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DISCLAIMER

This report has been prepared by Northwest Hydraulic Consultants Ltd. for the benefit of Fraser Basin
Council for specific application to the Lower Mainland Flood Management Strategy Project 2: Regional
Assessment of Flood Vulnerability. The information and data contained herein represent Northwest
Hydraulic Consultants Ltd. best professional judgment in light of the knowledge and information
available to Northwest Hydraulic Consultants Ltd. at the time of preparation, and was prepared in
accordance with generally accepted engineering practices.

Except as required by law, this report and the information and data contained herein are to be treated
as confidential and may be used and relied upon only by Fraser Basin Council, its officers and
employees. Northwest Hydraulic Consultants Ltd. denies any liability whatsoever to other parties who
may obtain access to this report for any injury, loss or damage suffered by such parties arising from their
use of, or reliance upon, this report or any of its contents.
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EXECUTIVE SUMMARY

Fraser Basin Council (FBC) announced an initiative to develop a flood management strategy for the
Lower Mainland from Hope to Richmond and along the coast from Squamish to White Rock. The total
population of the area is in the order of 2.8 million with almost half a million living in potentially flood-
prone areas. Following consultations by FBC, a number of organizations expressed their support for a
regional collaborative approach to develop a better understanding of flood hazards and the potential
losses caused by major flooding. Building on this support by federal, provincial and local governments
and other regional entities, FBC initiated a multi-phase initiative to develop a flood management
strategy for the Lower Mainland region.

Phase 1, now completed, focussed on three projects:

=  Project 1 —Selection of suitable flood scenarios based on previous studies.
=  Project 2 — Evaluation of vulnerabilities to coastal and Fraser River flood hazards (this project).

= Project 3 — Assessment of current diking and flood management policy.

Project Area
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For the purposes of assessing vulnerability in the region, two coastal and two Fraser River flood
scenarios were recommended in Project 1. These scenarios are listed in the table below. The coastal
flood levels (Scenario A and B) represent a combined winter storm and extreme tide level and apply to
the entire coastal area from Squamish to White Rock. Fraser River floods (Scenario C and D) represent
freshet flooding involving snowmelt in combination with rain.

Adopted Flood Scenarios:

Scenario | Hazard Type Time Period Comment
A Coastal Present 1:500 AEP?! ocean level = 3.4 m GSC?
B Coastal Future (2100) | 1:500 AEP ocean level = 4.4 m GSC
C Fraser Freshet | Present Approximate 1:500 AEP Fraser flood (recurrence
of 1894 flood of record)
D Fraser Freshet | Future (2100) | 1:500 AEP flood + adopted climate change flow
increase (17%) and 1 m sea level rise

The project included the following main components:
= Assessment of coastal and Fraser River flood hazards in the region for the four flood
scenarios.
= Assessment of vulnerability of development within the floodplain.
= Estimation of economic losses caused by each flood scenario.
=  Summary of limitations of the present project and recommendations for future work.

The vulnerability assessment included: i) residential, commercial and industrial properties; ii) agricultural
lands; iii) transportation networks (railways, highways, airports, ports); and iv) other development such
as BC Hydro substations; municipal services; emergency response facilities/hospitals and schools.

Total economic losses from a flood are the sum of direct and indirect losses. The direct losses originate
from the direct damage to residences, businesses, infrastructure etc. Indirect losses are more difficult to
assess and include losses incurred from business shut-downs and rebuilding, disruptions to major
transportation arteries and other cascading effects. The following losses were considered:

= Building related losses, both direct and indirect, were estimated using the Canadian version
of Hazus (Hazus-MH 2.1) developed by the US Federal Emergency Management Agency

1 AEP refers to the Annual Exceedance Probability, which is the chance or probability of a natural hazard event (in this case,
flooding) occurring annually and is usually expressed as a percentage. A 1 in 500 AEP event has a 0.2% chance of occurring in a
given year.

2 GSC refers to Geodetic Survey Canada datum.
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(FEMA) and adapted for Canadian conditions by Natural Resources Canada (NRCan). Building
related losses formed the largest portion of the estimated total losses.

= Agricultural losses, other than losses to farmer residences accounted for in Hazus, were
estimated based on Land Use Inventory (LUI) information and Stats Canada’s 2011 Census of
Agriculture data.

= Losses from interruptions to rail traffic were estimated based on freight transshipped
through Port Metro Vancouver. Interruptions to highway traffic and to Vancouver
International Airport were discussed but not quantified.

=  Order of magnitude losses stemming from damage to infrastructure and institutional
buildings were included, based on rough assumptions and replacement costs by FEMA.

Estimated Total Losses in S Billions:

Scenario | Hazus related Agricultural Transportation Infrastructure/ TOTAL LOSSES
building losses losses losses institutional losses $ Billions
A 14.2 0.1 3.6 1.4 19.3
B 19.1 0.2 3.6 1.8 24.7
C 9.0 1.6 7.7 4.7 23.0
D 18.4 1.6 7.7 5.0 32.7
Notes: 1. Hazus losses are based on default recovery times ranging from 1 to 33 months.

2. Farmer losses are based on flood inundations exceeding a 2 week critical period.
3. Transportation losses assume 2 week disruptions for coastal floods, 4 weeks for riverine.
4. Order of magnitude infrastructure/institutional losses do not incorporate durations.

The loss estimates illustrate the relative difference between scenarios and show significant increases
from previous evaluations. The loss for Scenario C derived in 1994 by Fraser Basin Management Board
was $1.8 billion and in 1976 by Fraser River Joint Advisory Board $500 million. The present estimated
losses indicate that any of the scenarios would represent the most costly natural disaster in Canadian
history, and would severely strain the regional, provincial and national economy. These impacts would
be experienced in all communities throughout the region and the costs would be borne by all orders of
government, the private sector, families and individual citizens. In addition to the impacts estimated in
this project, many other economic, social, and environmental impacts could be experienced, including
risk of serious injury, loss of life, and other social hardships.

Limitations associated with the results include: 1) approximate flood extents and depths; 2) incomplete
inventory of infrastructure; 3) uncertainties in modelling loss estimates using Hazus; 4) inaccuracies in
the agricultural, transportation disruption and infrastructure loss estimates. It is not possible to assign
upper/lower bounds to the total loss estimates as some assumptions likely underestimate, while others
overestimate the losses. More extreme flooding and flood losses are expected from climate change. The
project did not take into account future increases in population density and development, and the total
losses for the year 2100 scenarios (B and D) represent lower bound estimates.
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The results indicate that the Lower Mainland is presently exposed to a high degree of flood risk and
demonstrate that there is an urgent need for improved flood protection and development of a
comprehensive flood management strategy. To move forward with Phase 2 and the development of
appropriate structural and non-structural flood protection measures, it is imperative that the
assessments be refined to clarify appropriate site specific solutions and to ensure that appropriate
investments are made and policy changes adopted. A range of future work is recommended.

Significant funds are needed to rehabilitate existing dikes to meet current provincial standards.
Upgrades would reduce the likelihood of multiple dike failures during a recurrence of the Fraser River
flood of record or a large coastal storm surge. A number of other measures, both structural and non-
structural, must also be considered. Most urgently, the provincial government, local governments and
First Nations need to prepare for future flood emergencies. This will require updating and refining
existing plans or in some cases, developing new detailed emergency preparedness plans. Procedures
need to be implemented and practiced. Flood recovery plans, of critical importance during the 2013
Calgary floods, should also be developed.

To develop optimum solutions, the following is recommended:

= Carry out the future work items identified in this report. This work is largely of a technical nature
and will allow limited resources to be focussed where most needed to implement flood
mitigation measures.

= Extend the vulnerability assessment to include potential for loss of life, social, cultural and
environmental losses.

= Develop floodplain mapping for the region, incorporating potential effects of dike breaches and
overtopping, climate change and uncertainties in hydrological and hydraulic parameters.

= Refine the loss estimates for individual municipalities and First Nations and prioritize areas
where protection is most critical.

= Develop a comprehensive flood management strategy for the Lower Mainland that identifies
regional and local priorities as well as recommended management options for the diversity of
circumstances that exist throughout the Lower Mainland.

Several Lower Mainland flood studies have been completed in the past. They have typically followed
significant flood events such as the Fraser River floods of 1948 and 1972 and the coastal event in 1982.
To maximize the value of the present work, it is imperative that recommendations be acted on and
measures taken prior to the next large flood. The present results show that, assuming no population
increase, flood risks will continue to rise in the future but even under present conditions very high flood
losses can be expected.
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1 INTRODUCTION

1.1 Project Background

Fraser Basin Council (FBC) has announced an initiative to develop a flood management strategy for the
Lower Mainland from Hope to Richmond and along the coast from Squamish to White Rock. The region
has been exposed to significant flooding in the past, both by the Fraser River freshet and by extreme
ocean levels, and is now largely protected by dikes built over a period of several decades to variable
standards. Several recent studies commissioned by the BC Ministry of Forests, Lands and Natural
Resources (MFLNRO), local municipalities and other groups indicate that the frequency and extent of
flooding is likely to increase in the future in response to climate change.

Following consultations by FBC, a number of organizations expressed their support for a regional
collaborative approach to develop a better understanding of flood hazards and the potential structural,
economic and social losses caused by major flooding. Building on this support by federal, provincial and
local governments and other regional entities, FBC initiated a multi-phase initiative to develop a flood
management strategy for the Lower Mainland region.

Phase 1 focussed on three projects:

= Project 1—Selection of suitable flood scenarios based on previous studies (KWL, 2015).
= Project 2 — Evaluation of vulnerabilities (the present project).

=  Project 3 — Assessment of current diking and flood management policy. NHC (2015b)
completed the diking assessment whereas FBC has conducted the policy review internally.

For the present project (Project 2), FBC retained Northwest Hydraulic Consultants Ltd. (NHC) to carry out
a regional assessment of flood vulnerability corresponding to the two coastal and two Fraser River
scenarios defined in Project 1. The NHC project team included Arlington Group and three economists:
Mr. David Park, Mr. Mark Robbins and Mr. Michael Gorecki.

Commencing in 2016, Phase 2 will develop an appropriate flood management strategy, identifying
funding options and outlining implementation actions.

1.2 Project Goals and Objectives

To develop a flood management strategy for the Lower Mainland, an important step is to understand
the potential magnitude of damages and dollar losses that could be incurred under the specified flood
scenarios if no measures were taken to mitigate against flooding. It should be noted that different flood
scenarios could occur and actual damages and costs could vary.
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The main goal of the project was to develop an understanding of the most significant flood
vulnerabilities in the Lower Mainland region and estimate the consequences of the selected flood
scenarios, in terms of impacts and costs. Specific objectives outlined by FBC were to:

= |dentify vulnerable areas where flood damage will occur under the four selected flood
scenarios through the development of a spatial tool for flood vulnerability assessment.

= Determine the vulnerabilities associated with flooding in the Lower Mainland that are of
regional, provincial and national interest.

=  Estimate the economic losses from flooding on a regional, provincial and national scale.

The project provides an overview level assessment of vulnerabilities and flood consequences. Various
limitations and data gaps were identified, and recommendations for future detailed assessments are
provided.

There has not been a major flood on the lower Fraser River in the Lower Mainland since the devastating
flood of 1948. Although considerable work has been carried out since then to upgrade dikes and
improve flood level predictions, there have been relatively few studies to assess vulnerabilities and
potential flood damages associated with another major flood event. The effects from climate change
(both sea level rise and increases in discharge) are expected to substantially increase flood hazards.

As a result, until this project was undertaken, there has been no quantitative, region-wide basis to assess
the potential effects of future flooding in the Lower Mainland. The present overview project represents
a first phase in a long-term effort that will be required to fully quantify vulnerabilities and risks in the
region. The Lower Mainland encompasses an extremely complex biophysical, social and economic
system. Completing a comprehensive, detailed assessment that fully characterizes the complexity and
interdependencies will require a sustained effort that is beyond the scope of this preliminary overview.
For example, other losses typically considered in flood risk assessments, such as loss of life,
environmental losses and cultural/historic losses could not be assessed. Furthermore, increasing flood
flows and rising ocean levels will contribute significantly to riverine and coastal erosion. However,
damages caused by erosion or loss of land due to coastal squeeze were not considered.

1.3 Project Area

The Lower Mainland region for this project (Figure 1) encompasses the communities of Squamish, Lions
Bay, West Vancouver, City of North Vancouver, District of North Vancouver, Port Moody, Anmore,
Belcarra, Vancouver, Burnaby, New Westminster, Richmond, Delta, Surrey, White Rock, Coquitlam, Port
Coquitlam, Pitt Meadows, Maple Ridge, City of Langley, Township of Langley, Mission, Harrison Hot
Springs, Kent, Abbotsford, Chilliwack, Hope, and unincorporated areas of the Fraser Valley Regional
District downstream of Hope. As of 2015, there are 90 reserves and treaty lands in the project area
belonging to nearly 30 First Nations. One-third of the reserves are not subject to inundation; the
remaining two-thirds (61 reserves, affecting 26 First Nations) are vulnerable. The total population of the
Lower Mainland area is in the order of 2.8 million with about half a million or more living in potentially
flood-prone areas.
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In addition to coastal and Fraser River flooding, portions of the region are exposed to flooding from
several other major rivers such as the Coquihalla, Harrison, Chilliwack, Nooksack, Coquitlam, Serpentine/
Nicomekl and Squamish Rivers. Flooding from these rivers, other streams and local run-off were not
considered in this project.

The total Fraser River drainage area is close to 250,000 km?2. From Hope, at the upstream end of the
Fraser Valley, to Mission some 80 km downstream, the Fraser River has a gravel bed channel. For the
lower 85 km from Mission downstream to the ocean outlets, the river gradient reduces and the channel
has a sand bed. River characteristics, flood profiles and freshet flooding was described by NHC (2006,
2008a, 2008b, 2008c, 2009, 2014, 2015b).

Figure 1. Project Area

The area includes a total of 74 dikes, as managed by 35 diking authorities, that extend for over 500 km,
comprising about half of the total length of dikes in BC.

Most of the Fraser River dikes were built to design criteria developed in the 1960’s and 1970’s by the
Fraser River Flood Control Program. The Program used a design profile established in 1969 based on
extrapolated historic staff gauge readings and high watermarks from 1894 (flood of record) and 1948
(second largest flood on record). Hydraulic modelling by NHC (2006, 2008a) showed that the present
design flood levels would be up to 1 m higher in some areas, assuming that flood flows are confined by
dikes.
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The Fraser River Flood Control Program also developed design criteria for sea dikes in the early 1970's
which are now considered inadequate to address projected sea level rise. The Province has recently
released sea dike guidelines and is encouraging raising of sea dikes through Dike Maintenance Act
applications. At present there are no mandatory standards nor a requirement to raise dikes for sea level
rise. Dikes upgraded under the Fraser River Flood Control Program or under more recent funding
programs have generally had geotechnical investigations and design. However, many other dikes have
had insufficient assessment. As seismic design guidelines have only been in place for a few years, many
dikes have not been assessed/designed for seismic stability.

At present, the dikes generally do not meet current provincial standards and none fully meet or exceed
the standards. The reasons for this are twofold: 1) recent research and numerical flood modelling have
resulted in more accurate but also higher design flood levels; and, 2) structural and geotechnical design
criteria have become more stringent over time. Upgrading the dikes to meet the updated standards is
costly, particularly where major land acquisitions would be required. There is evidence that the majority
of diking systems in the Lower Mainland would not protect against the two coastal and two Fraser River
flood scenarios analyzed by this project. This is a key assumption of the project.

More detail on diking is provided in the Project 3 summary report for BC MFLNRO (NHC, 2015b).

2 METHODOLOGY, ASSUMPTIONS AND DATA SOURCES

2.1 Overview
The project includes the following components:
= Assessment of coastal and Fraser River flood hazards in the region for four flood scenarios
(described in Section 3).

= Vulnerability assessment of development within potentially flooded areas (Section 4).

= Estimation of economic losses from damage to residential, commercial and industrial
development; agricultural lands; from transportation disruptions; and potential losses from
damaged infrastructure (Section 5).

= A summary of the limitations to the present project and an outline of the future work
required to provide more detailed information (Section 6).
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2.2 Coastal and Fraser River Flood Hazards
2.2.1 Types of Flood Hazards
Two types of flood hazards were addressed in this project:

= Coastal flooding due to high winter storms combined with high tides.

= Fraser River freshet flooding which typically occurs in May-June during periods of high runoff
generated from snowmelt and rainfall in the basin.

Some portions of the project area are subject to both types of hazards (for example Richmond, Delta,
Surrey and New Westminster).

2.2.2 Flood Scenarios

Project 1 recommended four flood scenarios for this present project (Table 1). The coastal flood levels
(Scenario A and B) represent an extreme tide level combined with a winter storm, typically lasting a few
days, and applies to the entire coastal area from Squamish to White Rock. The values include an
allowance of 0.6 m to account for uncertainties from local conditions such as wave set-up effects, datum
adjustments, uplift and subsidence (KWL, 2015). Actual wave heights will vary considerably depending
on wind exposure and shoreline geometry. For this project, an estimate of the present day 1:500 Annual
Exceedance Probability was used for both scenario A (present) and B (year 2100). The intensity and
frequency of storms may increase in the future as a result of a changing climate. However, there is much
uncertainty about this aspect of future flood scenarios and assessing this was not within the scope of
this project.

Table 1. Adopted Flood Scenarios

Scenario | Hazard Type Time Period Comment
A Coastal Present 1:500 AEP ocean level =3.4 m.
B Coastal Future (2100) | 1:500 AEP ocean level =4.4 m.
c Fraser Freshet | Present Approximate 1:500 AEP Fraser flood (recurrence of 1894
flood of record (peak flow of 17,000 m3/s at Hope).
D Fraser Freshet | Future (2100) | 1:500 AEP flood + adopted climate change flow increase
and 1 m sea level rise (peak flow of 19,900 m3/s at Hope).

Scenario B represents the adopted coastal flood condition in the year 2100 and incorporates a 1 m sea
level rise based on BC MFLNROs adopted guidelines (BC Ministry of Environment, 2011). Predictions of
future sea level rise vary widely; recent studies reported values ranging between 0.4 m to 1.2 m by the
year 2100 (James, 2015, James et al., 2014, Thomson et al., 2008).
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The coastal flood scenarios were applied to all coastal communities, including areas along the Fraser
River to the Pitt Meadows/Maple Ridge and Surrey/Langley boundaries. The communities assumed to be
affected by the coastal scenarios are: Squamish, Lions Bay, West Vancouver, City of North Vancouver,
District of North Vancouver, Port Moody, Anmore, Belcarra, Vancouver, Burnaby, New Westminster,
Richmond, Delta, Surrey, Barnston Island, White Rock, Coquitlam, Port Coquitlam, and Pitt Meadows.
These communities were identified by mapping land at elevations of 4.4 m GSC or lower based on
Canadian Digital Elevation Model medium resolution topographic data.

The Fraser River flood scenario (Scenario C) is equivalent to the 1894 flood of record (peak flow of
17,000 m3/s at Hope), with a return period of approximately 500 years (0.2% AEP) and current sea levels.
Scenario D represents a 500 year Fraser River flood in the year 2100 by applying a 17% increase in the
flood discharge (peak flow of 19,900 m3/s at Hope) and a 1 m sea level rise. Scenario D was based on
preliminary studies undertaken by the Pacific Climate Impacts Consortium as reported in Murdock and
Spittlehouse (2011) and NHC (2015b). The PCIC study projected that extreme flood flows on the Fraser
River are expected to increase due to: i) more rapid snowmelt in the spring; and, ii) occurrence of heavy
rainfall overlapping the snowmelt season. The hydrologic projections are approximate only and should
be considered plausible representations of the future, given the best current scientific information
available.

The two riverine flood scenarios were applied to all Lower Mainland communities along the Fraser River:
Vancouver, Burnaby, New Westminster, Richmond, Delta, Surrey, Barnston Island, Coquitlam, Port
Coquitlam, Pitt Meadows, Maple Ridge, City of Langley, Township of Langley, Mission, Harrison Hot
Springs, Kent, Abbotsford, Chilliwack, Hope, and unincorporated areas of the Fraser Valley Regional
District to Hope (including several First Nations’ Reserves). Municipalities such as Vancouver, Richmond
and Surrey that have both coastal and riverine shorelines, only had flood levels from the Fraser River
applied under the riverine scenarios.

The Fraser River flood levels were based on previous one dimensional hydraulic modelling of the Lower
Fraser River (NHC 2006 and 2008a and MFLNRO 2014). The levels were computed assuming all flow was
confined within the existing dikes (no spills or breaches were represented). Further information on the
flood hazard assessment is described in Section 3.

Flood durations vary considerably. For example, the 1894 Fraser flood peak lasted about two weeks
whereas the 1948 flood had a peak duration of about four weeks. For the present project, flood levels
were based on steady-flow modelling and were projected horizontally across the floodplain, with flood
durations having no impact on flood extents or depths.

A flood event typically has three phases: 1) the inundation phase when inhabitants are evacuated and
commercial activity in the affected area is at a stand-still; 2) the active recovery phase when floodwaters
are drained, salvageable buildings cleaned and transportation routes not requiring repair are re-opened;
and, 3) the reconstruction phase when replacement buildings are constructed and permanent
dike/infrastructure repairs are undertaken. The assumed durations of each phase affect economic loss
estimates as discussed in Section 5.
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2.2.3 Vulnerability Assessment

Broadly defined, vulnerability means “the potential for loss” (Hebb and Mortsch, 2007) or more
specifically as the degree of loss to a given element or component resulting from the occurrence of a
natural disaster such as a flood. Vulnerability is a measure of a tendency of a community or system to
suffer damage during an extreme event (De Wrachien et al., 2008).

Vulnerability was assessed for residential, commercial, industrial properties and agricultural lands.
Vulnerabilities also include critical facilities such as: BC Hydro substations; BC's transmission system;
railways; highways; airports; ports; municipal services; emergency response facilities and hospitals; cell
towers; as well as public education and communication. To provide a preliminary assessment of these
types of vulnerabilities, an inventory of flood prone assets was prepared. Information sources consisted
of data compiled by FBC, various municipalities/districts, First Nations/ Aboriginal Affairs and Northern
Development Canada, BC Ministry of Transportation and Infrastructure, DataBC and others. Qualitative
disruption scenarios were developed to supplement the quantitative assessment of vulnerability.

2.2.4 Economic Losses

Economic losses from a flood include direct and indirect losses. The direct losses originate from the
direct damage to residences, businesses, infrastructure and agriculture. Indirect losses are considerably
more difficult to assess and include costs incurred from business shut-downs and rebuilding, disruptions
to major transportation arteries and other cascading effects, such as wage losses.

Following a careful evaluation of the available tools for assessing flood losses, Hazus-MH 2.1 was
selected for the flood loss analysis in this project. Hazus is a standardized methodology for estimating
potential losses from earthquakes, floods and hurricanes. It uses GIS technology to estimate physical,
economic and social impacts of disasters.® Hazus was developed by the US Federal Emergency
Management Agency (FEMA), is widely used in the US, and is freely distributed. Over the past few years,
Natural Resources Canada (NRCan) has worked with FEMA to adapt Hazus for use in Canada.* The first
non-beta version of the Hazus-MH 2.1 Canadian Flood Module was first made available by NRCan in late
summer of 2014, and officially released in November 2015. The software has a number of limitations
and the output generally needs to be supplemented with additional assessment. For instance, direct
losses from the agricultural sector had to be estimated based on the Provincial Agricultural Land Use
Inventory data. However, it was still considered the most viable tool for an overview-level assessment,
primarily because its building inventory is tied to census data.

3 US Federal Emergency Management Agency (FEMA) Hazus, http://www.fema.gov/Hazus
4 Hazus Canada, http://Hazuscanada.ca/node/134
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NHC consulted NRCan regarding apparent Hazus software shortcomings and their assistance with
developing workable solutions is acknowledged. Detailed information on the Hazus analysis are
presented in Section 5 and in Appendix C.

An important aspect of the flood threat is the potential for disruption of road, rail and air infrastructure.
A great majority of the movement of goods and services into and out of the Lower Mainland region
relies on rail and road networks, numerous port facilities and airports, as well as the integrity of Fraser
River and sea dike systems in the Lower Mainland, which protect this transportation network. Disruption
to the flow of goods into and out of Port Metro Vancouver and Greater Vancouver due to either a Fraser
River or coastal flood could have serious consequences on the regional, provincial and national
economy, with very significant direct and indirect losses. These losses would include losses by the
private sector as well as local, provincial and federal governments as a consequence of reductions in
industrial and commercial activity coupled with wage and salary losses and consequent declines in taxes
and other government revenues.

Whereas the US version of Hazus has an Indirect Economic Loss Module (IELM), a comparable module is
presently not available in the Canadian version. However, the Canadian version does estimate some
indirect losses associated with building damage.

Within the Hazus software, a range of flood restoration durations are assigned based on building
occupancy, flood depth and the building location within the floodplain. Default values range from 1 to 33
months and were not adjusted for the Lower Mainland area.

BC Stats was consulted to estimate flood impacts specific to the BC economy. BC Stats used the British
Columbia Input-Output model (BCIOM) to estimate employment impacts and impacts on suppliers based
on the Hazus and agricultural loss estimates. The information received from BC Stats is included in
Appendix E.

2.3 Assumptions

A number of simplifying assumptions were necessary to meet the scope of this preliminary planning
level project that limit the quality and accuracy of the quantitative predictions. Some assumptions are
likely to overestimate losses, whereas others may underestimate them. Key limitations that should be
kept in mind while reviewing the results relate to:

= The accuracy of the flood extents and depths for the four scenarios investigated. Dikes were
assumed to be ineffective yet river flood levels correspond to flows being confined between
dikes. Floodplains are completely inundated but there is no corresponding attenuation of
flood hydrographs. Simplified flood isolines were used to project water levels across the
floodplain, potential ponding behind dikes was not considered. Flooding from tributaries
was disregarded. The coastal scenarios include a 0.6 m wave allowance which could be
exceeded depending on the shore geometry and exposure. All lands behind dikes below the
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adopted flood level were assumed to be submerged, which may not be the case. Most of
these assumptions would likely lead to overestimation of losses.

= The accuracy of the base topography. Additional uncertainty associated with the flood
extent and depth mapping arise from the limited accuracy of the base topography used. The
mapping should not be used as official floodplain mapping, which would designate
floodplains; however the maps are useful for illustrating the approximate extent and depth
of flooding as well as the estimated impacts. Flow velocities were disregarded. The mapping
may overestimate or underestimate losses.

= The approximate nature of the Hazus loss estimates. A simplified, non-customized modelling
approach was adopted. Default US depth-damage curves, restoration durations and building
replacement costs were used and the results were multiplied by an approximate factor to
account for conditions in BC’'s Lower Mainland. (The default depth-damage curves are based
on historical post-flood surveys and compiled from the following areas in the US: Chicago,
Galveston, New Orleans, New York, Philadelphia, and St. Paul.) Based on Lower Mainland
building typologies, these default curves likely underestimate losses.

= Potential inaccuracies in the agricultural loss estimates. Agricultural losses were estimated
outside of the Hazus model. Agricultural production was grouped into a few different
categories to simplify the analysis. It was assumed that most livestock would be moved to
higher ground prior to an impending flood. The impact of climate change was likely
underestimated because the increased flood depths associated with future flood scenarios
were not considered in the agricultural component.

= Flood durations. Flood durations were not specified in Project 1 (KWL 2015). Hazus default
restoration times were applied and it is unclear if these values overestimate or
underestimate losses for structures in the Lower Mainland. Transportation disruption losses
were estimated by multiplying a daily loss value by assumed durations of two weeks for
coastal flooding and four weeks for riverine flooding. The time required for major
infrastructure reconstruction would be significantly longer but it was assumed that alternate
routes would be developed as necessary following the two week/ 4 week disruptions.
Agricultural losses were first estimated based on inundation periods of two days and two
weeks. The losses were subsequently factored to reflect durations exceeding two weeks, a
period critical for most agricultural production.

=  Only a subset of key infrastructure and other structures was considered in the vulnerability
assessment and it was not possible to accurately estimate the damage to these. (Direct
losses related to linear infrastructure are not calculated within the present Canadian version
of Hazus, because there are no depth-damage curves for infrastructure such as railways,
highways, pipelines, and power lines.) Only rough loss estimates for dikes, bridges,
specialized equipment within ports, transformers and other types of infrastructure were
included. A much more detailed, localized assessment would be required to assess
replacement costs. The loss estimates likely correspond to underestimations.

Lower Mainland Flood Management Strategy 9
Project 2: Regional Assessment of Flood Vulnerability
Final Report



nhc

= The climate change scenarios are approximate projections. Loss of land due to erosion or
sea level rise was not considered, nor was the increased frequency of flooding. The
projections would result in underestimation.

=  For the two future flood scenarios (year 2100), no change in land use, population or
development was assumed, likely resulting in significant underestimation.

= Loss of life, environmental, cultural and historic losses were not quantified.

=  The Input-Output (I/0) model of the British Columbia economy used by BC Stats to estimate
specific impacts to the BC Economy involves linear relationships and gradual changes in
economic relationships over time. The modelling was based on the Hazus and agricultural
loss estimates. Any inaccuracies in these estimates would result in inaccuracies in the 1/0
modelling.

2.4 Data Sources and Data Gaps
2.4.1 Data Summaries

A spatial Geographic Information System (GIS) tool was developed to identify the areas that are
vulnerable to flooding under the selected scenarios. To identify these areas and undertake a flood
vulnerability assessment, a large amount of background information had to be compiled, such as
topographic data for flood-prone areas, asset inventory data and a variety of mapping products. NHC,
with FBC's assistance, contacted a number of agencies, including all of the project partner municipalities,
to request topographic and asset inventory data. Following the start-up meeting with the project
Advisory Committee in December, 2014, initial data requests were sent. Agencies contacted are
summarized in Appendix A — Table A1, with data acquired listed in Table A2.

2.4.2 Topographic Data

Topographic data was acquired from numerous sources including local, provincial and federal
government data sources as well as a Crown Corporation, and several regional entities. Several datasets
were processed, thinned, and integrated into a digital elevation model of the surface elevation of the
lowlands across the Lower Mainland region. The data sources are summarized in Table C2 (Appendix C).

2.4.3 Asset Inventory Data

Asset inventory data acquired for this project includes: road networks and emergency road networks;
railway lines, including West Coast Express; Sky Train lines; major bridges; airports; port lands; ferry
terminals, Sea Bus and bus terminals; BC Hydro substations and transmission lines; trunk water and
sewer infrastructure; fire, ambulance and police stations; emergency operations centres; hospitals;
schools and post-secondary institutions; municipal, regional district and Indian Reserve boundaries.

Lower Mainland Flood Management Strategy 10
Project 2: Regional Assessment of Flood Vulnerability
Final Report



nhc

The building stock and demographic (i.e. population) information included within the Hazus analysis
(Section 5) is based on aggregated data derived from the Dun and Bradstreet general building inventory
and the Stats Canada 2011 Population Census respectively. These national datasets were adapted for
use in Hazus by NRCan.

Other data was obtained from individual municipalities or other agencies but not included in the analysis
because coverage of the project area was not complete. These data are also listed in Table A2 (Appendix
A) and included in the final data deliverables.

2.4.4 Data Gaps

Detailed topographic data was obtained for all areas except for parts of Burnaby, New Westminster,
Anmore, Belcarra, Mission, Chilliwack and Hope. In some cases, gaps were not considered significant
because they were not large, heavily populated areas within the floodplain. FBC, BC Hydro and Port
Metro Vancouver (PMV) provided topographic data that filled in some of the gaps. A topographic data
gap in New Westminster was filled with data from the Canadian Digital Elevation Model dataset from
Geogratis; this dataset has a lower resolution and accuracy than other topographic data used for this
project.

The following data sets were not included in the asset inventory because available data did not provide
consistent coverage across the project area, or because no data was available: municipal water and
sewer infrastructure; firefighting water networks; cell towers; fibre optic networks; oil and gas pipelines
and infrastructure; energy facilities; contaminated sites and waste incinerators; municipal works yards;
day-care centres and care homes; community centres. There may be a future opportunity to integrate
more detailed local building inventories to estimate more accurate impacts from flood scenarios.

2.4.5 GIS and Mapping Products
The following GIS and map products were created:
= Digital Elevation Model (DEM) files. These are five-metre or ten-metre resolution DEM raster
files created by NHC for the analysis, separated by municipality or other sub-region.
= An ArcGlIS file geodatabase containing the asset inventory data described above.
= Documentation of all data sets created (Table A3 in Appendix A).

= Data sharing agreements signed with data providers.

Digital deliverables include all original topographic and asset inventory data received by NHC, including
datasets that were not used for the analysis due to incomplete coverage. All GIS data deliverables were
provided in ArcGIS 10.2 compatible format with the final project deliverables.
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3 LOWER MAINLAND FLOOD HAZARDS

3.1 Coastal Flooding
3.1.1 Historic Coastal Floods

Coastal flood events in the Lower Mainland have typically occurred when storm surge events and king
tides coincide. A storm surge is an increase in sea level due to atmospheric pressure and large scale wind
stresses, resulting in sea level increases of up to about 1 m in the Strait of Georgia. A king tide is a term
commonly used to describe extreme high tide events that happen seasonally, but are typically highest
during the winter months.

The most recent coastal flood threats occurred in December of 2012, 2014 and early 2016, when large
storm surges nearly coincided with king tide events, resulting in some shoreline flooding. A more notable
event was the February 2006 Boundary Bay storm in Delta, which caused extensive flooding in the Beach
Grove and Boundary Bay village areas, as well as damage and debris deposition in agricultural areas.

In December 1982, a maximum ocean level of 2.6 m GSC was recorded at the long-term Point Atkinson
tidal gauge in West Vancouver. The year 1982 was a strong El Nifio year with warmer than usual ocean
temperatures, resulting in increased ocean water volumes. The 1982 December king tide coincided with
an extreme tidal surge caused by a large low pressure system. The event caused extensive damage to
ocean front properties around the Lower Mainland. The 1982 storm created extensive damage to
Crescent Beach, King George Highway and the farmlands in Boundary Bay. Millions of dollars were spent
on recovery efforts and repairing failed infrastructure and associated flood damages. The storm also
resulted in a dike breach at Westham Island in Delta, causing inundation of farmland. However, the dike
was repaired prior to the next high tide and no damage was caused to nearby housing.

3.1.2 Adopted Coastal Flood Scenarios
Table 1 in Section 2.2.2 summarizes the two coastal flood scenarios that were assessed in this project:

=  Scenario A—a 1in 500 AEP still-water ocean state with a current sea level of 3.40 m GSC.

= Scenario B—a1in 500 AEP still-water ocean state with 1 m sea level rise representing year
2100 conditions of 4.40 m GSC.

3.1.3 Status of Existing Coastal Flood Dikes

According to Project 3 (NHC, 2015b), the average rating of dikes protecting the Lower Mainland from
coastal flooding (primarily in Richmond, Surrey, Delta and Squamish) ranges from ‘fair to poor’ and from
‘poor to unacceptable’. The average rating is based on broad evaluation criteria of the dikes such as:
crest elevation relative to design flood level ; geometry; geotechnical stability; erosion protection
measures; vegetation/animal control; encroachments; appurtenant structures; and the administrative
arrangements established for the structure. It should be noted that in some cases such as dike crest
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elevation and seismic considerations, dike standards and guidelines have increased in recent years
(based on more current hydraulic modeling between 2006 and 2014); however, inadequate funds have
been available to upgrade dikes to meet updated standards.

3.1.4 Assumed Coastal Flooding Condition

In this project the designated flood level from Scenarios A and B were applied to each area, assuming a
horizontal water surface. All land below the designated flood level was assumed inundated. It was also
assumed that all dikes in the entire region would be ineffective and that submergence would be near-
instantaneous. Significantly more effort would be required to perform area-specific dike breach analyses
and detailed risk assessments.

Earth embankments have different possible modes of failure with overtopping, erosion and
piping/seepage being the most common. In most coastal locations, it would likely take a number of
hours before an entire lowland area became inundated. During a falling tide, flow would move through a
breach in the opposite direction, partially draining water from the floodplain. Accurate assessment of
the inundation would require detailed 2D modelling and the present overview level work is not intended
to evaluate specific breach scenarios.

3.2 Fraser River Flooding
3.2.1 Historic Fraser River Floods

The Fraser River is the largest river on the west coast of Canada, draining approximately one-quarter of
British Columbia. Fraser River flood flows typically occur in May or June and the magnitude of the peak
flow is a function of the basin snowpack and the springtime weather: sudden large and sustained
temperature increases and significant precipitation can result in high flows. There have been two major
floods since European settlement, in 1894 and 1948. NHC (2008b, 2015b) estimated that these floods
roughly correspond to return periods of 500 and 200 years respectively. The ten highest observed flows
at Hope are:

Year | Flow at Hope (m3/s)
1894 17,000
1948 15,200
1972 13,000
1950 12,600
2012 11,900
1964 11,600
1955 11,500
1997 11,400
2007 11,200
1999 11,100
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The 1972 flood had a return period of less than 50 years. By careful operation of the Kenney Dam and
Bridge Lake reservoirs, the peak flow at Hope was successfully reduced by about 10% and extensive
flooding was avoided. Dike seepage problems were reported.

The four highest flood level hydrographs at Mission are plotted in Figure 2 and compared with the
moderately high flow year of 2002 (maximum flow of 10,800 m3/s). In 1950, due to large local inflows
between Hope and Mission, water levels at Mission were higher than those in 1972, although the 1950
peak flow at Hope was lower. Some flooding took place in 1950; 100-150 homes in un-diked areas were
damaged (Septer, 2000).

Fraser River at Mission
Historic Flood Hydrographs

—— 1894 (estim) |
—1948

1950

1972
—2002

Water Level (m) GSC

28-Apr B-May 18-May 28-May 7-Jun 17-Jun 27-Jun 7-Jul 17-Jul 27-Jul

Figure 2: Fraser River Historic Flood Hydrographs at Mission (NHC 2006)

3.2.2 Adopted Fraser River Flood Scenarios

Table 1 in Section 2.2.2 summarizes the two Fraser River flood scenarios that were assessed in this
project:

= Scenario C—The Fraser River design flood (equivalent to the 1894 flood of record, with an
approximate return period of 500 years) and current sea levels.

= Scenario D—The 1in 500 AEP Fraser River flood, incorporating a “moderate” climate change
flow increase for year 2100 and a 1 m sea level rise.
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3.2.3 Status of Existing Flood Protection

Flood protection works along the Fraser River began as early as the 1880’s. However, only limited diking
was in place by 1894 and the few structures that had been built largely failed. The entire floodplain was
inundated, storing significant volumes of water. At Mission, river water level records date back to the
1870’s and the 1894 maximum flood level was reported to be 7.92 m GSC. The corresponding 1948 level
was 7.61 m GSC. By 1948, a more extensive system of dikes had been built, but a number of structures,
such as those in Chilliwack, Kent, Abbotsford, Surrey and at Nicomen and Barnston Islands failed during
the 1948 flood event.

Major repairs and upgrades of the diking system occurred throughout the 1950s, 1960s and 1970s under
the joint Federal-Provincial Flood Control Program (Fraser River Board, 1963, Sewell, 1965). This
program was curtailed in the 1990s. In 2015, NHC conducted a review of the status of Fraser River dikes
(NHC, 2015b). Although some Fraser River dikes were rated as ‘good to fair’, most dikes fell in the ‘fair to
poor’ category with some classified as ‘poor to unacceptable’. Consequently, it is likely that a number of
dikes would not withstand a flood similar to Scenario C, let alone a future event such as Scenario D.

3.2.4 Assumed Flooding Conditions

The existing hydraulic modelling of the Lower Fraser River assumed the flood flows were contained by
the existing dikes. This assumption is conservative when applying the computed water levels to assess
potential floodplain inundation. During an actual flood that breached the diking system, water would be
conveyed and stored on the floodplain, reducing the water levels. This confinement effect from dikes
has been observed on many rivers and explains why the observed flood levels in 1894 were often
substantially lower than under the current diked conditions.

In most locations, river flood levels were projected perpendicularly across the floodplain, except in areas
with available flood mapping, where the mapped isolines were used to guide flood level projections. The
presence of diking was ignored and flood levels were directly projected across the dikes to the landside.
In most cases, the approach is conservative because in the event of a dike breach, flood levels on the
landside would generally be lower than in the river channel. However, in some situations, ponding
behind dikes could actually result in higher flood levels.

The assessment disregarded flooding from Fraser River tributaries, other watersheds and local run-off.

3.3 Inundation Extents and Flood Depths

Map 1 through Map 15 show sample maps of the flood extent and flood depths generated for the four
scenarios throughout the region.

The water level surfaces were developed in GIS for each flood scenario. For the two coastal flood
scenarios, a single horizontal water level surface of 3.40 m and 4.40 m GSC was established.
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Water levels for the Fraser River flood scenarios were available from BC MFLNRO (2014). The projection
of flood isolines did not take into account local differences in terrain and the approach and map
products are not intended to replace detailed floodplain mapping. For Chilliwack, Kent and Harrison Hot
Springs that have available floodplain maps, more detailed water level isolines were created based on
the maps and the BC MFLNRO water level profiles (WMC, 2007a and 2007b). Fraser River flood levels
were not available upstream of the Highway 1 bridge at Hope and inundation mapping for District of
Hope is incomplete.

Flood level ArcGIS TIN surfaces were created for each flood scenario. By subtracting the digital elevation
model (DEM) from the flood level surfaces, flood depths were determined. Similarly, flood extent
polygons were derived from the flood depth surfaces. In order to facilitate efficient loss estimate
analyses, the project area was grouped into ten Sub-Regions, as described in Table 2 and Figure 3.

Table 2. Summary of Municipalities in Hazus Sub-Regions

Sub- | pescription
Region

=

Squamish

North Shore (Lions Bay, West Vancouver, North Vancouver City & District)

Port Moody, Anmore, Belcarra

Vancouver, Burnaby, New Westminster
Richmond, Delta
Surrey, White Rock, Barnston Island

Coquitlam, Port Coquitlam, Pitt Meadows, Maple Ridge

Langley City & Township

O vIN[fooUun|blWIN

Mission, Harrison Hot Springs, Kent, unincorporated areas of FVRD north
of the Fraser

Abbotsford, Chilliwack, Hope, unincorporated areas of FVRD south of the

[
o

Fraser

Limitations associated with the mapping process and end products are outlined in Appendix C.
Specific GIS and map products created included:

=  Flood Extent Maps, including GIS files, for each flood scenario (Maps 1 —12).

= Flood Depth Maps, including GIS files, for each flood scenario. Map 13 is an example Flood
Depth Map.

= Large format Flood Extent Maps of the entire region, including Adobe Illustrator files, for use
by FBC in developing communication materials (Maps 14 and 15).

= Flood Extent Google Earth KMZ files (separated by Sub-Region).
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Digital (PDF) copies of all flood maps and the flood extent KMZ files were included with the final digital
deliverables. Since coastal flood levels were applied as far upstream as Pitt Meadows and Surrey, there
is an abrupt end in coastal flood depths and extents at the Pitt Meadows/Maple Ridge and
Surrey/Langley boundaries.

I:l Municipal Boundary
Indian Reserve Boundary
/. First Nations Treaty Lands
Hazus Study Regions
[ 01 Squamish
[ 02 North Shore
[T 03 Port Moody, Anmore, Belcarra
- 04 Vancouver, Burnaby, New Westminster
I 05 Richmond, Delta
[ 08 Surrey, White Rock, Barnsten Island
- 07 Coquitlam, Port Coquitlam, Pitt Meadows, Maple Ridge
- 08 Langley City, Langley Township
I 09 Mission, Harrison Hot Springs, Kent, FVRD (north of Fraser)
[ 10 Abbotsford, Chilliwack, Hope, FVRD (south of Fraser)

[ excluded

Figure 3. Map of Sub-Regions for Hazus and Infrastructure Analysis

4 FLOOD VULNERABILITY

4.1 Assessment Approach

A number of factors contribute to the overall potential vulnerability of assets in a flood — including water
depths (increased depths imply larger renovation/replacement required), velocity (higher speeds, higher
damages), wave action (wave energy — waves can be more damaging than still water), and the duration
of the flood (including the time-to-peak of a flood). Contamination, sediment and debris can also
increase the flood vulnerability, as well the construction type and age of the structures being impacted.
Whereas all these factors — in particular, the flood depth — will influence vulnerability, only inundation
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extents were used in this overview-level assessment to identify the region’s flood-vulnerable assets. The
limitations and simplifying assumptions associated with the flood extents are summarized in Section 6.

The identification of key vulnerabilities is intended to supplement the broader risk assessment
undertaken as described in Section 5. It focussed on First Nations and unique infrastructure elements in
the ten sub-regions described in Section 3 and included BC Hydro Infrastructure (e.g. Substations &
Transmission Grids), transportation infrastructure (e.g. airports, ports, ferry terminals, railways,
highways and rapid transit), emergency services (e.g. police, fire and ambulance first responders and
hospitals) as well as other critical assets (e.g. sewage treatment plants, water supplies, schools and
universities and key communications such as cell towers).

The framework utilized for the assessment of regional infrastructure vulnerability, included in Appendix
B, consists of the following components:

= Brief description of the infrastructure asset.
= General overview of how the infrastructure asset is vulnerable to flooding.

= |dentification of the infrastructure vulnerability by sub-region under each of the four
scenarios.

= Evaluation of the regional vulnerability of the infrastructure asset.

The following sections summarize key findings of the vulnerability assessment as provided by the
Arlington Group.

For reference refer to the Flood Inundation Maps in the map section of the report.

Vulnerable residential, commercial and industrial development is investigated in Section 5.2 and the
vulnerability of agricultural lands in Section 5.3.

4.2 First Nations

Close to 30 First Nations have reserve or treaty lands within the project area. A large majority have
reserve or treaty lands that are vulnerable under one or more scenarios. Six First Nations are affected
under Scenarios A and B (Katzie, Musqueam, Kwikwetlem, Semiahmoo, Squamish, Tsawwassen), and
twenty-six under both Scenarios C and D (Aitcheliz, Chawathil, Cheam, Katzie, Leq’a:mel, Matsqui,
Musqueam, Peters, Kwantlen, Kwaw-kwaw-Apilt, Kwikwetlem, Scowlitz, Seabird Island, Semiahmoo,
Shxw’ow’hamel, Skawahlook, Skowkale, Skwah, Skway, Squamish, Squiala, Sts’ailes, Sema:th,
Tsawwassen, Yakweakwioose, Yale). The project did not include a detailed assessment of First Nations’
vulnerability and individual First Nations were not contacted.

The review of First Nation vulnerability is focused on infrastructure based on previous information (NHC,
2000). Where possible, the information was supplemented with Google Map Streetview data and
knowledge of the research team members. Assets include the presence of roads, buildings, built-form
community assets and where possible, transmission corridor, and sewer & water servicing information.
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Buildings on First Nations lands are included within the Hazus General Building Stock. Social and cultural
vulnerability was not included.

As of 2015, there are 90 reserves and treaty lands in the project area. One-third of the reserves and
treaty lands are not subject to inundation; the remaining two-thirds (61 reserves and treaty lands,
affecting 26 First Nations) are vulnerable. Under Scenario A, 12 First Nations’ reserves and treaty lands
have some inundation, increasing to 13 under Scenario B. Under Scenario C, 54 First Nations’ reserves
and treaty lands undergo some inundation, increasing to 56 under Scenario D (Table 3). Four times as
many First Nations are impacted in Scenarios C and D compared to Scenarios A and B — largely due to the
majority of First Nations’ reserves and treaty lands being located along the Fraser River (NHC, 2000). See
Appendix B, Annex C for details on the flood vulnerability of First Nations including multiple reserves.

Table 3. Number of Reserves Predicted to Experience Various Degrees of inundation

Scenario Limited Partially Substantially | Completely | Total with No
Inundation Inundated Inundated Inundated | Inundation | Inundation

A 5.0 5.0 0.5 1.5 12.0 8.0

B 4.0 5.5 1.5 2.0 13.0 7.0

C 11.0 8.0 7.5 27.5 54.0 7.0

D 9.0 9.5 8.0 29.5 56.0 5.0

4.3 Critical Infrastructure
4.3.1 Hydro Substations

Substations in nearly all regions are exposed to some flood risk. Substantial flood damage to electrical
substations would result in loss of service for an undetermined amount of time, resulting in additional
indirect losses that have not been estimated in this project. There are 19 BC Hydro substations subject to
inundation in Scenario A, 37 in Scenario B, 23 in Scenario C, and 30 in Scenario D. The main difference
between coastal flood Scenario A and Scenario B is 1 m of sea level rise (SLR) which nearly doubles the
number of vulnerable substations from 20 to 37. Flood vulnerability from the riverine scenarios also
increases between Scenarios C and D but to a lesser extent.

Electrical substations subject to flooding in all four Scenarios are concentrated in one region, Region 5
(Richmond and Delta). Most of the remaining substations subject to inundation are in Region 4
(Vancouver, Burnaby and New Westminster). There is one substation in Squamish that is vulnerable to
Scenarios A and B.

4.3.2 Transmission Grid

Vulnerability is distributed throughout the project area. Seven regions have three or more major
transmission lines that traverse areas subject to inundation. While many transmission towers will be
exposed to flooding, the sensitivity (i.e. the degree to which the towers and therefore the transmission
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lines will be at risk) may be very low. Transmission lines will be elevated well above any floodwaters and
exposure of the tower foundations to river erosion poses a much greater risk. However, scouring and
undermining of transmission towers could occur if in proximity to the river and/or a dike breach.

4.4 Transportation Networks
4.4.1 Airports

Several airports in the project region are vulnerable to inundation, with Vancouver International Airport
(YVR) potentially vulnerable to inundation under all four Scenarios. Its significance far surpasses the
cumulative potential impact to regional airports. It should be noted that the dikes surrounding YVR were
not included in the BC MFLNRO dike assessment (Project 3) and that their status is not known in detail
by the project team. Similarly, the elevation and vulnerability of electrical controls and other key aspects
of YVR airport infrastructure is not known. The Abbotsford Airport is essentially the backup facility in the
event that YVR is out of operation. Other airports vulnerable to flooding include Chilliwack, Boundary
Bay, Pitt Meadows, and the Delta Heritage and Hope Air Parks.

4.4.2 Ports and Ferry Terminals

Port facilities subject to inundation under all scenarios are located in Regions 1 to 7. The flood
vulnerability will depend on both exposure and sensitivity to inundation. For example the vulnerability of
docks is generally low but the location of electric motors in cranes will greatly affect overall vulnerability.
Vulnerability may be greater for intermodal yards, railways, highways and other connecting
infrastructure. Ferry terminals subject to inundation consist of both Sea Bus terminals and the
Tsawwassen ferry terminal. The Horseshoe Bay terminal may be less vulnerable due to its protected
location. In addition, a number of large and smaller marine facilities are susceptible to flooding.

4.4.3 Railways

All three Class 1 railways (CN Rail, CP Rail and BNSF) are vulnerable to inundation under all scenarios,
including CN Rail in Squamish. The Southern Railway of BC shortline is also vulnerable to flood-related
disruption. This could prevent all rail freight from entering or leaving the Lower Mainland. CN Rail has an
intermodal yard in Surrey, which is in the Fraser River Floodplain. This area has no dike protection,
therefore, there could be potential losses to freight / cargo shipments. CP Rail has intermodal and
marshalling yards in Port Coquitlam and Pitt Meadows; both are vulnerable to inundation under three
scenarios. The loss or reduction of freight services would also impact supply chains causing a cascading
effect. Rail passenger service is also vulnerable under all scenarios, including the West Coast Express
within the Lower Mainland and passenger service beyond the region including Via Rail in Canada and
Amtrak with service to and from the US.

Major bridges potentially vulnerable to scour damage include the Mission Railway Bridge and CN Rail
Bridge at New Westminster. Repair or re-construction of the bridges would be associated with lengthy
service disruptions.
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4.4.4 Critical Regional Routes and Other Arterial Highways

Both Provincial highways north and south of the Fraser River are subject to inundation along several
sections. Highway 1 is of particular importance. Multiple sections of Highway 99 are subject to
inundation between the Lower Mainland and Squamish and south to the US border as well as highways
10 and 15. Other critical routes subject to inundation within the region include Knight Street, Marine
Way, Boundary Road, Highway 91A, Brunette Ave, Stewardson Way/Front Street, King George
Boulevard, Highway 7, Highway 7B and the South Fraser Perimeter Road (SFPR). The SFPR is particularly
important as a truck route to Port Metro Vancouver container and bulk loading facilities in Roberts Bank.
The Paulo Bridge is potentially vulnerable to damage from scour. It should be noted that the definition of
“critical routes” in this report does not necessarily match Emergency Management BC’s definition.

Numerous municipal arterial roads are also subject to inundation.
4.4.5 Rapid Transit

The Expo Line and Millennium Sky Train lines may be subject to inundation in Vancouver. Most of the
lines are elevated above grade with the exception of some areas west of the Commercial-Broadway Sky
Train station. The elevation of electrical equipment is of critical concern as many power sources and/or
electrical equipment are at grade and could be damaged by floodwaters in some areas. The loss of
service in any part of a Sky Train line will impact its overall passenger capacity due to switching and
other considerations. In addition, the Canada Line is subject to inundation in parts of Richmond where it
is at grade.

4.5 Municipal Services

All wastewater treatment facilities in Metro Vancouver and the Fraser Valley Regional District are
subject to inundation under two or more scenarios. These facilities serve virtually all of Regions 2 to 10
including large areas that are not subject to inundation. Their regional flood vulnerability is considered
high as the facilities serve virtually the entire urban population base.

4.6 Essential Facilities
4.6.1 Emergency Services

Most Emergency Operations Centres (EOCs) are not subject to inundation under any scenario. However,
two EOCs are subject to inundation under all scenarios and one of these EOCs has a backup location not
subject to inundation under any scenario. Two additional EOCs are subject to inundation under most but
not all scenarios.

Police, fire and ambulance emergency services vulnerable to inundation are primarily located in Regions
5 (Richmond and Delta) and Region 10 (Chilliwack and Abbotsford). A very high proportion of emergency
services are subject to inundation in these municipalities.
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Under Scenario A, 6 police stations, 11 fire halls and 6 ambulance stations are subject to inundation.
Under Scenario B, 6 police stations, 12 fire halls and 6 ambulance stations are subject to inundation.
Under Scenario C, 6 police stations, 19 fire halls and 6 ambulance stations are subject to inundation.
Under Scenario D, 11 police stations, 20 fire halls and 6 ambulance stations are subject to inundation.

4.6.2 Health Providers

Hospitals in Regions 5 (Delta and Richmond) are subject to inundation under all scenarios and Region 10
(Chilliwack) under both riverine scenarios. In addition, the Colony Farm Forensic Psychiatric Hospital in
Region 7 is subject to inundation under all scenarios. The proposed new location for the St. Paul’s
Hospital near the Main Street-Science World Sky Train station falls within the floodplain according to the
City of Vancouver flood risk assessment (NHC, 2015a).

4.6.3 Schools

The number of schools subject to inundation under all scenarios is large. However, they are heavily
concentrated in two regions. A majority of schools under all scenarios are located in Region 5 (Richmond
and Delta). Most of the remaining schools subject to inundation are located in Region 10 (primarily
Chilliwack, but also Abbotsford). Schools in these two regions represent 88% of all schools vulnerable to
inundation under both Scenarios C and D.

The number of schools subject to inundation is 80 under coastal flood Scenario A and 95 under Scenario
B. Under riverine Scenario C, the number of schools subject to inundation is 116, increasing to 120 under
Scenario D. A majority of schools under all Scenarios are public elementary schools.

The number of essential facilities affected are summarized in Table 4.

Table 4. Number of Affected Essential Facilities

Scenario Fire Stations Hospitals Ambulance | Police Stations Schools
Damaged Damaged Stations Damaged Damaged
A — Coastal 11 3 6 6 80
B — Coastal 12 3 6 6 95
C—Riverine 19 4 6 6 116
D — Riverine 20 4 6 11 120

4.7 Other Infrastructure

Other infrastructure subject to inundation under one or more scenarios include four municipal halls,
seven works yards, three prisons with over 1,000 inmates, and two energy utilities in False Creek and
Richmond.
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4.8 Flood Protection Infrastructure

NHC (2015b) concluded that most dikes in the Lower Mainland do not meet present standards,
particularly with respect to freeboard and erosion protection (refer to Section 3.2.3). For the
catastrophic flood scenarios considered in this project, it was assumed that dikes would fail.
Consequently, dikes and appurtenant structures, such as pump-houses and flood-boxes, have a high
vulnerability. Once a dike begins to fail, be it from overtopping, erosion or seepage, it becomes very
difficult to prevent a full breach. Typical dike breach widths would be in the order of 200 m, with fill
material removed down to natural ground levels. In the event of an overtopping failure, much longer
segments of dikes could be affected.

For the two coastal scenarios, 34 dikes were assumed to breach and for the riverine scenarios 36 dikes.
The number of pump-houses affected was not assessed.

Similar to post-flood conditions in 1894 and 1948, the population having experienced a flood disaster
first hand, there would likely be significant pressure to improve dikes rather than just rebuild, leading to
costly land acquisitions.

4.9 Qualitative Service Disruption Scenarios

Qualitative Service Disruption scenarios consider impacts well beyond damage or disruption to property,
fixed and moveable assets. They have a measureable economic element but they also include non-
qguantifiable aspects that affect public health and safety, social order, and societal well-being. They
include, but are not limited to:

=  Environmental contamination

= Environmental risk resulting from extended disruption

= Food storage and contamination

=  Transportation

=  Public works yards

= Correctional facilities

=  Communications

= Social vulnerability

Environmental contamination during a flood event would be significant. Locations where flood damages
have an elevated risk of environmental contamination include agricultural land, transportation and
industrial sites. A wide range of point sources of contamination include chemicals, fertilizers, petroleum
products and raw sewage. There are also hazardous waste storage facilities throughout the region as
well as pre-existing contaminated sites. As a result, all flood waters are likely to have some degree of
contamination.
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Environmental risks include fertilizers and chemicals that may be stored in a safe location but not
necessarily in a safe and elevated location above the flood level. Crops intended for human consumption
are susceptible to contact with contaminated flood waters as they may contain chemical and biological
contaminants. Chemical contamination may include heavy metals, petroleum products, pesticides or
other agricultural chemicals whereas biological contamination would include pathogens (e.g. bacteria,
parasites, and viruses), and sources of microbial contamination from upstream farms, rural septic
systems, and raw manure or feces. As with agricultural uses, water that comes in contact with chemicals
and fuels can cause environmental contamination. This includes chemical plants, service stations,
contamination of underground storage tanks, leaking fuel from engine motors and gas tanks of flooded
automobiles, pest control businesses and dry cleaning businesses.

Groundwater contamination will depend on the nature of the contamination and the purpose for which
the groundwater is used.

Residential contamination includes debris that can harbor bacteria and mosquito breeding areas, dry
sediment that creates airborne hazards as mold and dust, household chemicals including petroleum,
paints, solvents, pesticides, pool supplies and de-icing chemicals. Motor vehicles and motorized
equipment contain fuel and chemicals that could contaminate flood waters. Gasoline and diesel fuel as
well as coolants are high risk factors for environmental contamination. Sinks, toilets and floor drains in
low areas (e.g. basements or garages) may encounter the backflow of sewage. Sewage backflow may
enter living areas as well as contaminate flood waters. During a flood, the soil around a septic field will
become saturated which prevents the system from functioning correctly. Users will need to minimize
water use (including the flushing of toilets) until the soil is less saturated (which may take a few days).
Furthermore, post-flood cleaning and recovery will require an alternative method of disposing of
flood/cleaning waters due to the septic field soil saturation.

In the event of a major flood, transportation and trade-related impacts will be far reaching as discussed
in Section 5. The Lower Mainland may become grid-locked, for people, commercial, and industrial
transportation. Supply lines would be disrupted as much of the region’s distribution system is based on
just-in-time delivery, which is very efficient for most purposes but is not designed for rare events such as
flood disasters. The available food supply could be impacted in as little as four days and disruption as a
result of flooding could extend over a longer period of time. An interruption in the transportation
system, especially the ferry terminals and the Seaspan barge terminals, would have a significant impact
on the delivery of goods to Vancouver Island and other coastal communities such as Bowen Island and
the Sunshine Coast.

Works yards are typically located on flat land with good access to major roads, often in low-lying areas
subject to flooding. Inundated works yards (e.g. Municipalities, School Districts and MoTI) pose
challenges during and after a flood. Equipment left on inundated lands will be unavailable, inaccessible
or not usable. Repairs may be required and works yards subject to inundation may delay the recovery
period if they are not able to function. Inundated works yards pose a risk of contamination due to the
storage of various materials (including petroleum, other fuels, coolants, etc.) on site. After a flood,
inundated works yards may delay recovery and reconstruction efforts.
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Communications facilities are vulnerable to system overload or damage during a flood event. This can
affect 911 call centres, cell towers, cables, the internet and telephone land lines. An August 2015 wind
storm in southeast BC illustrated the vulnerability of the local communications network. Damaging
winds downed trees and power lines, cutting power across the Lower Mainland, Sunshine Coast and
parts of Vancouver Island. This represented the single largest outage event in BC Hydro’s history and
affected 710,000 persons. During the windstorm, 40% of 911 calls failed to connect and callers to the
local E-Comm 911 service were met with a busy signal 4 out of 10 times.

Correctional facilities including jails, pre-trial centres, police stations and forensic psychiatric hospitals
present a unique type of vulnerability. Maintaining inmate, staff and public safety is paramount in the
event of an emergency evacuation of any of these facilities. Pre-emergency evacuation planning is
required and expected as part of facility management. Two prisons and a forensic psychiatric hospital
are subject to inundation under all flood scenarios. Their total capacity exceeds 1,000 persons.

Cascading effects of a major flood extend well beyond the impairment of a particular infrastructure
element and are beyond the scope of this project. Similarly, social vulnerability falls outside the present
scope.

5 ECONOMIC LOSS ESTIMATES

5.1 Overview of Economic Analysis

Section 4 identified a range of assets vulnerable to flooding under Scenarios A to D. In this section, the
corresponding economic losses are estimated. The following methods were adopted:

e All building related economic losses (both direct and indirect) were estimated using Hazus.

e Agricultural losses were estimated primarily using Agricultural Land Use Inventory data and Stats
Canada’s 2011 Census of Agriculture.

e Order of magnitude transportation disruption losses were derived from the annual value of
goods shipped through Port Metro Vancouver.

e Infrastructure losses were approximated based on typical valuation costs from FEMA and unit
area building costs by Marshall & Swift. Actual damage to infrastructure is difficult to project
and estimating associated replacement and repair costs in detail was not feasible.

There are a number of additional losses that could result from a major flood, but due to the limited
scope of the present work, are not addressed here.
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To estimate impacts specific to the BC economy, BC Stats was consulted to perform Input-Output
modelling.

In order to provide some perspective on the projected Lower Mainland losses, the results are compared
with past flooding on the Fraser River and recent floods elsewhere: the Southern Alberta floods in 2013
and Hurricane Sandy in 2012.

5.2 Hazus Analysis
5.2.1 Base Data and Model Input

The default residential inventory in Canadian Hazus 2.1 is derived from 2011 Canadian census data and
non-residential data from Dun and Bradstreet (and modified by NRCan). Building replacement costs are
based on 2006 RSMeans values for the US, where RSMeans is a widely-used estimation database that
helps calculate the costs of construction. Data are aggregated to census dissemination blocks
(approximately equivalent to city blocks), and analysis for the Hazus Canadian Flood Module is based
largely on this aggregated data. Although there are a number of assumptions and estimations built into
this data, it was deemed suitable for a high-level analysis. The 2011 population count and level of
development was assumed for both the present and future flood scenarios.

Model input includes flood extent and depth mapping for the areas to be analyzed. Using default or
custom-developed depth-damage curves within the Hazus software, area specific losses are estimated.

5.2.2 Model Output

The Hazus Flood Model provides results aggregated to the dissemination block level. Hazus results can
be viewed spatially as map layers based on dissemination blocks, or in tabular form. Results for this
analysis include:

= Damage (in square footage, and by number of buildings) by building type and by occupancy
type.

=  Building-related economic losses.
=  Amount of debris generated.
= Shelter requirements.

The number of damaged essential facilities (fire stations, hospitals, police stations, schools) is also
determined. Unlike the other results, this is not based on aggregated data, but is based on site-specific
point data.

Building-related economic losses are separated into:

= Building repair and replacement costs (structural and non-structural damage).

= Building contents losses.
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= Building inventory losses.

= Relocation expenses.

= (Capital related income losses.
=  Wage losses.

= Rental income losses.

Losses are predominantly from building repair and replacement costs, and from building content losses.
Building contents and inventory values are calculated in relation to building replacement value,
depending on building occupancy type (FEMA Flood Module Technical Manual).

The last four categories listed above are time-dependent income losses, and are calculated based on the
amount of damage to a building and an estimate of recovery time for the building (FEMA Flood Module
Technical Manual). Recovery times incorporate physical restoration, dry-out and clean up, acquisition of
permits, contractor availability, and, for some building types, hazardous material clean up.

5.2.3 Hazus Limitations

While Hazus is a valuable tool for estimating losses from flooding, highlighting geographic areas of
particular concern, and illustrating relative losses between regions, there are many limitations that
should be considered when examining the results as listed in Appendix C.

5.2.4 Necessary Adjustments

Recognizing that Hazus has significant limitations and likely underestimates losses considerably,
adjustment of the Hazus loss outputs were necessary. More detailed analysis to refine Hazus default
values was not within the scope of this overview level assessment. Considering that the use of Hazus for
flood analysis in Canada is new and somewhat limited, there is no precedent for applying appropriate
adjustments in terms of scaling factors. It should be acknowledged that even in the US, where the
software was developed, an “out-of-the-box” Hazus assessment using default values is considered
approximate only.

A key factor in estimating direct flood losses is the building replacement cost. Canadian Hazus 2.1
inventory data uses 2006 typical building replacement costs from the US, which are unlikely to be
representative of 2015 Lower Mainland high building costs. To obtain some confirmation of this, the
Hazus replacement costs were compared to construction cost data by Marshall & Swift, and adjusted for
the Lower Mainland region (see Appendix C for details). The comparison showed that the Marshall &
Swift-adjusted Vancouver 2014 building replacement values are about 1.6 times higher than the Hazus
values. Although highly approximate, a scaling factor of 1.6 was adopted for the loss calculations.

To confirm this scaling factor, we reviewed previous work by NHC on a Coastal Flood Risk Assessment for
City of Vancouver (2015a). The study used the City’s inventory of individual buildings within the
floodplain for a detailed Hazus analysis. This User Defined Facilities (UDF) approach contrasts with the
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Lower Mainland Flood Vulnerability Assessment, which uses aggregated inventory data in the form of
the Hazus General Building Stock (GBS).

For the comparison, NHC re-ran Hazus for the City of Vancouver using GBS data only. Overall, losses
based on UDF were higher, in particular, total building-related economic losses were 2.7 times higher,
with structure and content losses both two times higher. Building replacement costs for Vancouver are
unlikely representative of the Fraser Valley and the results suggest that adopting a regional scaling factor
is unlikely to be an accurate approach. However, in view of the present project limitations, the Hazus
results for the Lower Mainland were:

= Increased by 10% to account for an average long-term conversion from US to Canadian
currency. (Previous 10 year average.)

=  Multiplied by 1.6 to account for general underestimation.

5.2.5 Hazus Results

Based on the Hazus analysis, the building related losses for the Lower Mainland are summarized in Table
5. As described above, agricultural building-related losses have been removed, and the resulting values
incorporate a currency conversion of 1.1 and a multiplier of 1.6, and have been rounded off.

According to Hazus, Scenario A would inundate 54,700 ha, Scenario B 61,100 ha, Scenario C 99,300 ha
and Scenario D 110,300 ha.

Table 5. Hazus Estimated Building Impacts

) Number of | Number of | Total Building- Debris Population
Scenario Buildings Buildings related Losses | Generated (1 Seeking
Damaged Destroyed ($ Billion) 03 US tons) Shelter
A — Coastal 7,200 1,100 14.2 656 238,000
B — Coastal 8,200 3,700 19.1 1,650 261,000
C — Riverine 3,600 690 9.0 656 266,000
D — Riverine 9,200 1,700 18.4 1,343 311,000

5 It should be noted that although estimates of the volume of debris generated are provided, neither the associated costs, or
the capacity of the existing solid waste management system has been considered in this report. The unit for debris is US tons.
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The total building related losses estimated by building category is shown in Table 6. The category
“Others” refers to religious and non-profit buildings, government general services, emergency response
services, colleges, universities and grade schools.

Table 6. Building Related Losses by Building Category ($ Billion)

Scenario Residential | Commercial | Industrial | Others Total

A — Coastal 5.610 6.250 1.620 0.720 | 14.200
B — Coastal 7.090 8.560 2.570 0.910 | 19.130
C — Riverine 2.610 3.830 1.630 0.880 8.950
D — Riverine 6.610 7.590 2.940 1.230 | 18.370

The total building related losses can be broken down into the components shown in Table 7. According
to the estimates, content losses constitute the largest losses. Relocation, capital related, wages and
rental income losses are typically classified as indirect losses. Although the Canadian version of Hazus
does not have a presently activated indirect loss module, these specific building related indirect losses
are estimated.

Table 7: Building-Related Economic Losses by Loss Type ($Billion)

. Capital Rental
. Structure | Content | Inventory | Relocation P Wages
Scenario Related Income
Losses Losses Losses Losses Losses
Losses Losses
A 6.040 7.760 0.320 0.010 0.030 0.030 0.010
B 8.240 10.350 0.450 0.010 0.030 0.040 0.010
C 3.390 5.200 0.300 0.010 0.020 0.030 0.010
D 7.640 10.150 0.490 0.010 0.030 0.040 0.010

Losses for each coastal and riverine flood scenario are presented by sub-region in Figure 4. As expected,
losses for the low-lying and densely developed Richmond-Delta sub-region are the highest, with the year
2100 coastal scenario resulting in maximum losses.
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More detailed loss estimates from Hazus, including a breakdown by sub-region, are provided in
Appendix C. It should be emphasized that the present overview level assessment is a Lower Mainland
regional and sub-regional assessment. Much more detailed work would be required to develop accurate
losses at the municipal level.

5.2.6 GIS and Mapping Products

The following GIS and map products were developed based on the Hazus output:

Hazus project (*.HPR) files (compatible with Canadian Hazus 2.1 and ArcGIS 10.0); one file
for each Hazus sub-region.

An Excel spreadsheet summarizing Hazus results, including adjustments applied to loss

estimates.
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= Aseries of 24 map figures showing building-related economic losses ($ Millions per square
kilometre in each dissemination block) for the four flood scenarios.

= Aseries of 24 map figures showing damaged buildings (number of buildings per square
kilometre in each dissemination block) for the four flood scenarios.

= Aseries of 24 map figures showing displaced population (humber of people in each
dissemination block) for the four flood scenarios.

The files are included with the final digital deliverables.

5.3 Agricultural Loss Estimates
5.3.1 Background Information

The soils in the Fraser Valley are some of the most fertile in Canada and the region has one of the
longest frost-free periods in the country, making the area highly favourable for agriculture (Crawford
and McNair, 2012). There are many types of agricultural products generated in the Lower Mainland, with
dairy and poultry production prominent. More than 25 different types of field vegetables are grown in
the region and the majority of BC’s berry production occurs in the Lower Mainland (Park, 2014).

In 2010, farms produced $1.9 billion in farm gate receipts on 132,000 ha of farmland. This generated
approximately $3.8 billion in economic activity in the Lower Mainland®. The region produces a wide
variety of products and due to this diversity, estimating flood related agricultural losses is a challenge.

Agricultural losses primarily depend on: 1) the timing of the event during the growing cycle; 2) the
salinity of the flood water - whether fresh, saline or brackish; and, 3) the duration of the flood event. The
impacts on a particular farm will vary depending on the products grown, the buildings and equipment,
the topography of the land, the presence or absence of sub-surface drainage and the specific soil
characteristics.

Based on the inundation mapping, approximately 36% of the farmland in the Lower Mainland lies in the
Fraser River floodplain and is potentially vulnerable to flooding during extreme freshets resulting in dike
breaching. If coastal dikes were to breach, the majority of farmland near the ocean would be vulnerable
to flooding during the winter months. The following sub-sections estimate the direct agricultural losses
that would incur from the four flood scenarios defined in Section 3. The analysis was completed by Mr.
Mark Robbins.

6 http://www2.gov.bc.ca/assets/gov/farming-natural-resources-and-industry/agriculture-and-seafood/agricultural-land-and-
environment/strengthening-farming/800-series/860600-2 economic_impact of agric in abbotsford.pdf
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5.3.2 Approach to Estimating Losses

Agricultural flood losses primarily stem from direct crop losses, damage to buildings/equipment and
livestock feed crops. To be able to estimate crop losses for different flood scenarios, agriculture
production was grouped into the following eight categories that reflect similar production systems and
revenue per hectare:

= Livestock (excluding dairy).

= Forage.

= Vines, berries and tree fruits.

= Field vegetables.

=  Field nursery, floriculture and trees.
= Poly greenhouses.

=  Glass greenhouses.

= Dairy.

BC MFLNRO, with assistance from NHC, provides flood level forecasts during the Fraser River freshet.
Similarly, the http://bcstormsurge.ca website provides coastal flood predictions, although specific flood
alerts are not issued. For the agricultural loss estimates, it was assumed that most livestock would be
moved to higher ground prior to an impending flood and that none of the flood scenarios would impact
farm gate revenues for livestock production; except for lactating cows, where disruption in milking and
ensuing losses are based on flood duration. For the coastal flood scenarios, sufficient time may not be
available for complete evacuations and some losses may result but were not accounted for here.
Chickens would unlikely be moved, but the production cycle is relatively short and any losses could likely
be made up for within the year.

The flood duration is also a key factor in estimating crop losses, specifically the length of time a field is
inundated. Accurately assessing the time required for flood waters to subside is difficult and the
duration will vary depending on the characteristics of the flood, the configuration of the dike breach, the
topography/drainage of the land, and the capacity of pumps and flood-boxes. For the purposes of this
project, minimum durations of a two day coastal flood and two week riverine flood were first evaluated,
with longer durations also considered.

A coastal flood would typically occur in December-January while the Fraser River freshet would take
place in May-June. For the loss estimates, the timing of the flood was taken into account. For example,
perennial crops (vines, berries, trees, field nursery) and forage crops are dormant from mid-November
to the end of February. A flood event during this time period will not significantly impact their yield.
However, a flood event after February will reduce growth and plant vigor, resulting in yield losses.

Table 8 lists estimated percentage crop losses for the different crop categories depending on the salinity
of the flood waters. To estimate coastal flood losses, it was assumed that the flood waters would be
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brackish. Appendix D provides more detailed data. It is important to note that the crop loss estimates
represent averages over a flooded area; specific farms will experience higher or lower levels of crop loss.

Table 8. Percent Crop Losses in Different Crop Categories from the Two Types of Flood Waters.”

Flood Water Forage | Annuals | Perennials Poly Greenhouses | Dairy
Type Type Greenhouse
Coastal | Brackish 10% 5% 10% 0% 0% 2%
Water
Riverine | Freshwater 70% 50% 50%-80% 60% 70% 10%

Buildings and farm equipment would likely be damaged by flood waters. The level of damage to
buildings was set at 5% and for equipment at 10% (based on general experience). While most farm
buildings are of basic construction, dairy barns have milking and pumping equipment close to the ground
that could be extensively damaged. The building damage estimate was increased from 5% to 7% of
market value for areas with a lot of dairy farms and berry packaging facilities to account for their more
sophisticated building structures. The percentages were not adjusted for future conditions. Farm
residences were included in the Hazus flood module and are not double-counted in the agricultural loss
estimates.

Farm building footprint comes from the Agricultural Land Use Inventory and the market value of those
buildings from the prevailing construction costs. In relative terms there are not that many large on-farm
packaging and processing facilities in the vulnerable area. There are two in Matsqui Prairie and two in
Pitt Meadows. True non-farm (non-conforming uses as compared to farm uses that have grown beyond
permitted size) in the ALR such as repair shops, truck parking and others were not included. Given the
relatively small number involved and their small building size (bigger buildings will generally not be
granted permits), their impact would be small.

5.3.3 Loss Estimates

Two primary sources of information were used to estimate the crop, building and equipment losses
under the four flood scenarios:

= Land Use Inventory (LUI) of farming areas in the Fraser Valley developed by the Ministry of
Agriculture for Metro Vancouver (2010) and for the Fraser Valley Regional District (2011-
2013). The LUl identifies areas of different land use on every lot in the farming areas and
then identifies the specific use through drive-by inventories and aerial photos.

7 http://www.bcagclimateaction.ca/wp/wp-content/media/Delta-Potential-Impact-Flooding-2014-full.pdf
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=  Stats Canada’s 2011 Census of Agriculture, which provides data on the agricultural industry
such as number of farms, farm area, livestock and crop inventories, operating expenses and
receipts, farm capital and machinery/equipment information. Data is aggregated over a
census area, which often coincides with municipal boundaries.

Estimates of crop revenue per hectare were obtained from Ministry of Agriculture crop budgets,
production insurance, grower associations and based on previous experience. Applying average
revenues per hectare to the area of crop coverage identified in the LUl provided an estimate of farm
gate receipts in the potentially flooded areas. The estimated percent losses were then used to evaluate
the loss in farm gate receipts for each crop or livestock group.

The LUI identified the land area occupied by farm buildings and was used to estimate the total capital
value of buildings.

Census data provided the value of equipment and machinery in a particular census area. To estimate the
amount of equipment and machinery within the flood vulnerable portion of the census area, the value of
equipment/machinery in the entire census area was pro-rated based on the proportion of farm gate
receipts in the flooded area compared to the entire census area.

Direct agricultural losses under the four flood scenarios were estimated for each municipality as
provided in Appendix D. The summary of direct agricultural losses for the entire Lower Mainland region
is shown in Table 9.

Table 9. Direct Agricultural Losses ($ Millions)

Flood- Total
Scenario Vulnerable Lost Farm Damage to | Damage to | Replant | Farmer
Area (in Ha) | Gate Sales | Equipment | Buildings Loss Losses
Scenario A - Coastal 14,626 $16.5 $12.7 $37.9 $67.1
Scenario B - Coastal 15,214 S17.4 S14.6 $40.9 $72.9
Scenario C - Riverine 43,459 $410.1 $50.7 $223.0 $9.5 $693.2
Scenario D - Riverine 43,813 $413.0 $50.7 $227.3 $9.5 $700.6

Note: Estimated losses refer to 2-day coastal and 2-week riverine flood durations. For longer duration floods, total
losses were subsequently increased by a factor of 2.25 (refer to Section 5.3.5 and Table 13).

5.3.4 Discussion of Agricultural Loss Results
General observations from the agricultural loss analysis include:

= The riverine flood scenarios result in ten times higher losses than the coastal flood scenarios.
The large difference is attributed to three main factors:

0 The riverine flooding affects three times the area as does coastal flooding.

0 Riverine floods occur during the spring growing season and even short periods
can damage crops past the point of economic value. Coastal floods occur during
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the winter season when most plant material is dormant and can withstand short
periods of flooding without reduced yields in the following growing season.
(Livestock losses are not dependent on time of year.)

0 The initially assumed two-week duration of riverine flooding is much longer than
the two-day coastal flooding.

= Scenarios B and D, which incorporate climate change effects, suggest minimal future impacts
on agricultural flood losses. This follows from the minor increases in inundation areas: 4%
for the coastal scenarios and 1% for the riverine scenarios. It is important to note that:

0 Climate change impacts (i.e. year 2100 flood scenarios B and D) will significantly
increase the depth of inundation and even if this does not have a major impact
on crops, the percentage damage to buildings and machinery will increase.

0 The duration of flooding will increase under the future scenarios but it is unclear
by how much, and this was not accounted for.

0 The frequency of extreme floods will increase. Based on PCIC’s flow projections,
NHC (2014) estimated that a flood of the same magnitude as the 1894-flood,
with a present return period of about 500 years, could on average occur every
50 years at the end of the century under a severe climate change scenario. In a
study for City of Surrey, NHC (2015c) showed that the return period event
coastal dikes will be able to withstand will gradually decrease with time as sea
levels rise. In other words, the likelihood of both riverine and coastal dike
breaching will increase.

= During ariverine flood, half the agricultural losses in the Lower Mainland are incurred in
Abbotsford and Chilliwack. (Note that Barnston Island losses are captured under Electoral
Area rather than Surrey.)

= |nariverine flood, lost farm gate sales constitute about 60% of the total losses whereas the
value drops to 25% for coastal floods.

= Dairy is the most impacted livestock because of the challenges and loss of production that
come from moving lactating dairy cows.

BC produces about 48% of its current food needs. Lower Mainland local supplies are likely to run short in
about four days.

5.3.5 Long Duration Flooding

The agricultural loss estimates were based on minimum durations, reflecting active inundation periods
without accounting for prolonged drainage and recovery. Work undertaken for the Fraser Valley
Regional District (FVRD) by Mark Robbins in association with NHC (2016) indicated that two weeks form
a critical duration in terms of flood damage to agricultural lands and that durations longer than two
weeks have considerably higher associated losses. The FVRD analyses suggested that losses may increase
by a factor of about 2.25.
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Except for minor localized dike breaches under the coastal scenarios, drainage and recovery times would
likely be considerably longer than the initially assumed two days. Similarly, riverine flood inundation
could exceed the projected two week period. For these longer durations, the estimated flood losses
were multiplied by a factor of 2.25, resulting in the following total agricultural losses used for the total
loss estimates:

= Scenario A: $0.1 Billion
= Scenario B: $0.2 Billion
= Scenario C: $1.6 Billion

= Scenario D: $1.6 Billion

5.4 Economic Losses caused by Transportation Disruptions

Under all four flood scenarios there is potential for disruption of rail, road, and air infrastructure. The
movement of goods and services into and out of the Lower Mainland region relies on rail and road
networks, numerous port facilities and airports, as well as the integrity of Fraser River and sea dike
systems which protect the transportation network. Disruption to the flow of goods into and out of Port
Metro Vancouver and Greater Vancouver due to either a Fraser River or coastal flood could have serious
consequences on the regional, provincial and national economy, with significant direct and indirect
losses.

Transportation disruptions were investigated by Mr. D. Park as summarized in Appendix E. Due to the
limited data available, the evaluation is incomplete and there could be a number of other economic
impacts.

The flood depth information indicates that in the event of either coastal or riverine flooding, each of the
railway companies transporting freight in the Fraser Valley or coastal areas would experience
inundations of their tracks at some locations, with consequent service disruptions. The companies
include CP, CN, BNSF, Southern Railway of BC, and the 40 km spur line owned by the provincial
government serving the Roberts Bank port. In addition, the highway/roadway leading to Roberts Bank
would be subject to inundation. CN has an intermodal yard in Surrey, which is in the Fraser River
floodplain. This area has no dike protection, and there would likely be losses to freight / cargo
shipments.

The freight carried by the railways is trans-shipped through Port Metro Vancouver. For 2014, the Port
estimated that the total value of cargo it handled was $187 billion. If that throughput were averaged
over the year, for a two week period the value of throughput delayed or lost would be $7.2 billion. For
purposes of a first approximation, Mr. Park proposed that the lost throughput be assumed to be roughly
half, or equivalent to cargo with a value of approximately $3.6 billion. (The balance of the throughput
lost was presumed to be made up during the remainder of the year.) For durations other than two
weeks, loss estimates can be computed assuming a value of $257 million/day. In evaluating total losses,
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a two week interruption was assumed for Scenarios A and B ($3.6 Billion) and a four week interruption
for Scenarios C and D ($7.7 Billion).

Interruptions to highway traffic and Vancouver International Airport are also discussed in Appendix E.
However, the estimated losses are significantly smaller than for the rail lines and, considering the limited
accuracy, were not included in the total losses.

5.5 Infrastructure and Other Vulnerability Losses

For each sub-region, the vulnerability assessment (Section 4) identified flood susceptible infrastructure
and institutional buildings such as: substations; airports; marine facilities; rail lines; critical highway
routes and arterial roads; rapid transit lines; wastewater treatment plants; police and emergency
services; hospitals; municipal halls and work yards; and other structures. Corresponding losses could not
readily be estimated in the Canadian version of Hazus and instead a simplified approach was adopted
using rough replacement, or valuation, costs developed by FEMA as listed in Table 10, and provided by
Mr. M. Gorecki.
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Table 10. FEMA Hazus Valuation Costs (in Canadian Dollars — 1.1 $US Conversion Factor)

Category $C
Highway Major Roads (1km 4 lanes)) 11,000,000
Highway Urban Roads (1 km 2 lanes) 5,500,000
Railway Tracks (per km) 1,650,000
Railway Urban Station 2,200,000
Railway Fuel Facility 3,300,000
Railway Dispatch Facility 3,300,000
Railway Maintenance Facility 3,080,000
Light Rail Track (per km) 1,650,000
DC Substation 2,200,000
Dispatch Facility 3,300,000
Maintenance Facility 2,860,000
Bus Urban Station 1,100,000
Bus Fuel Facility 165,000
Bus Maintenance Facility 1,430,000
Waterfront Structures 1,650,000
Cranes/Cargo Handling Equipment 2,200,000
Warehouses 1,320,000
Port Fuel Facility 2,200,000
Airport Control Towers 5,500,000
Airport Runway 30,800,000
Fuel Facilities 5,500,000
Seaport/Stolport/Gliderport/etc. 550,000
Heliport Facilities 2,200,000
Airport Parking Structure 1,540,000
Airport Maintenance & Hangar Facility 3,520,000
Airport Terminal Buildings 8,800,000
Small Water Treatment Plants 33,000,000
Medium Water Treatment Plants 110,000,000
Large Water Treatment Plants 396,000,000
Small Wastewater Treatment Plants 66,000,000
Medium Wastewater Treatment Planty 220,000,000
Large Wastewater Treatment Plants 792,000,000
Lift Station (Small) 330,000
Lift Station (Med/Large) 1,155,000
Low Voltage Substation 11,000,000
Medium Voltage Substation 22,000,000
High Voltage Substation 55,000,000

nhc

The above valuation costs were supplemented with the Marshall & Swift unit area costs for institutional

buildings listed in Table 11, also provided by Mr. Gorecki.
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Table 11. Marshall & Swift Unit Area Building Costs (in Canadian Dollars — 1.1 SUS Conversion Factor )

Category $C/m?
Police Stations $2,600
Fire Stations $2,500
Hospitals $4,000
High Schools $2,300
Middle Schools $2,200
Elementary $2,400

Flood depths were not incorporated into the assessment of infrastructure and institutional buildings.
Depending on the type of construction, the degree of flood-proofing, floor elevations, road crest levels
and local flood conditions, the identified vulnerabilities may sustain limited damage, only requiring
clean-up to become fully functional, or suffer complete destruction.

The total number of vulnerabilities, the assumed unit repair costs, the approximate losses under each
flood scenario and the assumptions made are summarized in Table 12. It should be recognized that the
loss estimates, based on valuation costs, are order of magnitude estimates at best. Much more extensive
work would be required to refine the results. There may be minor double-counting of select facilities
between the “Others” category in the Hazus analysis (Table 6) and the summary of estimated damages
for critical infrastructure and essential facilities (Table 12). This would be due to different source data
and methodologies and is limited to a few types of facilities such as schools, police stations, and
hospitals, representing about 2% of the total damages estimated by Hazus. Local approximate dike and
bridge repair costs were also applied.

Total infrastructure and institutional building losses are estimated at:

e Scenario A: $1.4 Billion
e Scenario B: $1.8 Billion
e Scenario C: $4.7 Billion

e Scenario D: $5.0 Billion
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Table 12. Approximate Other Structure and Infrastructure Loss Estimates

Quantity Affected Valuation Cost Corresponding Loss Estimate (Million $)

Infrastructure Type | A B C D ($) Scenario A [Scenario B |Scenario C |Scenario D Assumptions

Substations 19| 37| 23| 30/ $ 11,000,000 | $ 209.00 [ $ 407.00 | $ 253.00 [ $ 330.00 |Assume all substations are of medium
size and repair costs amount to 50%
of FEMA valuation cost.

Airports YVR 1 1 1 1| $ 29,260,000 | $ 29.26 [ $  29.26 | $ 29.26 [ $ 29.26 |50% of FEMA valuation cost for key
components (1 of each).

Airports - local 4 4 5 5 $ 2,750,000 | $ 11.00 [ $ 11.00|S$ 13.75|$ 13.75 |Repair and clean-up.

Major marine 10| 20| 15| 15|S 3,685,000 | $ 36.85|$ 73.70 [ $ 5528 |$ 55.28 |50% of FEMA valuation cost for key

facilities components (1 of each).

Minor marine 10| 20| 15| 15|S 737,000 | $ 737 S 1474 |$ 11.06 [ $ 11.06 |10% of FEMA valuation cost for key

facilities components (1 of each).

Rail lines 18| 18| 22| 26|S 4,125,000 | $ 7425 (S  7425|S 90.75 [ $ 107.25 |Assume 5 km must be rebuilt at each
inundated section (as tabulated) at
50% of FEMA valuation cost.

Critical highway 25( 27| 24| 28|S$ 27,500,000 | S 687.50|S 74250 | $ 660.00 | S 770.00 [Assume 5 km must be rebuilt at each

routes inundated section (as tabulated) at
50% of FEMA valuation cost.

Rapid transit lines 5 5 5 5/ S 4,125,000 | $ 2063 (S 2063 |S 2063 (S 20.63 |Assume 5 km must be rebuilt at each

inundated section (as tabulated) at
50% of FEMA valuation cost.
Wastewater plants 3 5 8 9| $ 22,000,000 | $ 66.00 | $ 110.00 [ $ 176.00 | $ 198.00 |Assume all plants are of medium size
and repair costs amount to 10% of
FEMA valuation cost.

Police/emergency 23 24| 31| 37|S 2,600,000 | $ 59.80 |$ 6240 |S$ 80.60| S 96.20 |Repairand clean-up $2600/m2 * 1000

services m2 (ref. Marshall & Swift)

Hospitals 3 3 4 4| s 4,000,000 | $ 1200 ($ 1200 |$ 16.00 | $ 16.00 [Repair and clean-up $4000/m2 *
1000 m2 (ref. Marshall & Swift)

Municipal 8 9 7| 14| S 2,500,000 | $ 20.00 [ $ 22550|$ 17.50 | $ 35.00 |Repair and clean-up $2500/m2 *

Halls/work yards etc 1000 m2 (ref. Marshall & Swift)

Schools 80| 95| 116| 120| $ 2,400,000 | $ 192.00 | $ 228.00 | $ 278.40 | $ 288.00 |Repair and clean-up $2400/m2 *
1000 m2 (ref. Marshall & Swift)

Sub-Total S 1,425.66 | $1,807.98 | $1,702.22 [ $1,970.42

Dikes (pumpstations 34 34| 36| 36|S 1,000,000 | $ 3400|$ 34.00|S$ 36.00|$ 36.00 |Replacemenet/upgrade of 200 m long

not incl.) breached sections, assumed cost of
$5,000/m.

Bridges 3 3| $ 1,000,000,000 | $ - S - $3,000.00 | $3,000.00 [Mission Rail, Patullo, CN Rail

Total ($ Million) $ 1,459.66 | $ 1,841.98 | $ 4,738.22 | $5,006.42

Rounded Total $ 14 (S 1.8 |$ 47|$ 5.0

($C Billion)

Note: 1. The number of units affected are based on vulnerability assessment by Arlington.

5.6 Approximate Total Loss Estimates

To develop approximate total loss estimates for each flood scenario, the losses based on Hazus, the
agricultural assessment, the rail transport disruption analysis and infrastructure repair costs were
summed as shown in Table 13. The present project provides an overview level assessment of losses and
illustrates the importance of developing a flood management strategy for the Lower Mainland. Assigning
upper/lower bounds to the estimates is not possible, as some assumptions are likely to overestimate
losses while others provide underestimates. Limitations of the results are identified in Section 6.
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Table 13. Total Economic Loss Estimates ($ Billion)

Scenario | Hazus related Farmer Transportation Infrastructure/ TOTAL LOSSES
building losses losses losses institutional losses ($ Billions)
A 14.2 0.1 3.6 14 19.3
B 19.1 0.2 3.6 1.8 24.7
C 9.0 1.6 7.7 4.7 23.0
D 18.4 1.6 7.7 5.0 32.7
Notes: 1. Hazus losses are based on default recovery times of 1 to 33 months.

2. Farmer losses are based on flood inundations exceeding a 2 week critical period.
3. Transportation losses assume 2 week disruptions for coastal floods, 4 weeks for riverine.
4. Order of magnitude infrastructure/institutional losses do not incorporate durations.

The loss estimates illustrate the relative difference between scenarios and show significant increases
from previous evaluations. The loss for Scenario C derived in 1994 by Fraser Basin Management Board
was $1.8 billion and in 1976 by Fraser River Joint Advisory Board $500 million. The present estimated
losses indicate that any of the scenarios would represent the most costly natural disaster in Canadian
history, and would severely strain the regional, provincial and national economy. These impacts would
be experienced in all communities throughout the region and the costs would be borne by all orders of
government, the private sector, families and individual citizens. In addition to the impacts estimated in
this project, many other economic, social, and environmental impacts could be experienced, including
risk of serious injury, loss of life, and other social hardships.

Specific impacts to the BC economy were estimated by BC Stats based on the Hazus and agricultural loss
estimates. The BC Input-Output model results and report are included in Appendix E. A discussion of the
findings is provided by Mr. Park in the appendix.

5.7 Comparison with Past Flooding

Not surprising, the estimated total losses estimated in the previous section are substantially higher than
those incurred in 1948 as described below.

In the past 15 years, a number of catastrophic floods have occurred in North America, Europe and Asia.
To compare the results of this project with reported damages from recent floods, the Alberta 2013
riverine floods and the Hurricane Sandy 2012 coastal floods were reviewed. Brief summaries of each
event are presented here.

5.7.1 Fraser River

The 1948 Fraser River flood had an estimated return period of about 200 years. AlImost seventy years
ago, the population and degree of development within the floodplain was a fraction of today’s and the
impacts were significantly less than what would now be expected. At the time, floodwaters severed both
transcontinental rail lines; inundated the Trans-Canada Highway; flooded urban and agricultural areas
and forced many industries to close.
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Approximately 16,000 people were evacuated; 2,300 homes were damaged or destroyed; 1,500
residents were left homeless; 10 people died and the recovery costs were approximately $150 million (in
2010 dollars). The equivalent numbers estimated for present conditions (Scenario C) are 266,000 people
evacuated; 4,290 homes damaged or destroyed and total loss of $22.8 billion. (Casualties were not
estimated in Hazus.)

5.7.2 2013 Southern Alberta Floods

A higher than average snowpack in the eastern Rocky Mountains combined with above average amounts
of rainfall across southern Alberta in early June led to major flooding. Numerous flood advisories and
warnings were issued for southern Alberta between June 19* and June 29%, 20138,

The southern Alberta floods resulted in significant damages:

= Overall cost of $6 Billion (Calgary Herald, September 2013°).
=  Five people killed (IBI & Golder, 2015).
= 985 kilometres of road affected (Alberta EMA, 2013).

=  QOver 30 communities declared local states of emergency, First Nations impacted (Alberta
EMA, 2013).

=  More than 125,000 persons evacuated (Alberta EMA, 2013).

= Qver 14,500 homes damaged (Alberta EMA, 2013).

= 80 schools and 10 health facilities were affected (1Bl & Golder, 2015).

= 1,100 small businesses impacted, 3000 businesses (Alberta EMA, 2013).

= Almost 2,700 Albertans displaced and requiring accommodations. Approximately 1,400
members from First Nations communities indicated a need for housing assistance (AB
Government, 2014).

= Downtown Calgary was shut down for nearly one week due to floodwaters (Business in
Focus, 2013).

= Floods disrupted pipelines and rail transport, e.g. Enbridge shut down its Athabasca pipeline
(Business in Focus, 2013).

8 http://albertawater.com/southern-alberta-flood-2013/timeline-of-events

9 http://www.calgaryherald.com/news/Province+boosts+cost+Alberta+floods+billion/8952392/story.html
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= Farmland suffered damage from the floods, but according to the provincial agriculture
ministry, damage was not widespread. Initial damage estimates from the Alberta EMA
pegged agricultural damages at $50 Million (Alberta EMA, 2013)

= BMO Capital Markets estimated that Canada’s GDP would be reduced by $2 Billion in June
2013 as a direct result of the floods (Business in Focus, 2013; Financial Post, June 20131°).

In some cases, the recovery process still continues with costs continuing to incur. A number
of businesses closed and will not re-open.

5.7.3 Superstorm Sandy

In October 2012, Hurricane Sandy made landfall in the Caribbean and the US. Between the Bahamas and
the US, Sandy’s wind field had expanded to 1,600 kilometres in diameter. The system came ashore in the
US in New Jersey (and New York City) on October 29 with 130 km/hr sustained winds that were also
accompanied by record storm tide heights (AON Benfield, 2013). By October 31%, the remnants of Sandy
had dissipated over eastern Canada. The following impacts were documented:

= Total economic losses reached $70 Billion USD, according to market estimates (Allianz
Global, 2013).

= 650,000 homes were damaged or destroyed and 8.5 million customers lost power (Allianz
Global, 2013).

=  More than 280 fatalities (Insurance Journal, 2013), which included deaths in the US, as well
as in the Caribbean. The storm led to 72 direct deaths in the US (AON Benfield, 2013).

=  Storm surge impacts included flooding in New York City’s subway tunnels, water
overtopping runways at La Guardia and Kennedy airports, and damage to the New Jersey
Transit System estimated at approximately $400 Million (NOAA, 2013).

= The New Jersey state government estimated construction costs of $29.5 billion to repair and
replace the damage caused by the storm (US Department of Commerce, 2013).

= |nsured losses totalled approximately $25.85 Billion. Private insurance companies accounted
for approximately three quarters (73%) of this total. Auto, homeowners and business
insurance claim payouts totalled $18.75 Billion. The rest was covered by the National Flood
Insurance Program ($7.1 Billion) (Allianz Global, 2013).

= |n New Jersey and New York, the atmospheric event itself lasted about two days. Wind
damage was a factor, with wind damage alone reaching $7 Billion throughout the US (Zhang,
2013).

10 http://business.financialpost.com/news/economy/alberta-flooding-could-wipe-2-billion-from-canadian-economy-in-june
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In the US, private insurance companies and the National Flood Insurance Program insure losses; similar
mechanisms for flood coverage has not existed in BC.

6 PROJECT LIMITATIONS AND FUTURE WORK

6.1 Project Limitations

This preliminary, overview level assessment involved a number simplifying assumptions. In order to
ensure correct interpretation of results, limitations have been summarized below. They are classified
according to the different components of the project: 1) hydraulics and mapping; 2) vulnerability
identification; and 3) loss estimates (Hazus building related losses (direct and indirect), agricultural
losses; transportation disruptions; and infrastructure). Other losses typically considered in flood risk
assessments, such as loss of life, environmental losses and cultural/historic losses were not within the
scope of the present project.

Developing flood management strategies and evaluating different mitigation options will be part of the
next phase of the Lower Mainland Flood Management Strategy and are not dealt with in this project.

6.1.1 Characterization of Flood Scenarios

All river dikes were assumed to be ineffective but river flood levels were estimated assuming
confinement of flow between dikes. Sea dikes were also assumed to be ineffective. Accurate assessment
of inundation would require detailed 2D modelling, outside the scope of the present work.

River flood levels were generally projected perpendicularly across the floodplain. The typically observed
gradual drop-off in water levels on the landside of breached dikes was disregarded. Flooding caused by
Fraser River tributary streams and other adjacent watersheds were not considered. Local drainage
problems and severe precipitation events were also disregarded. The effect of ponding behind dikes and
obstructions on the floodplain from upstream breaches, which could raise levels on the floodplain above
adjacent river levels was not considered.

The quality of the available topographic base mapping was not sufficiently accurate for detailed flood
extent and depth mapping. Flood extents and depths are considered approximate and any inaccuracies
in the mapping would affect the vulnerability assessment and loss estimates. The flood extent and depth
mapping was generated specifically for this overview level assessment. The maps must not be
considered as floodplain mapping for the purposes of official designation of floodplains. However,
they are useful for illustrating the approximate extent and depth of flooding as well as the estimated
impacts. More detailed topographic data and hydraulic modelling of specific floodplain areas would be
required prior to development of official floodplain maps.
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The Hazus analysis was based on embedded default flood recovery durations ranging from 1 to 33
months. Agricultural results assume inundation periods exceeding two weeks. For transportation
disruption losses, a four week flood duration was assumed for the riverine scenarios and two weeks for
the coastal scenarios. The infrastructure repair/replacement costs did not take into account flood
durations. Under all four scenarios, flood interruptions could be considerably longer, resulting in more
severe losses. Climate change is likely to prolong inundation periods, particularly for coastal flooding.
The potential attenuation of peak flows provided by storage of flood waters on the floodplain was
disregarded.

Ocean design levels were projected horizontally across the land, reflecting a worst case scenario. Wave
action was represented by a 0.6 m flood wave allowance from Squamish to White Rock. Actual wave
heights will vary considerably depending on wind exposure and shoreline geometry. Future increases in
storminess due to climate change were not considered.

Increasing flood flows and rising ocean levels will contribute significantly to riverine and coastal erosion.
Damages caused by erosion were disregarded, as was the loss of land due to coastal squeeze.

Based on PCIC’s flow projections, NHC (2014) estimated that a flood of the same magnitude as the 1894-
flood, with a present return period of about 500 years, could on average occur every 50 years at the end
of the century under a severe climate change scenario. In a study for City of Surrey, NHC (2015c) showed
that the return period coastal event the City’s dikes will be able to withstand will gradually decrease with
sea level rise. As a result of climate change, both the frequency of extreme floods and the likelihood of
both riverine and coastal dikes breaching will increase. Losses were estimated for single flood events
rather than for a series of events likely to occur over a certain time span.

Following discussions with the Advisory Committee, the above assumptions were deemed reasonable
for a preliminary vulnerability assessment.

6.1.2 Vulnerability Identifications

The identification of vulnerable development/infrastructure focussed on key components within the
flood extents. Factors such as flood depth and flow velocity, which would influence vulnerability, were
not considered and only inundation extents were used. Cascading effects of a major flood would extend
well beyond the impairment of particular infrastructure elements but were beyond the scope of this
project. The vulnerability of diking was addressed by NHC (2015).

6.1.3 Hazus Building Related Loss Estimates

Building related losses (direct and indirect) were estimated using the Canadian Hazus Flood Module.
NRCan made a number of assumptions to populate Canadian Hazus with building stock and demographic
data using census and Dun and Bradstreet data. Any inaccuracies in the inventory data contribute to
inaccuracies in the loss estimations. Specific limitations, as identified in Appendix C, include:
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* The Hazus Flood Model assumes a short duration flood (one week or less - FEMA Flood
Model User Manual). While this may be appropriate for the coastal flood scenarios, it is less
suitable for the riverine scenarios. For the riverine scenarios, actual direct losses may be
higher than those estimated by Hazus. (Assumed recovery times range from 1 to 33
months.)

= The default Hazus database was used. With some minor exceptions, the database was not
updated with more detailed, accurate or current information. Doing this would require
considerably more effort and was outside the scope of this work.

= The population density and level of development in year 2100 (Scenarios B and D) was
assumed to be at current levels. Both population, land-use intensity and development are
likely to increase significantly.

=  For the analysis of aggregated building data, Hazus assumes that the asset inventory is
distributed evenly across each dissemination block.

= Canadian Hazus 2.1 uses US building replacement cost data, and as a result, does not
account for the high construction costs in most parts of the Lower Mainland. Approximate
adjustments were applied.

= The default Hazus depth-damage curves were used and may not accurately represent typical
structures in the Lower Mainland. No adjustment was made to Hazus default values for first
floor elevations. The default values may be higher than typical in the Lower Mainland, which
would result in an underestimation of losses.

= Hazus results were increased by 10% to account for an average long-term conversion from
US to Canadian currency and multiplied by 1.6 to account for general underestimation of re-
construction costs. (It is acknowledged that the present exchange rate is 27%).

= The Canadian version of the Hazus model does not yet have the capacity to address losses in
the agricultural sector, specifically associated with crops and livestock. While direct losses
from damage to agricultural buildings can be considered in Hazus, for this project they were
dealt with more accurately in a separate analysis using the agricultural land use inventory, as
described in Section 5.

= Linear infrastructure is not handled well by the Canadian version of Hazus, and direct losses
from damage to utility and transportation lines, such as railways, highways, pipelines, and
power lines were not quantified in Hazus because depth-damage curves are unavailable.

6.1.4 Limitations of Agricultural Loss Estimates

= To estimate crop losses, agriculture production was grouped into the following categories:
livestock (excluding dairy); forage; vines, berries and tree fruits; field vegetables; field
nursery, floriculture and trees; poly greenhouses; glass greenhouses; and dairy. Approximate
loss percentages were applied to each category.
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= |t was assumed that most livestock would be moved to higher ground prior to an impending
flood and that none of the flood scenarios would impact farm gate revenues for livestock
production; except for lactating cows, where disruption in milking and ensuing losses are
based on flood duration.

= Total agricultural loss estimates for all scenarios assume inundation periods exceeding two
weeks.

= Scenarios B and D, which incorporate climate change effects, suggested minimal future (year
2100) impacts on agricultural flood losses. This followed from the minor increases in
inundation areas: 4% for the coastal scenarios and 1% for the riverine scenarios. The results
are somewhat misleading since climate change impacts will likely increase the depth of
inundation. Even if this does not have a major impact on crops, the percentage damage to
buildings and machinery will increase. Also, the duration of flooding will likely increase
under the future scenarios but this was not accounted for.

6.1.5 Limitations of Transportation Disruption Loss Estimates

The loss estimate related to disruption of rail transport was assumed to equal $257 million/day, or half
of the total cargo normally handled by the port in a day.

Insufficient information was available to develop similar estimates for highway and air transport and
these losses were not included.

6.1.6 Limitations of Other Structures and Infrastructure Loss Estimates

Infrastructure and institutional building losses reflect order of magnitude estimates and were based on
assumed extents of damage and highly approximate valuation costs.

6.2 Future Work

The Fraser Valley is a hydraulically complex area, where flood levels in one location are not only a
function of river flows and ocean conditions but also of dike failures and the degree of inundation in
other floodplain areas. The current vulnerability assessment is intended to highlight the need for
developing flood management strategies for the Lower Mainland. Considering the simplifying
assumptions adopted, actual flood depths may be somewhat less severe but total losses could be higher
since not all losses may be accounted for in the present project. To move forward with Phase 2 and the
development of appropriate structural and non-structural flood protection measures, it is imperative
that the assessments be refined to inform site specific solutions.

It is recommended that more detailed evaluations be carried out to allow available resources to be
focussed where most needed. Given the urgency to advance this work, the following specific work items
are envisioned to assist with project planning and prioritization:
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1. By combining the spatial tool from the present vulnerability assessment and the dike evaluation
maps (Project 3), identify problem areas (areas with a high degree of vulnerability protected by
poor quality dikes) and highlight potential dike breach locations. Estimate the potential
progression of the Fraser River design flood, outlining likely sequencing of dike breaches and
resulting inundation scenarios. Identify development in areas that are currently unprotected by
dikes.

2. Identify where dike upgrades are most critical in order to minimize economic losses. Review
what other flood mitigation measures could be effective in reducing losses.

3. Develop 2D models for key floodplain areas and combine these with the existing 1D model. Run
the combined model in unsteady mode for the Fraser River design hydrograph. Introduce the
potential breach scenarios from Item 1. Model several breach combinations and identify realistic
scenarios for further review. This will allow simulation of more accurate flood levels across the
floodplain. Also, the potential reduction in river levels corresponding to water being stored on
the floodplain can then be estimated. (From the 1894 high water mark at Mission, the reduction
in flood levels due to the entire floodplain being inundated is approximately 1 m at Mission.)

4. Based on the model results, develop hazard mapping showing the depth/velocity relationship
across the floodplain. The information would be useful for developing a detailed flood
preparedness plan, highlighting high hazard areas and viable access/egress routes during
catastrophic flooding and would feed directly into the Phase 2 work. The mapping would be
particularly helpful for First Nation lands, traditionally located in low-lying areas.

5. Evaluate ocean flooding more accurately. Consider ocean exposure and beach topography and
include modelling of wave heights. Apply a joint probability approach to estimate coastal design
levels. Carry out breach modelling taking into account tidal variations. (Unlike the Fraser River
modelling that needs to be carried out for the entire project reach, the ocean modelling can
optionally be completed separately by individual municipalities.)

6. Based on the refined model results, reassess vulnerabilities. This would improve the accuracy of
direct and indirect loss estimates. Include flood depths in the assessment, not just the extents of
inundation. Expand the project to include a qualitative assessment of loss of life and
environmental, social and cultural losses. Consider modelling projected populations and
associated build out of homes, businesses and infrastructure for future conditions.

7. Individual municipalities and First Nations may wish to carry out detailed Hazus assessments,
with refined input data and depth-damage curves. Optionally, alternative risk assessment
software may be utilized.

8. Refine the loss estimates. On an individual municipality level, refine the flood duration and
recovery time estimates. Evaluate the time required to drain flooded lands, repair specific dike
breaches and the length of time required before saturated road/railroad embankments can
withstand full loading. Include more accurate loss estimates for linear (roads, bridges, culverts)
infrastructure and critical infrastructure (police, fire, ambulance stations, emergency centres).
Future work should also include a detailed assessment of vulnerable bridge piers and
transmission towers that would be at risk due to river erosion for Scenarios C and D.
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9. Refine the agricultural loss estimates for Fraser Valley Regional District (current project
underway by NHC team) as well as for Metro Vancouver.

10. Based on the more detailed technical results, start developing site specific flood mitigation
options. Raising and improving dikes to protect all flood-prone areas is unlikely to be feasible,
nor desirable, and instead a variety of solutions will need to be developed, evaluated and
implemented.

7 CONCLUSIONS AND RECOMMENDATIONS

7.1 Conclusions

1. Any one of the four flood scenarios investigated in this project would generate the most costly
flood catastrophe in Canadian history. The project results indicate that the Lower Mainland is
exposed to a high degree of flood risk and demonstrate that there is an urgent need for
improved flood protection and development of a comprehensive flood management strategy.

2. The results from this project provide an updated region-wide assessment of the potential effects
from flooding in the Lower Mainland. The project made a number of simplifications in terms of
defining the flood hazards and estimating the effects of flooding. Additional work will be
required to fully quantify the vulnerabilities and risks in the region. More in-depth analysis to
address the simplifying assumptions would likely result in more significant direct and indirect
losses as evidenced in similar work undertaken by and for the City of Vancouver.

3. It would be beneficial to identify various levels of vulnerability using a range of flood elevations
in the floodplain and coastal areas. For example, which communities / diking systems are
vulnerable at what flood elevation. This could be another lens with which to set regional /
timeline priorities.

4, More extreme flooding and flood losses are expected from climate change. The project did not
take into account future increases in population density or development. Therefore, the total
losses for the year 2100 scenarios (B and D) likely represent underestimates.

7.2 Recommendations

1. Considering the vulnerability to flooding, the provincial government, local governments and First
Nations in the Lower Mainland need to prepare for future flood emergencies. This will require
updating and refining existing plans or in some cases, developing new detailed emergency
preparedness plans. Procedures need to be implemented and practiced. Flood recovery plans, of
critical importance during the 2013 Calgary floods, should also be developed.
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2. Carry out the future work items identified in this report (Section 6.2). This work is largely of a
technical nature and may considerably reduce the cost of implementing flood mitigation
measures.

3. Extend the vulnerability assessment to include potential for loss of life, social, cultural and
environmental losses.

4. Develop new floodplain mapping for the region, incorporating potential effects of dike breaches
and overtopping, climate change and uncertainties in hydrological and hydraulic parameters.

5. Refine the loss estimates for individual municipalities and First Nations, as well as critical
infrastructure, and prioritize areas where protection is most critical.

6. Develop a comprehensive flood management strategy for the Lower Mainland that identifies
national, provincial, regional and local priorities as well as recommended management options
for the diversity of circumstances that exist throughout the Lower Mainland.
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Maps

(Only Sample Maps Provided. Complete Map Set included in Digital Deliverables)
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. Flood extents were developed for two coastal and two riverine

flood scenarios. The coastal scenarios, incorporating a 0.6 m
wave allowance, are:

» Scenario A — 1 in 500 AEP still-water ocean state with current
sea level (Flood level = 3.40 m GSC).

» Scenario B — 1 in 500 AEP still-water ocean state with 1 m sea
level rise (Flood level = 4.40 m GSC).

The riverine scenarios, excluding freeboard, are:

» Scenario C — The Fraser River design flood (equivalent to the
1894 flood of record, with an approximate return period of 500
years) and current sea levels.

* Scenario D — The 1 in 500 AEP Fraser River flood,
incorporating a moderate climate change flow increase for year
2100 and a 1 m sea level rise.

Note: AEP refers to the Annual Exceedance Probability. A 1 in
500 AEP, or 500-year flood, has a 0.2% chance of occurring in a
given year.

. This map delineates the two coastal flood extents, Scenarios A

and B.

. Topographic data obtained from a variety of sources was used to

create a Digital Elevation Model (DEM) for the study area. The
DEM horizontal resolution was five metres, except for the
upstream portion of the Fraser River (from Mission-Abbotsford to
Hope), where the resolution was ten metres. The maps depict
flood levels based on ground conditions represented in this DEM.

. The flood levels are based on a generalized water surface.
. The accuracy of the floodplain boundary is limited by the

resolution of the DEM and the flood level assumptions adopted
for this study. The maps are for the overview level assessment of
flood vulnerabilities described by NHC et al (2015). They do NOT
represent floodplain mapping and should not be used as such.

Data Sources:
. Freshwater Atlas hydrography, Digital Roads Atlas roads,

municipal boundaries and First Nations boundaries, schools, fire
halls, police stations, and hospitals obtained from Data BC.

Rail obtained from Natural Resources Canada. Light rail
obtained from Translink.

Emergency operations centres obtained from EMBC.

Index basemap from National Geographic and Esri.

References:
1.

NHC (2016). Lower Mainland Flood Management Strategy;
Project 2: Regional Assessment of Flood Vulnerability (Final
Report). Report prepared for the Fraser Basin Council.

Disclaimer:

This document has been prepared by Northwest Hydraulic
Consultants Ltd. in accordance with generally accepted
engineering and geoscience practices and is intended for the
exclusive use and benefit of the Fraser Basin Council and their
authorized representatives for specific application to the Lower
Mainland Flood Management Strategy Project. The contents of
this document are not to be relied upon or used, in whole or in
part, by or for the benefit of others without specific written
authorization from Northwest Hydraulic Consultants Ltd. No other
warranty, expressed or implied, is made.

Northwest Hydraulic Consultants Ltd. and its officers, directors,
employees, and agents assume no responsibility for the reliance
upon this document or any of its contents by any parties other
than the Fraser Basin Council.
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Notes:
1. Flood extents were developed for two coastal and two riverine
flood scenarios. The coastal scenarios, incorporating a 0.6 m
wave allowance, are:
» Scenario A — 1 in 500 AEP still-water ocean state with current
sea level (Flood level = 3.40 m GSC).
» Scenario B — 1 in 500 AEP still-water ocean state with 1 m sea
level rise (Flood level = 4.40 m GSC).
The riverine scenarios, excluding freeboard, are:
» Scenario C — The Fraser River design flood (equivalent to the
1894 flood of record, with an approximate return period of 500
years) and current sea levels.
Buntzen + Scenario D — The 1 in 500 AEP Fraser River flood,
Lake . . . .

incorporating a moderate climate change flow increase for year
2100 and a 1 m sea level rise.
Note: AEP refers to the Annual Exceedance Probability. A 1 in
500 AEP, or 500-year flood, has a 0.2% chance of occurring in a
given year.
2. This map delineates the two coastal flood extents, Scenarios A
and B.
3. Topographic data obtained from a variety of sources was used to
create a Digital Elevation Model (DEM) for the study area. The
DEM horizontal resolution was five metres, except for the
upstream portion of the Fraser River (from Mission-Abbotsford to
Hope), where the resolution was ten metres. The maps depict
flood levels based on ground conditions represented in this DEM.
An m Ore 4. The flood levels are based on a generalized water surface.
5. The accuracy of the floodplain boundary is limited by the
resolution of the DEM and the flood level assumptions adopted
for this study. The maps are for the overview level assessment of
flood vulnerabilities described by NHC et al (2015). They do NOT
represent floodplain mapping and should not be used as such.
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Data Sources:

1. Freshwater Atlas hydrography, Digital Roads Atlas roads,
municipal boundaries and First Nations boundaries, schools, fire
halls, police stations, and hospitals obtained from Data BC.

2. Rail obtained from Natural Resources Canada. Light rail

D ® obtained from Translink.

3. Emergency operations centres obtained from EMBC.

4. Index basemap from National Geographic and Esri.
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References:

1. NHC (2016). Lower Mainland Flood Management Strategy;
Project 2: Regional Assessment of Flood Vulnerability (Final

® q Report). Report prepared for the Fraser Basin Council.
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Notes:

1. Flood extents were developed for two coastal and two riverine
flood scenarios. The coastal scenarios, incorporating a 0.6 m
wave allowance, are:

» Scenario A — 1 in 500 AEP still-water ocean state with current
sea level (Flood level = 3.40 m GSC).

» Scenario B — 1 in 500 AEP still-water ocean state with 1 m sea
level rise (Flood level = 4.40 m GSC).

The riverine scenarios, excluding freeboard, are:

» Scenario C — The Fraser River design flood (equivalent to the
1894 flood of record, with an approximate return period of 500
years) and current sea levels.

¢« Scenario D — The 1 in 500 AEP Fraser River flood,
incorporating a moderate climate change flow increase for year
2100 and a 1 m sea level rise.

Note: AEP refers to the Annual Exceedance Probability. A 1 in
500 AEP, or 500-year flood, has a 0.2% chance of occurring in a
given year.

. This map delineates the two coastal flood extents, Scenarios A
and B.

. Topographic data obtained from a variety of sources was used to
create a Digital Elevation Model (DEM) for the study area. The
DEM horizontal resolution was five metres, except for the
upstream portion of the Fraser River (from Mission-Abbotsford to
Hope), where the resolution was ten metres. The maps depict
flood levels based on ground conditions represented in this DEM.

. The flood levels are based on a generalized water surface.

. The accuracy of the floodplain boundary is limited by the
resolution of the DEM and the flood level assumptions adopted
for this study. The maps are for the overview level assessment of
flood vulnerabilities described by NHC et al (2015). They do NOT
represent floodplain mapping and should not be used as such.

Data Sources:

. Freshwater Atlas hydrography, Digital Roads Atlas roads,
municipal boundaries and First Nations boundaries, schools, fire
halls, police stations, and hospitals obtained from Data BC.

. Rail obtained from Natural Resources Canada. Light rail
obtained from Translink.

. Emergency operations centres obtained from EMBC.

. Index basemap from National Geographic and Esri.

References:

1. NHC (2016). Lower Mainland Flood Management Strategy;
Project 2: Regional Assessment of Flood Vulnerability (Final
Report). Report prepared for the Fraser Basin Council.

Disclaimer:

This document has been prepared by Northwest Hydraulic
Consultants Ltd. in accordance with generally accepted
engineering and geoscience practices and is intended for the
exclusive use and benefit of the Fraser Basin Council and their
authorized representatives for specific application to the Lower
Mainland Flood Management Strategy Project. The contents of
this document are not to be relied upon or used, in whole or in
part, by or for the benefit of others without specific written
authorization from Northwest Hydraulic Consultants Ltd. No other
warranty, expressed or implied, is made.

Northwest Hydraulic Consultants Ltd. and its officers, directors,
employees, and agents assume no responsibility for the reliance
upon this document or any of its contents by any parties other
than the Fraser Basin Council.
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Notes:
. Flood extents were developed for two coastal and two riverine

flood scenarios. The coastal scenarios, incorporating a 0.6 m
wave allowance, are:

» Scenario A — 1 in 500 AEP still-water ocean state with current
sea level (Flood level = 3.40 m GSC).

» Scenario B — 1 in 500 AEP still-water ocean state with 1 m sea
level rise (Flood level = 4.40 m GSC).

The riverine scenarios, excluding freeboard, are:

» Scenario C — The Fraser River design flood (equivalent to the
1894 flood of record, with an approximate return period of 500
years) and current sea levels.

* Scenario D — The 1 in 500 AEP Fraser River flood,
incorporating a moderate climate change flow increase for year
2100 and a 1 m sea level rise.

Note: AEP refers to the Annual Exceedance Probability. A 1 in
500 AEP, or 500-year flood, has a 0.2% chance of occurring in a
given year.

. This map delineates the two coastal flood extents, Scenarios A

and B.

. Topographic data obtained from a variety of sources was used to

create a Digital Elevation Model (DEM) for the study area. The
DEM horizontal resolution was five metres, except for the
upstream portion of the Fraser River (from Mission-Abbotsford to
Hope), where the resolution was ten metres. The maps depict
flood levels based on ground conditions represented in this DEM.

. The flood levels are based on a generalized water surface.
. The accuracy of the floodplain boundary is limited by the

resolution of the DEM and the flood level assumptions adopted
for this study. The maps are for the overview level assessment of
flood vulnerabilities described by NHC et al (2015). They do NOT
represent floodplain mapping and should not be used as such.

Data Sources:
. Freshwater Atlas hydrography, Digital Roads Atlas roads,

municipal boundaries and First Nations boundaries, schools, fire
halls, police stations, and hospitals obtained from Data BC.

Rail obtained from Natural Resources Canada. Light rail
obtained from Translink.

Emergency operations centres obtained from EMBC.

Index basemap from National Geographic and Esri.

References:
1.

NHC (2016). Lower Mainland Flood Management Strategy;
Project 2: Regional Assessment of Flood Vulnerability (Final
Report). Report prepared for the Fraser Basin Council.

Disclaimer:

This document has been prepared by Northwest Hydraulic
Consultants Ltd. in accordance with generally accepted
engineering and geoscience practices and is intended for the
exclusive use and benefit of the Fraser Basin Council and their
authorized representatives for specific application to the Lower
Mainland Flood Management Strategy Project. The contents of
this document are not to be relied upon or used, in whole or in
part, by or for the benefit of others without specific written
authorization from Northwest Hydraulic Consultants Ltd. No other
warranty, expressed or implied, is made.

Northwest Hydraulic Consultants Ltd. and its officers, directors,
employees, and agents assume no responsibility for the reliance
upon this document or any of its contents by any parties other
than the Fraser Basin Council.
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Notes:

1. Flood extents were developed for two coastal and two riverine
flood scenarios. The coastal scenarios, incorporating a 0.6 m
wave allowance, are:

» Scenario A — 1 in 500 AEP still-water ocean state with current
sea level (Flood level = 3.40 m GSC).

» Scenario B — 1 in 500 AEP still-water ocean state with 1 m sea
level rise (Flood level = 4.40 m GSC).

The riverine scenarios, excluding freeboard, are:

» Scenario C — The Fraser River design flood (equivalent to the
1894 flood of record, with an approximate return period of 500
years) and current sea levels.

e Scenario D — The 1 in 500 AEP Fraser River flood,
incorporating a moderate climate change flow increase for year
2100 and a 1 m sea level rise.

Note: AEP refers to the Annual Exceedance Probability. A 1 in
500 AEP, or 500-year flood, has a 0.2% chance of occurring in a
given year.

2. This map delineates the two coastal flood extents, Scenarios A
and B.

3. Topographic data obtained from a variety of sources was used to
create a Digital Elevation Model (DEM) for the study area. The
DEM horizontal resolution was five metres, except for the
upstream portion of the Fraser River (from Mission-Abbotsford to
Hope), where the resolution was ten metres. The maps depict
flood levels based on ground conditions represented in this DEM.

4. The flood levels are based on a generalized water surface.

5. The accuracy of the floodplain boundary is limited by the
resolution of the DEM and the flood level assumptions adopted
for this study. The maps are for the overview level assessment of
flood vulnerabilities described by NHC et al (2015). They do NOT
represent floodplain mapping and should not be used as such.

Data Sources:

1. Freshwater Atlas hydrography, Digital Roads Atlas roads,
municipal boundaries and First Nations boundaries, schools, fire
halls, police stations, and hospitals obtained from Data BC.

2. Rail obtained from Natural Resources Canada. Light rail
obtained from Translink.

3. Emergency operations centres obtained from EMBC.

4. Index basemap from National Geographic and Esri.

9 References:

1. NHC (2016). Lower Mainland Flood Management Strategy;
Project 2: Regional Assessment of Flood Vulnerability (Final
Report). Report prepared for the Fraser Basin Council.

Disclaimer:

This document has been prepared by Northwest Hydraulic
Consultants Ltd. in accordance with generally accepted
engineering and geoscience practices and is intended for the
exclusive use and benefit of the Fraser Basin Council and their
authorized representatives for specific application to the Lower
Mainland Flood Management Strategy Project. The contents of
this document are not to be relied upon or used, in whole or in
part, by or for the benefit of others without specific written
authorization from Northwest Hydraulic Consultants Ltd. No other
warranty, expressed or implied, is made.

Northwest Hydraulic Consultants Ltd. and its officers, directors,
employees, and agents assume no responsibility for the reliance
upon this document or any of its contents by any parties other
than the Fraser Basin Council.
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Notes:
1. Flood extents were developed for two coastal and two riverine
flood scenarios. The coastal scenarios, incorporating a 0.6 m
wave allowance, are:
» Scenario A — 1 in 500 AEP still-water ocean state with current
sea level (Flood level = 3.40 m GSC).
» Scenario B — 1 in 500 AEP still-water ocean state with 1 m sea
level rise (Flood level = 4.40 m GSC).
The riverine scenarios, excluding freeboard, are:
» Scenario C — The Fraser River design flood (equivalent to the
1894 flood of record, with an approximate return period of 500
years) and current sea levels.
Buntzen + Scenario D — The 1 in 500 AEP Fraser River flood,
Lake . . . .

incorporating a moderate climate change flow increase for year
2100 and a 1 m sea level rise.
Note: AEP refers to the Annual Exceedance Probability. A 1 in
500 AEP, or 500-year flood, has a 0.2% chance of occurring in a
given year.
2. This map delineates the two riverine flood extents, Scenarios C
and D.
3. Topographic data obtained from a variety of sources was used to
create a Digital Elevation Model (DEM) for the study area. The
DEM horizontal resolution was five metres, except for the
upstream portion of the Fraser River (from Mission-Abbotsford to
Hope), where the resolution was ten metres. The maps depict
flood levels based on ground conditions represented in this DEM.
An m Ore 4. The flood levels are based on a generalized water surface.
5. The accuracy of the floodplain boundary is limited by the
resolution of the DEM and the flood level assumptions adopted
for this study. The maps are for the overview level assessment of
flood vulnerabilities described by NHC et al (2015). They do NOT
represent floodplain mapping and should not be used as such.
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Data Sources:

1. Freshwater Atlas hydrography, Digital Roads Atlas roads,
municipal boundaries and First Nations boundaries, schools, fire
halls, police stations, and hospitals obtained from Data BC.

2. Rail obtained from Natural Resources Canada. Light rail

D ® obtained from Translink.

3. Emergency operations centres obtained from EMBC.

4. Index basemap from National Geographic and Esri.
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Notes:

1. Flood extents were developed for two coastal and two riverine
flood scenarios. The coastal scenarios, incorporating a 0.6 m
wave allowance, are:

« Scenario A — 1 in 500 AEP still-water ocean state with current
sea level (Flood level = 3.40 m GSC).
« Scenario B — 1 in 500 AEP still-water ocean state with 1 m sea

. - 4 / —
[ : . 4
® | GEORGE level .rise.(FIood Ievgl =4.40 m GSC).
Steveston \ MASSEY The riverine scenarios, exclud.mg freepoard, are:
. ‘ » Scenario C — The Fraser River design flood (equivalent to the
m" ~

1894 flood of record, with an approximate return period of 500
N = \ years) and current sea levels.
- \ e Scenario D — The 1 in 500 AEP Fraser River flood,
. incorporating a moderate climate change flow increase for year

2100 and a 1 m sea level rise.
Note: AEP refers to the Annual Exceedance Probability. A 1 in
500 AEP, or 500-year flood, has a 0.2% chance of occurring in a

given year.

. This map delineates the two riverine flood extents, Scenarios C
and D.

. Topographic data obtained from a variety of sources was used to
create a Digital Elevation Model (DEM) for the study area. The
DEM horizontal resolution was five metres, except for the
upstream portion of the Fraser River (from Mission-Abbotsford to
Hope), where the resolution was ten metres. The maps depict
flood levels based on ground conditions represented in this DEM.

. The flood levels are based on a generalized water surface.

. The accuracy of the floodplain boundary is limited by the
resolution of the DEM and the flood level assumptions adopted
for this study. The maps are for the overview level assessment of
flood vulnerabilities described by NHC et al (2015). They do NOT

King George represent floodplain mapping and should not be used as such.

Data Sources:

. Freshwater Atlas hydrography, Digital Roads Atlas roads,
municipal boundaries and First Nations boundaries, schools, fire
halls, police stations, and hospitals obtained from Data BC.

. Rail obtained from Natural Resources Canada. Light rail
obtained from Translink.

. Emergency operations centres obtained from EMBC.

. Index basemap from National Geographic and Esri.

References:

1. NHC (2016). Lower Mainland Flood Management Strategy;
Project 2: Regional Assessment of Flood Vulnerability (Final
Report). Report prepared for the Fraser Basin Council.

Disclaimer:

This document has been prepared by Northwest Hydraulic
Consultants Ltd. in accordance with generally accepted
engineering and geoscience practices and is intended for the
exclusive use and benefit of the Fraser Basin Council and their
authorized representatives for specific application to the Lower
Mainland Flood Management Strategy Project. The contents of
this document are not to be relied upon or used, in whole or in
part, by or for the benefit of others without specific written
authorization from Northwest Hydraulic Consultants Ltd. No other
warranty, expressed or implied, is made.

Northwest Hydraulic Consultants Ltd. and its officers, directors,
employees, and agents assume no responsibility for the reliance
upon this document or any of its contents by any parties other
than the Fraser Basin Council.
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Notes:
. Flood extents were developed for two coastal and two riverine

flood scenarios. The coastal scenarios, incorporating a 0.6 m
wave allowance, are:

» Scenario A — 1 in 500 AEP still-water ocean state with current
sea level (Flood level = 3.40 m GSC).

» Scenario B — 1 in 500 AEP still-water ocean state with 1 m sea
level rise (Flood level = 4.40 m GSC).

The riverine scenarios, excluding freeboard, are:

» Scenario C — The Fraser River design flood (equivalent to the
1894 flood of record, with an approximate return period of 500
years) and current sea levels.

* Scenario D — The 1 in 500 AEP Fraser River flood,
incorporating a moderate climate change flow increase for year
2100 and a 1 m sea level rise.

Note: AEP refers to the Annual Exceedance Probability. A 1 in
500 AEP, or 500-year flood, has a 0.2% chance of occurring in a
given year.

. This map delineates the two riverine flood extents, Scenarios C

and D.

. Topographic data obtained from a variety of sources was used to

create a Digital Elevation Model (DEM) for the study area. The
DEM horizontal resolution was five metres, except for the
upstream portion of the Fraser River (from Mission-Abbotsford to
Hope), where the resolution was ten metres. The maps depict
flood levels based on ground conditions represented in this DEM.

. The flood levels are based on a generalized water surface.
. The accuracy of the floodplain boundary is limited by the

resolution of the DEM and the flood level assumptions adopted
for this study. The maps are for the overview level assessment of
flood vulnerabilities described by NHC et al (2015). They do NOT
represent floodplain mapping and should not be used as such.

Data Sources:
. Freshwater Atlas hydrography, Digital Roads Atlas roads,

municipal boundaries and First Nations boundaries, schools, fire
halls, police stations, and hospitals obtained from Data BC.

Rail obtained from Natural Resources Canada. Light rail
obtained from Translink.

Emergency operations centres obtained from EMBC.

Index basemap from National Geographic and Esri.

References:
1.

NHC (2016). Lower Mainland Flood Management Strategy;
Project 2: Regional Assessment of Flood Vulnerability (Final
Report). Report prepared for the Fraser Basin Council.

Disclaimer:

This document has been prepared by Northwest Hydraulic
Consultants Ltd. in accordance with generally accepted
engineering and geoscience practices and is intended for the
exclusive use and benefit of the Fraser Basin Council and their
authorized representatives for specific application to the Lower
Mainland Flood Management Strategy Project. The contents of
this document are not to be relied upon or used, in whole or in
part, by or for the benefit of others without specific written
authorization from Northwest Hydraulic Consultants Ltd. No other
warranty, expressed or implied, is made.

Northwest Hydraulic Consultants Ltd. and its officers, directors,
employees, and agents assume no responsibility for the reliance
upon this document or any of its contents by any parties other
than the Fraser Basin Council.
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9 Notes:

1. Flood extents were developed for two coastal and two riverine
flood scenarios. The coastal scenarios, incorporating a 0.6 m
wave allowance, are:

» Scenario A — 1 in 500 AEP still-water ocean state with current
sea level (Flood level = 3.40 m GSC).

» Scenario B — 1 in 500 AEP still-water ocean state with 1 m sea
level rise (Flood level = 4.40 m GSC).

The riverine scenarios, excluding freeboard, are:

» Scenario C — The Fraser River design flood (equivalent to the
1894 flood of record, with an approximate return period of 500
years) and current sea levels.

e Scenario D — The 1 in 500 AEP Fraser River flood,
incorporating a moderate climate change flow increase for year
2100 and a 1 m sea level rise.

Note: AEP refers to the Annual Exceedance Probability. A 1 in
500 AEP, or 500-year flood, has a 0.2% chance of occurring in a
given year.

2. This map delineates the two riverine flood extents, Scenarios C
and D.

3. Topographic data obtained from a variety of sources was used to
create a Digital Elevation Model (DEM) for the study area. The
DEM horizontal resolution was five metres, except for the
upstream portion of the Fraser River (from Mission-Abbotsford to
Hope), where the resolution was ten metres. The maps depict
flood levels based on ground conditions represented in this DEM.

4. The flood levels are based on a generalized water surface.

5. The accuracy of the floodplain boundary is limited by the
resolution of the DEM and the flood level assumptions adopted
for this study. The maps are for the overview level assessment of
flood vulnerabilities described by NHC et al (2015). They do NOT
represent floodplain mapping and should not be used as such.

Data Sources:

1. Freshwater Atlas hydrography, Digital Roads Atlas roads,
municipal boundaries and First Nations boundaries, schools, fire
halls, police stations, and hospitals obtained from Data BC.

2. Rail obtained from Natural Resources Canada. Light rail
obtained from Translink.

3. Emergency operations centres obtained from EMBC.

4. Index basemap from National Geographic and Esri.

References:

1. NHC (2016). Lower Mainland Flood Management Strategy;
Project 2: Regional Assessment of Flood Vulnerability (Final
Report). Report prepared for the Fraser Basin Council.

Disclaimer:

This document has been prepared by Northwest Hydraulic
Consultants Ltd. in accordance with generally accepted
engineering and geoscience practices and is intended for the
exclusive use and benefit of the Fraser Basin Council and their
authorized representatives for specific application to the Lower
Mainland Flood Management Strategy Project. The contents of
this document are not to be relied upon or used, in whole or in
part, by or for the benefit of others without specific written
authorization from Northwest Hydraulic Consultants Ltd. No other
warranty, expressed or implied, is made.

Northwest Hydraulic Consultants Ltd. and its officers, directors,
employees, and agents assume no responsibility for the reliance
upon this document or any of its contents by any parties other
than the Fraser Basin Council.

SCALE - 1:50,000 N

0 1 2 3 A
I

Coordinate System: NAD 1983 UTM ZONE 10N
Units: METRES

Reviewer

MCM

Geomorphologist | GIS
CXM MSN

Job Number Date

3000149 15-APR-2016

USA

LOWER MAINLAND REGIONAL
FLOOD VULNERABILITY ASSESSMENT

FLOOD SCENARIOS C & D
ESSENTIAL FACILITIES
IN THE STUDY REGION

MAPSHEET 5 of 8




Electoral Area F

Squawkum
Creek I'R. #3

Harrison Bay

CP RAIL
BRIDGE

ElectoralArea C

Chehalis

e
Harriso? R
I.R. #5

_
Chehalig
I.R-#6

Kent

HWY 7
BRIDGE

Scowlitz
\ L.R. #1
Williams
I'R. #2

Harrison Lake

LOUGHEED HWY

Harrison
Hot

Springs

i Fraser Basin Council

nhc

northwest hydraulic consultants

30 Gostick Place

North Vancouver, B.C. V7M 3G3
Canada

Office: 604.980.6011

Fax: 604.980.9264
www.nhcweb.com

Flood Extent, Indian Reserves
Scenario C and First Nations

Flood Extent, Treaty Lands

Scenario D
A Fire Hall @ Airport
/\ Police Station (&) Port Facilities
Emergency [ ] BC Hydro Substation
A Operations Centre
© School
Hospital
A ospita P Post-secondary
Institution
Notes:

1. Flood extents were developed for two coastal and two riverine
flood scenarios. The coastal scenarios, incorporating a 0.6 m
wave allowance, are:

» Scenario A — 1 in 500 AEP still-water ocean state with current
sea level (Flood level = 3.40 m GSC).

» Scenario B — 1 in 500 AEP still-water ocean state with 1 m sea
level rise (Flood level = 4.40 m GSC).

The riverine scenarios, excluding freeboard, are:

» Scenario C — The Fraser River design flood (equivalent to the
1894 flood of record, with an approximate return period of 500
years) and current sea levels.

* Scenario D — The 1 in 500 AEP Fraser River flood,
incorporating a moderate climate change flow increase for year
2100 and a 1 m sea level rise.

Note: AEP refers to the Annual Exceedance Probability. A 1 in
500 AEP, or 500-year flood, has a 0.2% chance of occurring in a
given year.

2. This map delineates the two riverine flood extents, Scenarios C
and D.

3. Topographic data obtained from a variety of sources was used to
create a Digital Elevation Model (DEM) for the study area. The
DEM horizontal resolution was five metres, except for the
upstream portion of the Fraser River (from Mission-Abbotsford to
Hope), where the resolution was ten metres. The maps depict
flood levels based on ground conditions represented in this DEM.

4. The flood levels are based on a generalized water surface.

5. The accuracy of the floodplain boundary is limited by the
resolution of the DEM and the flood level assumptions adopted
for this study. The maps are for the overview level assessment of
flood vulnerabilities described by NHC et al (2015). They do NOT
represent floodplain mapping and should not be used as such.

Data Sources:

1. Freshwater Atlas hydrography, Digital Roads Atlas roads,
municipal boundaries and First Nations boundaries, schools, fire
halls, police stations, and hospitals obtained from Data BC.

2. Rail obtained from Natural Resources Canada. Light rail
obtained from Translink.

3. Emergency operations centres obtained from EMBC.

4. Index basemap from National Geographic and Esri.

References:

1. NHC (2016). Lower Mainland Flood Management Strategy;
Project 2: Regional Assessment of Flood Vulnerability (Final
Report). Report prepared for the Fraser Basin Council.

Disclaimer:

This document has been prepared by Northwest Hydraulic
Consultants Ltd. in accordance with generally accepted
engineering and geoscience practices and is intended for the
exclusive use and benefit of the Fraser Basin Council and their
authorized representatives for specific application to the Lower
Mainland Flood Management Strategy Project. The contents of
this document are not to be relied upon or used, in whole or in
part, by or for the benefit of others without specific written
authorization from Northwest Hydraulic Consultants Ltd. No other
warranty, expressed or implied, is made.

Northwest Hydraulic Consultants Ltd. and its officers, directors,
employees, and agents assume no responsibility for the reliance
upon this document or any of its contents by any parties other
than the Fraser Basin Council.
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Notes:

1. Flood extents were developed for two coastal and two riverine
flood scenarios. The coastal scenarios, incorporating a 0.6 m
wave allowance, are:

« Scenario A — 1 in 500 AEP still-water ocean state with current
sea level (Flood level = 3.40 m GSC).

» Scenario B — 1 in 500 AEP still-water ocean state with 1 m sea
level rise (Flood level = 4.40 m GSC).

The riverine scenarios, excluding freeboard, are:

» Scenario C — The Fraser River design flood (equivalent to the
1894 flood of record, with an approximate return period of 500
years) and current sea levels.

¢« Scenario D — The 1 in 500 AEP Fraser River flood,
incorporating a moderate climate change flow increase for year
2100 and a 1 m sea level rise.

Note: AEP refers to the Annual Exceedance Probability. A 1 in
500 AEP, or 500-year flood, has a 0.2% chance of occurring in a
given year.

2. This map delineates the two riverine flood extents, Scenarios C
and D.

3. Topographic data obtained from a variety of sources was used to
create a Digital Elevation Model (DEM) for the study area. The
DEM horizontal resolution was five metres, except for the
upstream portion of the Fraser River (from Mission-Abbotsford to
Hope), where the resolution was ten metres. The maps depict
flood levels based on ground conditions represented in this DEM.

4. The flood levels are based on a generalized water surface.

5. The accuracy of the floodplain boundary is limited by the
resolution of the DEM and the flood level assumptions adopted
for this study. The maps are for the overview level assessment of
flood vulnerabilities described by NHC et al (2015). They do NOT
represent floodplain mapping and should not be used as such.

Data Sources:

1. Freshwater Atlas hydrography, Digital Roads Atlas roads,
municipal boundaries and First Nations boundaries, schools, fire
halls, police stations, and hospitals obtained from Data BC.

2. Rail obtained from Natural Resources Canada. Light rail
obtained from Translink.

3. Emergency operations centres obtained from EMBC.

4. Index basemap from National Geographic and Esri.

References:

1. NHC (2016). Lower Mainland Flood Management Strategy;
Project 2: Regional Assessment of Flood Vulnerability (Final
Report). Report prepared for the Fraser Basin Council.

Disclaimer:

This document has been prepared by Northwest Hydraulic
Consultants Ltd. in accordance with generally accepted
engineering and geoscience practices and is intended for the
exclusive use and benefit of the Fraser Basin Council and their
authorized representatives for specific application to the Lower
Mainland Flood Management Strategy Project. The contents of
this document are not to be relied upon or used, in whole or in
part, by or for the benefit of others without specific written
authorization from Northwest Hydraulic Consultants Ltd. No other
warranty, expressed or implied, is made.

Northwest Hydraulic Consultants Ltd. and its officers, directors,
employees, and agents assume no responsibility for the reliance
upon this document or any of its contents by any parties other

than the Fraser Basin Council.
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Notes:

1. Flood extents were developed for two coastal and two riverine

2. This map delineates the two riverine flood extents, Scenarios C

3. Topographic data obtained from a variety of sources was used to

4. The flood levels are based on a generalized water surface.
5. The accuracy of the floodplain boundary is limited by the

Data Sources:

2.

3.
4.

References:

Disclaimer:

flood scenarios. The coastal scenarios, incorporating a 0.6 m
wave allowance, are:
» Scenario A — 1 in 500 AEP still-water ocean state with current
sea level (Flood level = 3.40 m GSC).
» Scenario B — 1 in 500 AEP still-water ocean state with 1 m sea
level rise (Flood level = 4.40 m GSC).

The riverine scenarios, excluding freeboard, are:
» Scenario C — The Fraser River design flood (equivalent to the
1894 flood of record, with an approximate return period of 500
years) and current sea levels.
e Scenario D — The 1 in 500 AEP Fraser River flood,
incorporating a moderate climate change flow increase for year
2100 and a 1 m sea level rise.

Note: AEP refers to the Annual Exceedance Probability. A 1 in
500 AEP, or 500-year flood, has a 0.2% chance of occurring in a
given year.

and D.

create a Digital Elevation Model (DEM) for the study area. The
DEM horizontal resolution was five metres, except for the
upstream portion of the Fraser River (from Mission-Abbotsford to
Hope), where the resolution was ten metres. The maps depict
flood levels based on ground conditions represented in this DEM.

resolution of the DEM and the flood level assumptions adopted
for this study. The maps are for the overview level assessment of
flood vulnerabilities described by NHC et al (2015). They do NOT
represent floodplain mapping and should not be used as such.

. Freshwater Atlas hydrography, Digital Roads Atlas roads,
municipal boundaries and First Nations boundaries, schools, fire
halls, police stations, and hospitals obtained from Data BC.
Rail obtained from Natural Resources Canada. Light rail
obtained from Translink.

Emergency operations centres obtained from EMBC.
Index basemap from National Geographic and Esri.

. NHC (2016). Lower Mainland Flood Management Strategy;
Project 2: Regional Assessment of Flood Vulnerability (Final
Report). Report prepared for the Fraser Basin Council.

This document has been prepared by Northwest Hydraulic
Consultants Ltd. in accordance with generally accepted
engineering and geoscience practices and is intended for the
exclusive use and benefit of the Fraser Basin Council and their
authorized representatives for specific application to the Lower
Mainland Flood Management Strategy Project. The contents of
this document are not to be relied upon or used, in whole or in
part, by or for the benefit of others without specific written
authorization from Northwest Hydraulic Consultants Ltd. No other
warranty, expressed or implied, is made.

Northwest Hydraulic Consultants Ltd. and its officers, directors,
employees, and agents assume no responsibility for the reliance
upon this document or any of its contents by any parties other
than the Fraser Basin Council.
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Depth (m)
Most houses are dry; walking in moving water
or driving is potentially dangerous; basements
and underground parking may be flooded,
potentially causing evacuation.

Water on ground floor; basements and
underground parking flooded, potentially
causing evacuation; electricity failed; vehicles
are commonly carried off roadways.

Ground floor flooded; residents evacuate.

First floor and often roof covered by water;

2.0t05.0 residents evacuate.

First floor and often roof covered by water;

> 5.0; River residents evacuate.

Notes:

1. Flood depths were developed for two coastal and two riverine
flood scenarios. The coastal scenarios, incorporating a 0.6 m
wave allowance, are:

« Scenario A — 1 in 500 AEP still-water ocean state with current
sea level (Flood level = 3.40 m GSC).

« Scenario B — 1 in 500 AEP still-water ocean state with 1 m sea
level rise (Flood level = 4.40 m GSC).

The riverine scenarios, excluding freeboard, are:

» Scenario C — The Fraser River design flood (equivalent to the
1894 flood of record, with an approximate return period of 500
years) and current sea levels.

« Scenario D — The 1 in 500 AEP Fraser River flood,
incorporating a moderate climate change flow increase for year
2100 and a 1 m sea level rise.

Note: AEP refers to the Annual Exceedance Probability. A 1 in
500 AEP, or 500-year flood, has a 0.2% chance of occurring in a
given year.

. This map delineates flood depths for Scenario A.

. Topographic data obtained from a variety of sources was used to
create a Digital Elevation Model (DEM) for the study area. The
DEM horizontal resolution was five metres, except for the
upstream portion of the Fraser River (from Mission-Abbotsford to
Hope), where the resoluti