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1 INTRODUCTION

Matrix Solutions Inc. was retained by HDR to complete a fluvial geomorphic assessment of watercourse
crossings as part of the Lakeshore Transportation Studies. The studies include three (3) infrastructure
projects in the Lakeview, Port Credit, and Clarkson communities that build from the 2019 Lakeshore
Connecting Communities Transportation Master Plan. These studies include the Lakeshore Bus Rapid
Transit (BRT) Study, Lakeshore Complete Street Study, and the New Credit River Active Transportation
Bridge Study.

The following report focuses on the fluvial geomorphic assessment of watercourse crossings associated
within the Lakeshore BRT study area, with the remaining two studies to be discussed in separate reports.

As part of the Lakeshore Transportation Studies, the City of Mississauga is developing the preliminary
design and completing the Transit Project Assessment Process (TPAP) for the Lakeshore BRT project.
A TPAP is an expedited Environmental Assessment (EA) process in which the environmental effects of the
project are analyzed. The Lakeshore BRT is planned to extend for two kilometres along Lakeshore Road
from the Etobicoke Creek to East Avenue.

1.1 Scope

The geomorphic assessment included the following tasks:

e Background review
e Field reconnaissance, rapid geomorphic assessment, and pebble count at significant watercourses
e Erosion hazard delineation

e Geomorphic impacts and mitigation strategies for the preliminary design of the preferred solution

This fluvial geomorphology assessment report summarizes the findings and recommendations of the
geomorphic assessment for watercourse crossings within the Lakeshore BRT study area (the study area).
Watercourse crossings identified in the Transportation Master Plan (HDR 2019) in the study area include
Etobicoke Creek, Applewood Creek and Serson Creek. Etobicoke Creek is under the jurisdiction of the
Toronto and Region Conservation Authority (TRCA) and Applewood and Serson Creek are under the
jurisdiction of the Credit Valley Conservation Authority (CVC).

2 STUDY AREA

2.1 Physiography and Surficial Geology

The surficial geology of the southern Ontario region is shaped by a legacy of bedrock erosion and sediment
deposition following continental glaciations over geological timescales, and post-glacial incision by fluvial
processes over the last 10,000 years. The resulting stream and river drainage networks-including their
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sediments and slope profiles-are conditioned by this glacial and post-glacial history. The physiography and
surficial geology of the Lakeshore Transportation Studies study area is presented in Figure 1. Local
topography, valleylands, watercourses, and crossing locations within the study area are presented in
Figure 2.

2.1.1 Lakeshore Transportation Studies Area

Along the Lake Ontario shoreline, the study area of the Lakeshore Transportation Studies is located within
the Iroquois Plain physiographic region (Figure 1), which is a region that was submerged by Glacial Lake
Iroquois following the Wisconsinan ice age roughly 11,000 years ago (Chapman and Putnam 1984). As a
result, the surficial geology is dominated by sand and gravel lake deposits and localized silt, clay, and till
deposits blanketing the scoured bedrock surface. The underlying bedrock of the study area is primarily
shale and limestone of the Georgian Bay Formation. This consists of interbedded grey-green to dark grey
shale and fossiliferous calcareous siltstone to limestone (Armstrong and Dodge 2007). This shale is
exposed in areas along the riverbed of Etobicoke Creek.

North of the Glacial Lake Iroquois Shoreline are more extensive glacial till and fine grained glacial
lacustrine deposits that cover the gradually varying topography of the south slope physiographic region,
ultimately trending upwards in elevation to the Oak Ridges Moraine (north) and Niagara Escarpment
(west) that are the topographic highs in the region.

2.1.2 Lakeshore Bus Rapid Transit Study Area

The study area is situated within the bevelled till plains (Chapman and Putnam 1984) and crosses the
lower reaches of Etobicoke Creek, Applewood Creek and Serson Creek. Etobicoke Creek drains a
watershed of 211 km? from the south slope of the Oak Ridges Moraine, down the south slope and over
the Lake Iroquois Plain, to empty into to Lake Ontario (TRCA 2021). The Etobicoke Creek watershed is one
of the most urbanized catchments in the Toronto area (TRCA 2021).

The focused study area of this report includes Etobicoke Creek near its estuary at Lake Ontario. The
surficial geology at this watercourse is characterized by recent river deposits of silt, sand, and gravel
alluvium (Figure 1), with bedrock exposures as it is situated within well-defined valley corridor (Figure 2).
The surficial geology of the Applewood Creek corridor is similar, and both valley landforms are more
prominent upstream with the Lake Iroquois Plain and become less-well defined approaching the Lake
Ontario shoreline. The study area also includes a lower reach of Serson Creek with a much smaller
drainage area and a less-well defined valley landform and flows through a glaciolacustrine deposits of
sand and clay (Figure 2).

However, the lower reaches of these watercourses have been significantly modified and infilled as
described further in the historical assessment (Section 2.3). In this context, the natural fluvial process of
flooding and erosion have been modified within the valleylands or floodplains, and thus the geomorphic
erosion hazard (Section 4) is in some reaches highly managed and constrained by bank protection, recent
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channel stabilization works, existing transportation crossings and other urban land uses within former

floodplains.

2.2 Background Review

Recent studies pertaining to watercourses and crossing structures within the study area were reviewed.
These included the Lakeshore Transportation Master Plan (HDR 2019), the Lake Ontario Integrated
Shoreline Strategy (LOISS; Aquafor Beech 2011), and design drawings and reports related to works near
the Applewood Creek and Serson Creek Lakeshore Road crossings.

2.2.1 General Study Area Background Review

2.2.1.1 Lake Ontario Integrated Shoreline Strategy Background Review and Data Gap

Analysis, Appendix B Fluvial Geomorphology Final Report (Aquafor Beech 2011).
The LOISS study included a 2011 rapid geomorphic assessment of Applewood Creek and Serson Creek
near Lakeshore Road. Results of the 2011 assessment are presented in Table A. Applewood Creek was
identified as backwatered within 150 m upstream from the lake. A barrier bar was observed at the
confluence of Applewood Creek with Lake Ontario, which was described as controlling flow and water
levels in the lowest reach of the watercourse.

TABLEA Lake Ontario Integrated Shoreline Strategy (2011) Geomorphic Assessment Results

Parameter Applewood Applewood Serson Serson
Reach 3 Reach 4 Reach 2 Reach 3

Location in relation to Downstream Upstream Downstream Upstream

Lakeshore Road

Bankfull width (m) 6m 33m 4m 1.75m

Bankfull depth (m) 1.2m 0.4m 0.6 m 0.6m

Average Valley Width (m) 20m 10m 30m 40 m

Rapid Geomorphic Assessment 0.48 0.11 0.46 0.35

Stability Index

Rapid Stream Assessment 17 23 12 10

Technique Score

Dominant Process Degradation Aggradation Planform Planform
Adjustment Adjustment

2.2.1.2 Lakeshore Road Transportation Master Plan (TMP) and Implementation Strategy
DRAFT Final Report (HDR 2019)

The Lakeshore TMP provides information about existing watercourse crossing structures in the study area,
and structural modifications required. The Applewood Creek and Serson Creek structures were
recommended to be retained and widened. The Etobicoke Creek structure was recommended to be
widened, however altering the Etobicoke Creek structure was not proposed as part of the current study.
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2.2.2 Etobicoke Creek Background Review

2.2.2.1 50 Years Later... Hurricane Hazel’s Legacy at the Mouth of Etobicoke Creek
(Guy 2005)

This article outlines historical changes in management of Etobicoke Creek and settlement patterns near
Lake Ontario. An overlay of the creek planform in the 1920s (Figure A) indicates that the creek formerly
split into two channels between Lakeshore Road and the current shoreline. The mouth of the river flowed
west behind a sand bar (or barrier beach) called Etobicoke Flats. In the early part of the century the sand
bar was populated, but in the 1950s Hurricane Hazel destroyed many houses both on the sand bar and on
the floodplain upstream. The destructed caused by Hazel provided the impetus to change land use
practices in the floodplain, resulting in bylaws preventing building within floodplains, and redesignating
the area around Etobicoke Creek as parkland. Marie Curtis Park was established in 1959.

"

#1920 Etobicoke Creelmouth
configuration

FIGURE A Etobicoke Creek planform, 1920s. Source: TRCA 2005

2.2.2.2  Etobicoke and Mimico Creeks Watersheds Technical Update Report (TRCA 2010)

This report analyzed and interpreted compiled earlier fluvial geomorphic data for Etobicoke Creek.
Etobicoke Creek watershed can be considered an altered watercourse due to changes in land use and
hydrology. Within the City of Toronto, Etobicoke Creek meanders through a bedrock valley. Bedrock
controlled sites in the lower portion of the watershed tended to be wide and shallow.
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The study area includes part of reach E1, which extends from Lake Ontario to north of Lakeshore Road.
Reach E1 had a low gradient of 0.21% and was categorized as moderately sensitive to erosion. Bedrock
sites that were monitored in the Lower Etobicoke Creek in the 2000s showed a trend toward erosion,
typical of sediment-starved bedrock systems. Migration rates assessed in this and adjacent reaches were
negligible between 1954 and 1999, and 0.21 m/year between 2006-2007.

2.2.3 Applewood Creek Background Review

2.2.3.1 Class Environmental Assessment Culvert and Creek Improvements on Lakeshore
Road East over Applewood Creek (AECOM 2015)

The Class EA study laid the foundation for the Applewood Creek culvert replacement and channel
restoration completed in 2018. The preferred alternative for Applewood Creek was to increase the culvert
size to pass the Revised Regulatory flow, lower the culvert below an existing sanitary sewer and alter the
channel bed profile upstream of Lakeshore Road East, as well as channel widening and terracing upstream
and downstream of the new culvert, erosion control measures and site restoration. The earlier culvert
was a 3.05 m by 1.25 m concrete box structure that included a 2 m drop to accommodate the sanitary
sewer.

2.2.3.2 Replacement of the Lakeshore Road East Culvert Over Applewood Creek Including
Creek Improvements - As-built Drawings (AECOM 2018)

The Applewood Creek culvert at Lakeshore Road was replaced with a new crossing structure in 2018. The
as-built drawings include the new culvert and adjacent channel works. The new culvert is a two-cell open
foot structure with spans of 6.1 m (east cell) and 7.58 m (west cell). The culvert was replaced at a lower
elevation than the previous structure as recommended in the 2015 EA. Within the new structure the invert
of the east cell is lower than the invert of the west cell. Upstream of the culvert, a retaining wall was
constructed along the west slope, and the channel was re-constructed into a riffle pool system with an
average reach slope of 2.46% for approximately 60 m upstream. Downstream, a 39 m length of channel
was reconstructed which included a 21 m long outlet pool followed by an 18 m long riffle-pool-riffle
sequence that tied into the downstream creek. Excerpted Applewood Creek Restoration drawings are
included in Appendix Al.

2.2.4 Serson Creek Background Review

2.2.4.1 Serson Creek Geomorphic Assessment and Rehabilitation Design, Lakeview Village,
City of Mississauga (Beacon Environmental 2020)

The proposed Lakeview Village redevelopment proposes to realign and rehabilitate the Serson Creek
corridor south of Lakeshore Road East. A fluvial geomorphic study of Serson Creek was completed from
Lakeshore Road and Lake Ontario to inform the design of rehabilitation works associated with the
proposed Lakeview Village redevelopment. A meander belt width of 23 m was determined for the reach
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downstream of Lakeshore Road (R3). Reach R3 was described as partially confined on the right bank, and
a long-term stable top of slope was assessed on that side by DS Consults Ltd. Rapid Geomorphic
Assessment (RGA) results indicated that Reach S3 was “in adjustment,” with a score of 0.41, with widening
as the dominant process.

The proposed corridor will involve daylighting the piped portion of Serson Creek and realigning the
existing channel up to Lakeshore Road. The proposed channel (as per drawings appended to the Serson
Creek Design Brief (Beacon Environmental 2020) of Serson Creek angles southeast from the existing
Lakeshore Road culvert outlet. Appendix A2 present the ultimate floodplain mapping and the future
corridor of Serson Creek south of Lakeshore Road.

2.2.4.2  Jim Tovey Lakeview Conservation Area, Transforming Our Waterfront (CVC n.d.)

A new conservation area is under construction along the shore of Lake Ontario just east of the G.E. Booth
Wastewater Treatment Plant (WWTP). The lands will be constructed lakeward of the WWTP using clean
fill generated by regional infrastructure works. The 26-ha conservation area will include new meadow,
forest, cobble beach, wetland, and estuary habitat. Serson Creek and Applewood Creek will be extended
through the conservation area and will flow through wetlands near the new shoreline. The new channel
will be constructed based on natural channel design. Constructed began in 2016 and the park is expected
to open to the public between 2024-2026.

2.3  Historic Photograph Assessment

Further confirming the history summarized in the previous sections, aerial photographs from 1960 and
1978 were acquired from the National Air Photo Library and geo rectified for use in the historic channel
and erosion hazard risk assessment. Publicly available satellite imagery from 2020 was also reviewed.
Historic photographs and recent satellite imagery are included in Appendix B. An overlay of historic
channel traces from each photograph year are presented on Figure 3.

Historic aerial photographs from 1947 and 1950 were also reviewed on the City of Toronto Archives
publicly available website (City of Toronto 2021).

2.3.1 Overview

By the earliest available historic photograph date (1947) many of the main roadways within the study area
had been established, including Lakeshore Road and at the railway north of Lakeshore Road. Much of the
natural vegetation within the study area had been removed by 1947, and land use included urban
development and agriculture.

2.3.2 Etobicoke Creek

In 1947, Etobicoke Creek outlet to Lake Ontario behind the large barrier beach that extended to the mouth
of Applewood Creek. From the lake to Lakeshore Road, a side channel was present west of the main
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channel, extending from the lakeshore to approximately 150 m south of Lakeshore Road. This does not
appear to connect to the main watercourse at its upstream extent. Housing had been constructed on the
eastern floodplain and on the floodplain between these main and side channel. By 1950, the barrier bar
had been cut through to allow Etobicoke Creek to flow directly into Lake Ontario.

By 1960, after Hurricane Hazel, all housing on the floodplains and barrier bar had been removed, and the
side channel of Etobicoke Creek and the area behind the barrier bar had been infilled. Since that time, the
bank linework has largely remained unchanged from upstream of Lakeshore Road to the lake. At the
Lakeshore Road bridge, a vegetated mid-channel bar developed between 1960 and 1978. From 1978 to
2020 the bar expanded both upstream and downstream of the bridge and connected to the west creek
bank.

2.3.3 Applewood Creek

In 1947, a large barrier beach over 400 m long was present along the lakeshore that extended from
Applewood Creek to Etobicoke Creek. The barrier beach had been populated with cottages as discussed
by TRCA (Guy 2005) in Section 2.2.2.1. By 1960, the barrier beach was no longer present. At Lakeshore
Road, Applewood Creek had a tightly meandering planform within 50 m upstream and 150 m downstream
of the crossing in 1960, with maximum lateral meander width of approximately 15 m. By 1978, this
meandering area downstream of Lakeshore Road had been straightened. By 2020, the culvert and channel
works discussed in Section 2.2.3.2 had been constructed. The channel had also been extended as the Lake
Ontario shoreline had been built out lakeward in the area that will become Jim Tovey Conservation Area.
The creek appears to be wider (possibly backwatered) within 250 m of the shoreline. The current channel
has a straight planform in the reach downstream of Lakeshore Road, which becomes meandering further
downstream through the forest adjacent to the WWTP.

2.3.4 Serson Creek

By 1960, Serson Creek had been straightened through the study area to Lake Ontario. The outlet of Serson
Creek to the lake was located approximately 250 m west of the mouth of Applewood Creek. The creek
approached the Lakeshore Road crossing at a perpendicular angle and turned east downstream of the
crossing. By 1978, the creek had been realigned to flow straight instead of turning toward the east at the
outlet of the Lakeshore Road crossing. This appears to have been completed to accommodate
construction of a large building and parking lot immediately east of the creek. By 1978, the lower reach
of Serson Creek had also been piped, with high flows diverted into a ditch running through the Region of
Peel’s G.E. Booth Wastewater Treatment Facility (WWTF) property. By 2020 the channel had become
slightly sinuous upstream of Lakeshore Road. Downstream, a narrow riparian forest had grown along the
creek, and parts of the planform are obscured by trees. The outlet of the ditch to the lake was extended
due to lakeward expansion of the WWTP.
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3 EXISTING GEOMORPHIC CONDITIONS

3.1 Drainage Area and Hydrological Flows

Watercourse drainage areas at Lakeshore Road crossings were obtained using the Ontario Flow
Assessment Tool (MNRF 2021). The drainage areas for Etobicoke Creek, Applewood Creek and Serson
Creek are 211.5 km?, 5.7 km? and 1.6 km?, respectively.

HEC-RAS models of Applewood and Serson Creek were provided by the CVC. A HEC-RAS model of
Etobicoke Creek was provided by TRCA. Existing peak flow rates in the vicinity of Lakeshore Road were
summarized from these models in Table B.

TABLEB  Existing Peak Flow Rates

Watercourse 2-year 5-year 10-year 25-year 50-year | 100-year | 350-year Regional
(m?/s) | (m¥/s) | (m¥s) | (m’fs) | (m’s) | (m?/s) (m?/s) (m?/s)

Etobicoke 130.50 173.28 210.96 262.16 301.55 344.69 570.61 895.64

Creek

Applewood 13.40 20.90 28.70 35.80 43.10 51.30 Not 53.40

Creek available

Serson Creek 4.90 8.20 11.80 14.30 16.70 19.20 Not 19.10
available

Sources:

HEC-RAS models: Serson Creek (CVC 2019c), Applewood Creek (CVC 2019d), and Etobicoke Creek (TRCA 2015b)

3.1.1 Hydraulic Floodline Modelling

Regulatory floodline mapping for Etobicoke Creek dated April 24, 2015, was provided by the TRCA
(Appendix C). The mapping indicates that the regulatory floodplain extends further to the east than to the
west in the vicinity of Lakeshore Road. In this area, the width of the regulatory floodplain is estimated to
be approximately 240 to 280 m. The Lakeshore Road and train bridge crossings appear to act as a local
pinch point on the regulatory floodline. Upstream of the train bridge the valley is distinct and contains the
regulatory floodline.

CVC provided regulatory floodline mapping for Applewood and Serson Creek. The Regulatory floodline is
contained within a 12 to 25 m wide corridor in the reach upstream of Lakeshore Road, and withina 12 m
wide corridor for approximately 35 m downstream of Lakeshore Road. Further downstream, the channel
is less constrained and the width between floodlines is over 40 m. At Serson Creek, the Regulatory
floodplain is approximately 30 m wide immediately upstream of Lakeshore Road, narrows to 10 m wide
immediately downstream of the crossing and widens to an estimated 25 m further downstream.

Future conditions floodline mapping and hydraulic modelling information that reflect the proposed works
will be reviewed in Section 5.1.2 when this information becomes available.
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3.2 Reach Delineation

Reaches were delineated based on differences in channel planform, valley form, riparian vegetation, and
lake backwatering. Reach breaks were generally set at Lakeshore Road due to differences in land use.

Where applicable, reach breaks delineated as part of the LOISS (Aquafor Beech 2011) were confirmed and
re-used as part of the current study. For the purposes of this study reach names consisting of the first two
letters of the creek name and a number, starting with 1 at the downstream-most reach walked, and
increasing upstream (e.g., Applewood Creek downstream of Lakeshore Road = AP1). Road crossings often
serve as reach breaks due to impacts from the crossing structure or changes in land use on either side of
the road that impact channel morphology. At Applewood Creek, the upstream reach break was defined
by the limits of recent channel works. At Etobicoke Creek, a reach break was delineated based on a change
in Lake Ontario backwatering effects. Reach breaks are presented in Figure 3. Reach names and equivalent
LOISS reach names are presented in Table C.

TABLE C Reach names

Watercourse Location in relation to Reach LOISS Reach
Lakeshore Road Name Name

Etobicoke Near lake (backwatered) Outside LOISS
Creek Upstream and downstream ET2 NA Outside LOISS
Applewood Downstream AP1 Applewood R3
Creek Upstream AP2 Applewood R4 | AP2 cover the lower
portion of LOISS R4
Serson Creek Downstream SE1 Serson R2
Upstream SE2 Serson R3

3.3 Geomorphic Field Assessment

Matrix completed a geomorphic field assessment on July 31, 2021. The purpose of the geomorphic
assessment is to characterize channel form and processes and identify any erosion hazards within the

study area.

3.3.1 Rapid Geomorphic Assessment and Rapid Stream Assessments

Matrix assessed geomorphic conditions using the RGA technique and Rapid Stream Assessment Technique
(RSAT). Results of the RGA and RSAT are presented in Tables D and E. Reach descriptions are summarized
in Table F.

The RGA is used to evaluate dominant geomorphic processes. Field observations are evaluated using an
indexed rating for channel sensitivity based on aggradation, degradation, channel widening, and lateral
adjustment. The combined indices are used to provide an indication of current channel stability, with
designations of ‘in regime,” ‘stressed/transitional,” or ‘in adjustment.” The RGA is applied on a per reach
basis (i.e., a defined length of channel with relatively uniform characteristics).
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The RSAT (Galli 1996) uses a broad, qualitative approach to assess overall health and function of a reach
from a more biological and water quality perspective. The indicators assessed in the RSAT technique are
scored on a scale of 1 to 10 (with 10 being the better score), and cumulative scores produce an overall
indication of stream health (<20 Low, 20 to 35 Moderate, >35 High). This approach is useful for assessing
geomorphic conditions because in general the physical and biological features of a healthy stream also
indicate geomorphic function.

TABLED Summary of Rapid Geomorphic Assessment Scores

Factor Value o .
- - Stability .- Dominant
Aggradation | Degradation | Widenin AT TGS Index Condition Process
. & & Adjustment
ET1

Not Applicable (backwatered)

ET2 0.43 0.33 0.25 0.00 0.25 Transitional Aggradation
AP1 0.50 0.75 1.00 0.14 0.60 In Adjustment Widening
AP2 Not Applicable (too recently constructed)

SE1 0.29 0.20 0.50 0.43 0.32 Transitional Widening
SE2 0.25 0.29 0.56 0.29 0.35 Transitional Widening

TABLEE Summary of Rapid Stream Assessment Results

Factor Value
.. . . Overall .
Channel Scour/ Instream Water Riparian Biological Score Condition
Stability | Deposition Habitat Quality Condition Indicators
50

Maximum 11 8

Score
ET1 Not Applicable (backwatered)
ET2 6 5 5 5 3 6 30 Moderate
AP1 4 3 4 4 4 2 21 Moderate
AP2 10 6 4 4 3 3 30 Moderate
SE1 2 3 2 3 3 2 15 Low
SE2 5 3 3 3 2 20 Moderate
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TABLE F Reach Descriptions

Average
Bankfull
Width
(m)

ET1 30 m The reach is backwatered by the lake and the dominant process is deposition. Creek bed was
obscured. Banks are protected with sheet piling near the river’s mouth, with riprap and armour
stone up to the pedestrian bridge and are natural upstream. Natural banks were approximately
1.5 m high with minor erosion and exposed roots. The floodplain is park land with scattered
trees. A parking lot and boat launch are present on the west bank near the shore. Site photos:
Appendix D, Photos 10-12.

ET2 30m Reach has riffle-pool morphology. A large, vegetated bar has developed near the Lakeshore
Road bridge. The thalweg passes through east bridge cell, with secondary flow through west.
Areas of shale exposure were also observed. Riffles are composed of platey cobble and gravel. A
pebble count indicated that the median grain size is very coarse gravel (Dso = 5.7 cm). The Dyo
was 0.6 cm, and the Dgo was 17.6 cm. Shale exposures common on creek bed. Substrate within
ET2 pools was also coarse with evidence of bed scour. Bank height varies from 1.2 to 4.5 m.
Banks partially protected with block stone, gabion basket through reach. Water depth was 0.45
to 0.65 m. Nearby land use includes parks and private lands. Site photos: Appendix D, Photos
1-9.

AP1 51m Downstream of the Lakeshore right-of-way, the channel has been straightened, banks are not
armoured, bank slumps are frequent, and connection to the floodplain is poor. At the culvert
outlet, deposition has occurred within a constructed outlet pool (measured length
approximately 18 m). Downstream of pool a constructed cobble riffle low-flow channel extends
for approximately 20 m. Two-cell culvert with limited opening heights, soffit elevation 0.35 m
lower in east cell than west cell at outlet. Site photos: Appendix D, Photos 18-22.

Reach Description

AP2 6.5m Steep constructed riffle-pool system consisting of a series of armour stone grade control steps,
boulder riffles and stone-lined pools. The banks were steep, hardened and lacked overhanging
vegetation. Wetted width ranged between 4 and 5 m. Site photos: Appendix D, Photos 13-17.

SE1 34m Straight, entrenched channel with low gradient and vertical banks. Bank height varies between
0.75 to 2.0 m, right bank partially confined. Run-pool morphology. Pools had a water depth of
0.5 with run depths of 0.15 m. Bank erosion is extensive through reach. Channel hardening
consists of cobble lining near Lakeshore Road. Substrate includes silt, sand, and gravel. Site
photos: Appendix D, Photos 28-36.

SE2 35m Straightened channel with low gradient, moderate entrenchment, and vertical bank angles.
Bank heights ranged between 1.0 to 1.5 m. Substrate within the riffles was platey gravel and
cobbles. Exposed tree roots common. Exposed clay till observed on lower banks. Lined with a
narrow riparian strip in lower reach. In upper portion of reach, lawns lie near the left bank with
dense grass along the right bank. Site photos: Appendix D, Photos 23-27.

3.3.2 Stream Crossing Assessments

The stream crossing assessment collects data specific to the channel and crossing structure within the
vicinity of the road crossing. Information recorded includes crossing type, material, shape, dimensions,
structural condition, as well as an assessment of potential issues relating to the channel near the crossing
(e.g., bank erosion, bed scour, debris trapping, and fish passage). Table G summarizes the existing
Lakeshore Road watercourse crossings.
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TABLEG Crossing Assessment Results

“ imansions.
Dimensions
Channel Width :

I . . Appendix D
. Opening Width S Opening Width Flow Restriction Photos
Crossing Type (m) Angle
(degrees)
Applewood Two-span 13.5 7° 6.0to6.5 | 0.5t00.8 | Opening Wider Low Constructed cobble 17 to 18
Creek concrete (6.0m&7.5m) than Channel riffle acting as grade

control downstream
of outlet pool

Etobicoke Two-span 42.6 12° 31 1.2to1.4 | Opening Wider Moderate West bridge span 4t09
Creek bridge (21.3 m x 2) than Channel to Low partially blocked by
vegetated island /
bar
Serson Creek | Single-span 10m <5° 3to3.5 0.3t0 0.4 | Opening Wider Low Constructed cobble 25t0 29
concrete than Channel riffle acting as grade

control downstream
of outlet pool

Note: Skew angles measured between alignment of the crossing structures and Lakeshore Road centreline. The skew angle is 0° where the crossing structuring is perpendicular to the
Lakeshore Road centreline.
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4 EROSION HAZARD ASSESSMENT

4.1 Methodology

Watercourses within the study area have undergone extensive historic modification. The lower reaches
of Applewood Creek and Serson Creek have been historically straightened and reach AP2 has been
recently regraded and protected against erosion. Etobicoke Creek has undergone historic alteration,
floodplain infilling and extensive bank protection. Additionally, Etobicoke Creek is less subject to lateral
migration due to bedrock-controlled boundary conditions near Lakeshore Road (reach ET2) and
backwatering by Lake Ontario downstream of Lakeshore Road (reach ET1).

Erosion hazard limits were therefore assessed using multiple lines of evidence, including historic
observations, empirical meander belt relations, OMNR (MNR 2002) toe erosion allowances and multiples
of channel bankfull width. Estimates of the toe erosion allowance were considered in the absence of
measurable 100-year erosion limits. The recommended erosion hazard widths included estimates of the
existing urban corridor and the unmanaged natural corridor. The existing urban corridor is based on three
times the bankfull channel width plus two times the toe erosion allowance, with an added 20% factor of
safety (10% per corridor side).

4.2 Results

Results of the erosion hazard assessment are presented in Table H.
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TABLEH Recommended Erosion Hazard Widths at Watercourse Crossings

Empirical . Recommended Erosion
(Theoretical) Bl 202! Th;::;f'::;le > Existing Hazard Width (m)

Toe Erosion

Valley Considerations and

Crossing Historic Observations Mearfder Allowance i Crossing Span i RIS
Belt Width® (m) (m) Urban Natural
(m) Corridor Corridor
Etobicoke Limited change since mid-1900s 200 to 300 8to 15 3x31=93 213x2=42.6 148 250
Creek floodplain modifications;
Floodplain width 240 to 280 m
Applewood | Confined US of Lakeshore Rd; 5010 80 5to8 3x6.5=19.5 6.0+7.5=115 43 70
Creek Maximum lateral meander belt
widths (1960-1978): 15t0 20 m
Serson West bank confined DS Lakeshore 20to 40 5to 8 3x3.3=10 10x1=10 24 30
Creek Road modification predates

earliest available photograph

1Sources: Dunne and Leopold (1978) (=120Aw?*3), Collinson (1977) (=65.6Dmax>>’), PARISH (2004) (=8.32*In(Aw*9806*Qbf*S)-14.83), Williams (1986) (=4.3W*1?,
=18Ac®5, =148D'>?), Ward et al. (2002) (=6W**2). Where: Aw = drainage area, D = bankfull depth, W = bankfull width, Qbf = bankfull or 2-year discharge rate, S = slope.
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At Etobicoke Creek, theoretical meander belt widths ranged from 200 to 300 m. The valley is distinct
upstream of the study area and relatively well-defined in reaches ET2 and ET1, and the floodplains within
ET1 and ET2 have been historically modified. The floodplain width in 1947 was estimated to be 300 m
wide downstream of Lakeshore Road including the side channel. Currently the regulatory flood width is
estimated to be approximately 240 to 280 m wide in ET1 and in ET2 near Lakeshore Road. The estimated
width for the erosion hazard limit of the existing urban corridor is 148 m based on three times the bankfull
width plus a toe erosion allowance of 15 m applied to both sides (MNR 2002), plus a 20% factor of safety.
A theoretical unmanaged natural corridor width was estimated to be 250 m. It is noted that the erosion
corridor width encompasses possible lateral migration tendencies, but also historic side channels and
frequently inundated areas such as wetlands that may have been historically associated with the estuary.

At Applewood Creek, theoretical meander belt widths ranged from 50 to 80 m. Historic lateral meander
widths were up to 15 to 20 m in historic air photos near Lakeshore Road. Based on observed bank
materials in AP1, a toe erosion allowance of 5-8 m was considered appropriate (MNR 2002). The estimated
width for the erosion hazard limit of the existing urban corridor is 43 m based on three times the bankfull
width plus a toe erosion allowance of 8 m applied to both sides, plus a 20% factor of safety. A theoretical
unmanaged natural corridor width was estimated to be 70 m. The estimated erosion hazard limit does
not include stable slope allowances for reach AP2, which would also need to be assessed where the creek
is locally confined, but it is noted that the creek grade and planform in AP2 are controlled by channel
armouring including stable riffle features.

At Serson Creek, theoretical meander belt widths ranged from 20 to 40 m. As the watercourse is small
(3.0 to 3.5 m wide), three times bankfull width was also considered as line of evidence for the potential
erosion hazard. Three times the average bankfull width is 10 m. The estimated width for the erosion
hazard limit of the existing urban corridor is 24 m based on three times the bankfull width plus a toe
erosion allowance of 5 m applied to both sides, plus a 20% factor of safety. A theoretical unmanaged
natural corridor width was estimated to be 30 m for reaches SE1 and SE2. This does not include a stable
slope allowance along the west bank of reach SE1, which would also need to be assessed where the creek
is locally confined.

4.3 Scour Hazards

The CVC (2019a) Fluvial Geomorphic Guidelines: Factsheet VI: Scour Analysis provides guidelines for scour
assessment studies. CVC defines scour assessment as the technical and professional evaluation of the
long-term risks due to potential vertical erosion and/or degradation of stream and river channels. A
variety of rational and empirical methods are available to quantify the potential scour of a watercourse in
anticipation of new infrastructure and hazard delineation. CVC (2019a) aims to guide such evaluations.

Following the completion of the Lakeshore Transportation Studies EA, the following additional
assessment is recommended based on CVC guidelines:
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e Scour assessment to identify the scour hazard limit at each watercourse crossing for which alterations
to the crossing structure or watercourse are proposed. For the BRT study, this would include the
proposed culvert extensions at Applewood and Serson creeks.

o Where engineering to the 100-year scour hazard limit is not practical or feasible with respect to
impacting adjacent land uses and/or habitats, hazard mitigation and management plans will be
required to the satisfaction of CVC and other stakeholders.

It is recommended that this assessment be completed by a qualified engineer and/or geoscientist at
detailed design.

5 CROSSING RECOMMENDATIONS

5.1 Principles of Crossing Design and Crossing Design Guidance

Fluvial geomorphic recommendations regarding the proposed roadway improvements and crossing
structure alterations have been developed based on the results of the desktop assessment,
field investigation results, and geomorphic analysis to provide a geomorphic review of the preliminary
design. A review of the proposed crossing extensions, skew, and adjacent works is provided to address
risks associated with erosion hazards surrounding the channels. The fluvial geomorphic review involved
the evaluation of the following criteria:

e Valley Setting: watercourses with wide, flat floodplains and low valley setting tend to migrate laterally
across the floodplain over time. Watercourses within the study area are unconfined, except for
Applewood Creek upstream of Lakeshore Road, which is confined, and the west bank of Serson Creek
downstream of Lakeshore Road. All reaches have modified floodplains and show minimal evidence of
lateral migration.

e Channelssize: the potential for lateral channel movement and erosion for the watercourses within the
study area generally increases with channel size up to and excluding estuary reaches, where stream
power is lost. At Lakeshore Road, Etobicoke is a significant watercourse (bankfull width of 31 m),
Applewood Creek is a moderate-sized channel (bankfull width of ~6.5 m) and Serson Creek is a small
channel (bankfull width of <4 m).

® RGA: the RGA score provides a measure of the channel stability. Reaches near the crossings were
Transitional or In Adjustment and are in the process of widening.

e Erosion Hazard Limit: the erosion hazard is assessed based on a number of conceptual and technical
approaches depending on the watercourse context (e.g., natural, rural, urban) and available
information (e.g., historic, topographic), including:
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+ Meander belt width (MBW): the MBW represents a conservative approach for crossing span
recommends and considers the long-term migratory tendencies of the watercourse. Where it is
not possible for the crossing to accommodate the MBW, alternative criteria are evaluated.

+ Meander geometry: crossings are typically evaluated in terms of their relationship to the
meander amplitude to ensure that channel processes and functions can be maintained within the
crossing. Historic meander amplitudes could be measured at Applewood Creek.

+ 100-year migration rate: migration rates are typically estimated using historical aerial
photography. Due to historical channel straightening, 100-year migration rates could not be
estimated. Estimates of the toe erosion allowance can be considered in the absence of
measurable 100-year erosion limits (MNR 2002).

Where a new crossing is proposed, a collective evaluation of all these factors is used to direct the
development of new structural design parameters (span, length, and skew) that are appropriate from a
fluvial geomorphic perspective. This process is also informed by local conservation authority guidelines.
The CVC's Fluvial Geomorphic Guidelines (CVC 2015) states that a well-designed crossing:

e spans the stream and banks

e does not change water velocity

e has natural substrate

e creates no noticeable change in river form

e preferably structures include bridges, open bottom arches, or culverts that span and are embedded
in the streambed

The CVC's Technical Guidelines for Watercourse Crossings (CVC 2019b) provides the following additional
geomorphic guidance under Section 6: Design Principles:

e The crossing design should respect the fluvial geomorphic process in the watercourse in order to
minimize the negative impacts on the aquatic and terrestrial environment.

e The span of crossings should be selected based on detailed fluvial geomorphic analyses.
Abutments, piers and other bridge components should be located outside of the 100-year local
erosion hazard. Determination of the local erosion hazard is separate from the procedure of
determining meander belt and scour potential at a specific site. The 100-year local erosion hazard
will determine the extent at which the crossing infrastructure should be placed in order to avoid
future channel realignment or unnecessary hardening of the channel or banks.

e Generally, a geomorphic study is required to determine the crossing opening. However, for the
watercourses that are less than 4 m wide, the crossing opening of three times the bankfull channel
can be adopted without undertaking a geomorphic study.
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e Where the existing bridge abutments interfere with the erosion hazard, a fluvial geomorphic
assessment must be completed in order to identify if the abutment needs removal or relocation.

e |tis recognized that larger crossings may require piers in the watercourse. This must be specified
early in the process. In some cases, as early as during the environmental assessment.

® For new crossings, the footing depths are based on the scour depth (see Section 6.3.1) as identified
by a fluvial geomorphologist. Provide the method used, results of the analyses and the input
parameters used to determine the type and depth of footings.

e The replacement or new construction of a crossing must be an open footing culvert or bridge,
unless there is a compelling reason why a closed bottom culvert would provide greater social,
economic and environmental benefits.

TRCA also provides guidance for crossing design. The TRCA’s Crossing Guideline for Valley Stream Corridors
(TRCA 2015a) states that:

Crossings should be located away from geomorphically active and unstable areas and be designed to
span the zone of potential future channel migration, as defined by the meander belt or 100-year
erosion limit, to reduce risks from channel migration over time. However, it is recognized in some
instances this may not be practical, particularly for modifications to existing crossings or for new

crossings of small, stable watercourses.

5.1.1 Erosion Risk Assessment Framework for Existing Crossings

To assess the erosion risk of existing crossings, a risk-based assessment method was applied using the
following categories:

e No Risk - Spans the natural corridor MBW

e Low Risk - Spans the urban corridor erosion hazard limit
e Moderate Risk - Spans three times the bankfull width

e High Risk - Spans the bankfull channel width or less

Results of the erosion risk assessment are included in Section 5.2.

5.1.2 Geomorphic Impact Assessment of Proposed Hydraulic Conditions

Future conditions floodline mapping and hydraulic modelling information that reflect the proposed works
will be reviewed when this information becomes available.
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5.2 Geomorphic Impact Assessment of the Preliminary Design

As part of planned improvements to the Lakeshore BRT system, Lakeshore Road is proposed to be
widened to the south. To accommodate this work, the existing Applewood Creek culvert is proposed to
be extended to the south, and the Serson Creek culvert is proposed to be replaced and lengthened
primarily to the south. No alterations are proposed to the Etobicoke Creek bridge.

Matrix reviewed the following design materials provided by HDR:

e Draft Roll Plan, Lakeshore Road (Part A) Transportation Study, East Ave W. to Etobicoke Creek, STA.
9+710 TO STA. 12+200. Date: April 2023.

e General Arrangement, Serson Creek Culvert. Lakeshore Road (Part A) Transportation Study, East Ave
W. to Etobicoke Creek. Date: April 2022.

e AutoCAD file of the Draft Roll Plan and General Arrangement

An annotated map of the proposed works is presented on Figure 4.

5.2.1.1 Etobicoke Creek

Currently, the existing bridge at this location consists of a two-span 42.6 m wide bridge (opening width of
each span = 21.3 m). Reach ET2 has a straight planform with an average bankfull channel width of 31 m.
The main flow path passes through the east span of the Lakeshore Bridge, near the pedestrian walkway.
Concentrated flows approaching and through the east span appear to have locally increased velocities
and caused local bed scour near the east abutment. A large, vegetated bar extends upstream and
downstream of the bridge from the bridge pier through the west cell. A smaller split flow channel has
developed around the island through the west bridge cell. There are no meanders near the bridge.

The combined bridge spans are wider than average bankfull channel width, but do not span three times
the bankfull channel width (93 m), the existing urban corridor of 148 m or the unmanaged natural corridor
width of 250 m. The pier and bridge configuration appear to be locally impacting channel processes by
altering nearby depositional patterns which narrow the active channel at the bridge and encourage bed
scour through the east span, as the hardened east bank cannot adjust to accommodate the deposition on
the west bank. Based on the risk methodology outlined above, the existing crossing is considered to have
a high erosion risk. However, due to the nearby effects of lake backwatering, the erosion-resistance of the
bedrock channel and the erosion protection measures already in place, the effective erosion risk at the
bridge is considered moderate. Monitoring is recommended to ensure the bed scour in the east span does
not impact the stability of the pedestrian crossing.

No alterations are proposed to the existing Etobicoke Creek bridge. However, a path is proposed on the
south side of Lakeshore Road on the western floodplain. The grading limits should be confirmed to ensure
there will be minimal encroachment by the road embankment into the floodplain.
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5.2.1.2 Applewood Creek

The existing Applewood Creek culvert at Lakeshore Road (13.5 m total span) is wider than the bankfull
channel width (6.0 to 6.5 m) but is less than three times bankfull width (6.5 x 3 = 19.5), the existing urban
corridor width of 43 m, and the unmanaged natural corridor width of 70 m. As such the existing crossing
is considered to have a high erosion risk based on the methodology outlined above. It is noted however
that the reconstruction of Applewood Creek into a rocky riffle-pool system upstream of the crossing, and
the constructed outlet pool and cobble riffles downstream of the crossing provide grade control and
erosion protection. As such, the effective erosion risk at the crossing is considered moderate, and erosion
mitigation works are recommended as part of the Lakeshore Road widening and culvert extensions.

Based on comments received January 31, 2022, CVC recommends that natural channel works extend
upstream of the proposed culvert to remove excess rock and enhance aquatic habitat and fish passage,
subject to engineering constraints. The feasibility, type, and extent of these works will be determined at
detailed design. Should such works go forward, they may extend outside the future road right-of-way,
which would require consideration of land acquisition or easement requirements at detailed design.

Downstream of Lakeshore Road, the proposed 12.5 m culvert extension will intercept the existing outlet
pool which extends from the current culvert outlet for approximately 18 m (based on site assessment).
To provide space for flow dissipation, it is recommended that the outlet pool be reconstructed
downstream of the culvert extension. This will require grading of the channel banks and local tree
removal. The approximately 18 m long cobble-lined channel which backwaters and provides grade control
to the outlet pool should also be replicated to maintain existing channel processes through the culvert
and upstream.

Tie-in recommendations are depicted schematically on Figure 4. The specific channel restoration lengths
and areas recommended above are to be confirmed at the detailed design stage.

5.2.1.3 Serson Creek

The existing Serson Creek culvert at Lakeshore Road (10 m total span) is larger than the bankfull channel
width (average 3.3 m) and is approximately equivalent to three times the average bankfull width
(3.3 mx3=10m), but does not span the existing urban corridor of 24 m or the unmanaged natural
corridor width of 30 m. The existing crossing has a moderate erosion risk. This risk appears to have been
partially mitigated by the constructed outlet pool and cobble riffle downstream of the existing crossing.
The existing culvert is 27.4 m long. Downstream of the outlet, the creek is slightly skewed to the east in
relation to the culvert alignment.

The proposed Serson Creek culvert will be a single-span open foot structure with an opening span of 11 m
and a length of 47 m. The proposed structure span will be 1 m wider than the existing span, and the
structure will be 22.6 m longer than existing. The proposed culvert will extend 1.0 m upstream from the
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existing culvert inlet and 21.6 m downstream of the existing outlet, as measured along the centreline of
the proposed culvert. The proposed Serson Creek culvert (11 m span) is larger than the bankfull channel
width (average 3.3 m) and is approximately equivalent to three times the average bankfull width
(3.3 mx3=10m), but does not span the existing urban corridor of 24 m or the unmanaged natural
corridor width of 30 m. The proposed crossing will have a moderate erosion risk. Although under both
existing and proposed scenarios the culverts have moderate erosion risk, under proposed conditions the
risk of erosion may be slightly lower compared to existing conditions due to the increase in the culvert
span which would reduce water velocities under higher return period flows. However, erosion mitigation
due to the increase in span may be offset by the proposed increase in structure length. Review of detailed
hydraulic modeling should be completed at detailed design to compare existing and proposed flow
conditions, and to inform design of erosion mitigation works. Erosion mitigation works are recommended
to protect the creek at the culvert tie-ins.

The proposed culvert will be skewed by approximately 6.3° compared to the existing culvert alignment;
the proposed culvert outlet will shift to the east. The proposed outlet will tie into the existing channel
planform downstream. The proposed culvert at the inlet will be slightly skewed to the angle of the channel
centreline upstream; however, this will not impact the channel directly and can be accommodated with
minor tie-in (see also comment from CVC regarding suggested extension of natural channel works
upstream).

The proposed culvert replacement will extend beyond the existing outlet pool (approximately 10 m long)
and the downstream cobble-lined channel (approximately 15 m long). To provide space for flow
dissipation, it is recommended that the outlet pool be reconstructed downstream of the culvert
replacement. This will require grading of the channel banks and local tree removal, and confirmation of
grading limits along the west bank which requires a stable slope setback. The cobble-lined channel, which
backwaters and provides grade control to the outlet pool, should also be replicated to maintain existing
channel processes through the culvert and upstream. Tie-in recommendations are depicted schematically
on Figure 4. The specific channel restoration lengths and areas recommended above are to be confirmed
at the detailed design stage. At detailed design it should be confirmed if the tie-in works must extend
beyond the future road right-of-way.

Based on comments received January 31, 2022, CVC recommends that natural channel works extend
upstream of the proposed culvert to enhance aquatic habitat and fish passage. The feasibility, type, and
extent of these works will be determined at detailed design. Should such works go forward, they may
extend outside the future road right-of-way which would require consideration of land acquisition or
easement requirements at detailed design.

Any channel tie in works should be co-ordinated with the Lakeview Village development to ensure they
are tied into the Lakeview Village proposed channel improvements.
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5.2.2 Recommendations for Detailed Design

To mitigate potential impacts of the proposed works, the following considerations should be made at
detailed design:

e ensure hydraulic conveyance is met under all flood conditions for proposed culvert works, and confirm
any geomorphic impacts of the proposed conditions hydraulics when detailed modelling information
is available

e confirm that the Applewood Creek culvert extension will be open foot (the Serson Creek culvert GA
indicates that the Serson Culvert replacement will be open foot) and identify the scour hazard limit
through completion of a scour assessment to determine appropriate culvert footing depths for both
the Applewood Creek culvert extension and Serson Creek replacement. If the scour hazard limit does
not match the existing/proposed culvert footing depths, the proposed footing design will require
additional approval from CVC with respect to scour hazard mitigation

e confirm the skew and final extent of the proposed Applewood culvert extension and Serson Creek
culvert replacement, and associated structures such as wingwalls and stormwater outfalls

e complete the design of the low-flow channel and substrate gradations within the Serson Creek and
Applewood Creek culvert crossings to enhance channel stability and fish passage

e confirm the extent and type of channel tie-in works at Applewood Creek and Serson Creek through a
detailed geomorphic assessment and detailed channel design

+ confirm the engineering and geomorphic feasibility of extending channel works upstream of the
Applewood Creek culvert to remove existing stone to enhance aquatic habitat and improve fish

passage

e following confirmation of the channel tie-in works, confirm the disturbance limits of construction at
Serson and Applewood Creeks and land acquisition or easement requirements, if any, at Applewood
Creek

e proposed culvert works may, where feasible, incorporate ecological requirements (i.e., wildlife
passage)

e coordinate Serson Creek tie-in works with the Lakeview Village proposed channel improvements

5.3 Conclusion

This fluvial geomorphology assessment report summarizes the findings and recommendations of the
geomorphic assessment of Applewood Creek, Etobicoke Creek and Serson Creek within the BRT study
area. The geomorphic assessment includes a background review and historical assessment, field
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reconnaissance, erosion hazard assessment, and provided geomorphic review of the preliminary design
and recommendations for detailed design.

The desktop assessment indicated that watercourses within the area have undergone a long history of
agricultural and urban modification. This continues today as channel restoration works are undertaken;
for instance, restoration has been recently completed at Applewood Creek near Lakeshore Road and
Serson Creek is being realigned downstream of Lakeshore Road. The erosion assessment took this into
consideration by estimating both existing urban corridor and unmanaged natural corridor widths, to
reflect both current management and historic conditions, respectively. Based on an erosion risk
framework, the existing bridge and culvert crossings structures at Lakeshore Road are considered to be at
moderate risk from long-term erosion hazards. The proposed replacement culvert at Serson Creek is also
considered to be at moderate risk, although this risk may be slightly reduced compared to existing
conditions. Given the evaluation of erosion risks, erosion mitigation works are recommended in
association with the widening of Lakeshore Road and the culvert extensions and replacements. The
proposed extension of the Applewood Creek culvert to the south and the replacement of the Serson Creek
culvert will require channel tie-in works which are recommended to include re-instatement of the existing
outlet pools and cobble-lined channels. The extent of required channel tie-ins and associated grading
limits and tree removals should be determined at detailed design.
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APPENDIX A
Excerpted Design Drawings




APPENDIX Al
Replacement of the Lakeshore Road East Culvert Over
Applewood Creek Including Creek Improvements

As-built Drawings (AECOM 2018)
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APPENDIX A2
Serson Creek Ultimate Floodplain Mapping
(Urbantech 2019)
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APPENDIX B
Historic Aerial Photographs




HDR Corporation Appendix B
Lakeshore Bus Rapid Transit (BRT) Study Historic Aerial Photographs

Fluvial Geomorphology

1960 Aerial Photograph

Roll Number: A16995 Photo: 37 Scale: 25,000

Disclaimer:
The photographs as shown are not georectified.
Photograph source:: National Air Photo Library (NAPL). Satellite imagery source: Bing Maps, 2021.

33023-512 AppB Historica Aerial Photographs.pptx 1 Matrix Solutions Inc.



HDR Corporation Appendix B
Lakeshore Bus Rapid Transit (BRT) Study Historic Aerial Photographs

Fluvial Geomorphology

1978 Aerial Photograph

Disclaimer:
The photographs as shown are not georectified.
Photograph source:: National Air Photo Library (NAPL). Satellite imagery source: Bing Maps, 2021.

33023-512 AppB Historica Aerial Photographs.pptx 2 Matrix Solutions Inc.



HDR Corporation Appendix B
Lakeshore Bus Rapid Transit (BRT) Study Historic Aerial Photographs
Fluvial Geomorphology

2020 Satellite Imagery

Disclaimer:
The photographs as shown are not georectified.
Photograph source:: National Air Photo Library (NAPL). Satellite imagery source: Bing Maps, 2021.

33023-512 AppB Historica Aerial Photographs.pptx Matrix Solutions Inc.




APPENDIX C
Floodline Mapping Provided by
Conservation Authorities
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HDR Corporation Appendix D
Lakeshore Bus Rapid Transit (BRT) Study Site Photographs

Fluvial Geomorphology

Matrix Solutions Inc.
July 30, 2021

1. Etobicoke Creek- Reach ET2 — Upstream of Lakeshore Rd — Railway bridge upstream of Lakeshore Road.

Matrix Solutions Inc.
July 30, 2021

2. Etobicoke Creek — Reach ET2 — Upstream of Lakeshore Rd — Looking upstream from vegetated bar.

33023-512 AppD Site Photographs.pptx 1 Matrix Solutions Inc.



HDR Corporation Appendix D
Lakeshore Bus Rapid Transit (BRT) Study Site Photographs
Fluvial Geomorphology

Matrix Solutions Inc.
July 30, 2021

3. Etobicoke Creek — Reach ET2 — Upstream of Lakeshore Rd — View of toward Lakeshore Road bridge. Vegetated
bar in foreground.

Matrix Solutions Inc.
July 30, 2021

.. N by . : 2] . A Vi
4. Etobicoke Creek —Reach ET2 — Western opening of Lakeshore Rd Bridge looking upstream. Vegetated bar in
foreground.

33023-512 AppD Site Photographs.pptx 2 Matrix Solutions Inc.



HDR Corporation Appendix D
Lakeshore Bus Rapid Transit (BRT) Study Site Photographs

Fluvial Geomorphology

Matrix Solutions Inc.
July 30, 2021

5. Etobicoke Creek — Reach ET2 — Eastern opening of Lakeshore Rd Bridge looking upstream. Pedestrian crossing
passes below bridge by east abutment.

Matrix Solutions Inc.
July 30, 2021

6. Etobicoke Creek — Reach ET2 — Upstream of Lakeshore Rd — Vegetated bar upstream of Lakeshore Rd bridge in
foreground.

33023-512 AppD Site Photographs.pptx 3 Matrix Solutions Inc.



HDR Corporation Appendix D
Lakeshore Bus Rapid Transit (BRT) Study Site Photographs

Fluvial Geomorphology

Matrix Solutions Inc.
July 30, 2021

7. Etobicoke Creek — Reach ET2 — Lakeshore Rd bridge pier footings and eastern bridge opening, looking
downstream.

Matrix Solutions Inc.
July 30, 2021

8. Etobicoke Creek — Reach ET2 — Downstream of Lakeshore Rd — View of West bridge abutment and watermain.
Vegetated bar in foreground.

33023-512 AppD Site Photographs.pptx 4 Matrix Solutions Inc.



HDR Corporation Appendix D
Lakeshore Bus Rapid Transit (BRT) Study Site Photographs

Fluvial Geomorphology

Matrix Solutions Inc.
July 30, 2021

9. Etobicoke Creek — Reach ET2 — Downstream of Lakeshore Rd — View of main channel downstream of Lakeshore
Rd bridge. Main channel passes through the eastern bridge opening. Wide, shallow channel with platey substrate
derived from local shale bedrock.

Matrix Solutions Inc.
July 30, 2021

R

10. Etobicoke Creek — Reach ET1-ET2 transition — Downstream of Lakeshore Rd — View of Lakeshore Rd bridge.
Channel gradually deepens and becomes backwatered as it approaches Lake Ontario.

33023-512 AppD Site Photographs.pptx 5 Matrix Solutions Inc.



HDR Corporation Appendix D
Lakeshore Bus Rapid Transit (BRT) Study Site Photographs

Fluvial Geomorphology

Matrix Solutions Inc.
July 30, 2021

11. Etobicoke Creek — Reach ET1 — Looking downstream toward Lake Ontario.

Matrix Solutions Inc.
July 30, 2021

12. Etobicoke Creek — Reach ET1 — Looking upstream.

33023-512 AppD Site Photographs.pptx 6 Matrix Solutions Inc.



HDR Corporation Appendix D
Lakeshore Bus Rapid Transit (BRT) Study Site Photographs

Fluvial Geomorphology

Matrix Solutions Inc.
July 30, 2021

=

13. Applewood Creek— Reach AP2 - Upstream of Lakeshore Rd— Channel is lined with gabion basket (bed) and
armourstone (banks) upstream of constructed riffle-pool sequence .

Matrix Solutions Inc.
July 30, 2021

14. Applewood Creek - Reach AP2 — Upstream of Lakeshore Rd — View looking upstream of constructed riffle-pool
system.

33023-512 AppD Site Photographs.pptx 7 Matrix Solutions Inc.



HDR Corporation Appendix D
Lakeshore Bus Rapid Transit (BRT) Study Site Photographs

Fluvial Geomorphology

Matrix Solutions Inc.
July 30, 2021

Matrix Solutions Inc.
July 30, 2021

culvert.

33023-512 AppD Site Photographs.pptx 8 Matrix Solutions Inc.



HDR Corporation Appendix D
Lakeshore Bus Rapid Transit (BRT) Study Site Photographs

Fluvial Geomorphology

Matrix Solutions Inc.
July 30, 2021

Matrix Solutions Inc.
July 30, 2021

18. Applewood Creek - Reach AP1 — Lakeshore Road culvert outlet.

33023-512 AppD Site Photographs.pptx 9 Matrix Solutions Inc.



HDR Corporation Appendix D
Lakeshore Bus Rapid Transit (BRT) Site Photographs
Fluvial Geomorphology

Matrix Solutions Inc.
July 30, 2021
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19. Applewood Creek - Reach AP1 — Downstream of Lakeshore Rd — View looking downstream from Lakeshore
Road.

Matrix Solutions Inc.
July 30, 2021

20. Applewood Creek - Reach AP1 — Downstream of Lakeshore Rd — View of constructed riffle downstream of
outlet pool.

33023-512 AppD Site Photographs.pptx 10 Matrix Solutions Inc.



HDR Corporation Appendix D
Lakeshore Bus Rapid Transit (BRT) Study Site Photographs

Fluvial Geomorphology

Matrix Solutions Inc.
July 30, 2021

culvert.

Matrix Solutions Inc.
July 30, 2021

22. Applewood Creek - Reach AP1 — Downstream of Lakeshore Rd — View of woody debris downstream.

33023-512 AppD Site Photographs.pptx 11 Matrix Solutions Inc.



HDR Corporation Appendix D
Lakeshore Bus Rapid Transit (BRT) Study Site Photographs

Fluvial Geomorphology

Matrix Solutions Inc.
July 30, 2021

Matrix Solutions Inc.
July 30, 2021

24. Serson Creek — Reach SE2 — Upstream of Lakeshore Rd — Typical channel.

33023-512 AppD Site Photographs.pptx 12 Matrix Solutions Inc.



HDR Corporation Appendix D
Lakeshore Bus Rapid Transit (BRT) Study Site Photographs
Fluvial Geomorphology

Matrix Solutions Inc.
July 30, 2021
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25. Serson Creek — Reach SE2 — Lakeshore Road inlet. Embankment slopes were densely vegetated.

Matrix Solutions Inc.
July 30, 2021

26. Serson Creek — Lakeshore Road culvert - Deposition along West side of culvert near culvert inlet.

33023-512 AppD Site Photographs.pptx 13 Matrix Solutions Inc.



HDR Corporation Appendix D
Lakeshore Bus Rapid Transit (BRT) Study Site Photographs

Fluvial Geomorphology

Matrix Solutions Inc.
July 30, 2021

Matrix Solutions Inc.
July 30, 2021

28. Serson Creek — Reach SE1 — Downstream of Lakeshore Rd — View of Lakeshore Road culvert outlet, taken from
East bank.

33023-512 AppD Site Photographs.pptx 14 Matrix Solutions Inc.



HDR Corporation Appendix D
Lakeshore Bus Rapid Transit (BRT) Study Site Photographs
Fluvial Geomorphology

Matrix Solutions Inc.
July 30, 2021
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29. Serson Creek — Reach SE1 — Downstream of Lakeshore Rd — Lakeshore Road culvert outlet. A bar has formed at
the outlet along the East side of the culvert.

Matrix Solutions Inc.
July 30, 2021
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30. Serson Creek — Reach SE1 — Downstream of Lakeshore Rd — View looking downstream where the channel
narrows into a constructed cobble-lined channel downstream of the outlet pool.

33023-512 AppD Site Photographs.pptx 15 Matrix Solutions Inc.



HDR Corporation Appendix D
Lakeshore Bus Rapid Transit (BRT) Study Site Photographs

Fluvial Geomorphology

Matrix Solutions Inc.
July 30, 2021

31. Serson Creek — Reach SE1 — Downstream of Lakeshore Rd — View of constructed cobble riffle.

Matrix Solutions Inc.
July 30, 2021

32. Serson Creek — Reach SE1 — Downstream of Lakeshore Rd — Downstream of constructed cobble riffle. Channel
bed has incised creating shallow terracing.

33023-512 AppD Site Photographs.pptx 16 Matrix Solutions Inc.



HDR Corporation Appendix D
Lakeshore Bus Rapid Transit (BRT) Study Site Photographs

Fluvial Geomorphology

Matrix Solutions Inc.
July 30, 2021
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! . July 30, 2021

34. Serson Creek — Reach SE1 — Downstream of Lakeshore Rd — Eroding western creek bank, with meter stick for
scale.

33023-512 AppD Site Photographs.pptx 17 Matrix Solutions Inc.



HDR Corporation Appendix D
Lakeshore Bus Rapid Transit (BRT) Study Site Photographs
Fluvial Geomorphology

Matrix Solutions Inc.
July 30, 2021
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35. Serson Creek — Reach SE1 — Downstream of Lakeshore Rd — View of entrenched channel looking upstream.
Channel is entrenched and semi-confined.

Matrix Solutions Inc.
July 30, 2021

36. Serson Creek — Reach SE1 — Downstream of Lakeshore Rd — Typical bed material.

33023-512 AppD Site Photographs.pptx 18 Matrix Solutions Inc.



	TABLE OF CONTENTS
	IN-TEXT FIGURES
	FIGURE A Etobicoke Creek planform, 1920s. Source: TRCA 2005

	IN-TEXT TABLES
	TABLE A Lake Ontario Integrated Shoreline Strategy (2011) Geomorphic Assessment Results
	TABLE B Existing Peak Flow Rates
	TABLE C Reach names
	TABLE D Summary of Rapid Geomorphic Assessment Scores
	TABLE E Summary of Rapid Stream Assessment Results
	TABLE F Reach Descriptions
	TABLE G Crossing Assessment Results
	TABLE H Recommended Erosion Hazard Widths at Watercourse Crossings

	1 INTRODUCTION
	1.1 Scope 

	2 STUDY AREA
	2.1 Physiography and Surficial Geology
	2.1.1 Lakeshore Transportation Studies Area
	2.1.2 Lakeshore Bus Rapid Transit Study Area

	2.2 Background Review
	2.2.1 General Study Area Background Review
	2.2.2 Etobicoke Creek Background Review
	2.2.3 Applewood Creek Background Review
	2.2.4 Serson Creek Background Review

	2.3 Historic Photograph Assessment
	2.3.1 Overview 
	2.3.2 Etobicoke Creek 
	2.3.3 Applewood Creek
	2.3.4 Serson Creek


	3 EXISTING GEOMORPHIC CONDITIONS
	3.1 Drainage Area and Hydrological Flows
	3.1.1 Hydraulic Floodline Modelling

	3.2 Reach Delineation
	3.3 Geomorphic Field Assessment
	3.3.1 Rapid Geomorphic Assessment and Rapid Stream Assessments
	3.3.2 Stream Crossing Assessments


	4 EROSION HAZARD ASSESSMENT
	4.1 Methodology
	4.2 Results
	4.3 Scour Hazards

	5 CROSSING RECOMMENDATIONS
	5.1 Principles of Crossing Design and Crossing Design Guidance
	5.1.1 Erosion Risk Assessment Framework for Existing Crossings 
	5.1.2 Geomorphic Impact Assessment of Proposed Hydraulic Conditions 

	5.2 Geomorphic Impact Assessment of the Preliminary Design
	5.2.2 Recommendations for Detailed Design 

	5.3 Conclusion

	6 REFERENCES
	FIGURES
	FIGURE 1 Surficial Geology and Physiography Lakeshore Transportation Studies
	FIGURE 2 Toporgraphy
	FIGURE 3 Reach Breaks & Historic Traces
	FIGURE 4 Proposed Works

	APPENDICES
	APPENDIX A Excerpted Design Drawings
	APPENDIX A1 Replacement of the Lakeshore Road East Culvert Over Applewood Creek Including Creek ImprovementsAs-built Drawings (AECOM 2018)
	APPENDIX A2 Serson Creek Ultimate Floodplain Mapping(Urbantech 2019)

	APPENDIX B Historic Aerial Photographs
	APPENDIX C Floodline Mapping Provided byConservation Authorities
	APPENDIX D Site Photographs




