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FILE:  7130-03 

TO:  Chair and Directors 
  Electoral Areas Services Committee   
 
FROM: Russell Dyson 

Chief Administrative Officer 
 

RE: Oyster River / Saratoga Beach Flood Risk Assessment  

 
Purpose 
To present the Electoral Areas Services Committee with the Oyster River/Saratoga Beach Flood 
Risk Assessment Report, a National Disaster Mitigation Program (NDMP) Stream 1 project; 
 
And, to seek approval to apply for Stream 2 funding through the Union of BC Municipalities - 
Community Emergency Preparedness Fund (CEPF) and/or the NDMP, for flood mapping of the 
Oyster River/Saratoga Beach project area. 
 
Recommendation from the Chief Administrative Officer 
THAT the board approve an application to be made to the National Disaster Mitigation Program 
and/or the Union of BC Municipalities Community Emergency Preparedness Fund for Stream 2 
funding for flood mapping of the Oyster River/Saratoga Beach project area. 
 
Executive Summary 

 Stream 1 funding for the study ($76,000) was provided through the NDMP. 

 Spatial maps were produced representing flood risk in the area and include climate change. 

 The mapping in the report is for discussion, not for detailed planning or engineering design. 

 Study states: “Development of a new (flood) map is an imperative and necessary next step”. 

 The report identifies flood mitigation and risk management strategies, as well as tools for the 
community to become more resilient and build capacity. 

 The report meets the requirements of the Union of BC Municipalities Community 
Emergency Preparedness Fund and the NDMP to apply for Stream 2 funding for flood 
mapping. 

 It is believed the opportunity to apply for CEPF and NDMP funding will be mid-late 2018. 

 The cost for new flood hazard modelling and mapping is estimated to be $175,000. 

 This was a collaborative effort between the Comox Valley Regional District (CVRD) and the 
Strathcona Regional District (SRD), with in-kind contributions of $4,700 from the CVRD 
and $500 from the SRD. 

 The CVRD intends to apply for funding from the NDMP and CEPF to obtain new flood 
mapping for a more extensive area. 

  

Supported by Russell Dyson  
Chief Administrative Officer 
 
J. Warren  (for) 
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Background/Current Situation 
The Oyster River/Saratoga Beach area is historically prone to flooding and is at risk from not only 
high river flows, storm surge, and rising sea levels, but a combination of all three occurring 
simultaneously. Short but intense rainfall events have been shown to actually change the course of 
the river. 
 
Flooding has posed a significant threat to this region’s environment, people, housing, economy, and 
infrastructure. The water well infrastructure and water quality have been threatened by past flooding. 
Within the area lie three active water service wells, plus infrastructure, which are owned and 
operated by the CVRD. These wells provide water to both regional districts and serve a resident 
population of about 3,000. This includes approximately 2,200 in the CVRD and 800 in the SRD.  
There is also one private water service well, plus infrastructure, which services 143 households, a 
mobile home park, resort, marina and campground. 
 
The area also contains a very high use trail infrastructure, particularly within the SRD, that has been 
repeatedly eroded by the river during severe rainfall and high flow events. 
 
In recognition of increasing disaster risks and costs, in 2014 the federal government developed the 
NDMP. The program addresses rising flood risks and costs, and building the foundation for future 
informed mitigation investments by investing in foundational flood mitigation activities (e.g. risk 
assessments and flood mapping), that could reduce, or even negate, the effects of flood events. 
 
The NDMP is a merit-based program consisting of four project streams: 

 Stream 1 - Risk Assessments 
 Stream 2 - Flood Mapping 
 Stream 3 - Mitigation Planning, and  
 Stream 4 - Investments in Non-Structural and Small Scale Structural Mitigation Projects 

 
In 2016 the CVRD determined a Flood Risk Assessment for the Oyster River/Saratoga Beach area 
was required and an application to the NDMP was submitted for $76,000 in Stream 1 – Risk 
Assessment funding. 
 
The project boundaries are based on the Saratoga Miracle Beach Local Area Plan as defined in the 
2011 CVRD Regional Growth Strategy, but also extend across the Oyster River into the SRD. This 
additional area includes a portion of the Oyster River community, the Glenmore Dike, and water 
service wells owned and operated by the CVRD. 
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The application to the NDMP was successful and, following the request for proposals process, the 
risk assessment contract was awarded to Ebbwater Consulting to achieve the following objectives: 
 

1. To obtain a Flood Risk Assessment consisting of a collection of historical data and 
projections that would identify and detail existing hazards, potential hazards, future risks, 
likelihood of occurrence, and identify the community's vulnerabilities; and 

2. To obtain a completed Risk Assessment Template. This is a requirement of the NDMP to 
move forward to Stream 2 – Flood Mapping. 

 
These objectives were achieved. The final Flood Risk Assessment report (attached as Appendix A) 
and Risk Assessment Template (attached as Appendix B) were received May 3, 2018. 
 
Report Highlights: 

 The CVRD and SRD, should use the results of this study to support an application to the 
NDMP or to the CEPF to develop an appropriate model and mapping for the area.  
(Page 28) 

 In summary, there is a significant flood risk in the region. Risk reduction should be a priority 
for the CVRD and the SRD, as well as for provincial authorities. (Page 46) 

 Complete protection from floods through the construction of dikes and dams, for example, 
is often too expensive and an inefficient use of resources. A more integrated resilience 
approach is increasingly being adopted. (Page 49) 

 Climate is changing; this fact is known. However, the rate and pace of change in the region is 
not clear. This is best managed by acknowledging the uncertainty, and then explicitly 
designing for it. (Page 49) 

 Communities do not want elaborate flood-control infrastructure, they want safe and 
prosperous places to live; this should be at the heart of any flood mitigation plan. (Page 49) 

 Risk reduction measures need to be cost effective, but sound decision-making needs to be 
based on more than just the price tag. Flood infrastructure should also provide benefits and 
minimize impacts to social, environmental, and cultural assets. If only direct losses to 
structures are considered in a benefit-cost assessment, then the result is generally the 
construction of dikes or seawalls. However, when ecological, recreational, and cultural values 
are considered meaningfully, the preferred mitigation option is rarely a piece of hard 
infrastructure that has an impact on the environment, blocks views, and requires long-term 
maintenance. (Page 50) 

 
Stream 2 funding for flood mapping will provide the following: 

 New up-to-date flood hazard modelling and mapping for the Oyster River/Saratoga Beach 
Area. This area was last mapped in 1984 and the information is outdated. 

 It will provide a series of flood hazard maps based on an up-to-date understanding of the 
river and flood plain geometry, as well as an updated understanding of river hydrology and 
coastal hydrography (with consideration of climate change). 

 It is expected that a 2D model will be developed to support an understanding of local depths 
and velocities, and any overland flow paths. 

 A further objective is to improve understanding of the erosion hazard through the 
development of flood erosion maps. 
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 Will support the development of flood mitigation plans and the design of any future flood 
infrastructure. 

 
Policy Analysis 
On October 28, 1991, Bylaw No. 1341 being “Electoral Areas A, B, and C Emergency Program 
Extended Service Establishment Bylaw, 1991” was adopted by the Comox Strathcona Regional 
District to establish an extended service for Electoral Areas A, B, and C to provide for preparation 
for emergencies. 
 
Options 
1. That the board accept the report (and included Risk Assessment Template) from Ebbwater 

Consulting titled Comox Valley Regional District Oyster River/Saratoga Beach Flood Risk 
Assessment Final Report and approve an application for Stream 2 funding via the National 
Disaster Mitigation Program and/or the Union of BC Municipalities Community Emergency 
Preparedness Fund. 

2. That the board request changes or additional analysis be made. 
 
Staff are recommending Option 1. 
 
As identified in the 2015 to 2018 Strategic Priorities Chart, Schedule B, The Oyster River/Saratoga 
Beach Flood Risk Assessment is a Community Services Branch strategic priority. 
 
Financial Factors 
A grant of $76,000 was received through the NDMP. As agreed in the contract, in-kind 
contributions were provided in the amount of $4,700 from the CVRD, and $500 from the SRD. As 
required by the NDMP, all financial submissions were finalized as of March 31, 2018. 
 
A detailed description of the deliverables for Stream 2 funding for flood mapping can be found in 
the Flood Mapping Scope of Work, Appendix F in the flood risk assessment. An estimated total 
cost for the scope of work presented is $175,000, which includes a small contingency of $15,000 to 
account for potential increases in cost resulting from high demands for these services at this time. 
 
Legal Factors 
Stakeholders and the community have raised concerns over how the results of this report may 
impact future planning, development, construction and insurance. 
 
Section 4.7 of the report states: “As described at the outset of this section, the project scope, budget, 
and resources did not allow for a fulsome hazard assessment, nor the development of up-to-date 
flood mapping that meets best practice or guidelines. High-level mapping was developed to support 
discussions with stakeholders and to support the development of a high-level risk assessment. The 
modelling and mapping is not suitable for planning or engineering design”. 
 
The Comox Valley Emergency Program is seeking approval to apply for funding to obtain flood 
mapping for this area through the NDMP and/or the Union of BC Municipalities Community 
Emergency Preparedness Fund. If approved and flood mapping is achieved, it is anticipated that the 
results will be suitable for consideration in planning and engineering design. 
 
Regional Growth Strategy Implications 
This project aligns with the goals and objectives of the Comox Valley Regional Growth Strategy, 
specifically Objective 8-F: Plan for climate change adaptation. Supporting policy is: 
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8F-2 Promote inclusion of climate change modeling and impacts in future infrastructure and 
resource studies. 
 
Intergovernmental Factors 
Although the study area that this report refers to is primarily within the CVRD, the boundaries do 
extend across the Oyster River into the SRD. This additional area includes a portion of the Oyster 
River community as well as the CVRD’s water service wells and the Glenmore Dike. As such, the 
application for funding was a collaborative effort made on behalf of both the CVRD and SRD, with 
both providing in-kind contributions. The CVRD maintained control of the project and provided all 
project management. 
 
If the request to apply for additional grant funding to obtain flood mapping for the project area is 
approved, the application will again be made on behalf of both the CVRD and SRD. 
 
Interdepartmental Involvement 
Planning and development services branch, corporate services branch, executive management and 
community services branch all provided input. The Comox Valley Emergency Program provided 
overall project management and preparation of this report. 
 
As part of a separate, broader interdepartmental project, the CVRD intends to apply for funding 
from the NDMP and CEPF to obtain new flood mapping for a more extensive area. The funding 
would enable the CVRD to update the Floodplain Management Bylaw to reflect the recent 
amendment to the Provincial Flood Plain Guidelines in January 2018. This valuable data would be 
used to update other CVRD policies and bylaws such as the Official Community Plan and Zoning 
Bylaw to regulate and guide future development. Departments from engineering services, 
community services, planning and development services and corporate services will work together to 
ensure a coordinated approach. 
 
Citizen/Public Relations 
Staff has worked closely with stakeholders in the development of this report, including government, 
business, and community. Initial mapping presented for discussion at a stakeholder meeting raised 
concerns around future planning, development, construction and insurance. The report however 
identifies that, the modelling and mapping is not suitable for planning or engineering design. 
Moving forward we will continue to engage with stakeholders through report distribution and public 
education. If funding for flood mapping is approved, consultation with stakeholders will continue 
throughout the next phase. 
 
Attachments: 
 
Appendix A – “Comox Valley Regional District Oyster River/Saratoga Beach Flood Risk 

Assessment Final Report”  
 
Appendix B –“Risk Assessment Information Template” 
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Executive Summary  
The community of Oyster River / Saratoga Beach is working to become more resilient to floods 
and to lay the foundation for future flood mitigation plans. As an initial step, the Comox Valley 
Regional District (CVRD) and Strathcona Regional District (SRD) applied for and received funding 
from the National Disaster Mitigation Program (NDMP) to conduct a Stream 1 Flood Risk 
Assessment project.  The NDMP is designed to progressively move communities towards disaster 
risk reduction by completing projects in each stream successively.  A Stream 1 project – a risk 
assessment – is the first step in the process. 

A risk assessment is simply a description of the combined impact of a hazard event (like a flood) 
and the likelihood of that event occurring.  The objective of this project was to develop a risk 
assessment that would a) meet the needs to the NDMP and b) would support future flood 
mitigation planning in the community.  To support this work a variety of tasks were completed to 
better understand the flood hazard and the impacts of flooding on the Oyster River / Saratoga 
Beach community in the present-day, and in future with climate change. 

Hazard Assessment 

A simplified hazard assessment for both the present day and with future climate change was made 
using available information, including old bathymetric data and hydraulic modelling updated with 
new understanding of hydrology and sea conditions.  Both riverine and coastal flood hazard was 
considered for the present day and in future with climate change. The hazard information, which 
is high-level and not suitable for engineering design, is presented as a hazard extent map.  This 
hazard extent mapping provides bounds for the impact assessment. 

Impact Assessment 

An impact assessment was conducted to understand the potential consequences of flooding in 
the community.  A holistic approach, where a broad range of impact categories were considered 
was taken.  This required a mix of quantitative and qualitative approaches to the analysis.  In some 
cases, geospatial data (such as building footprints) was used to establish impacts.  Whereas, in 
other cases, the analysis relied on qualitative information gathered from stakeholders.  Some key 
findings of the impact assessment are: 

• Many people (approximately 550) would be affected by a flood, both in the present-day 
and in future.  This is because of the relatively large population that resides on the flood 
hazard areas. 

• The economic impacts of a flood would also be considerable.  At present, the estimated 
value of exposed property in the floodplains is $226M.  Further, there are several 
businesses that would be directly impacted by a flood – these were identified by 
stakeholders. 
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• Potential disruption of services is also a key impact that was identified through this work.
There are several key access/egress roads that could potentially be cut-off by a flood, and
there were also several well-heads within the floodplain – that if flooded could impact
drinking water delivery to the community.

The analysis shows that there are many and diverse impacts and these are spread out across the 
entire floodplain.  When considering all the impact categories – there are no identifiable hot zones 
(i.e. a single area where most impacts are noted) that could be the focus of future mitigation 
planning. Rather, the impact mapping shows that flood will affect all areas (both coastal and 
riverine) and that reach-scale planning would be appropriate. 

Risk Assessment 

A risk assessment was completed that combined the results of the impact assessment with an 
understanding of the likelihood of a present-day flood event and a future flood event with climate 
change.  The results are presented in the graphic below. 

Appendix A page 5 of 109



 

 

iv Oyster River Flood Mitigation Study – Final Report 

It is clear from the above analysis that affected people and economic damage risk is significant in 
both the present-day and in the future with climate change. Disruption is also relatively 
significant.  

In summary, there is a significant flood risk in the region. Risk reduction should be a priority for 
the CVRD and the SRD, as well as for Provincial authorities. 

Recommendations and Next Steps 

A number of recommendations and next steps are provided that will support the community in 
its journey towards flood resiliency.  Chief among these is the need for the community to pursue 
funding to develop up-to-date, modern flood hazard mapping.  A cost estimate for this work 
($175k) is presented, along with a list of potential funding agencies.  Materials appropriate to 
support grant applications (scope of work, completed risk assessment template form) are also 
provided. 
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1 Introduction 
Floods matter; they matter a lot. People whose homes are flooded or damaged will remember it for the 
rest of their lives; landscapes are changed forever; regional and national economies suffer. The 
community of Oyster River/Saratoga Beach is no stranger to flood issues, with recent and notable events 
in 2011 and 2014. Further, it is expected that flood hazards will become more severe in the coming years 
and it is important to understand and prepare for this. 

In the wake of the Alberta and Ontario floods of 2013, the federal government established the National 
Disaster Mitigation Program (NDMP) in April 2015. The program has several priorities including providing 
support to provinces to identify and mitigate high-risk flood areas and to collect disaster risk information. 

The Comox Valley Regional District (CVRD) and its neighbour, the Strathcona Regional District (SRD), were 
successful applicants to the NDMP and have embarked on a Stream 1 Risk Assessment Project. This will 
allow the regional districts to access additional flood mitigation and adaptation funds and can also serve 
as a stepping stone for the community to develop future flood mitigation plans. 

1.1 Project Objectives 
Best practice dictates that flood mitigation be achieved through a thoughtful, risk-based planning process 
based on community values and the consideration of a range of hazard levels. The primary objective of 
the current project is to better understand the present-day flood risk in the community. This will help 
to inform future flood mitigation efforts, including policy and emergency planning. It will also be used to 
inform the public and other stakeholders of the present-day and future risk from riverine and coastal 
flooding. 

A secondary objective of this work is to position the CVRD and SRD to be able to capitalize on future 
funding programs through the completion of a Risk Assessment Information Template (RAIT). A 
completed RAIT, or a variation of it, is a required component of federal (NDMP) and provincial 
(Community Emergency Preparedness Fund, CEPF) funding programs. These programs can provide 
support for flood science, flood planning, and both structural and non-structural flood mitigation.  

Oyster River/Saratoga Beach is a beautiful place to live, work, and visit. A better understanding of flood 
risk in the community with a strong understanding of both hazard and vulnerability will help build a strong 
foundation for future work to mitigate the effects of flooding. Working towards a flood resilient future 
will help the community continue to prosper.  

1.2 Report Structure 
This report includes a discussion of the problems faced by the community (Section 2). This is followed by 
background information on flood risk assessment process and methods (Section 3). Next is a description 
of the flood hazard in the community, providing some historical context as well as a description of the 
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estimated present-day and future (with climate change) hazard (Section 4). This is followed by an outline 
of community exposure and vulnerability to flood that provides both quantitative and qualitative 
measures of impact for various impact categories (Section 5). Next is a summary of flood risk—the 
combination of hazard, likelihood, and impact (Section 6). In addition to the risk information, there is a 
discussion of best practice for flood management (Section 7), that provides a basis for recommendations 
(Section 8), and a brief closing statement (Section 9). 

More detailed risk assessment outputs suitable for input into funding program templates are found in 
Appendix A, which provides tables of generic risk information that should be suitable for a renewed NDMP 
program, and Appendix B, which provides a completed RAIT for the current NDMP program.  The report 
also includes a summary of the stakeholder workshop in Appendix C, a description of the hazard modelling 
approach in Appendix D, a full list of data used in the project in Appendix E, and a scope-of-work for future 
flood mapping in Appendix F. 
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2 Problem Statement 
The Oyster River/Saratoga Beach community is an area that is historically prone to flooding from high 
river flows as well as coastal storm surge. With sea level rise affecting the coastal hazard severity and 
climate change influencing weather patterns, these sources of flood hazard are expected to increase for 
the community in the future.  

Part of the Oyster River/Saratoga Beach community is located within the flood hazard area, exposing 
many important assets to the hazard. Specifically, certain infrastructure on which the community 
depends, such as the drinking-water extraction wells, is vulnerable to flooding.  Both the flood hazard 
generally and the community vulnerability were identified as concerns by the clients at the outset of the 
project.  

2.1 Historical Floods 
The community of Oyster River/Saratoga Beach has faced several historic flood events, which prompted 
the construction of dikes for flood protection and the installation of riprap to prevent erosion. Several 
events in the last decade have caused renewed concern for flooding in several areas of the community. 
Most recently, in December 2014, rain in the Oyster River catchment resulted in the flooding of the river, 
which caused property damage. Photos from this event can be found below in Figure 1 and Figure 2. 

Figure 1: Oyster River Flooding, December 2014 (Campbell River Mirror, 2014) 
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Figure 2: High Water on Oyster River at Highway 19 Bridge, December 2014 (Campbell River Mirror, 2014) 

As was the case in 2014, flooding in Oyster River/Saratoga Beach typically occurs in the months of 
November and December. The timeline of past events seen in Figure 3 highlights this trend. In 1975, a 
high discharge in the river caused bank erosion, and events in 1980 and 1990 caused property damage. In 
2009, a dike break occurred and homes were flooded, while in 2010, a combination of high groundwater 
levels and river flooding posed problems. In 2011, the ocean levels also played a role with a combination 
of high tide and groundwater levels contributing to the flood hazard.  

Figure 3: Timeline of Flood Events 
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These historic events paint a picture of the multiple components of flood hazard for the community. The 
solutions to flooding will need to consider the complex hazard along with the specific impacts and risks in 
the community.  

2.2 Project Geographic Scope 
The historic and recent flood events have prompted the local governments (CVRD and SRD) to begin to 
develop plans to mitigate risk in the area. Specifically, the CVRD and SRD identified that a flood risk 
assessment needed to be developed for the Oyster River flood hazard area (riverine flood) and Saratoga 
Beach (coastal flood) areas. The area of interest was defined by the client at the outset of the project and 
adjusted slightly to include an additional portion at the southern extent to better match with the CVRD 
planning area, and was extended northward, using the existing flood mapping, to bound the largest likely 
extent of future flooding. The focus of this project was limited to the Area of Interest (AOI) as shown in 
the map below (Figure 4). 

Figure 4: Flood Risk Assessment Area of Interest 

Appendix A page 15 of 109



6 Oyster River/Saratoga Beach Flood Risk Assessment – Final Report 

3 Flood Risk Assessment Primer 
This section provides background information on flood risk assessment in general and provides a 
framework for the rest of the report, which steps through the methods and results for each of the 
components of the risk assessment developed for the Oyster River/Saratoga Beach area. 

3.1 What is Natural Hazard Risk? 
A solid understanding of the term “risk” is key to understanding the components of a risk assessment. 
Risk is a function of both the likelihood of an event occurring, and the consequences if that event occurs 
(Figure 5). Consequence is defined as a function of the hazard (where and how big is the event?), and 
vulnerability (what’s in the way and how susceptible is it?). Vulnerability can be further described as a 
function of exposure (what’s in the way?), resilience (how will the system resist and recover?), and 
mitigation (what measures are in place to reduce damage?). 

Figure 5: Risk as a Function of Hazard, Vulnerability, and Consequence 

3.2 What is a Risk Assessment? 
Given that risk is the combination of the likelihood of an event and its negative consequences, a risk 
assessment is essentially a methodology to determine the nature and extent of risk. This is done by 
analyzing potential hazards and evaluating existing conditions of vulnerability that together could 
potentially harm exposed people, property, services, livelihoods, and the environment on which they 
depend. A risk assessment can be qualitative or quantitative. For example, the national All-Hazards Risk 
Assessment (AHRA) is a qualitative tool that will help identify, analyze, and prioritize a full range of 
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potential threats (Public Safety Canada 2012) . This type of tool can be developed relatively quickly and 
cheaply at a national scale and is invaluable for prioritization exercises. However, to invest in disaster risk 
reduction, in particular through the use of land-use policy, requires a more robust methodology—ideally 
a fine-scale quantitative risk assessment. A quantitative risk assessment is one that uses measurable 
values of hazard, vulnerability, and likelihood to calculate risk and loss. The quantification of risk, although 
at times cumbersome, provides invaluable information for risk reduction through the provision of robust, 
transparent data for planning and decision-making. 

The recognition of risk assessment (and quantitative risk assessment, in particular) as best practice for 
natural hazards risk mitigation means that, over the last couple of decades, an effort has been made in 
the disaster management community to develop tools to aid in quantitative risk assessment. These tools 
vary greatly, as is to be expected given the range of hazards, needs, and users (Figure 6). 

The choice of tool should be based 
on the overall objective of the 
study. For example, at a fine scale, 
an insurance company needs to 
know the likelihood of damage 
and loss to a single home that is 
seeking insurance. Whereas, at 
the other end of the spectrum, 
higher-level governments need 
information to help them 
prioritize the expenditure of 
resources and dollars. In the 
middle lies regional government, 
with the authority and 
responsibility to make land-use 
decisions, as well as to consider 
structural flood management 
(e.g., dikes). Each of these players 
will require different information, 
which points to a different 
methodology for flood risk 
assessment.  

Another output of risk assessment 
tools that is particularly useful for 
all users, is the capacity to 

Figure 6: Scales of Risk Assessment 
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compare risk mitigation options and policies. For example, the long-term implications of decreasing 
vulnerability by retreating (moving people and assets) from the hazard versus adapting (decreasing the 
vulnerability of assets and improving resiliency) can be assessed. 

The choice of methodology will depend not only on the desired outcomes of the research, but also on the 
amount of resources available to conduct the work, and on the available data. For example, there is no 
point conducting a fine-scale study without good information about individual buildings (materials, size, 
age, elevation, etc.) and the consequences of each type of building being damaged by the hazard. 

3.2.1 Scenario-Based Risk 
If a single event likelihood, for example an extreme event, is used to calculate damages and losses this is 
called a risk scenario.  This is the most common type of assessment completed in Canada, as it is relatively 
straightforward and requires only one hazard event be calculated and mapped.  Scenarios are commonly 
used for emergency response planning, where large probable maximum events are used for exercises on 
the assumption that a plan for a catastrophic event will also be valid for smaller events.  Scenarios have 
also traditionally been used to support hazard mitigation decisions because this simple standards-based 
approach is relatively straightforward to calculate.   

3.2.2 Probabilistic-Based Risk 
A probabilistic assessment is one that considers a range of hazard events and damage outcomes.  The 
area under a curve (with likelihood and consequence as the axes) is integrated to give a full picture of risk. 
This approach is rarely used at present but is quickly being considered best practice as it provides an 
understanding of the impacts of frequent small events as well as infrequent large events.  Probabilistic 
assessments can be resource intense; however, updates in technology and methods are slowly reducing 
the relative effort to conduct them. 

3.2.3 Scenario vs. Probabilistic Approaches 
Scenario approaches are the most commonly used – primarily because of the relative effort.  However, 
probabilistic approaches are becoming more common – and are generally considered best practice.  This 
is especially true with climate change, as some smaller and medium events become more common. 
Decisions can be affected by the approach taken (Lyle 2016), and it is therefore important to choose an 
appropriate approach given the available resources, data and time. 

3.3 Risk Assessment Scale for Oyster River/Saratoga Beach 
The CVRD/SRD team has two objectives for this project. First, to complete a risk assessment that would 
support future planning for disaster risk reduction, and second, to complete a RAIT. These are quite 
different as they fall at opposite ends of the scale (see Figure 6). The RAIT requirementsi fall towards the 

i For the purposes of this project, we have assumed that the required deliverable will be the RAIT available from Public Safety 
Canada at the time of writing (see also Appendix B), but we are also mindful that this will likely be updated to be more in keeping 
with international best practice in future (Appendix A provides information suitable for an updated risk assessment form). 
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aspatial end of the scale—as the intended purpose is to prioritize funding and resources across the 
province and/or country. Note that the RAIT also follows a scenario-based approach.   

However, the development of future disaster risk reduction plans and the development of more 
refined mitigation options requires a finer-scale assessment; this level of assessment is what the 
community will ultimately need. A summary of the components required for these two separate risk 
assessment types is provided in  Table 1, with components focused on in this project highlighted in 
green. 

Table 1: Summary of Risk Assessment Components 

Risk Assessment Scale Component Availability/Comment 
Highly-Spatial  
(for community planning and 
engineering design) 

Hazard 
Detailed flood mapping. 

Not available.  
Old mapping is not suitable, and 
new mapping from this and 
other work does not meet 
current guidelines or best 
practice. 

Vulnerability/Exposure 
Fine-scale understanding of 
qualitative and quantitative 
exposure and vulnerability. 

Mixed availability.  
Considerable data collected 
through this project. 

Consequence 
Detailed methods and data to 
combine hazard (depth of 
water) with exposure. 

Available. 
General methods are available, 
although methods for intangible 
consequences are weak. 

Aspatial 
(for Provincial and National 
prioritization; suitable for the 
RAIT) 

Hazard 
High-level identification and 
understanding. 

Available.  
Taken from old mapping and 
improved through preliminary 
inclusion of climate change. 

Vulnerability/Exposure 
Semi-quantitative 
understanding of basic 
exposure and vulnerability 
elements. 

Available. 
Based on public data (census 
and other), as well as 
discussions with local 
governments. 

Consequence 
Qualitative understanding of 
the combination of hazard and 
vulnerability. 

Available. 
Estimated through simple 
heuristic approaches for six 
elements of impact (see Section 
3.4 below). 
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And so, given the available information, and the scope and resources applied to this project, a high-level 
risk assessment (suitable for the RAIT) has been completed. Further, initial detailed vulnerability and 
exposure information has been gathered—this will support a future detailed risk assessment, but in the 
meantime can be used to support stakeholder and public engagement. A detailed risk assessment cannot 
be completed at this time, primarily because the community lacks an updated flood map developed to 
current standards (Engineers and Geoscientists British Columbia 2016). However, this high-level risk 
assessment can support an application to one of several funding programs to get sufficient funds to 
develop a flood map (with appropriate hydrology and hydrography, inclusive of climate change, and 
updated bathymetry of the river and topography of the flood hazard area).  Please see the 
recommendations and conclusions in this report for further information. 

3.4 Indicators for Risk Assessment 
Risk assessment is shaped by the types of exposed elements that are considered. Given that the impacts 
of flooding are often widespread and diverse, best practice suggests that a broad spectrum of impacts 
should be considered. A common approach is to base impacts on the recently released UN document on 
indicators for disaster risk reduction (United Nations 2016), which itself is based on the Sendai Framework 
indicators (UNISDR 2015). These are as follows: 

1. People – An indicator used to represent the number of directly impacted people (fatalities and/or 
missing). This indicator is often quantified.

2. Affected People – An indicator used to represent the number of people indirectly impacted by a
flood. These are people who have had their homes, schools, businesses, and/or other services lost 
or disrupted. This indicator is often quantified.

3. Direct Economic Impacts – An indicator used to represent direct (i.e., as a result of being wet)
losses that result from a flood. This primarily includes damage and reconstruction costs to public
and private structures. This also generally includes the cost of flood response. This indicator is
often quantified and monetized.

4. Disruption – This is an indicator that describes the potentially more widely spread impacts that
can result from a flood (e.g., when a road is cut off, or when a substation is damaged). This is often 
represented simply as the number and type of Critical Infrastructure Units that are exposed. This
indicator can be quantitative or qualitative.

5. Environment – This indicator is used to describe environmental impacts resulting from flood, and
is often considered to include both environmentally sensitive areas that are directly exposed (i.e.,
flooded) and the effects of contaminants that are released into the flood hazard area when
industrial or other hazardous sites are affected. This indicator tends to be reported qualitatively,
although new methods are being developed to monetize both the ecological value of the affected
site and the cost of clean-up.

6. Cultural – This indicator is used to describe impacts to cultural sites and includes both indigenous
and non-indigenous areas and items. This indicator tends to be reported qualitatively.
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The above is not a complete list of 
impacts, but provides a good 
starting point for review and 
discussion (see also Figure 7). For 
example, it does not fully cover 
indirect impacts (e.g., long-term 
health) or intangible impacts 
(e.g., human stress). However, 
given that most indirect and 
intangible impacts are difficult to 
quantify and to monetize, the 
above provides a good starting 
point and proxy for a risk 
assessment. The categories are 

also the basis of the proposed National Risk Profile and will likely form the basis of future risk assessment 
requirements for federal and Provincial funding programs.  The categories outlined above also fully meet 
the needs of the existing RAIT form. 

3.5 Impact Types 
Beyond the gross indicators for risk mentioned above, there are many ways to categorize and consider 
flood impacts. As described below, not all these impact types are easy to estimate, but that does not mean 
they should not be considered. At a minimum, it is important to recognize what types of impacts have 
been considered in a risk assessment and to be explicit about those that have not. 

3.5.1 Direct and Indirect Flood Impacts (or Consequences) 
Flood impacts can also be grouped into direct and indirect impacts. Direct impacts describe all harm that 
relates to the immediate physical contact of water to people, infrastructure, and the environment. 
Examples include damage to buildings, impacts on building contents and other assets, damage to the 
environment, and loss of human life. Indirect impacts are those caused by the disruption of the physical 
and economic links in the region, as well as the costs associated with the emergency response to a flood. 
For example, business losses because of interruption of normal activities, or costs associated with traffic 
disruption when roads are impassable.  

3.5.2 Flood Impacts (or Consequences) by Tangibility 
The effect of a flood on the environment, human or community health, or the loss of life are difficult to 
quantify, and are therefore considered to be intangible impacts. On the other hand, the tangible dollar 
losses from a damaged building or ruined inventory in a warehouse are more easily calculated. This does 
not mean that tangible losses are more important than the intangibles, just that they are easier to quantify 
and assess. The inclusion of intangible impacts is desirable for the development of a robust flood risk 

Figure 7: National Risk Profile Impact Categories 
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assessment (Frank Messner et al. 2006). Table 2 provides examples of direct/indirect and 
tangible/intangible impact typologies.  

Table 2: Examples of Flood Impact Typologies 

Form of Damage/Measurement Tangible Intangible 
Direct • Building damage

• Infrastructure damage
• Content/inventory

damage

• Loss of life
• Health effects
• Loss of habitat and

environment
Indirect • Loss of industrial

production
• Traffic disruption
• Emergency response

costs

• Inconvenience of post-
flood recovery

• Increased vulnerability
of survivors

 Source: (Frank Messner et al. 2006) 

As we transition from a standards-based approach to flood planning and damage mitigation to a more 
holistic risk-based approach, there has been a significant increase in the knowledge base around flood 
consequences. The impacts of flooding are widespread and affect people, infrastructure, the economy, 
and the environment. Flood damage estimation, however, has traditionally been the domain of engineers, 
and, as such, has focused on economic valuation of infrastructure and building losses, leaving a large gap 
in knowledge regarding intangible impacts (F Messner and Meyer 2006). This gap has increasingly been 
acknowledged, but there is still very limited validated research available, and tools to look at intangible 
impacts are largely undeveloped. It is known that when damages are monetized, buildings become 
priorities for flood mitigation, whereas when damage is expressed as the number of people affected by a 
flood (through stress or inconvenience), road flooding and resultant damage/closures become a 
mitigation priority (Veldhuis 2011). The metrics chosen for assessing flood damage can deeply affect 
subsequent planning decisions. In effect, the non-inclusion of intangible impacts can affect priorities.  

3.6 Impact Types for Oyster River/Saratoga Beach 
A comprehensive assessment of flood impacts includes direct and indirect impacts. However, as described 
above, it is more complex and resource intensive to assess some impacts. For this project, we approached 
the problem with a mix of quantitative and qualitative concepts and were able to capture some of the 
more intangible impacts by working with community stakeholders. The actual impact types are more fully 
described in Section 5, and an overview of the general types of flood impacts that were considered is 
presented below.  

3.6.1 Summary of Direct and Indirect Impacts 
Direct impacts of flooding for Oyster River/Saratoga Beach include washed-out and/or flooded roads. This 
means that the structure of the road may be compromised due to floodwaters or it is simply impassable 
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for the duration of the flood. The community depends on two bridge crossings and so is vulnerable to 
north-south access being cut off if these crossings are damaged or flooded. Some of these direct impacts 
are highlighted below in Figure 8. 

Figure 8: Examples of Direct Flood Impacts that could be seen in Oyster River/Saratoga Beach 

Indirect impacts of flooding include effects where a loss of service in one area means that something 
depending on that service cannot function. For the community, this includes things like loss of access to 
education, transportation disruption, loss of recreation, and drinking water contamination. It is important 
to include these impacts because they can sometimes be greater in terms of severity and duration 
than direct impacts. Some indirect impacts that might be seen in Oyster River/Saratoga Beach 
are highlighted below in Figure 9.  
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Figure 9: Examples of Indirect Flood Impacts that could be seen in Oyster River/Saratoga Beach 

3.7 Summary 
Risk assessment for natural hazards is a challenging and evolving field. The level of effort it takes to 
conduct a risk assessment is very dependent on the use of the information, but also on the available data 
and resources. Detailed quantitative methods for flood risk are in their infancy in Canada (Ebbwater 
Consulting 2016), where underlying datasets for exposure are often unavailable, and valid methods for 
damage and loss calculations are not available for a Canadian-specific context. Further, there are few 
models to follow with regards to qualitative assessments—flood risk assessment in general is rarely 
practiced in this country. For this project, the team relied on methods that were developed for recent 
clients (City of Vancouver, City of Dawson Creek, Public Safety Canada, Infrastructure Canada) and 
adapted for the Oyster River/Saratoga Beach area. However, it should be noted that much of this work is 
leading edge and therefore requires significant innovation. We anticipate that these methods will be 
refined and improved in time by ourselves and other risk management professionals.  The risk 
assessment provided below meets and exceeds current best practice and is suitable for input into the 
RAIT form. 
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4 Flood Hazard 
Hazard and the associated likelihood are key components of a risk assessment—we need to understand 
what will get wet, and how probable it is. Flood hazard is best estimated through the development of 
detailed hydrologic and hydraulic analyses. Hydrologic analysis provides information on present-day and 
future (with climate change) estimates of the volume of water that might be expected. Hydraulic analysis 
establishes where the water will flow and how deep and fast it will be, and this generally means the 
development of a hydraulic model. Inputs to a hydraulic model include an understanding of the river 
shape and other geomorphic characteristics (e.g., bed roughness), along with an understanding of 
conditions at the upstream end of the model (i.e., flow estimates) and at the downstream end of the 
model (usually water level estimates). For coastal areas, the process is similar and requires an 
understanding of the conditions in the ocean that are then translated into water levels on the shore. 

The following describes the general flood hazard for the Oyster River/Saratoga Beach area. The scope of 
work for this project did not include a detailed hazard assessment, and therefore there are considerable 
limitations associated with the information presented below. However, the results of this project (a 
completed risk assessment) will provide the client with the information to support an application to 
funding programs to develop a flood hazard model and map that includes up-to-date information (e.g., 
bathymetric surveys), and meets current best practice and guidelines for flood modelling and mapping 
(EGBC Flood Mapping Guidelines and/or Federal Flood Mapping Guidelines for Hydrologic and Hydraulic 
Analysis). 

4.1 Riverine Hazard Overview 
An understanding of flood hazard tells us where the water is going to go, how high it will be, and how fast. 
Along the Oyster River, flooding typically occurs in the watershed with heavy rainfall resulting from storms 
originating in the tropics in winter months. If there is a snowpack present, then warm weather and intense 
rain can cause significant snowmelt that adds to the total volume of water. In addition, high tides, king 
tides, or storm surges can affect the discharge capacity of the river. When the sea level is higher than 
normal, the water flowing down the river cannot discharge into the ocean easily (this is called 
“backwatering”). Finally, multiple consecutive days of rain can mean that groundwater levels are already 
high, and floodwaters will not be able to dissipate through infiltration. Unfortunately, the drivers of both 
high ocean levels and heavy rainfall events are the same, and therefore it is probable that both high flows 
and high ocean water levels will coincide. 

4.2 Coastal Hazard Overview 
Further to the hazard from the river (riverine hazard), present-day flood hazard results when water levels 
are higher than normal in the Strait of Georgia. Water levels in the ocean off the coast are a function of 
many components. Some of these components are deterministic (predictable), such as tides. Other 
components are probabilistic (unpredictable); these are factors that increase water levels as a result of 
storm events, which include storm surge, set-up, and waves. These are called residuals. For the 
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probabilistic components, there is an understanding of the probability of a certain event occurring, but 
there is no ability to predict when it will occur. The total water level is the sum of all the components and 
represents the height of water (Figure 10). 

Figure 10: Components of Total Water Level 

4.2.1 Sea Level Rise  
In addition to the present-day coastal hazard from tides and storm events, sea level rise means that the 
still-water elevation of the oceans surrounding the CVRD and SRD will rise. 

The Intergovernmental Panel on Climate Change (IPCC Working Group 1 2014) reports that ocean thermal 
expansion and glacial melt have been the dominant contributors to 20th century global mean sea level 
rise. Local relative sea level rise is a function of global sea level rise, but is also impacted by regional ocean 
currents and local geology (U.S. NOAA n.d.). Further, local relative sea level rise is impacted by local 
tectonics – local vertical land movements, either up (uplift) or down (subsidence), affects relative sea level 
rise. In Campbell River (the closest location on Vancouver Island for which there is data), the general trend 
is one of slow uplift (James et al. 2014), but robust projections are unavailable, and therefore are not 
generally included in analyses.  The rate of sea level rise, globally and locally, is uncertain, but for planning 
purposes best estimates from when the project was initiated in 2012 were used. In general, a 1 metre 
increase in mean sea levels from the year 2000 to 2100 was used as the basis of the initial analysis 
(Ausenco-Sandwell 2011; Bornhold 2008); this is based on guidance documents from the Province of BC.  
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Figure 11: Components of Sea Level Rise 

An increase in base ocean water level has implications for both the extent and depth of flooding (Figure 
12). This has significant implications for the Saratoga Beach area.  

Figure 12. Expanding Flood Hazard Areas Under Sea Level Rise 

4.3 Hazard Likelihood 
In addition to an understanding of where water will go in a flood, it is important to consider the likelihood 
of an event occurring.  This is generally represented as an Annual Exceedance Probability (AEP). Where, 
the AEP refers to the probability of a flood event occurring in any year, where the probability is expressed 
as a percentage.  For example, an extreme flood that has a calculated probability of 0.2% of occurring in 
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this or any given year is described as the 0.2% AEP flood. In the past, flood hazard likelihood was 
commonly represented as an X-year return period.   However, this tends to cause confusion regarding 
the frequency of an event with lay public (i.e. it is commonly understood that if a 100-year flood has 
occurred, it will not re-occur for another 99 years), and therefore best practice dictates the use of an AEP 
to describe flood likelihood.  Another way to think about flood likelihood is through the use of encounter 
probabilities, where it is possible to calculate the likelihood of encountering an event of a given size over 
a defined time period – for example the length of an average mortgage (25-years) or the lifespan of a 
human (75-years).  Table 3 shows that for a 1% AEP event there is a 22% chance that an event of this size 
or greater will occur over a 25-year period.  Understanding the likelihood of an event as well as the 
encounter probability of an event can support decisions related to flood management.  For this 
project, we have considered multiple likelihood scenarios – and have reported them all using the AEP 
terminology. 

Table 3: Encounter Probabilities for Various Flood Likelihoods. 

Annual 
Exceedance 
Probability 

(AEP) 

Indicative 
Return 
Period 

Encounter 
Probability of 
Occurrence in 

25 years 

Encounter 
Probability of 
Occurrence in 

50 years 

Encounter 
Probability of 
Occurrence in 

75 years 

Encounter 
Probability of 
Occurrence in 

100 years 

100% Annual 
indicative 

100% 100% 100% 100% 

30% Once every 
three years 
indicative 

100% 100% 100% 100% 

10% Once every 
10 years 

indicative 

93% 99% 100% 100% 

3% Once every 
33 years 

indicative 

53% 78% 90% 95% 

1% Once every 
100 years 
indicative 

22% 39% 53% 63% 

0.1% Once every 
1000 years 
indicative 

2% 5% 7% 10% 

4.4 Oyster River Watershed Characteristics 
The Oyster River is located on the east side of Vancouver Island between Courtenay and Campbell 
River. It originates in the mountains of the Forbidden Plateau on Vancouver Island, and drains an area of 
about 376 km2 before entering the Strait of Georgia (Figure 13). The Oyster River forms the boundary 
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between the CVRD to the south and the SRD to the north. The Oyster River has several tributaries, which 
are listed in Table 4. The community of Oyster River is located just north of the river's estuary and Saratoga 
Beach is located to the south.  

Figure 13: Oyster River Watershed 

Table 4: Watershed Area of Oyster River Tributaries 

Tributary Watershed Watershed Area (km2) 

Little Oyster River 42 km2 

Woodhus Creek 37 km2 

Piggott Creek 91 km2 

Adrian Creek 40 km2 

The Oyster River Watershed is a relatively small watershed of about 376 km2. Water Survey of Canada 
(WSC) has maintained a stream gauging station (08HD011) on the Oyster River below Woodhus Creek 
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since 1974. The watershed area above the gauging station is about 298 km2 and does not include the Little 
Oyster River watershed, which is a tributary of the Oyster River.  

The Oyster River’s streamflow is characterized by a high flow in November due to fall rains, and another 
high flow in May and June due to snowmelt from high elevations. Minimum flows generally occur between 
August and October (see Figure 14 and Figure 15). 

Figure 14: Summary Hydrographs for Oyster River (at gauge) 
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Figure 15: Summary Mean Monthly Flows for Oyster River (at gauge) 

4.5 Previous Hazard Modelling 

4.5.1 1984 Flood Hazard Area Mapping 
Previous modelling work was done by BC Water Management Branch in 1984 as a part of the Floodplain 
Mapping Program. The report on this work included flood hazard area mapsheets and channel survey data 
(cross section and road profiles, HEC2 GR data files, bridge sketches, and plans showing location of cross 
sections)ii . This analysis, although best practice at the time, is outdated. River hydraulics are a function of 
the channel shape, and over the course of the last 34 years, the river bed has shiftediii. Also, erosion of 
the channel banks is known to have occurred. And therefore, the 1984 model and map are no longer valid 
and should be updated. Further, the hydrology calculated in 1984 was based on just a few years of record 

ii  The original HEC2 model from 1984 is available at the Ministry of Environment: EcoCat—The Ecological Reports Catalog
(http://a100.gov.bc.ca/pub/acat/public/viewReport.do?reportId=2134). Oyster River Floodplain Mapping. Report ID 2134; Project 
#82FDC02/83FDC-02, including HEX2 GR Data files (Oyster River 1982). 
iii No known bathymetric surveys have been conducted since 1984 that could be used for comparison. However, the general 
morphology of the river (braided gravel) suggests a dynamic (i.e. changing) river.  This is confirmed in materials provided by the 
SRD and reviewed in the Dike Assessment Report (McElhanney 2017) that describe chronological changes to the river between 
1975 and 2014. 

(footnote continued) 
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at the WSC station and gave no consideration to climate change—this too needs to be updated for any 
new mapping. However, this does provide some high-level understanding of the hazard. 

4.5.2 2017 Hydrotechnical Assessment of Glenmore Dike 
In 2017, with funding from the Province, the SRD undertook an assessment of the Glenmore Dike. This 
assessment was completed in December 2017 by McElhanney Consulting Services Ltd. iv. This report 
includes a hydrologic assessment that uses a direct transfer of flow statistics from the WSC gauge 
(08HD011) to estimate design flows. A 0.5% AEP flow of 493 m3/s is reported for the river at the dike. They 
also provide a design flow that incorporates consideration of climate change (567 m3/s). 

The dike assessment report includes a hydraulic analysis. A 2D HEC-RAS model was developed and run. 
The model details are only reported at a high level, and we are not able to provide commentary here. 
However, it is notable that the model was based on LiDAR, and that this would have limited the accuracy 
of the model within the channel (where the majority of flow conveyance is found). However, it is arguable 
that the modelling limitations did not affect the purpose of this model (to review the dike crest elevation). 

4.6 New High-Level Hazard Modelling 
For this stage of the process and with the available resources, a high-level modelling exercise was 
completed. The modelling was conducted to provide high-level hazard mapping for the community of 
Oyster River/Saratoga Beach. This modelling and mapping was developed to support the collection of 
exposure and vulnerability data at stakeholder workshops. The mapping is suitable for preliminary 
discussion; it is not suitable for detailed planning or engineering design. 

The old model (1984 Provincial HEC-2) was updated to include new information. This means that the 
geometry from the 1984 model was used and extended to include additional flood hazard areas (based 
on LiDAR and DEM data provided by the client), and it was also updated with new hydrologic information. 

The scope of this study was to build a simplified updated hydraulic model for the community of Oyster 
River/Saratoga Beach in order to update the approximate flood extents to consider climate change. The 
following outlines the approach taken to update the flood extents.  More details are provided in 
Appendix D. 

4.6.1 Model Geometry 
A core component of a hydraulic model is the river and floodplain geometry.  Generally, a hydraulic model 
would be developed after having collected and processed bathymetric and topographic data to represent 
the channel and floodplain respectively.  However, as noted above, a complete updated data set of 
bathymetric and topographic data was not available.  In the absence of new data – bathymetric data from 
the 1984 modelling project was used to represent the channel.  The cross-sections from the 1984 model 
were improved in the floodplain areas with updated topographic information (LiDAR in the SRD and 1 m 

iv Please note that the report was provided to Ebbwater Consulting at the end of January 2018—after the hazard modelling for 
this project was substantially complete. 
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contours in the CVRD).   An updated 1-D hydraulic model was developed in HEC-RAS with this information. 
This was a simplified approach designed to provide an understanding of updated flood extents with 
climate change. 

4.6.2000Model0Verification  
In the normal development of a hydraulic model, it would first be verified (i.e. checked to see if the 
overall model makes sense – does water flow downstream for example, does  the model run, or 
does it have instabilities).  Then, using available surveyed information from flood events, the 
model would be calibrated and validated.  For 1-D HEC-RAS modelling this is usually done by 
adjusting the roughness coefficient (a mathematical representation of the friction across the river 
bed) until modelled and observed measurements match.  If a second set of observed data is available 
– then the model would be validated, or checked, against this.  However, in this case – no model 
calibration or validation occurred because the base information (the geometry) was known to be poor, 
and no observed data was available for calibration or validation.  However, standard roughness 
coefficients (based on the field visit) were used, and the overall model was verified by comparing the 
results from new runs with previous (1984) modelling and mapping.  Good agreement was found.  
Further, the model proved to be relatively insensitive to changes in roughness or flow – flood 
hazard is very much controlled by the channel and floodplain geometry.  This again emphasizes the 
need for updated bathymetry, modelling and mapping. 

4.6.3 Upstream Boundary 
In order to provide information for the flow for the hydraulic model, historical hydrometric data from 
WSC was usedv for the Oyster River below Woodhus Creek (08HD011), for 37 years in total (within the 
range of 1974–2016).  

The return periods for the 50%, 20%, 10%, 5%, 2%, 1%, 0.5%, and 0.2% AEP events were calculated for 
the whole time series of average daily flows using a frequency analysis (with a GEV distribution). This 
data set was then adjusted to account for the additional watershed area below the gauge using 
a simple relationship based on relative areas.  

The estimated return periods are presented for two periods of time in Table 5 and Table 6, below.   The 
data set was split to both show the importance of the length of the data set (i.e. more data is better), 
but also serves to highlight how the anecdotal trend that flood hazard is worsening with time (climate 
change). The results indicated an approximate 10% to 30% increase in the flow between the first half of 
the data set and the recent half of data. The significantly lower estimated flow during the earlier period 
of study further supports the need for a new, up-to-date analysis. Table 7 shows the estimated flows for 
the entire hydrometric record; this information was used to support the flood modelling. 

v https://wateroffice.ec.gc.ca/search/historical_results_e.html?search_type=station_number&station_number=08HD011&start_year=1850&en
d_year=2017&minimum_years=&gross_drainage_operator=%3E&gross_drainage_area=&effective_drainage_operator=%3E&effective_drainag
e_area=
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Table 5: Estimated Flows for the Oyster River at the Mouth for the First 17 Years of Available Hydrometric Data 

Years 1974–1976, and 1980–1994 (total of 17 hydrological years) 

AEP 50% 20% 10% 5% 2% 1% 0.5% 0.2% 
Estimated 
Flow (m3/s) 

271 320 348 369 390 402 411 419 

Table 6: Estimated Flows for the Oyster River at the Mouth for the Last 20 years of Available Hydrometric Data 

Years 1995–2015 (total of 20 hydrological years) 

AEP 50% 20% 10% 5% 2% 1% 0.5% 0.2% 
Estimated 
Flow (m3/s) 

291 355 397 433 474 500 522 548 

Table 7: Estimated Flows for the Oyster River at the Mouth for Entire Hydrometric Record 

AEP 50% 20% 10% 5% 2% 1% 0.5% 0.2% 
Estimated 
Flow (m3/s) 

281 341 379 410 445 466 484 504 

The results of the hydrological analysis were used as inflows to the upstream end of the hydraulic model. 
However, given the cursory nature of the analysis, these should not be used for planning or engineering 
design. A preliminary estimate of a 0.5% AEP flood event of 484 m3/s was calculated. This is similar to the 
number reported in the dike assessment report (493 m3/s). It should be noted that the analysis also clearly 
shows an increasing trend over time (i.e., the first half of the record results in a much lower number than 
using the second half of the record). This should be considered as part of any future hydrologic analysis. 

4.6.4 Downstream Boundary 
The boundary conditions for the hydraulic model were updated based on available data. No new analyses 
were conducted for this project, and instead we relied on data and analyses completed by others for 
neighbouring communities. 

Boundary conditions in the downstream end of the river assumed a zero-water surface level, increased 
with a combination of extreme tide and storm surge. More specifically, according to a study conducted 
for the Town of Comox (Lazo Road)vi the adopted reference still water level (SWL) can be calculated based 
on the Higher High Water Mean Tide (HHWMT), Storm Surge (SS) and Set-Up (SU) as: 

SWL = HHWMT + SS + SU = 1.5 + 0.5 + 0.8 = 2.8 m CGD (Present), as the chance of an extreme storm surge 
and maximum wave set-up coinciding with a very high astronomical tide is small. 

vihttp://comox.ca/modx/assets/pdfs/public works/capital projects/2016 Lazo Construction/Lazo Road - Wave Assessment.pdf 
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The approach used in the Town of Comox work is based on a simplified combined probability approach to 
developing total water levels and is appropriate for the purpose of the analysis.  There are however 
limitations to this method and to the direct transfer of the results to the Saratoga Beach area: 

• The storm surge (SS) estimate of 0.5 m is lower than that used by other local governments along
the Strait of Georgia—storm surges in the order of 1.0 m have been recorded (at the Pt. Atkinson
Gauge in West Vancouver).  A lower number was used given the importance of the structure being 
considered.  In any future modelling for the Saratoga Beach area, where arguably there are many
assets at risk, a higher estimate should be considered.

• Set-up (SU) is very dependent on local bathymetric conditions—the shape of the beach slope
affects how set-up develops. Therefore, there are significant limitations to transferring a set-up
estimate from a neighbouring community where the coastal bathymetry is different.

New analyses, with specific reference to the Saratoga Beach area, should be conducted to improve the 
estimate of prior coastal water levels. However, in the short-term, given the objectives of this work (to 
develop initial mapping suitable to support conversations with stakeholders), the water level estimates 
from the Town of Comox are appropriate. 

These boundary conditions are important for the modelling exercise to gain a better understanding of 
flood conditions for different sea levels, including future sea level rise with climate change.  

4.6.5 Climate Change 
Climate change is being felt in British Columbia and the impacts of the changes are evident both locally 
and globally. Our climate will continue to change in the coming years and the increasing temperatures 
and altered meteorological patterns will affect the hydrology of our rivers. Therefore, to have a better 
understanding of future flood hazard extent, an estimate of changing boundaries (streamflow and ocean 
level) was made. This analysis is simple and was based on readily available information. Additional work 
should be conducted to provide detailed local downscaled information as part of any future hydrologic 
modelling or flood mapping projects. 

In general, to predict how Earth's climate will change, scientists use climate models based on both 
emissions scenarios (more or fewer greenhouse gases) and on climate modelling (computer models that 
make different assumptions). These are then downscaled using regional climate models. 

Local downscaled datasets near our area of interest were available from Pacific Climate Impacts 
Consortium (PCIC). Simulated streamflow datasets were obtained for Campbell Rivervii, as it was the 
closest available watershed where data is readily available. The data was produced by different 
combinations of climatic models and emissions scenarios. All eight different model outputs 
were compared and evaluated based on the Nash–Sutcliffe model efficiency coefficient,, an evaluation 
criterion 

vii Pacific Climate Impacts Consortium, University of Victoria, (Jan. 2014). Station Hydrologic Model Output. Downloaded from
https://www.pacificclimate.org/data/station-hydrologic-model-output on November 2017.
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that is commonly used to assess the accuracy of the models. Given the purpose of the modelling output 
was to bookend the flood hazard problem and consider a more extreme scenario, the A2 emissions 
scenario (see PCIC for details) was selected for analysis in this project.  This scenario showed a 30% 
increase in flows, which was linearly applied to the Oyster River (Table 8).  

Table 8: Flow Estimates for Oyster River at the Mouth with Climate Change 

AEP 50% 20% 10% 5% 2% 1% 0.5% 0.2% 
Estimated 
Flow (m3/s) 

365 464 538 611 708 783 858 961 

Based on this, these estimates were transferred from Campbell River to the study area and new river 
inflows were calculated. Finally, with the new values for the model, a map of approximate flood extents 
for Oyster River, which takes into account climate change, was created (with a flow of 961 m3/s). 

At the downstream end, climate change will manifest as sea level rise (see Section 4.2.1 for additional 
information).  As described above a 1 m increase in sea level is used.  For the purposes of modelling, we 
can assume that the 2100 estimate of SWL will be (considering only the projected sea level rise, not the 
effects of increased storm intensity): 

SWLCC = HHWMT + SS + SU + SLR = 1.5 + 0.5 + 0.8 + 1.0 = 3.8 m CGD (2100 scenario), where SLR is the sea 
level rise.  

As a summary, a map showing old and new flood extents can be seen below in Figure 16.  The most 
extreme and rare event (0.2%) was used because the purpose of the modelling was to bookend the 
potential flood hazard area.  The larger area was used in workshop materials and the initial risk assessment 
to ensure that a full complement of exposure data was collected – a smaller climate event might have 
resulted in missed data on the edges of the floodplain.  
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Figure 16: Oyster River Flood Hazard Map, Multiple Flood Scenarios 

This map includes the flood hazard area extent form the 1984 mapping exercise along with a line showing 
an area where the flood level was not determined. (This was likely due to a lack of data or resources to 
complete the modelling work.) The flood hazard area extent based on the new modelling is provided for 
the current 0.5% AEP flood event. To give an idea of possible extremes, the 0.2% AEP flood event with 
climate change is also shown.  

This provides a high-level overview of the extent of flood events of different severities. This is important 
because there is much uncertainty regarding future flooding and there are limitations with the study. 
Some of these limitations include a lack of data on the river’s current geometry; the geometry of the river 
has inevitably changed since the 1984 study, and a new hydrometric study needs to be conducted in order 
for the results to be reliable. However, this analysis provides a good general understanding of where the 
water is likely to go during a very rare event now and in the future with climate change and sea level rise. 
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4.7 Limitations of Modelling and Mapping 
As described at the outset of this section, the project scope, budget, and resources did not allow for a 
fulsome hazard assessment, nor the development of up-to-date flood mapping that meets best practice 
or guidelines. High-level mapping was developed to support discussions with stakeholders and to support 
the development of a high-level risk assessment. THE MODELLING AND MAPPING IS NOT SUITABLE FOR 
PLANNING OR ENGINEERING DESIGN.  

The CVRD and SRD, should use the results of this study to support an application to the National Disaster 
Mitigation Program (NDMP) or to the BC Community Emergency Preparedness Fund (CEPF) to develop an 
appropriate model and mapping for the area. 
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5 Exposure and Vulnerability 
A key component of any risk assessment is an understanding of what is in the way of the water (the 
exposure), as well as an understanding of how each of the assets in the way of water will react and recover 
from being wet (the vulnerability). As described in Section 3, estimating exposure and vulnerability, 
especially at a fine scale with consideration of tangible/intangible and direct/indirect impacts, is a 
resource-intensive exercise. For this project, a concerted effort was made to capture as many impacts as 
possible. The methodology to do this, along with the results of the analysis are presented below. 

5.1 Methods 
As described in Section 3, flood exposure and vulnerability can be calculated using a mix of quantitative 
and qualitative approaches, and both approaches were used for this analysis. Where quantitative (ideally 
spatial) data was available, a quantitative analysis was conducted. However, for some indicators, 
especially intangible ones, qualitative data was collected. 

5.1.1 General Methods for Quantitative Assessment 
Quantitative assessments are generally considered more robust than qualitative ones, however they can 
only be conducted if appropriate data is available. For each of the indicators (see Section 3.4), a review of 
possible data was conducted to establish whether an assessment could be conducted (a full list of 
available data is provided in Appendix E). Of note here is that different datasets and types were available 
for each project partner (i.e., the SRD and CVRD collect and maintain different types of data). 

Where spatial data was available (e.g., building locations and/or footprints), this was overlaid with the 
hazard mapping to identify assets within the flood hazard area. A simple hotspot analysis was completed 
in GIS to develop a map showing areas where impacts to the specific indicator are likely. Further, when 
appropriate, absolute numbers are reported. 

5.1.2 General Methods for Qualitative Assessment 
For some indicators (especially the less tangible and the indirect ones), no hard datasets exist. Therefore, 
information on vulnerability to flooding was gathered with the participation of local community 
stakeholders. Impacts were recorded in a workshop setting (more details on the workshop can be found 
in Appendix C) and this information was organized and mapped by the consulting team. This allows for an 
understanding to be built around what gets affected when it floods and what are the consequences of 
some things getting wet.  

Participants at the workshop were provided with some background materials on flood risk assessment 
and flood impact typologies (similar to the material presented in Section 3).  They were then asked to 
mark on maps the location and type of impact that they had experienced or felt they might experience.  
Direct and indirect impacts were marked in different colours, and the category of impact (i.e. people, 
economy, etc.) was inferred from the information provided.  This information was then transferred to a 
digital GIS database and ultimately recorded as hotspot maps.  This qualitative information can be very 

Appendix A page 39 of 109



30 Oyster River/Saratoga Beach Flood Risk Assessment – Final Report 

rich and can also capture information that would otherwise be discounted.  However, it should be noted 
that there are limitations to this approach – obviously, the diversity and number of stakeholders will affect 
the outcome (i.e., if there are only business owners present then economic indicators might be noted, but 
other indicators such as environmental impacts might be missed).  For this project, a large and diverse 
stakeholder group attended the workshop, and the information presented below is considered relatively 
robust. 

5.2 Results 
The following summarizes the results of the exposure and vulnerability analyses and includes some 
discussion for each of the six impact categories. 

5.2.1 People (Mortality and/or Missing) 
For the purposes of this project, which focused on direct flood hazard (i.e., being wet), it was assumed 
that the potential loss of life is negligible, and no mapping is provided. Mortality from floods is rare in 
Canada, generally because people are given adequate warning and are able to evacuate. However, as 
additional hydraulic information is developed, and a better understanding of the river geomorphology is 
gained, it will be important to consider river erosion as a potential hazard to people. Bank erosion or river 
avulsion can be sudden, and therefore there is a higher chance that a resident on the bank will not have 
warning.  We have recommended that a geomorphologic study to map out future erosion be completed 
as part of any updated flood mapping project. 

5.2.2 Affected People 
The number of people affected by flooding is one of the impact categories that makes up the risk 
assessment and is related to impacts felt by people related to lost shelter, employment, schooling, etc.. 
The map below (Figure 17) shows impacts to affected people, as reported by stakeholders at the 
workshop. This is represented as a hotspot map to provide a high-level representation of the location of 
the effects. 
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Figure 17: Hotspot Map of Affected People as Reported by Stakeholders in Workshops 

The number of people affected was also mapped using the most recent Canadian census data and two 
flood scenarios. The maps below show an estimated percentage of the population affected by flooding 
in each scenario.  

In Figure 18, the map shows the estimated affected population for the 0.5% AEP flood event. Within the 
0.5% AEP flood hazard area it is estimated that approximately 550 people would be affected.  
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Figure 18: Population Density in Oyster River by Dissemination Area for 0.5% AEP Flood Hazard Area 

In Figure 19, the map shows the affected population for the 0.2% AEP flood event with climate change as 
a high-level extreme scenario for consideration. For this flood extent, it is estimated that approximately 
950 people would be affected, a 72% increase over the present-day condition. This is stated to highlight 
the relative levels of exposure for the hazard extents studied. In general, this extent is not meant to be 
predictive, but rather to provide an upper bound of flood extent and impacts, given that there is much 
uncertainty embedded within the data. 
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Figure 19: Population Density in Oyster River by Dissemination Area for 0.2% AEP Flood Hazard Area with Climate Change 
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5.2.3 Economic Impacts 
Economic impacts are important to measure because they represent the effect that flooding can have on 
local livelihoods and commercial facilities. Further, economic impacts are often used to support the 
business case for flood mitigation planning and infrastructure. 

Figure 20 shows the high-level hotspots of economic impacts for the community as reported by 
stakeholders in the workshop. 

Figure 20: Economic Impact of Flooding in Oyster River as Reported by Stakeholders 
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The value of property in the flood hazard area was calculated using the available BC Assessment Authority 
Roll data, which provides a more quantitative estimate of economic impacts of flooding. Figure 21 shows 
properties in the flood hazard area for the 0.5% AEP flood event. The estimated value of property in the 
flood hazard area is $226M for the 0.5% AEP flood event. 

Figure 21: Economic Exposure in Oyster River 0.5% AEP Flood Hazard Area 

Appendix A page 45 of 109



36 Oyster River/Saratoga Beach Flood Risk Assessment – Final Report 

Below, in Figure 22, is the property value in the 0.2% AEP flood hazard area with climate change, to provide 
an idea of an upper limit of exposure. It is estimated that the value of property within this flood extent is 
$292M. This highlights that between the current 0.5% AEP flood hazard area and the more extreme 0.2% 
AEP flood hazard area with climate change, the increase in property value exposed to flooding is 29%.  

Figure 22: Economic Exposure in Oyster River 0.2% AEP Flood Hazard Area with Climate Change 
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5.2.4 Disruption 
Disruption due to flooding refers to the number of disruptions to basic services attributed to the disaster. 
It is important to consider because it represents the effect of flooding on infrastructure, services, and the 
people using those services. Disruption, as recorded from workshop participants, is shown in a high-level 
hotspot map in Figure 23. 

From this map it can be seen that there is disruption recorded throughout the community. Some hotspots 
for effects include areas along the coast, the bridge crossings, and drinking water facilities.  There 
are some wells  within the flood hazard area limits (1 in the present-day 0.5% AEP flood hazard area and 
4 within the future 0.2% AEP flood hazard area). Should a flood occur, contaminated water (from 
overland sources) might enter the well heads. 

Figure 23: Disruption Due to Flooding in the Oyster River Flood Hazard Area as Reported by Stakeholders 
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Disruption due to flooding was also studied in terms of the length of major and minor roads within the 
flood extent for the 0.5% AEP present-day flood event as shown below in Figure 24. There are a number 
of both minor and major roads within the flood hazard area studied.  

Figure 24: Disruption Due to Flooding in the Oyster River Flood Hazard Area 
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5.2.5 Environment 
Floods can have an impact on the environment in a number of ways. Flooding can cause erosion, damaging 
vegetation along the water’s edge, and flood water often spreads contaminants as they are picked up in 
the flood hazard area and transported. Several hotspots of environmental factors were identified by local 
stakeholders as shown in the high-level hotspot map below in Figure 25.  

These are qualitative indicators that give an idea of the location of the environmental impacts of flooding 
in the community. A more quantitative approach might include mapping sources of contaminants based 
on business licenses and obtaining more information about sources of pollutants in the watershed. 

Figure 25: Environmental Concerns Due to Flooding with Input from Stakeholders 

5.2.6 Culture 
As described in Section 3, flooding can cause impacts to cultural sites, including both indigenous and non-
indigenous areas and items. No cultural impacts were identified by stakeholders, nor were any cultural 
sites noted on available exposure mapping.  And therefore, no map is provided.  However, the lack of data 
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and information does not mean that there are no possible cultural impacts.  If a risk assessment exercise 
is repeated in future (for example after the development of updated flood mapping) then a more 
concerted effort to include cultural (especially indigenous) knowledge should be made. 

5.3 Discussion 
In summary, the maps for each of these impact categories paint a picture of where there are potential 
effects of flooding and provide some context for thinking around what kinds of measures might be 
appropriate to address these issues.   There are many and diverse impacts and these are spread out across 
the entire floodplain.  When considering all the impact categories – there are no identifiable hot 
zones (i.e. a single area where most impacts are noted) that could be the focus of future mitigation 
planning.  Rather, the impact mapping shows that flood will affect all areas (both coastal and riverine) 
and that reach-scale planning would be appropriate. 
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6 Risk Assessment 
The overall form of a risk assessment includes the combination of hazard likelihood with the consequences 
of that hazard (see Section 3). This is relatively straightforward if the underlying inputs are available. The 
focus of this project has been to develop a high-level complete risk assessment, and to begin developing 
suitable datasets and information for a detailed risk assessment. For the high-level assessment that has 
been completed, a simple combination of hazard likelihood and exposure is required to get a risk score.  

The approach presented below is based on expected methods to be presented in future NDMP and DMAF 
program materials; it is also substantially based on best practice (see Section 3).  It is a very simple 
approach to estimating risk that uses a matrix-scoring approach; with scores assigned to likelihood and 
impact, which are multiplied to give a risk score. A scenario-based approach has been taken here – where 
a single scenario (i.e. one likelihood) is used to represent risk; this is in keeping with the requirements of 
funders and is appropriate given the quality of the hazard information.  However, if and when more 
refined hazard information is developed a probabilistic risk assessment should be considered.  

6.1 Likelihood Scoring 
A likelihood score is assigned based on the information in Table 9, which is drawn from work used to 
support updated materials for the NDMP.  The more likely an event is to occur, the higher the score.  The 
likelihoods are represented logarithmically, as this is generally assumed to represent the extreme value 
statistics of natural hazards.  In this instance, a score of 3 is given for the present-day scenario (the 0.5% 
AEP event) and a score of 2.5 is given for the future climate change event (where a 0.2% AEP event was 
used to represent the more extreme end of the spectrum – see notes in Section 4.6.5). 

Table 9: Likelihood Rating for Risk Assessment 

Likelihood Score AEP Estimated Frequency (once every X 
years) (Indicative Lower Bound) 

0 <0.001% 100,000 
0.5 0.001% to <0.0033% 30,000 
1.0 0.0033% to <0.01% 10,000 
1.5 0.01% to <0.033% 3,000 
2.0 0.033% to <0.1% 1,000 
2.5 0.1% to <0.33% 300 
3.0 0.33% to <1% 100 
3.5 1% to <3.3% 30 
4.0 3.3% to <10% 10 
4.5 10% to <30% 3 
5.0 >30% <1 
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6.2 Impact Scoring 
Similar to the likelihood scores, an impact scoring system was drawn from materials developed to support 
anticipated updates to the NDMP RAIT (Table 10).  For each impact category a score from 1 to 5 is assigned, 
where 1 demonstrates the least (limited) impact, and 5 demonstrates the largest (catastrophic impact). 
Like the likelihood scoring, the quantitative measures are represented on a logarithmic scale.  The 
quantitative measures are also presented using scalable systems – where impact is considered relative to 
a scale at which response might be expected; in this case Vancouver Island. Ratings for environmental and 
cultural impacts are qualitative and described with words only. Ratings for each of the impact categories 
was calculated or estimated based on the results of the exposure and vulnerability assessment described 
above. 

Table 10: Impacts Ratings 

Level Score Measure 
Mortality: Number of deaths and missing persons attributed to disasters, per 100,000 population 
Catastrophic 5 Deaths greater than 100 per 100,000 
Major 4 Deaths greater than 10 but less than 100 per 100,000 
Moderate 3 Deaths greater than 1 but less than 10 per 100,000 
Minor 2 Deaths greater than 0.1 but less than 1 per 100,000 
Limited 1 Deaths less than 0.1 per 100,000 
Affected People: Number of directly affected people attributed to disasters, per 100,000 population 
Catastrophic 5 Affected people greater than 100 per 100,000 
Major 4 Affected people greater than 10 but less than 100 per 

100,000  
Moderate 3 Affected people greater than 1 but less than 10 per 

100,000 
Minor 2 Affected people than 0.1 but less than 1 per 100,000 
Limited 1 Affected people less than 0.1 per 100,000 
*Affected People Score based on Calculation of Score = Affected People/Population of Vancouver Island *
100,000
Economic Consequences: Direct economic loss attributed to disasters in relation to Vancouver Island GDP 
Catastrophic 5 Direct economic loss of 4% or more of GDP*** 
Major** 4 Direct economic loss of 0.4% to 4% of GDP 
Moderate 3 Direct economic loss of 0.04% to 0.4% of GDP 
Minor 2 Direct economic loss of 0.004% to 0.04% of GDP 
Limited 1 Direct economic loss of <0.004% of GDP 
**Economic Consequences Score based on Calculation of Score = Property Value in Flood hazard area/GDP of 
Vancouver Island * 100% 
Critical Infrastructure and Disruption: Damage to critical infrastructure attributed to disasters 
Catastrophic 5 >100 of CI facilities damaged or disrupted
Major 4 >10 to 100 CI facilities damaged or disrupted
Moderate*** 3 >1 to 10 CI facilities damaged or disrupted
Minor 2 1 CI facility damaged or disrupted 
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Level Score Measure 
Insignificant 1 1 CI facility temporarily (<6hours) disrupted 
CI facilities are represented by the CI sectors in the National Strategy for Critical Infrastructure (Government of Canada 
2009) and include: 
Energy and utilities 
Information and communication technology 
Finance  
Health  
Food  
Water  
Transportation  
Safety  
Government  
Manufacturing 
***Critical Infrastructure included here are bridges and drinking water wells affected 
Environmental: Damage to the environment. 
Catastrophic 5 Catastrophic damage to environment. 
Major 4 Major damage to the environment. 
Moderate 3 Moderate damage to the environment. 
Minor 2 Minor damage to the environment. 
Insignificant 1 Insignificant damage to the environment. 
Cultural: Damage to cultural or heritage assets. 
Catastrophic 5 Catastrophic damage to cultural or heritage assets. 
Major 4 Major damage to cultural or heritage assets. 
Moderate 3 Moderate damage to cultural or heritage assets. 
Minor 2 Minor damage to cultural or heritage assets. 
Insignificant 1 Insignificant damage to cultural or heritage assets. 

Given the impact scoring table and the information gathered and presented in Section 5.  The following 
impact scores were assigned to the Oyster River/Saratoga Beach area: 

Table 11: Impact Scores for Oyster River/Saratoga Beach 

Impact Category 
Present-Day 
Impact 
Score 

Future (with 
Climate 
Change 
Score) 

Comments 

People (Mortality and 
Mission) 

1 1 In both cases direct impacts to people are 
considered low. 

Affected People 4 5 In both cases this score is high as a relatively 
high number of people will have homes or 
businesses impacted – especially when 
considering the scale of Vancouver Island. 

Economic 
Consequences 

4 4 A high score has been assigned in both 
instances given the exposed property values 
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in the flood hazard area.  This is significant 
when considered at the relative scale of 
Vancouver Island. 

Disruption 3 3 A moderate score is applied in both instances 
as a number of pieces of critical infrastructure 
(well heads and bridge crossings) are within 
the flood hazard areas. 

Environment 2 3 The environmental impact is considered 
relatively low for the present-day scenario but 
increases for the future scenario – where 
much more parkland is impacted. 

Cultural 1 1 No cultural impacts were noted, and a 
minimum score of 1 is applied. 

The above scoring is based on the available information and on the judgement of the risk assessment 
team.  Given the qualitative nature of some of the measures, and the assumptions made (for example to 
scale the assessment to Vancouver Island) it is arguable that the scores could be adjusted slightly. 
However, the overall assessment is within expected bounds and should be considered robust enough for 
the purposes of this project. 

6.3 Risk Scoring 
High-level risk scores are summarized in Table 12, Table 13, and Figure 26 below. 

Table 12: Summary for Present-Day Flood Risk 

Element Likelihood Score Impact Score Risk Score 
People  
(Mortality and Missing) 3 1 3 

Affected People 3 4 12 
Economic 3 4 12 
Disruption 3 3 9 
Environment 3 2 6 
Cultural 3 1 3 

Table 13: Summary for Future Flood Risk with Climate Change 

Element Likelihood Score Impact Score Risk Score 
People  
(Mortality and Missing) 2.5 1 3 

Affected People 2.5 5 13 
Economic 2.5 4 10 
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Disruption 2.5 3 8 
Environment 2.5 3 8 
Cultural 2.5 1 3 

Figure 26: Summary of Flood Risk for Present-Day  
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It is clear from the above analysis that affected people and economic damage risk is significant in both the 
present-day and in the future with climate change. Disruption is also relatively significant. The overall 
difference between the two analyses (present-day and future) is limited for two reasons. First, the 
likelihood scores are slightly different because in this instance we have only considered a single scenario 
(i.e., the 0.5% AEP event in the present-day and 0.2% AEP event in the future), and because these are 
different for the present-day and for the future. This brings down the total risk score for the future event. 
However, this is not indicative of true risk, as a complete risk assessment would include consideration of 
multiple scenarios (frequent events, occasional events, and rare events) and an aggregate probabilistic 
risk would be calculated. Second, for the riverine flood hazard, the areal extent of flooding does not 
change dramatically with increased flows because of the shape of the land (the topography). But for the 
coastal areas, sea level rise significantly increases the coastal flood hazard area and therefore the 
exposure and risk. 

In summary, there is a significant flood risk in the region. Risk reduction should be a priority for the CVRD 
and the SRD, as well as for Provincial authorities. 
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7 Resilience Planning 
Oyster River is working towards the admirable goal of becoming more resilient to flooding. When a 
community is resilient to flooding, things can get wet and the community is able to cope with the water 
and recover quickly. This goes beyond simply thinking about structural protection measures for a single 
hazard, but instead focuses on building broader local capacity.   The following section describes how the 
work conducted as part of this project can be used as a stepping stone for future flood resiliency.  
Specifically, the risk assessment information provides the foundation for understanding the problem, and 
secondly the workshop with stakeholders provided an opportunity to discuss measures of resiliency that 
are already under consideration by the community. 

7.1 Stakeholder-Identified Resilience 
To understand how Oyster River could become more resilient, the consulting team met with local 
stakeholders and members of the public. The team asked local stakeholders to identify what water means 
to them, which is summarized in the word cloud in Figure 27 below. 

Figure 27: Keywords from Residents About What Water Means to Them 
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This highlights that local stakeholders are already thinking about the advantages of living near water 
(beautiful, habitat, life), as well as the hazard it presents (powerful, dangerous, unpredictable). Some are 
already thinking about how to manage such a hazard (preparedness, concern, complex) and some of the 
implications (climate, potable, necessary). Highlighting these relationships to water is helpful for setting 
the stage around discussions of resilience and capacity building.  

7.2 Best Practice for Flood Management 
Flood management is a classic “wicked problem”viii. It has a high degree of technical complexity, multiple 
dimensions of uncertainty, and multiple objectives. This is made worse by high stakes and high emotions, 
as there is often intense political scrutiny. More often than not, it is also limited by available resources 
(data, methods, time, money, and personnel). 

Natural hazard risk is a challenging issue, especially with a changing climate. Best practice for flood 
planning and risk reduction requires a paradigm shift in thinking and management when compared to 
how flood has generally been managed in Canada. The approach described below works towards a best-
practice approach, as informed by experience working in the Canadian context. 

7.2.1 Plan for Risk Not Hazard 
International best practice, in the form of the UN-ISDR Sendai Framework, provides some guidance on 
how to mitigate risks and increasing costs associated with natural disasters. A major tenet of this 
framework is a risk-based approach to disaster management, where hazard, vulnerability, likelihood, and 
consequence all play a role (Figure 28). This is a shift away from how floods have historically been 
managed in Canada, where the norm is to base design standards on a single hazard (often the 0.5% AEP 
event). 

 

                                                           

viii A “wicked problem” is one that is difficult to solve because of contradictory or changing requirements. It was first 
described in 1967 by C. West Churchman. 
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Figure 28: Natural Hazard Risk 

Common sense clearly dictates that an understanding of what is at stake (exposure and consequence) 
should play a role in any flood planning.  

Further, it is important to not only consider impacts from future very rare events, but to also consider the 
impacts of much more frequent but lower-magnitude flood events of various return periods. These might 
have less impact individually, but the cumulative impact of multiple smaller flood events over time could 
be just as significant. 

A further challenge related to the dynamic hazard is that with a rising sea level, flood events will be caused 
by a rise in the still water level, especially at high-tide conditions. Flooding may also be caused by water 
carried inland by storms. This effectively creates two design conditions that need to be considered in any 
analysis. 

The full range of hazards, from frequent small events to rare large events, as well as the changing baseline, 
all need to be considered in adaptation planning.  

7.2.2 Stop Fighting Nature, and Enable Resilience 
The approach to dealing with floods has evolved with time. During the International Decade of Natural 
Disaster Risk Reduction, the UN expressed the view that the approach to disaster management was too 
compartmentalized and that flood protection in isolation was no longer appropriate.  Complete protection 
from floods through the construction of dikes and dams, for example, is often too expensive and an 
inefficient use of resources. A more integrated resilience approach is increasingly being adopted (Schanze, 
Zeman, and Marsalek 2006).  Resilience refers to the resistance to a particular shock and the speed of 
recovery. Focusing on appropriate and cost-effective resistance to flooding combined with increased 
speed of recovery should be the focus. Peak flows and storms will continue to happen and flooding cannot 
be prevented, however, communities can become more resilient to these events. 

7.2.3 Embrace Uncertainty 
Climate is changing; this fact is known. However, the rate and pace of change in the region is not clear. 
This is best managed by acknowledging the uncertainty, and then explicitly designing for it. For example, 
for structural works, uncertainty should be included in freeboard calculations. Further, the structural 
responses should be designed to change over time (e.g., by purchasing larger rights-of-way for dikes, so 
that they can be raised and widened in future). All responses should be designed with the idea of “safe-
failure” and multiple benefits, so that even if the infrastructure does not function for its initial purpose, it 
continues to provide value to the community. 

7.2.4 Listen to Stakeholders and Consider Local Values 
Communities do not want elaborate flood-control infrastructure, they want safe and prosperous places 
to live; this should be at the heart of any flood mitigation plan.  
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One strategy to reduce natural hazard risk while delivering additional value to the community is designing 
multifunctional spaces. This could be in the form of a park that is a recreation space when it is dry and a 
water retention area during heavy rainfall or peak flows. Areas where dikes have been constructed 
sometimes also incorporate trails or bike paths for recreation. This means integrating considerations of 
flood risk reduction into other capital infrastructure plans where appropriate. What form this should take 
all depends on what the community wants and how this can be integrated with project needs and the 
available budget. To balance local needs, this plan should be developed in collaboration with the 
community and industry. 

7.2.5 Make Good Decisions Based on More than Dollars and Cents 
Risk reduction measures need to be cost effective, but sound decision-making needs to be based on more 
than just the price tag. Flood infrastructure should also provide benefits and minimize impacts to social, 
environmental, and cultural assets. If only direct losses to structures are considered in a benefit-cost 
assessment, then the result is generally the construction of dikes or seawalls. However, when ecological, 
recreational, and cultural values are considered meaningfully, the preferred mitigation option is rarely a 
piece of hard infrastructure that has an impact on the environment, blocks views, and requires long-term 
maintenance. Flood studies will often only consider direct impacts of flooding indicating the overlap 
between properties and water levels. However, considering the impact of flooding on critical 
infrastructure and emergency services is important for both more effective response planning, and for 
prioritizing the protection of key assets. Often these indirect impacts are intangible and cannot be 
monetized and are therefore discounted. A thoughtful decision process is imperative to create a 
community and coastline that will thrive into the future. 

7.3 Implementing Best Practice through a Step-Wise Process 
Based on previous experience with local governments, we have adapted standard planning and 
adaptation processes into a clear 8-step process for flood risk reduction, as outlined in Figure 29.  
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Figure 29: 8-Step Planning Process for Flood Risk Reduction 
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7.4 Progress Towards Resiliency in Oyster River/Saratoga Beach 
The above discussion of best practice along with an understanding of some of the initial community values 
identified in the workshop and the outcomes of this study (risk assessment) mean that the region is well 
on the way to a more resilient future. Through this project, the community has acknowledged the problem 
and begun to develop awareness (Step 1), has a basic understanding of the hazard (Step 2), and has a 
fulsome understanding of the community vulnerabilities (Step 3) and of risk (Step 4). This puts the region 
in a good place to move forward to develop and select mitigation options that will improve the overall 
resiliency of the area. Some recommendations for next steps are presented in Section 8. 
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8 Recommendations 
While the community of Oyster River is taking the right steps now to lay the groundwork for future studies 
and assessments, there are some additional things that can be done in the meantime. Some of these 
measures are around communication with the public and building local capacity. Others relate to 
collecting better data for short- and long-term decision-making. Some quick wins can involve thinking 
about spatial planning with available information. There is inherent uncertainty in flood risk assessments 
and there remains work to be done to refine the hazard modelling and build a database of vulnerability 
information. 

8.1 Quick Wins for the Community 
While it is likely that future work will take place with support from NMDP funding, there are some things 
that the CVRD and the SRD, along with their partners, can start to consider. These are listed below: 

• Additional gauging information
o Currently Oyster River has one stream gauge located at the confluence of the river and

Woodhus Creek. This means that flow from the little Oyster River Catchment is not
captured. To better represent the hydrology of the river for future hazard studies, it would 
be best if a gauge were installed at a location downstream of the confluence of Oyster
River and the Little Oyster River, potentially at the upper bridge crossing. This would also
greatly support the calibration and validation of a future hydraulic model. Hydrometric
gauging can be cost-efficient given modern technology (Hund, Johnson, and Keddie 2016).
A hydrometric station linked to a real-time online webpage is also an extremely effective
tool for public engagement and emergency response.

• Warning system and additional monitoring
o While floods often cannot be avoided, it is possible to move some of the things that

matter out of the way with sufficient warning. With updated hazard information and
gauges installed, a warning system could be built to alert the community to an oncoming
flood. This can help to reduce disruption and overall damage, as people and some
valuables can be moved out of the way of the water in time.  The CEPF considers warning
systems and eligible project under its structural mitigation stream – this would be worth
exploring as a potential funding source.

• Education and preparedness
o Education about flood risk can help the community build their own personal capacity and

resilience to flooding. Awareness helps local residents know what to expect, what they
can do if their property might be exposed, and how to prepare for recovery. The materials 
presented in this report provide a good starting point for any education. These could be
made available to stakeholders and the public. Further, simple efforts to improve public
awareness could be made by developing online tools, such as a StoryMap, which mixes
flood hazard information with simple actions to improve personal resiliency. An example
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map, recently developed for the City of Surrey (who are working at a different scale), is 
available here: 
https://surrey.maps.arcgis.com/apps/MapSeries/index.html?appid=c9907935a5c34260 
a01e1fdd84c8ade3 

o The two previous suggestions related to gauging and warning systems can also support
education and engagement.

• Drinking water wells
o As noted above, some wells are within the flood hazard area limits (1 in the present-day 

0.5% AEP flood hazard area and 4 within the future 0.2% AEP flood hazard area). Should 
a flood occur, contaminated water (from overland sources) might enter the well heads. It 
would be prudent at this time to inform the well owners of this potential hazard, and to 
encourage them to plan for a flood. With appropriate warning, the well heads could be 
capped to minimize the potential for contamination.

• Recommendation for erosion and trail use
o It was reported in the stakeholder workshop (and is evident by looking at the river) that 

bank erosion is a significant issue, especially on the left bank of the river in the SRD. In the 
short-term, the clients should monitor this erosion (ideally with surveys). This can both 
support trail management and emergency response, as well as future erosion mapping.

• Review policy and bylaws
o It was outside the scope of this project to consider existing Regional District (RD) policy. 

However, it would be prudent for both RDs to review their existing flood policy and 
bylaws. Especially in light of recently promulgated guidance from the Province on land 
use regulations for flood hazard areas:
https://www2.gov.bc.ca/assets/gov/environment/air-land-water/water/integrated-
flood-hazard-mgmt/flood_hazard_area_land_use_guidelines_2017.pdf

• Dike assessment recommendations
o The recently completed dike assessment report should be reviewed by the SRD and 

the recommendations within this report considered. 

8.2 Considerations for Future Funding Streams 
As noted several times in this report, the Oyster River area currently lacks an up-to-date hydraulic model 
and mapping. The development of a new map is an imperative and necessary next step in any flood 
resiliency or risk reduction planning. The CVRD and SRD should submit an application for grant funding to 
develop a map. Two programs are currently available to support flood mapping: 

1. The NDMP (Stream 2): It is anticipated that this program will be accepting applications mid-
summer for the 5th and final cycle of the program. There is a chance that the program will be
renewed for another 5-year term, however this has not yet been confirmed. The requirements of
Stream 2 are a completed RAIT (provided in Appendix B).
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2. The UBCM CEPF (Stream 2): It is anticipated that this program will accept applications in the fall
of 2018, although no official announcement has been made to this affect. Last year (2017), the
program had the same requirements as for the NDMP (i.e., a completed RAIT).

In addition to the completed RAIT, a brief scope of work and budget to develop a map has been prepared 
(Appendix E). This will support grant applications and can also be used to develop RFP materials in order 
to select a suitably qualified consultant team. 

8.3 Long-Term Steps to Take 
• Data collection for refined exposure modelling

o As noted in this report, available data for exposure modelling was inconsistent. To support 
detailed future exposure and risk modelling, the community should consider improving
and updating their GIS data.

• General flood resiliency
o As noted above, the community has begun on the path of flood resiliency planning by

completing this work. However, there are many steps yet to be undertaken. The
community should continue to work their way through the steps to develop and
implement a flood risk reduction plan. This should be reviewed and iterated periodically.
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9 Conclusions 
As the community of Oyster River/Saratoga Beach works towards becoming more resilient to flooding, it 
is adopting international best practice by managing for risk and laying the foundation for future work 
through the current funding programs available. Specifically, this work will enable the community to 
access funds for a future phase of the National Disaster Mitigation Program. 

At the outset of the report, the project objectives were to develop a risk assessment suitable to support 
future grant applications, as well as to conduct research to support future more detailed risk assessments 
and general movement towards greater flood resiliency for the region. The results presented here meet 
these objectives, and we hope they will support the CVRD and the SRD in future work. 
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10 Glossary 
Term Definition Source 
All Hazards Referring to the entire spectrum of hazards, whether they 

are natural or human-induced. Note: For example, hazards 
can stem from geological events, industrial accidents, 
national security events, or cyber events. 

PSC 

All-Hazards 
Approach 

An emergency management approach that recognizes that the 
actions required to mitigate the effects of emergencies are 
essentially the same, irrespective of the nature of the incident, 
thereby permitting an optimization of planning, response, and 
support resources. 

PSC 

Assets-At-Risk Refers to those things that may be harmed by hazard (e.g., 
people, houses, buildings, or the environment).  

RIBA 

Asset 
Inventory or 
Database 

An inventory of assets-at-risk including the location, and 
sometimes vulnerability or resiliency measures. 

 

Critical 
Infrastructure 
(CI) 

Processes, systems, facilities, technologies, networks, assets, 
and services essential to the health, safety, security, or 
economic well-being of Canadians and the effective 
functioning of government.  
 
The ten CI sectors in Canada are: Health; Food; Finance; 
Water; Information and Communication Technology; Safety; 
Energy and Utilities; Manufacturing; Government; and 
Transportation.  

PSC 

Exposure A measure of the amount of a structure, life, or other asset-at-
risk that could be affected by a potential hazard. 
Example: parts or all of houses, schools, and livestock in a 
flood hazard area that are exposed to a potential flood. 

 

Flooding Overflowing of water onto land that is normally dry. It may be 
caused by overtopping or breach of banks or defenses, 
inadequate or slow drainage of rainfall, underlying 
groundwater levels, or blocked drains and sewers. It presents 
a risk only when people and human assets are present in the 
area where it floods. 

RIBA 

Frequency The number of occurrences of an event in a defined period of 
time. 

PSC 

Geohazard A hazard of natural geological or meteorological origin (i.e., 
this does not include biological hazards). 

 

Hazard A potentially damaging physical event, phenomenon, or 
human activity that may cause the loss of life, injury, property 
damage, social and economic disruption, or environmental 
degradation. Hazards can include latent conditions that may 

UN-ISDR 
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represent future threats, and can have different origins: 
natural (geological, hydrometerorological, and biological) or 
be induced by human processes. Hazards can be single, 
sequential, or combined in their origin and effects. Each 
hazard is characterized by its location, intensity, frequency, 
and probability. 

Hazard 
Assessment 

Acquiring knowledge of the nature, extent, intensity, 
frequency, and probability of a hazard occurring. 

MODFIED 
NDMP 

Hazard 
Inventory or 
Database 

An inventory of the location, nature, and extent of influence of 
any potential hazards in an area of concern. Generally 
compiled as a GIS database. 

NDMP 

Natural 
Hazard 

Natural process or phenomenon that may cause loss of life, 
injury, other health impacts, property damage, loss of 
livelihoods and services, social and economic disruption, or 
environmental damage.  

UN-ISDR 

Likelihood A general concept relating to the chance of an event occurring. 
Likelihood is generally expressed as a probability or a 
frequency of a hazard of a given magnitude or severity 
occurring or being exceeded in any given year. It is based on 
the average frequency estimated, measured, or extrapolated 
from records over a large number of years, and is usually 
expressed as the chance of a particular hazard magnitude 
being exceeded in any one year. 

RIBA 

Probability In statistics, a measure of the chance of an event or an 
incident happening. This is directly related to likelihood. 

PSC 

Quantitative 
Risk 
Assessment 

A risk assessment that is completed using quantified or 
calculated measures of risk. 

Resilience The ability of a system, community, or society exposed to 
hazards to resist, absorb, accommodate, and recover from the 
effects of a hazard in a timely and efficient manner, including 
through the preservation and restoration of its essential basic 
structures and functions.  

UN-ISDR 

Risk The combination of the probability of an event and its 
negative consequences. 

UN-ISDR 

Risk 
Assessment 

A methodology to determine the nature and extent of risk by 
analyzing potential hazards and evaluating existing conditions 
of vulnerability that together could potentially harm exposed 
people, property, services, livelihoods, and the environment 
on which they depend. 

Risk assessments (and associated risk mapping) include: a 
review of the technical characteristics of hazards, such as their 
location, intensity, frequency, and probability; the analysis of 

UN-ISDR 
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exposure and vulnerability, including the physical, social, 
health, economic, and environmental dimensions; and the 
evaluation of the effectiveness of prevailing and alternative 
coping capacities, with respect to likely risk scenarios. This 
series of activities is sometimes known as a risk analysis 
process. 

Risk 
Management 

The systematic approach and practice of managing uncertainty 
to minimize potential harm and loss. 

UN-ISDR 

Vulnerability The characteristics and circumstances of a community, system, 
or asset that make it susceptible to the damaging effects of a 
hazard. 

UN-ISDR 
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Appendix A  Risk Assessment (Generic) 
The following provides information that could be included in a risk assessment. It is based on the 
expected future form of the NMDP RAIT.  Elements that should be included in the form are highlighted 
in green. 

Risk (Present-Day) 
These scores are calculated using the present-day flood hazard area extent for the hazard and 
vulnerability information. 

Likelihood 
Table 14: Likelihood Rating for Generic Risk Assessment 

Likelihood Score AEP Estimated Frequency (once every X 
years) (Indicative Lower Bound) 

0 <0.001% 100,000 
0.5 0.001% to <0.0033% 30,000 
1 0.0033% to <0.01% 10,000 
1.5 0.01% to <0.033% 3,000 
2 0.033% to <0.1% 1,000 
2.5 0.1% to <0.33% 300 
3 0.33% to <1% 100 
3.5 1% to <3.3% 30 
4 3.3% to <10% 10 
4.5 10% to <30% 3 
5 >30% <1 

Impacts 
Table 15: Proposed Impacts Ratings 

Level Score Measure 
Mortality: Number of deaths and missing persons attributed to disasters, per 100,000 population 
Catastrophic 5 Deaths greater than 100 per 100,000 
Major 4 Deaths greater than 10 but less than 100 per 100,000 
Moderate 3 Deaths greater than 1 but less than 10 per 100,000 
Minor 2 Deaths greater than 0.1 but less than 1 per 100,000 
Limited 1 Deaths less than 0.1 per 100,000 
Affected People: Number of directly affected people attributed to disasters, per 100,000 population 
Catastrophic 5 Affected people greater than 100 per 100,000 
Major 4 Affected people greater than 10 but less than 100 per 

100,000 
Moderate 3 Affected people greater than 1 but less than 10 per 

100,000 
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Level Score Measure 
Minor 2 Affected people than 0.1 but less than 1 per 100,000 
Limited 1 Affected people less than 0.1 per 100,000 
*Affected People Score based on Calculation of Score = Affected People/Population of Vancouver Island *
100,000
Economic Consequences: Direct economic loss attributed to disasters in relation to Vancouver Island GDP 
Catastrophic 5 Direct economic loss of 4% or more of GDP*** 
Major** 4 Direct economic loss of 0.4% to 4% of GDP 
Moderate 3 Direct economic loss of 0.04% to 0.4% of GDP 
Minor 2 Direct economic loss of 0.004% to 0.04% of GDP 
Limited 1 Direct economic loss of <0.004% of GDP 
**Economic Consequences Score based on Calculation of Score = Property Value in Flood hazard area/GDP of 
Vancouver Island * 100% 
Critical Infrastructure and Disruption: Damage to critical infrastructure attributed to disasters 
Catastrophic 5 >100 of CI facilities damaged or disrupted
Major 4 >10 to 100 CI facilities damaged or disrupted
Moderate*** 3 >1 to 10 CI facilities damaged or disrupted
Minor 2 1 CI facility damaged or disrupted 
Insignificant 1 1 CI facility temporarily (<6hours) disrupted 
CI facilities are represented by the CI sectors in the National Strategy for Critical Infrastructure (Government of Canada 
2009) and include: 
Energy and utilities 
Information and communication technology 
Finance  
Health  
Food  
Water  
Transportation  
Safety  
Government  
Manufacturing 
***Critical Infrastructure included here are bridges and drinking water wells affected 
Environmental: Damage to the environment. 
Catastrophic 5 Catastrophic damage to environment. 
Major 4 Major damage to the environment. 
Moderate 3 Moderate damage to the environment. 
Minor 2 Minor damage to the environment. 
Insignificant 1 Insignificant damage to the environment. 
Cultural: Damage to cultural or heritage assets. 
Catastrophic 5 Catastrophic damage to cultural or heritage assets. 
Major 4 Major damage to cultural or heritage assets. 
Moderate 3 Moderate damage to cultural or heritage assets. 
Minor 2 Minor damage to cultural or heritage assets. 
Insignificant 1 Insignificant damage to cultural or heritage assets. 
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Risk Summary (Present- Day) 
Element Likelihood Score Impact Score Risk Score 
People (Mortality and 
Missing) 3 1 3 

Affected People 3 4 12 
Economic 3 4 12 
Disruption 3 3 9 
Environment 3 2 6 
Cultural 3 1 3 

Future Risk (Climate Change) 
These scores are calculated using the future flood hazard area extent with climate change for the hazard 
and vulnerability information. 

Likelihood 
Table 16: Likelihood Rating for Generic Risk Assessment 

Likelihood Score AEP Estimated Frequency (once every 
X years) (Indicative) 

0 < 0.001% 100,000 
0.5 0.001% to < 0.0033% 30,000 
1 0.0033% to < 0.01% 10,000 
1.5 0.01% to < 0.033% 3,000 
2 0.033% to < 0.1% 1,000 
2.5 0.1% to < 0.33% 300 
3 0.33% to <1% 100 
3.5 1% to <3.3% 30 
4 3.3% to <10% 10 
4.5 10% to <30% 3 
5 >30% 1 

Impacts 
Table 17: Proposed Impacts Ratings 

Level Score Measure 
Mortality: Number of deaths and missing persons attributed to disasters, per 100,000 population 
Catastrophic 5 Deaths greater than 100 per 100,000 
Major 4 Deaths greater than 10 but less than 100 per 100,000 
Moderate 3 Deaths greater than 1 but less than 10 per 100,000 
Minor 2 Deaths greater than 0.1 but less than 1 per 100,000 
Limited 1 Deaths less than 0.1 per 100,000 
Affected People: Number of directly affected people attributed to disasters, per 100,000 population 
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Level Score Measure 
Catastrophic 5 Affected people greater than 100 per 100,000 
Major 4 Affected people greater than 10 but less than 100 per 

100,000 
Moderate 3 Affected people greater than 1 but less than 10 per 

100,000 
Minor 2 Affected people than 0.1 but less than 1 per 100,000 
Limited 1 Affected people less than 0.1 per 100,000 
*Affected People Score based on Calculation of Score = Affected People/Population of Vancouver Island *
100,000
Economic Consequences: Direct economic loss attributed to disasters in relation to Canadian gross domestic 
product 
Catastrophic 5 Direct economic loss of 4% or more of GDP*** 
Major 4 Direct economic loss of 0.4% to 4% of GDP 
Moderate 3 Direct economic loss of 0.04% to 0.4% of GDP 
Minor 2 Direct economic loss of 0.004% to 0.04% of GDP 
Limited 1 Direct economic loss of <0.004% of GDP 
Critical Infrastructure and Disruption: Damage to critical infrastructure attributed to disasters 
Catastrophic 5 >100 of CI facilities damaged or disrupted
Major 4 >10 to 100 CI facilities damaged or disrupted
Moderate 3 >1 to 10 CI facilities damaged or disrupted
Minor 2 1 CI facility damaged or disrupted 
Insignificant 1 1 CI facility temporarily (<6hours) disrupted 
CI facilities are represented by the CI sectors in the National Strategy for Critical Infrastructure (Government of Canada 
2009) and include: 
Energy and utilities 
Information and communication technology 
Finance  
Health  
Food  
Water  
Transportation  
Safety  
Government  
Manufacturing 
***Critical Infrastructure included here are bridges and drinking water wells affected 
Environmental: Damage to the environment. 
Catastrophic 5 Catastrophic damage to environment. 
Major 4 Major damage to the environment. 
Moderate 3 Moderate damage to the environment. 
Minor 2 Minor damage to the environment. 
Insignificant 1 Insignificant damage to the environment. 
Cultural: Damage to cultural or heritage assets. 
Catastrophic 5 Catastrophic damage to cultural or heritage assets. 
Major 4 Major damage to cultural or heritage assets. 
Moderate 3 Moderate damage to cultural or heritage assets. 

Appendix A page 75 of 109



A-5Oyster River/Saratoga Beach Flood Risk Assessment – Final Report 

Level Score Measure 
Minor 2 Minor damage to cultural or heritage assets. 
Insignificant 1 Insignificant damage to cultural or heritage assets. 

Risk Summary (Future with Climate Change) 
Element Likelihood Score Impact Score Risk Score 
People (Mortality and 
Missing) 2.5 1 3 

Affected People 2.5 5 13 
Economic 2.5 4 10 
Disruption 2.5 3 8 
Environment 2.5 3 8 
Cultural 2.5 1 3 
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Appendix B  Completed RAIT Form 
 

 

Provided separately due to protection settings on RAIT form.
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Appendix C  Workshop Materials 
 

- Workshop Agenda 

- Workshop Participants List 

- Workshop Presentation Slides 
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Agenda - Exposure Workshop 
 
 

Oyster River / Saratoga Beach - Flood Risk Assessment 
Tuesday January 16th, 2018 - 1pm to 4pm 

 

Meeting Objectives: 

• To build an understanding of flood management and risk assessment 

• To build a shared understanding of flood hazard in the Oyster River/Saratoga Beach area  

• Learn from the community about the specific assets and values that are susceptible to flooding 

 

Agenda: 

 

1:00 Welcome and Introductions 

1:30 
Background on Flood Risk and Flood Management 101 

- Flood management as a wicked problem 

2:00 
Best Practices and Risk Assessment 101 

- Global indicators of disaster risk reduction 
- Scales of risk mapping 

2:30 BREAK 

2:45 
Study Area Mapping Exercise 

- Mapping the direct and indirect impact of flooding with stakeholders 

3:50 Closing and Next Steps 
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List of Participants Present – Exposure Workshop 
 

Oyster River / Saratoga Beach - Flood Risk Assessment 
Tuesday January 16th, 2018 - 1pm to 4pm 

 

 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Total participants: 39 people 

Organization 
Number of 

Participants 

BC Government – Ministry of Forests, Lands, Natural Resource 
Operations, and Rural Development 

1 

BC Government - Ministry of Transportation and Infrastructure 1 

CVRD Staff 4 

Shelter Point Distillery 1 

Electoral Area C 1 

Fire Department 2 

Local Residents 16 

Mike Oviatt Trucking & Aggregate 2 

Pacific Playgrounds Resort 2 

Project Watershed 2 

Recreation Sites and Trails BC 1 

Saratoga and Miracle Beach Residents' Association 1 

SRD Staff 4 

Timber West 1 
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Appendix D  Hazard Methods and Limitations 

1 Introduction 
For the purposes of conducting a flood risk assessment in Oyster River and Saratoga Beach, a hydraulic 

model was developed. The flood hazard extents from this updated model were used to support the 

collection of exposure and vulnerability information at a workshop with stakeholders. As part of this task 

a flow model of the Oyster River was constructed. The extents of this model are from area close to the 

Glenmore Dike to the outflow of the river where it meets the Strait of Georgia. Model runs included a 

present day scenario and a future scenario with sea level rise. This part of the report details the model 

development and simulated results for the two flood scenarios studied. 

2 Model Overview 
A 1-dimensional (1D), steady flow, hydraulic model was developed using HEC-RAS 5.0 software. The 
current version of HEC-RAS 5.0 was released by the U.S. Army Corps of Engineers Hydrologic Engineering 
Center in September 2016. The model was used to simulate the hydraulics of the Oyster River during 
extreme flood events.  
 
HEC-RAS can calculate water surface profile properties for steady and unsteady flows, including 

subcritical, supercritical, or mixed flows. The computational procedure is based on the solution of the 

one-dimensional energy equation. Energy losses between two nearby cross sections are computed by 

friction (Manning's equation) and contraction/expansion (coefficient multiplied by the change in velocity 

head). For areas where the water surface profile changes rapidly, the momentum equation can be used. 

These situations include mixed flow regime calculations (i.e., hydraulic jumps), hydraulics of bridges, and 

evaluating profiles at river confluences (stream junctions) (Hydrologic Engineering Center, 2016). 

3 Model Development 

3.1 Bathymetry/topography 

One meter LiDAR derived contours were provided by the Strathcona Regional District; however, the 

extents of this data were mostly limited to the SRD area. It included the river but did not extend very far 

south beyond the banks of the river. Another limitation is that LiDAR data does not capture the bottom 

surface of the river channel; therefore, a bathymetric survey was necessary for this study. Due to the 

lack of any other source of updated bathymetry data, the existing provincial government model 

developed for the 1984 floodplain mapping was used.  Over the course of the last 34 years, the river bed 

has likely changed, nevertheless, this piece of information was sufficient for a high-level modelling 

exercise. The extents of the available bathymetry end close to the river banks, therefore, in order to 

represent the full extent of the floodplain a digital elevation model (DEM) was created.  This was done 

using contours provided by the SRD and CVRD.  
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3.2 River Cross Sections 

The geometric data needed for our analysis consisted of cross-section elevation data, reach length, and 

information for bridges. All the data were obtained by the HEC2 GR model of the 1984 Floodplain map 

developed by BC Water Surveys Unit and Canada, British Columbia Water Management Branch. The 

HEC2 GR model is an old version of HEC-RAS river modelling software, which is not compatible with any 

recent software. The old model files and plans were reviewed, and new geometry files were created 

manually in HEC-RAS. 

A total of twenty cross-sections were obtained using historical data and were placed perpendicular to 

the predominant flow path along the channel, and left and right overbanks along each reach. The cross-

sections in the original model had variable spacing, ranging from 10 m (distance used in the area of the 

bridges) up to 590 m for a reach. 

Cross-section elevation data from the old model of 1984 during this time ranged from -4.57 m to 23.76 

m. It is worth noting that the elevations of the channel bottom surface have most likely changed during 

the years. This is why a new bathymetric study would be a key piece of information needed for any 

future studies. Figures 1 and 2 show the cross-section geometry of the Oyster River.  

 

Figure 1: River’s cross sections location 
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Figure 2: Cross section 4 and 18 of Oyster River 

3.3 Hydraulic Structures and Bridges 

The available historical data included information on the three bridges along the Oyster River, two of 

which are within the city limits. The bridges were modeled within HEC-RAS based on the geometry 

provided by the 1984’s surveyed data. The data source for each crossing is included in the original HEC2 

model from 1984 (in the form of bridge sketches), which is available in the Ecological Reports Catalogue 

on the BC Government Website. It should be noted that, the information on pier configurations, low 

chord, and deck elevations is historical and therefore it is possible to have changed since 1984. 

 

Figure 3: Example of Bridge Cross section (Old Highway Bridge) 
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3.4 Hydrometric Data and Boundary Conditions 

HEC-RAS model and available flow records for the Oyster River at Woodhus Creek were used to simulate 

flows at cross-section sites within the study area and can be found in Section 4.4.2 of the main report. 

Other data needed for the modelling exercise included steady state flow data and the boundary 

conditions which can be found in Section 4.6.1 and 4.6.2 of the main report. 

3.5 Calibration and Validation 

No data was available for model calibration, therefore a literature review and engineering judgement 

were used to establish an estimation for channel roughness. In this instance for simplicity, roughness 

was kept constant across the whole domain and was set to a Manning’s n value of 0.04 for channel 

roughness and of 0.08 for the overbank roughness respectively. This is a reasonable estimate for a 

gravel and sand channel bed. 

Generally, the model represents the real system well. The flood extents of the 1984 NDNP for the 0.5 

AEP (1:200 Year) Flood Discharge Estimates were used for a high-level validation of our model. These 

extents along with the extents from the output of the updated model are shown below in Figure 4. It is 

worth noting that there was no report accompanying the Preliminary Floodplain Mapping and therefore 

the hydrological analysis and the associated flow estimates used in the development of the 1984 flood 

map are unknown. In terms of hydrologic record, it should be noted that the Oyster River gauging 

station had only a few years of data when the 1984 mapping was complete. As shown in section 4.4.2 of 

the main report, the estimated flows of the first half or our record (which corresponds to the dates of 

the study) are significantly lower than the second half. Given the fact that the flow analysis shows a 

positive trend through the years, the preliminary map of 1984 seems to be in accordance with our 

results. 
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Figure 4: Map of Oyster River/Saratoga Beach with the extents from the 1984 model and updated high level modelling 

 

3.6 Floodplain Modelling 

The final stage of the flood extent estimation for this study included of analyzing the results from the 

HEC-RAS model within QGIS. Since the model wasn’t georeferenced, this was done manually with the 

help of the old floodplain map which depicted the location and the numbering of the cross sections. The 

DEM was filled accordingly to the estimated water levels in each cross section.  

 

3.7 Model Limitations 

The present model was constructed by Ebbwater Consulting as part of an effort to create updated flood 

hazard extents of the Oyster River within the two regional districts. This model was developed for 

preliminary discussion; therefore, use of this model at finer scales such as for detailed planning or 

engineering design is not recommended. Channel bathymetry within this model was extracted from the 

old floodplain map, and the focus of this model was low-frequency flood events. Some of the limitations 

of this study include: 
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- Topographic information: SRD and CVRD provided us with 1m contours of different resolutions. SRD 

obtained these datasets from a LiDAR survey; however, the scale and the extent of this study weren’t 

sufficient for detailed floodplain mapping.  

- Flow information: no hydrograph was provided for validation or modelling purposes. 

- Calibration data: no data from a recent flood event (flood extents and associated flows). 

- River geometry information: no updated bathymetric data, old datasets were used that were not very 

detailed and are not representative of the current terrain (especially in the banks of the river which have 

signs of erosion). Also, the extents of the current geometry from the survey end fairly close to the river 

banks and the program could not model the floodplain on its full extent. 

- Dike information: The existing dike was not included in the updated modelling effort as it’s condition 

and geometry were not provided. 

4 Model results 

4.1 List of runs and boundary conditions 
Using the available hydrology and topography data the new hazard extents were calculated as part of 

this project. The model scenarios are presented below in Table 1.     
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Table 1: Model scenarios for extreme events 

Run 
Number 

Upstream Boundary Boundary Conditions Comments 

E-1 
 

50% AEP Peak Flow (Steady 
State) 

Upstream:  281 m3/s 
Downstream: 2.8 m (SWL) 

Peak Flow as calculated 
in previous studies 

E-2 
 

20% AEP Peak Flow (Steady 
State) 

Upstream:  341 m3/s 
Downstream: 2.8 m (SWL) 

Extreme peak flow (see 
the differences in the 
extents) 

E-3 
 

10% AEP Peak Flow (Steady 
State) 

Upstream: 379 m3/s 
Downstream: 2.8 m (SWL) 

Compare flood extents 

E-4 
 
 

5% AEP Peak Flow (Steady State) Upstream: 410 m3/s 
Downstream: 2.8 m (SWL) 

Better simulation of the 
real flood events 

E-5 
 

2 % AEP Peak Flow (Steady 
State) 

Upstream: 445 m3/s 
Downstream: 2.8 m (SWL) 

Peak Flow as calculated 
in previous studies 

E-6 
 

1% AEP Peak Flow (Steady State) Upstream: 466 m3/s 
Downstream: 2.8 m (SWL) 

Extreme peak flow (see 
the differences in the 
extents) 

E-7 
 

0.5% AEP Peak Flow (Steady 
State) 

Upstream: 484 m3/s 
Downstream: 2.8 m (SWL) 

Compare flood extents 

E-8 
 
 

0.2% AEP Peak Flow (Steady 
State) 

Upstream: 504 m3/s 
Downstream: 2.8 m (SWL) 

Better simulation of the 
real flood events 

E-9 
 

0.2% AEP Peak Flow with climate 
change(Steady State) 

Upstream: 961 m3/s 
Downstream: 3.6 m (SWL) 

Extreme peak flow  

 

4.2 Results (profiles) 

The E-8 and E-9 model scenarios were selected for the purposes of flood mapping. The corresponding 

profile plots are shown in Figure 5 and Figure 6. 
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Figure 5: Profile Plot - Water Elevation for E-8 scenario 

 

Figure 6:  Profile Plot - Water Elevation for E-9 scenario 

5 Conclusion and Future Improvements 
Ebbwater Consulting has completed a model of the Oyster River support the collection of exposure and 

vulnerability at stakeholder workshops as part of an agreement with the Strathcona and Comox 

Regional Districts. The model extends from the Glenmore Dyke to the Straight of Georgia. 
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The model reasonably predicts high-level flood extents and flows; however, it was not intended for any 

engineering or regulatory applications. Although this model provides a good foundation and general 

understanding of the flood extents along the Oyster River, further improvements are recommended to 

increase its accuracy. Suggested future improvements include the following: 

• Incorporating a 2D model to better capture the flood extents within the region. A new study extent is 

under discussion.  

• LiDAR data of higher resolution which will cover the whole area (decide which is this area based to if 

the river is confined further upstream and in general try to find the smallest possible area in order for 

the 2D model to be improved. 

• Refining the geometric data, bathymetric survey of the river, and updated bridge geometry, in the new 

study area extents. 

• Updated dyke information to be incorporated to the study. 

• Erosion and sentiment transport. 

• Hydrograph- rating curve. 

• Roughness. 

These improvements in data sets and additional data could be used to produce a more detailed model 

for future use by the regional districts.  
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Appendix E  Data Summary 
 

  
DATA 

CATEGORY 
DATA DESCRIPTION 

DATA 
TYPE 

SOURCE COMMENTS 

EX
P

O
SU

R
E 

D
A

TA
 

Topography Coastline shp 
Received from  Comox Valley, 

2017-11-02   

Topography 
Administrative 

Boundaries 
shp 

Received from  Comox Valley, 
2017-11-02 

  

Topography Ditches shp 
Received from  Comox Valley, 

2017-11-02 

  

Buildings Number of Houses shp 
Received from  Comox Valley, 

2017-11-02 

  

Buildings Hydrants shp 
Received from  Comox Valley, 

2017-11-02 

  

Buildings Park Assets shp 
Received from  Comox Valley, 

2017-11-02 

  

Buildings Park Trails shp 
Received from  Comox Valley, 

2017-11-02 

  

Land Use Provincial Park shp 
Received from  Comox Valley, 

2017-11-02 

  

Land Use RegionalPark shp 
Received from  Comox Valley, 

2017-11-02 
  

Environmental 
Sensitive Ecosystem 

Inventory 
shp 

Received from  Comox Valley, 
2017-11-02 

  

Water System Water Service Areas  shp 
Received from  Comox Valley, 

2017-11-02 

  

Topography Streams shp 
Received from  Comox Valley, 

2017-11-02 

  

Wells Valve shp 
Received from  Comox Valley, 

2017-11-02 

  

Water System Main Water System shp 
Received from  Comox Valley, 

2017-11-02 

  

Dikes Dike shp 
Received from  Comox Valley, 

2018-1-17 

  

Pumping 
Stations 

Watutco Pumping 
Station 

shp 
Received from  Comox Valley, 

2018-1-17 

  

Main Water 
System 

Watutco Main Water 
System 

shp 
Received from  Comox Valley, 

2018-1-17 
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DATA 

CATEGORY 
DATA DESCRIPTION 

DATA 
TYPE 

SOURCE COMMENTS 

Property 
Values 

Assessed Property 
Values (to be 

associated with 
Parcel Map) 

xlsx 
Received from  Comox Valley, 

2018-3-14 

  

Topography Cadastral Line shp 
Received from  Comox Valley, 

2017-11-02 

  

Building 
Footprints 

SRD -Oyster River 
Area Building 

Footprints 
shp 

Received from  Strathcona 
Regional District (SRD), 2017-

11-21 

  

Property 
Values 

Assessed Property 
Values-Parcel Map 

shp 
Received from  Strathcona 

Regional District (SRD), 2017-
3-12 

  

Roads 
Partial Information 
About Roads in BC 

shp 
Downloaded from Digital Road 

Atlas BC, 2017-11-02 
  

Parcel Map BC 
Parcel Map BC 

Extract for CVRD 
gdb 

Downloaded from 
https://catalogue.data.gov.bc.

ca/dataset/parcelmap-bc-
parcel-fabric , 2018-3-13 

  

M
O

D
EL

LI
N

G
 D

A
TA

 

Topography 1m Contours shp 
Received from  Comox Valley, 

2017-11-02 

  

Orthos 2016 Orthophoto .tfw; tif 
Received from  Comox Valley, 

2017-11-02 

  

Contours 1m Contours gbd 
Received from  Strathcona 

Regional District (SRD), 2017-
11-17 

LIDAR data-  
cover just a 
small part 

of the 
CVRD 
region 

Cross section 
Profile 

Statements 
(Oyster River 

1982)   

Geometry File-Input 
for HEC-RAS 

txt 

Downloaded from 
http://a100.gov.bc.ca/pub/ac
at/public/viewReport.do?repo

rtId=2134 

Date 
Published:  
May 1984 

Bridge 
Drawings for 
Oyster River 

1982  

Bridge Geometry pdf 

Downloaded from 
http://a100.gov.bc.ca/pub/ac
at/public/viewReport.do?repo

rtId=2135 

Date 
Published:  
May 1984 

Oyster River 
Floodplain 
Mapsheet 

5532-1 

Floodplain Maps pdf 

Downloaded from 
http://a100.gov.bc.ca/pub/ac
at/public/viewReport.do?repo

rtId=2136 

Date 
Published:  
May 1984 
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DATA 

CATEGORY 
DATA DESCRIPTION 

DATA 
TYPE 

SOURCE COMMENTS 

Oyster River 
Floodplain 
Mapsheet 

5532-2 

Floodplain Maps pdf 

Downloaded from 
http://a100.gov.bc.ca/pub/ac
at/public/viewReport.do?repo

rtId=2137 

Date 
Published:  
May 1984 

Oyster River 
Floodplain 
Mapsheet 

5532-3 

Floodplain Maps pdf 

Downloaded from 
http://a100.gov.bc.ca/pub/ac
at/public/viewReport.do?repo

rtId=2138 

Date 
Published:  
May 1984 

Thalweg 
Profile for 

Oyster River 
1982 

Geometry File-Input 
for HEC-RAS 

pdf 

Downloaded from 
http://a100.gov.bc.ca/pub/ac
at/public/viewReport.do?repo

rtId=2139 

Date 
Published:  
May 1984 

Uncontrolled 
Mosaic 

Showing XS 
Locations for 
Oyster River 

1982  

XS Locations pdf 

Downloaded from 
http://a100.gov.bc.ca/pub/ac
at/public/viewReport.do?repo

rtId=2140 

Date 
Published:  
May 1984 

Flow Data for 
Oyster River 

Woodhus 
Creek  

Flow Data xlsx 

Downloaded from 
https://wateroffice.ec.gc.ca/m
ainmenu/historical_data_inde

x_e.html 

Date 
Published:  
May 1984 

Simulated 
Streamflow 
Datasets for 

Campbell River  

Climate Change Data xlsx 

Downloaded from 
https://www.pacificclimate.or

g/data/station-hydrologic-
model-output 

Date 
Published: 
Jan. 2014 

 

Legend 
 Data from CVRD 
 Data from SRD 
 Downloaded Data 
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Appendix F  Flood Mapping Scope of Work 

Modelling/Mapping Purpose 

The CVRD/SRD wish to develop new up-to-date flood hazard modelling and mapping for the Oyster 
River/Saratoga Beach Area.  This area was last mapped in 1984; this information is outdated and needs to 
be updated.  This area was also identified as being moderate to high risk in a recently completed flood 
risk assessment and should be a considered a priority mapping project. 

The objective of the modelling and mapping project would be to develop a series of flood hazard maps 
based on relevant and up-to-date understanding of the river and flood plain geometry, as well as an 
updated understanding of river hydrology and coastal hydrography (with consideration of climate 
change).  It is expected that a 2D model will be developed to support an understanding of local depths 
and velocities, and any overland flow paths.  A further objective of the project is to improve understanding 
of the erosion hazard through the development of flood erosion maps. 

Updated modelling and mapping will support the community to develop flood mitigation plans and 
support the design of any future flood infrastructure. 

Geographic Scope 

The model will consider both riverine and coastal flood hazard in the community and cover the extents 
shown in the figure below. 
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Detailed Tasks 

The following outlines anticipated tasks required to meet the project objectives. 

A. Bathymetric Data Collection ($50k)

Hydraulic modelling and mapping is extremely sensitive to the data used to develop the river and 
floodplain geometry.  The last known survey of the river was conducted prior to 1984.  Bathymetric 
surveys of the river for an approximately 4.5 km reach as noted in the figure above will be required. The 
exact type of survey (boat vs. wading and section vs multi-beam) is not specified, as this will depend on 
the modelling approach.  In addition to river bathymetry, contingent on potential availability of low-tide 
LiDAR, it may also be necessary to conduct some nearshore bathymetric surveys of the coast.  This will 
support coastal modelling.  Limited water elevation information should be collected as part of this study 
to support model calibration and validation. 

B. Topographic Data ($5k + existing materials)

There is currently LiDAR and contour data available for the area.  And, the Province has recently suggested 
that it will fly new LiDAR for the coastal regions of Vancouver Island in 2018 to support flood mapping. 
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For the purposes of this scope of work, it is assumed that LiDAR – that meets new Federal Specifications 
(https://geoscan.nrcan.gc.ca/starweb/geoscan/servlet.starweb?path=geoscan/shorte.web&search1=R=
304669) is available. 

Boundary Conditions 

An understanding of the boundary conditions is imperative for the development of a hydraulic model and 
mapping.  This project seeks to develop a series of maps to support multiple future projects, and therefore 
requires updated hydrologic analyses that consider climate change and updated hydrographic (coastal) 
analyses that consider sea level rise. 

A. Hydrologic Analyses ($25k)

A hydrologic analysis of extreme flow events will be conducted using appropriate hydrologic techniques 
(gauge analyses, regional analyses, hydrologic modelling).  At a minimum it is expected that estimates of 
flows for the 50%, 20%, 10%, 2%, 1%, 0.5% and 0.2% AEP events will be developed for the present day. 
Further, climate projections, for some AEP events will be calculated for each decade through the year 
2100. 

B. Hydrographic ($15k + reliance on existing materials)

A coastal analysis of extreme events will be conducted using appropriate techniques (localized coastal 
modelling, simplified analysis).  At a minimum it is expected that estimates of water levels for the 50%, 
20%, 10%, 2%, 1%, 0.5% and 0.2% AEP events will be developed for the present day.  Further, sea level 
rise, for some AEP events will be calculated for each decade through the year 2100. Several coastal flood 
mapping projects that might support this effort are underway in the region (e.g. coastal modelling of all 
the RDN, spot coastal modelling in the Town of Comox and Campbell River); these should be leveraged 
for this project. 

Hydraulic Modelling ($40k) 

An updated hydraulic model(s) for both the coastal and riverine flood hazard areas will be developed.  The 
model should meet standards of best practice as described in the EGBC Flood Mapping Guidelines, and 
will likely be developed using 2D methods and be hydrodynamic.  The model (or models) should be 
calibrated and or validated using information collected during bathymetric surveys (at a minimum).  

A number of model runs is anticipated, but will be at the discretion of the modeler.  However, multiple 
events (see hydrologic and hydrographic analyses above) should be modelled – and consideration of the 
joint probability of coastal and riverine events occurring simultaneously must be considered.  Climate 
change scenarios must also be considered. 

The hydraulic modelling should be properly documented, signed and sealed as per EGBC guidelines 
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Mapping ($25k) 

The modelling will be used to support the development of an atlas of flood hazard mapping.  The mapping 
should be suitable for multiple purposes – for detailed engineering design for example, but also to support 
near-term and long-range planning, as well as for public engagement.  A mix of interactive digital and 
more traditional pdf (or paper) maps is anticipated.  Flood hazard mapping, as well as flood erosion 
mapping will be completed. 

Qualifications 

Hydraulic modelling and mapping is a highly specialized field.  This work should be conducted by an 
appropriately qualified professional (or team of professionals) as described in the EGBC Guidelines for 
Floodplain Mapping.  Any professional (or team) should sign and seal a statement declaring that they meet 
the specifications of a qualified professional prior to beginning work. 

Estimated Cost 

An estimated total cost for the scope of work presented above is $175k – this includes a small contingency 
of $15k to account for potential increases in cost resulting from high demands for these services at this 
time.  This is also broken down by task (see brackets beside tasks).  The cost estimates are based on 
recently completed projects in the region.  Actual costs will vary based on available information and the 
approach taken. 
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