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Date: November 25, 2019 Page 2
From: Michelle MCGUIre Manager of Current Planning and Urban Design

and Jenn Moller, Manager of Land Development

Subject: Development Variance Permit for 4358 Ross Crescent

3.0 Official Community Plan

The OCP supports the development of updated shoreline protection strategles
and flood construction level requirements to protect lands from sea level rise,
reduce shoreline erosion, preserve and enhance habitat. The development
proposal is consistent with the OCP.

4.0 Financial Implications

The applicant pays development application fees as per the Fees and Charges
Bylaw, 4989, 2018. Any additional direct or administrative costs are considered
cost recoverable and borne by the applicant. :

5.0 Background
5.1 Previous Decisions
Council, at its July 22, 2019, regular meeting, passed the following resolutions:

THAT proposed “Zoning Bylaw No. 4662, 2010, Amendment Bylaw No.
- 5028, 2019” be adopted.

THAT

1. Staff seek a second opinion regarding the minimum FCL (flood
construction level) for 4358 Ross Crescent;

2. Staff undertake to review the scope of the work and methodology with
residents, including:

a. mitigation measures; and

b. consideration of the impacts of englneered fill on overland
flooding; and

3. The work be completed in a timely fashion but no later than four months
from this date.

5.2 History

A rezoning and development variance permit application was originally submitted
ori March 15, 2018 to redevelop 4358 Ross Crescent with a new single family
house. As the site at 4358 Ross Crescent is in a coastal area that may be subject
to flooding, staff requested a report from a suitably qualified professional to
consider flood construction levels and specify how the land and any buildings or

~ other structures within the land would be constructed safely for the proposed

residential use. Consideration of the qualified professional report is based on the
Province’s Flood Hazard Area Land Use Management Guidelines (the “Provincial
Guidelines”), in particular sections 3.5 and 3.6, which deal with climate change
and sea level rise expected by the year 2100. In addition, the report is to be
prepared in accordance with the most recent edition of the Professional Practice
Guidelines — Legislated Flood Assessments in a Changing Climate in BC
(published by the Association of Professional Engineers and Geoscientists

of BC).
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Date: November 25, 2019 Page 3
From: Michelle McGuire, Manager of Current Planning and Urban Design

and Jenn Moller, Manager of Land Development

Subject: Development Variance Permit for 4358 Ross Crescent

On April 4, 2019 an updated development variance permit application was
submitted along with a gualified professional report from NHC including a
proposed flood construction level of 5.80 m geodetic datum (GE) and
corresponding plans proposing construction of a new single-family house and
garage. The corresponding development plans proposed zoning variances
related to the proposed house including variances required to accommodate the
FCL.

6.0 Analysis
6.1 Discussion
Site and Context

The site is located in the Stearman Beach area along the south side of Ross
Crescent directly adjacent to the Burrard Inlet (Figure 1). The site is bounded by
two single family properties to the west and east, Ross Crescent to the north and
Burrard Inlet to the south. The subject site and sites in the surrounding Stearman
Beach area are relatively low lying with sites along the waterfront that may be
subject to flooding due to storm events and sea level rise.

L\

BURRARD INLET

Figure 1: Site and Context
Second Opinion on Minimum Flood Construction Level (FCL)

In accordance with Council’s direction, staff met with representatives of the Ross

Crescent and Erwin Drive neighbourhoods to discuss the scope of work and
methodology for seeking a second opinion on the minimum FCL for 4358 Ross
Crescent. Two meetings were held, one on August 6, 2019 and a follow up
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Date: November 25, 2019 Page 4
From: Michelle McGuire, Manager of Current Planning and Urban Design

and Jenn Moller, Manager of Land Development

Subject: Development Variance Permit for 4358 Ross Crescent

meeting on September 16, 2019. Further to this, staff are maintaining an open
and ongoing dialogue with the residents to provide updates where appropriate.

Following the first meeting with residents, the scope of work was confirmed and a
coastal engineering consultant, WSP Canada, was engaged by staff to carry out
an independent FCL analysis for the subject site. WSP is also the consultant
reviewing District-wide FCL considerations for West Vancouver. The WSP
project team members are an interdisciplinary team with professional engineering
experience in the areas of coastal and marine works engineering, drainage and
flood risk assessment; and coastal hydraulics.

WSP carried out an FCL analysis for the proposed development, taking into
account the current development plans proposed by the applicant including
berming and retaining walls required to raise the grade of the property. This
analysis resulted in an FCL of 6.69 m geodetic datum (GE) (Appendix C). The
discrepancy between this analysis and the FCL of 5.80 m GE determined by
NHC can be attributed to WSP using a longer wave period, which translates to a
greater volume of water within the wave run up. In addition, WSP included in
their analysis the proposed berm structure at the south of the property, whereas
the NHC analysis used an earlier version of the site development plan which
didn’t include this structure. If Council approves the development variance permit
a condition is included that will require an updated report from the applicant’s
consultant to account for the berm structure.

The variation in the analysis and recommended minimum FCL between the WSP
and NHC report are generally acceptable, with both consultants following the
recommended methodology of the Province’s Flood Hazard Area Land Use
Management Guidelines (the “Provincial Guidelines”) and the Professional
Practice Guidelines — Legislated Flood Assessments in a Changing Climate in
BC. As the report prepared by NHC followed the Provincial Guidelines and staff
are satisfied with the findings the Chief Building Official can accept the lower FCL
of 5.80 m GE subject to modification of the qualified professional report to
account for the berm structure as described above. Therefore staff are not
requiring further revision to accommodate a higher FCL of 6.69 m GE.

Groundwater Considerations

Neighbourhood residents expressed concerns around the proposal introducing
imported engineered fill to the site and the risk of adverse effects it could
introduce to natural drainage and the groundwater table. Council also directed
staff to include consideration of engineered fill on overland flooding in the scope
of work for obtaining a second opinion for the site FCL. In response, staff note |
that the properties and performance of engineered fill can vary, and the specifics
around materials and construction measures would need to be specified by the
appropriate qualified professional at time of building permit. To the extent that it
has been suggested imported engineered fill could greatly influence the
groundwater table, staff have confirmed with a qualified Hydrogeotechnical
engineer (engaged to review the localized groundwater table conditions), effects
of fill placement on the water table are proportional to the compressibility of the
underlying sediments, and based on the ¢oarse-grained (sand, gravel, and
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Date: November 25, 2019 , Page 5
From: Michelle McGuire, Manager of Current Planning and Urban Design

and Jenn Moller, Manager of Land Development

Subject: Development Variance Permit for 4358 Ross Crescent

cobble) materials encountered in the area, compressibility is low. Accordingly,
water level changes resulting from fill placement are expected to be modest.

Mitigation Options

In response to Council direction to review potential mitigation measures WSP
provided an overview and analysis that is summarized here.

In general, there are four principle measures available for response to Sea Level
Rise:
* Avoid (e.g. setbacks);
* Protect (e.g. seawall, storm surge barrier, dike, beachfill/dune to elevate
foreshore land, tidal gate);
* Accommodate (elevate upland and structures);
¢ Retreat.

The effectiveness of available mitigation measures is often site dependant and
related to the natural site conditions and constraints. Considering the coastline as
a unit is far more meaningful in terms of opportunity for more innovative solutions
that would have a larger footprint and be applied on a larger scale.

The broader piece of work currently underway with WSP will consider such
solutions to address coastal flooding in this regard. An example of offshore
mitigation measures that could be applied on a broader scale as in a low-lying
area such as the Ross Crescent area, could include a breakwater structure.
Analysis of such a feature is beyond the scope of WSPs site specific analysis.
However, high level magnitude of costs for such measures is being considered
as part of the broader study and preliminary indications suggests they are likely
to be in the order of magnitude of tens of millions of dollars. Other considerations
for offshore mitigation measures include permitting through Provincial and
Federal government agencies: Fisheries and Oceans Canada to avoid impact to
fish and fish habitat; Transport Canada to ensure that works do not prohibit
passage; archaeological permitting, if excavation is required in an area; and,
compliance with the District’s foreshore Headlease agreement with the Province,
relating to the management and control over new encroachments or works on the
public foreshore.

Specifically for the subject property potential mitigative. measures identified
include:

e Inclusion of a recurve parapet at the landward vertical retaining wall of the
berm to redirect wave run-up. The seaward vertical retaining wall is largely
submerged during the Designated Storm Event, limiting the effectiveness
of a recurve parapet at this location.

e Installation of armour rock and/or large woody debris seaward of the
seaward vertical retaining wall, as shown on some drawings in the
development application, to dissipate the waves before they reach the
walls.

Without considering the area as a whole and completion of modeling of adjabent
properties, it isn’t possible to determine if site-specific measures could have
adverse impacts on adjacent properties. For example, the construction of the fill

3961147v1
) 41




42

Date: November 25, 2019 Page 6
From: Michelle McGuire, Manager of Current Planning and Urban Design

and Jenn Moller, Manager of Land Development

Subject: Development Variance Permit for 4358 Ross Crescent

and walls may trigger coastal erosion at adjacent properties lacking shore
protection over the short to medium term, while over the long term reflected
waves may increase damage to adjacent structures in the event of severe
flooding. :

As well, the introduction of site specific mitigation measures to minimize flood
hazards may impact other factors such as fish and fish habitat. For example, the
introduction of a wave capping wall, while minimizing wave effect to property, will
result in greater scour and erosion to the beach in front of the wall, which impacts
habitat for fish. Broader evaluation of impacts of flood hazards while maintaining
the quality of the environmentally sensitive area of the foreshore is being
completed through the broader scope of work that WSP is conducting.

Tree retention

In response to concems raised regarding potential tree removal on the subject
site, specifically with respect to the existing Grand Fir (“eagle perch tree”), the
applicant engaged an arborist to evaluate the potential to retain mature trees on
site. The applicant has submitted supplementary information describing how the
eagle perch tree and the existing Cedar tree located on the District Boulevard
can be safely retained. The plan describing retention of these two mature trees is
attached as Schedule B to Appendix A. Staff support retention of these mature
trees and have included a condition in the draft Development Variance Permit
(Appendix B) to ensure that measures to protect the trees are confirmed prior to
building permit issuance.

Proposed Zoning Variances

‘As described in the staff report titled “Rezonihg and Development Variance

Permit for 4358 Ross Crescent” (Appendix B) the applicant has proposed zoning
variances to accommodate the siting of the proposed house and garage and
variances to accommodate the calculation of average grade relative to the FCL.
As described above, based on review of the report from WSP Canada, staff are
supportive of the proposed variances and do not recommend any further
changes.

6.2  Sustainability

In addition to the sustainability measures described in the staff report titled
“Rezoning and Development Variance Permit for 4358 Ross Crescent”
(Appendix B) the applicant has proposed retention of two mature trees.

6.3  Public Engagement and Outreach

Prior to public hearing (July 15, 2019) the owner hosted a public information
meeting on July 3, 2019 where approximately 30 people were in attendance. At
the public information meeting and at the public hearing comments and concerns
that were voiced included: '
* Concern about proposed increased building height and average grade and
the resultant relationship to surrounding properties including overlook and
- privacy issues/impacts.
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Date: November 25, 2019 ‘ Page 7
From: Michelle McGuire, Manager of Current Planning and Urban Design »
and Jenn Moller, Manager of Land Development

Subject: Development Variance Permit for 4358 Ross Crescent

Concern about the bulkiness of the proposed house, setbacks and
generally concemns about the proposed zoning variances.

Concern about the potential for stormwater flow (flooding) onto to adjacent
sites due to the raised average grade of the subject site.

Concern about systemic flooding and drainage issues in the Erwin Drive
area. Comments from neighbours have indicated belief that these issues
are attributed to issues with the detention system at Erwin Park and
excessive groundwater pumping occurring in the area.

Concern about the loss of mature trees on the site lncludlng the Grand Fir
(“eagle perch tree”).

Responses to public feedback:

6.4

Relationship to adjacent sites (building height and average grade) - The
proposal includes terracing up to the FCL at the east and west side yards
and from the waterfront to mitigate building height and grade impacts.
Staff are satisfied that the proposed landscaping and urban design
approach provides a sensitive transition to adjacent sites.

Building bulkiness and height — The proposal meets the maximum floor
area ratio (FAR) within RS4 and is no larger than a zoning compliant
house. As well, staff note that it is anticipated that all sites along the
waterfront will incrementally be raised with higher building height as
development occurs to allow for construction above the FCL in an area
that is subject to the risk of flooding.

Stormwater flooding onto adjacent sites due to the raised grade - The site
will be designed so that stormwater runoff would not flow on to adjacent

- sites but rather would flow into the ocean. District regulation requires that-

sites are graded/designed to force stormwater to flow out to the ocean (i.e.
not onto adjacent sites). This is a condition of the draft Development
Variance Permit (DVP).

Local flooding and drainage issues — Staff have reviewed the functioning
of Erwin Park as a detention pond which is by design and occurs during
high tide conditions. In response to concerns about localized flooding, staff
are seeking an assessment of water table conditions in the vicinity of the
Park. The objectives of this work include identifying the relationships
between storm water detention in the Park and high groundwater levels
and groundwater inflow into foundation sub drain systems at nearby
residential properties. The timeline for this work includes several months
of monitoring to ascertain any relationships between the natural
groundwater table, tidal influences, and storm events. A third party
hydrogeotechnical consulting firm has been engaged to carry out this work
and staff will report back on their findings under conclusion of the work.

Other Communication, Consultation, and Research

Planning staff has consulted with District staff on the application and proposed
conditions are included in the draft development variance permit addressing staff
comments.

39611471
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Date: November 25, 2019 : Page 8
From: Michelle McGu:re Manager of Current Plannmg and Urban Desngn

and Jenn Moller, Manager of Land Development

Subject: Development Variance Permit for 4358 Ross Crescent

7.0 Options
7.1 Recommended Option

After hearing from the public, approve the draft development variance
permit.

7.2  Considered Options
a. Request further information (to be specified); or
b. Reject the proposal.

8.0 Conclusion

If approved, the development variance permit would accommodate construction
of the proposed house and garage including considerations for development in
an area that may be subject to flooding. The proposal is supported by the OCP
that provides direction to proactively plan for coastal flooding of sites adjacent to
the foreshore. The proposed construction of the house and garage are based on
specifications of a qualified professional report submitted as part of the
application and are intended to mitigate the impacts of coastal flooding. Based on
review of the second opinion provided by WSP on the minimum FCL for the site,
staff are satisfied that the minimum FCL provided by NHC is acceptable subject
to refinement as conditioned in the draft development variance permit. With
accommodation to construct above the site specific FCL, the proposed
development can advance without the need for introducing significantly
expensive coastline-based measures like breakwaters.

Although the proposed house would be higher than surrounding properties, in
order to accommodate the engineering specifications, the proposed building
mitigates these impacts with a height of 6.7 m (22 ft.), 0.9 m (3.0 ft.) lower than
the maximum of 7.6 m (25 ft.) under RS4 zoning. As well, the proposal provides
terracing at the west and east edges of the site to provide a transition in height
from adjacent properties and landscaping to screen the proposal. Staff support
the proposal and recommend that Council approve the Development Variance
Permit.
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Date: November 25, 2019 Page 9
From: Michelle McGuire, Manager of Current Planning and Urban Design

and Jenn Moller, Manager of Land Development

Subject: Development Variance Permit for 4358 Ross Crescent

Author: c%( M——’ -

Michelle McGuire, Manager of Current Pla and Urban Design

Author: ﬂ
%7 Moller, Waﬁnﬁm
Appendices:

A- Proposed Development Variance Permit No. 18-037

B- Staff report dated June 4, 2019 “Rezoning and Development Variance Permit 18-037 for
4358 Ross Crescent”

C- WSP Report, dated December 2,2019
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APPENDIX —2ee
District of West Vancouver

Development Variance Permit No. 18-037

Current Owner: Jennifer and Robert Heffel
This Development Variance Permit applies to:
Civic Address: 4358 Ross Crescent

Legal Description: 030-375-002
Lot A, Block 2, District Lot 582, Group 1 New Westminster
District Plan EPP78997 '
(the “Lands”)

1. For the purposes of this Development Variance Permit, the Lands shall be
developed in accordance with the drawings attached and date stamped
May 15, 2019, approved by Council, attached as Schedule A, and
specifically in compliance with the regulations and variances listed
hereunder.

2. Zoning Bylaw No. 4662, 2010 is varied and supplemented for this
development proposal in accordance with the following regulations:

(a) Section 204.09 (RS4 Side Yard and Combined Side Yard) is
varied to allow:

i.  the required combined side yard to be reduced from
4.6 mto 3.5m; and

ii. the required west side yard for the garage to be reduced
from 1.5 mto 1.0 m.

(b) Section 204.07 (RS4 Front Yard) is varied to allow the required
front yard for the garage to be reduced from 9.1 mto 1.0 m.

(c) Section 120.17 (Average Grade Calculation for Building and
Structure Height) is varied to calculate maximum building height
using the flood construction level at 5.8 m as average grade.

(d) Section 120.27 (9) (b) (Yard Provisions and Exemptions) is
varied to allow the roof overhang for the garage in the front yard
to be increased from 0.6 maximum to 1.0 m.

(e) Section 204.10 (RS4 Building Height) is varied to reduce the
maximum height from 7.62 m to 6.7 m.

(f) Section 110 (basement definition) is varied to allow the
basement to be defined as a storey, the floor of which is located
~ below the flood construction level at 5.8 m.

(g) Section 130.01 (3) (b) is varied to calculate maximum building
height for the accessory building (garage and storage) using the
flood construction level at 5.8 m as average grade.
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Page: 2
DVP No. 18-037

(h) Section 130.15 (7) (Site Landscaping) is varied to allow the
impermeable surface in the front yard to be increased from 50%
to 56%. :

(i) Section 130.1 (2) (c) (Highest Building Face Envelope) is varied
to allow maximum highest building face to be calculated using
the flood construction level at 5.8 m as average grade.

() Sections 120.22 (Retaining Wall Grade Line and Buildup of
Grade) and 130.13 (Waterfront Yard Requirement) are varied to
allow retaining wall heights as shown in Sheet A1.2 of Schedule
A, except that no retaining wall will exceed 1.2 m in exposed
face height.

The proposed new house and site landscaping must generally be
constructed and finished in compliance with attached Schedule “A”.

The proposal shall generally incorporate the sustainability elements as
follows:

(a) Heat Pump;

(b) All windows, doors + skylights to meet current NAFS energy
standard;

(c) Heat Recovery Ventilator;

(d) High performance building envelope - air tight + low air
exchanges;

(e) Maximizing of pervious surfaces — gardens + softscape;

(f) Exterior Insulation (if exempt from setback calculations);

(g) Trellis’ on south orfentation as passive means to limit solar gain;
(h) Drain Water Heat Recovery; and |

(i) Natural Gas Boiler with in floor radiant heat.

Prior to Building permit issuance the Owner shall provide applications plans
and information detailing these sustainability elements to the satisfaction of

the Director of Planning.
The proposal shall incorporate electric vehicle charging.in the garage.

The proposal shall incorporate electric conduit to enable solar panel
installation.

Prior to the issuance of a Building Permit the Owner shall:

Doc# 3904296
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DVP No. 18-037

(a) Confirm required measures to ensure safe retention of the
existing trees on site that are proposed for retention as per
Schedule B; and

(b) A Tree Replacement Plan shall be submitted to, and approved by,
the District Arborist or qualified designate to replace the proposed
trees to be removed on the Lands at a ratio of 3:1 for replacement
trees whereas replacement trees and plantings are to be native
species. -

8. Prior to issuance of a Building Permit, submission of an updated
qualified professional report with either:

(a) updated SWASH modelling to match the current development
plans (Schedule A) including the berm elevations; or

(b) inclusion of updated development plans to revise the berm
elevations used in the qualified professional report
(Schedule C).

9. Prior to issuance of a Building Permit, a suitably qualified professional
will identify conditions as enabling the safe use of the land for the use
intended with consideration to coastal flooding hazards. A s219
covenant shall be registered against the certificate of title for the Lands
certifying that the land will be used in accordance with the conditions

- specified in a report completed by the suitably qualified professional.

10.  Prior to the issuance of a Building Permit and as security for the due
and proper completion of the landscaping as set forth in Section 3 of
this Development Variance Permit, the Owner shall: :

(a) provide a landscape plan to include site grading that takes into
consideration and is integrated with the onsite stormwater
management plan as required per the District’s Building Bylaw
4400, 2004 Section 9.1.12; and, the reqmrements set forth
Section 8 of this Development Permit.

(b) provide a landscape cost estimate acceptable to Director of
Planning;

(c) provide security in the amount of 125% of the landscape cost
estimate to the District in the form of cash or an unconditional,
irrevocable auto-renewing letter of credit issued by a Canadian
chartered bank or credit union; and

- (d) maintain the security for a minimum of one year after completion
of the landscaping, and not prior to the date on which the
District authorizes in writing the release of the security.

Doc# 3904296
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DVP No. 18-037

11. This Development Varianoe.Permit lapses if construction of the
additions and renovations has not commenced, under an issued
Building Permit, within 24 months of the date this permit is issued.

THE COUNCIL OF WEST VANCOUVER APPROVED THIS PERMIT BY
RESOLUTION PASSED ON

MAYOR

MUNICIPAL CLERK

THE REQUIREMENTS AND CONDITIONS UPON WHICH THIS PERMIT IS
ISSUED ARE ACKNOWLEDGED AND AGREED TO. IT IS UNDERSTOOD THAT
. OTHER PERMITS / APPROVALS MAY BE REQUIRED INCLUDING PERMITS /
APPROVALS FOR BUILDING CONSTRUCTION, SOIL AND ROCK REMOVAL
OR DEPOSIT, BOULEVARD WORKS, AND SUBDIVISION.

FOR THE PURPOSES OF SECTION 11, THIS PERMIT IS ISSUED
ON .

Schedules:

‘A — Development Plans for 4358 Ross Crescent prepared by Hlynsky and Davis
Architects.

B — Proposed Tree Retention Plan.

C — NHC Flood Hazard Assessment — Final Report 4358 Ross Crescent, dated
stamped April 4, 2019. '
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northwest hydraulic consultants Itd :
d SCHEDULE_ C

NHC Ref. No. 3004524

22 March, 2019

s. 22(1)

. s. 22(1)
Attention:
Via email:
Re: Flood Hazard Assessment — Final Report
4358 Ross Crescent, West Vancouver, BC
Dea s. 22(1)

This letter report summarizes the flood hazard assessment (FHA) study conducted by Northwest
Hydraulic Consultants Ltd. (NHC) in support of future building permit for the proposed 4358 Ross
Crescent development located within the District of West Vancouver (DWV).

1 INTRODUCTION

A single-family home is being proposed for 4358 Ross Crescent (Lot 7, Block 2, District Lot 582, Group 1,
New Westminster District, Plan 4725). The property is located on the north shore of Burrard Inlet within
the DWV (Figure 1). A number of creeks drain the steep slopes of the coastal North Shore mountains to
outlet to Burrard Inlet near the project site; specifically, Claymore Creek, Willow Creek, and Cypress
Creeks. The property is potentially at risk to coastal flood hazards from Burrard Inlet as well as riverine
flood hazards from the adjacent creeks. NHC has conducted a flood hazard assessment to identify and
assess these hazards. This report presents this assessment, the findings, and recommended measures to
mitigate the hazard.

The objective of this assessment is to identify and evaluate the flood hazards that may affect the safe
development and use of the property with respect to the proposed development and decide if
development is possible to an acceptable safety threshold, either without or with mitigation. The
currently accepted safety threshold in British Columbia is 0.5% annual exceedance probability (AEP) up
to the year 2100. The 0.5% AEP event is often referred to as the 200-year event as such an event is
expected, on average, to occur or be exceeded, once every 200 years.

The report has been structured by presenting referenced guidelines, site observations, coastal
assessment, riverine assessment, and concluding with findings and recommendations.

water resource specialists
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* Climate Change Adaptation Guidelines for Sea Dikes and Coastal Flood Hazard Land Use —
Draft Policy Discussion Paper (BC Ministry of Environment, 2011a)

* Coastal Floodplain Mapping — Guidelines and Specifications (BC Ministry of Environment,
2011b) .

» Climate Change Adaptation Guidelines for Sea Dikes and Coastal Flood Hazard Land Use —
Guidelines for Management of Coastal Flood Hazard Land Use (BC Ministry of Environment,
2011c) o

3 SITE DESCRIPTION

A site investigation was conducted on January 25", 2019, by a geomorphologist and coastal engineers
from NHC to examine the foreshore morphology as well as to identify the condition of existing foreshore
structures, and surrounding beach materials. The weather throughout the site inspection was mostly
sunny and refatively caim. The tide leve! at Point Atkinson was about -0.9 m Geodetic Datum (GD) during
the site inspection, which permitted a reasonable extent of the inter-tidal foreshore to be visually
inspected. An additional site investigation was conducted on February 26%, 2019 to examine portions of
Cypress Creek, which is located 30 m east of the subject property.

The existing foreshore (Photo 1) consists of gravel and cobble beach sloping at a roughly 6.6% slope
(15H:1V) followed by a 15 m long flat section. In front of the property, the foreshore transitions to a
roughly 5% slope (20H:1V) where large woody debris accumulation (Photo 2) was observed on top of
boulders placed along the width of the property. A vertical concrete wall with crest elevation at El. 3.17
m GD is located between the dwelling and the foreshore (Photo 3). The beach faces towards the south-
west but is exposed to waves from the west, south, and east.

The existing foreshore protection areas consist of poorly interlocked rock embedded roughly one-third
into the sand beds and no toe structure. The neighbouring property to the west consists of a vertical
parapet concreate wall with glazing panels and no toe protection (Photo 4). The neighbouring property
to the east consists of a short wooden wall with glazing panels (Photo 5). The site visit was conducted
about one month after a storm event (December 20", 2018) and damages to the glazing panels in the
neighbouring properties were observed (Photos 4 and 5). It was also indicated by the client’s architect at
the time of the site visit that the neighbouring properties were flooded during the December 20%, 2018
event while the subject property did not experience significant flooding. This could be due to a
combination of two factors: 1) the large woody debris on the foreshore provided some attenuation of
incoming waves and 2) the retaining wall located landward of the woody debris was sufficiently high to
minimise the amount of wave overtopping.

From east to west Cypress Creek, Willow Creek, and Claymore Creek flow north to south entering
Burrard Inlet east (Cypress) and west (Willow Creek and Claymore Creek) of the property. The Cypress
Creek channel draining to Burrard Inlet is located about 30 m east of the property. The channel
transitions from roughly 15% grade upstream of the railway crossing (480 m upstream) to 5% at the
Marine Drive crossing (200 m upstream), and roughly 2% as it approaches Burrard Inlet. The closest
crossing, Marine Drive, is provided by a clear span bridge. A 0.5 m deep and 1 m wide ditch running
along the creek was observed between top of the bank and Ross Crescent (El. 3.5 m GD} (Photo 6). The
channel width of the Cypress Creek between the project site and the Marine Drive crossing is relatively

Flood Hazard Assessment at 4358 Ross Crescent, West Vancouver, BC 3
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levels due to tide, storm surge, wave effects and long-term changes in global and local sea level are
. expected to be higher than this elevation which could lead to flood inundation.

Table 1. Tidal heights, extremes, and mean water level at Point Atkinson.
Sea State Tide Elevation (m Geodetic Datum)
Higher High Water, Large Tide (HHWLT) 2.0
Higher High Water, Mean Tide (HHWMT) 13
Mean Water Leve! (MWL) : 0.0
Lower Low Water, Mean Tide (LLWMT) -2.0
Lower Low Water, Large Tide (LLWLT) -3.1

4.1 Coastal Flood Level

To reduce the likelihood of damage from coastal flood inundation, the coastal flood level was assessed
and used to derive a minimum construction level — the flood construction level (FCL). The FCL provides a
level of mitigation to limit the likelihood of flooding for homes located along the coast or rivers and -
creeks. The FCL is generally based on an event with an AEP of 0.5%, often referred to as the 200-year
event; since on average it would be expected to occur or be exceeded once every 200-years. In addition,
due to changing conditions (primarily human induced global climate change) future conditions are

" considered up to the expected life of the project; often considered as the year-2100 (roughly 80 years
from present). ‘

The BC Ministry of Environment’s published Climate Change Adaptation Guidelines for Sea Dikes and
Coastal Flood Hazard Land Use (BC Ministry of Environment, 2011b) and the BC Ministry of Forests,
Natural Resource Operations and Rural Development’'s amendment (BCMFLNRD, 2018) present two
approaches for determining the 200-year FCL: 1) combined method and 2) probabilistic method.
Parameters that sum up FCL for each method are illustrated in Figure 2 and Figure 3.
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The combined method is based on the combined effects of HHWLT tide, storm surge, wave run-up, and
sea level rise (SLR). This approach generally results in conservative calculation of a design flood level, as

* it is often applied ignoring the probability of the various design events cooccurring (the probability that a
200-year storm surge co-occurs during HHWLT and 200-year wave event is closer to a 4,000-year event,
AEP of 0.025%, instead of 200-year event, AEP of 0.5%). For this assessment the joint probability
approach has been applied.

4.2 Coastal Flood Construction Level Assessment

The coastal flood construction level using the probabilistic approach is the sum of:
»  1-in-200 AEP total water level as determined by probabilistic analyses of tides and storm
surge;
= Allowances for future SLR to the year 2100;
»  Allowance for regional uplift or subsidence to the year 2100;
= Estimated wave effects associated with the designated storm with an l;in-200 AEP; and
*  Freeboard.

Each of these components are described in the following sections.

Predicted changes in storm intensity and frequency over the next 81 years, which could influence storm
surge and wave effects, are highly variable and inconclusive. Such influence has not been incorporated in
this analysis.

4.2.1 Joint Oécurrence of Storm Surge and Tides

Coastal flood levels for the 1-in-200 AEP was developed by applying the Empirical Simulation Technique
(EST) on the long term observed data {66 years) at Point Atkinson (NHC, 2008). The EST method is
recommended by the Coastal Hydraulics Laboratory (of the US Army Corps of Engineers) and FEMA for
frequency related studies. The analysis determined that the 1-in-200 AEP water level is 2.89 m GD.

4.2.2 Sea level Rise

Global climate change is expected to result in increased sea levels resuiting from melting of global ice
and increased ocean volume due to rising water temperature. Typically, projects are considered to have
a service life of roughly 80-years, resulting in designs often considering projections to the year-2100. The
BC Provincial Sea Dike Guidelines (BC Ministry of Environment, 2011c) recommends that SLR associated
with global climate change will result in a base water level 1 m above that seen in the year 2000 by the
year-2100. The rate of SLR is projected to increase as the climate warms (Figure 4). Therefore, any
increase incorporated in the past 18 years is-expected to be minimal and hence ignored.
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Two model grid resolutions were used for the analysis: a fine grid model of the approaches at Burrard
Inlet was nested in a coarse grid model of the Strait of Georgia. The coarse grid measures about 113 km
southwest to northeast, and 253 km northwest to southeast, with each grid cell measuring 500 m by 500
m. The fine grid measures about 9 km east to west, and 8 km north to south, with each grid cell
measuring 50 m by 50 m. The model’s bathymetric grids were generated from digitized Canadian
Hydrographic Charts and NOAA 3 arc-second resolution data.

The 50-year event (2% AEP) for each design wind directions (westerly and easterly) were used to drive
the SWAN model. For each event, a spatially varying Strait of Georgia wind field was developed and
applied to both the coarse and fine grid models. The regional wind stations used to generate the
spatially varying wind field are presented in Table 4.

. Model results showing the 50-year waves from the west and east are presented in Figure 7, Figure 8,
and Table 5. Wave height is shown by colour shading, wave direction and relative heights are shown by
vectors. The largest waves to reach the project site are from the east. The design significant wave height and
mean wave period at the study area are from the east at 1.70 m and 4.64 seconds respectively.

Table 4. Regional wind data sources.

Station Station ID Period Location

Entrance Island ECID 1022689 1994 - 2018 (Present) 49°12'31.195" N 123°48'38.001" W
Ballenas Island EC ID 1020590 1994 - 2018 (Present) 49°21'01.000" N 124°09'37.000" W
Nanaimo Airport ECID 1025370 1954 —-2013 49°03'16.000" N 123°52'12.000" W
Nanaimo Airport ECID 1025365 2014 - 2018 {Present) 49°03'16.000" N 123°52'12.000" W
Sandheads CS ECID 1107010 1994 - 2018 (Present) 49°06°21.225" N 123°18'12.123" W
Saturna Island CS ECID1017101 1994 ~ 2018 (Present) 48°47°02.067" N 123°02'41.082" W
Sisters Island ECID 2027403 1995 — 2018 (Present) 49°29°11.800" N 124°26'05.800" W
Victoria Int’| Airport ECID 1018620 1953 - 2013 ‘ 48°38'50.010" N 123°25’33.000" W
‘Victoria Int'l Airport ECID 1018621 2013 - 2018 (Present) 48°38°50,000" N 123°2533.000" W
Kelp Reefs ECID 1013998 1997 - 2018 (Present). 48"32’51.700"' N 123°14’13.320" W
Halibut Bank C46146 1992 - 2018 (Present) 49°20'24.000" N 123°43'48.000" W
Sentry Shoal C46131 - 1992 - 2018 (Present) 49°54’36.000" N 124‘.’59’24.000" w
Pat Bay C46134 2001 -2016 48°38'60.000" N 123°30'00.000" W

Table 5. Simulation results of design waves near project site

Easterly Event Westerly Event
Hs {m) T (s} Hs (m)

T(s)
537

1-in-50 year
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4.2.6 Wave runup and Wave Effect Assessment

Wave runup at the shoreline determines the extent over which waves act. Wave runup is therefore an
important parameter to determine flood inundation extents from coastal storms. To determine the
maximum wave runup, a Simulating Waves till Shore (SWASH) numerical model was developed to
simulate the wave transformation, breaking and overfilow on the shorefine (The SWASH team, 2018). For
this study, SWASH version 5.01 was used.

To illustrate the effectiveness of the model to this type of application, Figure 9 shows an example of the
SWASH model results against the observed nearshore process during the December 20%, 2018 storm
event in West Vancouver. A 20-second long model simulation video can be viewed at
https://www.youtube.com/watch?v=gXIFPvBgell.

Video: Philippe St-Genmain (2018)

00.07:20.400

220.0 200.0

January 2018 - SWASH wave model (v5.01) northwest hydraulic consuliants

Figure 9.  Numerical simulations of wave propagation and overtopping - December 20, 2018 storm
- event in West Vancouver.

Several simulations were performed as part of the wave runup analysis. A general profile of the study
site was created using the architectural drawings provided by the client (Appendix B), the foreshore
survey data collected during the site visit, and the bathymetry used in the SWAN model..Limited
information with respect to the length of certain structural components was provided and therefore
some assumptions have had to be made. From the south end of the building, an outdoor dining area was
modelled, extending roughly 7 m towards the beach, at an elevation of 5.5 m GD. The outdoor area, is
followed by a lawn area at an elevation of 4.78 m GD, transntlomng into a beach garden (3.7 m GD)
extending until the property limits.

Figure 10 shows a snapshot of the SWASH model output for the proposed design under the future
design water level conditions. The result shows that the wave runups were calculated to be 0.9 m and
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1.2 m under the current and future design water levels, respectively. The different wave runup values
correspond to different DWL and foreshore geometry. '

7.00
5,00
E ‘
N a.00
210.0 2200 2300 240.0 250.0
X(m)

Figure 10. SWASH wave overtopping sample results - proposed design conditions.

Various configurations of soft engineering solutions and ‘hard’ engineering elements (e.g. concrete
walls} were tested to determine if the wave runup component of the CFL could be mitigated. Given the
low elevation of the lawn and beach garden proposed, a soft engineering solution is expected to have a
limited effect on wave runup. Following discussions with the project architect, options for installing a
concrete wall to reduce wave runup potential was not pursued.

4.2.7 Freeboard

The freeboard is applied to account for temporal and spatial variances in wave climate and surge, as wel}
as precision of the calculation overall. Freeboard for infrastructure according to the amendment to the
Flood Hazard Area Land Use Management Guidelines (BCMFLNRD, 2018} is 0.6 m when using the
probabilistic approach.

4,2.8 Coastal Flood Construction Level

Table 6 summarizes the resulting FCL for the current condition and that predicted for the year 2100.

Table 6. Coastal flood construction levels.

Year 2019 Year 2100
FCL Input Elevation (m) Elevation (m)

Proposed Design

Tide + storm surge (joint probability) 2.89 2,89
+ wave effect 0.86 1.19
+ Design sea level rise {to year 2100) 0 » 1.0
+ Subsidence (to year 2100} 0 0.12
Coastal flood level 3.75 5.20
+ Freeboard (m) 0.6 0.6
Flood canstruction level 435 5.80
Notes: . '

CFL based on the ground elevation behind the wall.
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4.3 Tsunami Hazard

In addition to wave and storm events, high water and coastal property inundation could potentially
occur from a tsunami event. Previously denoted as tidal waves, the Japanese term tsunami, is now used
to denote long period waves (5 to 60 minutes) that radiate out from the rapid displacement of a large
volume of water. The initial displacement can result from an earthquake, landslide, volcanic eruption,
glacier calving, or impact from a meteorite. However, major tsunami events generally are a result of
earthquakes that produce substantial vertical movement of the sea floor in sufficiently shallow water.

Assessment of tsunami hazards are beyond the scope of this project, however previous studies suggest
that the tsunami wave height reaching Vancouver Harbour would be roughly 10% of the tsunami wave
height observed at Tofino on the west coast of Vancouver Island (Spaeth and Berkman, 1967) and that
run up from a tsunami is expected to be less than 2 m on the North Shore from a tsunamis originating
from the Pacific Ocean (Clague et al., 2005). Such an event would be extremely large on the west coast
of Vancouver Island assuming the attenuation through the strait is roughly 10%.

The expected maximum tsunami run-up of less than 2 m would be for events far less frequent than the
200-year event, and when added to mean water high high tide (MWHHT), sea level rise, and subsidence,
is still below the coastal derived FCL minus freeboard (EI. 4.42 m versus El. 5.2 m).

5 RIVERINE FLOOD HAZARD ASSESSMENT

This riverine assessment considers flood hazards from Willow Creek, Claymore Creek and Cypress Creek.
Historical flooding has been reported for the area resulting from Willow Creek and Claymore Creek
(Vancouver Sun, 2016) and possibly also Cypress Creek (North Shore News, 2016). The Pacific Stream
Keepers Federation also reported the occurrence of flooding in 1975 and 1983. Recently, the District of
West Vancouver updated the inlet of the Willow Creek at Keith Road by adding a new trash rack to
intercept debris prior to culvert blockage. All three creeks are not expected to impose substantial
hydrotechnical hazards on the site other than flood inundation. That is, avulsion, channel migration,
scour, and erosion risk has not been further investigated. Exposed soils or steep slopes towards Burrard
Inlet could suffer erosion during a riverine flood event, but such conditions are not expected for this site.

5.1 Riverine Flood Inundation

5.1.1 Hydrology

The Cypress Creek watershed is gauged; Willow Creek and Claymore Creek are not gauged and have no
record of water level or discharge. Cypress Creek gauge data is available for only six years, which is not
adequate for performing a reliable peak flow analysis. Therefore, flow was estimated using a regional
analysis based on the long term data record from McKay Creek (WSC 08GA061, 1970-2012) and through

use of the Rational method. Results from the regional analysis were transposed between sites using the
. equation Qu/Q; = (A1/Az)"; where Q is discharge, A is contributing watershed area, and nis a scaling
factor estimated as 0.75 as per Eaton et al (2002). Results of the analysis are shown in the following
table (Table 7).
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To account for climate change, changes to rainfall intensity were investigated using an IDF-CC tool
(intensity-duration-frequency climate-change). This suggests an increase in precipitation intensity of 13%
to 30% for the 200-year event to the year 2100. The impact to flow may be variable due to changes in
snow-pack, timing of events, and ground cover. However, adoption of 30% increase was assumed for
this analysis to remain conservative.

Table 7.

Design flood flows.

Variable Claymore Willow Cypress

Watershed area (km?) . 0.6 0.9 11.8
2-year flow (m?/s) 5.6 15 2.0 13.6
5-year flow (m3/s) 8.0 21 2.8 19.5
10-year flow (m?/s) 9.9 26 35 24.2
20-year flow (m¥/s) 11.9 ‘ 31 4.2 29.0
50-year flow (m?/s) 15.4 4.0 5.4 37.4

100-year flow (m?/s) 17.7 4.6 6.3 43.2
200-year flow (m?3/s) 203 5.3 7.2 49.4
Year 2100, 200-year flow 26.4 6.9 - 93 64.2

5.1.2 Hydraulic Analysis

Since Cypress Creek is located about 30 m east of the property and its 200-year flood flow is roughly
eight times larger compared to the other creeks located further from the site, the riverine flood hazard
analysis was conducted only for Cypress Creek. To predict flood levels resulting from 200-year flood
flows (0.5% AEP) with allowance for climate change, a one-dimensional hydraulic model was constructed
using the US Army Corps of Engineers’ HEC-RAS software based on Cypress Creek sections and channel
slope information collected in the field. To be conservative, it is assumed that the 200-year flood flow
(64 m?¥/s) coincides with the future 200-year tide level of 4.01 m GD. Manning’s roughness value of 0.07,
which is the maximum value for channel bed consisting of cobbles with large boulders, was applied.

The model results suggest the flow will overtop the existing bank (elevation at 4.4 m GD) and flood the
neighbouring area. The predicted flood depth is about 1.0 m with maximum velocity of 2 m/s. The
current road elevation is at 3.5 m. With consideration of 0.6 m freeboard, the riverine FCL value is 5.1
m. Overland velocities could be high enough to induce erosion and scour if ground cover is not
maintained. The riverine FCL is below the coastal FCL, which is considered to govern for the main
residence facing the ocean. The garage/studio that is proposed to be constructed at the back of the
property (portion of the lot facing Ross Crescent) would not be exposed to elevated flood hazard
resulting from wave runup and so the riverine FCL is considered to govern at this location.
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6  SUMMARY AND RECOMMENDATIONS

A hydrotechnical flood hazard assessment was conducted for the subject property at 4358 Ross
Crescent. It has been found that flooding originating from Burrard Inlet is the governing hazard. From
this study, the following recommendations are made for safe use of the property:

1) The calculated riverine flood depth is less than that calculated for coastal flooding, therefore the
coastal FCL should be adopted for the main residence while the riverine FCL should be adopted
for the garage/studio located near Ross Crescent.

2) The 2100-year design coastal FCL for the project site was found to be 5.8 m GD for the proposed
development, including the main residence.

3) Theriverine design FCL for the garage/studio structure located at the back of the property
adjacent to Ross Crescent was found to be 5.1 m GD.

4) Building entrances and windows to habitable space should be at or above the applicable FCL.

5) The underside of any wooden floor system, or the top of any concrete floor system used for
habitation should be above the applicable FCL. An exception to this recommendation for
wooden floor systems can be made if the underside of the wooden floor system is inset inside
and below the top of concrete foundation, in which case the top of concrete foundation should
be above the applicable FCL.

6) No enclosed space to be used for habitation or storage of goods that can be damaged by
floodwaters should be below the FCL. An exception to this recommendation can be made if
suitable provisions are made to design the space below the FCL such that flood waters cannot
enter the space; for instance, a ‘floodproof’ basement is designed and certified by a qualified
engineer.

7) Al main electrical and mechanical infrastructure are to be above the applicable FCL. Ahy
electrical supply befow the FCL (i.e. outlets or lighting) should be protected by GFCi (ground fault
circuit interruption) located above the FCL. . Mechanical infrastructure may be located within a
floodproof enclosed space below the FCL if the provisions of Recommendation #4 (above) are
met.

8) The residence is set back from the edge of water a minimum of 15 m. Additional set back
improves options to address further increases in SLR that may occur as well as shoreline erosion
if it becomes a problem in the future.

9) If the site is landscaped with isolated low lying ground between the properties boundary with
Burrard Inlet and the proposed residence, than stormwater drainage is designed to
accommodate potential spray and overtopping.

10) Any ingress or egress routes existing above the applicable FCL are adequate for evacuation
during a flood with loss of electrical power.
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11} From all areas below the applicable FCL (i.e. underground parking) an unobstructed means of
pedestrian ingress and egress is provided above the FCL, suitable for use under loss of electrical
power.

12) Final building plans should be reviewed by qualified registered engineer to ensure they meet the
recommendations presented within this FHA, -

In addition, it is recommended that the property owner monitor and inspect their property for erosion
and beach degradation twice a year to allow further investigation and mitigation if either become a
problem in the future.

This flood hazard assessment was conducted following EGBC 2018 Class 1 flood hazard assessment
guidelines. A summary of the EGBC criteria for such an assessment is presented in Table 8.

Hazards other than flood hazards from the Burrard Inlet and the adjacent creeks, such as geotechnical,
fire, and wildlife hazards have not been assessed as part of this assessment. Stormwater and sediment
management has not been designed or assessed through this study and may also impose hazards if not
adequately addressed,

Table 8. Summary of EGBC typical Class 1 flood hazard assessment methods and deliverables

EGBC Flood Hazard Assessment Component

Notes

Typical hazard assessment methods and climate/environmental change considerations

Site inspection and qualitative assessment of flood hazard

Completed by NHC 2019

!déntify any very low hazard surfaces in the consultation area (i.e., river
terraces)

Completed by NHC 2019

Estimate erosion rates along river banks

River erosion not applicable to
site. Coastal erosion not evident.

1-D or possibly 2-D modelling, modelling of fluvial regime and future
trends in river bed changes, erosion hazard maps, possibly paleoflood
analysis

2-D coastal and 1-D riverine
completed by NHC 2019

Identify upstream or downstream mass movement processes that could
change flood levels (e.g., landslides leading to partial channel blockages,
diverting water into opposite banks)

Potential blockage of culvert or
sediment deposition in the
channel considered possible

mechanism of the flood scenario

Conduct simple time series analysis of runoff data, review climate change
predictions for study region, include in assessment if considered
appropriate

Completed by NHC 2019
including allowance for climate
change as recommended by
MWLAP (2004)

Quantify erosion rates by comparative air photograph analysis

N/A — erosion risk deemed low

Typical deliverables

Letter report or memorandum with at least water levels and consideration
of scour and bank erosion

Completed

Cross-sections with water levels, flow velocity and qualitative description
of recorded historic events, estimation of scour and erosion rates where
appropriate with maps showing erosion over time

Flow descriptions completed.
Erosion risk deemed low
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EGBC Flood Hazar(} A§sre§smgnit, Component. -

Maps with area inundated at different return period, flow velocity, flow Areas and elevations inundated

depth, delineation of areas prone to erosion and river bed elevation during the 200-year return period
changes, estimates of erosion rates design event described
7 CLOSURE

We hope this work and report meets your current needs. If you have any questions don’t hesitate to
contact Derek Ray or Edwin Wang by phone 604-980-6011 or email (dray@nhcweb.com |

ewang@nhcweb.com).

Sincerely,

Northwest Hydraulic Consultants Ltd.

rian Simpalean, MASc.,
Hydrotechnical Analyst

M“‘ftc‘
QP ESSIgn,

‘ B »

E. C. WANG

Reviewed by:

Z&/i :
Derek Ray, P.Geo., Edwin Wanghummme
Principal Coastal Geomorphologist _ Hydrotechnical Engineer
DISCLAIMER

This document has been prepared by Northwest Hydraulic Consultants Ltd. for the benefit of s. 22(1)

s. 22(1) For specific application to the Flood Hazard Assessment at 4358 Ross Crescent, West Vancouver,
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
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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 b 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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Appendix A

Flood Hazard and Risk Assurance Statement
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APPENDIX J: FLOOD HAZARD AND RISK ASSURANCE STATEMENT

Note:  This Statement is to be read and completed in conjunction with the "APEGBC Professional Practice Guidelines - Legislated Flood
Assessments in a Changing Climate, March 2012 ("APEGBC Guidelines”) and is to be provided for flood assessments for the purposes of
the Land Title Act, Community Charter or the Loca/ Government Act. Italicized words are defined in the APEGBC Guidelines.

To: The Approving Authority : Date: 20t9-03-22

Planning, Permit, and Properties, District of North Vancouver

4358 Ross Crescent, West Vancouver, BC V7V 3A7

Jurisdiction and address

With reference to (check one):
O Land Title Act (Section 86) — Subdivision Approval
O  Local Government Act (Sections 919.1 and 920) — Development Permit
Community Charter (Section 56) — Building Permit :
0O Local Government Act (Section 910) — Flood Plain Bylaw Variance
O Local Government Act (Section 910) — Fiood Plain Bylaw Exemption -

For the Property:

Lot A, Block 7, District Lot 582, Group 1, New Westminstier District, Plan 6662
Legal description and civic address of the Property

The undersigned hereby gives assurance that he/she is a Qualified Professional and is a Professional Engineer
or Professional Geoscientist.

- | have signed, sealed and dated, and thereby certified, the attached flood assessment report on the Property in
accordance with the APEGBC Guidelines. That report must be read in conjunction with this Statement. In
preparing that report | have:

Check to the left of applicable items
¥V _ 1. Collected and reviewed appropriate background information

‘ lZ. Reviewed the proposed residential development on the Property
¢3. Conducted field work on and, if required, beyond the Property
54, Reported on the results of the field work on and, if required, beyond the Property

5. Considered any changed conditions on and, if required, beyond the Property
6. For a flood hazard analysis or flood risk analysis | have:
6.1 reviewed and characterized, if appropriate, fioods that may affect the Property
6.2 estimated the flood hazard or flood risk on the property
6.3 included (if appropriate) the effects of climate change and land use change
6.4 identified existing and anticipated future elements at risk on and, if required, beyond the Property
6.5 estimated the potential consequences to those elements at risk
7.  Where the Approving Authority has adopted a specific level of flood hazard or flood risk tolerance or
return period that is different from the standard 200-year return period design criteria”, | have
7.1 compared the level of flood hazard or flood risk tolerance adopted by the Approving Authority with
the findings of my investigation .
‘L?.Z made a finding on the level of flood hazard or flood risk tolerance on the Property based on the
comparison ,
17.3 made recommendations to reduce the flood hazard or flood risk on the Property

™ Flood Hazard Area Land Use Management Guidelines published by the BC Ministry of Forests, Lands , and Natural
Resource Operations and the 2009 publication Subdivision Preliminary Layout Review — Natural Hazard Risk published by
the Ministry of Transportation and Public Infrastructure. it should be noted that the 200-year return period is a standard used
typically for rivers and purely fluvial pracesses. For small creeks subject to debris floads and debris flows return periods are
commonly applied that exceed 200 years. For life-threatening events including debris flows, the Ministry of Transportation
and Public Infrastructure stipulates in their 2009 publication Subdivision Preliminary Layout Review — Natural Hazard Risk
that a 10,000-year return period needs to be considered. '

Professlonal Practice Guidelines - Legislated Flood 1 33??:

4
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8. Where the Approving Authority has not adopted a level of flood risk or flood hazard tolerance 1 have: -

NAB.1 described the methad of flood hazard analysis or flood risk analysls used

INAB8.2referred to an appropriate and identified provincial or national guideline for level of flood hazard or flood
risk '

N{}_B.QJ compared this guideline with the findings of my investigation

NA 8.4made a finding on the level of flood hazard of flood risk tolerance on the Property based on the
comparison

NAB.S made recommendations to reduce flood risks

”ﬁ_& Reported on the requirements for future inspections of the Property and recommended who should
conduct those inspections.

Based on my comparison between

Check one
O the findings from the investigation and the adopted level of flood hazard or flood risk tolerance (item 7.2

ove)
M]be appropriate and identified provincial or nationa} guideline for level of flood hazard or flood risk
tolerance (item 8.4 abovas)

I'hereby give my assurance that, based on the conditions contained in the attached flood assessment report,

Check one
1 for subdivision approval, as required by the Land Title Act (Section 86), “that the land may be used
safely for the use intended”. i

Check one
O with one or more recommended registered covenants.
O without any registered covenant.

ei/for_a development permit, as required by the Local Government Act (Sectiohs 919.1 and 920), my
report will “assist the local government in determining what conditions or requirements under [Section
920] subsection (7.1) it will impose in the permit".

O for a building permit, as required by the Community Charter (Section 56), "the land may be used safely
for the use intended".

Ch ne
with one or more recommended registered covenants.
O without any registered covenant.

O for flood plain bylaw variance, as required by the Flood Hazard Area Land Use Management Guidelines
associated with the Local Government Act (Section 910), “the development may occur safely”,

g for flood plain bylaw exemption, as required by the Local Government Act (Section 910), "the land may
be used safely for the use intended”,

2019-03-22

Date

Address
30 Gostick Place, North Vancouver, BC V7M 3G3

604-980-6011 ‘

Telephone

(Affix Professional seal here)

If the Qualified Professional is a member of a firm, complete the following.

 am a member of the firm INOTthwest Hydraulic Consultants Ltd. (NHC)
and | sign this letter on behalf of the firm. (Print name of firm)

) Professional Practice Guidelines - Legislated Flood 134,
APEGBC @ June 2012 Assessments in a Changing Climate in BC



Appendix B

- Received Design Drawings

nhe

Flood Hazard Assessment at 4358 Ross Crescent, West Vancouver, BC
Final Report
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APPENDIX B

Digector CAO

/ %__ Date: i&d@@fw@jﬂi ftam: &
Yy W——y

PISTRICT OF WEST VANCOUVER

' 750 17TH STREET, WEST VANCOUVZR BC V7V 8T3

COUNCIL REPORT

Date: June 4, 2018
From: Michelle McGuire, Manager of Current Planning and Urban Design %
Subject: | Rezoning and Development Variance Parmit for 4358 Ross Crescent

File: 1010-20-18-039 and 1010-20-18-037

RECOMMENDATION

Proposed “Zoning Bylaw No. 4662, 2010 Amendment Bylaw No. 5028, 2019" be
read a first time.

RECOMMENDATION
Proposed “Zoning Bylaw No. 4662, 2010, Amendment Bylaw No, 5028, 2019" ba

_presented at a public hearing scheduled for July 15, 2019 at §p.m. in the

Municipal Hall Council Chamber, and that notice be given of the scheduled public
hearing.

RECOMMENDATION

Proposed Development Variance Permit No. 18-037 be presented at a public
meeting scheduled for July 15, 2019 at 5 p.m. in the Municipal Hall Council
Chamber, to be held concurrently with the public hearing scheduled for July 15,
2019 at 5 p.m. in the Municipal Hall Council Chamber, and that notice be given of
the scheduled public meeting.

1.0 Purpose
The purpose of this report is to:

« rezane a portion of land from M1 (Marine 1) to RS4 (Single Family
- Dwelling Zone 4) to consolidate the zoning for the subject site at 4358
Ross Crescent (Appendix A), and

= pravide for variances proposed as pan of the single family house proposal
to accommodate development relative to the flood construction level along
with variances to accommodate buuldmg siting for side yard setbacks and
the front yard permeability restriction. ,

2.0 legislation/Bylaw/Policy
Provincial Legislation

The Local Government Act requires that a public hearing be held on the
proposed rezoning bylaw and that Council consider Development Variance
Permits.

For development sites that niay be subject to flooding such as 4358 Ross
Crescent, section 56 of the Community Charter authorizes the District's Chief

. » )
westvancounver 5901183
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Dats Juag 4, 2319 Paga 2
From: Michells tAcGuire, Marager of Current Planning and Urban Design
Subject  Rezoning and Devalopment Variance Parmit for 4358 Ress Crescent

Building Inspestor to require: a qualified professional report to certify the
canditions under which tha land may be usad safely for the intended uss.

Furthemmore, on this basis, a building permit may only be issued follawing ihe
condition that the civner of the land covenants with the municipality fo use the
land in accardanse with the conditions specified in the qualified professional's
report.

Official Cornmeiniiy Flan (OCPR)

The OCP suppons fie davalopment of updatad shoreline protoction seaicias

and ficad corstrustion leval requirements to protact lands from sea 12
reduce snore) > ©iasion, presorve and enhance habital. The davelapim sy
proposal is ¢ iztehiwith the OCP,

3

Zoning Bylaw

i

Duelo the 5o wiay ol wiivate tand along the foreshore, the site & . sowne o
RS4 (Singiz Fanily Duzling Zong 4) and M1 (Marine 1) A razonino e sl
to consoliciatz the zoning of the subject site as AS4.

3.0 Backyround
31 Frevious Dewsons - Not applicable.
3.2  History

A rezaning and daval o nent variance pennit application was orginally su e
on March 15, 2018 to reazvalop 4358 Ross Crescent with a new single famrly
house. The initial apph. atwn was reviewed by staff and further inforrnation v
requested. As the sit al 4258 Ross Crescent is in a coastal area that may b=
subject te flooding. stali r2quested a regort from a suitably qualified prafess onal
to considar flood canstruztion levels and specify how the land and any buildings
or other structures witiua the land would be constructed safaly for the propases
residential use, Consideration of the qualified professional report is based an the
Province's Flood Hazard Area Land Use Management Guidelines (the "Provincial
Guidelinas"), in particular sections 3.5 and 3.8, which daal with climale change
and sea lavel rise expectad by the year 2100, In addition, the rapart Is to be

- prepared in accordance with the most recent edition of the Professional Pragtice

Guidelings — Legislated Flood Assessmentsin a Changing Climate in BC
(published by the Association of Protessional Engineers and Geoscientists of
BC).

3.3 Developing a Flood Construction Level for West Vancouver

With the increased risk of Hlooding due to climate change and sea level rise staff
are conduciing analysis to develop policy and/or regulations to address the risk
of coastal flood impacts. Section 524 of the Local Governmaent Act, “tha Act",
authorizes the District to designate, as a floodplain, land Council considers may
be subject to floading. Once the District designates land as a floodplain under
section 524 of the Act, the District may also specify what is commanly known as
a flood construction level for that land. In addition, or alternativaly, the District can
‘regulate development in areas prone to flooding by establishing one or more
development pemmit areas under section 488 of the Local Government Aot

390§ 193v1



Date: Jurie 4, 2019 ' Paged
From: Michelle McGuire, Managsr of Currenl Planning and Urban Design
Subject:  Rezoning and Development Vardance Permit for 4358 Ross Crescent

In the absence of a bylaw under saction 524 of the Act, or a development permit
area designation under section 488, there is no legislated “flood construction
level” for any particular property in West Vancouver. However, this does not
mean the District Is obliged to approve permits for construction on land that might
be subject to flooding. Section 56 of the Community Charter specifically
authorizes the Chief Building Inspector o require “safe use” certifications. In the
case of development variance permits, it's open to Council to require an
applicant to provide some evidence, for example in the form of a professional
certification, that the proposed construction is safe for the intended use. The
District requires that homes are constructed that are not knowingly predisposed
to flooding events and are safe for habftation. Staff requested that the applicant
provide matefials from a qualified professional using the mast up to date
guidelines and data (i.e. the amended provincial regulations and Professional
Practice Guidelines) to satisfy this requirement.

4.0 Analysis
4,1 Discussion
Site and Context

The site is located in the Stearman Beach area along the south side of Ross
Crescent directly adjacent to the Burrard Inlet (Figure 1). The site is bounded by
two single family properties to the west and east, Ross Crescent o the north and
Burrard Inlet to the south. The subject site and sites in the surrounding Stearman
Beach area are relatively low lying with sites along the waterfront that may he
subject to flooding due to storm events and sea level rise.

The Proposal

On April 4, 2018 an updated developrment variance permit application was
submitted with the proposed certified report in draft format including the proposed
flood construction level and corresponding plans proposing construction of a hew
single-family house and garage. '

Figure 1: Site Plan

38011831
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Date: Jung 4, 2819 ‘ Pags
Fram. khichelle MeGuire, Manager of Curent Planning and Urban Design
Subsct:  Rezoning and Dave'oprent Varlance Farmitior 4358 Ross Creseent

A

.b
P!

ool
——— — —

RGN
o

Proposed Zoning Variances

The proposad zoning variances are as follow -
= Side Yard and Combinad Sids Yard:

o House - The minimum combinad side yard in the zoning bylaw is
4.6 m (151t.), The existing houss is located 1.1 m (3.5 ft.) from the
east property line and 1.3 m (4.3 ft ) from the west property line
(combined at 2.2 m/7.25 ft. less than what is required), The
proposed combined side yard selback is 3.6 m (11,56 ft.) with the
east setback at 2.0 m (8.5 ft.) and the west setback at 1.6 m (5 ft.),
proposing a variance of 1.1 m (3.5 fl.}). For both the west and east
side yard setbacks the required minimum of 1.5 m (5 fi.) is
provided, -

o Garage - For the existing garage the west side yard is 0.8 m
(2.75 f1.) whareas the zoning by-law requires a minimum side yard
of 1.5 m (5 fL.). The proposed garage increases the west setback
from 0.8 m (2.75 11.) to 1.0 m (3.2 ft.), proposing a variance of 0.5 m
(1.6 ft.). ‘

Staff are supponrtive of the proposed side yard sethacks as they increase
the distance to adjacen! properties as compared to the existing garage
and house. As well, for the primary house although the combined

~ sideward setback is 1.1 m less than what Is required, the minimum side
yards are met, Staff also note that the adjacent house to the east is non-
conforming with a side yard less than 1.5 m (5 fl.},

» Front Yard: The minimum front yard in the zoning bylaw is 9.1 m (30 ft.).
The existing garage is located 0.06 m (0.2 ft.) from the front property line.
330118av1




Daze: Juas 4, 20149 , Fagz 6
From:  Mirells McQuirs, Manager ¢f Gurren: Planning and Urban Design
Subjsct.  Rszoning and Developmient Variance Parmit {or 4358 Rloss Crescant

86

The front yard selback for the proposed garage is 1.0 m (3.2 t.). As a
minor variance is proposed for rooi overhang of the garags that extends
0.4 m into the front vard.

Staff support lhs vanance for the front yard for the garage as it increasss
the distance to the frant proparty line compared to the existing garag= an
it allows for reduzed +lrivsway paving in the front yard. As well, stafi nats
that the existing bawisvend width is 16 - 27 f. in depth end provide a
signiticant buffzr i Iwas Crescent. Stafi note that there are oths:
garages in the a7z i -xted in simjlar locations in the front yard of sitas

Frant Yard Pern‘n.;z}u‘:h_i;, The maximum armount of area in the front yana,
that is allowesi i bz inpzrmaable is 50%. Due to the location of the
proposad garade in: proposad imparmeaable area is increased to §5°-

Stalf support s oo ol variance for front yard permeability as ti:
variance is minoe oo allsws tor locating the proposed garage withe 1
front yard which rmiunizes tha need for additional driveway paving are
vehicle mansu e i i o0 onto the site.

Variances ior caloulaion of averaae grade based on Flood Construatiz
Level (5.8 m/ 1950 ‘

naximum building height in the zoning byl zw

o Building Haight Tr
is7.6m {25 ) meo.

natural grade. The roposed house will be approximately 6.7 m

(22 L.} in height abave the flood construction level at 5.8 m (19 ft.)

geodetic elevalion. This requires a variance for how building height

is measured to be talzulaled using the Hlood construction level as

average grade,

Ly

o Garage Heighl: The maximum accessory building height in the
zoning bylaw is 3.7 m (12.1 ft.) measured from the lower of average
finished or natural grads, The proposed variance wauld permit the
accessory building height to be calculated using the flood
construction leve] as average grade.

o Hiahes! Building Face Envelope: The maximum highest buitding
face in the zoning by-law is 8.7 m (22 it.). The proposed variance
would permit the higest building face envelope to be calcutated
using the flood construction level at 5.8 m (19,0 ft.) geodstic
elavation as average grade,

o Basement: A basement is defined in ths zoning by-law as a storey,
the level of which is lacated more than 0.3 m below the lower of
average natural grade elevation or average finished grade
elevation. The proposed housge includes a basement level located

 below the flood construction level at 5.8 m (19 ft.) which is above

natural grade. The proposed variance would permnit the basement | (

to be exempt from floor area calculations as it is located entirely
undergraund and would not be visible at the new grade leval.

G901193v
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Datsr June 4, 2019 P&
Fram. Mizhzalle MoGuire, Managar of Current Planning and Urban Design
Subjzet Hazoning and Davelopmant Vatiance Permit for 4358 Ross Crescent

o Retaining Walls: Retaining walls are measured from natural grade. For a
watefront site retaining walls are not permitted to exceed 4.0 ﬁ ir‘ he‘g‘nt
from natiral grade within the extent of the waterfront yard Ino a
accommadate terracing of tha site along the west, east and \w"* Dn(
edaﬂs v o the required flood construction level far the prO]_sz gd house,

wislis are proposed. The proposad variance woulld aliow for the

tzininy wvalls as shown in the attached plans, however, tizv wnu'd be
ittt 10 i or fass in exposed face haight.

Stalt s:_:_ cirt 113 proposed variances for building height, h gt h Mma »
fane e, . hasement and retaining walls as the new { oot coe srustion
lava st s n:massm_,' for calculating averags grade i orvls Ar ;)

acoonvy dake building higher in areas that may be subjac! ‘u flosing,
Staff = pets hal the overall building height is mitigata< oz the pronsaad
heigd o olhn booseis 6.7 m (22 1), 0.9 m (3.0 ) lowar e i.f

masy o af S8 (25 fr) under RS4 zoning.

Zoning Amiatdor ol

The zoning ae- obvonbis proposead to allow rezoning of & porioin o’ G 2o
(1,148 5q. 1 wlareg ater's edge from M-1 to RS-4 to amalgarmiaiz

portion intu fae s (»nri consolidate the zoning across the wha!
(Appendix C; Tiw= conerwishes to rezone thz portion of accroiad !;m;* it
residantial use of th. rea (such as gardan and landscaping) and for add 5.l
floor area for the proposad house,

Staff are proposing o rs
walls within the area io b~ :e7oned to align it with OC‘:’ pol:cy tn allow for w.:urf
protection of the subjict propery while minimizing use of retaining walls

Staff support the prousse zoning arnendment as it;

« iz consistent with the properties on either side where land has baan
coreted and is zoned R34, and
+ it does ot allow the proposed house location to movs closer to the
“wateriront, as the waterfront setback remains measured from tha
previously existing waterfront property lina.

New developments where rezoning is proposed are typically expecied to deliver
Community Amenity Contrinutions (CAGCs) intended to address the growth
related impacts of new development. The value of the ameniiy is expe\,tad to be
propomonal 1o the increased potential of land use in comparison with existing
zoning. In this case, the aceretion of land is where private land is increased due
to natural processes along the fareshore, I the site were created today the M-1
zoned portion would not exist (i.e. the whole site would be zoned RS4) as this
zoné is intended to apply public foreshore lands. Secondly, it is noted that there
are no growth relaled impacts as the proposal is for a single family house which
can already be developed on the existing parcel (i.e. no increase in residential
units). Therefore, staff do not recommend a CAC for the proposed rezoning.

48071831
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Data.
Fraom:

Juna 4, 2019 ' ' Pags 6
Michzliz McGuirs, Manager of Current Pianning ard Urben Design

Subject  Rezoning and Davelopment Variance Permit for 4358 Rass Crescant

42

Sustainability

As part oi the proposed development variance permit conditions are
izludad which secure a number of sustainability rzyuiremeants including
tres replacement at 2 minimum of 3.1, alectric vehichs charging. solar
nanz! conduit to enable solar panel installation and 2rhanced energy and
s.:stainability performance measures for the huil:Liig canstrustion beyond
naseline building cade requirsmenis.

~uzis Engagement and Outreach

Piriar fo submission of an application the owr=- 1322 2 public information
meeting on Juna 28, 2018, The applicant sutmijzied | 4o camment forms
tenzived in responsa to the mesting. Both coimin— fzins expraessed
=uopart for either tree trimming or removal dus t2 carozrns about the size
2Pt existing trees on site, however, itves: ol 1L L one farm support for
iz ning the existing "eagle perch” tree. One ¢ o zaf faen: also notad
suaport for the proposad house plans. Staii alzu ina: with an adjacent
07 ahiboug on two occasions to go ovariths 5ol rain'=ns, Letters from
b 2 nzighbour ware received exprassing conze i< ali- - 1ha bulkiness
o thoight of the propased house, setachs arei o sitn concerns
A tha proposed zoning variancss. '

Folizing receipt of an updatad application with the s rnganying drait
v-adi2d report stalf crealed a Dislrict webpage and maiza a couresy
nolice ta sirrounding property owners within 100 m af < stibject site. In
e5ponsa to the notice two e-mails were receivad with crnsems relating to
tie heignt of the proposal, increased grade of the site 2rd the potential ior
fizzaing on adjacent sites due to the subjact site being raised to the flood
construction level.

io respanse to concerns abaut the Increased grading «f the site the
apphoant revised their plans to reduce retaining wall hiz:ghts so that all
walls were limited in height to 4.0 ft. or less of exposed fzce, With respect
to the concern about flooding due to the increasad grade of the subject
site staff note thal the site will be required to be designed so that
stormwater runoff would not flow on to adjacent sites but rather would flow
inta the ocean, In response to concerns about building height and
increased average grade, staff note that it is anticipated tha! other sites
along the foreshore will also require increasss in grade and building height
to accommodate construction in an area that is subject to the risk of
finoding.

Fallowing first reading of the proposad bylaw and scheduling a public

garing by Council, staff will give notification of the public hearing and the
proposed development variance permit consistent with District policy and
legislated requirements to properly owners, businesses, and residents. As
well the awner will advertise and host a public information meeting as
required by the Devalopment Procedures By-law.

340116344
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Daie June 4, 2012 Pags ©
From: Michelle MeGuire, Manager of Current Planning and Urban Design
Subject:  HRezoning and Development Variance Permit for 4358 Ross Crescent

4.4  (Other Communication, Consultation, and Research

Planning staff has consulted with District staff on the application and
vraposed conditions are included in the draft development variance pennit
addressing staff comments.

50 Options
5.1 Recomiended Option

G've first reading to the proposed zaning amsrdniznt bylaw and consider
ith2 developrment variance permit concurrently with th2 zoning
arnandment.

w2 Considared Options

a. Give first reading to the proposed bylaw and =i an alternate date for
the public hearing (to be specified), or

[r. Request further information (to be specifizd;: r

o, Rajaci the proposal.

39011931
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Date:
From:

June 4, 2019 ; Page 10
Michelle McGuire, Manager of Current Planning and Urban Design

Subject:  Rezoning and Development Variance Permit for 4358 Ross Crescent

6.0

Author:

Conclusion

If adopted, the proposed zoning amendment would consolidate the zoning
for the subject site, while the development variance permit would
accommodate construction of the proposed house and garage including
considerations for development in an area that may be subject to floading.
The proposal is supported by the OCP that provides direction to
proactively plan for coastal flooding of sites adjacent to the foreshore. The
proposed construction of the house and garage are based on
specifications of the certified draft report submitted as part of the
application and are intended to mitigate the impacts of coastal flooding.

Although the proposed house would be higher than surréunding
properties, in order to accommodate the engineering specifications, the
proposed building mitigates these impacts with a height of 6.7 m (22 ft.),
0.9 m (3.0 ft.) lower than the maximum of 7.6 m (25 ft.) under RS4 zoning.
As well, the proposal provides terracing at the west and east edges of the
site to provide a transition in height from adjacent properties and
landscaping to screen the proposal. Staff support the proposal and
recommend that Council give the proposed rezoning by-law first reading
and schedule the Development Variance Permit for consideration.

e _,/;'/,»' ,
AT

Michelle McGuire, Manager of Current Planning and Urban Design

Appendices;

A-
B-
C-
D-
E-

Context Map

Proposed Property Boundary map

Project Profile:

“Zoning Bylaw No, 4662, 2010, Amendment Bylaw No. 5028, 2019"
Proposed Development Variance Permit No. 18-037

3801193v1
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APPENDIX A
CONTEXT MAP

BURRARD INLET

e CONTEXT PLAN A ay 1519 |0
west varncoLiver — e
4358 Ross Cescent - Rezoning SK-1
westvarcouver 3901193
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APPENDIX B
PROPOSED PROPERTY BOUNDARY MAP
(with area to be rezoned)
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APPENDIX C
PROJECT PROFILE

R T R e e

[Project.

4358 Boss Crescent

Application: Developmary Varasne Pamit No. 18-037
Applicant Janniier and Rdbegz}«ﬁ;.&f&;ﬂ

Architect: Hiynsky and Davizs A00 2tz ing.
Address: 4358 Ross Cresca

Legal Description:

Lot 7, Bleck 2, 04
District Plan 4745

CUAE Groop INaw Westminatar

PID: 031-374-276

QCP Polity: 2.6.11 -
- Zaning: RBS4 (Singla Fari o gy

Hearitage Ragister: N

Summary:

A 2.storay pi

garage and stoano s o

Dt 2 lamily dwelling with detachad

1
§ BYLaw AS4 Vo VNEE ConmeNTs/NOTES
Sitr Area 838 m? Legal (historic) non-
) confarming 3
Site Width & 22 9 Legal (historic) non-
Frontage conforming
_Site Coverage 246 m Complies
' Front Yard 50% Required to
Permaability accemrmodate lacation
) of eroposed qarage
Floor Araa Ratio 0.35 Compkes L
Selbacks - House: '
rromt Yard {Rass) S.1m Compiies
Watzrront Yard 91m Comples "
Sida Yards (Weal) 1.5m Complies
Side Yards {Easi) 1.5m Comglies
Sids Yards 4.6m Increases distance to
{Combined) both east and wast from
existing
Setbacks - Garage:
Front Yard (Ross) 91m 1.0m 8.1m Increases from existing
Side Yards (West) 1.5m 10m 0.5 m Increases distanze to
wast from existing
Height:
Butlding Height 7.6 m B8.7m Measured | FCL proposed to be
from FGL® | used for averags grade
Mo. of Stareys 2 2 n/a Complies
Highest Bullding 67m  |67m Measured | FCL proposed to be
Face Envelope from FCL' | used for average grade
Parking:
Spaces K | 2 | n/a | Compliss

‘Fload Construction Level at 5.8 m (19.0 f1.) as determined by Coastal Engineer report,

westvancouver

3901183
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District of West Vancouver

Zoning Bylaw No. 4662, 2010,
Anendment Bylaw No. 5028, 2079

Table of Conients

Pat 1 CHEHOM L et AT U 1
Part 2 Savarability

Part 3 Ariznds Zoning MapS (i B, 1
Sensduiz A - Zoning Map Amendment ... e 4
330431 7v1
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Zoning Bylaw No. 4862, 2010, Amandment Bylaw No. 5028, 2019 1

District of West Vancouver

Zoning Bylaw No. 4662, 2014,
Amendment Bylaw No. 507 5, 2019

A Liylziv to rezone a portion of land located at 4358 [uss Crescent to R84,

Pievious amendments: Amendment bylaws 4672, 4577, 4578, 4679, 4689, 4701,
ool 1710, 4697, 4716, 4712, 4737, 4725, 4736, & ,4/59 4787, 4787, 4783,
791' 4772, 4291, 4805, 4809, 4828, 4854, 4873, 48575, 4395, 4839, 4898, 4927,
9 <305, 4974, and 4967, ‘

r

WIHEREAS the Council of The Corporation of tha [istrct of VWest Vancouver
cz2me i expadient to provide for amendmant of thiz zoning bylaw;

OV THeREFORE, the Council of The Corporatic i of ihs Districl of Wast
Vanoowear eanacts as follows:

Pari . Citation

1.1 Tius bylaw may be cited as Zoning Bylaw No. 4662, 2010, Amendment
Bylaw Nao. 5028, 2018.

Part 2 Severability

2.1 i & portion of this bylaw is held invalid by a Court of compatent
juriadiction, then the invalid portion must be severed and the remainder of
this bylaw is deemed to have been adoptad without the severed section,
subsection, paragraph, subparagraph. clalse or phrase.

Part 3 Amends Zoning Maps

3.1 Zoning Bylaw No. 4662, 2010, Schedule A, Section 852, Schedule 2,
Zoning Maps is hereby amended by changmg the zoning of Lands as
shown hatched outline on the map in Schedule A to this bylaw,

FROM: M1 —Marine 1
To: RS4 — Single Family Dwelling 4

3904317v1



Zoning Bylaw No. 4662, 2010, Amendmeant Bylaw No, 5028, 2019

Schedules

Schedule A — - Zoning Map Amendment
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Zaoning Bylaw No. 4662, 2010, Amandment Bylaw No. 5028, 2019

. READ A FIRST TIME on

PUBLICATION OF NOTICE OF PUBLIC HEARING on
PUBLIC HEARING HELD on

READ A SECOND TIME on

READ A THIRD TIME on

ADOPTED by the Counsi! o~

G

Corporate Officar



Zoning Bylaw No. 46

62, 2010, Amendment Bylaw No. 5028, 2019

Schedule A - Zoning Map Amendment

Amendment to Zoning Bylaw No. 4662, 2010, Schedule A, Section 85"2,

Schadule 2, Zoning Maps.

The area shown hatshad outline on the map below rezonss the subject Land to

RS4.

M1

Proposed Rezone
from M1 to RS4

M

OCEAN

I

Area to be rezoned from M1 to RS4

O

O
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APPENDITX

District of West Vancouver

Development Variance Permit No. 18-037

Current Ownern Jennifer and Robert Halia!

Tris - slzoment Varance Permit appliss to;

i

A%

g
BN

4358 Ross Crascent

o hiiacrinton: 039-375-002 and 011-374-276

Lot 7 and Lot A, Block 2, District Lot Z- 5 vin Nayy
Westminster District Plan 4725
{the “Lands")

- e parposss of this Davelopment Variancs Ponr -, v Lands shall be

v slapedin accordance with the drawings attachan 2o . stamped
Loy b8 approved by Council, altached as 5 das A andd
Pty in compliance with the ragulalions and vansios bsied

P

Zovito, e No. 4682, 2010 s varied and supplementsd v i,

dzvzic ol prapnsal in accordance with the following ro iz,

() buction 204.09 (RS4 Side Yard and Combined Side el is
v 1o allow: ,

i the required combined side yard to be reduczd frrm
4.6 mto 3.5m; and

the required west side yard for the garage fo b reduced
from 1.5 mto 1.0 m,

(b} E>slion 204,07 (R84 Front Yard) is varied to allow the required
front yard for the garage fo be reduced from 9.1 mio 1.0 m.

() Section 120.17 (Average Grads Calculation for Building and
Structure Height) is varied to caloulate maximum building height
using the flood construction level at 5,8 m as average grade.

(d) Section 120.27 (9) (b) (Yard Provisions and Exemnplions) is
varied ta allow the roof overhang for the garage in the front yard
to be increased from 0.6 maximurm to 1.0 m.

(e) Section 204.10 (RS4 Building Height) is varied to reduce the
maximum height from 7.62 m to 8.7 m.

(f) Section 110 (basement definition) is varied to allow the
basement to be defined as a storey, the floor of which is located
below the flood construction level at 5.8 m.

(¢) Section 130.01 (3) (b) is varied to calculate maximum building
height for the accessory building (garage and storage) using the
flood construction level at 5.8 m as average grade.



Page: 2
DVP MNo. 1§-037

(h) Section 130.15 (7) (Site Landscaping) is varied to allow the ()
impermeable surface in the front yard to be increased from 50%
to 56%.

(i) Section 130.1 (2) (c) (Highest Building Face Envelope) is varied
to allow maximum highest building face to be calculated using
the flood construction lavel at 5.8 r as average grade.

() Sections 120.22 (Retaining Wall Gradz Line and Buildup of
Grade} and 130.13 (Waterfront Yard Raguirement) are varied to
allow retaining wall heights as shov.m in Sheat A1.2 of Schedule
A, except that no retaining wall vl 2vzesd 1.2 m in exposed
face height.

The proposed new house and site landzcaping miust genarally be
constructed and finished in cornpliancs witiv aliachad Schedule “A".

The proposal shall generally incorparats 1 12 sustainability elements as
follows: :

(a) Heat Pump;

(b) All windows, doors + skylights 1o r2at curiant NAFS energy
- standard,

(c) Heat Recovary Ventilator; - ( §

(d) High performance building envelope - air tight + low air
exchanges; .

(e) Maximizing of pervious surfaces — gardens « softscape;

(f) Exterior Insulation (if exempt frdn1 setback calculations);

(¢) Trellis’ on south orientétion as passive means to limit solar gain;
(h) Drain Water Heat Recavery; and

(i Natural Gas Boiler with in floar radiant heat.

Prior to Building permit issuance the Owner shall provide applications plans
and information detailing these sustainability elements to the satisfaction of
the Director of Planning.

The propoéal shall incorporate electric vehicle charging in the garage,

The proposal shall incorporate electric conduit to enable solar panel
installation.

A Tree Replacement Plan shall be submitted to, and approved by, the ; -
District Arborist or qualified designate to replace the proposed trees to ( )

Doc# 3904295
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Page: 8
DVP No, 18-037

10.

be removed on the Lands at a ratio of 3:1 for replacement trees
whereas replacement trees and plantings are to be native species.

Prior to issuance of a Building Permit, a suitably qualified professional
will identify conditions as enabling tha safe use of the land for the use
intended with consideration to coastal flooding hazards, A s219
covenant shall be registersd against the certificate of title for the Lands
certifying that the land will be usad in accordance with tha conditions
specified in a report complstad by the suitably qualified professional. .

Prior to the issuance of a Buiiciing Permit and as security for the dus and
proper completion of the landscaping as set forth in Section 3 of this
Development Variance Permii, the Owner shall;

(a)

provide a landscaps nlan to include site grading that takes into
consideration and is integrated with the onsite stormwater
managamsnt pian 23 raquired per the District’'s Building Bylaw
4400, 2004 S-ction 2.1.12; and, the requirements sat forth
Section & of thiz Davelopmant Permit.

provide a landscape cost estimate acceptable to Director of
Planning;

pravide secu-ty in the amaunt of 125% of the landscape cost
estimate to tha Distrct in the form of cash or an unconditional,
irrevocable auto-renawing letter of credit issued by a Canadian
chartered bank or credit union; and

maintain the “secwity for a minimum of one vyear after
completion of the landscaping, and not prior to the date on
which the District authaorizes in writing the release of the
security.

This Development Variance Permit lapsas if construction of the
additions and renovations has not commenced, under an issued
Building Permit, within 24 months of the date this pemnit is issuad.

Doc# 3904296
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THE COUNCIL OF WEST VANCOUVER APPROVED THIS PERMIT BY (
RESOLUTION PASSED ON . T

‘\l’] A “l(’ D H

MUNICIPAL CLERK
THE REQUIREMENTS AND-CONDITIONS UPON WHICH THIS PEBMIT IS
ISSUED ARE ACKNOWLEDGED AND AGREED TO. IT IS UNDERSTOOD THAT
OTHER PERMITS / APPROVALS MAY BE REQUIRED INCLUDING PERFITS /

APPROVALS FOR BUILDIMNG GONSTRUCTION, SOIL AND ROCK REMOVAL 3
OR DEPOSIT, BOULEVARD WORKS, AND SUBDIVISION.

FOR THE PURPOQSES G ZECTION 8, THIS PERMIT IS ISSUED ON _
Schadules:

A — Developmant Pizn: {4258 Rass Crescent prepared by Hlynsky and Davis
Architects, dated stampad [#ay 15, 2019.

O

e

O

Doc# 3904296
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DVP BRIEF

Arezoning based on accreted fand and three main variances that trigger addilional bylaws impacts due to the new Flood Construction Level and the narrowness of the fot:

a.

RE-ZONING:

The lots natural boundary has been
re-defined with a new accreted property
fine cumrently zoned Marine Use. The
accreted land accounts for an additional
107.8 square meters {1160 sq. Ft.), The

waterfront property line now conforms -

with neighbors to the east and west
The neighboring  properties are

designated Residential for the entirety.

of their properly and were granted
accretion at the time without re-zoning
process. Due to precedents along the
waterfront, we feel that is in keeping
with the neighborhood to grant this long
narrow lot the same zoning as it's
neighbours.

COMBINED SIDE-YARD:

The site has is one of the narrowest in
the neighborhood with a square width of
38.35" (or 11.69 meters). This restricts
the building envelope to a twenty-three
foot wide home if complying with fifteen
foot combined side yard regulation. The
existing house is non-confirming to
both the minimum side-yard on both
sides and the combined side-yard.
The west side has a 4.4' (1.45m) set
back and the -east side a 3.45' (1.06m)

. setback for a total combined side yard

of 7.85' (2.51m). Our current proposal
complies with the minimum side yard
setbacks having 6.5 feet on the east
side and 5 feet on the west side for a
total combined side yard setback of
11,5, The proposed house jogs both
horizontally and vertically so that the
side yards open up and modify along
the length of the house. The proposal is
an improvement to setback conditions
currently existing. As we are meeting or
exceeding the minimum side yard
setback of 5-0" on either side we would
request a relaxation due to the
narrowness of the iot, our modutation of
sidewall plains and the existing
precedent.

c.

.to  redevelop this

FLOOD CONSTRUCTION LEVEL
“FCL" and AVERAGE GRADE
DETERMINATION:

Initial DVP Application of February 20,
2018 set the home at the FCL at the
posted bylaw requirement of 4.5 meters
(15.0"). Initial comments back in the
beginning of July 2018 (five. months
later) did not raise any concermn wilh
FCL. At the end of July, WV Planning
Department advised they had decided
to follow the Provincial Guidelfines
Addendum that was issued in January
2018, This would be retroactively
applied to all applications. Al new
deveiopment in Flood Hazard Areas
would be required to set the house
based on recommendations by a
Coastal Engineer. We  retained
Northwest Hydraulics . In their report, it
was determined that this site would
require the house main floor be set at
19'-0" (5.8m). Through the terracing of

the site, we have managed to raise the -

house from the previous proposal to
achieve this requirement. The existing
site is approximately” 4-0" below the
neighboring properties and 11-0" below
FCL. Both neighboring properties
curently have retaining walls that allow
these flanking sites to comply with the
previous 3.5 meter FCL. Based on the
existing grade it would not be possible
property in
conformance to the zoning bylaws. In
discussions over the previous fourteen
months with Planning, Mayor and
Council, we understand that the
elevation set by the Coastal Engineer is
a non-negotiable requirement.. in order
to not reduce these properiies to having
little value or sterilize the potential for

- development, we are requesting that

FCL take priority over existing grade as
the determination of Average Grade for
Building Helght, Highest Building Face
and Basement Exemption. The cument
home based on our approximation is
non conforming to existing grade. Our
proposed home would therefore be an

improvement in relationship to finished,

grade as it complies with Finished
Grade and it is under height in relation
to proposed prade (23.94') and Flood
Construction Level (22.0') and complies
with Highest Building Face by using
lower of FCL or proposed grade. The
origina! proposal had the flat roof height
at the ridge within a foot of the
neighboring properties; however, with
the requirement to raise the house by an
additional four feet this has then made
the proposed roof height at +41. The
peak of 4360 Ross is 36.5' which is 4.5
below the proposed height. The Ridge
of 4346 is at 38.4' which is 2.6’ less than
the proposed. With the terraced
approach to the tfandscaping and by
conforming with Finished grade we are
confident that this should be able to
mitigate the appearance of an overly
high house. The current non-conforming
house and large trees create more
shadow on neighboring properties than
the proposed house and landscape.
There will be more light on both
properties following development of this
lot. It is also a relatively small home with
the footprint of the main floor being a
modest 1673 square feet.

GARAGE LOCATION:

We are proposing to replace the existing
garage with a new garage in the same
location to be able to moderate the
change of grade between the street and
the house. The location of the garage in
the frontyard setback is intended to
maximize porosity between house and
road. If garage was pushed back to
comply, a greater amount of hardscape
would be required to allow for car
tumaround and driveway access. (See
diagram A1). The garage location is also
similar to other non-conforming
_structures in the neighborhood including
the immediate neighbor. It should be
noted that the boulevard at this iocation
is unusually generous so visually the
setback is in keeping with neighbors.We

are also requesting a variance for the
sideyard setback from 5-0" to 3'-2", This
again aligns with the current garage.
Due to narrow width of lot neither a
complying driveway nor the proposed
would meet the 50% porosity
requirement, {See diagram A1.4 with
porosity calculations)

CONCLUSION:

It is Important to recognize
neighborhood character and avoid bulk.
In the summer of 2018, Planning
advised that they ~would consider
additional FAR up to .45 to equalize the
basement area that would be lost with
Development in FCL zones. We did a
study of this option and consuited with
our Coastal Engineer and Structural
Engineers. It was determined that the
more. - beneficial strategy for the
neighborhood and our client would be to
have a fully tanked basement and stay
with the .35 FAR to avoid being out of
context- with the neighborhood. We are
working with Paul Sangha Landscape
Architecture to create a site that will
keep
and include a rigorous re-planting

the Westcoast beach character .

o aas ————- -

Y el e

strategy. The interface with neighbors
on the east and west sides has been

designed to ensure that there is no.!!g,{,.

retaining wall greater than the four foot
bylaw. This site will invert the curent

. condition that exists so that this site is

no longer in a hole subject to flooding.

HLYNSKY + DAVIS
ARCHITECTS INC.

HEFFEL RESIDENCE
4132 R0A3 CHESC
W VAN, BC
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4.1.3 WAVES
Measured wave conditions have been obtained via the DFO at Halibut Bank (Buoy C46146). This buoy is centrally

located in the Strait of Georgia and has been used for model calibration (Section 6.1.3) and to define the population
of extreme events at the project site {Section 4.2}, The location of this buoy is noted in Table 4-1.

4.2 REGIONAL WIND PATTERNS
Regional wind patterns drive wave conditions in the Strait of Georgia and, ultimately, wave effects at the project
site, Figure 4 presents a selection of wind roses from the meteorological stations considered in this study. Wind
directions are presented in the meteorological convention (i.e. an Easterly wind is from the east) and show the
general directional trends in the Strait of Georgia. Within the Strait of Georgia, there are two distinct populations of
wind events, with winds from a generally Northwesterly direction and winds from a generally Southeasterly
direction, following the axis of the Strait. Local variations in the trend are present near major topographic features
such as Howe Sound, where winds are generally Northerly or Southerly and near the mouth of the Fraser Valley and

Burrard Inlet where there is a strong Easterly component to the wind climate. At the project site, winds are generally
either Westerly or Easterly due to the topographic steering effects of the North Shore mountains.
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5 EALEVELRI E

Sea level directly responds to variations in the global water cycle (Rhein et al., 2013). Sea level may then evolve
when the ocean cools or warms,

when water is transferred between the ocean and continents (evaporation and precipitation), between the ocean
and ice sheets (snow, freezing and ice melting), and

when water is reallocated to different ocean regions due to tide variability and changes in the dynamics of the
climate system

Sea level can vary on different scales:

time scales ranging from hours to centuries,
spatial scales from less than one hilometer to global and

with height variations from one millimeter to a meter or even more. (Larger leve! variati n are mainl due to
tides).

Variations in sea level mainly impact people, infrastructure and the environment in coastal areas. Coupled with
variations in storm surges, tide heights and extreme precipitation, they are one of the major threats to sustainable
development of coastal regions.

51 SEA LEVEL RISE IN THE RECENT PAST

Sea level has always evolved, and sometimes very rapidly 130 m between the last ice age about 21,000 years ago
and the beginning of the current interglacial period about 1 meter per century. Such changes can only be explained
by natural variations. Since the beginning of the industrial period at the end of the 19™ century, sea level has risen by
about 20 cm (Figure 5, Rhein et al 2013). Thi is mainly due to global temperature rise that has reached 1 C at
global scale recently (GISS Surface Temperature Analysis, 2019). Atmosphere temperature rise leads to two
phenomena influencing sea level rise:

200

Church & White 2011
- Jevrejava et al., 2008
Ray & Dou las, 2011

g

g

(-}

GMSL anomaly {mm)
8

i
&

] 1 1920 1940 1 1960
Figure 5 - Yearly average global mean sea level rise reconstructed from tide gauges (1800-2010) by three
different approaches

The more sea water temperature rises the more the water expand Water expansion is a major influence on past
changes in sea level and is expected to make the greatest contribution to sea level rise over the 21st century.

Higher temperature enhances sea ice and glacier melting Antarctica, Greenland and mountain glaciers store
large amounts of water. It melts more and more with temperature rise Water previously stored on land as ice
and snow is then added to the ocean.

Over the past 20 years, it is certain that globally averaged sea level has risen with a mean rate of 3.2+0.4 mm per
year. However, regional patterns of sea level rise remain a reality due to high winds, ocean circulation, tide heights
and continental topography (Figure 6).
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Figure 6 - Spatial representation of the mean rate of sea level rise between 1993 and 2018 (Jet Propuision
Laboratory, NASA, created with data from the Topex/Poseidon and Jason-1 satellites)

Observat ons for the West Coast of Canada are s ightly below the gl bal average. An assessment led by the Pacific
Climate Impacts Consortium has enabled the estimate of historical sea level rise for the Vancouver area by using
data collected at tide gauges Figure 7) Average sea level rose by 3 7 cm at Vancouver, less t an in Prince Rupert
and more than in Tofino. These discrepancies are mainly due to the combined impacts of climate change and vertical
land movements. n general, the coast of British Columbia s currently rising due to post-glacial rebound (i.e. the
rising [ia d due to past thinning and retreat of massive ice sheet) P us, the shifting of the tectonic plates generates
vertical land mo " n causing parts of Vancouver Island to r se. That 1s why, the southwest coast of Vancouver Island
rose by about 25 centimetres, while the vert'cal land motion of Prince Rupert is neghgible. This explains he
difference 'n sea evel change between different sites.

4

=
Yy :
¢

. \l
- 1 H
Wi 2
1.0 3
: ,’/ g
ﬁ L e it
‘ @°
E
- =
- " 8 E
LN
i ~
.
-10 Tofino v 15
Centimetres Pitnce Tofino Victoria Vancouver
parcentury Victona Rupedn

Figure 7 Historical sea level rise between 1910 and 2014 on the Canadian West Coast (PCIC, 2018)

5.2 SEALEVEL RISE IN THE FUTURE

Fu ech ate cond'tions are projected using different greenhouse gas GHG) e ssion scenarios, k own as
Representative Concentration Pathways (RCPs). These RCPs provide a ra ge of possible trajectories of how global
land use and em‘ssions of GHGs and air pollutants may change throughout the 2 st century They are named
accord ng to their radiative forcing values (the change in net irradiance in the atmosphere due to external drivers) in
the year 2100:26,4 5,6 0,and 8 5 Wm (IPCC, 2013). Therefore, RCP2 6 represents the least carbon intens ve
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pathway while RCP8.5 represents the most. While RCP2.6 represents the owest carbon scenario, it corresponds to a
level of decarbonization which exceeds most ambitious decarbonization scenarios (Figure 8).

Figure 9 shows the evolution of the global mean sea level rise according to climate projections of RCP2.6 and
RCP8.5 simulations. If we account for uncertainty ranges due to inter-model spread, sea level will rise by 26 to
93cm by the end of the century compared to the 1986-2005 period (Church et al., 2013). As highlighted for the
RCP2.6 scenario, sea leve! rise will continue to rise, even if GHG emissions decrease drastically to get almest null.
The deep ocean responds slowly to climate change, and expansion of the ocean due to temperature rise is likely to
continue for several centuries. Glaciers, ice caps and ice sheets are also expected to continue 1o shrink with the
melted ice increasing the volume of water in the ocean.
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Figture 8 - Evolution of global anthropogenic emissions of greenhouse gases under diffarent RCP scenarios
{Van Vuuren et al., 2011)
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Figure 9 - ProJections from process-based models of global mean sea leval rise relative to 1986-2005 and its
contributions as a function of time for RCP2.6 and RCP8.5 {Church et al., 2013)

The rate and magnitude of sea level rise will not be uniform from one region to another. It will reflect variations in
ocean warming and redistribution of heat and mass under the influence of ocean currents (PCIC, 2016). Projection
for the Canadian West Coast are given by the CAN-EWLAT tool for all weather stations (Fisheries and Ocean
Canada, 2019). It uses a conservative approach the tool is based on historical records and does not incorporate
projected changes in storm tides over the 215t century because the current state of knowledge of future projections
of storminess is limited. The most repre entative mean projections for West Vancouver are given for the station of
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Point Atkin on (Figure 10). Increases in sea lev { are g'ven from 2010 onwards meaning that historical increase and
ncertainty shou d be added to projected values. By the end of the century, sea evel may then rise by 32t 89 cm in

the West Vancouver area compared t  the beginning of the industria period based on the range of 10' and 90"
ercentile estimates from RCP4 5and CP8.5 scenarios Best est'mates using RCP8.5 place the range of sea level
se between 0 47 m and 0.89 m by 210 , with a mean value 0f 0.55 m

Mean Relative Sea Level Rise in Metars BC Point Atkinson Station 9

»
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Figure 10 - Sea level rise projected from 2010 onwards under RCP4 5 and RCP8.5 for Point Atkinson British-
Columbia

Vert'cal allowances are recommended changes in the elevation of coastal infrastructure required to maintain the

cu rent level of flooding risk in a future scenario of sea level rise. The Ministry of Environment of British Columbia
has recomme ded that the sea level r1 e curve presented in Figure 11 should be used for sea level rise policy and
adaptation planning (BC Min stry of nvironment, 2013).
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Figure 11 - Vertical allowance suggested the Ministry of Environment of British Columbia (Ausenco
Sandwell 2011)

These recommendations follow pessimist c and conservative projections given by the RCP8.5 scenarto. The
recommended curve ’s sl ghtly higher than the 90 pe centile of projections up to 2070 and moves below the median
curve by the early 2100 with he recognition that in a planning network, time remains to revise curves upward, if
academic research or the required response warrants. According to the 2013 scientific knowledge status, M n stry’s
rec mmendations are considered consistent for effic’ent adaptation measures.
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5.3 LATEST RESEARCH AT GLOBAL SCALE

Latest research points to a possible impact considerably higher than estimates made in 2013 and summarized by the
[PCC (Church et al., 2013). Sea level rise numbers have been trending upwards in the last 6 years. This is mainly
because scientists have been leamning more about the potential modes of instability in Greenland and the Antarctic
ice sheets in particular. Several new ice sheet models have been generated, focusing on the dynamic contribution of
ice sheets to sea level change, which remains the key uncertainty in future projections (Church et al., 2013),
particularly beyond 2050 (Kopp et al., 2014; Nauels et al., 2017; Slangen et al., 2017; Horton et al., 2018). Results
from these models have suggested that the West Antarctic is losing far more ice than ever before. According to these
new projections, sea level rise at the end of the century is projected to be faster under all scenarios compared to 2013
findings. Global mean sea level will rise by 29 to 59 cm under RCP2.6 compared to 2000-levels, and by 61 to 110
cm under RCP8.5 (Figure 12). For RCP8.5, estimates for 2100 are higher and the uncertainty range larger than in
Church et al. (2013). Beyond 2100, sea level will continue to rise for centuries due to continuing deep ocean heat
uptake and mass loss of the Greenland and Antarctic ice sheets and will remain elevated for thousands of years.
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Figure 12 - Projections of mean sea level rise from the IPCC Speclal Report on the Ocean and Cryosphere in
a Changing Climate (SROCC, Oppenheimer et al., 2019), compared to Church et al. (2013) results (ARS)

Some studies even predict higher increases in sea level. For instance, Bamber et al. {2019) used new techniques to
study interactions between several ice sheets processes and their dependencies. For a 5°C of warming (similar to
high projections of the RCP8.5 scenario), there is a 5% chance that sea level may rise up to 178 centimetres by the
end of the century. By 2200, this 5% chance may give 7.5 metres. Therefore, research shows that there are some
catastrophic scenarios that could occur, but chances of that happening are low.

Like results brought by Church et al. (2013), new projections of sea level rise are region-dependent. As highlighted
in Figure 13, the West Coast of Canada is likely to experience sea level rise below the global average (between 40 to
80 cm by 2100 under the RCP8.5 scenario compared to 2000-values, only by eye-inspection), However, catastrophic
increases as highlighted by Bamber et al. (2019) remain also possible for every region of the globe. Events having a
chance of occurring once every 100 years may become frequent (once every 2 years) by the end of the century,
Given the lack of regional studies incorporating findings of Oppenheimer et al. (2019) for British Columbia
coastlines, allowance for sea level rise should be revised at a [ater stage.
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F gure 13 - Regional sea level rise for RCP8 5 by 2081-2100 (Oppenheimer etal 2019)

5.4 LOCAL UPLIFT AND SUBSIDENCE

The Clim te Change Ad paton Gui  es for Sea D'kes a d Coastal Flood Hazard Land Use Draft Policy Paper
for existing crustal movement a ong ¢ asa BC shorel nesin catea egion | uplift value between 1 to 3 mm per
year. However, the Geolog ca Survey fCanada provides a more detailed analysis of the local uplift and subsidence
values. Figure 14 maps subsidence and upl] & rates for the | wer mainland and shows that the study site is subsiding
atarateof  mmyear -05mmyea Fo the purpo esoft 1sstudy asubsidencerate of 1 mm year is applied
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Figure 14 - Vertical land motion in the Frasser Delta-Greater Vancouver area (Thomson et al, 2008)

55 APPLIED SEA LEVEL RISE

WSP’s climate change specialists would advise to follow Briti h Columbia recommendations for the vertical
allowance concerning sea level rise of 1.0 m by 2100, benchmarked to MSL in the year 2000, Federal estimates
place the likely range of sea level rise at Point Atkin on at 0.47 m to 0.89 m, which, incorporating subsidence
estimates from Section 5.4 results in a vertical allowance of 0 55 m to 1.01 m. This places the Provincial guideline
value for the year 2100 near the 90" percentile estimate of R P8.5 combined with an upper bound estimate for
subsidence.

As new regional studies become publicly available, the District of West Vancouver should follow Provincial
recommendation to update vertical allowance estimates. The Di trict should then revisit the vulnerability, risks and
contro] measures for each infrastructure project having a design life within the revised vertical allowance timeframe.
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6 WAVE EFFECTS

This section presents the derivation of the wave effects component of the FCL. This section is broken down into
three main subsections:

—  Section 6.1: In this section the derivation of regional wave conditions is presented, including the interpolation
of wind fields from regional stations for use in the numerical wave model SWAN and the validation of this
wave model,

— Section 6.2: This section presents the derivation of extreme wave conditions immediately offshore of the
project site, considered to be at the 30 m depth contour. A validation of the approach used to estimate the at site
extreme value distribution is presented, as well as the associated wave periods and water levels,

—  Section 6.3: This section presents the derivation of wave effects at the project site for undeveloped and
developed site conditions using the numerical model SWASH. Best estimate and sensitivity tests are presented
for 200-year, 10,000-year and 40,000-year return period events.

6.1 OFFSHORE WAVE CONDITIONS

6.1.1 WIND FIELD INTERPOLATION

Wind fields for the Strait of Georgia have been generated from measured wind at 27 meteorological stations
presented in Table 4-1. The interpolation was carried out in two stages:

Temporal Interpolation: The 27 meteorological generally have concurrent measurements from the mid 1990s
onwards. There are, however, occasional gaps in each wind record that require filling prior to completing a spatial
interpolation of winds across the entire Strait of Georgia. Temporal data gaps have been filled using the following
procedure:

1. Wind records at every station were sorted into directional (e.g. 337.5° to 22.5%, 22.5° to 67.5°, etc.), and
magnitude (e.g. 0 m/s to 5 m's, 5 m/s to 10 m/s, etc.) bins.

The empirical cumulative distribution function (ECDF) was determined for each directional and magnitude
bin at every station

3. For each station, the ECDF of every other station was then scaled using a linear regression to match the
EDCF of measured winds at that station.

4. A sumrogate wind record was created at each station using every other station, resulting in 26 potential
surrogate records.

5. The predictive capacity of each surrogate record was then ranked by root mean square error (RMSE) and
bias for magnitude and direction.

6. Data gaps were then filled from the highest ranked surrogate record. If that record was not available at the
time of the gap, then the second highest ranked surrogate record was used, and so on.

b2

By using the ECDF of the recorded winds, statistical properties of each wind record are generally better represented
by the resulting surrogate dataset. Similarly, it was found that the timing and direction of wind events moving
through the Strait of Georgia was better represented by this approach than, for instance, using a directional linear
regression or direct substitution from a nearby station.

Spatial Interpolation: With complete records for each of the 27 meteorological stations derived from the temporal
interpolation, spatial wind fields were interpolated using a biharmonic spline interpolation. Nearest-neighbour and
natural neighbour interpolation schemes were tested but were found to give unreliable extrapolation results and
unrealistic blending of wind fields across topographic breaks, for example between Howe Sound and English Bay.
Wind speed correction factors were applied where appropriate to account for land-based stations and to adjust winds
speeds to a standard 10-m elevation.
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Figure 15 - Interpolated wind fields on March 12, 2012 at 15:00 UTC.
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Notes. On the: main panel grey dots are meteorological stations with the location of Hal but Banks highlighted in red Top {eft panel plots wind speed
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lower left panel presents comb ned water leve {hlack) and residual water level (red) at Point Atkinson

Figure 15 presents an overview of the interpolation events, for a Southeasterly large storm event on March 12, 2012
at 17:00 UTC, which caused considerable damage through the northern Strait of Georgia. This event corresponds to
a 10-year wave event and 25-year wind event at Halibut Bank. Water levels at Point Atkinson were a 5-year return
period residual water level and a 99.9" percentile combined water level, just below a 1 year retum period event.

Figure 16 presents interpolation results for a large Northwesterly wind event on December 15, 2006 at 11.00 UTC,
which causes widespread damage in Stanley Park. This event corresponds to a 1-year wave event at Halibut Bank
(largely outside of primary wind event), a 40-year wind event and a 10-year residual water level at Point Atkinson.
Combined water levels at Point Atkinson were 94th percentile (i.e. below a return period event).
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612 SWAN MODEL DEVELOPMENT

SWAN is third generation wave model developed by Delft Unive sity of Techno ogy This model can be used to
generate wind driven waves in ¢ astal egio s as wel as in in land waters SWAN can simu ate shoaling and

refraction due to bathymetry along w'th athe physical processes such as whitecapping and depth induced wave
breahing.

A SWAN model was built extending from Ca pbell Rive in the north to Orcas Island in the south, Howe Sound t
the north of the project site was also included in the m del An out ine of the SWAN mod 1 extent is shown in

F gure 17 below. The various channels and passes on the southwestern boundary of Gulf Istands were not included
in the model region. The model shore ne was set to the northern shoreline of the Gu f1s a ds. The tight grouping
the islands would prevent much wave energy from transferring from the southem side of hese islands to the
northern portion. This region 1s also far removed from the study s'de and any benefit of including his region would
not be worth the added computatio al expense of including 't. Many of the mall islands in Strait of Georgia were
excluded from the model, however m st of the large islands were included inside the model domain This was done
to balance the time needed to build he model w'th the computational time needed to run simutations. SWAN can
remove dry, or land nodes during a simulation, h wever including a large n mber of always dry nodes in the model
domain can increase the computat ona time during a simulation Setting up he model boundar’es to exclude all land
nodes would increase the amount of time need to build the model

Bathymetry data for the bay area was aken from NOAA The bathymetry near the project s te was supplemented
with more detailed information from Canadian Hydrographic Services and t pography from 2013 LiDAR (0.5 m
accuracy) from District of West Va couver’s GIS data.

Twoe model versions were created, the first was a structured grid with 500 spaci g This model was used setup and
calibrate the main model. The structured version of SWAN supports parallel processing andth’s  owed many runs
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to be performed quickly to test model setup and troubleshoot any issues with model performance. Once the model
parameters were confirmed, the final calibration tests were simulated using an unstructured model.

The unstructured version of SWAN was used so that project area could be modeled with high resolution while
keeping the computational coast of simulations low. The unstructured version does not natively support parallel
processing so each simulation can be very time consuming. Most of the mode! domain had a 500 m mesh spacing.
The resolution of the model was increased to 50 m near the project site. The model resolution was atso increased to
100 m near the terminals at Roberts Bank, the lona Outfall Jetty and around some small channels between islands in
Howe Sound. The final model domain is shown in Figure 17 below.

30000 F

Figure 17 - Unstructured SWAN mesh

Model data was extracted at several locations offshore of the study site to be used to drive the SWASH wave run-up
model. Figure 18 below shows these locations as well as details of the mesh near the project site.
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Figura 18 - Detalt of unstructured mesh near study site with model extraction points shown in red

6 13 CALIBRATION AND VALIDATION

Interpolated wind fields in SWAN were cal brated against measurements at meteorologica stations throughout the
model domains and agains the resulting wave height and per’od recorded at Halibut Bank. Seve wind and wave
events were then selec ed or validation on the bas s of representing a range of wind directions, having a dis 1 ct
wind peak or having backing or veering winds (i.¢ a complex wind and wave field) A period of 24 hours
surrounding the peak of t e event was s'mulated to generate bias RMSE and r* statistics. Table 6-1 presents the
results of this validation exe c'se Overa , the mode has a very low 0.03 m bias for wave height and 0.18 s bias for
wave period, meaning that the model, on average acros 6 storm events, over predicts wave height by 0.03 m and
wave period by 0.18 s. Considering on y the peahs of the storms, the model overpredicts wave height by an average
of 0.07 m and wave period by 0.21 s, which is an excellent validat on result The overall RMSE for observed versus
simulated wave height is 10% of the average peak wave height and is a similar 10%0 for wave period. r? coefficients
are 0.94 and 0.75 for wave height and per od, respect vely. It should be noted that the lower r* value for wave period
15 like y due to the different spectral bin 1 g empl ye 1n the measured wave spectra at Halibut Bank and the
simulated wave spectra within SWAN.
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Table 6-1: Validation test cases

PEAK DATE! Observed |Modeled | Bias |RMSE (m}| r |Observed Modeled| Blas | RMSE(s) | r?
Peak (m) | Peak {m) at Peak | at Peak | (s)
(m) (s) (s)

23 Apr, 2002, 04,00 | 1.51 154 |-007| 012 |091| 479 | 494 |001| 048 | 065
14iDec200q, 17:00 | 277 | 322 | 000 | 024 |093| 682 | 723 |o18| 0s0 | 075
29.0Gct2003 0000 | 160 | 200 | 014 | 021 |095| 533 | 645 |027| 048 | 093
02Apr2010. 2100 | 349 | 300 |-010| 025 |082| 692 | 711 |019| 049 | 067 |
24/Dec2005/2100 | 178 | 190 | 004 | 019 |097 | 533 | 545 |008| 106 | 050
12 Mar2012,1300° | 315 | 3.4 | 016 | 024 |096| 682 | 7.31 |036| 052 | 094
Overall 003 | 021 |[094 lo18| 059 | 075

! Slmﬁi;iion period Is 24 -hours surrounding e;ch peak evei‘il_

6.2 DETERMINATION OF DESIGNATED STORM CONDITION

6.2.1 REGIONAL EXTREME VALUE ANALYSIS
6.2.1.1 METHODOLOGY

Estimates of the extreme values at a regional scale are required to derive appropriate water level and wave effect
components for simulating the wave effects component of the FCL at site. For this study, a peaks-over-threshold
approach combined with a three-parameter extreme value distribution fit has been adopted,

WINDS

For the analysis of extreme wind speeds, the wind record at the four nearest long-term stations exposed to
representative conditions in the Strait of Georgia have been analyzed:

— Point Atkinson (1106200)

— Sand Heads (1107010)

— YVR({1108395)

— Halibut Bank (C460146

Nearby stations at West Vancouver, Vancouver Harbour, Sechelt and Tsawwassen Ferry Terminal have not been
used in this analysis either due to a short period of record or topographic features and/or instrument locations that
make these stations inappropriate for estimating extreme values,

Extreme value distributions were fit to winds from each station.

WATER LEVELS

Both combined (tide and surge) and residual (surge) water levels have been analyzed. Combined water levels are
based on the hourly measured water level at Point Atkinson (7795) converted to CGD. Residual waler levels have
been determined as the measured water level minus the predicted tide to determine the deviation of actual water
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level conditions from predicted. This deviation represents the residual water level {surge) at the project site.
Predicted tidal levels have been provided by the CHS.

DERIVATION OF SITE-SPECIFIC CONDITIONS

Through the model calibration efforts presented in Section 6.1.3 it was observed that extreme wind events at a given
meteorological station (e.g. at Point Atkinson, Entrance Island, Ballenas Island) did not necessarily correspond to a
correspondingly extreme wave height at the Halibut Bank Buoy. This is true of the relationship between windspeed
and wave height at the buoy itself, there the largest recorded waves occur over a range of local wind speeds. This
means that the extreme wind events at a range of stations need to be considered to accurately estimate the extreme
wave events at a given location as the extreme waves can be generated from a wide range of wind conditions not
necessarily represented by a single meteorological station.

In general, the most robust approach to determining a site-specific extreme value distribution for wave action in,
such a complex coastal environment would be to employ a decadal hindcast or measurement of wave conditions to
directly estimate the extreme value distribution. This is both a time-consuming and costly approach inappropriate for
all but large-scale infrastructure projects. For this project, the site-specific extreme value distribution has been
determined based on simulations of a representative sample of storm events in the Strait of Georgia and locally in
English Bay to derive a sufficient number of samples to define the extreme value distribution of waves at the project
site. From these samples of the underlying wave population, the extreme value distribution can then be estimated
with confidence. The following procedure was followed:

— Derive the extreme value distribution of wind speed at the four selected meteorological stations and of water
levels at Point Atkinson.

— Determine the minimum number of peak events required to define the extreme value distribution for winds at
each station. The minimum number of events was deemed to be the number of events required to derive an
extreme value distribution consistent with the optimized distribution.

~ Use the numerical wave model S\WAN to simulate (Section 6.1) the ensemble of peak events and export the
resulting wave conditions offshore of the project site at several depth contours.

— Estimate the resulting extreme value distribution for wave height and use the resulting return period level wave
conditions to drive a nearshore wave runup model (Section 6.2).

A validation of this approach is presented in Section 6.2.4,

6.2.1.2 EXTREME VALUES

WINDS

Table 6-2 presents return period level winds for each of the selected meteorological stations while Table §-2
presents return period level winds from the Northwest, defined as 225° +/- 90°, and Table 6-4 presents
corresponding return period level winds from the Southeast, defined as 135° +/- 90°. Return period level wind
speeds are broadly similar across the three shore stations at Point Atkinson, Sand Heads and YVR, with Halibut
Bank reporting slightly lower extreme wind speeds. The values in Table 6-2, Table 6-3 and Table 6-4 have not been
corrected for instrument height or type, with the three shore stations measuring winds at between 11.0 m and 19.5 m
and Halibut Bank reporting from a discus buoy with an anemometer height of 5.0 m. A typical correction to a
standard 10 m measurement height for a buoy of this type would be 1.11 to 1.17, depending on environmental
conditions and ambient wave height, bringing its extreme wind speeds in line with the shore station values.

Table 6-2: Summary of extreme omnidirectional winds with 85% confidence bounds

[RETURN | POINTATKINSON | SANDHEADS |  YVR | HALIBUTBANK |

PERIOD (mis) {mi/s} {mis) (mis)

6l 20,56 +- 0.61 2114+-061 |  18.64 +-051 1720 +/-030

5 2172 +-062 22.45 +/- 0.62 20.26 +-0.52 18.20 +/- 0.31

10 2257 +-063 2341+-063 |  21.42+-052 18.84 +-032 |

ROSS CRESCENT FLOOD CONSTRUCTION LEVEL WSsP
Prolect No 181-12114-00 November 2019
District of West Vancouver Page 28



RETURN | POINTATKINSON |  SAND HEADS YW HALIBUT BANK
PERIOD {m/s) (mis) (mis) {mis)

25 23.68 +/- 0.66 24 65 +/- 0.65 22.91+/- 0.53 19.65 +/- 0.33
E’Eu" Bl 24.50 +/- 0.68 25,57 +- 0.68 24.01 +/-0.53 20.24 +1-0.34
g 24.97 +-069 26.11 +- 0.69 24.64 +- 0.54 20.58 +/- 0.35
100 25.31 +-0.71 26.49 +/- 0.70 2508 +/- 0.54 2081 +-0.35
200 26.11 +/-0.73 27.39 +-0.73 26.13 +/- 0.55 21.37 +-0.37
500! 2717 +/-0.78 28.58 +/- 0.77 27.50 +/- 0.56 22,08 +/-0.39
1,008 27.95 +/- 0.81 20.46 +- 0.80 28.52 +/- 0.57 2261 +-0.40

Table 6-3: Summary of extreme Northwesterly (225° +/- 90°) winds with 95% confidence bounds

IRETURN

SAND HEADS

POINT ATKINSON YVR 'HALIBUT BANK

PERIOD (m/s) {mis) {mis) {m/s}

2 19.49 +- 0.84 18.71 +- 0.67 18.24 +/- 0.45 15.33 +/- 0.80

6 56| 21.21 +/-0.86 20.10 +/- 0.68 18.93 +/- 0.46 16.60 +/- 0.82
22.40+/- 0.87 21.06 +/- 0.70 2112 +-0.46 17.52 +/- 0.84
23.88 +/-0.90 2224 +/-0.72 2261 +- 0.46 18.70 +/- 0.88
24.95 +-0.92 23.09 +- 0.74 2369 +- 0.47 19.58 +/- 0.91
2556 +/- 0.94 2358 +/- 0.75 24.31 +/-0.47 20.09 +- 0.94
25.98 +/- 0.95 23.91 +- 0.76 24.74 +/-0.47 20.45 +/- 0.95
26.98 +/- 0.98 24.70 +/- 0.78 25.76 +-0.47 21.30 +/- 0.99
28.26 +/- 1.02 2571 +/- 0.81 27.07 +-0.48 22 41 +- 1.05
29.20 +/- 1.05 26.45 +- 0.83 28.04 +-0.48 23.25 +- 1.10

Table 6-4: Summary of extreme Southeasterly {135° +/- 50°) winds with 95% confidence bounds

POINT ATKINSON SAND HEADS YVR HALIBUT BANK
PERIOD {m/s) (m/s}) {mis}) (mls)
By 19.70 +/-0.44 20.79 +/- 0.61 15.16 +- 0.71  1666+-028
g 20.47 +-0.42 22.19 +- 0.62 1662 +-0.71 17.51+-0.28
ol 20.97 +/-0.43 23.20 +/- 063 17.66 +- 0.72 18.15 +/- 0.29
5.5" : 21.57 +/- 0.44 24.47 +- 0.64 18.99 +/-0.73 18.99 +/- 0.30
150 21.98 +/-0.45 25.30 +- 0.66 19.96 +/- 0.74 19.62 +/- 0.32
| 2221+-048 25.92 +- 0.67 20,52 +/- 0.74 20.00 +/- 0.33
niigr_ 22.37 +-0.47 26.29 +-0.67 20.91 +- 0.75 20.26 +/- 0.33
2001 22.74 +/- 0.48 27.17 +-0.69 21.84 +-0.76 20.889 +/- 0.35
55@7“ o 23.20 +/-0.50 28.31 +-0.72 23.05 +- 0.77 21.73+/-0.38
1000 23.53 +/- 0.51 29.15 +- 0.74 2395 +/- 0.78 22.37 +-0.40
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WATER LEVELS

Table 6-5 presents a summary of extreme water levels at Point Atkinson for a range of return periods with 95%
confident intervals, Extreme values are presented for combined water levels, which are the actual recorded levels at
Point Atkinson including astronomical tides and meteorological effects, and the residual water level, which is the
non-tidal component of the combined water level (storm surge).

Combined water levels are presented for the period 1914 to 2019 and 1999 to 2019 to investigate any effects of sea
level rise on return period level water levels. The period 1914 to 1999 was also analyzed separately, but the extreme
values were identical to the 1914 to 2019 period to two decimal places. Combined water levels are slightly higher
over the period 1999 to 2019 compared to 1914 to 1999 (2019) but remain within the 95% confidence bounds for
the complete period of record. Residual water levels are presented for the complete period of 1914 to 2019 as there
was not a significant temporal trend in residual levels and better extreme value distribution fits were obtained with a
longer period of record. Therefore, extreme values caleulated over the period of 1914 to 2019 have been used in this
analysis.

Table 6-5: Summary of extreme water levels

| cOMBINED LEVEL

COMBINED LEVEL | RESIDUAL LEVEL

RETURN 1914 TO 2019 1998 TO 2019 1914 TO 2019
PERIOD (m CGD) (m CGD) (m)

2 2.23 +-0.03 2.24 +/- 0.05 0.76 +-0.03

5 232+-003 2.33 +/- 0.06 0.84+-003 |
10 2394-003 2.39 +/- 0.06 0.89 +/- 0.03

25 2.46 +-0.03 2.47 +/- 0.06 0.95 +/- 0,03

50 2.52 +/-0.03 2.53 +/-0.06 0.99 +/-0.03

75 2.55 +/-0.03 2.56 +/- 0.06 1.01 +-0.03

100, 257 +-003 2.59 +/- 0.06 1.03 +-0.03

200° 2.63+-0.03 2.64 +/- 0.07 107 +-003 |
500 2.70 +-0.03 272 4/-007 1.11 +/-0.03
1,000 2.75 +/- 0.03 277 +-0.07 1.5 +-0.03

6.2.2 JOINT PROBABILITY

To establish appropriate combinations of water levels and waves, hereafter referred to simply as the Designated
Storm Event, the following section investigates the joint probability of the largest components of the FCL:

— Tides
— Residual Water Levels (Surge)
—  Waves

The tidal range at Point Atkinson is up to 5.1 m, which accounts for the vast majority of water level variations at the
project site. As tides are completely independent of meteorological conditions the largest component of the SWL is
by necessity independent of wave action and storm surge.

Meteorological conditions in the broader eastern Pacific Ocean determine the residual water level in the Strait of
Georgia. Although the largest recorded combined water levels at Point Atkinson (j.e. those above the highest
astronomical tide) are associated with positive residual water levels, these positive residual water levels are no more
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or less likely to correspond to a high tide or low tide and is therefore independent of the combined (astronomical
residual) water level. Figure 19 presents a scatter diagram of residual and combined water levels at Point Atkinson
On this figure, the effe tof p sitive and negative surge can be seen at the highest and lowest recorded water level
From Figure 20 it can be een that the largest water level residual (i e. those above 0.8 m) are, as expected
associated with higher overall water levels (right panel), but are not associated to any particular tidal stage

Unknown Dir n
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Figure 19 - Plot of resldual water level versus combined watar level at Point Atkinson The theoretical
combined water level limits based on the highest and lowest astronomical tides is plotted as red lines
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Figure 20 - Histogram of tidal stage and combined water levels for the complete data set and for water level
residuals above 0 8 m

Waves and winds in the Strait of Georgia are dependant, however residual water levels have an ambiguous
relationship to both wave action and wind speed. Although large positive residual water levels are associated with
major storm events, these storm events do not necessari y cause a peak wind or wave condition locally in the Strait
of Georgia. This can generally be attributed to the storm systems that generate large residual water level events
being very large scale, causing storm surges across much of the British Columbian and Alashan coastline relatively
5 multaneous y v he eas he wave cond’tions in the Strait of Georgia are local wind-waves.

g re 2| presents scat er plots of measured significant wave heights and wind speeds at the Halibut Bank b oy
versus residual and combined water levels at Point Ath’'nson Large wave events at Halibut Bank (1 e. wave heights
over 2 0 m) are almost always associated with a positive residual water level (Figure 21 bottom left panel), however

either can be used as a reliable predictor of the other due to the degree of scatter. There is a directi nal bias for
Southeasterly events in this relationship, likely because the largest wave events recorded at the by are associated
w th Southeasterly winds. When the effect of tide is included, these same wave events can be sh wn to have no
d st'nct relationship to the combined water level {Figure 21 top left panel). The same trends hold true for wind
speed as can be seen on the right panels of Figure 21.

Attempts to fit a conditional probability distribution to winds, waves, comb’ned water levels and residual wate
evels, was not successful, with the relationship between peak values not meeting a reasonable statist cal threshold
for dependence Amongst the tested variables and data sets, the highest p-value for tests of statistical dependence,
between wave height and residual water level, was 0.043 which remains below the typical 0 05 threshold for
significance In attempting to assign various conditional marginal distributi ns to the available data, fits were either
failed or of unreasonably low quality.

Although a large wind or wave event will be accompanied by some degree of positive residua water level, due t

the overwhelming influence of tides on the overall water level during a storm event, it is not reasonable t assume
that a given return-period storm event will be associated with a given return-period combined water level. Therefo e
tis reasonable to assume independence between water levels and wave wind conditions at the project site during a
designated or design storm condition.

S nce the wave and water level events are independent, the joint probability of a g'ven wave and storm event i

s mply the combination of the two marginal distr’bution functions. The marginat distribution for combined water
evel was presented in Section 6.2.1.2 with the extreme values summarized in Table 6-5. The marginal d’strib tion
of the offshore waves near the project site are presented in Section 6.2.4 below with the extreme values summar'zed
in Table 6-6. The joint probability distribution is shown in Figure 23.
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Figure 21 - Left Panels, plot of residual and combin d water level at Point Atkinson versus significant wave
height at Halibut Bank. Right Panels, plot of residual and combined watar level at Point Atkinson versus wind
speed height at Halibut Bank

623 EVENT SELECTION

Table 6-6 presents a summary of the storm events used to develop the extreme value distribution of wave heights
offshore of the project site. As discussed in Section 6.2.1, these events were selected such that the total number of
events across all reference stations were sufficient to define the extreme value distribution at each station. By
combining events from four regional stations surrounding the project site, a population of storm events sufficient to
define the extreme value distribution offshore of the project site has been derived. Each of the storm events in Table
6-6 were simulated over a 24 hour period using the numerical wave model described in Section 6.1, with wave
height, period and direction exported at several locations along the 30 m depth contour offshore of the project site.
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Table 6-6: Selected storm events used to develop the extreme value distribution of wave heights offshore of

the project site

REGIONAL WIND CONDITIONS WAVE CONDITIONS AT SITE |
DATE REFERENCE | SPEED G e e ‘C’E“J,ES Hs? | To | pocerion
~_ STATION | (WiS) | (YEARS) ™ | ®)
115,Dec 2006, 12:00 | Point Atkinson|  24.2 39 290 1314 | 171 | 7.76 230
117 Dec 1998, 9:00 | Point Atidnson | 22.8 12 290° 0104 | 153 | 7.17 230
Ezq_._Nw.neés,fq:gigt_J_a Point Atkinson |  22.2 7 100° 1474 | 1.07 | 345 167
02 Apr.2010,22:00 | Halibut Bank | 19.4 19 120° 1766 | 1.12 | 6.71 198
20/Dec 2018, 29:00 | Sand Heads | 258 51 190° 0324 | 133 | 677 212
03/Mar 1999, 1800 | Sand Heads | 247 26 160° 1074 | 1.08 | 352 162
14/Dec 2001, 1500 | Sand Heads | 236 12 290° 1744 | 164 | 869 231
08 Feb 1899, 13.00 | Sand Heads | 22.2 4 140° 0104 | 081 | 612 182
29/0ct 2003, 04:00 YVR 228 23 270° 1486 | 124 | 7.75 230
15/Dec2000,1300 |  YVR 222 16 | 270* | 069% | 134 | 733 | 230
31 Mar 1897, 01:00 | Point Atkinson| 206 ) 100° 41106 | 096 | 6.13 174
23/0ct 2001, 16:00 | Point Atkinson|  22.2 7 300 0154 | 1.20 | 7.08 234
16/Dec 2001, 01:00. | Halibut Bank | 24.9 100+ 91° 1364 | 083 | 6.00 159
06 Jan 2007, 06:00. | Halibut Bank | 19.5 21 316° 0846 | 113 | 7.21 229
12 Mar2012, 1300 | HalibutBank | 87 | © | 111° | 0944 | 107 | 346 | 181 |
29/ Nov 2007, 15:00 | Halibut Bank |  18.1 4 203° 1354 | 137 | 7.90 229
01Dec 1998, 2100/ | Sand Heads | 217 3 140 1664 | 1.11 | 590 193
06/May 2002, 15:00 | Halibut Bank |  18.0 4 233 0316 | 079 | 537 229
15 Jan 2008; 01:00 | Point Atkinson|  22.2 7 290 0736 | 161 | 7.90 229
23/Apr 2002 0400 | Halibut Bank |  17.8 3 297 1696 | 120] 7.25 231
08 Apr 2010, 1000 YVR 217 12 290 1,574 138 7.28 230
12/Nov,2007, 16:00 | Sand Heads | 217 3 140 1.974 1.04| 650 167
28.0ct 1998, 09:00 | Point Atkinson |  20.6 2 90 2056 | 067 3.11 139
18 Nov.2009, 02:00 | SandHeads | 217 3 | 150 | 1164 | o0s8| 640 163 |
18.Jan 2010, 12:00 | Point Atkinson|  20.6 ) 100 0.134 1.07| 659 171
27/Apn2004, 21:00 YVR 200 4 300 0606 | 1.16| 6.95 229

! Combined water level at Point Atkinson
2 Modeled significant wave height near project site

6.2.4 METHDOLOGICAL VALIDATION

WAVE HEIGHT

The events selected to construct the synthetic extreme value distribution of wave heights at the project site have
been validated by comparing the empirical extreme value distribution derived from measured wave heights at
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Halibut Bank to the synthetic extreme value distribution derived from simulated wave heights during each event
presented in Table 6-6. The results are presented in Table 6-7, where it can be seen that return periods less than 200
years are generally slightly overpredicted (0% to 10%) by the synthetic distribution, while retum periods longer than
200 years are generally under predicted by the synthetic distribution (-3% to -6%). Taken across all return periods
between 2 and 500 years, covering the typical range of design vales, the deviation between the empirical and
synthetic extreme wave heights is 0.6%, compared to a 95% confidence bound of 1.8% on the empirical distribution
itself, Therefore, the any difference between the empirical and synthetic distributions of extreme wave heights is not
statistically significant and the approach outlined in Section 6.2.1.1 can be applied with confidence at the project
site.

Table &-7: Deviation between emplrical and synthetic extreme value distributions at Halibut Bank

EMPIRICALH;  SYNTHETIC H,

RP (YEARS) M) M) DIFFERENCE
2 2.50 2.52 1%
g 2.80 3.06 9%
_ 10 3.04 3.34 10%
25 3.36 3.63 8%
50: 3.60 381 6%
75 3.75 3.91 4%
; ;mg ' 3.85 3.97 3%
200! 4.11 4.12 0%
500 4.44 4.29 -3%
mﬂﬂ 4.70 4.41 -6%
WAVE PERIOD

To complete a description of the extreme sea state, a wave period must be associated with the extreme wave heights
estimated in Section 6.2.4.1. The most common approach is to fit an exponential regression curve to simulated
values of H, and T}, to estimate an appropriate wave period to accompany retum-period level wave heights. The use
of an exponential function has some theoretical backing in, for example, the form of equations used in wind-wave
growth models where the wave period is related to wave height via an exponential curve. Figure 22 below presents
the regression curve, with 25% confidence bounds, derived from simulations of the selected storm events at Halibut
Bank, with the overall measured wave record plotted as an H,-T,, scatter. The synthetic H,-T, regression curve
closely follows the distribution of measured H,-Tj, values through the range of measured data, as would be expecied
for results from a calibrated wave model. Based on this comparison, it is reasonable to infer that a similar approach
will produce a valid relationship between H, and T at the project site,
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Figure 22 — H.-Tp scatter diagram showing fit of return-period level H:-Tp estimate at Halibut Bank

6.2.5 AT-SITE EXTREME VALUE ANALYSIS
EXTREME VALUE DISTRIBUTION

For each of the 27 storm event simulations summarized in Table 6-6 the wave height, period and direction of waves
was exported at several locations for a range of different depths offshore of the project site corresponding to the
boundary of the nearshore SWASH model presented in Section 0. The maximum H, across these export locations, as
well as the associated wave period and direction, was then determined.

Table 6-8 presents the resulting extreme value distribution on these wave heights. Figure 23 presents the
corresponding joint probability distribution of significant wave height and water level at the project site derived
from the marginal distribution of wave height at the project site and waver levels at Point Atkinson. Section 6.2.2
presents the methodology behind the derivation of this joint marginal distribution. To estimate an appropriate wave
period for each return period level wave event, a regression of H, and T, was carried out to associate a likely peak
period. A distinction is made between simulated peak periods and associated peak periods by noting the associated
peak period as Tp . The derivation of the associated peak period is presented in Section 6.2.5.2
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Table 6-8: Extreme slgnificant wave heights and assoclated peak period offshore of the project site with 95%
confidence bounds

RETURN He | Tpas. |  DIRECTION
PERIOD {m) {s) ")
2 1.23 +-0.11 6.97 +-0.45 ]
5 1.44 +1-0.11 7.53 +/- 065 |
iﬂ:fi Vit 2 1.57 +/-0.11 7.85 +/-0.77
li: S 1.70 +-0.12 8.16 +/-0.89
A 1.79 +-0.12 8.37 +1- 0.97
ALY 230°
75 1.83 +/-0.12 8.46 +/- 1.00
100 1.87 +/-0.12 8.55 +/- 1.04
szu 1.94 +/-0.13 8.70 +/-1.10
500/ 2.03 +-0.13 8.89 +/- 1,18
1,000 2.09 +/-0.13 9.02 +/- 123
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Figure 23 - Joint probability distribution for waves and water levels

DERIVATION OF ASSOCIATED PEAK WAVE PERIOD AND DIRECTION

To derive the associated peak wave period for each extreme event given in Table 6-8, an exponential regression
curve has been fit to the simulated values of H, and T; at the project site. This approach is documented in Section
6.2.1.1 and validated in Section 6.2.4.
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It is apparent from Table 6-8 that T, ... is relatively long as compared to the associated H, the could be expected
from a wind-wave field generated within English Bay. This is due to the largest waves at the project site being
generated in the Strait of Georgia by larger scale weather systems and propagating into the project site. As waves are
attenuated between the open waters of the Strait of Georgia and more sheltered project site, the wave height is
reduced, and the incident wave angle becomes clustered between Southwest and South. While wave height is
reduced due to diffraction, refraction and shoaling, wave period is largely unchanged, hence the periods more typical
of more open-water conditions. To interpret this, it is useful to compare Figure 22 and Figure 24. Each of these
figures displays results from the same storm events, simply at different locations. Figure 22 presents results from
Halibut Bank, where simulated wave periods match measured periods closely. Figure 24 presents results from the
project site overlaid with measured H.-T,, data from Halibut Bank for comparison. From the simulated results
{plotted as variously colored triangles), the combined effects of diffraction, refraction and shoaling have reduced the
wave height as compared to the companion results presented on Figure 22 without significantly altering the wave
period.

On Figure 24, the simulated wave events at the project site have been divided into three primary populations:

— Southwesterly: this population of wave events (blue triangles on Figure 24) is generated by north-westerlies in
the strait and approach the site with incident wave angles clustering around 230° (229" - 234%). These events are
associated with relatively longer periods and larger wave height.

— Southerly: this population of wave events (green triangles on Figure 24) is generally generated by south-
easterlies in the strait and approaches the site with incident wave angles clustering around 190* (160° - 210°).
These events have a moderately period and wave height. Two events in this population were comprised of
locally generated wind-waves in English Bay, which are the two events plotting considerably below the trend
for Southerly wave events.

— Southeasterly: the single event (red triangle on Figure 24) in this population is derived from a local wind-wave
event in English Bay.

As southwesterly waves at the project site are associated with the largest wave height and result in a direct exposure
of Steerman Beach to wave action, an incident wave angle of 2307 has been associated with extreme wave heights at
the project site.

Wind-waves generated within English Bay did not form a significant part of the extreme value distribution at the
site, which was dominated by larger waves generated in the Strait, and hence were not included in the determination
of the extreme value distribution.
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Figure 24 - Hs-Tp scatter diagram showing fit of return-period level Hs-Tp estimate at the project site

6.2.6 DESIGNATED STORM EVENT

For this project, the Designated Storm Event has been defined as a 10,000-year return period storm condition. As
discussed in Section 6.2.2, wave heights and water levels can be considered independent variables at the project site,
While large wave heights, and storm events generally, are associated with a positive residual water level at Point
Atkinson (i.e. storm surge), there is no discernible trend between the magnitude of wave action and the magnitude of
positive residual water level. Essentially, despite wave action and storm surge being related, wave action is a poor
predictor of storm surge and vice-versa. With the added effect of tidal action, there is effectively no statistical
relationship between wave height and water level at the project site. Storm direction has been defined as the

direction from which the largest waves at the project site come from, 230° or West-Southwest. There is a
considerable component of smaller wave heights from 170%, or South-Southeast, but the storm direction has been
assigned to the larger of these two incident wave directions.

The severity of the designated storm event is effectively defined by the magnitude of nearshore wave action and the
associated water level. A 10,000-year storm event could be comprised of a range of potential wave heights and
water levels with the same overall equal likelihood of occurrence, ranging from a high-water level combined with a
moderate wave height to a severe wave condition at a moderate water level. Depending on the local site conditions,
different corbinations of wave height and water level may result in different wave effects at the shoreline for the
same return period. Table 6-9 includes two variant Designated Storm Conditions a 40,000-year return period event
adhering to guidance documents, and a 10,000-year event.
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Table 6-9: Summary of 200-year return period Designated Storm Event and two variants on guideline
conditions in the year 2020

| ~ WAVE CONDITIONS _VTi\TéR LEVEL  |overaLL |
pEmop | Meml | Totsl | oecmion SEU TR St GOOT BE T
200  [1.94 8.70 230 I > 15 200 7
1 0.93 6.09 230 200 263 200 ]
25 1.70 8.16 230 s 237 [200

%10 157 7.85 230 20 _Eﬁ____'zcﬁ::

|20 167 8.0 230 10 2.39 200°

izou 194 Rl 'ri'é.'?d S '_256_ 200 "é.as LI ':40,000
[0 1,70 SRR IR 2376 208 joo 263 |12 00088

6.3 AT-SHORE WAVE CONDITIONS

6.3.1 SWASH MODEL DEVELOPMENT

SWASH is a general-purpose numerical tool for simulating non-hydrostatic, free-surface, rotational flows and
transport phenomena in one, two or three dimensions, The governing equations are the nonlinear shallow water
equations including non-hydrostatic pressure and some transport equations, and provide a general basis for
simulating wave transformation in both surf and swash zones due to nonlinear wave-wave interactions, interaction
of waves with currents, interaction of waves with structures, wave damping due to vegetation, and wave breaking as
well as runup at the shoreline, complex changes to rapidly varied flows typically found in coastal flooding.

The model bathymetry and topography has been derived from NOAA’s 3-arc second bathymetric data set of the
area, data purchased from Canadian Hydrographic Service and topography from a 2013 LiDAR (0.5 m accuracy)
survey commission by the District of West Vancouver. Figure 25 presents an overview and the SWASH section
maodel for the project site. The section was oriented to be shore-normal and is approximately parallel to the incident
wave angle. The berm structure proposed for the project site has been parameterized from Drawing AS5.1 obtained
from the District of West Vancouver. The lower pane! of Figure 25 presents a general arrangement of the digitized
structure and Figure 26 presents a comparison between Drawing A5.1 and the SWASH model domain.

The model has been set-up as follows, with specific parameters noted where they deviate from default:

—  Spatial Resolution: 0.5 m (offshore) to 0.1 m (shoreline), with the spatial resolution having been optimized to
achieve a run-up value independent of the grid-cell size.

— Timestep: Variable, 0.001 s baseline

— Roughness: A uniform manning’s roughness value of 0.027 has been applied, which is a conservative value for
the primarily sand-gravel-cobble shoreline.

— Run-Up Calculation: Run-up has been determined as the maximum vertical water level with a detection
_ threshold of 0.05 m (i.e. the vertical level at which the water depth exceeds 0.05m).

— Wave Field Representation: The H, and T, associated with a given return period event has been applied at the
boundary assuming a JONSWAP spectrum with standard parameters. To get a statistically representative time-
domain reconstruction of the wave spectrum and ensure that a reasonable representation of the maximum wave
height is included in the simulation, several simulation lengths have been tested between | and 3 hours. No
significant deviations in run-up were observed for simulation times longer than | hour, so a 1 hour simuiation
time has been used, corresponding to a storm of 400 to 500 waves.
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Spatial Variability: Run-up levels computed in the section model have been checked against a two-
dimensional SWASH mode! of the general area and found 1o be representative. This two-dimensional model ha
not been applied to derive the run-up values directly due to run-time limitations.
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Figure 25 SWASH section modsl general setting (top left), local setting (top right), bare earth surface (middle)
showing the highest astronomical tide in 2020, 2100 and 2200 with the 2020 Natural Boundary and the
centreline of Ross Crescent and tha bare earth surface with the proposed (partial} structure superimposed
{bottom).
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Figure 26 Parameterizat on of berm structure at 4358 Ross Crescent

632 WAVE RUN-UP
UNDEVELOPED SITE CONDITIONS

The resul ing wave run-up (wave effect) of the Designated Storm Condition has been simulated at the project site,
Table 6-10 presents wave run-up at the shoreline n 2100, respectively, for 200 10,000 and 40,000-year eturn
period events In these tables, run-up can be interpreted as the Flood Construction Reference Plane (FCRP) with th
wave-effect being the difference between SWL and the FCRP Run-up 1s typically presented statistically as the

e evation exceeded by some percentage of the waves (e g 50, 10° , 2°0) of a given storm event. Ideally, the run
up elevat'on would be specified such that the magnitude, duration and frequency of the run-up elevation 1s specified
at a reasonable limit to prevent damage to up and structures but not so conservative that it precludes al contact
between run-up and the up and structure. For example, the Federal Emergency Management Agency (FEMA) has
previous y t ken the mean n-up level (R ) as an appropriate metric for wave run-up, whereas rece t advice from
the Nationa Flood Insurance Program (NFIP) defines run-up he’'ght as the elevation exceeded by not m re than 2%
of wavesinast rmevent (R ). In this rep rt, the maximum run-up value is presented to mat h previous reporting
on site a d in the absence of specific Prov ncial guidance, which represents a minor conservatism in the results
given that the waves are depth-limited at the shorel ne.
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For the 200-year return period Designated Storm Event, a range of water level and wave height return periods have
been simulated to determine the worst-case combination, These simulations are drawn from values on the 200-year
Joint return period contour presented previously in Figure 23, it has been found that combinations of moderate
return-period water levels and waves result in the largest run-up at a 200-year retumn period level, with very similar
run-up levels. This is aitributed to events occurring at high water levels and low wave heights being subject to
extensive dissipation along the relatively shallow and wide inundated beach and back-beach area, limiting wave
effects at this extreme end of the 200-year wave-water level distribution (see Section 2). At the other extreme of
large waves combined with [ow water levels, breaking along the foreshore tends to limit the upland propagation of

Wwaves,

Considering longer-return period combinations, a 10,000-year event comprised of a 200-year water level and 50-
year wave height results in an 8% higher FCRP, which is only marginally different from the worst-case 200-year
event. This difference rises to 10% for a 40,000-year event. These relatively minor differences are, firstly, due to the
similarity of large return-period events and, secondly, due to the sensitivity testing carried out on the 200-year return
period event to locate the worst-case combination of waves and water levels.

It should be noted that the wave effects presented in Table 6-10 are for bare-earth conditions at the project site, not
accounting for future planned structures or coastal works. Table 6-11 presents sensitivity testing of the 200, 40,000
and 10,000-year return period conditions based on the 95" percentile confidence bounds of the H, and T, curve fits
to assign uncertainty bounds to the wave-effects. Simulations were carried out at the central estimate values of water
level presented in Table 6-10. Based on the sensitivity testing presented in Table 6-11, the central estimate values
presented in Table 6-10 are generally (with the exception of Case 6) towards the upper end of the uncertainty bound.
This implies, firstly, that run-up values are not necessarily normally distributed between the uncertainty bounds and
that the central estimate figures are a generally good representation of worst-case conditions for a given return

period.
Table €-10: Summary of wave effects in 2100 for central estimate values of wave height, wave period and
water level
R - PO LT gt b B . e ST TR Al = R =
RETURN PERIOD SLR | SUBSIDENCE | 2100 SWL RUN-UP
EFFECT
CASE | EEEG =5
OVERALL | WAVE WATER LEVEL (m) (m) (m,C6D} | (m) | (m,cGD)
HEIGHT ' '
1 200 200/ A 10 0.08 324 | o7 395 |
2. 200 1 200 1.0 0.08 an 0.18 3.89
3 200! 25 8 1.0 0.08 345 0.71 4.18
4 | 200 40| 20 10 0.08 352 0.65 417
5| 200 ] 20 o 1.0 0.08 347 0.64 4.11
. 6 | 40,000 200 200 1.0 0.08 37 0.70 4.41
By B Ev il SRURNE 0] 0% | a7 Jorm] 4 |
Table 6-11: Sensitivity testing of H.-T, bounds of 200, 40,000 and 10,000-year return period events
- LOWER BOUND | ueerersoUND | RaNGE
WAVE . WAVE
CASE Hs Te errecy | RUN-UP | Ha Te ErrEcT | RUN-UP | RUN-UP
(m) (s) (m) (m, CGD)| (m) (s) (m) (m, CGD)( (m, CGD)
4 146 | 7.25 0.39 391 | 168 | 856 0.68 4.20 +0.15
181 | 7.93 0.65 436 | 207 | 961 1.02 473 +-0.16
167 | 7.67 0.58 429 1.91 | 9.19 0.80 451 +-0.16
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DEVELOPED SITE CONDITIONS O

Run-up analysis was carried out for the developed profile shown in Figure 26. Figure 27 presenl§ an extract from the
model output graphics showing a trace of the free surface position over a period of an hour, the location of the 2020
top-of-beach, the 2100 (200-year event}) SWL and maximum run-up position.

Dapth |m, CGVD]

atn A0 430 &40 420 480
Track Distance [m]

Figure 27 Wave run-up output graphics

Table 6-12 presents the outcome of the developed site run-up level estimates for the year 2100. Run-up levels are in
the range from 2.2 m to 2.4 m for events ranging from 200 to 40,000-year return periods. This gives a dimensionless
run-up (R./H.) in the range of 1.34 to 1.40, which is well within the typical range of values reported at coastal
structures (e.g. USACE, 2006). Table 6-13 presents sensitivity testing of the 200, 40,000 and 10,000-year return

period conditions based on the 95 percentile confidence bounds of the H, and T, curve fits to assign uncertainty

bounds to the wave-effects. Simulations were carried out at the central estimate values of water level presented in

Table 6-12 _

Table 6-12: Summary of wave effects in 2100 for central estimate values of wave height, wave period and

water level

ase RETURN PERIOD ' SLR |SUBSIDENCE|2100 SWL |WAVE EFFECT | RUN-UP
OVERALL | WAVE HEIGHT | WATERLEVEL| (m) (m) {m, CGD) (m) (m, CGD)

¢ me T e | o | am 221 | 878

|6 40,000 200 1.0 008 3.71 2.15 5.86

7 10,000 50 200 1.0 0.08 3.71 2.38 6.09

Table 6-13: Sensitivity testing of H.-Tp bounds of 200, 40,000 and 10,000-year return period events

LOWER BOUND UPPER BOUND RANGE
| 2100 SWL WAVE WAVE
CASE Hs T | grreor | RUNUP | H To | gereor | RUN-UP | RUN-UP
(m, CGD) (m) (s) (m) {m,CGD)| {(m) (s) (m) (m, CGD) | {m,CGD)
4 | 382 146 | 7.25 205 5.57 1.68 8.56 2.29 5.81 +-0.12
|8 371 181 | 7.93 2.15 5.86 207 9.61 279 6.09 +-0.32
T 3.71 167 | 767 2.15 5.86 1.91 9.19. 238 6.09 +-0.12
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The run-up value for the year 2100 water level is in the range of 2.2 m to 2.4 m, which is larger than the run-up
value of 1.19m previously reported for the site by NHC (2019). This is partly due to the different form adopted for
the berm adopted in the NHC work compared to that used here and partly due to the longer wave periods (8 sec) that
have been applied in this study. NHC run-up values applied a design condition based on wind-waves generated
within English Bay (“Easterly Event” case), which tend to have a shorter period (5 sec) than waves generated in the
Strait of Georgia (see Section 6.2.4). For the sake of comparison, tests have been conducted with wave periods
representative of waves generated in English Bay based on a 200-year return period water level and a 50-year return
period wave condition (Table 6-14). The reduction in wave period is shown to have a significant effect on the run-up

value.

Table 6-14: Comparison of 10,000-year return period run-up level to comparable run-up generated by local

wind-waves
case |ZOSWL|  Hs T» Ef?:; RUN-UP DE‘;T;:&::C’M
m,ceo)[ (m) | (s m) | (m,coD) (m)
7 | 371 179 5.0 0.21 3.92 217
7 3.71 1.79 60 1.00 4.80 -1.29
7 3.71 1.78 70 188 5.57 -0.52
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7 FLO D ON TR TI LEVEL

7 1 UNDEVELOPED SITE CONDITIONS

711 FCL

Table 7-1 presen s the FCL levels fo the site in the year 2100 fol wing the Probabilistic Method (Section 3) with a
combined retumn period of 10,000 year , comprised of a 200-year return period water level and a 50-year return
period wave hei ht and for the existing s'te A FCL of 5.01 m is recommended for the undeveloped site at a 10,000-
year return period event comprised of a 200-year water level and 50 year wave event. Table 7-2 presents the FCL.
calculation performed for the same time periods applying the Probabilistic Method with a combined return period of
200-years. The 200-year event applied in Tab e 7-2is ¢ mprised of a 0-year return period wave height and 20-year
relurn period wate leve in 2100. A FCL of 4.77 m 1s recommended for the undeveloped site at a 200-year return
period eve t comprised of a 20 year wat rlevel and 0 year wave event

Both ta es present a central (best) estimate value f r FCL along with a like y range based on the 95%¢ confidence
nterval (where available) and an estimated upper bound value. For wave action, the likely range has been defined
by sens'tivity te t'ng summarized in Tab e 6- 1 and applied to the central estimate value. The purpose of presenting
the 95% confidence bound (upper bound) value is to ensure that the addition of a 0 60 m freeboard is sufficient to
account for the uncerta'nty in establishing the cen ral estimate value for the FCL In both cases, it has been found
that the uncerta'nty level in the FCL ca culation s 0.72 m to 0 23 m which considerably less than the 0.60 m
freeboard rec mmendation for the Probabilistic Method It bears noting that the 0.30 m freebo rd allowance
recommended f r the Combined Method may be more appropriate for this analysis as the uncertainty leve s
assocated with the FCL have been quan ified

Table 7-1: Year 2100 Flood Construction Level following the baseline Probabilistic Method at a 10,000-year
return period level — undeveloped site conditions

2100. 10,000-YEAR RP

PARAMETER
Central Estimate Likely Ra ge Upper Bound

Designated Flood Level!, 2020 263m 003m 2.66m
Saa evel Rise from 2020 1.0m

and Subsidence from 20 0 008m 0.04 m 0.12m
Designated Future Flood Level 3Mm 0.07 m 378 m
Desig ated Stom Wave Effects? 0.70m 016m 086m
Flood Construction Raference Plane 441 m 0.23m 4.64m
Freeboard Al nce 060m
Flood Construction Lavel 501m

' Designated Flood Level defined as the 200-year return period comb ned water level at Point Atkinson
2 Designated Storm Event defined as a 50-year return period wave event
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Table 7-2: Flood Construction Level, extending Probabilistic Method to include the joint occurrence of tides,
surge and wave action at 200-year return period level -~ undeveloped site conditions

2100; 200-YEAR RP

PARAMETER
Central Estimate Likely Range Upper Bound
Besig. StormWa rbL vel 2020 244m 003m 247m
g eve isefro 2020 10m

dSusiecefro 2 008m 004m 012m
Deslgnated Future Flood Level 3.52m 0.07m 3.59m
Desi ‘ ave fie 0.65m 0.15m 0.80m
Flood Construction Raference Plane 417 m 0.22 m 4.39m
.ree oa W.wane 0.60m
Flood Construction Level 47Tm

2 -yearretum peri d designated storm event accounting for the joint probability of tides surge, and waves

7.1.2 SETBACK

A set-back linc for undeveloped ite conditions cannot be provided as the site is fully inundated at the year 2100 FCL It
should be noted that the site i also below the Flood-Construction Reference Plane (FRP) and FCL for present-day sea
levels at a 200-Year return period level

7.2 DEVELOPED SITE CONDITIONS

7.2.1 FCL

Based on the Development Appli ati n lodged for con tru tion of new residence on the property 4358 Ro
Crescent, a year 2100 coastal FCL of 5.8 m has been e timated by NH at a 10,000-year return period level The
development includes significant filling of the site to achieve the required coastal FCL of 5.8 m. For this study, the
proposed berm structure proposed for the project site ha been parameterized from Drawing A5 1 of the
Development Application obtained fr mthe Di tn t fWe t Van uver

Based on the results of the present study, the year 2100 FCL for the developed project site, presented in Table 7-3
has been estimated to be 6 69 m at a 10,000-year return per1 d level, based on a 200-year return period water level
and 50-year return period wave event. At a 200-year return period level, the developed project site has an estimated
year 2100 FCL of 6 33 m based a 10-year return period wave height and 20-year return period water level The
calculation of this 200-year return period FCL i pre ented in Table 7-4.

For both the 10,000-year and 200-year return period year 2100 FCLs, it has been found that the unceriainty level in
the FCL calculation is 0 19 m which considerably less than the 0.60 m freeboard recommendation for the
Probabilistic Method.

The sources of the 0.89 m discrepancy between NHC (2019) and this report (5.8 m vs. 6.69 m) at a 10,000 year
return period level are as follows:

Designated Flood Level: Differing calculation methodologies in the determination of the combined tide and
storm surge water level In WSP’s interpretation, NHC has, following the Empirical Simulation Technique
proposed by the US Army orps of ngineers separated tide and surge signals and used a bootstrapping
technique to estimate return period level combined water levels, WSP has performed an extreme value analysi
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directly on the measured water levels at Point Atkinson to determine the 2 O-year return period water level
directly. Based on the long period of record at Point Atkinson, th's more straightforward data treatment is felt to
be a more robust approach. Despite mixing the deterministic tidal signal with the stochastic surge signal the
long period of record at Point Atkinson produces

-0.26 m difference

Land Subsidence: WSP applies the central eshmat of land subsidence of | mm year and acc unts f r the
provided uncertainty range of - 0.5 mm yearin he pper bound estimate of the FCL.NH apphes the upper
bound value of 1.5 mm year directly

-0.03 m difference

Wave Effects: The wave effect different al 1s partially due to differences n berm shape between WSP's and
NHC’s simulations of wave run-up. In this report, the berm profile was based on drawings presented in the
development application. The major factor influencing the ru  up value at the project s'te however, is the wave
peri d of the designated storm event. Applying a similar wave period to that presented in NHC (2019), the
resulting v ave run-up values are within 0° however, WSP has found that the most severe run-up events are
generated by longer-period waves propagat’ng to site from the Strait of Georgia. As d scussed in Sec on 6 3.2,
wave run-up is very sensitive to w ve period, with | nger eriods resul ng in more run-up

+1.19 m difference

Rounding Accuracy: Val es in both reports a e presentedt tw  ecimal places resulting n
(insig ificant) rounding e or when summing FCL ¢ mpo ents between reports.

-0.01 m diffe enc

Table 7-3: Year 2100 Flood Construction Level, following the baseline Probabilistic Method at a 10,000-year
return period level - developed site conditions

2100: 10,000-YEAR RP

PARAMETER
Central Estimate

esgnated lood Leve! 2020 263m
Sea Leve R se from 2020 10m
Land Subsidenee from 2020 008m 004m 012m
Designated Future Flood Level 371 m 0.07 m 378m
Desig ated S rm - ave ffects 238m 012m 250m
Flood Construction Reference Plane 6.09m 019 m 6.28m
Freeboard Al owance 06 m
Flood Construction Lavel 6.69m

'Des g ated F ood Level defined as the 200-year eturn period combined water evel at Po nt Atkinson
Des g aled Storm Event defined as a 50 yea re u period wave event
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Table 7-4: Flood Construction Level, extending Probabilistic Method to include the Joint occurrence of tides
surge and wave action at 200-year return period level ~ devaloped site conditions

PARAMETER 2100: 200-YEAR RP
Central Estimate Likely Range Upper Bound
Desg ate. Witer & -, 2020 244 m 003m 247 m
Sea velRise m -0 i0m
ndS sience . @ 0.08 m 0.04 m 012m

Designated Future Fiood Level 3a52m 0.07 m 3.59m

e ignate. termWa Effe 221 m 0.12m 233m
Flood Construction Plane 673 m 0.19m 592 m

reeboa Al owance 0.60m
Flood Construction Level 6.33m

! 200-year return period designated storm event accounting for the joint probability of tides surge and waves

722 SETBACK

Setback is based on the defined location of the Natural Boundary, which is a concept used in existing literature and
is the location that reflects a change in vegetation and soil based on effects of the sea It is often difficult to
determine and ils technical basis is site and time specific In general, the Natural Boundary is taken as the visible
high-water mark, which is influenced by the recent history of storms at the site As per provincial guidelines, the
Natural Boundary is taken in this study as the FRP in a given assessment year. The 2100 setback has been defined as
the greater of

15m beyond the 2100 estimated Natural Boundary, with the estimated Natural Boundary taken as the FRP,
The intersection of the 2100 FCL with the ground surface.

The properties surrounding 4358 Ross Crescent are al o below the FRP of 4 41 m for the undeveloped site for the
Year 2100. As the property at 4358 Ross Crescent has a width of only some 12 m, a strict interpretation of the
setback requirement suggests the lot cannot be developed, without some modification of the adjacent lots.

The Provincial Guideline (2018 Amendment) allow some relaxation of the setback for development of existing lots
if meeting the setbach guidelines would sterilize the lot whereby “the development approving official may agree to
modify setback requirements as recommended by a suitably qualified Professional Engineer experienced in coastal
engineering, provided that this is augmented through a restrictive covenant stipulating the hazard, building
requirements, and liability disclaimer ™
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8 APPROPRIATENESS OF PROPOSED
BERM STRUCTURE

The project site is situated within the estimated year 2100 coastal flood plain. Therefore, an engineered fill (berm)
has been proposed by the site developers to ensure the structure meets FCL requirements and is not damaged during
storm events. Installing such a berm does not alter the SWL associated with surge events, but the design and position
of the berm has a large influence on the wave run-up. The proposed berm (fili with the seaward face comprised of a
series of vertical walls) increases wave run-up compared to the undeveloped site and therefore requires a higher FCL
compared to undeveloped conditions to avoid damage to the proposed structure, Wave run-up is the second-largest
contributor to the FCL, behind tides and surge, and, consequently, the fill structure’s design is a large factor in the
FCL. This is largely unavoidable, as wave run-up will necessarily occur at a fill structure situated within a
floodplain, but this does result in a dependency between the FCL and berm design. The relationship between the
developed site FCL and proposed structure is as follows:

— Based on estimates of the year-2 100 conditions for the undeveloped site, the site lies within the 2100 SLR
Planning Area (future coastal flood plain)

— The decision has been made to construct a building within the future coastal flood plain, triggering a
requirement for protection against high water and wave action

— The site is relatively compact, and it appears the designers would like to position the building as near as feasible
to the present-day water line, therefore the building is proposed to be constructed on engineered fill with a
series of vertical walls producing a tiered outdoor recreation area.

— The design of the berm results in a post-development FCL above the undeveloped site’s FCL due to wave run-
up against the fill’s shoreward face.

Regardless of differences between the FCL values reported in this document and presented previously for the site, a
berm structure crest elevation could be defined such that the site is protected against coastal flooding through to the
year 2100, However, it is not necessarily reasonable to design a berm structure to achijeve this crest elevation on a
site-by-site basis. Constructed in isolation, the side-slopes of the berm structure (i.e. running parallel to the main axis
of the proposed structure), would be directly exposed to wave action in during the Designated Storm Event and
require an equivalent analysis as that conducted for the seaward face of the berm to ensure that the full fill structure
is adequately designed to resist wave action. Furthermore, during the Designated Storm Event in the year 2100, the
site is cut off from land access as Ross Crescent is expected to be inundated.

Taking the proposed development plan as it stands, there are mitigative measures that could be employed to reduce
the run-up heights at the seaward face of the structure. These could include:

— Inclusion of a recurve parapet at the second vertical retaining wall of the berm to cap wave run-up. The first
vertical retaining wall is largely submerged during the Designated Storm Event, limiting the effectiveness of a
recurve parapet at this location.

— Installation of armour rock and/or large woody debris seaward of the first vertical retaining wall, as shown on
some drawings in the development application, to dissipate the waves before they reach the walls.

Assessment of these options is beyond the scope of this report and would required detailed analysis.
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