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EXECUTIVE SUMMARY

Toronto and Region Conservation Authority (TRCA) retained Matrix Solutions Inc. to complete a
comprehensive update to hydrologic and hydraulic modelling in the Frenchman’s Bay watershed.
The objective of this study was to complete watershed-wide delineation of Regulatory floodplain limits
using recent topographic and hydrologic data. To complete this objective, a hydrologic model was
developed to calculate peak flows throughout the watershed. A comprehensive hydraulic model for the
watershed was subsequently built with the new peak flows as well as current topographic and survey data
to generate water surface elevations and produce floodplain maps. This report documents the
development and application of the hydrologic model.

Frenchman’s Bay has a drainage area of approximately 20 km?2, most of which is highly urbanized. There
are four major watercourses in the Frenchman’s Bay watershed: Pine Creek (8.9 km?), Krosno
Creek (5.6 km?), Amberlea Creek (3.2 km?), and Dunbarton Creek (2.3 km?), which all drain into
Frenchman’s Bay lagoon. The watershed is entirely within the City of Pickering, Ontario; development in
the watershed began as early as the 1840s, but intensified during the 1970s when the Pickering nuclear
generating station was established (Eyles et al. 2012). Most of the watershed was fully built prior to the
1980s, leading to minimal stormwater management (SWM) controls to reduce flood volumes and peak

flows in its watercourses.

To initiate the project, background data was collected and reviewed, including previously completed
reports, flow and rainfall monitoring data, aerial imagery, SWM facility reports, and GIS data to familiarize
with the study area. The previously completed hydrology reports were reviewed to understand previous
catchment parameterization, calibration approaches, and selection of design storm distributions. Data at
two TRCA flow monitoring locations were reviewed to determine duration and frequency characteristics,
as well as overlapping monitoring periods. Rainfall data from TRCA were reviewed spatially to try and
capture the highest density of rainfall input for the calibration and validation events. Soils data mapping
was available for most of the watershed, and surficial geology mapping was used to infill some unclassified
areas. Land use mapping identified 20 different land use types within the watershed, with medium density
residential, industrial, commercial and roads making up over 60% of the area.

PCSWMM was selected as the preferred modelling platform to represent the hydrologic processes within
Frenchman’s Bay. The model platform integrates the full United States Environmental Protection Agency
Storm Water Management Model Version 5.2.3 (EPA SWMM; EPA 2017) hydrology and hydraulics engine
with a powerful GIS platform. PCSWMM was selected as it has built-in capability to represent the detailed
hydrologic processes for each catchment, while also being able to represent a variety of SWM features
and complex hydraulic routing.

Model catchments were delineated for the Frenchman’s Bay watershed using the 2015/2019 spliced
LiDAR. Initially, catchments were delineated at the upstream end of each watercourse, at confluences, at
watercourse crossings, and for the 4 SWM facilities identified within the watershed. Catchments were
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refined to ensure that most catchments remained a reasonable size (between 2 and 100 ha). The final
delineation resulted in 118 catchments.

Parameters for each catchment were defined from the background spatial datasets, literature values, and
professional judgement based on knowledge of the watershed. Initial parameters values were calculated
as follows and later refined during the calibration process:

e catchment area: defined through catchment delineation

e catchment flow length: defined by the longest overland flow path

e average catchment slope: defined by smoothed 2015/2019 LiDAR raster

e imperviousness: defined by an aerial image raster analysis

e roughness coefficients for pervious and impervious areas: defined by land use and literature values

e depression storage for pervious and impervious areas: defined by land use and literature values

e soil infiltration parameters: Green and Ampt method defined by soils and surficial geology mapping

e channel routing: defined by simplified HEC-RAS model cross-sections; hydrologically significant
structures were reviewed and added to the hydrologic model

e SWM facility parameterization: defined by information provided in the design reports

As per the TRCA guidelines, ten high flow events were selected for model calibration and validation.
Events selected for calibration/validation correspond with times where multiple rain gauges and flow
monitoring gauges were recording. Emphasis was placed on events that resulted in the greatest peak
flows and 15-minute data recording intervals. Antecedent moisture conditions were determined for each
event by reviewing the conditions 5 and 3 days prior to the event rainfall and were represented in the
model by simulating the pre-event rainfall period.

Several metrics were reviewed for each of the calibration and validation events simulated in the
hydrologic model. Through the calibration processes and the TRCA rating curve development, it was
determined that emphasis should be placed on the matching flows with more recent (post-2012) flow
data. The resulting calibration achieved TRCA’s criteria for matching peak flows and volumes for the
required number of events at both flow gauges.
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35765-531 Hydrologic Modelling R 2024-02-28 final v2.0.docx vi A Montrose Environmental Company



The 2- through 100-year and 350-year design storm events, and the 48-hour Hurricane Hazel historic
event, were simulated to estimate return period and Regional storm event peak flows for input to the
hydraulic model. As the Regional and 350-year flow estimates require that all SWM facilities and
structures be removed, and the peak flows needed to consider future conditions, two PCSWMM models
were developed with the calibrated hydrologic parameters. An existing conditions PCSWMM model with
SWM facilities and structures represented was used to simulate the 2- through 100-year design storm
distributions, and a future conditions PCSWMM model without the SWM infrastructure pieces was used
to simulate the Regional, 100-year and 350-year events.

Seven different design storm distributions were simulated in the hydrologic model and compared to the
flood frequency analysis completed for the key flow gauges located on Krosno Creek (HY040) and Pine
Creek (HY052), respectively. Matrix reviewed the results of the analysis and determined that the 1-hour
Atmospheric Environmental Service (AES) storm distribution was most suitable to represent the design
storm flows in the Frenchman’s Bay, as it is applicable to urbanized watersheds, is a City of Pickering
standard design storm, produces conservative results, and has a high-intensity and short-duration storm
distribution similar to historical events.

To account for saturated conditions, the full 48-hour hyetograph of the Regional storm event (Hurricane
Hazel) was simulated in the calibrated hydrologic model. Peak flow results for the Regional storm were
compared to the previous studies. Differencesin peak flow between models are largely due to
refinements with the catchment delineation and refinements in model parameterization and assumptions
around major/minor flow splits. In general, the updated Regional flows are lower (average 28% lower)
than the previous TRCA model estimates.

A high level of care and professional judgement was used to calibrate and validate the Frenchman’s Bay
hydrologic model to ensure the physical processes of infiltration, runoff, and routing were properly
represented. As with any model, there are sources of inherent uncertainty whether in input data,
calibration parameters, or calculation processes within the models themselves. Areas of potential
uncertainty with the model, limitations of using the calibrated hydrologic model, and recommendations
for potential improvements are provided to assist with future modelling efforts.
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1 INTRODUCTION

The Toronto and Region Conservation Authority (TRCA) retained Matrix Solutions Inc. to complete a
comprehensive hydrologic and hydraulic model and flood hazard mapping limit update for the
Frenchman’s Bay watershed. To complete this objective, an up-to-date hydrologic model of the
Frenchman’s Bay watershed was required to estimate Regional and 2 through 350-year design storm peak
flows throughout the watershed, which was then input to a new comprehensive hydraulic model for the
watershed which was developed in parallel with the hydrology model. The hydraulic model was then used
to generate water surface elevations and subsequently produce flood hazard mapping limits. This report
documents the development and application of the hydrologic model.

Hydrologic flow estimates have historically been completed using the Visual OTTHYMO (Greenland
International Consulting Inc. 2001) modelling software platform. To complete the hydrologic update,
TRCA selected the PCSWMM (PCSWMM Version 7.6.3695/SWMM Version 5.2.3, CHI 2023) modelling
platform to simulate the hydrologic response of the Frenchman’s Bay watershed. PCSWMM modelling
platform was selected to represent the Frenchman's Bay watershed as it is highly urbanized with more
than 75% of its area being designated as urban land use (MMM 2009). The PCSWMM EPASWMM engine
was developed to analyze runoff from urban areas and contains modelling capabilities to represent urban
elements such as stormwater management (SWM) facilities, drainage system networks, and impervious
catchments. Although the EPASWMM engine can also represent non-urban catchments, the hydrologic
processes and parameters embedded in the model are tailored toward representing small, urbanized
catchments, such as Frenchman’s Bay.

PCSWMM has been used on a variety of projects throughout Ontario and Canada, including the latest
TRCA hydrology updates for Highland Creek (Matrix 2020), the Rouge River (Wood 2018) and Don River
(AECOM 2018) watersheds. Using PCSWMM to represent the hydrology of the Frenchman’s Bay
watershed provides an opportunity to simulate rainfall-runoff interaction in a more detailed and
comprehensive manner than the previous studies. Additional meteorological and hydrometric data that
has been collected since the latest updates also provides additional storm events that can be used to
calibrate and validate the PCSWMM model. Overall, these refinements help provide a more reliable
hydrologic model that is suitable for flood hazard mapping.

This hydrology report outlines the hydrologic model development, parameterization, calibration, and
validation results and Regional and design storm simulations results for the Frenchman’s Bay watershed.

1.1 Overview of the Frenchman’s Bay Watershed

Draining into Lake Ontario at Frenchman’s Bay lagoon, the Frenchman’s Bay watershed is both relatively
small, at 20.0 km?, and highly urbanized, with more than 75% of its area being designated as urban land
use consisting of residential, commercial, and transportation areas (MMM 2009). The watershed is
entirely within the City of Pickering, Ontario and is bisected by the approximately 600 m wide
transportation corridor containing Highway 401, other roads, and rail lines before draining into the
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Frenchman’s Bay lagoon (Eyles et al. 2012). Development in the watershed began as early as the 1840s,
but intensified during the 1970s when the City of Pickering nuclear generating stations was established
(Eyles et al. 2012). Most of the watershed was fully built prior to the 1980s, leading to minimal SWM
controls to reduce flood volumes and peak flows in its watercourses.

There are four major watercourses in the Frenchman’s Bay watershed: Pine Creek (8.9 km?), Krosno
Creek (5.6 km?), Amberlea Creek (3.2 km?), and Dunbarton Creek (2.3 km?), which all drain into
Frenchman’s Bay lagoon. The watercourses generally drain from north to south. As expected for a
watershed of its urbanized characteristic, the hydrology of the system is described as “flashy,” with peak
flows escalating quickly after rainfall events. Many of the tributaries have been historically altered with
many watercourses being heavily armoured or conveyed by pipes (Eyles et al. 2012). Channel erosion and
flooding occurs throughout the watershed, but has been noted to be particularly severe in Pine and
Amberlea creeks (MMM 2009). There were two significant flooding issues noted in the 2009 Stormwater
Master Plan.

1. Krosno Creek near Reytan Boulevard and Streamside Court impacts over 75 properties.

2. Pine Creek upstream of Kingston Road shows flooding within several residential and commercial
properties.

The study area, including mapped watercourses and subwatershed boundaries are shown on Figure 1.
All geospatial data was referenced to a NAD83 (CSRS) UTM 17 CGVD 1928:1978 datum.
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2 BACKGROUND REVIEW

2.1 Available Data and Information

Available data and information compiled as part of the background review included the following:

e GIS base data: watercourse centrelines, watershed boundaries, roads, railways, building footprints,
land parcels, municipal boundaries, storm sewershed data

e rainfall, water level, and flow monitoring data

e crossing structure locations, shapefiles, as-built drawings

e LiDAR data collected in 2015 and 2019 for the Frenchman’s Bay watershed, provided by TRCA

e topographic survey completed by TRCA at various locations within the Frenchman’s Bay watershed
e existing HEC-RAS hydraulic models for the four watercourses (various dates)

e existing floodplain mapping sheets

e existing land use data (shapefile format)

e soils and surficial geology data (AAFC 2003, Ontario Geologic Survey, 2010)

e stormwater management facility data (shapefile and report format)

e City of Pickering Official Plan (City of Pickering 2022)

2.2 Previous Reports

2.2.1 Krosno Creek Floodplain Mapping Study (TRCA, 2002)

The Krosno Creek floodplain study was prepared by the TRCA in 2002. Flows for the hydraulic model were
developed using the Visual OTTHYMO modelling platform. The model was set up and parameterized as
follows:

e Twelve delineated catchments using topographic mapping and field reconnaissance. Total catchment
area for Krosno Creek was 650 ha.

e Curve number (CN) parameterization derived from soil types, land cover mapping, and orthoimages;

imperviousness was derived based on land use.

e No flow data was available for calibration, however a comparison of model parameters to other TRCA
watersheds (Duffin Creek and Highland Creek) was conducted. Regional relationships from the
Regional Headwater Hydrology Study were used to predict peaks flow in the watershed based on land
use and soils.

e Four-hour Chicago design storm was the selected distribution over the 1 and 6-hour AES distribution.
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e Future land use was based on the 2016 City of Pickering Official Plan; there was a 10% increase in
urban land coverage for future land use scenarios (71% to 81%).

2.2.2 Amberlea Creek Hydrology and Floodline Mapping Update (Aquafor Beech, 2005)

The Amberlea Creek hydrology and floodplain mapping update report was prepared for the City of
Pickering by Aquafor Beech in 2005. The hydrologic update involved the development and application of
a numeric model, using the Visual OTTHYMO V1.06 code. The model was set up and parameterized as
follows:

e Eleven delineated catchments split into five main subcatchments using topographic mapping and
storm sewer data. Total catchment area for Amberlea Creek was approximately 380 ha.

e CN parameterization derived from soil types, land cover mapping, and orthoimages; imperviousness
was derived based on land use.

e Standard unit hydrographs were used to simulate runoff from urban catchments.

e Nash unit hydrographs were used to simulate runoff from rural catchments.

e Channel routing using the variable storage coefficient method with channel cross-section
representation field survey and topographic mapping.

e No flow data was available for calibration, however regional relationships from the Regional
Headwater Hydrology Study were used to predict peaks flow in the watershed based on land use and
soils.

e Six-hours AES design storm was the selected distribution over the SCS and Chicago.

e Included minimal increase in urban land coverage for future land use scenarios (88% to 89%).

2.2.3 Pine and Dunbarton Creeks Hydrologic and Hydraulic Study (Greenland Consulting
Engineers, 2007)

A hydrologic and hydraulic study was undertaken for the Pine and Dunbarton Creek watersheds for the

Toronto and Region Conservation Authority in 2007. The study was needed to update the floodline

mapping for the area “due to recent development pressures and structural crossing constructed” within

the watersheds. The hydrologic update involved the development and application of a numeric model,

using the Visual OTTHYMO code. The model was set up and parameterized as follows:

e Sixteen catchments were delineated for Pine Creek and seven catchments were delineated for
Dunbarton Creek using the provided digital elevation model (DEM) and sewershed mapping.

e Standard unit hydrographs were used to simulate runoff from urban catchments.

e Nash unit hydrographs were used to simulate runoff from rural catchments.

e Channel routing using the variable storage coefficient method.

e Two stormwater management facilities were coded into the model, one at Dixie Estates Pond 2 in
Pine Creek, and one at the K.S. W subdivision in Dunbarton Creek.
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e Eight events were selected for model calibration and validation in Pine Creek. A CN adjustment
multiplier was added as an adjustment factor for both the Pine Creek and Dunbarton watersheds as
a results of the calibration exercise.

e A l-hour AES design storm for the selected distribution over the SCS and Chicago.

2.2.4 Frenchman’s Bay Stormwater Management Master Plan (MMM, 2009)

A Stormwater Management Master Plan was developed for the City of Pickering by MMM in 2009. The
document looked at overall watershed health management issues including controlling quantity and
quality of stormwater runoff being conveyed to the local creeks and ultimately Frenchman’s Bay. The
study looked at implementing a number of stormwater control measures throughout the watershed and
assessed the impacts and effectiveness. Following the Class EA Environmental Planning process, the study
utilized previously developed hydrology and hydraulic models for most of the analysis. An HSPF model
was also developed for the watershed to assess water balance, quality, and ecologic issues that require
continuous flow analysis.

2.2.5 Krosno Creek Flood Reduction Project (TMIG, 2015)

The City of Pickering retained TMIG to complete the Krosno Creek Flood Reduction Project in 2015. The
study following the Municipal Class EA process to look at solutions that protected people and property
from flooding during severe storm events. The study utilized a new PCSWMM/SWMM 5
hydrologic/hydraulic model that was calibrated to water levels for a range of recent flood events. The
analysis found that the culverts at the 401/CNR crossing attenuates up to 35% of peak flows. Downstream
there are currently impacts to 64 buildings during the 100-year storm event near the Reytan Boulevard
culvert. There were six solutions looked at to reduce flooding to in the watershed, with the preferred
solution being to replace the existing culverts at Alyssum Street, Reytan Boulevard, and Morden Lane with
larger structures.

3 MODEL DEVELOPMENT

The following section outlines the model development process and includes a summary of input data
sources, model selection, catchment delineation, catchment parameterization, channel routing, SWM
facility representation, and areas of special consideration.

3.1 Input Data Sources

Several data sources were used to develop, calibrate, and verify the hydrologic model. TRCA provided
most data sources and supplemented with data available from the City of Pickering. A summary of data
sources is listed in the following subsections.

Matrix Solutions Inc.
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3.1.1 Flow and Rainfall Data

Flow and rainfall data are critical datasets for a hydrologic model. Climate data is the main input that
drives the runoff response and observed flow data is used to compare to the simulated flows and confirm
the model is replicating observed conditions.

3.1.1.1 Flow Data

Two hydrometric (flow and water level) monitoring stations operated by the TRCA are located within the
Frenchman’s Bay Creek watershed. Monitoring station HY040 is located on the main branch of Krosno
Creek between the Alyssum Street and Sandy Beach Road crossings. The station was installed in 2000 and
has been in operation since. Monitoring station HY052 is located on Pine Creek, upstream of Radom Steet.
The station was installed in 2001 and continues to record monitoring data. Table 1 provides an overview
of the two flow monitoring stations and are shown on Figure 2.

TABLE 1 Flow Gauge Monitoring Stations in Frenchman’s Bay

ey (B o Drainage Area Years of Data Available")
& (km?) (Recording Interval)

2001-2012 (hourly)

HY052 Pine Creek TRCA 2012-2023 (15-minute)
2000-2007 (hourly)
HY040 Krosno Creek TRCA 2.8 2008-2023 (15-minute)®
Notes:

1. Data may not be continuous through each year.

2. 15-minute data between 2008 and 2012 was provided by TRCA after calibration of the hydrologic model had
been carried out. The original data provided for this period was in one-hour intervals.

TRCA - Toronto and Region Conservation Authority
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3.1.1.2  Rainfall Data

Rain gauge data was collected from monitoring stations operated by TRCA. Gauge selection was based on
data availability, gauge location, monitoring interval, and quality of data. Table 2 summarizes the rain
gauges that were used to assess storm events for calibration and verification of the hydrologic model.
Figure 2 shows the spatial extent of the rain gauges relative to the Frenchman’s Bay watershed boundary.
Most rainfall data were recorded in 5-minute intervals. Since the rainfall/runoff response time in
Frenchman’s Bay is so rapid, and the subwatershed are small, having a minimum rainfall and flow
recorded interval of 15 minutes is required to truly assess the response. Unfortunately, none of the active
rainfall gauging stations are located within any of the Frenchman’s Bay subwatersheds.

TABLE 2 Rain Gauge Monitoring Stations Surrounding Frenchman’s Bay

Years of Data
Rai N Available Peri
17

HY009 Brock West Landfill TRCA 2007-2023

HY004 Bayly Street TRCA 2011-2023 13

HY102 Petticoat Works Yard TRCA 2003-2023 21

HY001 Ajax Works Yard TRCA 2003-2010 8
Notes:

1. Data may not be continuous through each year.
TRCA - Toronto and Region Conservation Authority

3.1.2 Watercourse Network and Topography

TRCA provided Light detecting and ranging data (LiDAR) data in a 1-m Esri grid format for both 2015 and
2019. The 2019 LiDAR reflects more up-to-date land use and topographic changes. However, the 2015
LiDAR was processed with better vegetation removal which provides a more accurate representation of
the creek valley and low flow channel. After comparing the 2015 and 2019 LiDAR datasets, Matrix found
that the land use and topographic changes are generally minimal, and the 2015 LiDAR was used as the
baseline DTM for creating the hydraulic model. The 2019 LiDAR was used in locations where new urban
development has occurred. Splicing of 2019 LiDAR into the 2015 data was completed by TRCA and
provided to Matrix. The LiDAR data was used to verify the existing watercourse network, define
cross-section dimensions, delineate catchments, and derive hydrologic model parameters.

3.1.3 Soils Mapping

TRCA provided soils mapping and Matrix sourced surficial geology mapping to infill any data gaps. The soils
data was originally sourced from the Canadian Soil Information Service and the National Soil Database
(AAFC 2023). Surficial geology was sourced from the Ministry of Mine, Surficial Geology and Southern
Ontario (Ontario Geologic Survey 2010).

Soils mapping through the watershed generally covers most areas within minimal need to rely on the
surficial geology. Figure 3 shows the soils classification within the Frenchman’s Bay watershed.

Matrix Solutions Inc.
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3.1.4 Land Use Mapping

TRCA provided detailed land use mapping for the Frenchman’s Bay watershed. Within the watershed,
20 different land use types were identified with the largest portion being medium-density residential
(41%) followed by industrial (13%), forest (10%), meadow (8%) and commercial (6%). The remaining land
use types each compose less than 5% of the watershed area.

Land use was overlaid with aerial imagery to check specific land use classifications and made minor
changes to some land use areas that required reclassification. A breakdown of land use is provided in
Table 3 and shown on Figure 4.

TABLE 3 Land Use in Frenchman’s Bay Watershed

Land Use Type Land Use Code ?;2‘; Percentage ;f Watershed
0

Medium Density Residential 810.1 40.5%
Industrial IND 2511 12.6%
Forest NCF 190.5 9.5%
Meadow NCM 153.5 7.7%
Commercial COM 110.9 5.5%
Roads RDS 94.7 4.7%
Recreational/Open Space REC 91.7 4.6%
Successional Forest NCS 70.9 3.5%
Agricultural AGR 67.9 3.4%
High Density Residential HDR 34.9 1.7%
Wetland NCW 32.7 1.6%
Institutional INS 29.1 1.5%
Railway RWY 18.6 0.9%
Lacustrine OwWL 12.7 0.6%
Rural Residential RUR 11.8 0.6%
Golf Course GC 5.5 0.3%
Cemetery CEM 4.9 0.2%
Vacant Land VAL 3.6 0.2%
Riverine OWR 1.8 0.1%
Beach/Bluff NCB 0.8 <0.1%

Grand Total 1,997.8 100%
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3.2 Model Selection

TRCA identified PCSWMM in the Terms of Reference as the preferred model platform for the hydrologic
model development. PCSWMM 2018 Professional computer modelling software (CHI 2023) can be used
for both single event and continuous simulations. The model platform integrates the full United States
Environmental Protection Agency (US EPA) Storm Water Management Model Version 5.2.3 (EPA SWMM;
EPA 2017) hydrology and hydraulics engine with a powerful GIS platform. The EPA SWMM engine is a
comprehensive dynamic rainfall-runoff model that is used widely throughout the world in the analysis of
complex hydrologic, hydraulic, and water quality problems for urban (and rural) areas. EPA SWMM, and
its SWMM variants, has been used extensively for the simulation of surface runoff, conveyance through
complex open-channel and closed-conduit drainage networks (storm, sanitary, and combined sewer
systems), floodplain analysis, and soil erosion and sediment transport.

PCSWMM (Version 7.6.3695) was selected to represent the hydrologic process within the Frenchman’s
Bay watershed as it has built-in capability to represent the detailed hydrologic processes for each
catchment, while also being able to represent a variety of SWM features and complex hydraulic routing.

3.3 Catchment Delineation

Catchment delineation within the Frenchman’s Bay was completed using the spliced 2015 and 2019 LiDAR
to ensure the catchments represent current conditions and allow sufficient detail (i.e., several flow input
locations along each reach) to best inform the hydraulic model.

There are limitations to SWMM-based modelling in representing larger watersheds, particularly as it
relates to the representation of sheet flow/overland flow length and the internal catchment routing.
In addition to overland flow, routing occurs through the minor system (i.e., stormwater sewer network)
and major flow routes (roadways and ditches) which are not explicitly represented in a watershed-scale
model. Care was taken to delineate catchments where significant routing elements could be represented
without adjusting parameters (e.g., Manning’s n) outside of their “typical” ranges (Chin 2006).

3.3.1 Catchment Discretization

Catchments were delineated using the 1 m LiDAR data, with drainage enforced along the mapped
watercourse network. To develop initial catchments, pour points (i.e., specific outlet locations where
runoff from an upstream area would concentrate to) were placed at the following locations:

e upstream end of watercourses to be mapped
e directly upstream of any confluence

e ateach watercourse crossing
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A total of 6 SWM facilities were identified within the Frenchman’s Bay watershed. To initially assess the
drainage to each of the SWM facilities, pour points were added at the location of each SWM pond.
The area of each catchment was then refined based on the information from existing reports (if available).

A summary of the SWM facility information is provided in Appendix A.

The Frenchman’s Bay watershed boundary was manually compared to the watershed boundaries defined
in the existing approved Petticoat Creek (WSP 2020) and Duffins Creek (Aquafor Beech Limit 2013) to
ensure that areas were not being double counted or missing between the model domains. Any areas with
discrepancies were double checked and then discussed with TRCA. Generally, the watershed delineation

developed from LiDAR data was followed.

The initial delineation was reviewed for reasonableness based on the scale of the model. There were a
few large catchments (>100 ha) and several small (<1 ha) catchments that needed to be refined. Each
catchment over 75 ha was reviewed to determine if further delineation could be completed based on a
distinct separation in land use at an overland drainage boundary. If possible, pour points were added to
overland flow path at the change in land use and additional catchments were delineated. Sewershed
information provided by City of Pickering and Region of Durham was used to further refine catchment

delineation to account for major/minor flow splits.

The final catchment areas were compared with a histogram analysis to the catchments delineated for the
Highland Creek and Petticoat Creek hydrology models. The breakdown shown in Figure 5 shows that size
distribution of the Frenchman’s Bay catchments are generally smaller than previous hydrologic models
developed by TRCA. This aligns with the fact that Frenchman’s Bay is separated into four distinct
subwatersheds, most of which are highly urbanized. Most the Frenchman’s Bay catchments fall within the

5- to 25-ha range.

50%
W Frenchman's Bay

20% Highland Creek

359 Petticoat Creek

30%

25%

20% |

15%

10%

5% I

0.5 1 5 10 25 50 100
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200
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FIGURE5 Catchment Delineation - Histogram Analysis Comparing Recent Watershed Hydrology
Models
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Catchments were named sequentially with a unique identifier with the format FBXXX (where XXX is a

unique numeric value).

TRCA reviewed the final catchment layer to confirm the general correctness of catchment boundaries and
methods used. The final subcatchment discretization is shown on Figure 6. A total of 118 subcatchments
were included in the hydrologic model. The catchment areas range from 1.0 to 75.0 ha, with an average
area of 16.9 ha.
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3.4 Catchment Parameterization

Parameterization of the hydrologic model was completed using the spatial datasets described in
Section 2.1, literature values, and professional judgement based on knowledge of the watershed.
The following parameters were required for each catchment in the PCSWMM model:

e catchment area

e catchment flow length

e average catchment slope

® imperviousness

e roughness coefficients for pervious and impervious areas

e depression storage for pervious and impervious areas

e catchment routing mechanism, and impervious portion that is routed to pervious areas
e soil infiltration parameters

e channel routing

e SWM facility parameterization

Catchment area was based on the GIS delineation described in Section 3.3. Details on how the remaining
catchment parameters were derived is described in the following subsections.

3.4.1 Imperviousness

Imperviousness for each catchment is required to determine the portion of area that will be subjected to
the pervious and impervious model routines to determine the runoff from each catchment.
The imperviousness was assigned based on the portion of land use type within the watershed.

Matrix conducted an analysis to confirm the typical guidelines for TRCA imperviousness land use
assignments (e.g., 95% impervious for commercial areas). For the top three urban land use types in the
watershed (medium density residential, commercial and industrial), the pervious (or impervious) areas
from selected blocks were traced from orthoimagery. The impervious area was then calculated and the
compared to the total area to determine the actual imperviousness. Those estimates were then averaged,
and input to the initial model parameterization. The range of imperviousness was then used during model
calibration.

A summary of the impervious analysis is provided in Table 4. Overall, the analysis trended towards
commercial and industrial areas being classified as more pervious and medium density residential being
classified as more impervious compared to TRCA guidelines. Figure 7 shows the tracing for a commercial
and medium density residential block.
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TABLE4 Imperviousness Analysis by Land Use Type

Block 1 Block 3 Block 4 Average TRCA
Land Use Type (%) Block 2 (%) (%) (%) (%)g Guideline (%)
Medium Density Residential 60.6 71.0 66.7 59.1 64.3 60
Commercial 82.5 83.5 85.7 - 83.9 95
Industrial 85.7 82.1 - - 83.9 95

-

AR A < ‘ & -4 ;
FIGURE7 Impervious Analysis Comparison to Imagery (Commercial (Block 2) — left, Medium Density
Residential (Block 2) — Right)

3.4.1.1 Percent Routed

The percent routed parameter (i.e., the portion of impervious area whose runoff is routed to pervious
areas) is a sensitive parameter in the PCSWMM model, specifically when there is a high proportion of
impervious surfaces, such as in the Frenchman’s Bay watershed. Newer developments direct portions of
impervious areas to pervious areas to help reduce runoff volumes and peaks on stormwater
infrastructure. Downspout disconnections and low-impact development measures are now mandatory in
new developments; however, during the 1970s when much of the Frenchman’s Bay watershed was
developed, SWM was not a common practice. Rooftops and parking lots were directly connected into the
sewer system, leaving limited opportunities for runoff from impervious areas to flow over adjacent
pervious surfaces.

Percent routed within each catchment was based on land use following TRCA or City Pickering standards
and refined during the calibration process. To determine the percent routed, the percent of impervious
area (as a percent of the total impervious area) that would be considered directly connected was
estimated for each land use type. That percent was then subtracted from 1 and multiplied by the total
impervious area, leaving portion of impervious area that is routed through the pervious. This estimate
was then area weighted by land use to determine the percent routed within the overall catchment.
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The imperviousness and proportion that is considered directly connected used for each land use type in
the initial model development is provided in Table 5. Any modifications to the impervious or direct
connect impervious area values were address during calibration (Section 3.2).

TABLE 5 Imperviousness and Percent Routed by Land Use Type

Directly Connect

Proportion of

Imperviousness

Land Use Type Watershed (%) Impervious Area
(%) (%)
Agricultural 34 0 0
Beach/Bluff <0.1 0 0
Cemetery 0.2 35 0
Commercial 5.5 84 95
Forest 9.5 0 0
Golf Course 0.3 0 0
High Density Residential 1.7 80 75
Industrial 12.6 84 95
Institutional 1.5 80 80
Lacustrine 0.6 100 0
Meadow 7.7 0 0
Medium Density Residential 40.5 64 60
Railway 0.9 60 25
Recreational/Open Space 4.6 20 0
Riverine 0.1 100 0
Roads 4.7 90 100
Rural Residential 0.6 25 25
Successional Forest 3.5 0 0
Vacant Land 0.2 0 50
Wetland 1.6 100 0

3.4.2 Catchment Slope

Catchment slope is used in PCSWMM as part of Manning’s equation for overland routing. The greater the
catchment slope, the higher the proportion and faster the runoff is from the catchment. Although slope
does have some impact on the volume of runoff from the catchment, it is more influential on peaks and
shape of the hydrograph. Catchment slope in the hydrology model was defined by overlying each
catchment with the provided DEM. PCSWMM has a built-in tool to determine average catchment slope.
Computational Hydraulics International (CHI) recommends resampling a detailed DEM (1 to 2m
resolution) to a 5 or 10 m resolution before the catchment slope tool is run, to remove any abrupt changes
in the topography. The 1 m DEM for the Frenchman’s Bay watershed was resampled to both 5 and 10 m,
but minimal differences were found in the resulting slopes. The 5 m resampled DEM was ultimately used
to define the initial catchment slopes in the model.
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3.4.3 Flow Length

The approach to defining catchment flow length in a PCSWMM model is a debated topic that largely
depends on why and how a hydrologic model is developed. Many discussions on SWMM forums allude to
flow length being a true calibration parameter, one that is initially estimated but has unlimited boundaries
to how high or low the parameter can range. Similar to slope, flow length is built into the reservoir routing
equation and affects the timing of runoff but, depending on the imperviousness, can also affect the
volume. Generally, the lower the imperviousness, the greater the effect flow length has on the volume of
runoff, as only one flow length is given to represent both pervious and impervious portions of the
catchment.

Typically, a SWMM model is developed to represent an urban area where various components of
infrastructure are explicitly defined (e.g., catch basins, pipes, storage facilities). In a large-scale watershed
model, this level of detail is not suitable and flow length becomes a representation of many processes
that are occurring within the catchment including:

e overland sheet flow, such as runoff from driveways and backyards, before it enters the street or catch
basin

e conveyance through pipe networks, once water enters into the minor stormwater system

e major overland flow routes, typically through roadways, ditches, and right of ways

Without explicit representation of these routing elements (e.g., roads and pipes), flow length becomes a
lumped parameter representing all routing processes through the catchment.

Initial flow lengths were estimated for each catchment using a United States Department of Agriculture
relationship to total catchment area (USDA 2010):

[ =209A4°6
Where:
l = flow length (ft)
A =drainage area (acres)

The United States Department of Agriculture (USDA) approach to deriving flow lengths generally matched
the longest drainage pathways for each catchment that were defined during the catchment delineation
process (Figure 8). These flow lengths represented the flow path within each catchment that would
translate to the time of concentration.

The catchment length was then adjusted to convert the natural watershed shape into an equivalent
rectangular cascading plane (kinematic wave (KW) approach) (Guo and Urbonas 2009). Equivalent KW
planes are estimated for natural watershed shapes using area, slope, Z factor (area skewness coefficient)
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and K factors (typically 4 to 6). Several options to further modify and refine the flow lengths were reviewed

during the calibration process.
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FIGURE 8 Overland Drainage Pathways in Urban area Example

3.4.4 Additional Parameters

Initial parameterization of other storage and routing parameters were initially defined with widely
accepted default values. These values were assessed and modified during the sensitivity analysis and
calibration process but initially defined as:

® nimpervious: 0.013

® npervious: 0.25

e depression storage impervious (mm): 2 mm

e depression storage pervious (mm): 5 mm

e impervious area with no depression storage: 25%

e subarea routing was set to pervious, which defines that a portion of the impervious area will be routed
through the pervious area before reaching the outlet
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3.4.5 Infiltration

Infiltration in the PCSWMM model was defined using the Modified Green and Ampt method. Green and
Ampt is a physically based method of estimating infiltration assuming a homogenous soil profile with a
wetting front (Kipkie 1998). Green and Ampt requires the input of three parameters to PCSWMM:

e hydraulic conductivity (mm/hour)
e suction head/wetting front

e initial moisture deficit (IMD)

The soils and surficial geology mapping were used to define the infiltration parameters for each catchment
(Figure 2). The resulting soils layer was overlaid with the catchments and parameters were area weighted.
Each soil type (ranging from sand to clay) was assigned a value for each of the three Green and Ampt
parameters listed above. Most soils in the watershed have been disturbed through urbanization, leading
to some uncertainty associated with the soils to infiltrate as they could be compacted. A range of soil

parameters were reviewed during calibration.

Table 6 shows the mapped soils within Frenchman’s Bay, the portion of the watershed the soil represents,
and the Green and Ampt parameters based on the value provided in the PCSWMM soil characteristic
guidance document (Rawls et al. 1983). The most prominent soils in in the watershed were defined as
loam (29%), loamy sand (20%), silty clay (18%), silt clay loam (17%) and sandy loam (16%). Sand and clay
make up less than 2%. Figure 9 shows the Assigned Green and Ampt soil type throughout the modelled
watersheds.

TABLE6  Mapped Soils within Frenchman’s Bay

Percent of Assigned Green Hydraulic Suction Initial
Highland and Ampt Soil Conductivity Head Moisture

Watershed Types (mm/hour) (mm) Deficit
Brighton 20% Loamy Sand 30.0 61 0.390
clay, silt 5% Silty Clay 0.51 290 0.228
Darlington 2% Loam 33 89 0.347
diamicton 4% Loam 3.3 89 0.347
Marsh 1% Silty Clay 0.51 290 0.228
Milliken 22% Loam 3.3 89 0.347
Muck 1% Clay 0.25 320 0.210
sand, gravel 1% Sand 120.3 49 0.413
Schomberg 11% Silty Clay 0.51 290 0.228
Smithfield 17% Silty Clay Loam 1.02 270 0.261
Woburn 16% Sandy Loam 10.9 110 0.368

1. Surficial geology was used to define infiltration parameters in areas where soil mapping was “unclassified.”
2. Soils making up less than 0.5% of the watershed were not included in the summary table.
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3.5 Channel Routing

Channel routing is the representation of watercourses in the hydrology model and affects how water from
each catchment is conveyed downstream to the outlet of the model. Channel routing is important as it
affects the timing of peak flows that will ultimately be used as input into the hydraulic model. In previous
hydrology models, channel routing was represented using route hydrographs where a single cross-section
geometry, length, and slope defined the conveyance. In PCSWMM, there is the capability to directly
import HEC-RAS geometry, including bridges and culverts, to represent channel routing elements more
discretely in the model.

Cross-sections used for channel routing in the PCSWMM model were derived from the HEC-RAS channel
dimensions based on the LiDAR data and used characteristic cross-sections to represent a larger reach
area. This process results in a more accurate model representation of the valley corridors within
Frenchman’s Bay while maintaining reasonable reach lengths to limit routing instabilities.

3.5.1 Road Crossings and Structures

The Frenchman’s Bay hydrology model took advantage of the HEC-RAS geometry import tool in PCSWMM
by importing the concurrently developed HEC-RAS model geometry to represent channel conveyance.
After importing, each hydraulic structure in the watershed was reviewed to determine if the structure
was “hydrologically significant,” meaning that it would modify the peak flows enough that it should be
represented within the hydrology model. Hydrologic significant structures were defined by running the
10-year design storm event and comparing the change in water level upstream and downstream of the
structure. If the difference was more than a 0.25 m during the, then the structure was considered
hydrologically significant. The analysis resulted in 50 structures that were defined as hydrologically
significant and included in the model.

3.5.2 Cross-sections

During the HEC-RAS import, cross-sections were autogenerated as irregular conduits with assigned bank
stations connected by junctions. Initially, over 400 reaches were imported into the hydrology model
representing each cross-section in the hydraulic model. During the validation runs, it was found that
having too many short, steep conduits resulted in model instabilities, and the watercourse network
required simplification. A watercourse simplification process built in to the PCSWMM model was used to
remove small conduits and merge with the most similar conduit (i.e., similar slope and cross-sectional
area) up or downstream. All conduits less than 50 m were selected in the model and, where appropriate,
merged with the adjacent conduits. The model was then run during the 100-year and Regional storm
events, and hydrographs from each conduit were reviewed to assess whether an instability occurred.
Areas with instabilities were further refined until the instabilities were addressed.
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