains from the neighborhood may 
back up if the areas they discharge to are flooded. As shown in Figure 12, the western portion of the 
Cloverdale neighbourhood drains to the Inter River East area at Hwy 10. If the Serpentine and Nicomekl 
floodplains are combined at this location, it will likely result in disruption of the tailwater conditions 
necessary for the drainage system of Cloverdale to discharge efficiently. Further, new flood storage 
created in this area may affect agricultural facilities and additional investigations will be necessary. 
Updated climate change projections should be considered when available. 

 

Figure 12 Cloverdale drainage 

Recommended actions 

Action 27 - Upgrade Serpentine left bank and Nicomekl right bank dykes: As discussed above, these 
dykes have freeboard threatened in the present-day 200-year flood and would be overtopped in the 
year 2100 200-year flood. Therefore, both the Serpentine left bank and Nicomekl right bank dykes will 
need to be raised and upgraded in this area. The height to which dykes have to be raised will vary 
depending on whether or not pumping capacities at the sea dam are provided. There may be practical 
limitations to raising these dykes.  Nicomekl left bank is addressed through the flood tolerant Nicomekl 
Riverfront Park Plan. 

Action 28 - Drainage upgrades in Cloverdale: Any actions aimed at creating floodplain storage in the 
Inter River East area should be accompanied with upgrades to the Cloverdale drainage system. System 
upgrades may consist of both active controls (e.g., additional pumping capacity) and passive controls 
(e.g., backflow-control flapgates). 
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Action 29 - Serpentine and Nicomekl floodplain storage: Over time, as raising the Serpentine left bank 
and Nicomekl right bank dykes become less practical, it will become necessary to create inland flood 
storage to accommodate excess rain-fed or snowmelt flows in the Serpentine and Nicomekl Rivers. One 
approach to create floodplain storage would be to sacrifice the inner dykes (Serpentine left bank and 
Nicomekl right bank dykes) by not investing further in repairs or upgrades, instead ensuring that the 
outer dykes are maintained to the expected design levels. A low-lying area is present in the combined 
floodplain which can provide substantial flood storage. This would result in limited pullback. This option 
may result in impacts to agricultural operations in the area; Surrey should engage agricultural 
stakeholders at an early stage of project planning. 

 Colebrook 

Colebrook represents the right bank (north) floodplain of the Serpentine River, bounded by Colebrook 
Road to the north, the Mud Bay shoreline to the west, and 152nd Street to the east.  

 

Figure 13 Colebrook 

Flood hazards 

In the present 200-year flood condition, the Serpentine right bank dyke would have its freeboard 
compromised; a large segment of Hwy 99 would be inundated and Colebrook Road will have its 
freeboard compromised for most of its length through this area; a segment of the BCRC railroad would 
have compromised freeboard (NHC, 2015a).  

In the year 2100, 200-year flood, ignoring potential precipitation increases, the Serpentine right bank 
dyke would be overtopped; a large segment of Hwy 99 would be inundated and Colebrook Road would  
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have its freeboard compromised for most of its length through this area; approximately half of the BCRC 
railroad through this sub-area would have compromised freeboard. 

Because of the proximity of the City of Delta, there is a need to collaborate with Delta on coastal flood 
adaptation measures. Further, upgrades to Colebrook dyke (this measure is covered in the DMAF 
application) may necessitate coordination with MOTI as the available dyke right-of-way is limited. 

Special considerations 

While upgrades to the Colebrook Dyke will protect areas in Surrey, flood flows could bypass the 
Colebrook Dyke at its western end and cause flooding in Delta. A ‘good neighbour dyke’ has been 
recommended to address the concern of Colebrook Dyke outflanking. 

Surrey shares drainage facilities with Delta on the western side of the area. As shown in Figure 14, two 
sources of drainage from Delta – a major channel south of the railroad and a minor drain channel to the 
north – combine with Eugene Creek Diversion which is operated by Surrey. The combined drainage 
network culminates north of Hwy 99 (east of the Hwy 99-Hwy 91 interchange) and crosses Hwy 99 and 
the existing dyke through culverts before discharging to Mud Bay. Dyke upgrades in this area will impact 
this drainage from Delta. 

 

Figure 14 Shared drainage with Delta  (Yellow arrows indicate drainage inflows from Delta) 

Recommended actions 

Action 30 - Coordinate with MOTI - Hwy 99 / Colebrook dyke upgrades: In order to accommodate 
future upgrades to Colebrook Dyke, any widening of Hwy 99 must take place to the north of the 
highway. MOTI has expressed a willingness to accommodate dyke upgrades within their present ROW. 
Surrey should continue to engage with MOTI to develop mutually beneficial solutions.   
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Action 31 - Upgrade Colebrook dyke: The Colebrook dyke - which protects critical infrastructure such as 
Hwy 99, a regional link to Peace Arch Border, BC Hydro’s primary transmission line to U.S.A., and 
regional sewer and water mains – is vulnerable to overtopping in extreme floods in future climate 
scenarios. Because of challenging soil conditions, construction is required to be phased over five years, 
to gradually build a wider dyke up to four metres above the surrounding grade, allowing the foundation 
to adjust to the additional weight. This action has been approved for funding under DMAF. 

Action 32 – Replace Colebrook Drainage Pump Station: The existing station is well below current flood 
construction levels and is vulnerable to flood damage in a significant coastal flood. The proposed pump 
station design incorporates aspects of climate change and sea level rise adaptation. The replaced pump 
station will provide the community several benefits including improved flood protection and drainage, 
reduced soil salination of agricultural land in Surrey lowlands, proactive climate change adaptation to 
allow for increased sea levels and precipitation, and increased protection of nationally critical 
infrastructure such as Hwy 99 and Bulk Power Transmission Lines. This action has been approved for 
funding under DMAF. 

Action 33 - ‘Good neighbour’ dyke: Colebrook Dyke improvements will be of significant interest to the 
City of Delta because of effects of dyke improvement on their infrastructure (BC Agriculture and Food 
(2013)). As floodwaters could bypass the Colebrook Dyke in Delta, measures to segregate the 
Surrey/Delta land areas with a secondary dyke and coordination of the coastal protection is 
recommended. This coordination would also involve MOTI, as Hwy 99 would intersect the proposed 
dyke. 

Action 34 - Shared drainage improvements with Delta: Because of impacts of Colebrook dyke 
improvements or drainage improvements in the vicinity of the dyke on the drainage system that is 
shared with Delta (see Figure 14), Surrey should coordinate any improvements with Delta.  

Action 35 – Serpentine floodgates (BNSF): As long as the BNSF railway remains in operation, flood-gate 
structures on the Serpentine north (and south banks) at the BNSF railway will need to be introduced 
(2020-2030). Otherwise, the benefits of raising the Colebrook Dyke are compromised. Surrey should 
coordinate planning efforts with BNSF because of the need to flood-proof the rail crossing through the 
Colebrook Dyke. 

 Serpentine North 

The Serpentine North planning area covers the floodplain of the Serpentine River upstream of Hwy 10. 
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Figure 15 Serpentine North 

Flood hazards 

The flood hazards in this area are a function of ocean levels and river flows. In the present 200-year 
flood condition, some segments of Colebrook Road will have freeboard compromised in this area; some 
segments of canal dykes would be overtopped or have freeboard compromised; eight road bridges will 
have their low chord in contact with flood water or their freeboard compromised (NHC, 2015a). 

In the year 2100, 200-year flood, ignoring potential precipitation increases, both the Serpentine right 
and left bank dykes would have freeboard compromised with overtopping occurring in certain small 
segments; several roads would have certain segments inundated or freeboard compromised; nine 
bridges would have their low chord in contact with flood water or their freeboard compromised. 
Overtopping of a dyke may lead to a full breach of the structure. 

Recommended actions 

Based on participatory planning performed in CFAS Phases 2 and 3, the following coastal flood 
adaptation measures are recommended: 

Action 36 - Upgrade Serpentine right bank and left bank dykes: To continue maintaining flood safety, 
Surrey should regularly assess the dykes and make local repairs/dyke-raising as needed. Effort should be 
made to identify any additional upstream locations suitable for flood detention storage. Developed 
areas where drainage will potentially be impacted by the dyke raising should be identified and 
addressed. 
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 Nicomekl South 

Nicomekl South represents the left bank floodplain of the Nicomekl River, bounded roughly by 32nd 
Avenue to the south and 176th Street (Hwy 15) to the east.  

Flood hazards 

Flood hazards in this area are a function of ocean levels and river flows. In the present 200-year flood 
condition, the Nicomekl south dyke would have its freeboard compromised along a significant portion of 
its length; two bridges would be inundated (NHC, 2015a). 

In the year 2100, 200-year flood, ignoring potential precipitation increases, the Nicomekl left bank dyke 
would be overtopped for its entire length west of 168th St; some segments of 168th Street and 40th 
Avenue will have freeboard compromised; two bridges would be inundated and two bridges would have 
freeboard compromised. 

 

Figure 16 Nicomekl South 

Special considerations 

1) Nicomekl north and south dyke improvements will be of significant interest to the City of Langley 
because of the effects of such improvements on its own flood vulnerability. As part of a prior study, 
KWL (2008) concluded that lowlands in the Upper Nicomekl area are used for flood conveyance and 
storage. Therefore, aiming for full compliance with ARDSA criteria may negatively impact peak flood 
levels at the Surrey/Langley border.  

2) Rising flood elevations may have negative impacts on the Morgan Creek area located immediately 
along the southwestern boundary of this planning area. Gravity drains from the neighborhood may 
back up if the areas they discharge to experience high flood levels (Figure 17).  
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Figure 17 Morgan Creek area drainage connectivity 

Recommended actions 

Based on participatory planning performed in CFAS Phases 2 and 3, the following flood adaptation 
measures are recommended: 

Action 37 – Upper Nicomekl flood storage: As discussed previously, drainage and flood management 
concerns have been identified in the area between 184th Street and 196th Street. A balance between 
drainage and river levels may be achievable by adding flood storage in the Upper Nicomekl area. 
Because any work in the area would directly affect Langley, Surrey should coordinate any improvements 
with Langley. 

Action 38 - Upgrade Nicomekl left bank dyke: If the floodplain combination option (flow storage) is 
adopted, it would result in the sacrifice of the Nicomekl north dyke. In that case, Surrey should 
concentrate adaptation on upgrading the south dyke to withstand the climate change-adjusted flood 
levels.  

Action 39 - Upgrade drainage system - Morgan Creek area: As shown in Figure 17, stormwater drainage 
in the Morgan Creek area discharge to the Nicomekl floodplain. High flood levels in this area will likely 
result in disruption of the tailwater conditions necessary for the existing drainage system. Thus, 
upgrades to the Morgan Creek area drainage system will be necessary in the future. System upgrades 
may consist of both active controls (e.g., additional pumping capacity) and passive controls (e.g., 
backflow-control flapgates). 

 Nico Wynd Area 

This planning unit represents the area between Crescent Road, the south bank of Nicomekl River and 
downstream of the sea-dam in south Surrey.  



 

City of Surrey Coastal Flood Adaptation Strategy 28 
Technical Background Document 

Flood hazards 

River flooding is not a concern as flood hazards are a direct function of ocean levels. The Nico Wynd 
dyke, originally built by local farmers, has a substandard cross-section, over-steepened slopes and a 
narrow crest width, and the dyke crest elevation is well below current design standards (Associated 
Engineering, 2015). The currently estimated FCL along the Nico Wynd shore is 3.6 m. 

 

Figure 18 Nico Wynd area 

Recommended actions 

The following coastal flood adaptation measures are recommended: 

Action 40 - Upgrade Nico Wynd area flood management: The existing Nico Wynd dyke does not meet 
current provincial dyke standards, with a top elevation below the FCL. A recent study performed for 
Surrey by Associated Engineering (2015) provided several options for upgrading the dykes. Because the 
Nico Wynd area has diverse interested stakeholders (residential, golf course, marina), Surrey should 
engage stakeholders and adopt an approach to upgrade the flood management system in the area. Dyke 
upgrades may have practical limitations set by ground seepage issues. 

4.2 Crescent Beach 

Crescent Beach is a beachside residential community located at the mouth of the Nicomekl River in 
South Surrey, with approximately 1,200 residents.  

Flood Hazards 

For Crescent Beach, increases in precipitation combined with sea level rise could lead to an increased 
risk of damage and flooding during winter storm events, particularly when combined with storm surge 
effects in Boundary Bay. More intense, short duration storms could also result in more frequent surface  
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ponding of water immediately following a rainfall event as the capacity of inlets (e.g., catch basins, lawn 
basins) may be exceeded, and could also overwhelm existing rock pits more often. Conveyance capacity 
of the storm sewer network and the performance of the pump station could also be impacted, as more 
water will need to be conveyed (Urban Systems Ltd., 2009). 

Situated downstream of Nicomekl sea dam, river flooding is not a concern as flood hazards are a direct 
function of ocean levels. The shoreline at Crescent Beach has experienced erosion, loss of land, beach 
and nearshore changes over the years (City of Surrey, 1999). 

 

Figure 19 Crescent Beach 

Recommended actions 

The following coastal flood adaptation measures are recommended: 

Action 41 - Maintenance of Crescent Beach dyke: The Crescent Beach dyke has recently undergone 
upgrades but will likely be vulnerable to compromised freeboard or overtopping in future sea level rise 
scenarios. To continue maintaining flood safety in the area, Surrey should regularly assess the dykes and 
make local repairs/dyke-raising as needed. Existing flood protection may be supplemented with 
temporary flood barriers, as is currently practiced. 

Action 42 - Shoreline maintenance: Surrey has undertaken shoreline restoration and beach nourishment 
activities along Crescent Beach over the past century (City of Surrey, 1999), and the need for ongoing 
maintenance will continue over the CFAS project life. These activities should be continued as practical. 

Action 43 - Drainage improvements: Surrey has identified, through prior studies, improvements to 
manage the Crescent Beach area’s fluctuating groundwater levels and to service long-term drainage  
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needs in a sea level rise scenario (Urban Systems Ltd., 2009). Adaptation measures include new storm 
sewer system with appurtenances, new storm service tie-ins, and associated grading, road and 
pavement work. A portion of this work will be covered under DMAF. 

Action 44 - Expanded edge: When local dyke upgrades and temporary flood barriers are no longer 
effective, Surrey – as practical – could build up the beach in front of the existing shoreline to reduce the 
slope of the foreshore and, in turn, reduce wave run-up (see Figure 19). By 2100, the dyke would be on 
average 2.5 m higher than today with ocean-front views severely impacted. The raised and expanded 
dyke will provide protection against overtopping and erosion. To help manage seepage issues, the 
expanded dykes will need a groundwater management system.  

 

Figure 20 ‘Expanded edge’ option for Crescent Beach (source: CFAS Primer Part II) 

 

4.3 Semiahmoo Bay 

Semiahmoo Bay is a relatively small area included in CFAS that is occupied largely by Semiahmoo First 
Nation.  

Flood hazards 

Access from White Rock is cut off during high ocean levels and Campbell River floods when a low-lying 
portion of 8th Avenue, in the vicinity of the access bridge, is inundated. The northwest corner of the  
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Nation lands is occasionally inundated and development restrictions presently apply. Sea level rise will 
result in more severe flooding of the area. 

 

Figure 21 Planning Unit: Semiahmoo Bay 

Recommended actions 

The following coastal flood adaptation measure is recommended: 

Action 45 – Campbell River emergency access: The low elevation of 8th Avenue results in flooding of the 
street and loss of northerly access/egress from the First Nation during high water events. Raising a 
segment of the road from Parker Street to 164 Street, accompanied by related modifications to the 
Campbell River pedestrian bridge - will eliminate the vulnerability of egress to flooding.  

Action 46 - Comprehensive flood improvements: Because of its exposure to coastal floods as well as 
local flooding, parts of the Semiahmoo lands are vulnerable to flooding from multiple sources. 
Comprehensive flood protection is required for long term flood security. Potential measures are raising 
of vulnerable areas in the northwestern part of this area and raising or relocating Beach Road. However, 
these activities would not be initiated or funded by Surrey; rather, Surrey should engage in a partnership 
with the Semiahmoo First Nation, the federal government, and the province to develop a solution. 

4.4 Monitoring and Evaluation 

One of the key reasons the City initiated the CFAS project was to develop a proactive approach to flood 
adaptation. Rather than upgrading flood defences or retreating from flooded areas following large 
events and extensive damages, the City aims to develop a long-term strategy to ensure avoidance of  
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future flood disasters. Proposed indicators for monitoring and evaluation of area-specific actions must 
reflect this approach and be adaptive to the conditions observed, as listed in Figure 22.  Monitoring and 
evaluation will typically be carried out by the City’s Engineering Department. 

Climate change induced sea level rise and intensified precipitation will result in non-homogenous ocean 
level and flow records; meaning the probability of a certain flood condition will change with time. Under 
this moving target, it will be unclear what return period a certain observed flood corresponds to and 
consequently more difficult to develop triggers and threshold levels for certain actions.  

It is recommended that a series of monitoring programs be developed and the performance of the flood 
management components tracked to ensure optimum implementation of improvements.     

While certain indicators are qualitative in nature, others are quantitative and based on readily available 
information. However, many of the quantitative indicators require data that is difficult to obtain and 
consequently harder to update over time. It is recommended that progress made in measuring specific 
actions be evaluated on a periodic basis and that development of indicators be subject to available 
resources and the capacity within various departments. Some of the indicators may require a detailed 
study to assess progress. For others, the rate of change may be so slow that long periods will pass before 
a particular indicator needs revisiting. Indicators may also evolve over time, as progress is made towards 
full implementation of an action or after capacity to implement an action is developed. 

 

Figure 22  Indicators for Monitoring and Evaluation of Area-Specific Actions 
No. Action Proposed Indicator 

19 Foreshore enhancements Extent and quality of inter-tidal areas available. 
Observed areal losses due to foreshore erosion 
and/or sea level rise. Observed peak wave run-up 
for recorded ocean levels.  

20 Sediment augmentation in 
foreshore area 

21 152nd Street upgrades and raising Post-project performance. Observed flood levels 
and traffic flow. 

22 Serpentine and Nicomekl sea dams Available freeboard during projected flood peaks. 
Estimated time of gate-closures impacting fish 
passage. 

23 Upgrade Serpentine left bank and 
Nicomekl right bank dykes 

 Observed minimum freeboard during annual peak 
flood.  
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24 Install pumps at sea dams in phases Frequency of dyke spillway operations. Extent, 
depth and duration of flooding within flood cells.  

25 Hwy 99 works - New dyke west of 
Hwy 99 

Condition of BNSF embankment and adjacent 
dykes. Observed minimum freeboard during 
annual peak flood. Annual flood damages incurred. 

26 Pullback to Hwy 99 Protection 
Works 

Timeline to conduct detailed study of this action. 
Condition of BNSF embankment and adjacent 
dykes. Degree of completion of the protection 
works. Estimated annual flood damage.  

27 Upgrade Serpentine left bank and 
Nicomekl right bank dykes 

Observed minimum freeboard during annual peak 
flood. Condition of other protection and 
infrastructure. 

28 Drainage upgrades - Cloverdale 
neighbourhood 

Incidences (extent and depth) of flooding per year. 

29 Serpentine and Nicomekl floodplain 
storage 

Assessed feasibility/ practicality of upgrading 
existing river dykes as updated rainfall climate 
projections become available. 

30 Coordinate with MOTI - Hwy 
99/Colebrook dyke upgrades 

Flood risk of Hwy 99 under current and proposed 
works. 

31 Upgrade Colebrook Dyke Observed minimum freeboard during annual peak 
flood. 

32 Replace Colebrook Drainage Pump 
Station 

Proximity to end of serviceable life span. Capacity 
limitations. Timeline to complete replacement. 

 
33 ‘Good neighbour dyke' - Delta Projected flood levels without dyke. Timeline to 

conduct detailed study of this action. 

 
34 Shared drainage improvements - 

Delta 
Projected flood levels without improvements. 
Timeline to conduct detailed study of this action. 

35 Serpentine floodgates - BNSF Occurrence of BNSF overflows. Timeline to conduct 
detailed study of this action. 

36 Upgrade Serpentine right bank and 
left bank dykes 

Projected flood levels without dyke. Timeline to 
conduct detailed study of this action. 

 37 Upper Nicomekl flood storage Value of assets vulnerable to flooding in design 
event. Projected flooding. Feasibility of storage. 
Level of collaboration with City and Township of 
Langley. 

38 Upgrade Nicomekl left bank dyke Timeline to conduct detailed study of this action. 
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39 Upgrade drainage system - Morgan 
Creek area 

Incidences (extent and depth) of flooding per year. 
Projected future flooding. 

40 Upgrade Nico Wynd area flood 
management 

Projected future flood depths, extents and 
damages.  

41 Maintenance of Crescent Beach 
Dyke 

Challenges using temporary flood protection 
measures. Observed erosion damage. Observed 
minimum freeboard during annual peak. 

42 Maintenance of Crescent Beach 
shoreline 

Observed erosion damage and loss of land. 

43 Drainage improvements - Crescent 
Beach 

Incidences of flooding per year. Extent and depth 
of flooding from groundwater seepage. 

44 Expanded edge Slope of current beach. Height of wave run-up. 
Evidence of erosion. 

45 Campbell River emergency access Condition of bridge and remaining life span. 
Frequency and duration of road closures along 8th 
Avenue. Observed/projected flood extents. 
Timeline to replace existing bridge and raise 8th 
Ave\Marine Drive. 

 
46 Comprehensive flood improvements Timing of development plans for northwest corner 

of FN lands and upgrades to 8th Ave\Marine Drive. 

 

 

5 DISASTER MITIGATION AND ADAPTATION FUND (DMAF) 

In 2018, during development of CFAS Phase 4, the Government of Canada announced it was accepting 
applications for DMAF grants. The first 3 phases of CFAS development provided a strong foundation to 
develop a comprehensive funding application and allowed Surrey and partners to compete in this 
national funding competition. The Semiahmoo First Nation, City of Delta and Metro Vancouver acted as 
partners in the application, with City of Surrey as the lead applicant.  

A DMAF funding proposal was submitted by Surrey in January 2019 with a total project value of $187 
million, supported by a Return on Investment ratio of 126:1. The proposed projects are described in 
Appendix II of the Adaptation Strategy document. Thirteen mitigation measures, consistent with the 
overall CFAS direction, were included in the DMAF application. On 23 May 2019, Surrey was awarded the 
funding, the largest single federal grant received by the City. The federal grant totals $76.6 million with 
projected contributions by the City amounting to $61.3 million and contributions by others of $49.1 
million. 
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5.1 Estimated Return on Investment on DMAF Investments 

As stated above, the DMAF funding proposal was supported by a Return on Investment (ROI) ratio of 
126:1. The approach followed by the City of Surrey in estimating the ROI ratio is described below. 

 Development of ROI Formula 

The classic formulation for calculating project costs and benefits entails a relationship between the 
probability of exceedance of a particular flood event and the damages associated with that event (with 
and without mitigation). 

In the case of the present DMAF application, all estimates of avoided damages are indexed to the flood 
with a 1-in-200 probability of occurrence (NHC, 2015a). Therefore, probability-damages relationship 
cannot be derived, and a simpler methodology was required. It should also be noted that NHC’s 2015 
work provides estimates of 200-year flooding for four climate-change scenarios - the years 2020, 2040, 
2070, and 2100 – so the method adopted was designed to reflect the avoided damage over time. 

INFC (2018a) provides the following formulation: 
 

𝑅𝑅𝑅𝑅𝑅𝑅 =  
𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶 𝐶𝐶𝑜𝑜 𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝐶𝐶 𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑 𝐶𝐶ℎ𝑑𝑑 𝑑𝑑𝐶𝐶𝐶𝐶𝑑𝑑𝐶𝐶 𝑙𝑙𝑑𝑑𝑜𝑜𝑑𝑑 𝑐𝑐𝑐𝑐𝑐𝑐𝑙𝑙𝑑𝑑

𝐷𝐷𝐷𝐷𝐷𝐷𝐷𝐷 𝑝𝑝𝑑𝑑𝐶𝐶𝑝𝑝𝑑𝑑𝑐𝑐𝐶𝐶 𝐶𝐶𝐶𝐶𝐶𝐶𝑑𝑑𝑙𝑙 𝑑𝑑𝑙𝑙𝑑𝑑𝑑𝑑𝑑𝑑𝑒𝑒𝑙𝑙𝑑𝑑 𝑐𝑐𝐶𝐶𝐶𝐶t
 

 
Equation 1 Basic ROI equation 
 
where: 
 
C𝐶𝐶𝐶𝐶𝐶𝐶 𝐶𝐶𝑜𝑜 𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝐶𝐶 𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑 𝐶𝐶ℎ𝑑𝑑 𝑑𝑑𝐶𝐶𝐶𝐶𝑑𝑑𝐶𝐶 𝑙𝑙𝑑𝑑𝑜𝑜𝑑𝑑 𝑐𝑐𝑐𝑐𝑐𝑐𝑙𝑙𝑑𝑑

= 𝐸𝐸𝐶𝐶𝐶𝐶𝑑𝑑𝑑𝑑𝑑𝑑𝐶𝐶𝑑𝑑𝑑𝑑 𝑐𝑐𝑑𝑑𝑑𝑑𝑑𝑑𝑙𝑙𝑐𝑐 𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝐶𝐶 𝑥𝑥 𝑅𝑅𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑 𝑙𝑙𝑑𝑑𝑜𝑜𝑑𝑑 𝐶𝐶𝑝𝑝𝑑𝑑𝑑𝑑 𝐶𝐶𝑜𝑜 𝑑𝑑𝐶𝐶𝐶𝐶𝑑𝑑𝐶𝐶 
 

𝐸𝐸𝐶𝐶𝐶𝐶𝑑𝑑𝑑𝑑𝑑𝑑𝐶𝐶𝑑𝑑𝑑𝑑 𝑐𝑐𝑑𝑑𝑑𝑑𝑑𝑑𝑙𝑙𝑐𝑐 𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝐶𝐶 =  𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇 𝑒𝑒𝑒𝑒𝑇𝑇𝑒𝑒𝑒𝑒𝑇𝑇𝑇𝑇𝑒𝑒𝑑𝑑 𝑐𝑐𝑇𝑇𝑒𝑒𝑇𝑇 𝑇𝑇𝑜𝑜 𝑑𝑑𝑇𝑇𝑒𝑒𝑇𝑇𝑑𝑑𝑒𝑒𝑒𝑒
𝐹𝐹𝐹𝐹𝑒𝑒𝐹𝐹𝐹𝐹𝑒𝑒𝐹𝐹𝑐𝑐𝐹𝐹 𝑇𝑇𝑜𝑜 ℎ𝑇𝑇𝑎𝑎𝑇𝑇𝐹𝐹𝑑𝑑

  

 
INFC’s formulation was adopted with some modification for the CFAS application. First, four calculation 
periods were established, based on sea-level-rise scenarios: 

Period 1: 2020 through 2039 (20 years) 
Period 2: 2040 through 2069 (30 years) 
Period 3: 2070 through 2099 (30 years) 
Period 4: 2100 through 2119 (20 years) 
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Then, avoided damages (or benefits) were calculated for each calculation period, by assuming that the 
1:200 year event (as defined with 2020 hydrology) occurs in each period. The avoided damages for each 
period are denoted by $1, $2, $3 and $4. 

It should be noted that the flood that has a return interval of 200 years in today’s hydrologic setting and 
will have the following return intervals (at 168 Street) in the future (Ausenco-Sandwell, 2011; NHC, 
2015a): 

Return interval of present-day 200-year storm in 2040: 4.5 years 
Return interval of present-day 200-year storm 2070: 3 years 
Return interval of present-day 200-year storm in 2100: 1.5 years 
 

 
Figure 23 Change in return period of similar storms over time (source: NHC, 2015a) 

The following composite equation (unadjusted for asset life) was developed for calculating the ROI: 

 

𝑅𝑅𝑅𝑅𝑅𝑅 =
� $1

200 ∗ 20 � + � $2
4.5 ∗ 30 � +  � $33 ∗ 30 � + � $4

1.5 ∗ 20 �

𝐷𝐷𝐷𝐷𝐷𝐷𝐷𝐷 𝑃𝑃𝑑𝑑𝐶𝐶𝑝𝑝𝑑𝑑𝑐𝑐𝐶𝐶 𝐸𝐸𝑙𝑙𝑑𝑑𝑑𝑑𝑑𝑑𝑒𝑒𝑙𝑙𝑑𝑑 𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶
 

Equation 2 Composite ROI equation with risk adjustment (but no asset life adjustment) 
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 Asset life adjustment 

The assets proposed to be funded under DMAF, the length of their respective economic lives, and year 
they are anticipated to be put in service were summarized. The economic lives were assumed to range 
from 50 to 100 years, with service start years between 2020 and 2029.  

To simplify the ROI calculations, it was assumed that all assets would be put in service in the year 2020. 
While some of the assets will be in service for the entire calculation period (2020-2119), others will end 
their service life in either 2070 or 2095. 

Because existing hydraulic models used by Surrey do not offer the possibility of selectively removing 
assets to review their individual impacts, a simplifying assumption was made that each asset contributes 
equally to damage reduction. Since there are a total of 11 facilities for the purpose of this calculation (14 
facilities minus 3 facilities with local benefits), each facility is assumed to be the source of approximately 
9% of the damage reduction. Accordingly, the damages avoided in the last period were reduced by 27% 
(2 drainage pump stations, railway bridge). Further, the damages accrued in the first period were 
reduced by 25% since most of the infrastructure will not be in service until 2025. This approach results in 
an average asset lifespan of 89.6 years. 

Accordingly, the following adjusted equation was developed for ROI calculations: 
 

𝑅𝑅𝑅𝑅𝑅𝑅 =
� $1 ∗ 0.75

200 ∗ 20 � +  � $2
4.5 ∗ 30 � + � $33 ∗ 30 � + � $4 ∗ 0.73

1.5 ∗ 20 �

𝐷𝐷𝐷𝐷𝐷𝐷𝐷𝐷 𝑃𝑃𝑑𝑑𝐶𝐶𝑝𝑝𝑑𝑑𝑐𝑐𝐶𝐶 𝐸𝐸𝑙𝑙𝑑𝑑𝑑𝑑𝑑𝑑𝑒𝑒𝑙𝑙𝑑𝑑 𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶
 

 
Equation 3 ROI calculation with risk adjustment and asset life adjustment 

 Discount rates 

Because the present ROI calculation expresses costs and benefits in current prices, they would ordinarily 
be discounted. However, INFC only requires consideration of avoided damages assuming the events 
were to occur today (INFC, 2018b). Therefore, the ROI calculation does not include discounting. 

 Calculating Returns 

The primary categories of damage would be to: road transportation, housing, rail transportation, 
agriculture, loss of life, environment, and dykes. The avoided damages for each of these categories with 
the projects in place were then calculated. Sample results for avoided losses to road transportation, 
building and rail transportation are provided in Table 2, Table 3 and Table 4. 
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Table 2 Avoided road transportation damages 

Period Avoided Impacts Net avoided detour distance – 
risk adjusted (km) 

Period 1 $0 0 

Period 2 $0 0 

Period 3 $ 32,789,000 262,206,989 

Period 4 $ 48,409,000 450,376,696 

 
Table 3 Avoided building damages 

Period Net Avoided Impacts Net Building Material Waste 
Avoided (Metric Tons) 

Period 1 0 0 

Period 2 0 0 

Period 3 $ 16,283,000 30,318 

Period 4 $ 43,413,000 79,979 

 
Table 4 Avoided railroad damages 

Period Avoided Direct Impacts Avoided Indirect 
Economic Impacts Avoided Total losses 

Period 1 $ 0 $ 0 $ 0 

Period 2 $ 0 $ 0 $ 0 

Period 3 $3,562,000 $394,644,000 $398,206,000 

Period 4 $3,562,000 $394,644,000 $398,206,000 

 

Similar approximate estimates were prepared for avoided loss of life, benefits from offsetting 
environmental damages and savings associated with avoided dyke repair costs. 

 Investments and ROI Summary 

Detailed designs for the proposed projects are presently unavailable and costs were estimated based on 
similar structures built elsewhere or conceptual designs prepared to date. The total estimate of 
investments (DMAF project eligible costs as defined in INFC guidelines) is $187 million. 

Losses avoided under each category of damages (road transportation, buildings, railway, agriculture, loss 
of life, environmental benefits and dyke repairs) in each of the four periods (2020-2039, 2040-2069, 
2070-2099 and 2100-2119) were then summarized as shown in Table 5. 
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Table 5 Total avoided losses (risk adjusted) 
Period Avoided losses 

Period 1 $23,212,000 

Period 2 $129,798,000 

Period 3 $912,855,000 

Period 4 $1,387,485,000 

Using the estimated total avoided losses and total investment cost in the ROI formula shown in 
“Equation 3 ROI calculation with risk adjustment and asset life adjustment” gave the following 
values: 

ROI = $1,740,900 + $865,320,000 + $9,128,550,000 + $13,504,173,000
$187,000,000

 = 126 

resulting in an estimated ROI ratio of the DMAF projects of 126:1. 

 

 

6 CFAS COSTS 

DMAF project costs total $187 million as summarized in Section 5. Costs of other CFAS actions, both 
area-wide and area-specific, have not yet been developed in detail. Considering the costs are 
approximate only, they were divided into four categories using the following symbology: 

 

 

 

 

The approximate estimated cost to implement the 46 CFAS Actions over the next 80 years is estimated 
at a high level as exceeding $1 billion in 2019 dollars, as summarized in Figure 24. The costs will be 
spread over 80 years as different actions are required for different periods and the range of investment 
is between an estimated $50 million to $200 million per decade between 2020 and 2100.  Funding for a 
number of the actions has been committed through a Federal Disaster Mitigation Adaption Fund grant 
to City of Surrey in the amount of $76.6 million.  For many of the other actions to proceed, external 
funding will need to be secured. 

$ - Amount Symbol 
< $500k $ 
$500k - $10m $$ 
$10m - $50m $$$ 
$50m - $100m $$$$ 
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Figure 24:  Cost Category of Area-wide Actions 
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Figure 25:  Cost Category of Area-specific Actions 
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7 SUMMARY 

This technical background document, appended to the CFAS Strategy Document as Appendix III, 
summarizes select information from multi-year technical studies completed under the Climate Change 
Floodplain Review Projects - Phases 1 and 2 (NHC 2012 and 2015a) and under the CFAS project. 
Significant future investigations are anticipated for implementing the proposed actions. It is expected 
that actions and priorities will evolve over time to meet actual conditions, as dictated by sea level rise 
and precipitation intensification; subsidence and natural hazards; stakeholder input and requests; and, 
economic and other conditions.   
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