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EXECUTIVE SUMMARY

Wood Environment & Infrastructure Solutions, a Division of Wood Canada Limited (Wood) was
retained by the Toronto and Region Conservation Authority (TRCA) in May 2019 to update
floodplain maps for the areas of the Rouge River and its associated tributaries, over a linear
distance of about 162 km, within the City of Markham, City of Richmond Hill, and the Town of
Whitchurch-Stouffville.

The previous update of floodplain maps for the Rouge River was completed in about 2006 and
many of the maps may no longer reasonably reflect current conditions. As well, considerable
urban development (both residential and transportation related) has occurred in recent years
which has, in some cases, also led to channel and valley corridor realignments.

Recognizing this, TRCA updated the Rouge River Watershed hydrology and prepared new
topographic information. Hydrology and base mapping are the two fundamental necessities for
floodplain mapping.

The update of floodplain maps for the Rouge River Phase 2, focused on the following key tasks:
» Background Review and Site Reconnaissance

Various datasets and other information have been provided by TRCA through the course of
the project. This information has been reviewed and used in the development of the flood line
mapping as deemed relevant. This information included basemap/planimetric data, existing
hydraulic modelling for the subject watercourses, topographic surveys, as-built drawings,
existing reports, aerial imagery and flow data.

Preliminary review of the study area, using Google Earth Pro™, identified four hundred and
twelve (412) watercourse crossings (road, rail pedestrian, etc.) as being located along the
Rouge River and tributaries. From this reconnaissance, two hundred and twenty-seven (227)
crossings have been identified for inclusion in the hydraulic model as they have been deemed
to be of hydraulic significance.

» HEC-RAS Model Development

The objective of the hydraulic analysis has been the computation of water surface elevations
resulting from the 2-year through 100-year design events and Regional Storm (Hurricane
Hazel) flow estimates. The computed water surface elevations are used in conjunction with the
LiDAR data to delineate the limits of the floodplain on topographic mapping sheets. Please
note that the assessment of the 350-year design events was removed from scope by TRCA.
The US Army Corps of Engineers (USACE) HEC-RAS one-dimensional backwater model has
been utilized for this analysis.

The collection and processing of data, computational procedures and analysis of computed
profiles completed for this study are compliant with Environment Canada, MNRF and TRCA
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guidelines, software use guidance provided by the US Army Corps of Engineers, Public Safety
Canada, and other industry standard hydraulic modelling practices.

A sensitivity analysis of parameters (Manning’s Roughness, Peak Discharge, and Starting Water
Surface Elevation) included in the new hydraulic model has been completed. It has been
concluded from this analysis that there was no need to alter the parameterization of the
hydraulic model for the present study.

» Flood Risk Characterization and Screening

Upon receipt of TRCA approval for the new hydraulic model, preparation of the floodplain
delineations for the required suite of flow scenarios required for this assignment has been
completed in collaboration with TRCA. The flow scenarios have been the Regional Storm and,
the 2, 5, 10, 25, 50, and 100-year design storms.

The delineation of the Regulatory flood line has been completed in compliance with MNRF
procedures, whereby the greater of the 100-year, or Regional (Hurricane Hazel) Flood
inundation limits has been used to establish the Regulatory flood line. The 100-year and
Regional Flood inundation limits have been subjected to a greater level of scrutiny for accuracy
commensurate with an engineering flood delineation approach.

Flood inundation limits for the 2, 5, 10, 25, 50, and 100-year design storm flow scenarios have
not been subjected to the same “clean-up” effort as the engineered flood delineations as these
flood zones are to be used for flood risk screening and characterization only.

A structure overtopping assessment has been completed with regard to the watercourse
crossings included in the new hydraulic model. The following conveyance capacity limitations
have been identified from the hydraulic model results:

# of crossings having conveyance

Flow Scenario capacity for the noted flow scenario
without overtopping

2-year 190
5-year 171
10-year 156
25-year 133
50-year 123
100-year 113
350-year n/a
Regional Flood 69

The results indicate that sixty-nine (69) structures, of the two hundred and twenty-seven (227)
structures modelled, have sufficient capacity to convey the Regional Flood without
overtopping.
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» Spills Assessment

An assessment of spill locations and paths has been completed following the MNRF’s Technical
Guide River & Stream Systems: Flooding Hazard Limit (2002) (ref. Section 4.13 of the guidelines)
which defines a spill as occurring when flood levels overtop the banks of a watercourse and
spill overland away from the watercourse channel. In this context, nineteen (19) spill areas have
been identified within the study area for this project, namely:

* Spill Area #1 is located about 500 m south of the intersection York Region Rail Line and
16™ Avenue; alternately 500m south along the York Region Rail Line from crossing
structure rou_668 on 16™ Avenue in the City of Markham near HEC-RAS sections 480.01
and 454.02.

* Spill Area #2 is located west of Warden Avenue near HEC-RAS section 2532.83 at structure
rou_527 in the City of Markham.

*  Spill Area #3 is located about 900m southwest of the intersection 19" Avenue and Warden
Avenue between HEC-RAS sections 287.50 and 310.44 along watercourse Berczy Ck Trib C
— Reach C1 in the City of Markham.

* Spill Area #4 is located about 435m southwest from the intersection 19" Avenue and
Woodbine Avenue at HEC-RAS sections 1729.82 and 1754.96 near structure rou_488 in the
City of Markham.

* Spill Area #5 is located about 40m north of intersection Woodbine Avenue and Vine Cliff
Boulevard at crossing Structure rou_503 in the City of Markham.

* Spill Area #6 is located about 80m north from the intersection of 16" Avenue and Leslie
Street at structure rou_445 in the City of Richmond Hill.

* Spill Area #7 is located 850m southwest from the intersection of Stouffville Road and Leslie
Street, alternatively about 500m southwest from the intersection of the railway crossing
near Leslie Street and structure rou_629 on Leslie Street in the City of Richmond Hill.

* Spill Area #8 is located about 840m south from the intersection of Stouffville Road and
Leslie Street south along Leslie Street at structure rou_628 in the City of Richmond Hill.

* Spill Area #9 is located about 1.8 km northeast from the intersection of 19" Avenue and
Bayview Avenue along the railway tracks at crossing structure rou_297 in the City of
Richmond Hill.

* Spill Area #10 is located about 600m east of the intersection 19" Avenue and Bayview
Avenue along 19" Avenue in the City of Richmond Hill. The spill originates from
watercourse Upper Rouge Reach 10.

* Spill Area #11 is located about 250m northeast of the intersection of Bayview Avenue and
Subrisco Avenue near HEC-RAS section 739.77 along watercourse Upper Rouge Reach 10
in the City of Richmond Hill.
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* Spill Area #12 is located on watercourse Upper Rouge Reach 10 near structures rou_340
on Subrisco Avenue and rou_703 on Private Road; alternatively, east of Bayview Avenue
along Subrisco Avenue in the City of Richmond Hill.

® Spill Area #13 comprises two distinct spill pathways, namely: Spill A located about 200m
north of the intersection of 19" Avenue and Bayview Avenue at structure rou_332 on
Bayview Avenue in the City of Richmond Hill and; Spill B is located at structure rou_332
and Bayview Avenue in the City of Richmond Hill about 200m north of the intersection of
Bayview Avenue and 19" Avenue along the watercourse Upper Rouge Reach 10.

* Spill Area #14 is located at HEC-RAS section 709.52 between 719.36 and 695.36 along a
York Region railway line heading in a north-south direction; alternatively, about 525m
southwest from the intersection of Bayview Avenue and 19" Avenue in the City of
Richmond Hill.

* Spill Area #15 is located about 60m west of intersection Young Street and Gamble Road
at structure rou_374 on Gamble Road in the City of Richmond Hill.

* Spill Area #16 is located about 250m south of the intersection Young Street and Gamble
Road at structure rou_373 on Young Street in the City of Richmond Hill.

* Spill Area #17 is located at structure rou_396 on Young Street in the City of Richmond Hill.

*  Spill Area #18 is located at structure rou_393 and Edward Avenue in the City of Richmond
Hill, about 200m east of junction 46 as modelled in HEC-RAS on watercourse Upr Rouge
Trib G — Reach G1.

*  Spill Area #19 comprises two distinct spill pathways, namely: Spill A is located at HEC-RAS
section 244.58 at the intersection of Miller Avenue and Rodick Road in the City of Markham
at the terminal of watercourse Beaver Ck Trib C— Reach 1 and; Spill B is located at structure
rou_467 about 190m from the intersection of Miller Avenue and Rodick Road in the City
of Markham along watercourse Beaver Ck Trib A — Reach A3.

» Deliverables

All graphical representations of the new hydraulic model computations have been prepared
and submitted to TRCA in accordance with the requirements for this study. The finalization of
the study geomatic deliverables has been completed in collaboration with TRCA.

» Recommendations

A number of recommendations have been advanced as outcomes of the foregoing assessment,
as outlined below:

1. Given their potential to impact a broad area and/or transfer of flow to another watercourse,
the following spill areas should be further assessed; 3, 4, 5, 6, 7, 8, 9, 10, 11, 12, 13, 14, 15,
16, 17, 18 and 19. Further assessment should include quantification of the spill flow to
determine if it exceeds MNRF's 10% threshold and enhanced modelling to better delineate
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floodplains and to better understand flood risk associated with those properties in the spill
zones.

2. While this flood plain mapping update assessment has been based on best available data
at the time of the project, some aspects of the modelling have been developed based on
limited information. Further, obtaining information, with particular reference to
watercourse crossing structures, has required significant effort and, depending on the
source organization, significant expense. It is therefore recommended the TRCA develop
an in-house data store for watercourse crossing structures and maintain on-going liaison
with local municipalities and other organizations (e.g. railways, MTO, 407ETR, etc.) to
maintain this database.

3. Where new data becomes available for watercourse crossing structures presently included
in the Rouge River Phase 2 hydraulic model, TRCA should assess whether remodelling of
the structure with the new data would result in a significant change in computed water
surface elevations and resultant flood plain limits.

4. The implications of climate change influenced rainfall on peak flow estimation for the
Rouge River, and other watersheds in their jurisdiction, should be investigated to better
understand the potential for expansion of the 100-year flood inundation limits (and those
associated with other return period based events) and generally increased flooding in the
future.
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1.0 Introduction

Wood Environment & Infrastructure, a Division of Wood Canada Limited (Wood), was retained by
the Toronto and Region Conservation Authority (TRCA) in May 2019 to update floodplain maps
for the defined reaches of the Rouge River and its associated tributaries within the Regions of
Durham and York and the City of Toronto. The Rouge River watershed has its headwaters in the
Towns of Whitchurch-Stouffville and Richmond Hill and its outlet at Lake Ontario.

The study area for the current project includes areas of within the City of Markham, Town of
Richmond Hill and the Town of Whitechurch-Stouffville. The Rouge River Watershed also
encompasses portions of the municipalities of the Town of Aurora, City of Pickering and City of
Toronto; however, the current study boundary does not encompass these portions of the
watershed (ref. Figure 1-1).
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Figure 1-1  Rouge River Watershed - Regional Context
(Image Source: Rouge River Watershed — Report Card 2013, TRCA)
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The existing floodplain maps for the study area were last updated, separately, over several years
by Clarifica (2006) and R.J. Burnside and Associates Ltd. (2005 and 2012). These efforts were based
on a variety of techniques and methodologies. Further, as these previous works proceeded, areas
with insufficient mapping, unclosed flood lines, and potential spills were revealed. There is concern
that many of the maps are also of a vintage that may no longer reasonably reflect current
conditions along the river and founded upon modelling science that may not be reflective of
conditions in the broader watershed area. Further, considerable urban development (both
residential and transportation related) has occurred in recent years which has, in some cases, also
led to channel and valley corridor realignments. The Toronto and Region Conservation Authority
(TRCA) has also indicated that the base mapping upon which the current floodplain maps are
developed, may no longer be fully representative of the real-world circumstance.

Specific areas of concern were identified by TRCA in the RFP as follows:

» Potential spill areas near Glen Meadow Lane and Bayview Avenue, as well as, Bayview Avenue
and 19" Avenue (ref. Figure 1-2), and,

» A newly constructed long culvert/sewer exists along Bayview Ave between 19" Avenue and
Elgin Mills Road East which has not been previously modelled.

The intent of this project is to complete a comprehensive floodplain mapping update within the
western portion of the Rouge River watershed, specifically the area north of Highway 407. The
floodplain mapping update has been based on the latest version of the HEC-RAS engine (i.e.
version 5.0.7%), new topographic information as developed using TRCA’s 2015 LIiDAR data, and
application of flow data as developed through the Rouge River Hydrology Study Update (Wood
Environment & Infrastructure Solutions, September 2018).

This report summarizes the development of a new hydraulic (HEC-RAS) model and flood plain
mapping defining various annual exceedance probability (AEP) flood risk for watercourse reaches
within the study area as illustrated in Figure 1-3.

The Rouge River watershed spans 336 km? of land and water in the Regions of York and Durham,
Cities of Toronto and Pickering, and Towns of Markham, Richmond Hill and Whitchurch-
Stouffville. The watershed includes all the lands that drain to the Rouge River and its tributaries,
including the Little Rouge River, starting in the Oak Ridges Moraine and flowing south to Lake
Ontario. The Rouge watershed has two main branches — the Main Rouge River and Little Rouge
River. The Main Rouge is fed by six additional major tributaries.

L HEC-RAS 5.0.7 was released during the course of the project. It was agreed with TRCA to finalize the project modelling
requirements using this version.
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Figure 1-2  Rouge River Floodplain Mapping Update Project -
Phase 2 Area of Concern

(Source: TRCA)

The land use in the Rouge watershed today is approximately 40% rural, 35% urban, 24% natural
cover and 1% open water.

The upper areas of the Rouge River watershed are predominantly agricultural, whereas the middle
reaches have and are undergoing some of the most rapid urbanization in the Greater Toronto
Area (GTA).

The lower Rouge River valley is still forested, predominantly due to the Rouge National Urban
Park. The Rouge Park is Canada's first national urban park which is planned to eventually cover
more than 50 square kilometres, following the river valleys and nearby lands of the Rouge River
system from the Oak Ridges Moraine to Lake Ontario.

At the mouth of the Rouge River, separated from Lake Ontario by a sand spit, is a provincially
significant marsh.
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(Source: TRCA)
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The project kick-off meeting with TRCA was held on June 3, 2019

This study has been focused on the development of new floodplain mapping for select reaches
of the Rouge River and tributaries. The key tasks comprising this study are outlined below:

» Task 1 - Background Review and Inventory
o Task1A  Hydraulic Structure Identification and Background Data Review
o Task 1B Preparation of a Digital Elevation Model (DEM) using TRCA LiDAR data
o Task1C Site reconnaissance of all of the structures within scope of the assignment
o Task1lD Development of a HEC-RAS steady-state flow table
o Task1lE  Development of a HEC-RAS boundary conditions
o Task1F  Collection of watercourse crossing as-built information

» Task 2 - HEC-RAS Model Development
o Task2A  Development of the new HEC-RAS hydraulic model
o Task 2B  Determination of watercourse crossings model coding data source(s)
o Task2C Field survey of watercourse crossings

» Task 3 - Spill Identification and Floodplain Mapping

o Task3A  Flood line Mapping and Identification of Spills

o Task 3B  Development of a suite of graphical representations of information computed
with the HEC-RAS model

o Task3C Quality Assurance/Quality Control
» Task 4 - Preparation of a Draft Technical Report Summarizing All Technical Work

» Task 5 - Preparation of Final Deliverables

The following report sections have also been structured to follow the key tasks outlined above.
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2.0 Background Review and Inventory (Task 1)

2.1  Task 1A: Hydraulic Structure Identification and Background Data Review

2.1.1 Task 1A.1: Hydraulic Structure Identification

Wood, at the outset of the project, developed a database of hydraulic structures crossing any of
the watercourses, and other in watercourse phenomena relevant to hydraulic modelling, included
in the study scope, as defined in the RFP, based upon visual interpretation of features using
Google Earth Pro™. This review was based on the study boundary figure provided with the RFP.
This initial review identified a total of four hundred and seven (407) structures. These structures
have been categorized as described in Table 2-1.

Table 2-1 Structure Database Categorization

m m

Roadway Driveway
Railway 11 Golf Course Path Crossing 24
Pedestrian or Other Trail 94 Dam or On-Line Structure 2
Highway 12 Pond 27
Farm Crossing 21 Enclosure 6
Culvert 2
Total 407

As noted in Table 2-1:

» A number of the structures identified included on-line ponds, and other on-line structures.
These were identified to prompt discussion in regard to whether or not these features should
be included in the new hydraulic model.

» Of the 407 structures initially identified, a preliminary review of their hydraulic significance
concluded the 233 should be included in the new hydraulic model (ref. Table 2-2).

Table 2-2 Preliminary Review of Hydraulic Structure Significance

Hydraulically Significant? Number of Structures

Y 233
N 174
u 0

» Through the course of the study eleven (11) structures were removed from consideration
and an additional five (5) structures were added.

» The final HEC-RAS model includes 227 structures.
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2.1.2 Task 1A.2: Background Data Review

Various datasets and other information were provided by TRCA at the on-set, and through the
course, of this project. This information was reviewed and used in the development of the flood
line mapping as deemed relevant. The various datasets and other information included:

» Various basemap data in shapefile format, including municipal boundaries, contours, building
footprints, right-of-way limits, crossing locations, land uses, watercourse centerlines, current
floodplain limits, Rouge River Hydrology catchment boundaries, Rouge River Hydrology flow
nodes, and study area boundaries.

» Existing HEC-RAS models for various study sections of the Rouge River, including

0 Beaver Creek 0 Morningside Tributary
0 Burndenet Creek o Stouffville West
0 Exhibition Creek 0 Robinson Creek
0 Upper Rouge, Middle Rouge, Lower Rouge, Bruce and Berczy Creeks

» Construction and/or as-built drawings of structures from TRCA, the relevant municipalities,
Metrolinx, 407ETR, Canadian Pacific Railway (CPR), and the Ontario Ministry of Transportation
(MTO).

» Background documentation, including:
o Standard Manning's Roughness Coefficients for TRCA Watershed Hydraulic Modelling

document
0 Hydraulic Structure Inventory Sheet template document

» Various other digital data, including:

o LiDAR data in 1-m ESRI Grid format
0 15 cm Orthographic Aerial Imagery (2015)
0 Peak Flows in Microsoft™ Excel file format

The 1-m ESRI Grid format LIDAR data provided by the TRCA was used to develop a Digital
Elevation Model (DEM) for use in the study. The DEM defined the base topography for the
HEC-RAS model, was used to generate cross-section geometry data (i.e. station/elevation
pairings) and supported flood plain delineation.

An update of the DEM received from TRCA during the course of the study. The original study DEM
was updated, by TRCA, to include new ground elevation data relevant to the reconstructed area
of Bayview Avenue between Elgin Mills Road and 19" Avenue (2019 Lidar data) and new
subdivision at East of Leslie Street and North of Elgin Mills Road (2019 Lidar data), and low-flow
channel information for various reaches based on TRCA survey data and site measured depth of

flow at crossings within the study area.
TPB198070 )
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As noted from Task 1A.1, a review of watercourse crossings (road, rail, pedestrian, etc.) located
along the Rouge River and tributaries within the study area for Phase 2 was completed. This review
identified 227 structures/crossings to be of hydraulic significance, and as such were identified for
inclusion in the project HEC-RAS model. Each of these structures was subject to reconnaissance
as noted in Task 1C, where the reconnaissance effort could be completed safely. An information
summary for these structures is provided in Table 2-4, which includes an identification of the data
type used to complete the structure coding in the hydraulic model.

The remaining crossings (ref. Table 2-3) were either not deemed to be of hydraulic significance,
were identified as being out of scope of the study, or a structure could not be identified in the
field and were therefore not included.

Summary information for all watercourse crossings within the study area that were included in the
site reconnaissance program is provided in Appendix A.

A HEC-RAS steady flow data table was developed and refined during the study. The flow data,
provided by the TRCA, was obtained from the Rouge River Watershed Hydrology Study Update
(Wood, 2018). The 2-year through 100-year storm event peak flow data assigned in the steady
flow table were based on an Existing Conditions model scenario, which includes existing SWM
facilities within the Rouge River Watershed. The Regional Storm event peak flow data assigned in
the steady flow table were based on a Future Land Use Conditions model scenario, excluding
existing SWM facilities. Please note that assessment of the 350-year design event was removed
from scope of this study by TRCA (ref. Appendix F).

A review of the percent change between consecutive flow nodes/change locations was completed
for the Regional Storm event. Where the percent change exceeded 10%, additional flow
node/change locations were identified. These locations were provided to TRCA for review.

The following flow processing information provides context for the development of the steady
flow data:

» TRCA initially provided over 450 flow nodes to be reviewed as possible flow change locations.

» The flow nodes were filtered to ensure that all Regional Flood flows were increasing as the
model progressed downstream (i.e. remove any decreasing flow nodes, likely due to routing
in the hydrology model).

» The remaining flow nodes were reviewed based on the magnitude of the Regional Flood flows
and their spatial location within a specific reach.

o In many circumstances, there were several consecutive nodes on a reach which had very
similar flows (i.e. 0% change), which have been assumed to be routing nodes with no
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additional contributing catchments. In such cases, the node with the highest regional flow
was chosen to represent the flow in this area.

0 The flows have been defined in the HEC-RAS model at the upstream extent of a reach.
Additionally, flow changes within the four (4) cross-sections associated with a hydraulic
structure have been avoided when possible.

» Based on the final flows incorporated in the model, the change in flows moving downstream
have been reviewed to denote any changes exceeding 10%. These results have been presented
to TRCA for approval and provide an indication of where hydrologic model refinement may
be required.

All remaining occurrences of flow exceedance (> 10%) have been deemed acceptable by TRCA
(ref. Appendix E). An illustration of the locations of the final flow nodes used for development of
the HEC-RAS steady flow data table has been provided in Appendix E.

Boundary conditions at the downstream limits of specific watercourses included in the Rouge
River Phase 2 HEC-RAS model were provided by TRCA based on information from the Unionville
Special Policy Area (SPA) 2D Modelling and Floodplain Mapping Update project prepared by TRCA
and Valdor Engineering Inc. (February 2019). The specific watercourses for which starting water
surface elevations were defined from the Unionville SPA project are:

e Upper Rouge - Reach 1
e Bruce Ck—-Reach 1

e Burndenet Ck — Reach 1
e Milne WaterC — Reach 1

Phase 2 HEC-RAS cross-section 33.26 on watercourse Lower Rouge — Reach 4 was replicated from
cross-section 2890.711 on watercourse Lower Rouge — Reach 4 defined in the Rouge River
Floodplain Mapping Update (FMU) Phase 1 HEC-RAS model. As such, starting water surface
elevations for the Phase 2 HEC-RAS model at section 33.26 were taken as the computed water
surface elevations from the Phase 1 model for section 2890.711.

As noted previously, construction and/or as-built drawings of structures were obtained from the
various structure owners, including the TRCA, the relevant municipalities, Metrolinx, 407ETR,
Canadian Pacific Railway (CPR), and the Ontario Ministry of Transportation (MTO). This information
was used to inform HEC-RAS model development specific to bridges, culverts and inline
structures.
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This task, completed following Tasks 1C and 1F (watercourse crossing inventory and collection of
as-built water crossing information, respectively), made the determination, based on site
reconnaissance, whether or not the as-built, and other available information (existing HEC-RAS
models, and aerial photography), was considered to be a good representation of the structure to
support coding in HEC-RAS.

A structures information summary is provided as Table 2-3, which includes an identification of the
primary and secondary data used to complete the structure coding for the hydraulic model.

Summary information for watercourse crossings located within the study area and which could be
safely accessed by the field reconnaissance team is provided in Appendix A as structured
Watercourse Crossing Data Sheets formatted to TRCA's standard template.

The potential for field topographic survey was contemplated at the outset of the project if
information gaps were identified that would preclude coding of watercourse crossings in the new
hydraulic model. Following completion of the preceding Tasks 1A, 1B, and 1E (ref. Sections 2.1,
2.2 and 2.5 respectively), the available existing information sources, namely:

» the previous HEC-RAS models;

» the available construction and/or as-built drawings/data; and/or;

» information measured as a component of the field reconnaissance; and,

» aerial imagery

were deemed to be sufficient to code the required watercourse crossings in HEC-RAS. As such,
field topographic survey of watercourse crossings was determined not to be necessary.
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Table 2-3 Summary of Watercourse Crossings Included in Hydraulic Model

New HEC-RAS Model

P::\fiI::se :Illr('ZA Structure hiowiGadadia
Crossing Location/Designation HEC-RAS Watercourse HEC-RAS . . . Previous
HEC-RAS Type . . . Skew Field Available Aerial
Model? Designation Section Angle Recon Drawings | Imagery HEC-RAS
Dataset
rou_297 Railway Crossing N Culvert Leslie St Trib / Reach 4 1154.11
rou_301 Leslie Street N Culvert Leslie St Trib / Reach 3 241.67
rou_303 19th Avenue N Bridge Leslie St Trib / Reach 3 1720.82
rou_304 Railway Crossing N Culvert Leslie St Trib B / Reach B2 462.01
rou_304b Railway Crossing N Culvert Leslie St Trib B / Reach B3 492.80
rou_306 Via Renzo Drive N Bridge Leslie St Trib / Reach 1 597.72 35
rou_307 Cemetery Road N Culvert Leslie St Trib / Reach 1 2729.92
rou_308 Elgin Mills Road East N Culvert Leslie St Trib / Reach 1 3652.97
rou_309 Access Road to new subdivision N Bridge Leslie St Trib / Reach 2 699.27
rou_311 Leslie Street N Culvert Leslie St Trib A / Reach Al 62.26
rou_313 Toporowski Avenue N Culvert Upr Rouge Trib D / Reach D1 507.89 32
rou_314 Elgin Mills Road East N Culvert Upr Rouge Trib D / Reach D1 1020.94 35
rou_315 Private Driveway N Culvert Upr Rouge Trib D / Reach D1 1064.75 45
rou_316 Princeton Avenue N Culvert Upr Rouge Trib C / Reach C1 124.65 _
rou_318 Apple Creek Blvd inlet structure N Inline Upr Rouge Trib A / Reach Al 390.30
rou_319 Major Pedestrian Crossing N Bridge Upr Rouge Trib A / Reach Al 54437
rou_320 Major Pedestrian Crossing N Bridge Upr Rouge Trib A / Reach Al 1004.62
rou_321 John Button Blvd inlet structure N Inline Upr Rouge Trib A / Reach Al 1284.07
rou_323 16th Avenue N Culvert Upr Rouge Trib A / Reach Al 1718.48
rou_325 Online Structure N Culvert Upr Rouge Trib A / Reach Al 1874.53
rou_329 Private Road Crossing Y Culvert Upper Rouge / Reach 10 444.90
rou_330 19th Avenue Y Culvert Upper Rouge / Reach 10 1272.68
rou_332 Railway Crossing Y Bridge Upper Rouge / Reach 10 1815.55
rou_333 Bayview Avenue Y Culvert Upper Rouge / Reach 10 2038.64 _
rou_335 Golf Crossing N Culvert Upper Rouge / Reach 10 3171.23
rou_337 Golf Crossing N Culvert Upper Rouge / Reach 10 3477.83
rou_339 Woodriver Street N Bridge Upper Rouge / Reach 9 258.20
rou_340 Subrisco Avenue N Culvert Upr Rouge Trib I / Reach 11 92.58
rou_341 Private Driveway N Culvert Upr Rouge Trib 1/ Reach I1 287.53
rou_342 Private Driveway N Culvert Upr Rouge Trib 1/ Reach 11 476.93
rou_343 19th Avenue N Culvert Upr Rouge Trib 1/ Reach I1 887.74
rou_344 Bayview Avenue Y Culvert Upr Rouge Trib H / Reach H1A 31.73
rou_345 Private Driveway Y Culvert Upr Rouge Trib H / Reach H1 143.84
rou_346 Woodriver Street Y Culvert Upr Rouge Trib H / Reach H1 233.01
rou_347 Private Driveway N Culvert Upr Rouge Trib H / Reach H1 541.70
rou_348 Private Driveway Y Culvert Upr Rouge Trib H / Reach H1 589.40
rou_349 Private Driveway N Bridge Upr Rouge Trib H / Reach H1 618.52
rou_350 Subrisco Avenue Y Bridge Upr Rouge Trib H / Reach H1 685.04 H
rou_351 Private Driveway Y Culvert Upr Rouge Trib H / Reach H1 75245
TPB198070 ® O
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rou_352 Private Driveway N Culvert Upr Rouge Trib H / Reach H1 807.59
rou_353 Private Driveway Y Culvert Upr Rouge Trib H / Reach H2 63.91
rou_354 Railway Crossing Y Culvert Upr Rouge Trib H / Reach H2 682.36
rou_354b Railway Crossing N Culvert Upr Rouge Trib H / Reach H2 709.52
rou_358 19th Avenue Y Culvert Upr Rouge Trib H / Reach H2 1188.25 45
rou_359 Major Pedestrian Walkway Y Culvert Upr Rouge Trib H / Reach H2 125441 _
rou_361 Yonge Street / Tower Hill Road N Culvert Upr Rouge Trib H / Reach H2 2456.24
rou_362 Hwy 404 SB and NB - rou_362 and 363 N Culvert Leslie St Trib D / Reach D1 225.46
rou_364 Trail Bridge N Bridge Upr Rouge Trib E / Reach E3 173.62
rou_365 Major Pedestrian Walkway Y Culvert Upr Rouge Trib E / Reach E3 271.53
rou_366 Railway Crossing Y Culvert Upr Rouge Trib E / Reach E3 558.90
rou_367 Major Pedestrian Walkway Y Culvert Upr Rouge Trib E / Reach E3 706.47
rou_370 Yorkland Street Y Culvert Upr Rouge Trib E / Reach E3 1439.52
rou_371 Private Driveway Y Culvert Upr Rouge Trib E / Reach E3 1913.44
rou_372 Devonsleigh Boulevard Y Culvert Upr Rouge Trib E / Reach E3 1980.28
rou_373 Yonge Street Y Culvert Upr Rouge Trib E / Reach E3 2142.30
rou_374 Gamble Road N Culvert Upr Rouge Trib E / Reach E3 2394.33
rou_379 Tower Hill Road N Bridge Upr Rouge Trib E / Reach E3 3720.32
rou_387 Elgin Mills Road East Y Culvert Upper Rouge / Reach 8 1209.32
rou_388 Private Driveway N Bridge Upper Rouge / Reach 8 1262.26
rou_389 Private Driveway Y Culvert Upper Rouge / Reach 8 1992.60
rou_390 Bayview Avenue N Culvert Upr Rouge Trib E / Reach E2 PCSWMM
rou_392 Rose Branch Drive Y Bridge Upr Rouge Trib E / Reach E2 1487.97
rou_393 Edward Avenue Y Culvert Upr Rouge Trib G / Reach G1 201.29
rou_394 Railway Crossing 001 / Bernard Avenue Y Culvert Upr Rouge Trib G / Reach G1 506.13 33
rou_395 Yorkland Street Y Culvert Upr Rouge Trib G / Reach G1 1073.87
rou_396 Yonge Street Y Culvert Upr Rouge Trib G / Reach G1 1395.61
rou_397 Private Driveway Y Culvert Upr Rouge Trib G / Reach G1 1471.58
rou_398 Brookside Road Y Culvert Upr Rouge Trib G / Reach G1 1689.45
rou_399 Major Pedestrian Walkway Y Culvert Upr Rouge Trib G / Reach G1 2168.06
rou_399b Major Pedestrian N Culvert Upr Rouge Trib G / Reach G1 1967.00
rou_401 Gamble Road N Culvert Upr Rouge Trib G / Reach G1 2926.55 e
rou_403 Yorktech Drive N Bridge Upper Rouge / Reach 2 95.73
rou_404 Pedestrian Bridge Y Bridge Upper Rouge / Reach 2 73133 _:
rou_405 Rodick Road Y Bridge Upper Rouge / Reach 2 2105.17
rou_407 Hwy 7 Y Bridge Upper Rouge / Reach 2 2442.58
rou_408 Apple Creek Blvd Y Bridge Upper Rouge / Reach 3 722.58
rou_409 Woodbine Avenue Y Bridge Upper Rouge / Reach 3 1656.31
rou_416 16th Avenue Y Bridge Upper Rouge / Reach 3 2910.61
rou_419 Hwy 404 - rou_419 & rou_420 N Bridge Upper Rouge / Reach 3 477112
rou_421 Major Mackenzie Drive East Y Culvert Upper Rouge / Reach 3 6869.41
TPB198070
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rou_422 Leslie Street / York 12 Y Bridge Upper Rouge / Reach 5 135.23
rou_423 Private Driveway Y Bridge Upper Rouge / Reach 5 400.69
rou_424 OnLine Pond Y Inline Upper Rouge / Reach 5 442.39
rou_425 Redstone Road Y Bridge Upper Rouge / Reach 6 313.13
rou_426 Shirley Drive Y Culvert Upr Rouge Trib E / Reach E1 511.81
rou_427 Bayview Avenue Y Culvert Upr Rouge Trib F / Reach F1 465.49
rou_430 Rodick Road N Culvert Beaver Ck / Reach 3 171.06 _
rou_431 Yorktech Drive Y Bridge Beaver Ck / Reach 3 625.49
rou_432 Private Road Y Bridge Beaver Ck / Reach 3 1171.03
rou_433 Woodbine Avenue Y Bridge Beaver Ck / Reach 3 1416.60
rou_434 HWY 7 Y Culvert Beaver Ck / Reach 3 1593.10
rou_435 Frontenac Drive Y Culvert Beaver Ck / Reach 3 1750.57
rou_437 Allstate Parkway Y Culvert Beaver Ck / Reach 3 2106.22
rou_439 Centurian Drive Y Culvert Beaver Ck / Reach 3 2381.51
rou_440 Columbia Way Y Culvert Beaver Ck / Reach 3 2522.48 30
rou_441 HWY 404 - rou_441/442 N Bridge Beaver Ck / Reach 3 3016.96
rou_443 Culvert N Culvert Beaver Ck / Reach 3 3145.87
rou_444 Mural Street N Culvert Beaver Ck / Reach 4 406.25
rou_445 Leslie Street N Culvert Beaver Ck / Reach 4 790.83 45
rou_446 Boake Trail N Culvert Beaver Ck / Reach 4 1499.05
rou_449 Clarendon Drive N Culvert Beaver Ck / Reach 4 2773.28
rou_450 Major Mackenzie Drive East N Culvert Beaver Ck / Reach 4 3310.90
rou_451 Frank Endean Road N Culvert Beaver Ck / Reach 4 3486.10
rou_452 Cassata Avenue N Culvert Beaver Ck / Reach 4 3611.86
rou_453 Online Pond N Culvert Beaver Ck / Reach 4 3382.49
rou_466 HWY 407ETR N Culvert Beaver Ck Trib A / Reach Al 12347
rou_467 SubStation Access Road N Culvert Beaver Ck Trib A / Reach A3 143.09
rou_475 19th Avenue N Culvert Berczy Ck / Reach 5 1390.17
rou_477 19th Avenue N Culvert Berczy Ck Trib C / Reach C1 669.45
rou_478 Berczy Creek Way N Bridge Berczy Ck / Reach 2 136.15
rou_479 Warden Avenue Y Bridge Berczy Ck / Reach 2 322.25 34
rou_480 Warden Avenue Y Bridge Berczy Ck / Reach 2 1034.70
rou_483 Warden Avenue Y Culvert Berczy Ck / Reach 2 2180.25
rou_484 Major MacKenzie Dr E Y Culvert Berczy Ck / Reach 2 2285.17 -E
rou_485 Elgin Mills Rd E Y Culvert Berczy Ck / Reach 2 6299.20
rou_488 Woodbine Ave N Culvert Berczy Ck Trib B / Reach B2 1495.06 36
rou_495 19th Avenue N Culvert Berczy Ck Trib B / Reach B2 1969.78
rou_497 Hwy 404 - rou_497/498 N Culvert Berczy Ck Trib B / Reach B2 3364.67
rou_499 43 Woodbine Avenue Y Culvert Carlton Ck / Reach 2 1353.57 30
rou_500 43 Major Mackenzie Drive East Y Culvert Carlton Ck / Reach 2 1437.77
rou_501 Woodbine Avenue Y Culvert Carlton Ck / Reach 3 83.26
TPB198070 ®» O .
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rou_502 Vine Cliff Blvd. Y Culvert Carlton Ck / Reach 3 929.99
rou_503 Woodbine Avenue Y Culvert Carlton Ck / Reach 3 1155.17 45
rou_504 Prince Regent Street N Culvert Carlton Ck / Reach 3 1535.03
rou_505 Reflection Road N Culvert Carlton Ck / Reach 3 1864.67
rou_506 Woodbine Avenue ByPass N Culvert Carlton Ck / Reach 3 2047.06
rou_507 Private Driveway N Bridge Carlton Ck / Reach 2 473.74
rou_508 Private Driveway N Bridge Carlton Ck / Reach 2 596.88
rou_509 Private Driveway N Bridge Carlton Ck / Reach 2 639.99
rou_510 Personna Blvd. Y Culvert Carlton Ck / Reach 2 711.75
rou_512 Old Farm Lane Way Y Bridge Berczy Ck / Reach 1 2501.15
rou_513 Glenburn Forest Way Y Bridge Berczy Ck / Reach 1 2732.29
rou_514 Warden Avenue Y Bridge Carlton Ck / Reach 1 151.37
rou_515 45 Personna Blvd. N Culvert Carlton Ck TribA / Reach Al 255.16
rou_516 Richard Person Drive N Culvert Carlton Ck TribA / Reach Al 382.55
rou_521 16th Avenue Y Culvert Berczy Ck / Reach 1 1630.62 32
rou_527 Farm Road N Culvert Bruce Ck Trib A / Reach Al 2555.07 45
rou_529 Warden Avenue N Culvert Bruce Ck Trib A / Reach Al 2200.14
rou_534 Golf Bridge 001 N Culvert Bruce Ck Trib A / Reach Al 122.02
rou_535 Major Mackenzie Drive East N Culvert Bruce Ck Trib A / Reach Al 545.05
rou_543 Private Crossing N Culvert Bruce Ck Trib C / Reach C1 1670.03
rou_547 19th Avenue N Culvert Bruce Ck Trib B / Reach B3 2013.78
rou_549 Private Crossing N Culvert Bruce Ck Trib B / Reach B3 2222.23
rou_562 Warden Ave N Culvert Bruce Ck Trib B / Reach B3 3760.67 45
rou_567 Elgin Mills Road East N Culvert Bruce Ck Trib B / Reach B1 140.14 32
rou_568 Warden Ave N Culvert Bruce Ck Trib E / Reach E1 848.02
rou_569 Stoufille Road N Culvert Bruce Ck / Reach 6 715.99
rou_573 16th Avenue Y Bridge Bruce Ck / Reach 2 752.68 _:
rou_579 Major Golfcourse Cart Path N Bridge Bruce Ck / Reach 2 2213.30
rou_584 Angus Glen Blvd N Bridge Bruce Ck / Reach 2 3059.54
rou_588 Major Mackenzie Drive East Y Bridge Bruce Ck / Reach 3 981.03 _:
rou_594 Elgin Mills Road East Y Bridge Bruce Ck / Reach 4 392.85
rou_596 Private Crossing N Bridge Bruce Ck / Reach 4 698.15
rou_597 Private Crossing N Bridge Bruce Ck / Reach 4 835.19 45
rou_598 Kennedy Road 001 Y Bridge Bruce Ck / Reach 4 1359.19
rou_599 Private Crossing Y Bridge Bruce Ck / Reach 4 2383.88
rou_600 Kennedy Road Y Bridge Bruce Ck / Reach 4 2569.79
rou_601 19th Ave Y Bridge Bruce Ck / Reach 4 4636.46
rou_610 Major Driveway N Bridge Bruce Ck / Reach 4 6259.72
rou_611 Private Crossing N Bridge Bruce Ck / Reach 4 6302.65
rou_612 Stoufille Road N Culvert Bruce Ck Trib F / Reach F1 772.13 45
rou_614 Pedestrian Crossing near Burdenford Cres N Bridge Burndenet Ck / Reach 1 301.06
TPB198070 0
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rou_615 16th Avenue Y Culvert Burndenet Ck / Reach 1 1091.75 40
rou_616 The Bridle Walk Y Culvert Burndenet Ck / Reach 1 1245.08
rou_618 Wilfred Murison Ave Y Culvert Burndenet Ck / Reach 1 2152.15
rou_620 Bur Oak Drive Y Culvert Burndenet Ck / Reach 1 2769.70
rou_621 Edward Jeffreys Avenue Y Culvert Robinson Trib A / Reach Al 413.74 _:
rou_622 Trail Bridge N Culvert Robinson Trib A / Reach Al 828.24
rou_623 Bur Oak Avenue Y Culvert Robinson Trib A / Reach Al 1140.30
rou_624 Trail Bridge N Bridge Robinson Trib A / Reach Al 1193.97
rou_625 Trail Bridge N Bridge Robinson Trib A / Reach Al 1247.40
rou_626 Trail Bridge N Culvert Robinson Trib A / Reach Al 133344
rou_628 Leslie Street N Culvert Leslie St Trib C / Reach C4 285.89 42
rou_629 Railway crossing near Leslie Street N Culvert Leslie St Trib C / Reach C4 537.00
rou_630 Driveway Crossing N Culvert Leslie St Trib C / Reach C4 320.98
rou_631 Driveway Crossing N Culvert Leslie St Trib C / Reach C4 430.35
rou_632 Private Driveway N Culvert Leslie St Trib C / Reach C4 562.36 36
rou_633 Stouffville Road N Culvert Leslie St Trib C / Reach C4 1062.26
rou_635 Highway 7 / Wellington Street Y Culvert Robinson Ck / Reach 1 631.95 38
rou_636 Robinson Street Y Culvert Robinson Ck / Reach 1 114491
rou_637 Bullock Drive Y Culvert Robinson Ck / Reach 1 1393.87
rou_639 Railway Y Bridge Robinson Ck / Reach 1 1521.05
rou_641 Raymerville Drive Y Culvert Robinson Ck / Reach 1 1839.10
rou_642 Pedestrian Crossing Y Culvert Robinson Ck / Reach 1 2518.60
rou_643 Raymerville Drive Y Culvert Robinson Ck / Reach 1 3137.51
rou_644 16th Avenue Y Culvert Robinson Ck / Reach 1 3341.05 40
rou_645 Roy Rainey Avenue Y Bridge Robinson Ck / Reach 2 596.46
rou_646 Bur Oak Avenue Y Culvert Robinson Ck / Reach 2 1478.12
rou_647 McCowan Road Y Culvert Robinson Ck / Reach 2 1776.89 45
rou_648 Castlemore Avenue Y Culvert Robinson Ck / Reach 2 2281.82 36
rou_649 Major Mackenzie Drive East Y Culvert Robinson Ck / Reach 2 2850.75
rou_652 Elgin Mills Road East N Culvert Robinson Ck / Reach 3 2379.46
rou_654 Drakefield Road N Culvert Milne WaterC / Reach 1 508.23
rou_655 Hwy 7 Enclosure N Culvert Milne WaterC / Reach 1 PCSWMM
rou_656 Bullock Drive N Culvert Milne WaterC / Reach 1 1685.76
rou_657 Railway 001 Enclosure (to Raymerville Drive) N Culvert Milne WaterC / Reach 1 PCSWMM
rou_659 Markham Road Y Bridge Lower Rouge / Reach 5 844.05
rou_662 Driveway Y Culvert Exhibition Ck / Reach 2 1200.22 39
rou_664 Bur Oak Ave Y Culvert Exhibition Ck / Reach 2 2049.90
rou_667 Hare Court Enclosure N Culvert Exhibition Ck / Reach 2 PCSWMM
rou_668 16th Avenue Y Culvert Exhibition Ck / Reach 2 946.45 38
rou_669 SWM Pond N Culvert Exhibition Ck / Reach 2 985.10
rou_670 Tuclor Lane Y Culvert Exhibition Ck / Reach 1 209.59
TPB198070 ®» O .
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rou_671 Accessway Y Culvert Exhibition Ck / Reach 1 261.19 ]
rou_672 Hwy 7 Y Culvert Exhibition Ck / Reach 1 962.66
rou_673 Edward Street/Driveway Y Culvert Exhibition Ck / Reach 1 1232.12 ]
rou_674 Church Street Y Culvert Exhibition Ck / Reach 1 1657.42
rou_675 Parkway Ave Y Culvert Exhibition Ck / Reach 1 2002.17
rou_676 Ramona Blvd Y Culvert Exhibition Ck / Reach 1 2247.63
rou_679 19th Avenue N Culvert Leslie St Trib C / Reach C3 542.75
rou_680 Private Road Crossing N Culvert Leslie St Trib C / Reach C3 122491
rou_682 Private Road Crossing N Bridge Leslie St Trib C / Reach C3 1111.89
rou_683 Private Driveway Crossing N Culvert Leslie St Trib F / Reach F1 436.22
rou_684 Railway Crossing N Culvert Leslie St Trib F / Reach F1 514.51
rou_686 Private Road Crossing N Culvert Leslie St Trib F / Reach F1 571.53
rou_690 Accessway Crossing N Culvert Upr Rouge Trib A / Reach Al 60.05
rou_692 Leslie Street N Culvert Upr Rouge Trib B / Reach B1 70.06
rou_694 Townwood Drive N Culvert Upr Rouge Trib H / Reach H2 275044
rou_695 Private Crossing N Culvert Upper Rouge / Reach 10 278.17 30
rou_696 Private Crossing N Culvert Bruce Ck Trib B / Reach B3 2232.34
rou_697 19th Avenue N Culvert Leslie St Trib E / Reach E1 706.07
rou_700 Private Driveway N Culvert Upr Rouge Trib H / Reach H3 91.39
rou_702 Bridgewater Avenue N Culvert Leslie St Trib / Reach 4 2278.29
rou_703 Private Road 101 upstream inline weir N Inline Upper Rouge / Reach 10 219.85
rou_703 Private Road 101 upstream inline weir N Inline Upper Rouge / Reach 10 219.85
rou_704 Weir U/S of rou_618 box culvert N Inline Burndenet Ck / Reach 1 2172.75
rou_705 Energy Dissipation Chamber (D/S rou_667) N Culvert Exhibition Ck / Reach 1 2481.15
1. How Coded Colour Reference
Primary data source
Secondary data source
_ Tertiary data source

TPB198070
Page 16



Technical Report

Rouge River Floodplain Mapping Update — Phase 2

Toronto and Region Conservation Authority

TPB198070
Page 17

Structure # Road Name / Watercourse Crossing Name

Table 2-4 Summary of Watercourse Crossings Not Included in Hydraulic Model

HEC-RAS Watercourse Designation

Why not included in new HEC-RAS model?

rou_298 Stouffville Road Leslie St Trib / Reach 4 culvert not located in field
rou_299 Railway Crossing Leslie St Trib / Reach 4 out of scope

rou_300 Railway Crossing Leslie St Trib B / Reach B1B out of scope

rou_302 Private Crossing Leslie St Trib / Reach 3 not hydraulically significant
rou_305 19th Avenue Leslie St Trib A / Reach A2 out of scope

rou_310 Private Road Crossing Leslie St Trib / Reach 2 culvert not located in field
rou_312 Pedestrian Walkway Upper Rouge Trib D / Reach D1 not hydraulically significant
rou_317 OnLine Pond Upper Rouge Trib C / Reach C1 out of scope

rou_322 Pedestrian Crossing Upper Rouge Trib A / Reach Al not hydraulically significant
rou_324 OnlLine Pond Upper Rouge Trib A / Reach Al out of scope

rou_326 Calvert Road / Woodbine Avenue Enclosure Upper Rouge Trib A / Reach Al out of scope

rou_327 OnLine Pond Upper Rouge Trib A / Reach Al out of scope

rou_328 OnlLine Pond Upper Rouge Trib I/ Reach I1 out of scope

rou_331 Trail Crossing Upper Rouge / Reach 10 not hydraulically significant
rou_334 OnlLine Pond Upper Rouge / Reach 10 out of scope

rou_336 OnlLine Pond Upper Rouge / Reach 10 out of scope

rou_338 Stouffville Road Upper Rouge / Reach 10 out of scope

rou_355 Trail Crossing Upper Rouge Trib H / Reach H2 not hydraulically significant
rou_356 Trail Crossing Upper Rouge Trib H / Reach H2 not hydraulically significant
rou_357 Trail Crossing Upper Rouge Trib H / Reach H2 not hydraulically significant
rou_360 Trail Crossing Upper Rouge Trib H / Reach H2 not hydraulically significant
rou_363 Hwy 404 NB Leslie St Trib D / Reach D2 modelled as one structure with rou_362
rou_368 Pedestrian Walkway Upper Rouge Trib E / Reach E3 not hydraulically significant
rou_369 Trail Bridge Upper Rouge Trib E / Reach E3 not hydraulically significant
rou_375 Pedestrian Walkway Upper Rouge Trib E / Reach E3 not hydraulically significant
rou_376 Pedestrian Walkway Upper Rouge Trib E / Reach E3 not hydraulically significant
rou_377 Pedestrian Walkway Upper Rouge Trib E / Reach E3 not hydraulically significant
rou_378 Pedestrian Walkway Upper Rouge Trib E / Reach E3 not hydraulically significant
rou_380 Pedestrian Walkway Upper Rouge Trib E / Reach E3 not hydraulically significant
rou_381 Jefferson Side Road Upper Rouge Trib E / Reach E3 out of scope

rou_382 OnLine Pond Upper Rouge Trib E / Reach E3 out of scope

rou_383 OnlLine Pond Upper Rouge Trib E / Reach E4 out of scope

rou_384 Tower Hill Road Upper Rouge Trib G / Reach G1 out of scope

rou_385 Pedestrian Walkway Upper Rouge / Reach 8 not hydraulically significant
rou_386 Trail Crossing Upper Rouge / Reach 8 not hydraulically significant
rou_391 Pedestrian Walkway Upper Rouge Trib E / Reach E2 out of scope

rou_400 Pedestrian Walkway Upper Rouge Trib G / Reach G3 not hydraulically significant
rou_402 OnLine Pond Upper Rouge Trib G / Reach G2 out of scope

rou_406 Pedestrian Bridge Upper Rouge / Reach 2 not hydraulically significant
rou_410 Pedestrian Bridge Upper Rouge / Reach 3 not hydraulically significant
rou_411 Pedestrian Bridge Upper Rouge / Reach 3 not hydraulically significant
rou_412 Pedestrian Bridge Upper Rouge / Reach 3 not hydraulically significant
rou_413 Pedestrian Bridge Upper Rouge / Reach 3 not hydraulically significant

woOoO0.



Technical Report
Rouge River Floodplain Mapping Update — Phase 2
Toronto and Region Conservation Authority

m Road Name / Watercourse Crossing Name HEC-RAS Watercourse Designation Why not included in new HEC-RAS model?

rou_414 Pedestrian Bridge Upper Rouge / Reach 3 not hydraulically significant
rou_415 Pedestrian Bridge Upper Rouge / Reach 3 not hydraulically significant
rou_417 Golf Bridge Upper Rouge / Reach 3 not hydraulically significant
rou_418 Golf Bridge Upper Rouge / Reach 3 not hydraulically significant
rou_420 Hwy 404 SB Upper Rouge / Reach 3 modelled as one structure with rou_419
rou_428 Pedestrian Bridge Upper Rouge Trib E / Reach E1 not hydraulically significant
rou_429 Online Structure Beaver Creek / Reach 2 out of scope

rou_436 Pedestrian Crossing Beaver Creek / Reach 3 not hydraulically significant
rou_438 OnlLine Pond Beaver Creek / Reach 3 out of scope

rou_447 Pedestrian Crossing Beaver Creek / Reach 4 not hydraulically significant
rou_448 Pedestrian Crossing Beaver Creek / Reach 4 not hydraulically significant
rou_454 OnlLine Pond Beaver Creek / Reach 4 out of scope

rou_455 OnlLine Pond Beaver Creek / Reach 4 out of scope

rou_456 OnlLine Pond Beaver Creek / Reach 3 out of scope

rou_457 Rodick Road Beaver Creek Trib E1 / Reach E1 out of scope

rou_458 Access Road n/a out of scope

rou_459 Rodick Road n/a out of scope

rou_460 Farm Road Crossing Leslie St Trib D / Reach D1 not hydraulically significant
rou_461 19th Avenue n/a out of scope

rou_462 Private Crossing n/a not hydraulically significant
rou_463 OnlLine Pond Beaver Creek Trib C / Reach C1 out of scope

rou_464 Verclaire Gate South Upper Rouge / Reach 1 out of scope

rou_465 Warden Avenue Upper Rouge / Reach 1 out of scope

rou_468 Farm Road Berczy Creek / Reach 7 not hydraulically significant
rou_469 Farm Road Berczy Creek / Reach 7 not hydraulically significant
rou_470 Farm Road Berczy Creek / Reach 7 out of scope

rou_471 Worecking Yard Road Berczy Creek / Reach 7 out of scope

rou_472 Worecking Yard Road Berczy Creek / Reach 7 out of scope

rou_473 Farm Road Berczy Creek / Reach 7 out of scope

rou_474 Woodbine Avenue Berczy Creek / Reach 7 out of scope

rou_476 Farm Road Berczy Creek Trib E / Reach E1 not hydraulically significant
rou_481 Private Crossing Berczy Creek / Reach 2 not hydraulically significant
rou_482 Private Crossing Berczy Creek / Reach 2 not hydraulically significant
rou_486 Farm Road Berczy Creek Trib B / Reach B2 not hydraulically significant
rou_487 Woodbine Avenue Berczy Creek Trib B / Reach B2 out of scope

rou_489 Farm Road Berczy Creek Trib B / Reach B2 not hydraulically significant
rou_490 Farm Crossing Berczy Creek Trib B / Reach B2 not hydraulically significant
rou_491 Private Crossing Berczy Creek Trib B / Reach B2 out of scope

rou_492 Private Crossing Berczy Creek Trib B / Reach B2 out of scope

rou_493 Private Crossing Berczy Creek Trib B / Reach B2 out of scope

rou_494 Farm Crossing Berczy Creek Trib B / Reach B2 not hydraulically significant
rou_496 Farm Crossing Berczy Creek Trib B / Reach B2 not hydraulically significant
rou_498 Hwy 404 SB Berczy Creek Trib B / Reach B2 modelled as one structure with rou_497
rou_511 Trail Bridge Carlton Creek Trib A / Reach Al not hydraulically significant
rou_517 Major Mackenzie Drive East Carlton Creek Trib A / Reach Al out of scope

TPB198070
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rou_518 Golf Bridge Berczy Creek / Reach 1 not hydraulically significant
rou_519 Golf Bridge Berczy Creek / Reach 1 not hydraulically significant
rou_520 Golf Bridge Berczy Creek / Reach 1 not hydraulically significant
rou_522 Trail Bridge Berczy Creek / Reach 1 not hydraulically significant
rou_523 Trail Bridge Berczy Creek / Reach 1 not hydraulically significant
rou_524 Trail Bridge Berczy Creek / Reach 1 not hydraulically significant
rou_525 Trail Bridge Berczy Creek / Reach 1 not hydraulically significant
rou_526 Trail Bridge Berczy Creek / Reach 1 not hydraulically significant
rou_528 Farm Road Bruce Creek Trib A / Reach Al not hydraulically significant
rou_530 Golf Bridge Bruce Creek Trib A / Reach Al not hydraulically significant
rou_531 Golf Bridge Bruce Creek Trib A / Reach Al not hydraulically significant
rou_532 Online Pond n/a out of scope

rou_533 Golf Bridge n/a not hydraulically significant
rou_536 Golf Bridge Bruce Creek Trib A / Reach Al not hydraulically significant
rou_537 Golf Bridge Bruce Creek Trib A / Reach Al not hydraulically significant
rou_538 Private Road Bruce Creek Trib A / Reach Al not hydraulically significant
rou_539 Golf Bridge n/a out of scope

rou_540 Online Pond n/a out of scope

rou_541 Golf Bridge n/a out of scope

rou_542 Private Road n/a out of scope

rou_544 Private Crossing Bruce Creek Trib C / Reach C1 not hydraulically significant
rou_545 Private Crossing Bruce Creek Trib C / Reach C1 not hydraulically significant
rou_546 Private Crossing Bruce Creek Trib C / Reach C1 not hydraulically significant
rou_548 Online Pond Bruce Creek Trib B / Reach B3 out of scope

rou_550 Online Pond Bruce Creek Trib B / Reach B3 out of scope

rou_551 Private Crossing Bruce Creek Trib B / Reach B3 not hydraulically significant
rou_552 Private Crossing Bruce Creek Trib B / Reach B3 not hydraulically significant
rou_553 Golf Bridge Bruce Creek Trib B / Reach B3 not hydraulically significant
rou_554 Golf Bridge Bruce Creek Trib B / Reach B3 not hydraulically significant
rou_555 Golf Bridge Bruce Creek Trib B / Reach B3 not hydraulically significant
rou_556 Golf Bridge Bruce Creek Trib B / Reach B3 not hydraulically significant
rou_557 Golf Bridge Bruce Creek Trib B / Reach B3 not hydraulically significant
rou_558 Golf Bridge Bruce Creek Trib B / Reach B3 not hydraulically significant
rou_559 Golf Bridge Bruce Creek Trib B / Reach B3 not hydraulically significant
rou_560 Golf Bridge Bruce Creek Trib B / Reach B3 not hydraulically significant
rou_561 Golf Bridge Bruce Creek Trib B / Reach B3 not hydraulically significant
rou_563 Private Crossing Bruce Creek Trib B / Reach B3 not hydraulically significant
rou_564 Private Crossing Bruce Creek Trib B / Reach B3 not hydraulically significant
rou_565 Online Pond Bruce Creek Trib D / Reach D1 out of scope

rou_566 OnLine Pond Bruce Creek Trib B / Reach B1 out of scope

rou_570 OnlLine Pond Bruce Creek / Reach 1 out of scope

rou_571 Pedestrian Bridge Bruce Creek / Reach 1 not hydraulically significant
rou_572 Pedestrian Bridge Bruce Creek / Reach 2 not hydraulically significant
rou_574 Golf Bridge Bruce Creek / Reach 2 not hydraulically significant
rou_575 Golf Bridge Bruce Creek / Reach 2 not hydraulically significant
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m Road Name / Watercourse Crossing Name HEC-RAS Watercourse Designation Why not included in new HEC-RAS model?

rou_576 Golf Bridge Bruce Creek / Reach 2 not hydraulically significant
rou_577 Golf Bridge Bruce Creek / Reach 2 not hydraulically significant
rou_578 Golf Bridge Bruce Creek / Reach 2 not hydraulically significant
rou_580 Golf Bridge Bruce Creek / Reach 2 not hydraulically significant
rou_581 Golf Bridge Bruce Creek / Reach 2 not hydraulically significant
rou_582 Golf Bridge Bruce Creek / Reach 2 not hydraulically significant
rou_583 Golf Bridge Bruce Creek / Reach 2 not hydraulically significant
rou_585 Golf Bridge Bruce Creek / Reach 2 not hydraulically significant
rou_586 Golf Bridge Bruce Creek / Reach 3 not hydraulically significant
rou_587 Golf Bridge Bruce Creek / Reach 3 not hydraulically significant
rou_589 Golf Bridge Bruce Creek / Reach 3 not hydraulically significant
rou_590 Golf Bridge Bruce Creek / Reach 3 not hydraulically significant
rou_591 Golf Bridge Bruce Creek / Reach 3 not hydraulically significant
rou_592 Golf Bridge Bruce Creek / Reach 3 not hydraulically significant
rou_593 Golf Bridge Bruce Creek / Reach 3 not hydraulically significant
rou_595 Private Crossing Bruce Creek / Reach 4 not hydraulically significant
rou_602 Golf Bridge Bruce Creek / Reach 4 not hydraulically significant
rou_603 Golf Bridge Bruce Creek / Reach 4 not hydraulically significant
rou_604 Golf Bridge Bruce Creek / Reach 4 not hydraulically significant
rou_605 Golf Bridge Bruce Creek / Reach 4 not hydraulically significant
rou_606 Golf Bridge Bruce Creek / Reach 4 not hydraulically significant
rou_607 Golf Bridge Bruce Creek / Reach 4 not hydraulically significant
rou_608 Golf Bridge Bruce Creek / Reach 4 not hydraulically significant
rou_609 Golf Bridge Bruce Creek / Reach 4 not hydraulically significant
rou_613 Carlton Road Burndenet Creek / Reach 1 out of scope

rou_617 Pedestrian Crossing near Castleglen Blvd Burndenet Creek / Reach 1 not hydraulically significant
rou_619 Pedestrian Crossing near Glenbrook Drive Burndenet Creek / Reach 1 not hydraulically significant
rou_627 Castlemore Avenue Robinson Creek Trib A / Reach Al out of scope

rou_634 Driveway Robinson Creek Trib B / Reach B1 not hydraulically significant
rou_638 Trail Bridge Robinson Creek / Reach 1 not hydraulically significant
rou_640 Trail Bridge Robinson Creek / Reach 1 not hydraulically significant
rou_650 Farm Road Robinson Creek / Reach 3 not hydraulically significant
rou_651 Pond Outlet Robinson Creek / Reach 3 out of scope

rou_653 Trail Crossing Lower Rouge River / Reach 5 not hydraulically significant
rou_658 Pedestrian Bridge Milne Watercourse / Reach 1 not hydraulically significant
rou_660 Princess Street Lower Rouge River / Reach 5 out of scope

rou_661 Milne Dam Rouge River / Reach 1 boundary conditions apply at this location (from Unionville SPA)
rou_663 Pedestrian Bridge Exhibition Creek / Reach 1 not hydraulically significant
rou_665 Pond Exhibition Creek / Reach 1 out of scope

rou_666 Castlemore Avenue Exhibition Creek / Reach 1 out of scope

rou_677 Finchman Avenue Exhibition Creek Trib / Reach 1 out of scope

rou_678 Private Crossing Leslie St Trib C / Reach C1 not hydraulically significant
rou_681 Private Road Crossing Leslie St Trib C / Reach C2 not hydraulically significant
rou_685 Gormley Road West Leslie St Trib E / Reach E1 removed from scope
rou_687 Trail Crossing Carlton Creek / Reach 3 not hydraulically significant
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m Road Name / Watercourse Crossing Name HEC-RAS Watercourse Designation Why not included in new HEC-RAS model?

rou_688

Yorktech Drive

out of scope

rou_689

Yorktech Drive

n/a

out of scope

rou_691

Pedestrian Bridge

Upper Rouge / Reach 3

not hydraulically significant

rou_693

Pedestrian Walkway

Upper Rouge Trib E / Reach E3

not hydraulically significant

rou_698

Online Pond

Leslie St Trib C / Reach C3

out of scope

rou_699

Pedestrian Bridge

Bruce Creek / Reach 2

not hydraulically significant

rou_701

Trail Crossing

Upper Rouge / Reach 10

not hydraulically significant
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3.0 Hydraulic Model Development (Task 2)

The collection and processing of data, computational procedures and analysis of computed
profiles completed for this study are compliant with the following criteria and guidelines:

e Hydrologic Engineering Center User's Manual and Training Documents (USACE, 2010);

e Hydrologic and Hydraulic Procedures for Flood Plain Delineation (Environment Canada, 1976;
e MNR Technical Guide Flooding Hazard Limit (MNR, 2002);

e Standard Manning's Roughness Coefficients for TRCA Watershed Hydraulic Modelling; and
e Public Safety Canada Federal Flood Mapping Guidelines Series

e Technical Guidelines for Flood Hazard Mapping (EWRG, 2017)

The objective of the hydraulic analysis was the computation of water surface elevations resulting
from the 2-year through 100-year design events?’ and Regional Storm (Hurricane Hazel) flow
estimates. The computed water surface elevations are then used in conjunction with the LiDAR
data (ref. Section 2.3) to delineate the limits of the floodplain on topographic mapping sheets. To
determine the water surface profile for a given flood condition, a backwater analysis is generally
necessary. The US Army Corps of Engineers (USACE) HEC-RAS one-dimensional backwater model
was utilized for this analysis.

The following sections describe the development of the HEC-RAS hydraulic model, as well as the
details associated with the results of the hydraulic simulation of various flood events.

HEC-RAS (USACE, 2002), the successor to HEC-2, is a hydraulic modelling computer program
developed by the USACE to simulate water surface profiles for steady and gradually varied flow
in open channel watercourses. The computational procedures used by HEC-2 and HEC-RAS to
model steady state flow are generally similar and are based on solving the one-dimensional
energy equation. The HEC-RAS computational software estimates water surface elevation and
related output along a channel reach under sub-critical, supercritical or mixed flow regimes. The
program is capable of modelling complicated networks with multiple reaches and tributaries. Flow
through culverts, bridges, weirs and gated spillways can also be accommodated. Levees, blocked
obstructions and ineffective flow areas can also be modelled, as can ice jam and debris flow
conditions.

In simple terms, the model uses surface water flow rates to predict water surface elevations. These
elevations can then be transferred to a DEM or topographic map to identify the limits of flood-
prone areas.

HEC-RAS requires a terrain model with three-dimensional attributes (x, y, and z) for the area of

2 please note that assessment of the 350-year design event was removed from scope of this study by TRCA.
TPB198070 o
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interest. The terrain model commonly used in hydrologic modelling is a DEM. HEC-GeoRAS is a
pre- and post-processing program developed co-operatively by the Hydrologic Engineering
Center (HEC) of the USACE and Environmental Systems Research Institute Inc. (ESRI) to:

e extract geometric data from a DEM for input into HEC-RAS, and;

e use output from the hydraulic model and generate a water surface elevation DEM that can be
superimposed on the terrain DEM to identify flood-prone areas.

The HEC-GeoRAS 10.4.0.1 for ArcGIS 10.4 and HEC-RAS 5.0.7 were used to complete the one-
dimensional hydraulic modelling component of this project. HEC-RAS 5.0.7 represents the most
up-to-date version of the software at the time the project was initiated.

The software package GeoHEC-RAS, produced by CivilGEO Inc., is another pre- and post-
processing interface that can be used to support development of HEC-RAS models and
visualization of HEC-RAS computations and results.

HEC-RAS is an approved model for flood plain calculations in Ontario and was identified as the
preferred modelling platform in the Terms of Reference for this project.

3.2.1 Cross-Sections

Hydraulic sections were located in accordance with HEC-RAS modelling guidelines (USACE, 2010).
Cross-section data was abstracted from the DEM developed for this project, as outlined in
Section 2 of this report, and below.

The locations of the sections are illustrated on the floodplain maps. The study scope for Phase 2
has included five (5) separate watercourses compiled into a single HEC-RAS dataset. The
watercourses have been referenced as:

e Upper Rouge

e Lower Rouge

e Bruce Creek

e Burndenet Creek

e Milne Watercourse

The first cross-sections associated with four (4) of the study watercourses are located at the
discharge point of these watercourses into the Milne Dam reservoir. These are the Upper Rouge,
Bruce Creek, Burndenet Creek and Milne Watercourse reaches. The fifth watercourse, namely,
Lower Rouge, has its downstream limit as the upstream limit of the Phase 1 study HEC-RAS dataset
on this same watercourse. These starting hydraulic sections define the downstream limit of the
study area.

The LiDAR DEM developed for this project provides topographic informationinal mx 1 m grid
to a vertical positional accuracy of 0.1 m +. Since the entire study area was captured in the LiDAR
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survey, cross-sections extending out past the floodplain extents were cut directly from the LiDAR
without the need for supplementary field survey.

Low flow (i.e. below waterline) channel definitions were added to select cross-sections by TRCA.
TRCA developed a DEM with integrated low flow channel definition. The hydraulic sections
established by Wood, based on the above waterline DEM, were re-analyzed by TRCA using the
low flow channel DEM to augment the hydraulic sections with below waterline information.

An overview of the completed hydraulic model for of the study area is as follows:

» Overall study reach length of approximately 162 km
» 3224 hydraulic sections across 101 reaches
» Minimum channel elevations at the start of the watercourse

Upper Rouge 158.92 m
Lower Rouge 17349 m
Bruce Creek 173.11m
Burndenet Creek 178.67 m
Milne Watercourse 166.11 m

» Maximum channel elevations at the end of the watercourse

Upper Rouge 304.88 m

Lower Rouge 221.66 m - along Robinson Creek
Bruce Creek 253.00 m - along Berczy Creek
Burndenet Creek 198.67 m

Milne Watercourse 189.46 m

Average inter-section reach length of about 50 m

Maximum inter-section reach length of about 615 m

245 sections, or about 8%, have inter-section reach length greater than 100 m
2888 sections, or about 92%, have inter-section reach length less than 100 m
1767 sections, or about 56%, have inter-section reach length less than 50 m

vV v v v v Vv

791 sections, or about 25%, have inter-section reach length less than 25 m
Please note also, all modelling has been completed using a Subcritical flow regime in HEC-RAS.

3.2.2 Hydraulic Structures

Watercourse Crossings / Bridges

As noted previously (ref. Section 2.5), a total of 412 watercourse crossings were identified along
the Rouge River and tributaries within the study area. Of these, 227 crossings were included in the
new Rouge River hydraulic model and 185 crossings were not.

A bridge on a skew refers to a condition when a bridge opening is not perpendicular to the
direction of flow or, similarly, when a pier is not aligned with the flow. The HEC-RAS User’'s Manual
indicates that skew angle (0) is defined as the angle between the flow path as water goes through
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the bridge opening and the line perpendicular to the cross sections bounding the bridge (ref.
Figure 3-1).

l Flow
b,
< = >

Figure 3-1 Example of Bridge on a Skew
(Image Source: https://engineerpaige.com/2019/04/skew-angle-for-bridges-in-hec-ras/)

A skew angle assessment was completed using Google Earth Pro™ for all crossings included in
the new HEC-RAS model. This information is summarized in Table 2-4. Where crossings were
deemed to have a skew angle greater than 30° a skew angle was defined in the HEC-RAS model.

Summary information for all watercourse crossings within the study area is provided in
Appendix A as structured Watercourse Crossing Data Sheets formatted to TRCA's standard
template.

It was also determined through the course of model development that a number of long or
complex watercourse crossings were located within the study area. The subject crossings are:

» Railway crossing (rou_366): conveys flow from the inlet on the west side of the railway corridor,
behind the HG Bernard Public School and within the Newberry Park, to the outlet downstream
of the railway corridor on the east side of Cedarhurst Drive. This crossing location includes a
pedestrian walkway beneath the railway and has an integrated stormwater management
facility located in Newberry Park.

» Bayview Avenue culvert (rou_390): conveys flow from the inlet on the west side of Bayview
Avenue, between Mcgarry Court and Bayel Crescent, to the outlet downstream of Elgin Mills
Road East (just east of the intersection with Bayview Avenue); a distance of about 650 m.

» Highway 7 enclosure (rou_655): conveys flow from the inlet on the north side of Heritage Road,
about 150 m west from Laidlaw Boulevard, to the outlet downstream of Bakerdale Road; a
distance of about 500 m.

» Raymerville Drive enclosure (rou_657): conveys flow from the inlet on the north side of
Raymerville Drive, about 135 m east from Sunway Square, to the outlet downstream of railway
line upstream from Bullock Drive; a distance of about 250 m.

TPB198070
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» Hare Court enclosure (rou_667): conveys flow from the inlet on the west side of Bishop
Crescent and on the east side of the railway corridor, to the outlet downstream of Paramount
Road, about 100 m downstream from Finchman Avenue; a distance of about 250 m.

In discussion with TRCA, it was decided that HEC-RAS was not the appropriate software to model
these culverts. It was decided to use PCSWMM Professional to estimate water surface elevations
at the these locations, and to assign the computed water surface elevations in the
HEC-RAS model as Known Water Surface Elevations, at the cross-sections adjacent to the inlet of
the location or more fully integrate the crossing into the HEC-RAS model through integration of
additional HEC-RAS modelling components. For additional information relevant to this PCSWMM
modelling effort please refer to Section 3.4.

Dams and Weirs

Five (5) in-line structures have been included in the HEC-RAS model; one (1) is the outlet from
online stormwater management pond, and four (4) are online weirs located upstream of crossings.

3.2.3 Lateral Structures

No lateral structures (i.e., side weirs and similar) are located along the project study reaches.

3.24 Energy Loss Coefficients

Energy loss coefficients are used in the HEC-RAS program to calculate changes in the water
surface elevation between sections. The coefficients include Manning roughness coefficients,
expansion and contraction coefficients, and weir and pressure coefficients for road / rail crossings.
These coefficients were estimated based on published information, field reconnaissance and
engineering judgment.

Expansion and contraction coefficients for normal channel cross-sections were set at 0.1 and 0.3,
respectively, and 0.3 and 0.5 for cross-sections at hydraulic structures and for locations where
there is a rapid change in cross-section, respectively. These ratios are used by HEC-RAS in the
computation of energy losses due to flow contraction and expansion between adjacent cross-
sections. The noted values are consistent with those recommended in the HEC-RAS Technical
Reference Manual.

It should also be noted, with regard to bridge coding, that coefficients of 0.3 and 0.5 (expansion
and contraction respectively) have been applied to the two (2) cross-sections upstream of a
structure, and the one (1) cross-section immediately downstream of a structure. This application
of expansion and contraction coefficients reflects the anticipated rapid changes occurring at these
cross-sections. This manner of coding was based on direction from TRCA.

Initial estimation of Manning roughness coefficients was based on land use, field observations,
review of aerial imagery (available via Google Maps™ and TRCA), engineering judgment, previous
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modelling experience, and comparison of reach characteristics with the “Roughness
Characteristics of Natural Channels” (Barnes, 1967). Images available via Google Streetview™
were also helpful in this regard.

Final Manning'’s 'n" values were aligned with TRCA's “Standard Manning's Roughness Coefficients
for TRCA Watershed Hydraulic Modelling” guide (ref. Appendix C).

Roughness coefficients used for the hydraulic model were in the range 0.025 to 0.080° for channels
and 0.025 to 0.080 for overbank areas. Channels through the study area range from clean, gravel
bottom to large boulders with debris (represented by the low and high range of roughness co-
efficient). For the overbank areas the lower range represented grassed areas clear of significant
vegetation and the upper range represented forested overbank areas. Some urban areas (i.e.,
asphalt or concrete) are also included in the overbank areas in select locations.

The HEC-RAS weir coefficients for watercourse crossings (i.e. bridge/culvert) in the range 1.4 to
1.7 were adopted for the initial development of the new model where no previous HEC-RAS
dataset coding was available for a structure. If a structure was defined in a previous HEC-RAS
dataset, the weir coefficient from that previous dataset was adopted for the new hydraulic model
where it was deemed to be appropriate. As a component of TRCA's model review, TRCA staff
directed that weir coefficients be updated to 1.44 for typical bridges, and 1.7 for elevated
deck/embankments.

3.2.5 Starting Water Surface Elevations

Boundary conditions at the downstream limits of specific watercourses included in the Rouge
River Phase 2 HEC-RAS model were provided by TRCA based on information from the Unionville
Special Policy Area (SPA) 2D Modelling and Floodplain Mapping Update project prepared by TRCA
and Valdor Engineering Inc. (February 2019). The specific watercourses for which starting water
surface elevations were defined from the Unionville SPA project are Upper Rouge - Reach 1; Bruce
Ck — Reach 1; Burndenet Ck — Reach 1; and Milne WaterC — Reach 1.

Phase 2 HEC-RAS cross-section 33.26 on watercourse Lower Rouge — Reach 4 was replicated from
cross-section 2890.711 on watercourse Lower Rouge — Reach 4 defined in the Rouge River FMU
Phase 1 HEC-RAS model. As such, starting water surface elevations for the Phase 2 HEC-RAS model
at section 33.26 were taken as the computed water surface elevations from the Phase 1 model for
section 2890.711.

3.2.6 Ineffective Flow Areas

The "Ineffective Flow Area” command has been used to represent watercourse crossing
embankments and backwater areas. This dataset coding has been completed following the

3 Please note that a Manning’s ‘n’ value of 0.08 was assigned in small tributaries that were identified as dry and/or
overgrown, and where other TRCA standard Manning's 'n’ were not deemed to be an appropriate representation.
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guidance provided in the HEC-RAS User’s Manual, and the HEC-RAS Hydraulic Reference Manual.
3.2.7 Blocked Obstructions

The “Blocked Obstruction” command has been used to represent buildings within the floodplain.
In addition, buildings which are immediately adjacent to cross-sections, but not necessarily
bounded by cross-sections have been represented in the adjacent cross sections.

3.2.8 Hydraulic Model Calibration/Validation

Calibration and validation of the newly developed hydraulic model has not been a requirement
for this study.

3.3 HEC-RAS Model Development — TRCA Input

TRCA was also actively involved in the development of the new HEC-RAS model for the study area.
These efforts included:

» Provision of a 2019 vintage DEM such that low flow channel data could be integrated into
hydraulic section definitions along a number of model reaches (ref. Figure 3-2).

%,
®.

= &7 lLayers
= Diff_DEMOLd_DEM_R4
<VALUE>
Il -5.121902466 - -0.02
[]1-0.02-0.02
I 0.02 - 5164993286

Figure 3-2 Summary of new 2019 vintage DEM information provided by TRCA

» Update of the model to integrate new 2019 DEM information into the Bayview Avenue area
of the hydraulic model. As well, integration of updated BayView Avenue hydraulic modelling
developed in support of the Bayview Avenue reconstruction, into the Rouge River FMU Phase
2 project HEC-RAS dataset.

» Complex modelling of crossing rou_304.
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As noted previously in Section 3.2.2, through review of the watercourse crossings to be included
in the new hydraulic model, it was determined that a number of long or complex culverts required
an alternate computational approach. In discussion with TRCA, it was determined that these
crossings would be modelled using a one-dimensional approach using the software PCSWMM
Professional. The subject structures are:

» Railway crossing (rou_366) » Raymerville Drive enclosure (rou_657)
» Bayview Avenue culvert/sewer (rou_390) » Hare Court Enclosure (rou_667)
» Highway 7 enclosure (rou_655)

Wood developed the initial PCSWMM models for structures rou_390, rou_655, rou_657 and
rou_667 applying a 2D framework. Through the model development process, these models were
modified by TRCA to apply a 1D framework, whereby the flow that would be conveyed via the
structure was quantified, and the excess flow applied to a 1D cross-section based representation
of the area overtop of the structure to establish the resultant flood path and flood limits. The 2D
models provided a basis of understanding of the structure specific circumstances and, based on
this understanding, it was determined that the simpler, and more computationally efficient, 1D
modelling approach would be appropriate for these structures. TRCA developed the modelling
for structure rou_366 and also augmented the model for structure rou_390 with additional
modifications to the HEC-RAS model to integrate a new resultant flow path along Mcgarry Court.

341 PCSWMM Professional

Hydrologic and hydraulic modelling of the subject culverts has been completed using Personal
Computer Storm Water Management Model (PCSWMM) 2013 Professional (version 5.1.011).
PCSWMM can simulate the runoff response from rainfall inputs and routes the resulting unsteady
state flows (i.e. time varying hydrographs) through a specified system of hydraulic conduits (i.e.
storm sewers, open channels, culverts, etc.) and accounts for attenuation due to backwater in
conduits and surface ponding in right-of-ways. For this assessment, the runoff response
simulation capacities of the software were not utilized as flows from the Rouge River Watershed
Hydrology Study Update (Wood, 2018) study were used.

The model's analytical engine is SWMMS5 (Storm Water Management Model version 5), developed
by the U.S. Environmental Protection Agency. The routing component of SWMMS5 solves the
complete 1-dimensional Saint Venant (shallow water) equations for unsteady flow (continuity and
momentum), which allows for full accounting varied flow conditions (backwater, channel storage,
flow reversal, pressurized flow, etc.).

The PCSWMM model is considered well-suited to detailed urban drainage investigations and as
such has been applied for the current assessment. Five individual models, one per culvert, were
developed and are described in greater detail below.
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3.4.2 Railway Crossing Structure rou_366 PCSWMM Model

This railway crossing is located at mileage 22.2 on the CN Bala Subdivision rail line
(ref. Figure 3-3). Newberry Park is located on the upstream side of the crossing and the Rawlings
Avenue/Cedarhurst Drive residential area on the downstream side (left bank) and the National
Training Rinks (https://ntrcanada.com/richmond-hill/) complex on the downstream side (right
bank). This structure a component of HEC-RAS watercourse Upr Rouge Trib E — Reach E3.

TRCA's review of draft flood lines identified a significant change in flood delineations, when
compared to the existing flood lines, at this structure (ref. Figure 3-3). This prompted further
review of the configuration, from which it was determined to be complex. As a result, TRCA and
Wood, in consultation, concluded this structure should be modelled outside of HEC-RAS.

Structure rou_366

Figure 3-3 CN Railway Crossing Structure (rou_366) -
Comparson of Existing and New (Draft) Flood Lines

This PCSWMM model was developed by TRCA and reviewed by Wood.

The available drawings detailing this structure include:

e Town of Richmond Hill Engineering Department — Elgin East Community - Channel
Improvements north of Bernard Drive STA 0+270 to STA 0+515, Cosburn Patterson
Wardman Limited, Contract #85248, Drawing #RB-2, dated April 1989.

e Town of Richmond Hill Engineering Department — Elgin East Community — CNR Culvert
Crossing — Mileage 22.2 Bala Subdivision, Cosburn Patterson Wardman Limited, Contract
#85248, Drawing #CNB-1, dated May 1988.
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e Town of Richmond Hill Engineering Department — Elgin East Community — CNR Culvert
Crossing — Mileage 22.2 Bala Subdivision, Cosburn Patterson Wardman Limited, Contract
#85248, Drawing #CNB-2, dated April 1989.

This crossing comprises several major components (ref. Figure 3-4) as follows:
a) A stormwater management facility in Newberry Park having:

0 a box-orifice structure (1.6 m by 1.1 m) with an overflow weir set at 241.0 m elevation.
The orifice chamber discharges to a larger short box-culvert which discharges to a
2.7 m diameter concrete pipe (structure component [b]). When the water level reaches
241.0 m flow spills into the ponding/storage area.

0 a containment embankment located immediately upstream from the railway corridor
having a crest elevation of 242.5 m. This embankment has an integrated emergency
weir with a crest elevation of 241.7 m elevation. When ponding in the stormwater
management facility attains an elevation of 241.7 m, it spills over this weir and is
conveyed to the pedestrian walkthrough (structure component [c]) which acts as a relief
culvert.

b) A 2700 mm diameter concrete culvert conveying flow from the stormwater management
facility through the railway embankment; and

c) A 2400 mm x 3000 mm pedestrian walkthrough under the railway embankment.

Given the complexity of the structure, the PCSWMM model was developed to only include the
emergency overflow weir (crest elevation = 241.7 m). As second rationale for this limitation is that
this emergency overflow weir provides conveyance for extreme events (e.g. Regional Flood) which
is a focus of this study.

This structure has been modelled in PCSWMM Professional using 1D elements which include
conduits, culverts, orifices and weirs. The downstream boundary condition of the PCSWMM model
is defined as an outfall with a fixed stage, which corresponds to the water surface elevations
(WSEL) computed by the HEC-RAS section 497.7 for each storm event (ref. Figure 3-5).

The inflow input location into the 1D conduit has been defined in Newberry Park, which
corresponds to the HEC-RAS section 646.56, and flow data has been entered into the PCSWMM
model as a static baseline inflow for each storm event.

The model has been executed for a duration of 24 hours with a routing time step of 1 second. The
resultant computed water surface elevations at the upstream end of the culvert are summarized
in Table 3-1. The PCSWMM results indicate all flow can be conveyed via the culvert up to and
including the Regional Flood. The computed water surface elevations have been transposed into
the HEC-RAS model at cross-section 598.96, located on Upr Rouge Trib E — Reach E3, as a known
water surface elevation.
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Figure 3-4 CN Railway Crossing Structure (rou_366) — General Arrangment

Figure 3-5 PCSWMM model setup (rou_366)
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Table 3-1 Railway Crossing Structure (rou_366) - Computed Water Surface Elevations

m Computed Water Surface Elevations (m)

2-year 238.60
5-year 239.53
10-year 240.52
25-year 241.19
50-year 241.32
100-year 24143
350-year n/a
Regional Storm 242.06

3.4.3 Bayview Avenue Structure rou_390 PCSWMM Model

The Bayview Avenue box sewer (structure rou_390), a component of HEC-RAS watercourse
Upr Rouge Trib E — Reach E2, conveys flow from Leno Park to Elgin Mills Road East over a distance
of about 700 m (ref. Figure 3-6). The box sewer has dimension 2500 mm H x 7100 mm W. This
culvert had not been previously included in any other hydraulic models, to the knowledge of the
study team, and no as-built data specific to this structure was determined to be available from
the City of Richmond Hill. However, the structure is depicted on Bayview Avenue reconstruction
drawings obtained by TRCA from York Region. The drawing information was a component of the
following York region project:

e York Region Transportation Services - Contract 15-105
Bayview Avenue (Y.R. 34) - from Elgin Mills Road (Y.R. 49) to Stouffville Road (Y.R. 14)
19" Avenue (Y.R. 29) - from Linda Margaret to Bayview Avenue (Y.R. 34)
Pre-Tender Submission May 2015

The available drawing information was supplemented, for modelling purposes, with LIiDAR/DEM
data and aerial imagery. This PCSWMM model was developed collaboratively by TRCA and Wood.

It is surmised, based on the configuration of the structure, that Leno Park acts as a stormwater
management facility during extreme rainfall events. It is noted that at low-level ditch inlet is
located at “A” as illustrated in Figure 3-6. The topographic data indicates a berm in this area which
would further restrict outflows and promote storage in the upstream area. The available drawings
indicate that this low-level inlet is connected to the box sewer (ref. orange line in Figure 3-6). As
well, a high-level (surface) inlet is located at “B". The discharge location of the structure is visible
south of Elgin Mills Road East about 120m east of the intersection with Bayview Avenue.

As no as-built or design drawings were available for the structure, the basic dimensions of the
high-level inlet were abstracted from aerial imagery with 7.6m in length and 6.6m in width. TRCA
estimated the stage-discharge relationship associated with the high-level inlet debris grate using

FlowMaster™*,

4 Ref: https://www.bentley.com/en/products/product-line/hydraulics-and-hydrology-software/flowmaster

TPB198070 |® .

Page 34




Technical Report
Rouge River Floodplain Mapping Update — Phase 2 °

Toronto and Region Conservation Authority

The PCSWMM model has been developed as a dual system model, in that overland flow has been
modelled using conduits (sewers and culverts) and irregular cross-sections (defined from the
project DEM along flow path).

The downstream boundary condition of the PCSWMM model is defined by outfalls with fixed
stage, which corresponds to the water surface elevations (WSEL) computed by HEC-RAS on Upper
Rouge Trib E Reach E2 section 537.42 for each storm event (ref. Figure 3-7 and 3-8).

Figure 3-6 Bayview Avenue Structure (rou_390) Approximate Alignment
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Figure 3-8 Bayview Avenue Structure (rou_390) -
PCSWMM Model Setup Detail View for Megarry Court
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The inflow input location into the 1D conduit has been defined at the upstream of the Leno Park,
which corresponds to HEC-RAS section 1476.15 on Upper Rouge Trib E Reach E2, and flow data
has been entered into the PCSWMM model as a static baseline inflow for each storm event.

It was noted during review of the PCSWMM model results that computed water levels in Leno
Park were sufficient such that a spill would occur from Leno Park to Megarry Court (designated
HEC-RAS watercourse BayviewAve-1). The results indicate that this spill only occurs during the
Regional Flood with the spill flow computed as 6.18 m?/s. The total Regional Flood flow at Leno
Park is defined as 71.3 m®/s. As such, the spill flow represents about 9% of the total flow at this
location. As noted in Section 4.2, of this report, spill flow of less than 10% of the peak flow does
not warrant downstream adjustment, for modelling purposes, of the original computed
watercourse flow.

The model has been executed for a duration of 24 hours with a routing time step of 0.5 seconds.
The resultant computed water surface elevations at the upstream end of the culvert are
summarized in Table 3-2 and Table 3-3. The computed water surface elevations have been
transposed into the HEC-RAS model at cross-section 1151.68 and 1257.19, located on Upr Rouge
Trib E — Reach E2, as a known water surface elevation.

Table 3-2 Bayview Avenue Structure (rou_390) -
Computed Water Surface Elevations at section 1151.68

m Computed Water Surface Elevations (m)

2-year 227.57
5-year 227.74
10-year 227.86
25-year 228.01
50-year 228.13
100-year 228.25
350-year n/a
Regional Storm 229.00

Table 3-3 Bayview Avenue Structure (rou_390) -
Computed Water Surface Elevations at section 1257.19

“ Computed Water Surface Elevations (m)

2-year 229.7
5-year 230.06
10-year 230.38
25-year 23201
50-year 233.09
100-year 233.29
350-year n/a

Regional Storm 23395
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3.4.4 Highway 7 Structure rou_655 PCSWMM Model

The Highway 7 sewer (structure rou_655), a component of HEC-RAS watercourse Milne WaterC —
Reach 1, conveys flow from the inlet located north of Heritage Road, about 130m west of Laidlaw
Blvd, in Markham, to the outlet located about 25m south-east (downstream) of Bakerdale Road.
This structure is about 500 m long (ref. Figure 3-9). This culvert had not been previously included
in any other hydraulic models, to the knowledge of the study team, and no as-built data specific
to this structure was determined to be available from the City of Markham. However, the structure
is depicted on 1970’s and 1980’s vintage Highway 7 utilities construction drawings and 2009
drawings associated with the auto dealership on the north-east corner of Highway 7 and Laidlaw
Blvd. The available drawing information was supplemented, for modelling purposes, with
LIiDAR/DEM data and aerial imagery. This PCSWMM model was developed by Wood and reviewed
by TRCA.

Figure 3-9 Highway 7 Structure (rou_655) Approximate Alignment

The available drawings detailing this structure include:

e Town of Markham Engineering Department — Highway No. 7 — 12" dia. Watermain — Hwy.
Chainage STA 416+00 to STA 428+00, RV Anderson Associates Limited, Drawing #183-3,
dated July 1970.

e Markham Mazda, 5426 Highway #7, Markham, Ontario — Site Servicing and Grading Plan,
Masongsong Associates Limited, Project #09404, Drawing #SGR-1, dated June 2009.

e Town of Markham Engineering Department — Heritage Road from STA 0+00 to STA 9+00,
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Contract #84-26, dated September 1984.

e Town of Markham Engineering Department — Laidlaw Boulevard from the King's Highway
No. 7 to Bullock Drive, Contract #75-14, dated March 1975.

e Canarama (Ontario) Limited — Industrial Area — Ground Services, Oliver Lloyd and
Associates Limited, Drawing #E 6518-3, dated July 1965.

The available drawings indicate the sewer is made up of three segments, as follows:

e Segment 1 — this segment represents the pre-existing culvert conveying flow under
Heritage Road when there still existed an open channel on the downstream side of
Heritage Road. This culvert segment has a diameter of 5.5 ft (about 1.67 m) and a length
of about 30 m.

e Segment 2 — Segment 1 terminates at a confluence structure on the downstream side of
Heritage Road. Inflows to this structure include the Segment 1 culvert, as well as a 0.9 m
(36 inch) diameter storm sewer draining areas west along Heritage Road. Flow is conveyed
from the confluence structure via a 105 m (350 foot) long, 1.8 m (72 inch) diameter storm
sewer. This segment terminates at the intersection of Heritage Road and Laidlaw Blvd.

e Segment 3 — extends from the intersection of Heritage Road and Laidlaw Blvd to the outlet
downstream of Bakersdale Road; a distance of about 350 m.

The material is not indicated on any of the available drawings and has been assumed to be
concrete.

The PCSWMM model has been developed as a dual system model, in that overland flow has been
modelled using conduits (sewers and culverts) and irregular cross-sections (defined from the
project DEM along flow path).

The downstream boundary condition of the PCSWMM model is defined by outfalls with fixed
stage, which corresponds to the water surface elevations (WSEL) computed by HEC-RAS on Milne
WaterC Reach 1 section 899.00 for each storm event (ref. Figure 3-10).

The inflow input location into the 1D conduit has been defined at the upstream of Heritage Road,
which corresponds to the HEC-RAS section 1357.9 on Milne WaterC Reach 1, and flow data has
been entered into the PCSWMM model as a static baseline inflow for each storm event.

The model has been executed for a duration of 24 hours with a routing time step of 1 seconds.
The resultant computed water surface elevations at the upstream end of the culvert are
summarized in Table 3-4. The computed water surface elevations have been transposed into the
HEC-RAS model at cross-section 1357.90, located on Milne WaterC — Reach 1, as a known water
surface elevation.
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Figure 3-10 Highway 7 Structure (rou_655) - PCSWMM Model Setup

Table 3-4 Highway 7 Structure (rou_655) - Computed Water Surface Elevations

“ Computed Water Surface Elevations (m)

2-year 180.66
5-year 180.82
10-year 180.93
25-year 181.06
50-year 181.17
100-year 181.27
350-year n/a
Regional Storm 181.37

3.4.5 Raymerville Drive Structure rou_657 PCSWMM Model

The Raymerville Drive sewer (structure rou_657), a component of HEC-RAS watercourse Milne
WaterC — Reach 1, conveys flow from the inlet located north of Raymerville Drive (near the
intersection with Stargell Crescent) to the outlet at railway tracks located about 200 m north of
Bullock Drive. This structure is about 240 m long (ref. Figure 3-11).

This PCSWMM model was developed by Wood and reviewed by TRCA.

The available drawings detailing this structure include:
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e Captain Developments — Plan and Profile of Raymerville Drive STA 0+000 to STA 0+275,
Fred Schaeffer & Associates Limited, Project #79-ES-497, Drawing #6, dated June 1980.

e Captain Developments — Plan and Profile of Raymerville Drive STA 0+275 to STA 0+591.76,
Fred Schaeffer & Associates Limited, Project #79-ES-497, Drawing #7, dated June 1980.

e Captain Developments — Plan and Profile of Stargell Crescent STA 0+000 to STA 0+200,
Fred Schaeffer & Associates Limited, Project #79-ES-497, Drawing #10, dated June 1980.

e Captain Developments — Plan and Profile of Storm and Sanitary Outfall, Fred Schaeffer &
Associates Limited, Project #79-ES-497, Drawing #1A, dated June 1980.

e Cedarland Properties Limited — Plan and Profile of Storm and Sanitary Sewer Easements —
(I) along the south and west limit of Block 172, Fred Schaeffer & Associates Limited, Project
#79-ES-497, Drawing #21, dated June 1980.

> '.\‘_.

¢ carth:
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Figure 3-11 Raymerville Drive Structure (rou_657) Approximate Alignment

The drawing information documents a complex sewer conveyance structure with numerous storm
sewer connections along its length (ref. Figure 3-12). This culvert had not been previously included
in any other hydraulic models; however, design drawings were made available from the City of
Markham that provided the basis for coding of the PCSWMM model. The available drawing
information was supplemented, for modelling purposes, with LIDAR/DEM data and aerial imagery.
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The PCSWMM model has been developed as a dual system model, in that overland flow has been
modelled using conduits (sewers and culverts) and irregular cross-sections (defined from the
project DEM along flow path).

The downstream boundary condition of the PCSWMM model is defined by outfalls with fixed
stage, which corresponds to the water surface elevations (WSEL) computed by HEC-RAS on Milne
WaterC Reach 1 section 1890.4 for each storm event (ref. Figure 3-13).

The inflow input location into the 1D conduit has been defined at the upstream of Heritage Road,
which corresponds to HEC-RAS section 1357.9 on Milne WaterC Reach 1, and flow data has been
entered into the PCSWMM model as a static baseline inflow for each storm event.

The PCSWMM model has been executed for a duration of 24 hours with a routing time step of
5 seconds. The total flow not expected to be conveyed via the structure has been estimated from
the PCSWMM modelling results. This flow value, in conjunction with HEC-RAS sections,
determined from the project DEM, have been coded into the HEC-RAS model to represent
structure overtopping for each of the required flow profiles (ref. Figure 3-14). And the resultant
computed water surface elevations at the upstream end of the culvert are summarized in Table 3-
5. The computed water surface elevations have been transposed into the HEC-RAS model at cross-
section 2190.34, located on Milne WaterC — Reach 1, as a known water surface elevation.

750 mm diameter concrete storm sewer

THI © - B L
i =
it | 750 mm diameter concrete storm sewer

|‘ [ bt suge M 15 T
A ] | i

|@75 mm diameter concrete storm sewer

Figure 3-12 Raymerville Drive Structure (rou_657) Details
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Figure 3-13 Raymerville Drive Structure (rou_657) - PCSWMM Model Setup
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Figure 3-14 Raymerville Drive Structure (rou_657) - HEC-RAS model
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Table 3-5 Raymerville Drive Structure (rou_657) - Computed Water Surface Elevations

“ Computed Water Surface Elevations (m)

2-year 188.64
5-year 188.77
10-year 188.87
25-year 189.36
50-year 189.39
100-year 189.40
350-year n/a
Regional Storm 189.42

3.4.6 Hare Court Structure rou_ 667 PCSWMM Model

The Hare Court culvert (structure rou_667), a component of HEC-RAS watercourse Exhibition Ck —
Reach 2, conveys flow from the inlet located west of Bishop Crescent, and north of Hare Court, to
the outlet at the confluence with watercourse Exhibition Ck — Reach 1, located about 90 m south
of Fincham Avenue at structure rou_705. The 3000 mm x 1800 mm concrete box culvert Hare
Court structure is about 250 m long (ref. Figure 3-15).

This PCSWMM model was developed by Wood and reviewed by TRCA.

The available drawings detailing this structure include:

e Mintleaf Developments Limited — Plan and Profile of Paramount Road Open Channel, Fred
Schaeffer & Associates Limited, Project #78-ES-434, Drawing #35, dated August 1978.

e Town of Markham, Engineering Department — Plan and Profile of Culvert Section Exhibition
Creek, Fred Schaeffer & Associates Limited, Project #78-ES-434, Drawing #36, dated
November 1978.

e Mintleaf Developments Limited — Open Channel, Fred Schaeffer & Associates Limited,
Project #78-ES-434, Drawing #37, dated August 1978.

e Mintleaf Developments Limited — Storm Tributary Areas (IV), Fred Schaeffer & Associates
Limited, Project #78-ES-434, Drawing #45, dated August 1978.

e Mintleaf Developments Limited —Details, Fred Schaeffer & Associates Limited, Project #78-
ES-434, Drawing #47, dated October 1978.

e Mintleaf Developments Limited —Details, Fred Schaeffer & Associates Limited, Project #78-
ES-434, Drawing #47-A, dated December 1978.

The PCSWMM model has been developed as a dual system model, in that overland flow has
been modelled using conduits (sewers and culverts) and irregular cross-sections (defined from
the project DEM along flow path).
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Figure 3-15 Hare Court Structure (rou_667) — Approximate Alignment

The downstream boundary condition of the PCSWMM model is defined by outfalls with fixed
stage, which corresponds to the water surface elevations (WSEL) computed by the HEC-RAS model
at structure rou_705 (River Station: 2481.15) on Exhibition Ck Reach 1. (ref. Figure 3-16).

The inflow input location into the 1D conduit has been defined at the upstream of Heritage Road,
which corresponds to HEC-RAS section 261.4 on Exhibition Ck Reach 2, and flow data has been
entered into the PCSWMM model as a static baseline inflow for each storm event.

One component of the Hare Court structure is a near 90-degree bend. This bend has been
accounted for in the PCSWMM model by applying a bend loss coefficient. The coefficient has
been estimated based on information as documented in “"Hydraulic Design of Highway Culverts”,
Hydraulic Design Series No. 5, FHWA, September 1985 using the ratio of the pipe bend radius to
pipe diameter. From the available culvert dimensions, a ratio of 4:1 was approximated, yielding a
coefficient in the range of 0.2 to 0.25. Further literature review of the FEMA HEC-22 Urban
Drainage Design Manual® and the SWMM Knowledge Base® was completed. From this review,
Wood and TRCA concluded that a loss coefficient of 0.2 was appropriate, applied as an exit loss
for the last segment of the modelled structure.

A similar review of pipe exit loss coefficients was also completed. Based on the FEMA HEC-22
manual, the default exit loss coefficient is 0.4. Theoretically the exit loss coefficient is related to
velocities in both pipe and connecting channel, whether the pipe is full or not, flow direction of
connecting channel, and tailwater level. As detailed pipe analysis is out of scope of study, Wood

5 Ref: https://www.fhwa.dot.gov/engineering/hydraulics/pubs/10009/10009.pdf

6 Ref: https://www.openswmm.org/Topic/14262/losses-through-manholes-with-pipe-bends
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and TRCA concluded that a pipe exit loss coefficient of 0.4 be applied at outlet pipe of the
structure.

The model has been executed for a duration of 24 hours with a routing time step of 5 seconds.
The resultant computed water surface elevations at the upstream end of the culvert are
summarized in Table 3-6. The PCSWMM results indicate all flow can be conveyed via the culvert
up to and including the Regional Flood. The computed water surface elevations have been

transposed into the HEC-RAS model at cross-section 261.40, located on Exhibition Ck — Reach 2,
as a known water surface elevation.

Figure 3-16 Hare Court Structure (rou_667) - PCSWMM Model Setup

Table 3-6 Hare Court Structure (rou_667) - Computed Water Surface Elevations
m Computed Water Surface Elevations (m)

2-year 191.47
5-year 191.59
10-year 191.75
25-year 191.84
50-year 191.90
100-year 191.97
350-year n/a
Regional Storm 194.89
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The new hydraulic model has been developed based on a review of available data, site
reconnaissance of structures, new LiDAR data, and selection of appropriate input data. However,
as is the case in all numerical modelling of physical processes, there is the inherent potential for
errors or uncertainty to be associated with the selection of input variables which could affect the
resulting flood flows. Sensitivity analysis can be useful for a range of purposes, including:

» Testing the robustness of simulation model results in the presence of uncertainty.

» Increasing the understanding of the relationships between input and output variables in
simulation models.

» Increasing confidence in simulation model results by identifying model inputs that cause
significant uncertainty in the output. Increased attention to these specific model inputs can
then be applied to ensure proper definition and/or parameterization.

» Ensuring the model accurately reflects watercourse conditions and responses by identifying
errors in the model output as reflected by unexpected relationships between inputs and
outputs.

As well, all sensitivity analysis modelling has been completed using a Subcritical flow regime in
HEC-RAS.

3.5.1 Manning’s Roughness

The Manning’s Roughness input parameter of the hydraulic model defines the relative roughness
of the main channel and floodplain areas. A higher Manning’s Roughness coefficient will,
generally, increase flooding levels and reduce velocities. The Manning’s Roughness definitions at
each cross-section were increased and decreased by 20 percent. The results of the analysis are
presented in Table 3-7.

The selection of Manning’s Roughness coefficient generally, as reflected by the average change
in computed water surface elevations across the entire HEC-RAS model, has a limited overall
impact. However, significant impacts in localized reaches have been demonstrated through this
analysis where changes in flow regime occur as a result of roughness variation (i.e. from critical to
subcritical or vice-versa). Large changes in water surface can also occur in cross-sections near
(typically upstream) critical culvert and bridge locations where flow changes from open surface
flow to surcharged or overtopping situations. The analysis has demonstrated that altering of
Manning’'s Roughness coefficient by 20% (positive or negative) results in an average change in
computed water surface elevation up to about 5 cm.

A comparative assessment of the occurrence of critical depth at cross-sections was also completed
(ref. Table 3-8). The results indicate that variation of Manning’s roughness co-efficient has a
significant influence on critical depth occurrence across the model. As would be expected, an
upward change in this variable tends to decrease the number of sections where critical depth is
the resultant computed water surface elevation when compared with the occurrence of critical
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depth in the base model. Similarly, a downward change in Manning’s roughness tends to increase
the occurrence of critical depth.

Table 3-7 Sensitivity Analysis - Manning’s Roughness -
Change in Computed Water Surface Elevations

Manning's n + 20% Manning’s n - 20%

Average Maximum Maximum Average Maximum Maximum
Change in | Increase in | Decreasein | Changein | Increasein | Decrease in
CWSE! CWSE CWSE CWSE CWSE CWSE
(m) (m) (m) (m) (m) (m)
2-year -0.027 0.040 -0.190 0.027 0.170 -0.180
5-year -0.028 0.060 -0.270 0.030 0.210 -0.190
10-year -0.029 0.440 -0.370 0.032 0.370 -0.270
25-year -0.031 0.980 -0.500 0.034 0.240 -0.140
50-year -0.031 2.170 -0.620 0.035 0.310 -0.520
100-year -0.033 0.060 -0.310 0.037 0.390 -0.130
350-year n/a n/a n/a n/a n/a n/a
Regional -0.045 0.370 -1.570 0.050 0.500 -0.110
Notes:
1 CWSE = Computed Water Surface Elevation

Table 3-8 Sensitivity Analysis - Manning’s Roughness -
Change in Critical Depth Occurrence

Critical Depth Occurrence by Event

I Yy S—

Manning's n -20% | 1198 1266 1295 1272 1256 1211 1023
Base Model 825 890 906 906 874 861 n/a 740

Manning’'s n +20% | 596 613 621 623 625 616 n/a 556

Notes:

1 The values presented in this table are the number of computational cross-section in the HEC-RAS
model where critical depth is the resultant computed water surface elevation.

3.5.2 Peak Discharge

To determine the impact of the changes in peak flows on the resulting water surface profile, the
peak flows for the various flow scenarios were increased and decreased by 10, and 20 percent.
These change thresholds have been chosen based of the hydrologic model calibration results as
documented in the Rouge River Watershed Hydrology Study Update (Wood, 2018).

Table 3-9 summarizes the changes in water levels for modelled events associated with the varying
peak flow conditions.
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As with Manning’s Roughness, the selection of peak discharge generally has a limited impact on
average computed water surface elevations across the entire model (<0.1 m) within the flow range
tested. However, significant impacts in localized reaches have been demonstrated through this
analysis where changes in flow regime occur (i.e. from critical to subcritical or vice-versa). Large
changes in water surface can also occur in cross-sections near (typically upstream) critical culvert
and bridge locations where flow changes from open surface flow to surcharging or overtopping
situations. Further investigation of the locations of maximum change indicates, as noted above,
changes in flow regime or significant changes in flow velocity.

A comparative assessment of the occurrence of critical depth at cross-sections was also completed
(ref. Table 3-10). The results indicate that variation of flow has a minimal to minor influence on
critical depth occurrence across the model.

Table 3-9 Sensitivity Analysis — Peak Discharge -
Change in Computed Water Surface Elevations

Average Maximum Maximum Average Maximum Maximum
Change in | Increase in | Decrease in | Changein | Increasein | Decrease in
CWSE! CWSE CWSE CWSE CWSE CWSE
(m) (m) (m) (m) (m) (m)
2-year -0.022 0.240 -0.210 0.025 0.260 -0.090
5-year -0.031 0.240 -0.430 0.034 0.500 -0.190
10-year -0.040 0.240 -1.190 0.038 1.010 -0.380
25-year -0.042 0.032 -0.550 0.039 0.530 -0.016
50-year -0.045 0.240 -0.620 0.042 0.460 -0.490
100-year -0.048 0.470 -1.090 0.044 0.590 -0.330
350-year n/a n/a n/a n/a n/a n/a
Regional -0.069 2.890 -1.580 0.067 1.450 -1.129
| PeakFlow-20% | PeakFlow+20%
2-year -0.047 0.240 -0.360 0.047 0.440 -0.070
5-year -0.063 0.240 -0.660 0.064 0.990 -0.130
10-year -0.081 0.240 -1.280 0.070 1430 -0.250
25-year -0.088 0.280 -1.470 0.076 0.840 -0.210
50-year -0.045 0.240 -0.620 0.081 0.910 -0.390
100-year -0.096 0.500 -1.170 0.087 0.930 -0.260
350-year n/a n/a n/a n/a n/a n/a
Regional -0.158 1.960 -2.280 0.138 2.150 -1.060
Notes:
1 CWSE = Computed Water Surface Elevation
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Table 3-10 Sensitivity Analysis - Peak Discharge — Change in Critical Depth Occurrence

Critical Depth Occurrence by Event

| crtical Depth Occurrenceby Event |
828 918 897 879 864 970 n/a 724

Peak Flow - 20%
Peak Flow - 10% 823 915 898 896 875 870 n/a 731
Base Model 825 890 906 906 874 861 n/a 740
Peak Flow + 10% 812 885 920 913 904 868 n/a 753
Peak Flow + 20% 811 858 909 909 904 888 n/a 778
Notes:

1 The values presented in this table are the number of computational cross-section in the HEC-RAS
model where critical depth is the resultant computed water surface elevation.

Climate change is also anticipated to influence the frequency and intensity of flood producing
rainfall events in the Toronto area. A review of projected IDF relationships for the Environment
and Climate Change Canada weather station at Pearson International Airport, developed using
the IDFCC Tool’ from the University of Western Ontario, suggests increases in total rainfall of 4%
to 8% (associated with Representative Concentration Pathway (RCP) 2.6 and 8.5, respectively). It
is beyond the scope of the current study to investigate the implications of climate change
influenced rainfall on peak flow estimation for the Rouge River watershed, however the sensitivity
results suggest relatively minor increases in peak flows have the potential to result in significant
localized increases in potential flooding. It is therefore, recommended that TRCA investigate the
implications of climate change influenced rainfall on peak flow estimation for the Rouge River,
and other watersheds in their jurisdiction, to better understand the potential for expansion of the
100-year flood inundation limits and generally increased flooding in the future.

3.5.3 Starting Water Surface Elevation

The downstream boundary conditions were provided to the study by TRCA for all modelled flood
events (ref. Section 3.2.5). For this aspect of the sensitivity analysis, the downstream boundary
condition was increased by 0.5 m and 1 m. The results of the analysis are presented in Table 3-11.

The resulting increase in water level is consistent with the incremental increase in the downstream
boundary condition of 0.5 m and 1.0 m. The known water surface elevation was increased at five
(5) locations throughout the watershed including Bruce Creek Reach 1 at River Station 46.95,
Burndenet Creek Reach 1 at Station 111.18, Lower Rouge Reach 4 at River Station 33.26, Milne
Water C Reach 1 at River Station 29.16 and Upper Rouge Reach 1 at River Station 54.58.

7 https://www.idf-cc-uwo.ca/
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Change of +1.0m

For a 1 m increase in water surface elevation along Bruce Creek Reach 1 at River Station 46.95 for
the 2-year through to 25-year flood events, the impact of the increase in the downstream
boundary condition propagates upstream about 1km to Bruce Ck Reach 2 cross-section 1052.52.
The water surface elevation gradually decreases to station 452.66 along Bruce Creek Reach 1, then
quickly decreases to cross-section 1052.52. For 50-year and 100-year flood events the model
predicts propagation of water impact about 750m upstream as the water surface elevation
gradually decreases along Bruce Creek Reach 2 until station 269.2 after which it rapidly decreases
to station 752.68. The Regional flood event predicts an impact of 1.5km upstream of River Station
46.95 where the water surface elevation difference decreases gradually until station 1540.01.

For a 1 m increase in water surface elevation along Burndenet Creek Reach 1 at River Station
111.18 for the 2-year through to Regional flood event, the impact of the increase in the
downstream boundary condition propagates upstream about 290m to Burndenet Creek Reach 1
at cross-section 290.66. For all flood event conditions, the impact decreases gradually as the
propagation travels upstream.

Table 3-11 Sensitivity Analysis — Starting Water Level -
Summary of Changes in Computed Water Surface Elevations

Starting Water Surface Elevation +1 m

Maximum Upstream Propagation by Watercourse and Cross-section'2

Burndenet Ck Milne Water C Upper Rouge

>-vear Reach 1 46.95 Reach 1111.18 | Reach 4 33.26 Reach 1 29.16 Reach 1 54.48
yea Reach 2 1052.52 | Reach 1290.66 | Reach 51020.69 | Reach 14453 | Reach 2 1461.44
S_vear Reach 1 46.95 Reach 1111.18 | Reach 4 33.26 Reach 1 29.16 Reach 1 54.48
y Reach 2 1052.52 | Reach 1 290.66 | Reach 5 1020.69 | Reach 1 445.3 Reach 2 1824.88
10-vear Reach 1 46.95 Reach 1111.18 | Reach 4 33.26 Reach 1 29.16 Reach 1 54.48
y Reach 2 1052.52 | Reach 1 290.66 | Reach 51020.69 | Reach 1445.3 Reach 2 2074.36
25-vear Reach 1 46.95 Reach 1111.18 | Reach 4 33.26 Reach 1 29.16 Reach 1 54.48
y Reach 2 1052.52 | Reach 1 290.66 | Reach 5 1020.69 | Reach 1 445.3 Reach 2 2105.17
50-vear Reach 1 46.95 Reach 1111.18 | Reach 4 33.26 Reach 1 29.16 Reach 1 54.48
y Reach 2 752.68 Reach 1 290.66 | Reach 51020.69 | Reach 1 445.3 Reach 2 2105.17
100-vear Reach 1 46.95 Reach 1111.18 | Reach 4 33.26 Reach 1 29.16 Reach 1 54.48
Year | Reach 275268 | Reach 1290.66 | Reach 51020.69 | Reach 14453 | Reach 2 2105.17
Regional Reach 1 46.95 Reach 1111.18 | Reach 4 33.26 Reach 1 29.16 Reach 1 54.48
9 Reach 2 1540.01 | Reach 1 290.66 | Reach 5 844.05 Reach 1 802.65 | Reach 2 2105.17
Notes:
1 All affected sections located within HEC-RAS Lower Rouge Reach 1 and 2, and Little Rouge Reach 1
2 The cross-section number is indicative of the zone of influence of the change in boundary conditions.
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Table 3-11 (cont’d) Sensitivity Analysis — Starting Water Level -
Summary of Changes in Computed Water Surface Elevations

Starting Water Surface Elevation +0.5 m

Maximum Upstream Propagation by Watercourse and Cross-section?2

Burndenet Ck | _Lower Rouge | Milne Water C |_Upper Rouge

2-year Reach 1 46.95 Reach 1111.18 | Reach 4 33.26 Reach 1 29.16 Reach 1 54.48
Reach 2 752.58 Reach 1 290.66 | Reach 5 805 Reach 14453 Reach 2 1077.61
5-year Reach 1 46.95 Reach 1111.18 | Reach 4 33.26 Reach 1 29.16 Reach 1 54.48
Reach 2 729.19 Reach 1 290.66 | Reach 5 844.05 Reach 14453 Reach 2 1209.84
10-year Reach 1 46.95 Reach 1111.18 | Reach 4 33.26 Reach 1 29.16 Reach 1 54.48
Reach 2 714.39 Reach 1 200.96 | Reach 5 725.22 Reach 14453 Reach 2 1654.19
25-year Reach 1 46.95 Reach 1111.18 | Reach 4 33.26 Reach 1 29.16 Reach 1 54.48
Reach 2 714.39 Reach 1 200.96 | Reach 5 725.22 Reach 14453 Reach 2 2084.36
50-year Reach 1 46.95 Reach 1111.18 | Reach 4 33.26 Reach 1 29.16 Reach 1 54.48
Reach 2 714.39 Reach 1 200.96 | Reach 5 725.22 Reach 14453 Reach 2 2084.36
100-year Reach 1 46.95 Reach 1111.18 | Reach 4 33.26 Reach 1 29.16 Reach 1 5448
Reach 2 729.19 Reach 1 200.96 | Reach 5 725.22 Reach 14453 Reach 2 2084.36
Regional Reach 1 46.95 Reach 1111.18 | Reach 4 33.26 Reach 1 29.16 Reach 1 54.48
Reach 2 1402.62 | Reach 1 200.96 | Reach 5 248.54 Reach 1 802.65 | Reach 2 2084.36
Notes:
1 All affected sections located within HEC-RAS Lower Rouge Reach 1 and 2, and Little Rouge Reach 1
2 The cross-section number is indicative of the zone of influence of the change in boundary conditions.

For a 1 m increase in water surface elevation along Lower Rouge Reach 4 at River Station 33.26
for 2-year to 100-year flood events, the impact of the increase in the downstream boundary
condition propagates upstream about 1km to Lower Rouge Reach 5 at cross-section 1020.69. The
water surface elevation gradually decreases to station 248.54 after which it decreases more quickly
to 0 by station 1020.69 along Lower Rouge Reach 5. For the Regional flood event, the impact of
the increase in the downstream boundary condition propagates upstream about 845m to Lower
Rouge Reach 5 cross-section 844.05. Overall, the decrease in water surface elevation decreases
gradually until Lower Rouge Reach 5 River station 248.54 after which it decreases rapidly to cross-
section 844.05.

For a 1 mincrease in water surface elevations along Milne Water C Reach 1 at River Station 29.16
for 2-year through to 100-year flood events, the impact of the increase in the downstream
boundary condition propagates upstream about 445m to Milne Water C Reach 1 River station
445.3. The decrease in water surface elevations as compared to the base model gradually decrease
to Milne Water C Reach 1 cross-section 349.99 after which decreases to 0 shortly after at cross
section 445.3. An interesting situation with the Regional condition which depicts no decrease in
water surface elevation along Milne Water C Reach 1 maintaining a 1m increase to station 400.1
after which the water surface elevation increases by 3 to 4 cm between stations and drastically

® o0
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drops to 0 at station 508.23 along Milne Water C Reach 1. The water surface elevation decreases
drastically to about -0.9m between cross-sections 566.45 to 750.02 and consistently drops to 0
after station 802.65. Therefore, this flood event is quite peculiar and can impact the watercourse
upstream to about 800m along Milne Water C Reach 1.

Lastly, for a 1m increase in water surface elevation along Upper Rouge Reach 1 station 54.48 for
the 2-year flood event, the impact of the increase in the downstream boundary condition
propagates upstream about 1460m to Upper Rouge Reach 2 River Station 1461.44. The decrease
in the difference between the base model is gradual along the watercourse as the surge
progresses upstream. For the 5-year flood event, the impact of the increase in the downstream
boundary condition propagates upstream about 1825m to station 1824.88. The decrease in the
difference between the base model is gradual along the watercourse as the surge in water surface
elevation progresses upstream along Reach 1 and 2. For the 10-year flood event, the impact of
the increase in the downstream boundary condition propagates upstream about 2km upstream
to River Station 2074.36. The decrease in water surface elevation is gradual throughout Reach 1
and 2 as the water propagates upstream. Throughout 25-year through to the Regional flood
events, the impact of the increase in the downstream boundary condition propagates upstream
about 2.1km to river station 2105.17 along Upper Rouge Reach 2. For the Regional flood event,
the decrease of water surface elevation slightly decreases to river station Upper Rouge Reach 1
287.49, but increases to 1.22m at station 461.12 after which the elevation drops dramatically to
the end of Upper Rouge Reach 1 cross-section 490.44 and then gradually decrease to Upper
Rouge Reach 2 River station 2105.17.

Change of +0.5m

For a 0.5 m increase in water surface elevation along Bruce Creek Reach 1 at River Station 46.95
for the 2-year flood event, the impact of the increase in the downstream boundary condition
propagates upstream about 750 m to Bruce Creek Reach 2 cross section 752.58. The decrease in
the difference between the base model is gradual to station 369.2 after which it rapidly declines
to 0 by station 752.58. For the 5-year and 100-year flood event, the impact of the increase in the
downstream boundary condition propagates upstream about 730 m to station 729.19 decreasing
at the same rate described for the 2-year flood event prediction. For 10-year through to 50-year
flood events the impact of the increase in the downstream boundary condition propagates
upstream about 715 m to station 714.39 decreasing at the same rate described for the 2-year
flood event. The Regional flood event, the impact of the increase in the downstream boundary
condition propagates upstream 1.4 km. The decrease of water surface elevation decreases to 0 to
river station 752.68 on Bruce Creek Reach 2 after which it increases slightly before stabilizing to 0
by station 1402.62.

For a 0.5 mincrease in water surface elevation along Burndenet Creek Reach 1 River Station 111.18
for the 2-year and 5-year flood events, the impact of the increase in the downstream boundary
condition propagates upstream about 290 m to the end of Burndenet Creek Reach 1 at station
290.66. The water surface elevation influence decreases quite rapidly to Burndenet Creek Reach 1
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by station 168.05 after which it hovers around 0 before stabilizing at 0 at River Station 290.6. For
10-year through to Regional flood events the impact of the increase of the downstream boundary
condition propagates upstream about 200 m to Reach 1 cross-section 200.96. The decrease in
water surface elevation occurs in the same manner as described for the 2-year and 5-year events.

For a 0.5 m increase in water surface elevation along Lower Rouge Reach 4 at River station 22.36
for the 2-year flood event, the impact of the increase in the downstream boundary condition
propagates upstream about 800 m to Reach 5 cross-section 805. The decrease in elevation is
gradual throughout Lower Rouge Reach 4 and Reach 5 as the elevated water level propagates
upstream. For the 5- year flood conditions the impact of the increase in the downstream boundary
condition propagates upstream about 845 m to Lower Rouge Reach 5 station 844.05. The water
surface elevation decreases gradually to the beginning of Reach 5 where it decreases more quickly
though Reach 5 of the Lower Rouge watercourse. For the 10-year through to the 100-year flood
events, there is variation of about more or less 1 cm in water surface elevation but each event
decreases in upstream influence by about 725 m along Lower Rouge Reach 5 station 725.22. The
Regional flood event decreases quickly to below 0 by Lower Rouge Reach 5 station 248.54 about
250 m from the increase in water surface elevation after which there is minor variation in the
surface elevation of more or less 1 to 2 cm of variance.

For a 0.5 m increase in water surface elevation along Milne Water C Reach 1 at station 29.16, for
the 2-year through to the 100-year flood events, the impact of the increase in the downstream
boundary condition propagates upstream about 445 m to station 445.3 along Milne Water C
Reach 1. The decrease is very gradual until a sharp decline to 0 in water surface elevation and
influence at station 445.3. For the Regional flood event the elevation had influence past station
445 .3, rather increasing slightly in elevation until a sharp decline to 0 and below 0 at station 508.23
remaining about -0.95 extending to about 750-800 m from the initiated increase of 0.5 m.

For a 0.5 m increase in water surface elevation along Upper Rouge Reach 1 at station 54.58, for
the 2-year, the impact of the increase in the downstream boundary condition propagates
upstream about 1.07 km to station 1077.61. The difference in elevation decreases gradually to the
end of Reach 1 station 575.44 after which the elevation decreases dramatically to station 1077.71.
For the 5-year flood event, the impact of the increase in the downstream boundary condition
propagates upstream about 1.2 km to Reach 2 cross-section 1209.84. Similarly, the decrease in
elevation influence decreases by the end of Reach 1 cross-section 575.44. For the 10-year flood
event, the impact of the increase in the downstream boundary condition propagates upstream
about 1.6 km to Upper Rouge Reach 2 station 1654.19. For the 25-year flood event, the impact of
the increase in the downstream boundary condition propagates upstream about 2 km to Reach 2
station 2084.36. However, the decrease in difference of water surface elevation decreases much
more gradually past Reach 1 into Reach 2 up to station 1654.19 meaning that an increase in water
surface elevation downstream has a greater impact upstream. For the 50-year through to Regional
flood events, the impact of the increase in the downstream boundary condition propagates
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upstream about 2 km to section 2084.36, however, these surface elevation decreases rapidly in
Reach 1 station 490.44 after which the elevation decreases greatly.

3.54 Summary of Hydraulic Model Sensitivity

Average changes in computed water levels resulting from the sensitivity runs were reasonably
close to base case results. More significant changes in computed water levels were attributed to
changes in flow regime (i.e. from critical to subcritical or vice-versa) or changes in flow conditions
around bridges and culverts (i.e. changes from open surface flow to surcharged or overtopping
situations).

As noted previously, sensitivity analysis is used to:

e Increase confidence in simulation model results by identifying model inputs that cause
significant uncertainty in the output thereby focusing increased attention towards estimation of
these specific model inputs.

The sensitivity analysis results associated with river reach roughness and flows did not justify
any additional effort towards refining initial model estimates for these parameters.

e Ensuring the model is accurately reflecting watershed conditions and responses by identifying
errors in the model output as reflected by unexpected relationships between inputs and outputs.

The sensitivity analysis results did not demonstrate any unexpected relationships or model
errors.

The sensitivity analysis results associated with the hydraulic model indicate a general insensitivity
to changes in input parameters when viewed as average changes to computed water surface
elevations. Some specific locations do experience larger variations in computed water levels, but
these are associated with changes in the flow regime between sub-critical flow and critical flow
(and vice versa) and changes in bridge hydraulics associated with open water to pressure flow
situations (and vice versa).

The sensitivity analysis results of the hydraulic models did not suggest a need to alter the
parameterization of the hydraulic models for the present study.
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4.0 Spill Identification and Floodplain Mapping (Task 3)

41.1 HEC-RAS Model Finalization

Upon receipt of TRCA approval for the new hydraulic model, preparation of the floodplain
delineations for the required suite of flow scenarios required for this assignment (ref. Task 1D)
was completed in collaboration with TRCA. The flow scenarios were the Regional Storm and, the
2,5, 10, 25, 50, and 100-year design storms.

The delineation of the Regulatory flood line has been completed in compliance with MNRF
procedures, whereby the greater of the 100-year, or Hurricane Hazel inundation limits has been
used to establish the Regulatory flood line. The 100-year and Hurricane Hazel inundation limits
have been subjected to a greater level of scrutiny for accuracy commensurate with an engineering
flood delineation approach.

Flood inundation limits for the other flow scenarios have not been subjected to the same “clean-
up” effort as the engineered flood delineations as the 2, 5, 10, 25, 50, and 100-year design storm
flood zones are to be used for flood risk screening and characterization only. Please note that:

» In confluence areas flood plain boundaries were subject to manual adjustment to reflect
probable spills from one connecting watercourse to another.

» For a number of watercourses, cross-sections were included at a structure which represented
the upstream limit of a modelled reach. In some cases, TRCA directed that flood inundation
limits only be delineated to the downstream side of the structure.

4.1.2 Structure Overtopping

Table 4-1 summarizes the watercourse crossings/structures modelled in the new HEC-RAS model
and the associated computed water surface elevations for each of the modelled flow scenarios.

Table 4-2 summarizes the available freeboard and overtopping depths for all watercourse
crossings and all modelled flow scenarios. This summary highlights that many structures are
overtopped by floodwaters during various return period events as follows:

e 35 crossings cannot accommodate a 2-year peak flow without overtopping;
e 190 structures can accommodate the 2-year peak flow;

e 171 structures can accommodate the 5-year peak flow;

e 156 structures can accommodate the 10-year peak flow;

e 133 structures can accommodate the 25-year peak flow;

e 123 structures can accommodate the 50-year peak flow;

e 113 structures can accommodate the 100-year peak flow; and

e 69 structures can accommodate the Regional Flood peak flow.

As noted previously, five (5) in-line structures have been included in the HEC-RAS model. Of these,
one (1) is the outlet from online stormwater management ponds, four (4) are online weirs located
upstream of other crossings. However, these locations do not have associated roadways.

TPB198070 a
Page 57 .



Technical Report
Rouge River Floodplain Mapping Update — Phase 2 °

Toronto and Region Conservation Authority

This page left intentionally blank

TPB198070 . . .

Page 58



Technical Report
Rouge River Floodplain Mapping Update — Phase 2 s
Toronto and Region Conservation Authority

Table 4-1 Modelled Bridges - Computational Summary

HEC-RAS Top of Road

Structure 3 N Section / When Weir Computed Water Surface Elevations (m)
Designation

HEC-RAS Watercourse

Crossing # Crossing Location/Designation Regulatory

Type Upstream of | Flow Begins
Structure (m) Regional
rou_297 Railway Crossing Culvert Leslie St Trib / Reach 4 1167.14 267.31 263.35 263.69 264.1 265.44 266.96 267.29 N/A 267.29 267.29
rou_301 Leslie Street Culvert Leslie St Trib / Reach 3 250.82 233.20 232.88 233.36 23347 233.59 233.65 233.7 N/A 233.85 233.85
rou_303 19th Avenue Bridge Leslie St Trib / Reach 3 172841 24147 241.16 241.56 241.6 241.65 241.68 241.7 N/A 241.77 241.77
rou_304 Railway Crossing Culvert Leslie St Trib B / Reach B2 484.52 262.85 261.55 262.33 262.96 263.03 263.03 263.06 N/A 263.09 263.09
rou_304b Railway Crossing Culvert Leslie St Trib B / Reach B3 502.68 263.54 261.35 261.96 263.58 263.69 263.73 263.76 N/A 263.73 263.76
rou_306 Via Renzo Drive Bridge Leslie St Trib / Reach 1 612.52 213.37 208.77 209.1 209.32 209.59 209.8 209.98 N/A 211.09 211.09
rou_307 Cemetery Road Culvert Leslie St Trib / Reach 1 2742.12 223.20 219.58 219.76 219.89 220.05 220.15 220.46 N/A 221.9 2219
rou_308 Elgin Mills Road East Culvert Leslie St Trib / Reach 1 3682.84 230.24 224.39 224.68 22491 225.25 22548 225.74 N/A 227.29 227.29
rou_309 Access Road to new subdivision Bridge Leslie St Trib / Reach 2 719.13 236.49 23042 230.65 230.83 231.07 231.22 231.37 N/A 232.12 232.12
rou_311 Leslie Street Culvert Leslie St Trib A / Reach Al 71 233.18 232.65 233.23 233.26 233.29 23331 23333 N/A 2334 2334
rou_313 Toporowski Avenue Culvert Upr Rouge Trib D / Reach D1 526.98 219.05 217.39 217.57 217.68 217.85 218.02 218.2 N/A 218.46 218.46
rou_314 Elgin Mills Road East Culvert Upr Rouge Trib D / Reach D1 1041.39 225.12 223.26 223.63 223.33 224.16 224.62 225.18 N/A 225.24 225.24
rou_315 Private Driveway Culvert Upr Rouge Trib D / Reach D1 1082.14 224.98 224.2 224.49 224.66 22492 225.14 225.27 N/A 225.32 225.32
rou_316 Princeton Avenue Culvert Upr Rouge Trib C / Reach C1 146.08 216.33 213.85 21391 213.95 2141 214.18 214.25 N/A 2147 2147
rou_318 Apple Creek Blvd inlet structure Inline Upr Rouge Trib A / Reach Al 395.12 186.46 186.52 186.54 186.57 186.59 186.61 186.63 N/A 187.77 187.77
rou_319 Major Pedestrian Crossing Bridge Upr Rouge Trib A / Reach Al 548.01 186.52 186.52 186.55 186.58 186.6 186.62 186.65 N/A 187.79 187.79
rou_320 Major Pedestrian Crossing Bridge Upr Rouge Trib A / Reach Al 1008.94 189.58 187.72 187.82 187.92 187.99 188.05 188.13 N/A 189.25 189.25
rou_321 John Button Blvd inlet structure Inline Upr Rouge Trib A / Reach Al 1286.44 189.15 189.31 189.36 189.4 189.56 189.71 189.9 N/A 190.9 190.9
rou_323 16th Avenue Culvert Upr Rouge Trib A / Reach Al 1753.56 193.76 191.25 191.48 191.7 191.87 192.01 192.21 N/A 194.13 194.13
rou_325 Online Structure Culvert Upr Rouge Trib A / Reach Al 1887.95 192.08 191.76 191.9 192.07 192.29 19242 192.53 N/A 194.13 194.13
rou_329 Private Road Crossing Culvert Upper Rouge / Reach 10 450.25 240.32 240.31 240.34 240.31 240.49 240.35 240.36 N/A 24047 24047
rou_330 19th Avenue Culvert Upper Rouge / Reach 10 1290.68 248.66 248.16 248.65 248.74 248.84 248.87 248.88 N/A 248.87 248.88
rou_332 Railway Crossing Bridge Upper Rouge / Reach 10 1825.78 254.45 253.56 254.17 254.85 254.45 254.45 254.45 N/A 254.53 254.53
rou_333 Bayview Avenue Culvert Upper Rouge / Reach 10 2060.3 256.64 255.01 255.21 2554 25571 255.96 256.22 N/A 257.07 257.07
rou_335 Golf Crossing Culvert Upper Rouge / Reach 10 3202.21 267.06 267.25 267.32 267.36 26743 267.47 267.52 N/A 267.6 267.6
rou_337 Golf Crossing Culvert Upper Rouge / Reach 10 3513.92 270.69 270.77 270.81 270.84 270.87 270.91 270.94 N/A 271.01 271.01
rou_339 Woodriver Street Bridge Upper Rouge / Reach 9 276.93 232.95 232.15 23234 23248 23278 232.87 2331 N/A 233.53 233.53
rou_340 Subrisco Avenue Culvert Upr Rouge Trib I/ Reach I1 106.68 237.46 235.84 235.86 235.88 236.04 236.14 236.2 N/A 236.42 236.42
rou_341 Private Driveway Culvert Upr Rouge Trib I/ Reach I1 301.11 239.34 23842 238.44 23845 238.46 238.47 238.48 N/A 238.49 238.49
rou_342 Private Driveway Culvert Upr Rouge Trib I/ Reach I1 490.6 241.94 240.85 240.86 240.87 240.89 240.9 240.91 N/A 240.92 240.92
rou_343 19th Avenue Culvert Upr Rouge Trib I/ Reach I1 907.38 24811 245.61 245.63 245.64 245.66 245.66 245.67 N/A 245.68 245.68
rou_344 Bayview Avenue Culvert Upr Rouge Trib H / Reach H1A 63.55 231.37 230.16 231.09 231.34 23147 231.53 231.58 N/A 231.88 231.88
rou_345 Private Driveway Culvert Upr Rouge Trib H / Reach H1 152.84 23147 23091 231.6 231.74 231.84 231.9 23195 N/A 23243 23243
rou_346 Woodriver Street Culvert Upr Rouge Trib H / Reach H1 267.84 23241 231.35 231.67 231.83 231.97 232.09 232.2 N/A 232.9 2329
rou_347 Private Driveway Culvert Upr Rouge Trib H / Reach H1 546.48 234.79 23495 235.01 235.04 235.09 235.1 235.13 N/A 23535 235.35
rou_348 Private Driveway Culvert Upr Rouge Trib H / Reach H1 593.01 235.06 235.2 235.28 2353 235.34 235.36 23542 N/A 235.62 235.62
rou_349 Private Driveway Bridge Upr Rouge Trib H / Reach H1 62291 235.53 235.55 235.65 235.7 235.74 235.79 235.82 N/A 236.09 236.09
rou_350 Subrisco Avenue Bridge Upr Rouge Trib H / Reach H1 698.31 236.71 235.69 235.82 235.9 236.01 236.09 236.46 N/A 237.18 237.18
rou_351 Private Driveway Culvert Upr Rouge Trib H / Reach H1 757.05 236.99 237.08 237.21 237.27 237.34 237.38 237.42 N/A 237.67 237.67
rou_352 Private Driveway Culvert Upr Rouge Trib H / Reach H1 814.59 237.36 23743 237.53 237.57 237.62 237.64 237.68 N/A 237.9 237.9
rou_353 Private Driveway Culvert Upr Rouge Trib H / Reach H2 74.08 240.06 239.14 23941 239.64 240.13 240.2 240.25 N/A 240.51 240.51
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HEC-RAS
Section
Upstream of

Top of Road
VA LELRETS
Flow Begins

HEC-RAS Watercourse

Structure Computed Water Surface Elevations (m)

Type

Crossing # Crossing Location/Designation Designation Regulatory

Structure (m) Regional

rou_354 Railway Crossing Culvert Upr Rouge Trib H / Reach H2 693.36 249.96 247.47 247.54 247.58 2479 248.09 248.31 N/A 250 250

rou_354b Railway Crossing Culvert Upr Rouge Trib H / Reach H2 719.36 250.62 248.15 249.08 250.47 250.61 250.61 250.63 N/A 250.82 250.82
rou_358 19th Avenue Culvert Upr Rouge Trib H / Reach H2 1208.87 25740 256.01 256.05 256.15 256.28 256.38 256.48 N/A 257.34 257.34
rou_359 Major Pedestrian Walkway Culvert Upr Rouge Trib H / Reach H2 1278.54 258.98 259.16 259.27 259.33 25942 259.47 259.52 N/A 259.84 259.84
rou_361 Yonge Street / Tower Hill Road Culvert Upr Rouge Trib H / Reach H2 2537.72 284.57 279.55 279.8 279.94 280.24 280.44 280.69 N/A 281.59 281.59
rou_362 Hwy 404 SB and NB - rou_362 and 363 Culvert Leslie St Trib D / Reach D1 266.68 236.10 23445 234.64 23474 234.84 23492 235 N/A 234.8 235

rou_364 Trail Bridge Bridge Upr Rouge Trib E / Reach E3 175.62 23418 23347 233.72 233.94 234.28 234.55 234.66 N/A 235.29 235.29
rou_365 Major Pedestrian Walkway Culvert Upr Rouge Trib E / Reach E3 278.17 236.04 234.26 234.46 234.58 234.75 23491 235.01 N/A 235.6 235.6
rou_366 Railway Crossing Culvert Upr Rouge Trib E / Reach E3 598.96 24243 238.6 239.53 240.52 241.19 241.32 24143 N/A 242.06 242.06
rou_367 Major Pedestrian Walkway Culvert Upr Rouge Trib E / Reach E3 715.19 240.28 240.51 240.61 240.69 241.2 241.34 241.44 N/A 242.08 242.08
rou_370 Yorkland Street Culvert Upr Rouge Trib E / Reach E3 1460.71 250.39 248.72 248.89 248.98 249.14 249.22 249.33 N/A 249.99 249.99
rou_371 Private Driveway Culvert Upr Rouge Trib E / Reach E3 1918.63 257.97 258.01 258.13 258.17 258.23 258.27 258.28 N/A 258.58 258.58
rou_372 Devonsleigh Boulevard Culvert Upr Rouge Trib E / Reach E3 2009.65 261.70 258.3 258.41 258.49 258.59 258.65 258.72 N/A 261.95 261.95
rou_373 Yonge Street Culvert Upr Rouge Trib E / Reach E3 2180.31 264.11 261.35 261.88 262.42 263.46 264.19 264.28 N/A 264.72 264.72
rou_374 Gamble Road Culvert Upr Rouge Trib E / Reach E3 242044 269.65 265.15 265.3 26541 265.61 265.83 266.02 N/A 269.94 269.94
rou_379 Tower Hill Road Bridge Upr Rouge Trib E / Reach E3 3758.85 295.23 286.11 286.2 286.29 286.43 286.51 286.58 N/A 287.34 287.34
rou_387 Elgin Mills Road East Culvert Upper Rouge / Reach 8 1229.36 224.32 221.85 221.99 222.08 22248 222.76 223.03 N/A 224,62 224,62
rou_388 Private Driveway Bridge Upper Rouge / Reach 8 1265.59 22342 222.46 222.66 22281 223.19 22342 2237 N/A 2246 224.6
rou_389 Private Driveway Culvert Upper Rouge / Reach 8 2001 228.80 228.24 228.98 229.1 229.24 229.34 229.39 N/A 229.74 229.74
rou_392 Rose Branch Drive Bridge Upr Rouge Trib E / Reach E2 1502.23 233.95 230.63 230.86 231.04 232.01 2331 2333 N/A 234.1 2341
rou_393 Edward Avenue Culvert Upr Rouge Trib G / Reach G1 213.04 234.57 232.45 232.64 232.8 233.01 233.37 233.57 N/A 23471 23471
rou_394 Railway Crossing 001 / Bernard Avenue Culvert Upr Rouge Trib G / Reach G1 581.54 238.42 234.3 234.45 234.56 234.72 234.85 235 N/A 235.97 235.97
rou_395 Yorkland Street Culvert Upr Rouge Trib G / Reach G1 1091.89 241.86 239.27 239.54 239.75 240.01 240.22 240.45 N/A 241.98 241.98
rou_396 Yonge Street Culvert Upr Rouge Trib G / Reach G1 1427.14 247.69 245.9 246.25 246.53 246.91 247.39 247.82 N/A 248.08 248.08
rou_397 Private Driveway Culvert Upr Rouge Trib G / Reach G1 1476.49 247.88 247.39 247.76 247.98 248.06 248.11 248.2 N/A 248.29 248.29
rou_398 Brookside Road Culvert Upr Rouge Trib G / Reach G1 1703.06 250.10 249.37 249.56 249.71 249.93 250.09 250.17 N/A 25045 250.45
rou_399 Major Pedestrian Walkway Culvert Upr Rouge Trib G / Reach G1 2193.77 258.77 258.73 258.91 259 259.05 259.12 259.19 N/A 259.45 259.45
rou_399b Major Pedestrian Culvert Upr Rouge Trib G / Reach G1 1979.17 256.70 253.95 254.8 256.2 256.7 256.7 256.76 N/A 256.98 256.98
rou_401 Gamble Road Culvert Upr Rouge Trib G / Reach G1 2972.68 275.68 269.49 269.55 269.7 270.07 270.3 270.53 N/A 27248 272.48
rou_403 Yorktech Drive Bridge Upper Rouge / Reach 2 113.86 178.10 176.13 176.62 176.92 177.5 178.1 178.14 N/A 179.99 179.99
rou_404 Pedestrian Bridge Bridge Upper Rouge / Reach 2 736.15 177.94 176.59 177.04 177.38 177.97 178.5 178.71 N/A 180.11 180.11
rou_405 Rodick Road Bridge Upper Rouge / Reach 2 212747 181.95 178.51 178.93 179.19 179.5 179.75 179.99 N/A 181.77 181.77
rou_407 Hwy 7 Bridge Upper Rouge / Reach 2 2473.7 183.83 179.46 179.91 180.32 180.77 181.07 181.55 N/A 184.5 184.5
rou_408 Apple Creek Blvd Bridge Upper Rouge / Reach 3 747.92 187.89 183.44 183.92 184.25 184.66 184.94 185.22 N/A 187.42 187.42
rou_409 Woodbine Avenue Bridge Upper Rouge / Reach 3 1674.36 190.94 186.22 186.76 187.14 187.65 188.03 188.42 N/A 191.25 191.25
rou_416 16th Avenue Bridge Upper Rouge / Reach 3 2938.31 193.08 189.42 189.9 190.23 190.82 191.18 191.56 N/A 19341 19341
rou_419 Hwy 404 - rou_419 & rou_420 Bridge Upper Rouge / Reach 3 4838.6 202.89 193.99 194.49 194.85 195.2 195.43 195.73 N/A 196.99 196.99
rou_421 Major Mackenzie Drive East Culvert Upper Rouge / Reach 3 6903.15 207.94 200.5 201.22 201.76 202.75 203.67 204.78 N/A 208.84 208.84
rou_422 Leslie Street / York 12 Bridge Upper Rouge / Reach 5 149.23 207.61 204.66 205.05 205.23 205.71 206.04 206.34 N/A 209.08 209.08
rou_423 Private Driveway Bridge Upper Rouge / Reach 5 405.69 207.43 207.89 207.96 208.32 208.19 208.29 208.36 N/A 209.3 209.3
rou_424 OnLine Pond Inline Upper Rouge / Reach 5 445.7 207.09 207.9 208.01 208.35 208.27 208.39 208.49 N/A 209.44 209.44
rou_425 Redstone Road Bridge Upper Rouge / Reach 6 327.24 216.07 212.23 212.7 212.88 213.07 213.23 213.36 N/A 21412 21412
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rou_426 Shirley Drive Culvert Upr Rouge Trib E / Reach E1 534.28 220.07 216.88 216.97 217.02 217.08 217.12 217.18 N/A 217.8 217.8
rou_427 Bayview Avenue Culvert Upr Rouge Trib F / Reach F1 485.49 226.52 225.67 22594 226.19 226.56 226.65 226.72 N/A 226.7 226.72
rou_430 Rodick Road Culvert Beaver Ck / Reach 3 207.61 182.21 178.35 178.67 178.91 179.22 179.44 179.66 N/A 180.72 180.72
rou_431 Yorktech Drive Bridge Beaver Ck / Reach 3 646.33 180.70 180.19 180.57 180.43 181.5 181.56 181.47 N/A 181.64 181.64
rou_432 Private Road Bridge Beaver Ck / Reach 3 1178.18 181.58 181.76 182 182.12 182.26 182.34 18241 N/A 182.72 182.72
rou_433 Woodbine Avenue Bridge Beaver Ck / Reach 3 1449.12 183.18 182.81 183.32 183.45 183.53 183.58 183.62 N/A 183.84 183.84
rou_434 HWY 7 Culvert Beaver Ck / Reach 3 1629.55 183.29 182.91 183.54 183.67 183.76 183.81 183.86 N/A 184.04 184.04
rou_435 Frontenac Drive Culvert Beaver Ck / Reach 3 1769.93 183.89 183.11 183.96 184.16 184.27 184.34 184.39 N/A 184.6 184.6
rou_437 Allstate Parkway Culvert Beaver Ck / Reach 3 214131 184.58 184.54 185 185.12 185.23 185.33 185.42 N/A 185.69 185.69
rou_439 Centurian Drive Culvert Beaver Ck / Reach 3 2402.69 187.14 184.74 185.38 185.68 186.08 186.39 186.7 N/A 187.39 187.39
rou_440 Columbia Way Culvert Beaver Ck / Reach 3 2539.18 186.38 185.27 185.55 186.03 186.82 187.03 187.19 N/A 187.55 187.55
rou_441 HWY 404 - rou_441/442 Bridge Beaver Ck / Reach 3 3061.23 190.18 186.93 187.35 187.59 187.87 188.08 188.28 N/A 189.17 189.17
rou_443 Culvert Culvert Beaver Ck / Reach 3 3178.08 187.83 187.41 187.76 187.9 188.09 188.27 188.48 N/A 189.38 189.38
rou_444 Mural Street Culvert Beaver Ck / Reach 4 429.12 192,91 192.02 192.29 192.47 192.84 193.05 193.15 N/A 193.39 193.39
rou_445 Leslie Street Culvert Beaver Ck / Reach 4 915.9 198.73 195.27 196.06 197.34 198.91 199.07 199.2 N/A 199.6 199.6
rou_446 Boake Trail Culvert Beaver Ck / Reach 4 1523.27 203.82 199.28 199.43 199.6 199.73 199.84 199.93 N/A 200.86 200.86
rou_449 Clarendon Drive Culvert Beaver Ck / Reach 4 2799.7 21494 211.82 211.94 212.01 2121 212.27 2124 N/A 21311 21311
rou_450 Major Mackenzie Drive East Culvert Beaver Ck / Reach 4 3346.55 220.54 216.7 216.87 216.98 217.09 217.18 217.26 N/A 218.64 218.64
rou_451 Frank Endean Road Culvert Beaver Ck / Reach 4 3521.01 221.67 2194 219.44 219.46 219.49 21951 219.53 N/A 219.51 219.53
rou_452 Cassata Avenue Culvert Beaver Ck / Reach 4 3646.79 222.34 219.53 219.6 219.64 219.7 219.74 219.77 N/A 219.73 219.77
rou_453 Online Pond Culvert Beaver Ck / Reach 4 3402.16 218.85 219 219.04 219.06 219.08 219.1 219.12 N/A 219.11 219.12
rou_466 HWY 407ETR Culvert Beaver Ck Trib A / Reach Al 173.75 181.14 176.76 177.13 177.36 177.66 177.9 178.2 N/A 180.23 180.23
rou_467 SubStation Access Road Culvert Beaver Ck Trib A / Reach A3 165.59 178.51 177.89 178.47 178.68 178.8 178.86 178.92 N/A 180.27 180.27
rou_475 19th Avenue Culvert Berczy Ck / Reach 5 1398.65 237.97 236.5 237.06 237.51 238.11 238.25 238.33 N/A 238.87 238.87
rou_477 19th Avenue Culvert Berczy Ck Trib C / Reach C1 680.44 237.76 236.77 237.12 237.58 237.79 237.85 237.88 N/A 237.95 237.95
rou_478 Berczy Creek Way Bridge Berczy Ck / Reach 2 145.85 184.74 18341 183.8 183.97 184.5 184.67 184.85 N/A 185.58 185.58
rou_479 Warden Avenue Bridge Berczy Ck / Reach 2 340.05 189.35 185.17 185.63 185.98 186.46 186.79 187.07 N/A 189.68 189.68
rou_480 Warden Avenue Bridge Berczy Ck / Reach 2 1058.09 198.02 192 1923 192.59 192.88 193.27 193.46 N/A 195.24 195.24
rou_483 Warden Avenue Culvert Berczy Ck / Reach 2 2217.99 213.65 203.85 204.65 205.27 206.09 206.65 207.1 N/A 213.96 213.96
rou_484 Major MacKenzie Dr E Culvert Berczy Ck / Reach 2 2323.27 213.52 203.92 204.77 205.45 206.38 207.04 207.6 N/A 214.34 214.34
rou_485 Elgin Mills Rd E Culvert Berczy Ck / Reach 2 6321.2 22141 219.02 219.81 220.55 221.54 221.72 22181 N/A 222.36 222.36
rou_488 Woodbine Ave Culvert Berczy Ck Trib B / Reach B2 1516.31 235.04 235.13 235.21 235.26 235.32 235.35 235.38 N/A 235.52 235.52
rou_495 19th Avenue Culvert Berczy Ck Trib B / Reach B2 1979.73 23747 236.67 236.92 237.25 237.5 237.58 237.62 N/A 237.76 237.76
rou_497 Hwy 404 - rou_497/498 Culvert Berczy Ck Trib B / Reach B2 3413.17 252.79 249.73 249.78 249.82 249.86 249.89 249.92 N/A 250.01 250.01
rou_499 43 Woodbine Avenue Culvert Carlton Ck / Reach 2 1384.38 205.37 202.6 202.99 203.23 203.48 203.66 203.84 N/A 205.35 205.35
rou_500 43 Major Mackenzie Drive East Culvert Carlton Ck / Reach 2 1464.88 205.40 203.79 204.64 205.38 205.42 205.46 205.49 N/A 205.72 205.72
rou_501 Woodbine Avenue Culvert Carlton Ck / Reach 3 103.36 205.37 204.25 204.64 20541 205.43 205.47 205.51 N/A 205.73 205.73
rou_502 Vine Cliff Blvd. Culvert Carlton Ck / Reach 3 947.56 215.25 212.55 212.67 21275 21292 213.03 213.15 N/A 21392 21392
rou_503 Woodbine Avenue Culvert Carlton Ck / Reach 3 1165.77 216.28 215.39 216.05 216.28 216.28 216.28 216.28 N/A 216.43 21643
rou_504 Prince Regent Street Culvert Carlton Ck / Reach 3 1552.24 221.23 2184 218.56 218.67 218.8 218.88 218.96 N/A 219.53 219.53
rou_505 Reflection Road Culvert Carlton Ck / Reach 3 1882.76 22093 219.34 21941 219.44 219.51 219.56 219.61 N/A 220 220.00
rou_506 Woodbine Avenue ByPass Culvert Carlton Ck / Reach 3 2089.99 222.16 220.09 220.15 220.19 220.25 220.29 220.34 N/A 220.64 220.64
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rou_507 Private Driveway Bridge Carlton Ck / Reach 2 477.93 200.24 200.48 200.61 200.87 200.74 200.77 200.8 N/A 200.96 200.96
rou_508 Private Driveway Bridge Carlton Ck / Reach 2 601 20091 200.63 20091 200.94 201.04 201.21 201.06 N/A 201.19 201.19
rou_509 Private Driveway Bridge Carlton Ck / Reach 2 648.88 200.86 200.71 200.99 201.04 201.1 201.21 201.16 N/A 201.29 201.29
rou_510 Personna Blvd. Culvert Carlton Ck / Reach 2 722.63 201.46 200.74 201.05 201.15 201.34 201.55 201.6 N/A 201.98 201.98
rou_512 Old Farm Lane Way Bridge Berczy Ck / Reach 1 2509.65 182.22 180.24 180.63 180.88 181.28 181.58 181.89 N/A 183.24 183.24
rou_513 Glenburn Forest Way Bridge Berczy Ck / Reach 1 2744.24 184.53 181.96 182.29 182.53 182.96 183.19 183.46 N/A 185.17 185.17
rou_514 Warden Avenue Bridge Carlton Ck / Reach 1 174.6 186.20 184.13 18431 18441 184.6 184.74 184.88 N/A 186.16 186.16
rou_515 45 Personna Blvd. Culvert Carlton Ck TribA / Reach Al 270.32 199.99 199.81 200.02 200.05 200.08 200.11 200.11 N/A 200.18 200.18
rou_516 Richard Person Drive Culvert Carlton Ck TribA / Reach Al 3954 201.01 200.74 201.03 201.08 201.12 201.14 201.16 N/A 201.26 201.26
rou_521 16th Avenue Culvert Berczy Ck / Reach 1 1659.94 178.08 177.08 177.56 178.11 178.4 178.31 178.37 N/A 179.16 179.16
rou_527 Farm Road Culvert Bruce Ck Trib A / Reach Al 256147 216.92 216.24 216.28 216.71 216.9 216.9 217.02 N/A 217.27 217.27
rou_529 Warden Avenue Culvert Bruce Ck Trib A / Reach Al 2209.84 214.38 213.54 213.58 213.94 21441 214.45 214,51 N/A 214.66 214.66
rou_534 Golf Bridge 001 Culvert Bruce Ck Trib A / Reach Al 146.02 193.53 189.62 189.72 189.77 189.82 189.91 190.02 N/A 193.69 193.69
rou_535 Major Mackenzie Drive East Culvert Bruce Ck Trib A / Reach Al 565.18 197.34 193.28 193.33 193.48 193.76 193.94 194.25 N/A 19541 19541
rou_543 Private Crossing Culvert Bruce Ck Trib C / Reach C1 1676.34 233.20 2333 233.32 233.18 233.36 233.37 233.38 N/A 23342 23342
rou_547 19th Avenue Culvert Bruce Ck Trib B / Reach B3 2026.78 231.97 230.55 230.63 230.7 230.79 230.85 230.9 N/A 231.76 231.76
rou_549 Private Crossing Culvert Bruce Ck Trib B / Reach B3 2226.33 23271 232.58 23281 232.85 232.89 23291 23293 N/A 233.04 233.04
rou_562 Warden Ave Culvert Bruce Ck Trib B / Reach B3 3778.57 242.25 240.78 241.15 24142 242.05 242.3 242.32 N/A 242.36 242.36
rou_567 Elgin Mills Road East Culvert Bruce Ck Trib B / Reach B1 150.79 211.44 209.51 209.7 209.81 209.95 210.06 210.16 N/A 211.86 211.86
rou_568 Warden Ave Culvert Bruce Ck Trib E / Reach E1 875.52 246.65 245.46 245.68 245.85 246.11 246.44 246.71 N/A 246.82 246.82
rou_569 Stoufille Road Culvert Bruce Ck / Reach 6 731.1 240.55 237.6 237.89 238.13 23851 238.95 239.17 N/A 241.13 241.13
rou_573 16th Avenue Bridge Bruce Ck / Reach 2 780.78 176.26 17442 174.8 175.02 175.37 175.67 175.95 N/A 177.02 177.02
rou_579 Major Golfcourse Cart Path Bridge Bruce Ck / Reach 2 221991 181.99 179.72 180.06 180.29 180.68 180.94 181.17 N/A 182.63 182.63
rou_584 Angus Glen Blvd Bridge Bruce Ck / Reach 2 3074.64 188.00 183.11 183.24 183.36 183.65 183.88 184.16 N/A 185.63 185.63
rou_588 Major Mackenzie Drive East Bridge Bruce Ck / Reach 3 1003.39 199.10 193.82 194.05 194.21 194.65 194.93 195.18 N/A 197.62 197.62
rou_594 Elgin Mills Road East Bridge Bruce Ck / Reach 4 407.15 212.24 209.92 210.27 210.5 210.68 210.85 211.06 N/A 212.89 212.89
rou_596 Private Crossing Bridge Bruce Ck / Reach 4 705.89 213.54 212.79 213.64 213.834 214.02 214.37 214.21 N/A 21543 21543
rou_597 Private Crossing Bridge Bruce Ck / Reach 4 846.92 214.32 213.6 214.17 214.65 214.89 215.03 215.14 N/A 216.14 216.14
rou_598 Kennedy Road 001 Bridge Bruce Ck / Reach 4 1387.61 219.69 215.8 216.1 216.34 216.72 217.04 217.32 N/A 220.04 220.04
rou_599 Private Crossing Bridge Bruce Ck / Reach 4 2390.28 221.72 220.69 221.08 221.39 221.84 221.92 22217 N/A 223.04 223.04
rou_600 Kennedy Road Bridge Bruce Ck / Reach 4 2579.89 223.46 221.29 221.86 222.14 22246 223.04 223.15 N/A 225.69 225.69
rou_601 19th Ave Bridge Bruce Ck / Reach 4 4650.26 229.76 22841 228.67 228.35 229.04 229.29 229.61 N/A 230.58 230.58
rou_610 Major Driveway Bridge Bruce Ck / Reach 4 6270.82 233.99 233.02 23341 23371 234.17 234.54 234.57 N/A 235.07 235.07
rou_611 Private Crossing Bridge Bruce Ck / Reach 4 6307.69 235.70 234.16 234.45 23471 235.16 235.48 235.85 N/A 237.11 237.11
rou_612 Stoufille Road Culvert Bruce Ck Trib F / Reach F1 810.98 244.90 239.85 240.05 240.17 240.37 240.47 240.92 N/A 243.21 243.21
rou_614 z‘:sse::::n Crossing near Burdenford Bridge Burndenet Ck / Reach 1 305.71 180.77 180.75 180.98 181.06 181.15 181.2 181.26 N/A 181.64 181.64
rou_615 16th Avenue Culvert Burndenet Ck / Reach 1 1107.47 191.88 190.53 190.73 190.85 190.62 190.84 191.05 N/A 192.55 192.55
rou_616 The Bridle Walk Culvert Burndenet Ck / Reach 1 1277.38 196.22 192.53 192.65 192.73 192.8 192.85 192.9 N/A 193.47 193.47
rou_618 Wilfred Murison Ave Culvert Burndenet Ck / Reach 1 2172.53 200.33 197.83 197.93 197.98 198.05 198.15 198.26 N/A 199.25 199.25
rou_620 Bur Oak Drive Culvert Burndenet Ck / Reach 1 2803.71 201.73 199.09 199.23 199.32 199.44 199.55 199.65 N/A 200.85 200.85
rou_621 Edward Jeffreys Avenue Culvert Robinson Trib A / Reach Al 435.99 203.19 199.82 199.98 200.11 200.25 200.38 200.49 N/A 201.43 201.43
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rou_622 Trail Bridge Culvert Robinson Trib A / Reach Al 842.74 204.68 203.67 204.09 204.63 204.89 204.98 205.04 N/A 205.45 205.45
rou_623 Bur Oak Avenue Culvert Robinson Trib A / Reach Al 1163.7 207.72 207.11 207.21 207.27 207.35 20741 207.46 N/A 208.05 208.05
rou_624 Trail Bridge Bridge Robinson Trib A / Reach Al 1199.23 208.72 208.44 208.48 208.52 208.56 208.59 208.62 N/A 209.01 209.01
rou_625 Trail Bridge Bridge Robinson Trib A / Reach Al 1252.8 208.63 208.7 208.81 208.33 208.89 208.94 208.97 N/A 209.18 209.18
rou_626 Trail Bridge Culvert Robinson Trib A / Reach Al 13433 209.37 209.51 209.55 209.57 209.59 209.6 209.62 N/A 209.69 209.69
rou_628 Leslie Street Culvert Leslie St Trib C / Reach C4 294.18 262.38 26246 262.57 262.65 262.75 262.76 262.78 N/A 262.69 262.78
rou_629 Railway crossing near Leslie Street Culvert Leslie St Trib C / Reach C4 549.01 270.32 270.32 270.35 2704 270.45 27047 270.5 N/A 270.52 270.52
rou_630 Driveway Crossing Culvert Leslie St Trib C / Reach C4 32642 262.94 263.03 263.09 263.16 263.23 263.26 263.3 N/A 263.33 263.33
rou_631 Driveway Crossing Culvert Leslie St Trib C / Reach C4 438.65 264.33 264.23 264.45 264.52 264.63 264.66 264.69 N/A 264.73 264.73
rou_632 Private Driveway Culvert Leslie St Trib C / Reach C4 571.8 266.63 270.32 270.35 2704 270.46 270.47 270.5 N/A 270.52 270.52
rou_633 Stouffville Road Culvert Leslie St Trib C / Reach C4 1079.79 274.57 271.68 27246 27461 27476 274.77 274.82 N/A 274.86 274.86
rou_635 Highway 7 / Wellington Street Culvert Robinson Ck / Reach 1 673.08 179.19 171.72 171.88 172.05 172.22 172.35 17248 N/A 175.99 175.99
rou_636 Robinson Street Culvert Robinson Ck / Reach 1 1159.61 180.95 180.18 180.42 180.58 180.76 180.89 181.25 N/A 181.97 181.97
rou_637 Bullock Drive Culvert Robinson Ck / Reach 1 1424.47 185.79 182.19 182.55 182.88 183.25 183.53 183.77 N/A 186.01 186.01
rou_639 Railway Bridge Robinson Ck / Reach 1 1536.52 189.49 183.69 183.91 184.09 184.31 184.48 184.63 N/A 186.63 186.63
rou_641 Raymerville Drive Culvert Robinson Ck / Reach 1 1858.3 186.79 185.41 185.74 185.97 186.23 186.44 186.63 N/A 187.57 187.57
rou_642 Pedestrian Crossing Culvert Robinson Ck / Reach 1 2529.61 189.94 188.74 189.39 189.82 190.11 190.19 190.24 N/A 190.16 190.24
rou_643 Raymerville Drive Culvert Robinson Ck / Reach 1 3155.06 193.43 192.08 192.35 192.55 192.8 193.02 193.26 N/A 193.51 193.51
rou_644 16th Avenue Culvert Robinson Ck / Reach 1 3355.69 196.90 193.62 193.91 194.26 195.04 195.37 195.66 N/A 197.5 197.50
rou_645 Roy Rainey Avenue Bridge Robinson Ck / Reach 2 606.41 203.16 199.02 199.14 199.24 199.37 199.46 199.55 N/A 200.27 200.27
rou_646 Bur Oak Avenue Culvert Robinson Ck / Reach 2 1513.12 206.26 203.52 203.77 203.83 203.89 204.03 204.01 N/A 20491 20491
rou_647 McCowan Road Culvert Robinson Ck / Reach 2 1799.24 207.10 204.66 204.81 20491 205.12 205.23 205.34 N/A 206.95 206.95
rou_648 Castlemore Avenue Culvert Robinson Ck / Reach 2 2307.52 206.21 205.52 205.69 205.84 206.02 206.23 206.35 N/A 207.35 207.35
rou_649 Major Mackenzie Drive East Culvert Robinson Ck / Reach 2 2872.45 207.62 206.24 206.38 206.44 206.49 206.54 206.58 N/A 207.88 207.88
rou_652 Elgin Mills Road East Culvert Robinson Ck / Reach 3 2396.86 221.17 220.84 221.09 22121 221.23 221.26 221.26 N/A 2213 221.30
rou_654 Drakefield Road Culvert Milne WaterC / Reach 1 566.45 173.47 172.19 172.78 173.24 173.67 173.77 173.84 N/A 174.78 174.78
rou_656 Bullock Drive Culvert Milne WaterC / Reach 1 1702.68 185.84 185.13 185.48 185.71 185.93 185.99 186.04 N/A 186.08 186.08
rou_659 Markham Road Bridge Lower Rouge / Reach 5 87441 169.85 162.14 162.71 163.03 163.49 163.81 164.18 N/A 168.19 168.19
rou_662 Driveway Culvert Exhibition Ck / Reach 2 1211.37 198.39 196.96 197.21 197.39 197.57 197.71 197.87 N/A 198.71 198.71
rou_664 Bur Oak Ave Culvert Exhibition Ck / Reach 2 2070.85 204.79 202.47 202.57 202.65 202.75 202.82 202.93 N/A 203.11 203.11
rou_668 16th Avenue Culvert Exhibition Ck / Reach 2 959.45 198.20 195.73 195.9 196.03 196.16 196.26 196.37 N/A 197.27 197.27
rou_669 SWM Pond Culvert Exhibition Ck / Reach 2 1020.66 196.57 196.87 197.01 197.1 197.17 197.22 197.26 N/A 197.53 197.53
rou_670 Tuclor Lane Culvert Exhibition Ck / Reach 1 226 166.80 164.22 164.53 164.74 164.99 165.18 165.37 N/A 167.35 167.35
rou_671 Accessway Culvert Exhibition Ck / Reach 1 271.69 166.18 164.79 165.1 165.12 165.52 165.71 165.95 N/A 167.33 167.33
rou_672 Hwy 7 Culvert Exhibition Ck / Reach 1 987.76 179.48 173.05 173.19 173.28 173.68 173.81 173.92 N/A 175.81 175.81
rou_673 Edward Street/Driveway Culvert Exhibition Ck / Reach 1 1241.12 179.65 176.1 176.24 176.34 176.45 176.57 176.75 N/A 179.46 179.46
rou_674 Church Street Culvert Exhibition Ck / Reach 1 1672.92 186.49 182.34 182.6 182.79 182.99 183.13 183.26 N/A 185.24 185.24
rou_675 Parkway Ave Culvert Exhibition Ck / Reach 1 2020.17 188.31 185.61 185.89 186.09 186.3 186.45 186.59 N/A 188.72 188.72
rou_676 Ramona Blvd Culvert Exhibition Ck / Reach 1 2264.13 188.57 186.16 186.43 186.64 186.88 187.05 187.21 N/A 189.11 189.11
rou_679 19th Avenue Culvert Leslie St Trib C / Reach C3 550.68 240.57 239.81 240.01 2404 240.75 240.75 240.79 N/A 240.93 240.93
rou_680 Private Road Crossing Culvert Leslie St Trib C / Reach C3 1239.36 246.91 246.92 246.98 247.03 247.07 247.09 247.14 N/A 24717 24717
rou_682 Private Road Crossing Bridge Leslie St Trib C / Reach C3 1114.47 246.49 245.49 245.69 245.89 246.09 246.28 246.62 N/A 246.81 246.81
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HEC-RAS Top of Road
Structure 3 N Section / When Weir Computed Water Surface Elevations (m)
Designation .
Type Upstream of | Flow Begins

Structure | (m 100 year Regiond

HEC-RAS Watercourse

Crossing # Crossing Location/Designation Regulatory

-year
rou_683 Private Driveway Crossing Culvert Leslie St Trib F / Reach F1 442.46 267.05 266.46 266.46 266.46 266.46 266.46 266.46 N/A 266.57 266.57
rou_684 Railway Crossing Culvert Leslie St Trib F / Reach F1 528.85 271.84 267.56 267.56 267.56 267.56 267.56 267.56 N/A 267.78 267.78
rou_686 Private Road Crossing Culvert Leslie St Trib F / Reach F1 590.14 273.18 271.32 271.32 271.32 271.32 271.32 271.32 N/A 271.68 271.68
rou_690 Accessway Crossing Culvert Upr Rouge Trib A / Reach Al 82.77 185.33 183.86 184.87 185.43 185.54 185.57 185.61 N/A 185.86 185.86
rou_692 Leslie Street Culvert Upr Rouge Trib B / Reach B1 100.95 210.28 206.43 206.56 206.84 207.21 207.22 207.66 N/A 210.11 210.11
rou_694 Townwood Drive Culvert Upr Rouge Trib H / Reach H2 2784.83 292.74 285.58 285.9 286.1 286.55 287.07 287.67 N/A 290.44 290.44
rou_695 Private Crossing Culvert Upper Rouge / Reach 10 285.28 238.37 238.55 238.7 238.78 238.89 238.96 239.03 N/A 239.24 239.24
rou_696 Private Crossing Culvert Bruce Ck Trib B / Reach B3 2235.94 23243 232.62 232.82 232.87 23292 232.95 23298 N/A 23331 23331
rou_697 19th Avenue Culvert Leslie St Trib E / Reach E1 733 243.90 241.15 241.29 2414 241.54 241.65 241.75 N/A 242.03 242.03
rou_700 Private Driveway Culvert Upr Rouge Trib H / Reach H3 108.39 23943 238.93 239 239.05 239.11 239.16 239.2 N/A 239.2 239.20
rou_702 Bridgewater Avenue Culvert Leslie St Trib / Reach 4 2299.76 283.30 283.48 283.55 283.59 283.58 283.57 283.59 N/A 283.44 283.59
rou_703 Private Road 101 upstream inline weir Inline Upper Rouge / Reach 10 224.85 237.50 238.14 238.29 238.38 238.45 238.49 238.52 N/A 238.66 238.66
rou_703 Private Road 101 upstream inline weir Inline Upper Rouge / Reach 10 224.85 237.50 238.14 238.29 238.38 238.45 238.49 238.52 N/A 238.66 238.66
rou_704 Weir U/S of rou_618 box culvert Inline Burndenet Ck / Reach 1 2177.46 198.20 198.05 198.35 198.47 198.65 198.84 199.02 N/A 199.37 199.37
rou_705 Energy Dissipation Chamber Culvert Exhibition Ck / Reach 1 2489.15 186.59 186.72 186.92 187.07 187.23 187.36 187.48 N/A 189.19 189.19
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Table 4-2 Modelled Bridges — Overtopping Crossings

Top of Road / HEC-RAS Difference between CWSE and Top of Road Elevation (m)
Crossing # | Crossing Location/Designation Structure Type HEC-RAS‘Watt'ercourse When W?ir Section .
Designation Flow Begins Upstream of 2-year 5-year 10-year 25-year 50-year 100-year 350-year Regional
(m) Structure
rou_297 Railway Crossing Culvert Leslie St Trib / Reach 4 267.31 1167.14 -3.96 -3.62 -3.21 -1.87 -0.35 -0.02 N/A -0.02
rou_301 Leslie Street Culvert Leslie St Trib / Reach 3 233.20 250.82 -0.32 0.16 0.27 0.39 0.45 0.50 N/A 0.65
rou_303 19th Avenue Bridge Leslie St Trib / Reach 3 24147 1728.41 -0.31 0.09 0.13 0.18 0.21 0.23 N/A 0.30
rou_304 Railway Crossing Culvert Leslie St Trib B / Reach B2 262.85 484.52 1830 -0.52 0.11 0.18 0.18 0.21 N/A 0.24
rou_304b | Railway Crossing Culvert Leslie St Trib B / Reach B3 263.54 502.68 -2.19 -1.58 0.04 0.15 0.19 0.22 N/A 0.19
rou_306 | Via Renzo Drive Bridge Leslie St Trib / Reach 1 213.37 612.52 -4.60 -4.27 -4.05 -3.78 -3.57 -3.39 N/A -2.28
rou_307 | Cemetery Road Culvert Leslie St Trib / Reach 1 223.20 274212 -3.62 -3.44 -3.31 -3.15 -3.05 -2.74 N/A -1.30
rou_308 Elgin Mills Road East Culvert Leslie St Trib / Reach 1 230.24 3682.84 -5.85 -5.56 -5.33 -4.99 -4.76 -4.50 N/A -2.95
rou_309 Access Road to new subdivision Bridge Leslie St Trib / Reach 2 236.49 719.13 -6.07 -5.84 -5.66 -5.42 -5.27 -5.12 N/A -4.37
rou_311 Leslie Street Culvert Leslie St Trib A / Reach Al 233.18 71.00 -0.53 0.05 0.08 0.11 0.13 0.15 N/A 0.22
rou_313 Toporowski Avenue Culvert Upr Rouge Trib D / Reach D1 219.05 526.98 -1.66 -1.48 -1.37 -1.20 -1.03 -0.85 N/A -0.59
rou_314 Elgin Mills Road East Culvert Upr Rouge Trib D / Reach D1 22512 1041.39 -1.86 -1.49 -1.29 -0.96 -0.50 0.06 N/A 0.12
rou_315 Private Driveway Culvert Upr Rouge Trib D / Reach D1 22498 1082.14 -0.78 -0.49 -0.32 -0.06 0.16 0.29 N/A 0.34
rou_316 Princeton Avenue Culvert Upr Rouge Trib C / Reach C1 216.33 146.08 -2.48 -2.42 -2.38 -2.23 -2.15 -2.08 N/A -1.63
rou_318 Apple Creek Blvd inlet structure Inline Upr Rouge Trib A / Reach Al 186.46 395.12 0.06 0.08 0.11 0.13 0.15 0.17 N/A 131
rou_319 Major Pedestrian Crossing Bridge Upr Rouge Trib A / Reach Al 186.52 548.01 0.00 0.03 0.06 0.08 0.10 0.13 N/A 1.27
rou_320 Major Pedestrian Crossing Bridge Upr Rouge Trib A / Reach Al 189.58 1008.94 -1.86 -1.76 -1.66 -1.59 -1.53 -1.45 N/A -0.33
rou_321 John Button Blvd inlet structure Inline Upr Rouge Trib A / Reach Al 189.15 1286.44 0.16 0.21 0.25 041 0.56 0.75 N/A 1.75
rou_323 16th Avenue Culvert Upr Rouge Trib A / Reach Al 193.76 1753.56 -2.51 -2.28 -2.06 -1.89 -1.75 -1.55 N/A 0.37
rou_325 Online Structure Culvert Upr Rouge Trib A / Reach Al 192.08 1887.95 -0.32 -0.18 -0.01 0.21 0.34 0.45 N/A 2.05
rou_329 Private Road Crossing Culvert Upper Rouge / Reach 10 240.32 450.25 -0.01 0.02 -0.01 0.17 0.03 0.04 N/A 0.15
rou_330 19th Avenue Culvert Upper Rouge / Reach 10 248.66 1290.68 -0.50 -0.01 0.08 0.18 0.21 0.22 N/A 0.21
rou_332 Railway Crossing Bridge Upper Rouge / Reach 10 254.45 1825.78 -0.89 -0.28 0.40 0.00 0.00 0.00 N/A 0.08
rou_333 Bayview Avenue Culvert Upper Rouge / Reach 10 256.64 2060.30 -1.63 -1.43 -1.24 -0.93 -0.68 -0.42 N/A 0.43
rou_335 Golf Crossing Culvert Upper Rouge / Reach 10 267.06 3202.21 0.19 0.26 0.30 0.37 0.41 0.46 N/A 0.54
rou_337 Golf Crossing Culvert Upper Rouge / Reach 10 270.69 351392 0.08 0.12 0.15 0.18 0.22 0.25 N/A 0.32
rou_339 Woodriver Street Bridge Upper Rouge / Reach 9 23295 276.93 -0.80 -0.61 -0.47 -0.17 -0.08 0.15 N/A 0.58
rou_340 Subrisco Avenue Culvert Upr Rouge Trib I / Reach I1 237.46 106.68 -1.62 -1.60 -1.58 -1.42 -1.32 -1.26 N/A -1.04
rou_341 Private Driveway Culvert Upr Rouge Trib 1/ Reach I1 239.34 301.11 -0.92 -0.90 -0.89 -0.88 -0.87 -0.86 N/A -0.85
rou_342 Private Driveway Culvert Upr Rouge Trib 1/ Reach I1 241.94 490.60 -1.09 -1.08 -1.07 -1.05 -1.04 -1.03 N/A -1.02
rou_343 19th Avenue Culvert Upr Rouge Trib 1/ Reach I1 248.11 907.38 -2.50 -248 -247 -2.45 -2.45 -2.44 N/A -243
rou_344 Bayview Avenue Culvert Upr Rouge Trib H / Reach H1A 231.37 63.55 -1.21 -0.28 -0.03 0.10 0.16 0.21 N/A 0.51
rou_345 Private Driveway Culvert Upr Rouge Trib H / Reach H1 231.47 152.84 -0.56 0.13 0.27 0.37 043 0.48 N/A 0.96
rou_346 Woodriver Street Culvert Upr Rouge Trib H / Reach H1 23241 267.84 -1.06 -0.74 -0.58 -0.44 -0.32 -0.21 N/A 0.49
rou_347 Private Driveway Culvert Upr Rouge Trib H / Reach H1 234.79 546.48 0.16 0.22 0.25 0.30 031 0.34 N/A 0.56
rou_348 Private Driveway Culvert Upr Rouge Trib H / Reach H1 235.06 593.01 0.14 0.22 0.24 0.28 0.30 0.36 N/A 0.56
rou_349 Private Driveway Bridge Upr Rouge Trib H / Reach H1 235.53 62291 0.02 0.12 0.17 0.21 0.26 0.29 N/A 0.56
rou_350 Subrisco Avenue Bridge Upr Rouge Trib H / Reach H1 236.71 698.31 -1.02 -0.89 -0.81 -0.70 -0.62 -0.25 N/A 0.47
rou_351 Private Driveway Culvert Upr Rouge Trib H / Reach H1 236.99 757.05 0.09 0.22 0.28 0.35 0.39 0.43 N/A 0.68
rou_352 Private Driveway Culvert Upr Rouge Trib H / Reach H1 237.36 814.59 0.07 0.17 0.21 0.26 0.28 0.32 N/A 0.54
rou_353 Private Driveway Culvert Upr Rouge Trib H / Reach H2 240.06 74.08 -0.92 -0.65 -0.42 0.07 0.14 0.19 N/A 0.45
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Designation

Top of Road /

When Weir
Flow Begins

HEC-RAS
Section
Upstream of
Structure

2-year

5-year

Difference between CWSE and Top of Road Elevation (m)

10-year

25-year

350-year
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rou_354 Railway Crossing Culvert Upr Rouge Trib H / Reach H2 249.96 693.36 -2.49 -242 -2.38 -2.06 -1.87 -1.65 N/A 0.04
rou_354b | Railway Crossing Culvert Upr Rouge Trib H / Reach H2 250.62 719.36 -247 -1.54 -0.15 -0.01 -0.01 0.01 N/A 0.20
rou_358 19th Avenue Culvert Upr Rouge Trib H / Reach H2 25740 1208.87 -1.39 -1.35 -1.25 -1.12 -1.02 -0.92 N/A -0.06
rou_359 Major Pedestrian Walkway Culvert Upr Rouge Trib H / Reach H2 258.98 1278.54 0.18 0.29 0.35 0.44 0.49 0.54 N/A 0.86
rou_361 Yonge Street / Tower Hill Road Culvert Upr Rouge Trib H / Reach H2 28457 2537.72 -5.02 -4.77 -4.63 -4.33 -4.13 -3.88 N/A -2.98
rou_362 Hwy 404 SB and NB - rou_362 and 363 Culvert Leslie St Trib D / Reach D1 236.10 266.68 -1.65 -1.46 -1.36 -1.26 -1.18 -1.10 N/A -1.30
rou_364 Trail Bridge Bridge Upr Rouge Trib E / Reach E3 234.18 175.62 -0.71 -0.46 -0.24 0.10 0.37 0.48 N/A 111
rou_365 Major Pedestrian Walkway Culvert Upr Rouge Trib E / Reach E3 236.04 278.17 -1.78 -1.58 -1.46 -1.29 -1.13 -1.03 N/A -0.44
rou_366 Railway Crossing Culvert Upr Rouge Trib E / Reach E3 24243 598.96 -3.83 -2.90 -191 -1.24 -1.11 -1.00 N/A -0.37
rou_367 Major Pedestrian Walkway Culvert Upr Rouge Trib E / Reach E3 240.28 715.19 0.23 0.33 041 0.92 1.06 1.16 N/A 1.80
rou_370 Yorkland Street Culvert Upr Rouge Trib E / Reach E3 250.39 1460.71 -1.67 -1.50 -141 -1.25 -1.17 -1.06 N/A -0.40
rou_371 Private Driveway Culvert Upr Rouge Trib E / Reach E3 257.97 1918.63 0.04 0.16 0.20 0.26 0.30 0.31 N/A 0.61
rou_372 Devonsleigh Boulevard Culvert Upr Rouge Trib E / Reach E3 261.70 2009.65 -3.40 -3.29 -3.21 -3.11 -3.05 -2.98 N/A 0.25
rou_373 Yonge Street Culvert Upr Rouge Trib E / Reach E3 264.11 2180.31 -2.76 -2.23 -1.69 -0.65 0.08 0.17 N/A 0.61
rou_374 Gamble Road Culvert Upr Rouge Trib E / Reach E3 269.65 2420.44 -4.50 -4.35 -4.24 -4.04 -3.82 -3.63 N/A 0.29
rou_379 Tower Hill Road Bridge Upr Rouge Trib E / Reach E3 295.23 3758.85 -9.12 -9.03 -8.94 -8.80 -8.72 -8.65 N/A -7.89
rou_387 Elgin Mills Road East Culvert Upper Rouge / Reach 8 22432 1229.36 -2.47 -2.33 -2.24 -1.84 -1.56 -1.29 N/A 0.30
rou_388 Private Driveway Bridge Upper Rouge / Reach 8 22342 1265.59 -0.96 -0.76 -0.61 -0.23 0.00 0.28 N/A 1.18
rou_389 Private Driveway Culvert Upper Rouge / Reach 8 228.80 2001.00 -0.56 0.18 0.30 0.44 0.54 0.59 N/A 0.94
rou_392 Rose Branch Drive Bridge Upr Rouge Trib E / Reach E2 233.95 1502.23 -3.32 -3.09 -291 -1.94 -0.85 -0.65 N/A 0.15
rou_393 Edward Avenue Culvert Upr Rouge Trib G / Reach G1 234.57 213.04 -2.12 -1.93 -1.77 -1.56 -1.20 -1.00 N/A 0.14
rou_394 Railway Crossing 001 / Bernard Avenue Culvert Upr Rouge Trib G / Reach G1 23842 581.54 -4.12 -3.97 -3.86 -3.70 -3.57 -342 N/A -2.45
rou_395 Yorkland Street Culvert Upr Rouge Trib G / Reach G1 241.86 1091.89 -2.59 -2.32 -2.11 -1.85 -1.64 -141 N/A 0.12
rou_396 Yonge Street Culvert Upr Rouge Trib G / Reach G1 247.69 1427.14 -1.79 -1.44 -1.16 -0.78 -0.30 0.13 N/A 0.39
rou_397 Private Driveway Culvert Upr Rouge Trib G / Reach G1 247.88 1476.49 -0.49 -0.12 0.10 0.18 0.23 0.32 N/A 0.41
rou_398 Brookside Road Culvert Upr Rouge Trib G / Reach G1 250.10 1703.06 -0.73 -0.54 -0.39 -0.17 -0.01 0.07 N/A 0.35
rou_399 Major Pedestrian Walkway Culvert Upr Rouge Trib G / Reach G1 258.77 2193.77 -0.04 0.14 0.23 0.28 0.35 0.42 N/A 0.68
rou_399b | Major Pedestrian Culvert Upr Rouge Trib G / Reach G1 256.70 1979.17 -2.75 -1.90 -0.50 0.00 0.00 0.06 N/A 0.28
rou_401 | Gamble Road Culvert Upr Rouge Trib G / Reach G1 275.68 2972.68 -6.19 -6.13 -5.98 -5.61 -5.38 -5.15 N/A -3.20
rou_403 Yorktech Drive Bridge Upper Rouge / Reach 2 178.10 113.86 -1.97 -1.48 -1.18 -0.60 0.00 0.04 N/A 1.89
rou_404 Pedestrian Bridge Bridge Upper Rouge / Reach 2 177.94 736.15 -1.35 -0.90 -0.56 0.03 0.56 0.77 N/A 217
rou_405 Rodick Road Bridge Upper Rouge / Reach 2 181.95 212747 -3.44 -3.02 -2.76 -2.45 -2.20 -1.96 N/A -0.18
rou_407 Hwy 7 Bridge Upper Rouge / Reach 2 183.83 2473.70 -4.37 -3.92 -3.51 -3.06 -2.76 -2.28 N/A 0.67
rou_408 Apple Creek Blvd Bridge Upper Rouge / Reach 3 187.89 747.92 -4.45 -3.97 -3.64 -3.23 -2.95 -2.67 N/A -0.47
rou_409 Woodbine Avenue Bridge Upper Rouge / Reach 3 190.94 1674.36 -4.72 -4.18 -3.80 -3.29 -291 -2.52 N/A 0.31
rou_416 16th Avenue Bridge Upper Rouge / Reach 3 193.08 293831 -3.66 -3.18 -2.85 -2.26 -1.90 -1.52 N/A 0.33
rou_419 Hwy 404 - rou_419 & rou_420 Bridge Upper Rouge / Reach 3 202.89 4838.60 -8.90 -8.40 -8.04 -7.69 -7.46 -7.16 N/A -5.90
rou_421 Major Mackenzie Drive East Culvert Upper Rouge / Reach 3 207.94 6903.15 -7.44 -6.72 -6.18 -5.19 -4.27 -3.16 N/A 0.90
rou_422 Leslie Street / York 12 Bridge Upper Rouge / Reach 5 207.61 149.23 -2.95 -2.56 -2.38 -1.90 -1.57 -1.27 N/A 1.47
rou_423 Private Driveway Bridge Upper Rouge / Reach 5 207.43 405.69 0.46 0.53 0.89 0.76 0.86 0.93 N/A 1.87
rou_424 OnLine Pond Inline Upper Rouge / Reach 5 207.09 445.70 0.81 0.92 1.26 1.18 1.30 1.40 N/A 2.35
rou_425 Redstone Road Bridge Upper Rouge / Reach 6 216.07 327.24 -3.84 -3.37 -3.19 -3.00 -2.84 -2.71 N/A -1.95
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rou_426 Shirley Drive Culvert Upr Rouge Trib E / Reach E1 220.07 534.28 -3.19 -3.10 -3.05 -2.99 -2.95 -2.89 N/A -2.27
rou_427 Bayview Avenue Culvert Upr Rouge Trib F / Reach F1 226.52 485.49 -0.85 -0.58 -0.33 0.04 0.13 0.20 N/A 0.18
rou_430 Rodick Road Culvert Beaver Ck / Reach 3 182.21 207.61 -3.86 -3.54 -3.30 -2.99 -2.77 -2.55 N/A -1.49
rou_431 Yorktech Drive Bridge Beaver Ck / Reach 3 180.70 646.33 -0.51 -0.13 -0.27 0.80 0.86 0.77 N/A 0.94
rou_432 Private Road Bridge Beaver Ck / Reach 3 181.58 1178.18 0.18 0.42 0.54 0.68 0.76 0.83 N/A 114
rou_433 Woodbine Avenue Bridge Beaver Ck / Reach 3 183.18 1449.12 -0.37 0.14 0.27 0.35 0.40 0.44 N/A 0.66
rou_434 HWY 7 Culvert Beaver Ck / Reach 3 183.29 1629.55 -0.38 0.25 0.38 0.47 0.52 0.57 N/A 0.75
rou_435 Frontenac Drive Culvert Beaver Ck / Reach 3 183.89 1769.93 -0.78 0.07 0.27 0.38 0.45 0.50 N/A 0.71
rou_437 Allstate Parkway Culvert Beaver Ck / Reach 3 184.58 214131 -0.04 0.42 0.54 0.65 0.75 0.84 N/A 111
rou_439 Centurian Drive Culvert Beaver Ck / Reach 3 187.14 2402.69 -2.40 -1.76 -1.46 -1.06 -0.75 -0.44 N/A 0.25
rou_440 Columbia Way Culvert Beaver Ck / Reach 3 186.38 2539.18 -1.11 -0.83 -0.35 0.44 0.65 0.81 N/A 1.17
rou_441 HWY 404 - rou_441/442 Bridge Beaver Ck / Reach 3 190.18 3061.23 -3.25 -2.83 -2.59 -2.31 -2.10 -1.90 N/A -1.01
rou_443 Culvert Culvert Beaver Ck / Reach 3 187.83 3178.08 -042 -0.07 0.07 0.26 0.44 0.65 N/A 1.55
rou_444 |Mural Street Culvert Beaver Ck / Reach 4 192.91 429.12 -0.89 -0.62 -0.44 -0.07 0.14 0.24 N/A 0.48
rou_445 Leslie Street Culvert Beaver Ck / Reach 4 198.73 915.90 -3.46 -2.67 -1.39 0.18 0.34 0.47 N/A 0.87
rou_446 Boake Trail Culvert Beaver Ck / Reach 4 203.82 1523.27 -4.54 -4.39 -4.22 -4.09 -3.98 -3.89 N/A -2.96
rou_449 Clarendon Drive Culvert Beaver Ck / Reach 4 21494 2799.70 -3.12 -3.00 -2.93 -2.84 -2.67 -2.54 N/A -1.83
rou_450 Major Mackenzie Drive East Culvert Beaver Ck / Reach 4 220.54 3346.55 -3.84 -3.67 -3.56 -3.45 -3.36 -3.28 N/A -1.90
rou_451 Frank Endean Road Culvert Beaver Ck / Reach 4 221.67 3521.01 -2.27 -2.23 -2.21 -2.18 -2.16 -2.14 N/A -2.16
rou_452 Cassata Avenue Culvert Beaver Ck / Reach 4 222.34 3646.79 -2.81 -2.74 -2.70 -2.64 -2.60 -2.57 N/A -2.61
rou_453 Online Pond Culvert Beaver Ck / Reach 4 218.85 3402.16 0.15 0.19 0.21 0.23 0.25 0.27 N/A 0.26
rou_466 HWY 407ETR Culvert Beaver Ck Trib A / Reach Al 181.14 173.75 -4.38 -4.01 -3.78 -3.48 -3.24 -2.94 N/A -0.91
rou_467 SubStation Access Road Culvert Beaver Ck Trib A / Reach A3 178.51 165.59 -0.62 -0.04 0.17 0.29 0.35 041 N/A 1.76
rou_475 19th Avenue Culvert Berczy Ck / Reach 5 237.97 1398.65 -1.47 -0.91 -0.46 0.14 0.28 0.36 N/A 0.90
rou_477 19th Avenue Culvert Berczy Ck Trib C / Reach C1 237.76 680.44 -0.99 -0.64 -0.18 0.03 0.09 0.12 N/A 0.19
rou_478 Berczy Creek Way Bridge Berczy Ck / Reach 2 184.74 145.85 -1.33 -0.94 -0.77 -0.24 -0.07 0.11 N/A 0.84
rou_479 Warden Avenue Bridge Berczy Ck / Reach 2 189.35 340.05 -4.18 -3.72 -3.37 -2.89 -2.56 -2.28 N/A 0.33
rou_480 | Warden Avenue Bridge Berczy Ck / Reach 2 198.02 1058.09 -6.02 -5.72 -5.43 -5.14 -4.75 -4.56 N/A -2.78
rou_483 Warden Avenue Culvert Berczy Ck / Reach 2 213.65 2217.99 -9.80 -9.00 -8.38 -7.56 -7.00 -6.55 N/A 0.31
rou_484 Major MacKenzie Dr E Culvert Berczy Ck / Reach 2 213.52 2323.27 -9.60 -8.75 -8.07 -7.14 -6.48 -5.92 N/A 0.82
rou_485 Elgin Mills Rd E Culvert Berczy Ck / Reach 2 22141 6321.20 -2.39 -1.60 -0.86 0.13 0.31 0.40 N/A 0.95
rou_488 Woodbine Ave Culvert Berczy Ck Trib B / Reach B2 235.04 1516.31 0.09 0.17 0.22 0.28 0.31 0.34 N/A 0.48
rou_495 19th Avenue Culvert Berczy Ck Trib B / Reach B2 23747 1979.73 -0.80 -0.55 -0.22 0.03 0.11 0.15 N/A 0.29
rou_497 Hwy 404 - rou_497/498 Culvert Berczy Ck Trib B / Reach B2 252.79 3413.17 -3.06 -3.01 -2.97 -2.93 -2.90 -2.87 N/A -2.78
rou_499 43 Woodbine Avenue Culvert Carlton Ck / Reach 2 205.37 1384.38 -2.77 -2.38 -2.14 -1.89 -1.71 -1.53 N/A -0.02
rou_500 | 43 Major Mackenzie Drive East Culvert Carlton Ck / Reach 2 205.40 1464.88 -1.61 -0.76 -0.02 0.02 0.06 0.09 N/A 0.32
rou_501 Woodbine Avenue Culvert Carlton Ck / Reach 3 205.37 103.36 -1.12 -0.73 0.04 0.06 0.10 0.14 N/A 0.36
rou_502 Vine Cliff Blvd. Culvert Carlton Ck / Reach 3 215.25 947.56 -2.70 -2.58 -2.50 -2.33 -2.22 -2.10 N/A -1.33
rou_503 Woodbine Avenue Culvert Carlton Ck / Reach 3 216.28 1165.77 -0.89 -0.23 0.00 0.00 0.00 0.00 N/A 0.15
rou_504 Prince Regent Street Culvert Carlton Ck / Reach 3 221.23 1552.24 -2.83 -2.67 -2.56 -243 -2.35 -2.27 N/A -1.70
rou_505 Reflection Road Culvert Carlton Ck / Reach 3 220.93 1882.76 -1.59 -1.52 -1.49 -1.42 -1.37 -1.32 N/A -0.93
rou_506 Woodbine Avenue ByPass Culvert Carlton Ck / Reach 3 222.16 2089.99 -2.07 -2.01 -1.97 -1.91 -1.87 -1.82 N/A -1.52
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Top of Road / HEC-RAS Difference between CWSE and Top of Road Elevation (m)
Crossing # | Crossing Location/Designation Structure Type HEC-RAS‘Watt'ercourse When W?ir Section .
Designation Flow Begins Upstream of 2-year 5-year 10-year 25-year 350-year Regional
Structure
rou_507 Private Driveway Bridge Carlton Ck / Reach 2 200.24 477.93 0.24 0.37 0.63 0.50 0.53 0.56 N/A 0.72
rou_508 Private Driveway Bridge Carlton Ck / Reach 2 200.91 601.00 -0.28 0.00 0.03 0.13 0.30 0.15 N/A 0.28
rou_509 Private Driveway Bridge Carlton Ck / Reach 2 200.86 648.88 -0.15 0.13 0.18 0.24 0.35 0.30 N/A 0.43
rou_510 Personna Blvd. Culvert Carlton Ck / Reach 2 201.46 722.63 -0.72 -041 -0.31 -0.12 0.09 0.14 N/A 0.52
rou_512 |Old Farm Lane Way Bridge Berczy Ck / Reach 1 182.22 2509.65 -1.98 -1.59 -1.34 -0.94 -0.64 -0.33 N/A 1.02
rou_513 Glenburn Forest Way Bridge Berczy Ck / Reach 1 184.53 274424 -2.57 -2.24 -2.00 -1.57 -1.34 -1.07 N/A 0.64
rou_514 Warden Avenue Bridge Carlton Ck / Reach 1 186.20 174.60 -2.07 -1.89 -1.79 -1.60 -1.46 -1.32 N/A -0.04
rou_515 45 Personna Blvd. Culvert Carlton Ck TribA / Reach Al 199.99 270.32 -0.18 0.03 0.06 0.09 0.12 0.12 N/A 0.19
rou_516 Richard Person Drive Culvert Carlton Ck TribA / Reach Al 201.01 395.40 -0.27 0.02 0.07 0.11 0.13 0.15 N/A 0.25
rou_521 16th Avenue Culvert Berczy Ck / Reach 1 178.08 1659.94 -1.00 -0.52 0.03 0.32 0.23 0.29 N/A 1.08
rou_527 Farm Road Culvert Bruce Ck Trib A / Reach Al 216.92 2561.47 -0.68 -0.64 -0.21 -0.02 -0.02 0.10 N/A 0.35
rou_529 Warden Avenue Culvert Bruce Ck Trib A / Reach Al 214.38 2209.84 -0.84 -0.80 -0.44 0.03 0.07 0.13 N/A 0.28
rou_534 Golf Bridge 001 Culvert Bruce Ck Trib A / Reach Al 193.53 146.02 -3.91 -3.81 -3.76 -3.71 -3.62 -3.51 N/A 0.16
rou_535 Major Mackenzie Drive East Culvert Bruce Ck Trib A / Reach Al 197.34 565.18 -4.06 -4.01 -3.86 -3.58 -3.40 -3.09 N/A -1.93
rou_543 Private Crossing Culvert Bruce Ck Trib C / Reach C1 233.20 1676.34 0.10 0.12 -0.02 0.16 0.17 0.18 N/A 0.22
rou_547 19th Avenue Culvert Bruce Ck Trib B / Reach B3 23197 2026.78 -1.42 -1.34 -1.27 -1.18 -1.12 -1.07 N/A -0.21
rou_549 Private Crossing Culvert Bruce Ck Trib B / Reach B3 232.71 2226.33 -0.13 0.10 0.14 0.18 0.20 0.22 N/A 0.33
rou_562 Warden Ave Culvert Bruce Ck Trib B / Reach B3 242.25 3778.57 -1.47 -1.10 -0.83 -0.20 0.05 0.07 N/A 0.11
rou_567 Elgin Mills Road East Culvert Bruce Ck Trib B / Reach B1 211.44 150.79 -1.93 -1.74 -1.63 -1.49 -1.38 -1.28 N/A 0.42
rou_568 Warden Ave Culvert Bruce Ck Trib E / Reach E1 246.65 875.52 -1.19 -0.97 -0.80 -0.54 -0.21 0.06 N/A 0.17
rou_569 Stoufille Road Culvert Bruce Ck / Reach 6 240.55 731.10 -2.95 -2.66 -2.42 -2.04 -1.60 -1.38 N/A 0.58
rou_573 16th Avenue Bridge Bruce Ck / Reach 2 176.26 780.78 -1.84 -146 -1.24 -0.89 -0.59 -0.31 N/A 0.76
rou_579 Major Golfcourse Cart Path Bridge Bruce Ck / Reach 2 181.99 221991 -2.27 -1.93 -1.70 -1.31 -1.05 -0.82 N/A 0.64
rou_584 | Angus Glen Blvd Bridge Bruce Ck / Reach 2 188.00 3074.64 -4.89 -4.76 -4.64 -4.35 -4.12 -3.84 N/A -2.37
rou_588 Major Mackenzie Drive East Bridge Bruce Ck / Reach 3 199.10 1003.39 -5.28 -5.05 -4.89 -4.45 -4.17 -3.92 N/A -1.48
rou_594 Elgin Mills Road East Bridge Bruce Ck / Reach 4 212.24 407.15 -2.32 -1.97 -1.74 -1.56 -1.39 -1.18 N/A 0.65
rou_596 Private Crossing Bridge Bruce Ck / Reach 4 213.54 705.89 -0.75 0.10 0.30 0.48 0.83 0.67 N/A 1.89
rou_597 Private Crossing Bridge Bruce Ck / Reach 4 214.32 846.92 -0.72 -0.15 0.33 0.57 0.71 0.82 N/A 1.82
rou_598 Kennedy Road 001 Bridge Bruce Ck / Reach 4 219.69 1387.61 -3.89 -3.59 -3.35 -2.97 -2.65 -2.37 N/A 0.35
rou_599 Private Crossing Bridge Bruce Ck / Reach 4 221.72 2390.28 -1.03 -0.64 -0.33 0.12 0.20 0.45 N/A 1.32
rou_600 Kennedy Road Bridge Bruce Ck / Reach 4 22346 2579.89 -2.17 -1.60 -1.32 -1.00 -042 -0.31 N/A 2.23
rou_601 19th Ave Bridge Bruce Ck / Reach 4 229.76 4650.26 -1.35 -1.09 -0.91 -0.72 -047 -0.15 N/A 0.82
rou_610 Major Driveway Bridge Bruce Ck / Reach 4 233.99 6270.82 -0.97 -0.58 -0.28 0.18 0.55 0.58 N/A 1.08
rou_611 Private Crossing Bridge Bruce Ck / Reach 4 235.70 6307.69 -1.54 -1.25 -0.99 -0.54 -0.22 0.15 N/A 141
rou_612 Stoufille Road Culvert Bruce Ck Trib F / Reach F1 244.90 810.98 -5.05 -4.85 -473 -4.53 -4.43 -3.98 N/A -1.69
rou_614 Pedestrian Crossing near Burdenford Crescent Bridge Burndenet Ck / Reach 1 180.77 305.71 -0.02 0.21 0.29 0.38 0.43 0.49 N/A 0.87
rou_615 16th Avenue Culvert Burndenet Ck / Reach 1 191.88 1107.47 -1.35 -1.15 -1.03 -1.26 -1.04 -0.83 N/A 0.67
rou_616 The Bridle Walk Culvert Burndenet Ck / Reach 1 196.22 1277.38 -3.69 -3.57 -3.49 -3.42 -3.37 -3.32 N/A -2.75
rou_618 Wilfred Murison Ave Culvert Burndenet Ck / Reach 1 200.33 2172.53 -2.50 -2.40 -2.35 -2.28 -2.18 -2.07 N/A -1.08
rou_620 Bur Oak Drive Culvert Burndenet Ck / Reach 1 201.73 2803.71 -2.64 -2.50 -241 -2.29 -2.18 -2.08 N/A -0.88
rou_621 Edward Jeffreys Avenue Culvert Robinson Trib A / Reach Al 203.19 435.99 -3.37 -3.21 -3.08 -2.94 -2.81 -2.70 N/A -1.76
rou_622 Trail Bridge Culvert Robinson Trib A / Reach Al 204.68 842.74 -1.01 -0.59 -0.05 0.21 0.30 0.36 N/A 0.77
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Top of Road / HEC-RAS Difference between CWSE and Top of Road Elevation (m)
Crossing # | Crossing Location/Designation Structure Type HEC-RAS‘Watt'ercourse When W?ir Section .
Designation Flow Begins Upstream of 2-year 5-year 10-year 25-year 350-year Regional
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rou_623 Bur Oak Avenue Culvert Robinson Trib A / Reach Al 207.72 1163.70 -0.61 -0.51 -0.45 -0.37 -0.31 -0.26 N/A 0.33
rou_624 Trail Bridge Bridge Robinson Trib A / Reach Al 208.72 1199.23 -0.28 -0.24 -0.20 -0.16 -0.13 -0.10 N/A 0.29
rou_625 Trail Bridge Bridge Robinson Trib A / Reach Al 208.63 1252.80 0.07 0.18 0.20 0.26 031 0.34 N/A 0.55
rou_626 | Trail Bridge Culvert Robinson Trib A / Reach Al 209.37 1343.30 0.14 0.18 0.20 0.22 0.23 0.25 N/A 0.32
rou_628 Leslie Street Culvert Leslie St Trib C / Reach C4 262.38 294.18 0.08 0.19 0.27 0.37 0.38 0.40 N/A 0.31
rou_629 Railway crossing near Leslie Street Culvert Leslie St Trib C / Reach C4 270.32 549.01 0.00 0.03 0.08 0.13 0.15 0.18 N/A 0.20
rou_630 Driveway Crossing Culvert Leslie St Trib C / Reach C4 262.94 326.42 0.09 0.15 0.22 0.29 0.32 0.36 N/A 0.39
rou_631 Driveway Crossing Culvert Leslie St Trib C / Reach C4 264.33 438.65 -0.10 0.12 0.19 0.30 0.33 0.36 N/A 0.40
rou_632 Private Driveway Culvert Leslie St Trib C / Reach C4 266.63 571.80 3.69 3.72 3.77 3.83 3.84 3.87 N/A 3.89
rou_633 Stouffville Road Culvert Leslie St Trib C / Reach C4 274.57 1079.79 -2.89 -211 0.04 0.19 0.20 0.25 N/A 0.29
rou_635 Highway 7 / Wellington Street Culvert Robinson Ck / Reach 1 179.19 673.08 -7.47 -7.31 -7.14 -6.97 -6.84 -6.71 N/A -3.20
rou_636 Robinson Street Culvert Robinson Ck / Reach 1 180.95 1159.61 -0.77 -0.53 -0.37 -0.19 -0.06 0.30 N/A 1.02
rou_637 Bullock Drive Culvert Robinson Ck / Reach 1 185.79 1424.47 -3.60 -3.24 -291 -2.54 -2.26 -2.02 N/A 0.22
rou_639 Railway Bridge Robinson Ck / Reach 1 189.49 1536.52 -5.80 -5.58 -5.40 -5.18 -5.01 -4.86 N/A -2.86
rou_641 Raymerville Drive Culvert Robinson Ck / Reach 1 186.79 1858.30 -1.38 -1.05 -0.82 -0.56 -0.35 -0.16 N/A 0.78
rou_642 Pedestrian Crossing Culvert Robinson Ck / Reach 1 189.94 2529.61 -1.20 -0.55 -0.12 0.17 0.25 0.30 N/A 0.22
rou_643 Raymerville Drive Culvert Robinson Ck / Reach 1 193.43 3155.06 -1.35 -1.08 -0.88 -0.63 -041 -0.17 N/A 0.08
rou_644 16th Avenue Culvert Robinson Ck / Reach 1 196.90 3355.69 -3.28 -2.99 -2.64 -1.86 -1.53 -1.24 N/A 0.60
rou_645 Roy Rainey Avenue Bridge Robinson Ck / Reach 2 203.16 606.41 -4.14 -4.02 -3.92 -3.79 -3.70 -3.61 N/A -2.89
rou_646 Bur Oak Avenue Culvert Robinson Ck / Reach 2 206.26 1513.12 -2.74 -2.49 -243 -2.37 -2.23 -2.25 N/A -1.35
rou_647 McCowan Road Culvert Robinson Ck / Reach 2 207.10 1799.24 -2.44 -2.29 -2.19 -1.98 -1.87 -1.76 N/A -0.15
rou_648 Castlemore Avenue Culvert Robinson Ck / Reach 2 206.21 2307.52 -0.69 -0.52 -0.37 -0.19 0.02 0.14 N/A 1.14
rou_649 Major Mackenzie Drive East Culvert Robinson Ck / Reach 2 207.62 2872.45 -1.38 -1.24 -1.18 -1.13 -1.08 -1.04 N/A 0.26
rou_652 Elgin Mills Road East Culvert Robinson Ck / Reach 3 22117 2396.86 -0.33 -0.08 0.04 0.06 0.09 0.09 N/A 0.13
rou_654 Drakefield Road Culvert Milne WaterC / Reach 1 173.47 566.45 -1.28 -0.69 -0.23 0.20 0.30 0.37 N/A 1.31
rou_656 Bullock Drive Culvert Milne WaterC / Reach 1 185.84 1702.68 -0.71 -0.36 -0.13 0.09 0.15 0.20 N/A 0.24
rou_659 Markham Road Bridge Lower Rouge / Reach 5 169.85 87441 -7.71 -7.14 -6.82 -6.36 -6.04 -5.67 N/A -1.66
rou_662 Driveway Culvert Exhibition Ck / Reach 2 198.39 1211.37 -143 -1.18 -1.00 -0.82 -0.68 -0.52 N/A 0.32
rou_664 Bur Oak Ave Culvert Exhibition Ck / Reach 2 204.79 2070.85 -2.32 -2.22 -2.14 -2.04 -1.97 -1.86 N/A -1.68
rou_668 16th Avenue Culvert Exhibition Ck / Reach 2 198.20 959.45 -247 -2.30 -2.17 -2.04 -1.94 -1.83 N/A -0.93
rou_669 SWM Pond Culvert Exhibition Ck / Reach 2 196.57 1020.66 0.30 0.44 0.53 0.60 0.65 0.69 N/A 0.96
rou_670 Tuclor Lane Culvert Exhibition Ck / Reach 1 166.80 226.00 -2.58 -2.27 -2.06 -1.81 -1.62 -143 N/A 0.55
rou_671 Accessway Culvert Exhibition Ck / Reach 1 166.18 271.69 -1.39 -1.08 -1.06 -0.66 -047 -0.23 N/A 1.15
rou_672 Hwy 7 Culvert Exhibition Ck / Reach 1 179.48 987.76 -6.43 -6.29 -6.20 -5.80 -5.67 -5.56 N/A -3.67
rou_673 Edward Street/Driveway Culvert Exhibition Ck / Reach 1 179.65 1241.12 -3.55 -341 -331 -3.20 -3.08 -2.90 N/A -0.19
rou_674 Church Street Culvert Exhibition Ck / Reach 1 186.49 1672.92 -4.15 -3.89 -3.70 -3.50 -3.36 -3.23 N/A -1.25
rou_675 Parkway Ave Culvert Exhibition Ck / Reach 1 188.31 2020.17 -2.70 =242 -2.22 -2.01 -1.86 -1.72 N/A 041
rou_676 Ramona Blvd Culvert Exhibition Ck / Reach 1 188.57 2264.13 -241 -2.14 -1.93 -1.69 -1.52 -1.36 N/A 0.54
rou_679 19th Avenue Culvert Leslie St Trib C / Reach C3 240.57 550.68 -0.76 -0.56 -0.17 0.18 0.18 0.22 N/A 0.36
rou_680 Private Road Crossing Culvert Leslie St Trib C / Reach C3 246.91 1239.36 0.01 0.07 0.12 0.16 0.18 0.23 N/A 0.26
rou_682 Private Road Crossing Bridge Leslie St Trib C / Reach C3 246.49 1114.47 -1.00 -0.80 -0.60 -0.40 -0.21 0.13 N/A 0.32
rou_683 Private Driveway Crossing Culvert Leslie St Trib F / Reach F1 267.05 442.46 -0.59 -0.59 -0.59 -0.59 -0.59 -0.59 N/A -0.48
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rou_684 Railway Crossing Culvert Leslie St Trib F / Reach F1 271.84 528.85 -4.28 -4.28 -4.28 -4.28 -4.28 -4.28 N/A -4.06
rou_686 Private Road Crossing Culvert Leslie St Trib F / Reach F1 273.18 590.14 -1.86 -1.86 -1.86 -1.86 -1.86 -1.86 N/A -1.50
rou_690 Accessway Crossing Culvert Upr Rouge Trib A / Reach Al 185.33 82.77 -1.47 -0.46 0.10 0.21 0.24 0.28 N/A 0.53
rou_692 Leslie Street Culvert Upr Rouge Trib B / Reach B1 210.28 100.95 -3.85 -3.72 -344 -3.07 -3.06 -2.62 N/A -0.17
rou_694 | Townwood Drive Culvert Upr Rouge Trib H / Reach H2 292.74 2784.83 -7.16 -6.84 -6.64 -6.19 -5.67 -5.07 N/A -2.30
rou_695 Private Crossing Culvert Upper Rouge / Reach 10 238.37 285.28 0.18 0.33 041 0.52 0.59 0.66 N/A 0.87
rou_696 Private Crossing Culvert Bruce Ck Trib B / Reach B3 23243 2235.94 0.19 0.39 0.44 0.49 0.52 0.55 N/A 0.88
rou_697 19th Avenue Culvert Leslie St Trib E / Reach E1 243.90 733.00 -2.75 -2.61 -2.50 -2.36 -2.25 -2.15 N/A -1.87
rou_700 Private Driveway Culvert Upr Rouge Trib H / Reach H3 23943 108.39 -0.50 -0.43 -0.38 -0.32 -0.27 -0.23 N/A -0.23
rou_702 Bridgewater Avenue Culvert Leslie St Trib / Reach 4 283.30 2299.76 0.18 0.25 0.29 0.28 0.27 0.29 N/A 0.14
rou_703 Private Road 101 upstream inline weir Inline Upper Rouge / Reach 10 237.50 224.85 0.64 0.79 0.88 0.95 0.99 1.02 N/A 1.16
rou_703 Private Road 101 upstream inline weir Inline Upper Rouge / Reach 10 237.50 224.85 0.64 0.79 0.88 0.95 0.99 1.02 N/A 1.16
rou_704 | Weir U/S of rou_618 box culvert Inline Burndenet Ck / Reach 1 198.20 2177.46 -0.15 0.15 0.27 0.45 0.64 0.82 N/A 117
rou_705 Energy Dissipation Chamber (D/S rou_667) Culvert Exhibition Ck / Reach 1 186.59 2489.15 0.13 0.33 0.48 0.64 0.77 0.89 N/A 2.60

- Structure not overtopped
- Structure overtopped
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The MNRF's Technical Guide River & Stream Systems: Flooding Hazard Limit (2002) (ref. Section
4.13 of the guidelines) defines a spill as occurring when flood levels overtop the banks of a
watercourse and spill overland away from the watercourse channel. Frequently, this spill will move
into another watershed or join the originating watercourse at a distance downstream. Further, the
guidelines describe that:

“The effect of spills moving into another watershed should be assessed to determine the
potential flood risks. Alternative measures should be investigated to prevent the spill moving
into the adjacent watershed. If the amount of spill is relatively small, less than 10% of the
peak flow, the flood plain mapping for the watercourse should be based on the original flow,
without any deduction for the spill. For larger spills, allowance for the reduced flow should
only be made where the review of alternatives proves that the spill cannot be prevented,
either because there are no feasible alternatives or the costs, when compared to the potential
benefits, are too high. Where the spill re-joins the watercourse further downstream, the route
of the spill should be examined to determine the potential harmful effects of overland flow.
No reduction should be made for the spill in the downstream flood plain computations.”

For the current study, twenty-one (21) potential spill areas have been identified as an outcome of
the finalization of the delineations of the flood inundation limits. Details regarding these locations
are described in greater detail in the following sections.

The deliverable from the assessment of possible spill locations has been to identify to TRCA areas
of legitimate spill only. Modelling of any spill path is beyond the identified study scope of work.
As well, spill paths illustrated in figures in this report should only be considered approximate
having been determined only by visual interpretation of available topographic information.

4.2.1 Spill Area #1 — Hare Court Structure (rou_667)

Spill Area #1 is located about 500 m south of the intersection York Region Rail Line and
16" Avenue; alternately 500m south along the York Region Rail Line from crossing structure
rou_668 on 16" Avenue in the City of Markham near HEC-RAS sections 480.01 and 454.02
(ref. Figure 4-1).

The spill originates from watercourse Exhibition Ck — Reach 2 and available topographic
information suggests spill flows in a southerly and easterly direction. The spill path travels south
along the east ditch of the railway line for 185m. The general grade along this extent of the spill
path is about 2.5%. The watercourse then travels east for 225m toward structure rou_705 on
watercourse Exhibition Ck — Reach 1. The general grade along this extent of the spill path is about
1.8%. The Regulatory Flood computed water surface elevations on the downstream and upstream
sides using HEC-RAS section 480.01 and 454.02 from Exhibition Ck — Reach 2 are 195.26m and
195.46m respectively; a difference of 0.19m.
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» The topography of the area gradually decreases to the southeast. The elevation in the
general spill location is 195.5m.

» The spill path widths are each about 10m.

» The Regional Flood flow at this location is approximately 33.3 m®/s.

Legend
Regional Flood
m=) Spill Path

(approximate)

I Spill Location

Figure 4-1 Spill Area #1 - York Region Rail Line in Markham - Possible Spill Pathways

4.2.2 Spill Area #2 - Farm Road 001 (Structure rou_527)

Spill Area #2 is located west of Warden Avenue near HEC-RAS section 2532.83 at structure rou_527
in the City of Markham (ref. Figure 4-2).

This spill originates from watercourse Bruce Ck Trib A — Reach Al and available topographic
information suggests spill flow will follow for 250m in an easterly direction towards Warden
Avenue. The relatively level topography on the west side of Warden Avenue suggests the water
may pool along the west side of Warden Avenue. The width of the spill is about 40m. The grade
along the spill path is about 1.2%.

» The topography of the area gradually decreases to the south-east. The general elevation
around the spill location is 217 m.

» The Regulatory Flood computed water surface elevations on the downstream and upstream
sides of the Farm Road 001 Structure rou_527 are 216.88m and 217.27m respectively, a
difference of 0.39m (about 1 foot 3 inches).

» The width of the spill zone is about 250 m.

» The Regional Flood flow at this location is approximately 13.7 m*/s.
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Legend
Regional Flood

== Spill Path

(approximate)

I Spill Location

Google Earth

Figure 4-2 Spill Area #2 - Structure rou_527 in Markham - Possible Spill Pathways

4.2.3 Spill Area #3 - Located between HEC-RAS sections 387.50 and 310.44 near 19"
Avenue (Structure rou_477)

Spill Area #3 is located about 900m southwest of the intersection 19" Avenue and Warden Avenue
between HEC-RAS sections 287.50 and 310.44 along watercourse Berczy Ck Trib C — Reach Cl1 in
the City of Markham (ref. Figure 4-3).

The spill originates from watercourse Berczy Ck Trib C — Reach C1 and available topographic
information suggest spill flow will follow in a southerly direction through the field southwest of
the intersection of 19" Avenue and Warden Avenue. A portion of the spill may flow to watercourse
Berczy Ck — Reach 4 after about 450 m. The spill may also be conveyed further south through the
field for about 1.1 km before joining watercourse Berczy Ck Trib A — Reach Al. Another possible
path is to watercourse Bruce Ck Trib C — Reach C1, also about 1.1 km distance from the spill origin.
Grades along these spill paths are about 1.0%.

The Regional Flood computed water surface elevations on the downstream and upstream sides
using HEC-RAS sections 387.50 and 310.44 from Berczy Ck Trib C — Reach C1 are 233.60 m and
233.99 m respectively, a difference of 0.39m. The depth of water expected to flow through the
spill path would be about 0.99m based on the elevation of the spill site.

» The topography of the area gradually decreases to the south. The general elevation around
the spill location is 233m.
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» The width of the spill zone is 300m wide with spill paths about 5-10m wide.

» The Regional Flood flow at this location is approximately 7.6 m>/s.

Legend
Regional Flood

m=) Spill Path

(approximate)

I Spill Location

Figure 4-3 Spill Area #3 - Berczy Ck Trib C - Reach C1- Possible Spill Pathways

424 Spill Area #4 - Near Woodbine Avenue and 19" Avenue (near Structure rou_488)

Spill Area #4 is located about 435m southwest from the intersection 19" Avenue and Woodbine
Avenue at HEC-RAS sections 1729.82 and 1754.96 near structure rou_488 in the City of Markham
(ref. Figure 4-4).

The spill originates from watercourse Berczy Ck Trib B — Reach B2. Available topographic
information suggests spill flow will be in a south-east direction for about 250m towards Woodbine
Avenue where spill flow will rejoin the floodplain. The Regional Flood computed water surface
elevations at HEC-RAS sections 1754.96 and 1729.82, on Berczy Ck Trib B — Reach B2, are
236.29 m and 236.31 m respectively, a difference of only 0.02m.

» The topography of the area gradually decreases to the south. The general elevation around
the spill location is 235.5m.
» The width of the spill zone is about 170m wide.

» The Regional Flood flow at this location is approximately 17.2 m3/s between HEC-RAS
sections 1754.96 and 1729.82, and 22.4 m3/s at structure rou_488.
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Figure 4-4 Spill Area #4 - Berczy Ck Trib B — Reach B2 at HEC-RAS Section 1729.82 in
Markham - Possible Spill Pathway

4.2.5 Spill Area #5 - Woodbine Avenue (Structure rou_503)

Spill Area #5 is located about 40m north of intersection Woodbine Avenue and Vine Cliff
Boulevard at crossing Structure rou_503 in the City of Markham (ref. Figure 4-5).

The spill originates from watercourse Carlton Ck — Reach 3 and available topographic information
suggests spill flow will follow in a southerly direction on Woodbine Avenue for about 580m
towards the intersection of Woodbine Avenue and the Woodbine Avenue Bypass where it
continues south on the Woodbine Avenue Bypass until it rejoins the same watercourse at crossing
rou_501; a total distance of about 800m. This watercourse is connected at HEC-RAS junction 22
with Carlton Ck — Reach 3 and Carlton Ck Trib B — Reach B1. The average grade along this spill
path is 1.4%. As well, as the spill flows south on Woodbine Avenue, there is potential for spill water
streams to return Carlton Ck — Reach 3 at various locations along the spill path as the grade to
the east of Woodbine Avenue is 4.0%.

» The topography of the area gradually decreases to the south. The general elevation around
the spill location is 215m.

» The Regional Flood computed water surface elevations, on the downstream and upstream
sides of the Woodbine Avenue structure rou_503 crossing, are 215.70m and 216.43m
respectively, a difference of 0.73m (about 2 feet 4.7 inches).

» The width of the spill zone is about 100m with spill path about 10m wide.

» The Regional Flood flow at this location is approximately 23.4 m?/s.
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Figure 4-5 Spill Area #5 — Woodbine Avenue Structure rou_503 - Possible Spill Pathways

4.2.6 Spill Area #6 — Leslie Street (Structure rou_445)

Spill Area #6 is located about 80m north from the intersection of 16™ Avenue and Leslie Street at
structure rou_445 in the City of Richmond Hill (ref. Figure 4-6).

The spill originates from watercourse Beaver Ck — Reach 4 and available topographic information
suggests the spill will flow south towards the intersection 16™ Avenue and Leslie Street for about
80m. The grade along this spill path is approximately 4.5%. As well, based on the topography of
the are, some of the spill water is expected to flow east along 19" Avenue for 190m with a grade
of 0.3%. There is potential for pooling at HEC-RAS section 655.06 as the elevation is consistently
196m for about 100m along the north ditch parallel to 16™ Avenue. As well, based on the
topography of the area, the spill will travel south and re-enter, Beaver Ck — Reach 4 near structure
rou_ 444.

» The topography of the area gradually decreases to the south-east. The general elevation
around the spill location is 197m.

» The Regional Flood computed water surface elevations, on the downstream and upstream
sides of the Leslie Street structure rou_445 crossing, are 194.61m and 199.60m respectively,
a difference of 4.99m (about 16 feet 4.5 inches).

» The width of the spill zone is about 150m with spill paths about 10-25m wide.

» The Regional Flood flow at this location is approximately 51.4 m?/s.
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Figure 4-6 Spill Area #6 - Leslie Street (Structure rou_445) in Richmond Hill -
Possible Spill Path

4.2.7 Spill Area #7 — Railway Crossing near Leslie Street (Structure rou_629)

Spill Area #7 is located 850m southwest from the intersection of Stouffville Road and Leslie Street,
alternatively about 500m southwest from the intersection of the railway crossing near Leslie Street
and structure rou_629 on Leslie Street in the City of Richmond Hill (ref. Figure 4-7).

The spill originates from watercourse Leslie St Trib C — Reach 4 and available topographic
information suggests the spill will flow east towards Leslie Street for 300m along the property line
ditch towards rou_628 to rejoin the same watercourse. The grade along the spill path described
in an easterly direction is about 3%. As well, some of the spill would be expected to flow in a
southwesterly direction along the south side of the railway tracks towards structure rou_297 for
about 400m and join watercourse Leslie St Trib — Reach 4. The grade along this route is
approximately 2.3%.

» The topography of the area gradually decreases to the south-east. The general elevation
around the spill location is 270m.

» The Regional Flood computed water surface elevations, on the downstream and upstream
sides of the Railway Crossing near Leslie St. structure rou_629 crossing, are 265.77m and
270.52m respectively, a difference of 4.75m (about 15 feet 7 inches).

» The width of the spill zone is 550m with spill paths about 5-10m.

» The Regional Flood flow at this location is approximately 16.5 m*/s.
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Figure 4-7 Spill Area #7 - Railway Crossing near Leslie St. - Possible Spill Pathway

4.2.8 Spill Area #8 — Leslie Street Field (Structure rou_628)

Spill Area #8 is located about 840m south from the intersection of Stouffville Road and Leslie
Street south along Leslie Street at structure rou_628 in the City of Richmond Hill (ref. Figure 4-8).

The spill originates from watercourse Leslie St Trib C — Reach C4 and available topographic
information suggests the spill will flow south along the ditch on the west side of Leslie Street for
at least 250m. The grade of the ditch parallel to Leslie Street in a southerly direction is about 1.1%
which has greater potential of spill flow. There is marginal potential that the spill would then be
expected to flow in a southwesterly direction for 280m with a grade of 0% and enter watercourse
Leslie St Trib C — Reach 4.

» The topography of the area gradually decreases to the southeast. The general elevation
around the spill location is 261m.

» The Regional Flood computed water surface elevations, on the downstream and upstream
sides of the Leslie Street rou_628 crossing, are 261.79m and 262.78m respectively, a
difference of 0.99m (about 3 feet 3 inches).

» The width of the spill zone is about 250m with spill paths about 5-15m wide.

» The Regional Flood flow at this location is approximately 16.5 m?/s.
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Figure 4-8 Spill Area #8 - Leslie Street (Structure rou_628) in Richmond Hill -
Possible Spill Pathways

4.2.9 Spill Area #9 — 10 Railway Crossing (Structure rou_297)

Spill Area #9 is located about 1.8 km northeast from the intersection of 19" Avenue and Bayview
Avenue along the railway tracks at crossing structure rou_297 in the City of Richmond Hill
(ref. Figure 4-9).

The spill originates from watercourse Leslie St Trib — Reach 4 and flows southwest along the north
ditch of the railway track for about 300 m before entering watercourse Leslie St Trib B — Reach B3.
The grade along this spill path is about 1.3%.

Along the south side of the railway tracks, the water would flow south for about 200 m and then
in an easterly direction for 200 m and re-enter the same watercourse. The grade along both spill
paths is about 1.1%.

» The topography of the area gradually decreases to the south-east. The general elevation
around the spill location is 266.5m.

» The Regional Flood computed water surface elevations, on the downstream and upstream
sides of the 10 — Railway Crossing rou_297, are 263.53m and 267.29m respectively, a
difference of 3.76m (about 12 feet 4 inches).

» The width of the spill zone is about 500 m with spill paths about 5-10m wide.

» The Regional Flood flow at this location is approximately 16.9 m?/s.
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Figure 4-9 Spill Area #9 - Railway Crossing (Structure rou_297) in Richmond Hill -
Possible Spill Pathways

4.2.10 Spill Area #10 — 19" Avenue (Structure rou_330)

Spill Area #10 is located about 600m east of the intersection 19" Avenue and Bayview Avenue
along 19" Avenue in the City of Richmond Hill. The spill originates from watercourse Upper Rouge
Reach 10 (ref. Figure 4-10).

Spill flow would be expected to flow along the north ditch parallel to 19" Avenue in an easterly
direction for about 200m. The grade along 19™ Avenue is about 0.9%.

Should the elevation of the water overtop the road south of the spill area, the spill would flow in
a southeasterly direction through the field on the south side of 19" Avenue for about 300m and
enter watercourse Leslie St Trib A — Reach A2. The slope along this spill path is about 1.3%.

» The topography of the area gradually decreases to the southeast. The general elevation
around the spill location is 248m.

» The Regional Flood computed water surface elevations, on the downstream and upstream
sides of the 19™ Avenue rou_330 crossing, are 248.33 m and 248.88 m respectively, a
difference of 0.55m (about 1 foot 9.5 inches).

» The width of the spill zone is about 300 m wide, at its widest, with flow paths about 5-15m
wide.

» The Regional Flood flow at this location is approximately 30.9 m®/s.
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Figure 4-10 Spill Area #10 — Upper Rouge Reach 10 at Bayview Avenue and Subrisco
Avenue - Possible Spill Pathways

4.2.11 Spill Area #11 — Upper Rouge Reach 10 near HEC-RAS Sections 739.77/666.74

Spill Area #11 is located about 250m northeast of the intersection of Bayview Avenue and
Subrisco Avenue near HEC-RAS section 739.77 along watercourse Upper Rouge Reach 10 in the
City of Richmond Hill (ref. Figure 4-11).

The topography in the area suggests the spill water from the area would be expected to flow in a
southwesterly direction for 310m towards the intersection of Bayview Avenue and Subrisco
Avenue where it discharges to watercourse Upr Rouge Trib I — Reach I1. The spill water interacts
with HEC-RAS structure rou_341. The grade from the area of the spill to the intersection of Bayview
Avenue and Subrisco Avenue is about 1.3%.

Some of the spill water could flow in a more westerly direction towards Bayview Avenue and join
watercourse Upr Rouge Trib I - Reach I1 at an elevation of 239m, about 200 m from the spill area.
As well, some of the spill may flow in a southeasterly direction for 160m and re-enter the same
watercourse at an elevation of 239m. The grade is relatively uniform in all directions from the
location of the spill area but generally slopes in a southeasterly direction.

» The topography of the area gradually decreases to the south-east. The general elevation
around the spill location is 241.5m.
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» The Regional Flood computed water surface elevations, on the downstream and upstream
sides using sections 739.77 and 761.76 from Upper Rouge Reach 10, are 243.30m and
243.75m respectively, a difference of 0.45m (about 1 foot 5.5 inches).

» The width of the spill zone is about 175m at its widest with spill paths about 10m wide.

» The Regional Flood flow at this location is approximately 30.9 m?/s.
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Figure 4-11 Spill Area #11 — Upper Rouge Reach 10 near Bayview Avenue and Subrisco
Avenue in Richmond Hill- Possible Spill Pathways

4.2.12 Spill Area #12 — Private Driveway east of intersection Subrisco Avenue and
Bayview Avenue on watercourse Upper Rouge Reach 10 (HEC-RAS Section 101.02
& 632.39)

Spill Area #12 is located on watercourse Upper Rouge Reach 10 near structures rou_340 on
Subrisco Avenue and rou_703 on Private Road; alternatively, east of Bayview Avenue along
Subrisco Avenue in the City of Richmond Hill (ref. Figure 4-12). Two spill paths are suggested
based on available topographic information.

Spill A is located about 150m east south-east from the intersection of Bayview Avenue and
Subrisco Avenue and originates from Upper Rouge Reach 10 and flows south parallel with Bayview
Avenue for about 300m until it discharges to watercourse Upper Rouge Reach 9. The grade along
the east side of Bayview Avenue is about 0.8%. The Regulatory Flood computed water surface
elevations on the downstream and upstream sides, using HEC-RAS sections 101.02 and 150.82
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from Upper Rouge Reach 10, are 237.1m and 238.06m respectively, a difference of 0.96m. The
width of the spill zone is about 25-30m as it flows to the watercourse.

Spill B is located about 330m from the intersection of Bayview Avenue and Subrisco Avenue and
originates from watercourse Upper Rouge Reach 10 and would be expected to flow southeast
through a field for about 350m until it reaches watercourse Upr Rouge Trib D — Reach D1. The
grade of this spill path is about 1.4%. The Regulatory Flood computed water surface elevations,
on the downstream and upstream sides of structure rou_703, are 238.04m and 238.67m
respectively, a difference of 0.63m. The width of the spill zone is about 30m.

» The topography of the area gradually decreases to the south.
» The Regional Flood flow at this location for both spill A and B are approximately 30.9 m?/s.
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Figure 4-12 Spill Area #12 - Subrisco Avenue and Private Road in Richmond Hill -
Possible Spill Pathways

4.2.13 Spill Area #13 — York Region Rail Crossing 001 (near Structure rou_332)

Spill Area #13 is located about 200m north of the intersection of 19" Avenue and Bayview Avenue
at structure rou_332 on Bayview Avenue in the City of Richmond Hill (ref. Figure 4-13). Two spill
paths are suggested based on available topographic information.

Spill A was identified by TRCA as an area of concern (ref. Figure 1-2). The spill originates from
watercourse Upper Rouge — Reach 10 and would be expected to flow south along Bayview Avenue
for about 200m towards the mentioned intersection. The grade along Bayview Avenue is about
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1.5%. Based on the topography of the spill area, the spill water would be expected to flow south
along Bayview Avenue for about 220m before entering watercourse Upr Rouge Trib H — Reach H3
on the west side of Bayview Avenue and watercourse Upr Rouge Trib I — Reach I1 on the east side
of Bayview Avenue.
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Figure 4-13 Spill Area #13 - Spill A along York Region Rail Crossing (near Structure
rou_332) & Spill B along York Region Railway 001 (Structure rou_332) in Richmond Hill -
Possible Spill Pathways

» The topography of the area gradually decreases to the south. The general elevation around
the spill location is 247.5 m.

» The Regional Flood computed water surface elevations, on the downstream and upstream
sides of the Railway Crossing 001 rou_332 crossing, are 254.10 m and 254.53 m respectively,
a difference of 0.43m (1 foot 5 inches).

» The width of the spill zone is about 15-20m.

» The Regional Flood flow at this location is approximately 30.9 m?/s.

Spill B is in the same vicinity as Spill A. Based on the local topography, Spill B flow would be
expected to flow south along Bayview Avenue toward the intersection of Bayview Avenue and 19"
Avenue for 200m. Should the spill flow overtop 19" Avenue, it would join watercourse Upr Rouge
Trib H — Reach H3 at an elevation of 246.5 m. The average grade along this spill path is about 3%.

Also, given the topography of the area, Spill B flow would be expected to flow southwest along
the railway tracks for 200m until reaching 19" Avenue. After which, the spill flow is likely to travel
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180m east along 19" Avenue towards the intersection of Bayview Avenue and 19" Avenue where
the water is likely to join Upr Rouge Trib H — Reach H3 should the spill flow overtop 19" Avenue.
The grade is about 2% along this spill path.

Following metrics are available:
» The topography of the area gradually decreases to the south-east. The general elevation
around the spill location is 254m.

» The Regional Flood computed water surface elevations, on the downstream and upstream
sides of Railway Crossing 001 rou_332 crossing, are 254.10m and 254.53m respectively, a
difference of 0.43 m (about 1 foot and 5 inches).

» The width of the spill zone is approximately between 10 - 20m wide.

» The Regional Flood flow at this location is approximately 30.7 m®/s.

4.2.14 Spill Area #14 — York Region Rail (Structure rou_354b — west side of Track)

Spill Area #14 is located at HEC-RAS section 709.52 between 719.36 and 695.36 along a York
Region railway line heading in a north-south direction; alternatively, about 525m southwest from
the intersection of Bayview Avenue and 19" Avenue in the City of Richmond Hill (ref. Figure 4-14).
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Figure 4-14 Spill Area #14 - York Region Rail (structure rou_354b) west side in Richmond
Hill - Possible Spill Pathways
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The spill originates from watercourse Upr Rouge Trib H— Reach H2. Based on the local topography
and slope of about 1.2% along the York Region Rail, the spill would flow in a southerly direction
for about 800m to watercourse Upr Rouge Trib E — Reach E3. As well, based on the topography
and if the spill can overtop the railway tracks, flow would continue in an easterly direction for
250m to 400m and re-enter the same watercourse, namely Upr Rouge Trib H — Reach H2.

Should the spill overtop the railway tracks, the spill water would flow in an easterly direction north
of the Holy Trinity School and perhaps potentially through the property towards Bayview Avenue
and a Private Driveway (Structure rou_353). The grade of this spill path is between 2-2.4%.

» The topography of the area gradually decreases to the south-east. The general elevation
around the spill location is 248.5m.

» The Regional Flood computed water surface elevations on the downstream and upstream
sides of the York Region Rail (structure rou_354b) crossing are 250m and 250.82m
respectively, a difference of 0.82m (about 2 feet 8 inches).

» The width of the spill zone is about 5-10m along the railway track and 15m along the
easterly spill path.

» The Regional Flood flow at this location is approximately 22.7 m3/s.

4.2.15 Spill Area #15 — Gamble Road (Structure rou_374)

Spill Area #15 is located about 60m west of intersection Young Street and Gamble Road at
structure rou_374 on Gamble Road in the City of Richmond Hill (ref. Figure 4-15). The spill
originates from watercourse Upr Rouge Trib E — Reach E3 and flows east along Gamble Road for
about 60m towards the intersection. The grade along Gamble Road in an easterly direction is
relatively flat. Spill water would be expected to flow in a southerly direction for about 200m the
flow would discharge into the watercourse at structure rou_373 on Young Street. The grade in a
southerly direction from the intersection to re-entry into the watercourse (~180-200m) is about
2.7%. The relative lack of slope in the vicinity of the spill origin could indicate the pooling of spill
water or the very slow discharge into the roadways and re-entry to the same watercourse at
structure rou_373.

» The topography of the area gradually decreases to the south-east. The general elevation
around the spill location is 269.5m.

» The Regional Flood computed water surface elevations, on the downstream and upstream
sides of the Gamble Road rou_374 crossing, are 266.45m and 269.94m respectively, a
difference of 4.49m (about 14 feet 6 inches).

» The width of the spill zone is 10m.

» The Regional Flood flow at this location is approximately 22.0 m>/s.
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Figure 4-15 Spill Area #15 - Gamble Road (Structure rou_374) in Richmond Hill -
Possible Spill Pathways

4.2.16 Spill Area #16 — Young Street (Structure rou_373)

Spill Area #16 is located about 250m south of the intersection Young Street and Gamble Road at
structure rou_373 on Young Street in the City of Richmond Hill (ref. Figure 4-16). The spill
originates from watercourse Upr Rouge Trib E — Reach E3 and would be expected to flow south
along Young Street for about 100m toward the intersection of Young Street and Devonsleigh
Boulevard. The grade along Young Street is about 0.5%.

Based on the topography of the area, the spill would be expected to flow east for about 75 m
along Devonsleigh Boulevard where the water discharges to the same watercourse at HEC-RAS
structure rou_372 and rou_371. The grade from the spill origin to re-entry into the watercourse is
about 1.6%. As well, given the topography, some of the spill water would be expected to continue
to flow south along Young Street for about 200m past the intersection where it will likely flow
southeast for about 200m towards the same watercourse. The slope from the intersection of
Young Street and Devonsleigh Boulevard for 250m in a southeasterly direction to the watercourse
is about 3.4%.

» The topography of the area gradually decreases to the southeast. The general elevation
around the spill location is 264m.

» The Regional Flood computed water surface elevations, on the downstream and upstream
sides of the Young Street rou_373 crossing, are 261.91m and 264.73m respectively, a
difference of 2.82m (about 9 feet 3 inches).
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» The width of the spill zone is about 10m.

» The Regional Flood flow at this location is approximately 23.5 m?/s.
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Figure 4-16 Spill Area #16 - Young Street (Structure rou_373) in Richmond Hill -
Potential Spill Pathways

4.2.17 Spill Area #17 — Young Street (Structure rou_396)

Spill Area #17 is located at structure rou_396 on Young Street in the City of Richmond Hill. The
spill originates from watercourse Upr Rouge Trib G — Reach G1 and would be expected to flow
south on Young Street for about 175m toward the intersection of Bernard Avenue and Young
Street (ref. Figure 4-17). The grade along Young Street along this spill path is about 0.4%.

Based on the topography of the area, the spill would be expected to flow east for about 250m
along the road and ditches of Bernard Avenue towards crossing structure rou_395 at the
intersection of Bernard Avenue and Yorkland Street and discharge into the same watercourse. The
grade from the spill origin to the point of re-entry into the watercourse is about 1.8%. As well,
some spill water would be expected to continue to flow south along the road and ditches on the
east side of Young Street for about 175m from the intersection of Bernard Avenue and Young
Street and east through the plaza in the southeast corner of the intersection mentioned toward
the intersection of Yorkland Street and Justus Drive. It is indeterminate whether the water from
this part of the spill will re-enter the same watercourse or a different watercourse and depends
on the quantity of the spill.
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» The topography of the area gradually decreases to the southeast. The general elevation
around the spill location is 247.75m.

» The Regional Flood computed water surface elevations, on the downstream and upstream
sides of the Young St. rou_396 crossing, are 245.55m and 248.08m respectively, a difference
of 2.54m (about 8 feet 4 inches).

» The width of the spill zone is about 250m, but each flow path is approximately 10 to 20m
wide.

» The Regional Flood flow at this location is approximately 22.8 m?/s.
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Figure 4-17 Spill Area #17 - Young Street (Structure rou_396) in Richmond Hill-
Possible Spill Pathway

4.2.18 Spill Area #18 — Edward Avenue (Structure rou_393)

Spill Area #18 is located at structure rou_393 and Edward Avenue in the City of Richmond Hill,
about 200m east of junction 46 as modelled in HEC-RAS on watercourse Upr Rouge Trib G —Reach
GL1 (ref. Figure 4-18). Spill flow from the area around structure rou_393 would be expected to flow
south along Edward Avenue for about 400m toward the intersection of Edward Avenue and Elgin
Mills Road East.

Given the topography of the area, the spill would be expected to flow east along the road and
ditches on Elgin Mills Road East for about 700m past the intersection of Elgin Mills Road East and
Bayview Avenue where the spill water discharges into watercourse Upr Rouge Trib E — Reach E2.
The grade along this spill path is approximately 0.7%.
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Also, based the topography in the area, some spill waters would be expected to flow southeast
through the residential community in the southwest corner of the intersection of Elgin Mills Road
East and Bayview Avenue, bounded by roads Elgin Mills Road East, Bayview Avenue, Neal Drive,
and Taylor Mills Drive North. The spill would travel about 500m in a southeasterly direction from
the intersection of Edward Avenue and Elgin Mills Road East before entering watercourse Upr
Rouge Trib F — Reach F1, west of structure rou_427 on Bayview Avenue. The general grade along
the spill path is approximately 1.1%

Following metrics are available:

» The topography of the area gradually decreases to the south-east. The elevation generally in
the spill location is 234.5m.

» The Regional Flood computed water surface elevations, on the downstream and upstream
sides of the Edward Ave. rou_393 crossing, are 234.49m and 234.71m respectively, a
difference of 0.22m (about 8.5 inches).

» The width of the spill zone is about 300m between the two watercourses (Upr Rouge Trib F —
Reach F1 & Upr Rouge Trib E — Reach E2) but each flow path is approximately between 10m
to 20m wide.

» The Regional Flood flow at this location is approximately 32.7 m?/s.
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Figure 4-18 Spill Area #18 - Edward Avenue (Structure rou_393) in Richmond Hill -
Possible Spill Pathways
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4.2.19 Spill Area #19 — near Miller Avenue and Rodick Road

Spill area #19 is located at HEC-RAS section 244.58 at the intersection of Miller Avenue and Rodick
Road in the City of Markham at the terminal of watercourse Beaver Ck Trib C — Reach 1
(ref. Figure 4-19). Two spill paths are suggested based on available topographic information.

Local topography in the vicinity of Spill A suggests spill waters from the area near section 244.58
would be expected to flow south along Rodick Road. The terrain around the spill area is generally
flat and the spill water would likely be expected to flow south along Rodick Road for about 150m
as the elevation increases towards the intersection of Rodick Road and 14™ Avenue. The
continuation of the spill flow beyond this point is indeterminate given the lack of topographic
relief.

Following metrics are available:

» The topography of the area marginally decreases to the south before increasing towards the
intersection of Rodick Road and 14™ Avenue. The general elevation around the spill location
is 179.5m.

» The Regional Flood computed water surface elevations, on the downstream and upstream
sides of HEC-RAS section 244.58 and 201.60, are 180.29m and 180.31m respectively, a
difference of 0.02 m (less than 1 inch).

» The width of the spill zone is approximately between 5-15m wide.
» The Regional Flood flow at this location is approximately 7.72 m3/s
Spill B is located at structure rou_467 about 190m from the intersection of Miller Avenue and

Rodick Road in the City of Markham along watercourse Beaver Ck Trib A — Reach A3
(ref. Figure 4-19).

Based on the surrounding topography, Spill B water from the area around structure rou_467 would
be expected to flow west for 100m toward Rodick Road. The terrain around the spill is generally
flat and the spill water would likely flow south along Rodick Road for about 50m as the elevation
begins to increase at the intersection of Rodick Road and 14" Avenue. The continuation of the
spill flow beyond this point is indeterminate given the lack of topographic relief.

Following metrics are available:

» The topography of the area minutely decreases to the south before increasing to 193m
toward the intersection of Rodick Road and 14" Avenue. The general elevation around the
spill location is 179.0 m.

» The Regional Flood computed water surface elevations on the downstream and upstream
sides of HEC-RAS structure rou_467 are 180.27 m and 180.27 m respectively.

» The width of the spill zone is approximately between 5-15 m wide.

» The Regional Flood flow at this location is approximately 10.10 m3/s
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Figure 4-19 Spill Area #19 - Spill A at HEC-RAS Section 244.58 near the intersection of
Rodick Road and Miller Avenue & Spill B at Substation Access Road at Rodick Road near
Structure rou_467 in Markham- Possible Spill Pathways

4.2.20 Spills Summary

An assessment of spill locations and paths was completed following the MNRF’s Technical Guide
River & Stream Systems: Flooding Hazard Limit (2002) (ref. Section 4.13 of the guidelines) which
defines a spill as occurring when flood levels overtop the banks of a watercourse and spill overland
away from the watercourse channel. In this context, eighteen (18) spill areas have been identified
within the study area for this project.

From the analyses it is recommended, given their potential to impact a broad area and/or transfer
of flow to another watercourse, that the following spill areas should be further assessed; 3, 4, 5, 6,
7,8,9, 10,11, 12, 13, 14, 15, 16, 17, 18 and 19. Further assessment should include quantification
of the spill flow to determine if it exceeds MNRF's 10% threshold and enhanced modelling to
better delineate floodplains and to better understand flood risk associated with those properties
in the spill zones or along spill pathways.

Spill Area #1 has already been modelled using PCSWMM through this project. The results should
be further investigated to determine is a spill, consistent with MNRF's definition may be occurring.

Spill Area #2 is very localized and limited to a single property based on interpretation of available
information. As well, any spill flow would be expected to rejoin the same watercourse a short
distance downstream from the spill origin. As such, its assessment would not be considered a
priority action.
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4.3 Task 3C - Development of Graphical Representations of Model Data

The graphical representations of the new hydraulic model computations, namely:

water surface elevation;
water depth;

cross-sections attributed with the water surface elevations and other relevant data; and,
polygon features of the flood extents for the Regional Storm and, the 2, 5, 10, 25, 50, and
100-year design storms;

>
>
» velocity rasters;
>
>

have been prepared and submitted to TRCA in accordance with the requirements for this study.

The finalization of the study geomatics deliverables was completed in collaboration with TRCA.
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5.0 Recommendations

A number of recommendations have been advanced as outcomes of the foregoing assessment,
as outlined below:

1. Given their potential to impact a broad area and/or transfer of flow to another watercourse,
the following spill areas should be further assessed; 3, 4, 5, 6, 7, 8, 9, 10, 11, 12, 13, 14, 15, 16,
17, 18 and 19. Further assessment should include quantification of the spill flow to determine
if it exceeds MNRF's 10% threshold and enhanced modelling to better delineate floodplains
and to better understand flood risk associated with those properties in the spill zones or along
spill pathways.

2. While this flood plain mapping update assessment has been based on best available data at
the time of the project, some aspects of the modelling have been developed based on limited
information. Further, obtaining information, with particular reference to watercourse crossing
structures, has required significant effort and, depending on the source organization,
significant expense. It is therefore recommended the TRCA develop an in-house data store for
watercourse crossing structures and maintain on-going liaison with local municipalities and
other organizations (railways, MTO, 407ETR, etc.) to maintain this database.

3. Where new data becomes available for watercourse crossing structures presently included in
the Rouge River Phase 2 hydraulic model, TRCA should assess whether remodelling of the
structure with the new data would result in a significant change in computed water surface
elevations and resultant flood plain limits.

4. The implications of climate change influenced rainfall on peak flow estimation for the Rouge
River, and other watersheds in their jurisdiction, should be investigated to better understand
the potential for expansion of the 100-year flood inundation limits (and those associated with
other return period based events) and generally increased flooding in the future.
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