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Disclaimer

Matrix Solutions Inc. certifies that this report is accurate and complete and accords with the
information available during the project. Information obtained during the project or provided
by third parties is believed to be accurate but is not guaranteed. Matrix Solutions Inc. has
exercised reasonable skill, care, and diligence in assessing the information obtained during the
preparation of this report.

This report was prepared for The Corporation of the Town of New Tecumseth. The report may
not be relied upon by any other person or entity without the written consent of Matrix
Solutions Inc. and of The Corporation of the Town of New Tecumseth. Any uses of this report by
a third party, or any reliance on decisions made based on it, are the responsibility of that party.
Matrix Solutions Inc. is not responsible for damages or injuries incurred by any third party, as a
result of decisions made or actions taken based on this report.
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4.5.1 Regional Storm

Per the “Technical Guidelines for Flood Hazard Mapping” (EWRG 2017), the Timmins Storm is
the Regulated regional storm for the NVCA watershed. The storm rainfall hyetograph is listed in

Table 28. Per the guidelines, the Timmins Storm is represented with average antecedent

moisture conditions (AMC Il); therefore, no adjustments to the calibrated curve numbers are

required.

Table 28 Timmins Regional Storm

Time Rainfall Percent of

(hour) (mm) Total
1 15 8%
2 20 10%
3 10 5%
4 3 2%
5 5 3%
6 20 10%
7 43 22%
8 20 10%
9 23 12%
10 13 7%
11 13 7%
12 8 4%

Total 193 100%

Source: EWRG (2017)

45.1.1

Areal Reduction Factors

Per the “Technical Guidelines for Flood Hazard Mapping” (EWRG 2017), where an individual
point of interest has a drainage area greater than 25 km?, an areal reduction factor will be

applied to the Regional storm rainfall. Areal reduction factors are applied to the rainfall

amounts based on the equivalent circular area method. This method involves drawing a line

from the outlet of each subbasin to the upstream limit of the watershed (longest straight line),

and the equivalent area is computed based on the diameter represented by this line. Table 29

lists the rainfall reduction factors applied for each equivalent circular area. Each of these seven

Regional storm scenarios are simulated in the model with the corresponding reduced rainfall. In

the post-processing of the model output, the final Regional scenario is selected from each run

based on equivalent circular area at each model junction. Details are included in Appendix B4.
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Table 29 Areal Reduction Factors for the Timmins Regional Storm

Equivalent Circular Area Rainfall Areal
(km?) Reduction Factor
0-25 1.0 (No Reduction)
26-50 0.97
51-75 0.94
76-100 0.90
101-150 0.87
151-200 0.84
201-250 0.82

Source: EWRG (2017)
4.5.2 Design Storms

45.2.1 Intensity-duration-frequency Data

The Town has recently reviewed and updated the rainfall intensity-duration-frequency (IDF)
parameters as part of updating the Town Engineering Design Criteria and Standards

(Tatham 2021). The adjusted IDF parameters in the new Town Engineering Design Criteria and
Standards consider the effects of climate change. The inclusion of climate change
considerations in the IDF data are appropriate for new designs but would result in an overly
conservative assessment of the Town’s infrastructure under existing conditions.

For the existing conditions assessment in the current Phase 2 study, we have applied the 2021
IDF data from the MTO (2016) IDF tool using a reference location of the Town’s municipal
building. This approach is consistent with the work completed by Tatham Engineering Limited.
Additionally, Matrix completed an IDF sensitivity assessment and determined that there is
minimal geographic variation in IDF data across the Town’s jurisdiction. The IDF parameters for
existing climate conditions (2021) are included in Appendix B4.

For the flood risk assessment under future climate conditions and for recommendations of
mitigation measures (Section 8) we apply the IDF data included in the updated Town
Engineering Design Criteria and Standards (Tatham 2021). This provides consistency in the
climate change approach and enables us to discuss the capacity of the existing drainage
systems relative to the new design standard and will ensure that any recommended culvert or
pipe sizing is consistent with the new standards.
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4.5.2.2 Design Storm Selection

Matrix compared two design storm patterns to determine which one more closely matches the
flood frequency peak flows. To select the most representative design storm for the riverine
assessment and flood hazard mapping, the Atmospheric Environment Service (AES) and SCS
distributions with 1-, 6-, 12-, and 24-hour durations were considered for the 2-year through
100-year return periods. These correspond to the rural (<20% impervious) storm distributions
per MTO (2017) guidelines. A summary of the design storms is provided in Table 30.

Table 30 Evaluated Design Storms per Ontario Ministry of Transportation Guidelines

Storm Distribution Duration | Timestep Land Use Applicability (¥

SCS Type I 6-hour 15-min Rural
12-hour
24-hour
AES (30%) 12-hour 15-min Rural
Notes:

(1) Urban >20% impervious area, Rural < 20% impervious area
SCS - Soil Conservation Service
AES - Atmospheric Environment Service

The 2-year through 100-year SCS Type Il (6-, 12-, and 24-hour) and 12-hr AES storm events were
simulated using the calibrated hydrologic model with existing land use. The resulting return
period flows at the Beeton Creek Water Survey of Canada station were compared to the flows
derived from the frequency analysis (Table 12 in Section 4.2.5.1) and are summarized in

Table 31. When comparing the flows, it is important to recognize there are differences between
the flow derivation methods. The frequency analysis was based on the 20-minute flow data
recorded during the open water season and accounts for spatially varied rainfall for example.
Despite these differences, the 12-hr AES storm distribution best represents the subwatershed’s
frequency analysis results (Table 31) and is also the most conservative. As such, the 12-hr AES
storm was selected for all design storm scenarios. The 12-hour AES storm hyetograph is
included in Appendix B4.
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Table 31 Comparison of Peak Flows at Beeton Creek Near Tottenham Water Survey of
Canada Station

Flood
Return Frequency 6-hour 12-hour 24-hour 12-hour
Period Analysis Flow ©  SCS Type Il SCSTypell  SCS Type ll AES
(m3/s)
100 65.3 23.8 32.5 43.5 47.5
50 45.6 18.7 25.9 34.1 39.2
25 30.6 14.3 19.5 27.2 30.0
10 16.7 10.3 12.8 16.9 20.1
5 9.6 8.5 9.5 12.1 13.6
2 3.7 6.3 6.9 7.2 8.6
Notes:

(1) Presented peak flow data are based on maximum annual 20-minute flow data recorded
between May 1 to October 31 by Water Survey of Canada for the period listed. Statistical
assessment indicated the three-parameter log-normal distribution has an adequate fit and was
used to derive design flood peak flows. Statistical analyses are included in Appendix B1.

SCS - Soil Conservation Service

AES - Atmospheric Environment Service

4.5.3 Results

The calibrated model was used to simulate the 2-year through 100-year design storms (12-hour
AES) and the Regional storm under planned land use conditions. A summary of the peak flows
at the subwatershed outlets and flow gauge locations is provided in Table 32. The peak flows
from the calibrated model under planned land use conditions are used as flow inputs for
hydraulic modelling (see Section 7).
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Table 32 Predicted Peak Flows in Beeton Creek and Baker Drain

Beeton Beeton Creek
Baker Baker
Creek at Water Beeton . .
Event Drain - West Drain - East
Upstream of Survey of Creek Outlet Branch Branch
Tottenham  Canada Station
Regional 20 143 127 28.1 41.7
100-year 4.6 48 53 12 17
50-year 4.1 40 44 10 14
25-year 3.7 30 34 8.0 11
10-year 3.1 20 22 5.5 7.1
5-year 2.7 14 15 3.6 4.2
2-year 2.1 8.6 10 1.0 1.1
HEC-HMS XBE930 XBE600 XBE100 XBA400 XBA220
Junction ID
Notes:

Predicted peak flows under planned land use conditions. Refer to Appendix B5 for model
output. Baker Drain flow locations are upstream of Beeton Flats.

4.5.3.1 Peak Flows Comparisons

The predicted peak flows from the calibrated Phase 2 model were compared with peak flows
reported in the Phase 1 study the Maclaren (1988) Watershed Hydrology Study for Beeton
Creek at the Water Survey of Canada station and outlet and the two branches of Baker Drain
(Figures 14 to 17). Note that the Maclaren (1988) Watershed Hydrology Study reported the
1:20-year peak flows, whereas the recent studies (Phase 1 and Phase 2 studies) use the more
conventional 1:25-year return period. Overall, the refined peak flows are within expected
ranges and increase our confidence in the modelled results.
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Figure 14 Comparison of Peak Flows at Beeton Creek near Tottenham Water Survey of
Canada Station (m3/s)
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Figure 15 Comparison of Peak Flows at Outlet of Beeton Creek (m3/s)
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Figure 16 Comparison of Peak Flows at West Branch of Baker Drain (m3/s)
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Figure 17 Comparison of Peak Flows at East Branch of Baker Drain (m3/s)
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4.6 Hydrology Update Conclusions

Matrix Solutions developed and calibrated a hydrologic model for the Beeton Creek and Baker
Drain subwatersheds using HEC-HMS (version 4.8). The purpose of the model is to estimate
Regional and peak flows for hydraulic modelling and flood risk assessments. The model was
developed using provincial and municipal datasets, including ECCC climate data. As there is
uncertainty with any numerical model, appropriate measures were taken to reduce the
uncertainty associated with the peak flow estimates and increase confidence in the model’s
ability to predict peak flows. This includes calibration and validation of flow estimates to the
Beeton Creek near Tottenham Water Survey of Canada flow gauge. The hydrologic model has
been calibrated to two recorded rainfall events and validated to one recorded rainfall event.
We have confidence in the model to reasonably replicate runoff hydrographs at the Beeton
Creek near Tottenham gauge. Regional and peak flow estimates generated by the hydrologic
model are within expected ranges of historical flow estimates, which increases the level of
confidence with the revised flow estimates. We believe the model is appropriate for use in peak
flow assessment and flood hazard mapping.

The model results using updated flows are intended to inform the Town of existing flood risk
and do not replace the current NVCA Regulatory floodlines. The hydrologic model is, however,
compliant with the “Technical Guidelines for Flood Hazard Mapping” (EWRG 2017) and includes
the application of areal reduction factors for the Regional storm.

5 Field Assessment of Structures

This section provides a high-level summary of data gaps identified in both the riverine drainage
system and urban SWM system and the subsequent field investigations completed to address

those gaps.

5.1 Culvert/Bridge Survey Strategy

The survey needs for the riverine drainage system modelling in Phase 2 are largely based on the
detailed review of bridge and culvert data in combination with the 2D HEC-RAS model results
from the Phase 1 study (Matrix 2021a). Data available from Phase 1 includes shapefiles
provided by the Town for bridges and large culverts, HEC-RAS models from NVCA and LSRCA,
drawings and dimensions provided by Canadian Pacific Railway (CP), LiDAR data acquired as
part of the Phase 1 scope, and a field survey completed by Matrix. These datasets were used to
populate an inventory of 226 watercourse crossings within the study area. Modelling all
crossings within the 2D domain was not possible in Phase 1 due to the large size of the model
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domain. Therefore, the modelling of bridges and culverts adopted in Phase 1 considered a
hierarchy approach based on the hydraulic significance of each crossing. Simplified modelling
techniques were used for culverts that were assumed to cause minimal impacts to upstream
water levels (refer to Phase 1 study for details).

The Phase 1 modelling produced reasonable results, from which Matrix identified several flood
risk areas that require further study. The scope of the Phase 2 study includes trimming and
refining the 2D HEC-RAS model to several smaller domains that are focused on these identified
flood risk areas. Within these smaller model domains, Matrix will update the modelled
crossings to use standard approaches. Therefore, the Phase 2 survey is primarily focused on
additional data needs for bridges and culverts within the flood risk areas. All bridges/culverts
that are the focus of a given flood risk area were surveyed (i.e., where insufficient culvert
capacity was identified as the cause of flooding). Other nearby crossings that have potential to
influence hydraulic conditions at these key locations were also surveyed. Given the amount of
available data, it is unlikely that any assumptions or other data gap filling techniques will be
required for the bridge and culvert crossings. We do not intend to incorporate this additional
survey data to model additional culverts in detail within the Town-wide model. The limitations
of HEC-RAS prevent the addition of more detail to this model while still maintaining a useable
model.

5.1.1 Culvert/Bridge Data Gaps

Following the review of the Phase 1 model results and flood risk areas, a total of 35 structures
were identified as priority locations with insufficient data. Of the 35 locations, 12 are located on
rail lines that are inaccessible from outside the rail right-of-way. Data requests for as-built
drawings for these 12 locations were submitted to the corresponding rail lines (CP, South
Simcoe Railway [SSR]). Following the request, permission was granted by SS Rail to access two
locations within their right-of-way. Field surveys of the remaining ten locations on the CP rail

line were coordinated with a rail flagman as no data was available.

The surveyed culvert and bridge locations are identified in Appendix C1 along with field
inventory sheets. Details of the collected data at each structure are provided in Appendix C1.

5.2 Urban Drainage Survey Strategy

Matrix strategically surveyed manholes to infill data gaps in the Town’s urban drainage system
in a cost and time effective manner, including critical locations required for developing the
model. A joint field survey and desktop evaluation approach was applied for areas with a wide
stretch of missing invert data (e.g., whole subdivisions or streets with missing invert
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information). While inverts are needed for all pipes in the model, sections of pipe that are
relatively continuous with little change (i.e., pipe size, direction, and ground slope) can be
estimated from upstream or downstream pipes based on slope. There are several key locations
where it is critical to have the proper elevation to estimate inverts with confidence.

The areas that are most critical for surveying include manholes where no inverts are known and
have one or more of the following issues:

e adjacent series of manholes where inverts are unknown

¢ manholes located at main sewer intersections or bends

® major changes in pipe size

e slopes are not known and ground slope may not be representative of the pipe slope

e areas of concern (i.e., areas where there is a lack of data or verification is needed around the
pipe network)

e sewer outlets

5.2.1 Urban Drainage Data Gaps

Following the desktop evaluation of additional as-built information (in the form of drawings,
SWM, etc.), Matrix was able to fill in a portion of the gaps initially identified. Matrix surveyed a
total of 107 manholes to fill the remaining data gaps. Maps of the surveyed manholes are
provided in Appendix K along with field inventory sheets. The breakdown of manhole survey
locations by urban settlement area is as follows:

e Alliston: 33 manholes
e Beeton: 39 manholes
e Tottenham: 35 manholes

5.3 Survey Results

Matrix successfully surveyed all 35 bridges/culverts as identified in the previous sections. The
collected survey data has been used in the riverine and urban drainage modelling, as
appropriate.

Matrix successfully inventoried and collected elevation data for 95 of the 107 identified urban
drainage locations. The remaining 12 locations were unable to be collected due to the following
conditions:

e manhole lid could not be opened (seven locations)

e manhole was blocked by parked vehicle (one location)
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e manhole was unable to be located, or does not exist (two locations)

e manhole was located on private property which could not be accessed (two locations)

The raw survey data for the culverts and bridges survey is included in the structure inventory
sheets provided in Appendix C1. The raw field data for the urban drainage survey is included in
structure inventory sheets, organized by urban settlement area, in Appendix C2. Additional
information about survey methods and field safety practices is located in Appendix C3.

6 Existing Riverine Model Update

One of the recommendations from the Phase 1 study was to update the Town-wide model
using new peak flows, confirm the previously identified flood risk areas, and develop
site-specific hydraulic models to assess riverine flooding conditions in more detail. This section
summarizes the updates to the Town-wide model and to confirm previous flood risk
characterization, development of refined flood risk area models, and updated flood risk
characterization and mapping.

6.1 Town-wide Model Updates

The Town-wide 2D HEC-RAS model prepared in the Phase 1 study was updated for the Phase 2
study to incorporate the following:

e new peak flows in the Beeton Creek and Baker Drain watersheds based on the hydrology
model developed in this project

e corrected flows on Wilson Drain in Alliston based on more detailed review of available flow
data

e revised dimensions of 11 structures to enhance the level of detail in the model

+ Eight of the 11 structures were updated based on new survey data, and three structures
were newly added to the model.

e refined runoff and storage volume estimates within the Beeton Flats area to reflect recent
hydrologic updates on Innisfil Creek

6.1.1 Peak Flows

Peak flows in the Town-wide HEC-RAS model were updated in two main locations: 1) all flow
values in the Beeton Creek and Baker Drain watersheds were updated using Matrix’s new
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hydrology data, and 2) the peak flows on Wilson Drain located in the north of Alliston were
revised. Further details of these updates are discussed in the next sections.

6.1.1.1 Beeton Creek and Baker Drain

A hydrology update of the Beeton Creek and Baker Drain watersheds was conducted using a
HEC-HMS model; details are documented in Section 4. These flows replace those from the
Maclaren (1988) Watershed Hydrology Study and, thus, provide more up-to-date inputs for
computing flood elevations from the HEC-RAS hydraulic model.

Matrix developed a naming convention for flow input locations (known as flow nodes) within
the HEC-RAS hydraulic model. The new naming convention is based on the hydrologic
catchment ID to facilitate the transfer of outputs/inputs between the hydrologic and hydraulic
models. This approach also enables the Town to identify which flow nodes may require future
updates as new hydrology data from NVCA becomes available. Appendix D1 includes a
complete record of flow nodes, including naming convention. The peak flow values for the
5-year through Regional storm events at each flow node are documented in Appendix D2.

6.1.1.2 Wilson Drain

There are three flow nodes applied on Wilson Drain in the northern portion of Alliston, as
shown in Figure 18. In Phase 1, peak flows at these nodes were not readily available, and flows
from an adjacent tributary with similar catchment characteristics were applied. In Phase 2,
Matrix confirmed that this portion of Wilson Drain lies within a larger catchment (catchment
123) from the MaclLaren (1988) Watershed Hydrology Study , as shown in Figure 18. Matrix has
estimated the contributing flow for Wilson Drain based on the MacLaren (1988) data using an
estimate of flow per unit area. This method ensures that the peak flows applied to Wilson Drain
are not overstating the contributing areas. Details of these flow calculations are reported in
Appendix D3.
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Figure 18 Wilson Drain Catchments and Flow Node Locations

6.1.2 Bridges and Culverts

Bridge and culvert structures within the Town’s jurisdiction were added to the Town-wide 2D
HEC-RAS model using one of three approaches: detailed, cut, or block (Matrix 2021a). Each of
these approaches requires a different level of effort. Hydraulic considerations and the level of
risk associated with modelling each structure based on an assumption were incorporated into
the selection of an appropriate modelling approach. Table 33 summarizes the modelling
approach used for crossings in the Town-wide model.
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Table 33 Structure Modelling Approach

Modelling Number of

Description

Approach  Structures

Detailed

69

Used for crossings that will significantly influence water levels in
the area. These crossings were fully incorporated in the model,
complete with culvert/bridge opening and weir to account for
overtopping.

Cut

83

Assumes that the bridge deck does not experience pressure flow or
road overtopping. This method was only used for large bridge
crossings that will cause minimal impacts to water levels upstream.
Road embankments were removed from the model at these
locations.

Block

72

Used for small culverts and those not located on major
watercourses. This method omits the culvert capacity within the
model and is appropriate for small culverts that provide minimal
flow capacity during large events.

At the outset of Phase 2, Matrix reviewed available structure data along with the Phase 1

results to determine the need for additional survey. The survey needs focused on high-risk

areas, where structures not previously identified were modelled in detail with assumed data or

were modelled with a simplified approach. A total of 35 structures were surveyed between
September 20, 2022, and November 29, 2022 (refer to Section 5).

A summary of the bridge and culvert updates is provided in Table 34. Appendix D4 provides an

inventory of all structure data, including dimensions, inverts, and other data relevant for the

hydraulic assessment. Appendix D5 provides a summary of structures that were modelled in

detail.

Table 34 Summary of Bridge/Culvert Updates

Type of Update Description Count
New crossings Crossings not identified in Phase 1 0
Updated Previously identified crossings with incomplete data 8
dimensions (height, diameter, etc.)

11005, 11006, 11007, 11009, 12019, 12032, 12039, MSI_120

Updated modelling

MSI_137, 12029, and 12030 were previously modelled as CUT 3

approach or BLOCK and are now modelled in detail to confirm extents
of flooding at Bailey Swamp
No change Crossings that were not modified from Phase 1 study. 58
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6.1.3 Beeton Flats Storage

Beeton Flats is a large, natural, online storage feature located on Innisfil Creek within the
northeast portion of the Town’s jurisdiction. Also referred to as Lower Innisfil Lake, this
low-lying area is a remnant of a glacial lake (Cannon n.d.) and is generally bounded by 13 Line,
Sideroad 10, 9™ Line, and Highway 27. The results from the Phase 1 study indicated high-risk
flooding in the Beeton Flats area in all modelled events.

In review of the Phase 1 work, and in light of new assessments completed by NVCA, it was
requested that Matrix revisit the modelling of Beeton Flats. NVCA requested that the available
storage volume be considered in the assessment of Beeton Flats. Storage attenuation is
typically done in the hydrologic model, which is not in the scope of this project. The hydrology
update completed in this study was focused on the Beeton Creek and Baker Drain watersheds
only and, therefore, the storage volume in Beeton Flats/Innisfil Creek was not considered in the
hydrologic modelling. NVCA provided an updated hydrologic model for Innisfil Creek
(AHYDTECH Geomorphic 2020). The Innisfil Creek hydrologic model (AHYDTECH Geomorphic
2020) did not account for storage within Beeton Flats, but does indicate that 54% of rainfall
contributing to Beeton Flats becomes runoff in the Regional storm event. For the design storms,
the runoff coefficients range from 12% to 34% over the 5-year through 100-year events.

Using these findings and the elevation-volume relationship developed in Phase 1, Matrix
calculated the water surface elevation that corresponds to the updated runoff volumes for each
event to reduce the assumed ponding elevation within Beeton Flats.

6.1.4 Comparison to Phase 1 Results

The comparison of the Phase 2 Town-wide model results to those from Phase 1 was generally
focused on areas outside the previously identified riverine flood risk areas. The riverine flood
risk areas have been assessed using the refined hydraulic models and are discussed Section 6.2
of this report. Overall, the results from the updated Town-wide model were generally
consistent with Phase 1 model results. Detectable changes in flood extent were limited to areas
where flows were updated, such as along Beeton Creek, Baker Drain, Wilson Drain, and the
Nottawasaga River (which is the outlet of all modelled rivers), as well as within Beeton Flats.

Refined modelling of structures noted in Table 34 did not produce a significant change to the
flood extent and risk areas. No new flood risk areas were identified from the updated
Town-wide model results. This confirms the validity of the risk assessment completed in
Phase 1. The following sections quantify the comparison of Phase 1 and Phase 2 results.
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6.1.4.1 Quantitative Measure of Inundation and Flood Risk Areas

Table 35 provides a comparison of Phase 1 and Phase 2 Town-wide flood risk results for all
modelled storm events and confirms that the updated Town-wide model results were generally
similar to Phase 1. The overall flood inundation area in the updated Town-wide model
decreased by up to 5.6 km? (-7.9%) for the Regional event, most of which was classified as high
risk. This change in flood risk is mostly a result of the modelled changes at Beeton Flats.

The ponding area of Beeton Flats accounted for about 40% of the total inundation area and
about 60% of high-risk area in the Phase 1 results. Reducing the assumed runoff volume to
Beeton Flats, therefore, reduced the high-risk flooding in this area. These new results align with
the recent hydrology update (AHYDTECH Geomorphic 2020). Table 35 shows that medium- and
low-risk areas are generally similar with Phase 1 results.
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Table 35 Town-wide Model Comparison of Phase 1 and Phase 2 Results

Phase 2 Result
Summary

Phase 1 Result

Return Period Difference

Summary

Regional Storm

Overall Inundation Area (km?) 69.6 64.1 5.6
Low Flood Risk (km?) 17.7 18.0 -0.3
Medium Flood Risk (km?) 14.2 13.9 0.3
High Flood Risk (km?) 37.7 32.1 5.6
Overall Inundation Area (km?) 44.2 40.3 3.9
Low Flood Risk (km?) 13.9 15.0 -1.1
Medium Flood Risk (km?) 8.9 9.1 -0.2
High Flood Risk (km?) 21.4 16.2 5.2
50-year Storm
Overall Inundation Area (km?) 40.8 37.3 35
Low Flood Risk (km?) 13.5 14.4 -0.9
Medium Flood Risk (km?) 8.5 8.7 -0.3
High Flood Risk (km?) 18.9 14.2 4.7
25-year Storm
Overall Inundation Area (km?) 35.6 31.7 3.9
Low Flood Risk (km?3) 12.7 13.2 -0.5
Medium Flood Risk (km?) 7.4 7.7 -0.3
High Flood Risk (km?) 15.5 10.8 4.7
10-year Storm
Overall Inundation Area (km?) 32.0 27.9 4.1
Low Flood Risk (km?) 11.5 11.5 0.0
Medium Flood Risk (km?3) 6.9 7.0 -0.1
High Flood Risk (km?) 13.6 9.4 4.2
5-year Storm
Overall Inundation Area (km?) 28.2 23.5 4.7
Low Flood Risk (km?) 10.3 10.0 0.3
Medium Flood Risk (km?) 6.3 6.7 -0.3
High Flood Risk (km?) 11.6 6.8 4.8
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6.1.4.2 Wilson Drain West of King Street North

As mentioned in Section 6.1.1.2, three flow nodes on Wilson Drain were revised to correct flow
values in the Town-wide model. This changed the flood risk results in two areas: west of King
Street North and east of King Street North. Changes to flood risk results west of King Street
North are described in this section. The area to the east is within the model domain for the Sir
Frederick Banting Road flood risk area and has been assessed in detail in Section 6.2.2.1.

There is a surface drainage feature within the agricultural property located west of King Street
North. Based on LiDAR topography, the watercourse flows easterly through the field before
turning south, runs parallel to King Street North, and eventually enters the Boyne River
upstream of the King Street North bridge. No flow from this location is conveyed across King
Street into Wilson Drain. The revised flow value applied to this location is lower than in the
Phase 1 model; therefore, the flood inundation area and flood risk were reduced accordingly.
The change in flood risk is minimal; for the Regional event the inundation area was reduced by
0.32 km?, most of which was classified as low risk. There are no buildings at risk of flooding in
this area.

6.1.4.3 Beeton Creek and Baker Drain

The updated peak flows in Beeton Creek and Baker Drain watersheds are generally similar to
the previous flow estimates. Therefore, no major change in flood inundation and flood risk
areas is seen in the model results. The areas of high and medium risks decreased slightly in the
updated Town-wide model, resulting in a slight decrease in the total inundation area (-3%)
compared to Phase 1 for the Regional storm event. Areas of low risk were consistent with
Phase 1 results.

6.1.4.4 Nottawasaga River

The Nottawasaga River downstream of the Beeton Flats ponding area is the primary river outlet
in the Town’s jurisdiction. Except for the watercourses in LSRCA’s jurisdiction, as well as Wilson
Drain in Alliston, all watercourses within the Town’s jurisdiction eventually flow to the
Nottawasaga River within the Town boundary. The updated water surface elevations in Beeton
Flats changed the computed water surface elevations in the downstream Nottawasaga River.

The Regional stormwater elevation at the Highway 89 bridge over Nottawasaga River decreased
from 209.0 m (Phase 1 model) to 208.4 m (Phase 2 Town-wide model). This 0.6 m decrease in
water level was expected and is a direct result of the revised runoff volume and water surface
elevation assumptions within Beeton Flats, as discussed in Section 6.1.3. Reducing the ponded
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water elevation in Beeton Flats means there is less hydraulic head pushing water into the
Nottawasaga River, and the resulting water surface elevation in the downstream river is lower.

Although the water level in the Nottawasaga River was reduced in the updated Town-wide
model, the flood inundation area and areas at risk to riverine flooding were generally consistent
with Phase 1 results. The Nottawasaga River is a large river with deep floodplain and valley.
Therefore, an increase in flow and water surface elevation does not translate to a significant
increase in the extents of flood risk area.

6.1.5 Structure Level of Service

Structure level of service results from the updated Town-wide 2D HEC-RAS model were
reviewed to document hydraulic performance relative to the Town’s standards. Detailed
documentation is provided in Appendix D6, which includes computed water surface elevations
for all storm events at all structures modelled in detail, in both the town-wide model and the
refined flood risk area models. A summary of the structure performance within the Town-wide
model is provided in the Table 36.

Table 36 Town-wide Bridge and Culvert Level of Service

Meets Structures that Meet Capacity Structures that Meet Overtopping
Criteria? Guidelines (Total Percentage) Guidelines (Total Percentage)
Yes 60% 83%
No 25% 8%
N/A 15% 9%
Notes:

N/A - not applicable. The Town’s guidelines do not list standards for railways; these are under
the jurisdiction of the railway company; therefore, the comparison to standards are noted by
IIN/A.II

6.2 Refined Flood Risk Area Models

The Phase 1 study (Matrix 2021a) identified 16 flood risk areas that were reviewed in detail in
this Phase 2 study. These flood risk areas are summarized in Table 37. As shown, some of the
high-risk flooding locations were identified for the Town’s information purposes only and do
not necessarily require additional hydraulic analyses for mitigation.

Refined HEC-RAS models were prepared for the flood risk areas with culvert and channel
capacity limitations to enable detailed assessment of existing conditions and potential
mitigation measures. Some of the flood risk areas are located close together. Mitigation
measures in these areas have the potential to affect adjacent flood risk areas. Therefore, to
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enable a comprehensive assessment of the hydraulic conditions of each site and to maximize
project efficiency, some of the flood risk areas were grouped together. This approach also
ensures that flood risks are not simply transferred from one location to another. Seven refined
models were developed as documented in Sections 6.2.1 and 6.2.2.

Table 37 Confirmation of Flood Risk Areas

Flood Risk Area (! Phase 2 Assessment Approach

Culvert and Channel Capacity Limitations

Sir Frederick Banting Road Refined Model No. 1: Sir Frederick Banting Road
Industrial Parkway and CP Rail Line | Refined Model No. 2: Industrial Parkway and CP Rail Line
14™ Line at 20t Sideroad Refined Model No. 3: 14™ Line and 20" Sideroad
Tottenham Road at 10™" Line Refined Model No. 4: Bailey Swamp

10t Line at 10 Sideroad Refined Model No. 5: Downstream of Beeton

9t Line at 15 Sideroad Refined Model No. 5: Downstream of Beeton

6™ Line at Tottenham Road Refined Model No. 6: Downstream of Tottenham

7t Line at CP Rail Line and SSR Refined Model No. 6: Downstream of Tottenham

5t Line at 20t Sideroad Refined Model No. 7: 5t Line and 20 Sideroad

Honda Manufacturing Plant This location was identified in Phase 1 for the Town’s

information. Review of storm sewer infrastructure data
shows that this property contains its own private SWM
infrastructure that discharges directly to Spring Creek in
Alliston. No further modelling or mitigation assessment
was completed.

Alliston WWTP Flooding at the Town’s WWTP was identified in Phase 1
for the Town’s information and emergency management
purposes only. No further modelling or mitigation
assessment was completed.

Schomberg River North of This location was identified in Phase 1 for the Town and
Highway 9 LSRCA’s information only. There is ponding classified as
high risk in historic meanders of the Schomberg River
during the Regional event. The updated model results
match LSRCA’s existing Regulatory floodline and therefore
LSRCA is likely already aware of the flood risks.

Notes:

(1) Flood risk areas as defined in the Phase 1 study (Matrix 2021a)
CP - Canadian Pacific Railway

SSR - South Simcoe Railway

SWM - stormwater management

WWTP - wastewater treatment plant

LSRCA - Lake Simcoe Region Conservation Authority
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6.2.1 Refined Model Development

Each of the refined models was developed in 2D HEC-RAS following the same general modelling
approach as the Phase 1 study (Matrix 2021a). The following subsections outline general
considerations that apply to all refined models. Details of specific updates in a given flood risk
area (i.e., updates to peak flows, structure details, etc.) are summarized in Section 6.2.2.

6.2.1.1 Breaklines

Breaklines are used to capture high points (i.e., roads, rails, buildings, berms, steep banks) and
low points (channel centreline, ditch centreline) in the topography, to make sure modelled flow
is travelling in the right directions. Breaklines in the refined models were taken from the
Town-wide model and refined as needed to capture more detail in areas of interest.

The watercourse centrelines in the Phase 1 model were based on a shapefile provided by NVCA.
In Phase 2, Matrix updated the centrelines in the refined models to better reflect the channel
alignment shown in the topographic data. As part of the LIDAR DEM generation process, bank
lines were delineated along the majority of the watercourses in the study area (PHB 2020).
Matrix created new watercourse centrelines using the bank lines provided by Perron, Hudon,
Bélanger Inc. (PHB) and applied these as breaklines within the refined models. The new
breaklines are better aligned to the LiDAR topography and therefore provide more accurate
results.

6.2.1.2 Mesh Resolution

All refined model areas use a 5 x 5 m resolution for the computational mesh. In specific areas
with rapid changes in topographic slope and/or around complex structures, mesh sizes were
refined further as required to enhance model stability and accuracy. The mesh size along some
major roads and rails was increased so that cell boundaries capture the road crest as well as
adjacent road ditches. This reduces the complexity of having multiple breaklines for each road,
and mesh cells still capture both the high point of the road crest and low point of adjacent
ditch.

6.2.1.3 Bridge and Culvert Modelling Approach

All structures within the refined flood risk models were modelled using the detailed approach.
The survey data collected by Matrix was used to populate bridge and culvert data in the refined
models to provide a thorough understanding of culvert performance and hydraulic conditions.
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Any structures outside of the immediate flood risk area, or which were shown to have no
hydraulic impact on results were excluded, or flow was applied downstream to reduce model
complexity. Details of all structures, including modelling approach are included in the
Appendix D5 structure inventory.

6.2.1.4 Boundary Conditions

Boundary conditions for the refined models were set using a normal depth assumption. Friction
slopes were initially set to the approximate slope of the terrain and were refined in an iterative
fashion to match the slope of the water surface elevation using the model results. The
boundary conditions allow water to leave the model domain instead of artificially pooling at the
edge of the model.

6.2.2 Refined Flood Risk Characterization

The following sections describe the flood risk characterization completed for each of the
refined models. A schematic of each of the refined model domains is presented in Appendix D7,
which includes the location and names of all flow nodes, boundary conditions, and modelled
structures. These schematics are intended to provide the Town and future users of refined
models with a single reference to identify the components included in each model.

6.2.2.1 Sir Frederick Banting Road

The Sir Frederick Banting Road flood risk area is located in the northeast portion of Alliston,
west of Sir Frederick Banting Road, and focuses on the hydraulic performance of Wilson Drain
and existing culverts. The refined model extends from upstream of Boyne Street to downstream
of Sir Frederick Banting Road and covers an area of approximately 10.5 km?. The results of the
Town-wide model show that spill occurs from Wilson Drain and spilled water flows southerly to
the topographic low point at Sir Frederick Banting Road. No culvert has been identified at this
location; therefore, water pools on the west side because it has no outlet.

Peak flows applied to Wilson Drain were updated in the refined model as discussed in

Section 6.1.1.2. For each storm event, the model was run until flooding conditions reached
steady state. However, the flood inundation extent did not reach steady state for the Regional,
100-year or 50-year events. In these events, flow spilled southerly from Wilson Drain and
continued to spread indicating more flooding volume on the surface than the rainfall event
could have produced. In these cases, Matrix completed unsteady simulations to estimate flow
volumes. The unsteady simulation results confirm that while spill from Wilson Drain is shown to
occur in the Regional event, no spill will occur in the 50- and 100-year events.
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The refined model results show that the main source of flooding is the section of Wilson Drain
between the CP rail line and Sir Frederick Banting Road, as shown in Figure 19 for the Regional
event. The watercourse overtops its banks during the Regional storm and creates widespread
overland flooding southeast of the channel. The spill is primarily caused by the limited capacity
of MSI_56 on Sir Frederick Banting Road. The structure does not meet the Town’s capacity
standard and is surcharged in the 5-year event. MSI_61 on the CP rail line is also surcharged in
the 5-year event; however, the flooding upstream of this crossing is contained in the channel
and floodplain and does not contribute to the spill conditions. Table 38 outlines the
performance of the hydraulic structures in this refined model.

A discussion and evaluation of riverine flood risk mitigation options is presented in Section 8.3.
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Table 38 Structure Hydraulic Performance - Refined Model No. 1

Structt'xre Structl.xre S Overtopping
Structure Road Class (%) Capacity Capacity . Meets
Road Name . . Storm Causing
ID (Capacity Standard) | Storm Causing : Mt.eets O o ey Eloojyear
Surcharge Guideline? 34 Guideline? (4
12068 Boyne Street Urban Local (50-year) | No Surcharge Yes No Overtopping Yes
12069 Boyne Street Urban Local (50-year) | No Surcharge Yes No Overtopping Yes
MSI_56 Sir Frederick Banting Road | Rural Local (25-year) 5-year No ©) No Overtopping Yes
MSI_61 CP Rail Line Rail 5-year N/A No Overtopping N/A
Notes:

(1) The shapefile of roads was obtained from Land Information Ontario, including road classification, which did not differentiate
between “Urban Local” and “Rural Local” roads. To assess structures relative to the Town’s standards, “Urban” roads were assumed
to be all roads within the three urban settlement areas (Beeton, Allison, Tottenham) or employment land use areas.

(2) Occurrence of overtopping was calculated using the low point in the road profile near the structure, not the top of road elevation
immediately at the structure.

(3) The Town’s guidelines do not list standards for railways; these are under the jurisdiction of the railway company; therefore, the
comparison to standards are noted by “N/A.” Capacity and overtopping results are provided for reference only.

(4) Capacity and overtopping guidelines reflect the Town Engineering Design Criteria and Standards (Tatham 2021).

(5) Structures that do not meet the applicable guidelines.

N/A - not applicable

CP - Canadian Pacific Railway
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6.2.2.2 Industrial Parkway and Canadian Pacific Railway Rail Line

The Industrial Parkway and Canadian Pacific Railway Rail Line flood risk area is located in the
southwest portion of Alliston, at the intersection of Industrial Parkway and the CP rail line and
covers approximately 4.5 km?. The focus of this refined assessment is on the water that flows in
a north-easterly direction, from a small tributary of the Middle Nottawasaga River west of
Adjala Tecumseth Townline toward the intersection of Industrial Parkway and the CP rail line.
The Town-wide model results indicate significant ponding occurs at this intersection starting at
the 5-year event and is classified as high-risk starting in the 50-year event. This flow pattern and
flooding location were identified in the Phase 1 model results; however, limited structure
details were available and therefore additional modelling was recommended in Phase 2 to
refine our understanding of flooding conditions.

Two structures which had not been previously identified (MSI_152 and MSI_166) were added
to the refined model. Peak flows were not changed; however, the refined model provides an
opportunity to review existing flow patterns in more detail. Based on the catchments
delineated in the MaclLaren (1988) Watershed Hydrology Study, the understanding was that
flow in the small tributary northwest of Adjala Tecumseth Townline and 13" Line would be
conveyed southerly to the Middle Nottawasaga River. However, the LiDAR based topography
and the hydraulic modelling results show a north-easterly flow direction, indicating that the
catchment delineation and watercourse flow direction were historically misunderstood. The
model results also confirm observations from a previously completed study for the planned
industrial subdivision east of the CP rail line, in which it was indicated that water was actively
flowing towards the northeast from 13" Line toward Industrial Parkway (Crozier 2015).

Peak flows were applied to the model and the model was run until flood conditions reached
steady state. The refined model results confirm that flow patterns are predominantly northeast
toward Industrial Parkway. This is also evident for flows south of 13 Line; most flows are
conveyed north, and a very small amount flows south to the Middle Nottawasaga River. The
limited capacity of structure MSI_130 on 13 Line contributes to the amount of flow that flows
northeast. This structure is surcharged for all design storms meaning that water cannot flow
southerly across the road. Instead, water ponds on the north side of the road and flows
northeast.

High-risk flooding occurs at the intersection of Industrial Parkway and the CP rail line in the
50-year and up to the Regional event, despite the updated modelling of structure MSI_152 and
MSI_166 (refer to Figure 20). However, there are no buildings within the high-risk flooding area.
Although these structures provide some flow conveyance, they do not meet the Town’s
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capacity guidelines. It is possible that MSI_152 and MSI_166 were not adequately designed due
to the misunderstanding of flow patterns. All modelled structures meet Town overtopping
guidelines; however, the overtopping of Industrial Parkway during the Regional event may
prevent traffic from accessing the Town’s evacuation centre from the east. Table 39 outlines
the performance of the hydraulic structures in the model domain.

A discussion and evaluation of riverine flood risk mitigation options is presented in Section 8.3.
Given the discrepancy in flow patterns and hydrology modelling described above, a hydrology

update is recommended for the Middle Nottawasaga River prior to finalizing any
recommendations for culvert upgrades.
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Table 39 Structure Hydraulic Performance - Refined Model No. 2

Structure Structure Overtobbin Overtobbin
Structure Road Class (%) Capacity Storm Capacity PpIng Pping
Road Name . . Storm Causing Meets
ID (Capacity Standard) Causing Meets -2 ey (3.4)
e . 3.4 Overtopping Guideline? >
Surcharge Guideline? (4
MSI_128 | Adjala-Tecumseth Townline Rural Local (25-year) 5-year No ©) No Overtopping Yes
MSI_130 | 13t™ Line Rural Local (25-year) 5-year No ©) No Overtopping Yes
MSI_152 | CP Rail Line Rail 5-year N/A No Overtopping N/A
MSI_166A | Industrial Parkway Arterial (100-year) 25-year No ©®) Regional Yes
MSI_166B | Industrial Parkway Arterial (100-year) 5-year No ©®) Regional Yes
MSI_166C | Industrial Parkway Arterial (100-year) 50-year No Regional Yes
MSI_166D | Industrial Parkway Arterial (100-year) 25-year No Regional Yes
Notes:

(1) The shapefile of roads was obtained from Land Information Ontario, including road classification, which did not differentiate
between “Urban Local” and “Rural Local” roads. To assess structures relative to the Town’s standards, “Urban” roads were assumed
to be all roads within the three urban settlement areas (Beeton, Allison, Tottenham) or employment land use areas.

(2) Occurrence of overtopping was calculated using the low point in the road profile near the structure, not the top of road elevation
immediately at the structure.

(3) The Town’s guidelines do not list standards for railways; these are under the jurisdiction of the railway company; therefore, the
comparison to standards are noted by “N/A.” Capacity and overtopping results are provided for reference only.

(4) Capacity and overtopping guidelines reflect the Town Engineering Design Criteria and Standards (Tatham 2021).

(5) Structures that do not meet the applicable guidelines.

N/A - not applicable

CP - Canadian Pacific Railway
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There are currently development plans for an industrial subdivision located downstream of the
CP rail line and MSI_152. Increasing the capacity of MSI_152 will likely contribute more flow
downstream. It is important that the design of SWM and other drainage infrastructure be
adequately sized to receive these additional flows. The existing condition flow rates through
MSI_152 are provided in Table 40.

Table 40 Existing Condition Peak Flows Downstream of MSI_152

Storm Event Peak Flow
(m/s)
Regional 0.90
100-year 0.70
50-year 0.69
25-year 0.67
10-year 0.64
5-year 0.62

6.2.2.3 14 Line at 20 Sideroad

The 14 Line at 20%" Sideroad flood risk area is located in the northeast corner of the Town’s
jurisdiction, at the intersection of 14™ Line and 20" Sideroad. The refined model covers
approximately 3.5 km?and focuses on two tributaries of Cookstown Creek, at which high-risk
flooding was identified upstream of the confluence with the main branch of Cookstown Creek.
Peak flows were applied to the model and the simulation was run until flood conditions
reached steady state. The results (as shown on Figure 21) are similar to those from the
Town-wide model. As shown in Table 41, all structures meet the Town’s capacity guidelines,
except for MSI_132 on 14™ Line, which surcharges in the 5-year event and contributes to
flooding of residential properties.
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Table 41 Structure Hydraulic Performance - Refined Model No. 3

Structure

ID

Road Name

Road Class V)
(Capacity Standard)

Structure
Capacity

Storm Causing
Surcharge

Structure
Capacity
Meets
Guideline? ¢4

Overtopping
Storm Causing
Overtopping @

Overtopping
Meets
Guideline? 34

12011 20t Side Road Rural Local (25-year) No Surcharge Yes No Overtopping Yes
12012 14™ Line Rural Local (25-year) Regional Yes Regional Yes
12074 20t Side Road Rural Local (25-year) No Surcharge Yes No Overtopping Yes
MSI_132 | 14t Line Rural Local (25-year) 5-year No ) No Overtopping Yes
MSI_133 | 14%™ Line Rural Local (25-year) Regional Yes Regional Yes
MSI_146 | Cookstown Rail/Trail Regional N/A Regional® N/A
TransCanada Trail
(Old Rail)
MSI_99 20% Side Road Rural Local (25-year) 100-year Yes Regional” Yes
Notes:

(1) The shapefile of roads was obtained from Lands Information Ontario including road classification, which did not differentiate

between “Urban Loca

III

and “Rural Local” roads. To assess structures relative to the Town’s standards, “Urban” roads were assumed

to be all roads within the three urban settlement areas (Beeton, Allison, Tottenham) or employment land use areas.
(2) Occurrence of overtopping was calculated using the low point in the road profile near the structure, not the top of road elevation
immediately at the structure. Overtopping instances denoted with a * in the table means the road is overtopped at the low point

despite being equal to or lower than the top of road elevation at the structure.

(3) The Town’s guidelines do not list standards for railways; these are under the jurisdiction of the railway company; therefore, the
comparison to standards are noted by “N/A.” Capacity and overtopping results are provided for reference only.

(4) Capacity and overtopping guidelines reflect the Town Engineering Design Criteria and Standards (Tatham 2021)

(5) Structures that do not meet the applicable guidelines.
N/A - not applicable
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6.2.2.4  Bailey Swamp/Tottenham Road and 10t Line

The Bailey Swamp/Tottenham Road and 10t Line flood risk area is located northwest of Beeton
within an area known as Bailey Creek Swamp. The refined model covers approximately

16.3 km? of area and extends from upstream of Adjala Tecumseth Townline to the confluence
of the main Bailey Creek tributaries just west of 10t Sideroad. Two high-risk flood areas
identified in Phase 1 are encompassed in this model. The flooding at Tottenham Road and 10t
Line is caused by limited structure capacity; and the flooding along 10%" Line east of Tottenham
Road is caused by the road being in the Bailey Creek floodplain.

This area is located within a large, natural ponding area caused by low-lying flat topography of
Bailey Creek Swamp. In Phase 1, culvert capacity was initially considered the primary cause of
flooding; however, some structures were modelled with a simplified approach due to lack of
available data at that time. Using the survey data collected in the autumn of 2021, the
Town-wide model was updated to determine whether the modelling approach was affecting
the results. The updated Town-wide model results were very similar to Phase 1 and therefore
we can confirm that the extent of modelled flooding is accurate.

Matrix proceeded with creating the refined model and confirmed that the Town’s bridges and
culverts meet their capacity guidelines (Table 42). Results of the refined model are shown in
Figure 22. The nearby CP rail line culverts have similar capacity to the Town’s and, therefore,
are adequately sized. We now understand that the driving factor of the flood risk in this area is
the local topography and that mitigation measures may not be feasible nor warranted.

In addition to the widespread flooding in Bailey Creek Swamp, this assessment included
flooding of 10t Line east of Tottenham Road. The model results show that 10t Line is within
the floodplain of Bailey Creek and is subject to high-water velocity. A recent EA for a bridge
replacement on 9" Line, one block south, identified 10t Line as a preferred route for a new
east-west link to Beeton (Ainley & Associates 2019). It was noted in that report that 10'" Line
would require upgrades to serve as this major transportation link. The refined modelling
provides an understanding of flood elevations and velocities for consideration in future design
work for potential road upgrades in this area.
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Table 42 Structure Hydraulic Performance - Refined Model No. 4

Strl'Jcture Structure Overtopping Overtopping
Structure Road Class (V) Capacity Storm ) .
D Road Name (Capacity Standard) e Cap.aut.y Meets Storm Caflsmg : Mt?ets
Guideline? 34  Overtopping?  Guideline? 34
Surcharge
12029 10t Line Rural Local (25-year) Regional Yes No Overtopping Yes
12030 10t Line Rural Local (25-year) No Surcharge Yes No Overtopping Yes
12035 9t Line Rural Local (25-year) Regional Yes No Overtopping Yes
MSI_120 | CP Rail Line Rail Regional N/A No Overtopping N/A
MSI_136 | 11 Line Rural Local (25-year) Regional Yes No Overtopping Yes
MSI_137 | Tottenham Road Arterial (100-year) No Surcharge Yes No Overtopping Yes
MSI_63 CP Rail Line Rail No Surcharge N/A No Overtopping N/A
MSI_7 Tottenham Road Arterial (100-year) No Surcharge Yes No Overtopping Yes
Notes:

(1) The shapefile of roads was obtained from Land Information Ontario including road classification, which did not differentiate
between “Urban Local” and “Rural Local” roads. To assess structures relative to the Town’s standards, “Urban” roads were assumed
to be all roads within the three urban settlement areas (Beeton, Allison, Tottenham) or employment land use areas.

(2) Occurrence of overtopping was calculated using the low point in the road profile near the structure, not the top of road elevation
immediately at the structure.

(3) The Town’s guidelines do not list standards for railways; these are under the jurisdiction of the railway company; therefore, the
comparison to standards are noted by “N/A.” Capacity and overtopping results are provided for reference only.

(4) Capacity and overtopping guidelines reflect the Town Engineering Design Criteria and Standards (Tatham 2021).

N/A - not applicable

CP - Canadian Pacific Railway
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6.2.2.5 Downstream of Beeton

The Downstream of Beetonflood risk area is located northeast of Beeton and includes two high
risk flood areas: one at 10™" Line and 10 Sideroad caused by limited channel capacity of Beeton
Creek and a low north bank elevation; and the other at 9*" Line and 15 Sideroad caused by
limited channel capacity and lack of culvert at the low point in the road and ditch. These two
flood risk areas were modelled together because of the widespread flooding shown between
them in the town-wide model results. However, the high-risk flood areas are hydraulically
separate and therefore the results and mitigation recommendations are discussed under
separate subheadings below.

The refined model covers approximately 10.5 km? and includes the confluence of Bailey Creek
and Beeton Creek, as well as the upper reaches of Baker Drain. Peak flows were revised to use
the updated hydrology model (Section 4) for Beeton Creek and Baker Drain. As in previous
assessments, peak flows were applied to the model and the model was run until flood
conditions reached steady state.

10th Line at 10th Sideroad
Refined model results at 10t Line and 10t Sideroad show significant medium to high-risk

flooding in the corridor bounded by 10 Sideroad and the abandoned rail line, which is now
used as the TransCanada Trail. Results from the Regional event are shown in Figure 23.
Structure hydraulic performance is summarized in Table 43. Flow from Beeton Creek is
restricted by the abandoned rail structure 12063, which is adjacent to the pedestrian bridge
12070 on the TransCanada Trail. The abandoned rail bridge has a very low soffit elevation and
creates a backwater condition for all storms greater than the 25-year event. During the 25-year
event flow overtops the trail approximately 300 m north of structure 12063 and flows north,
crossing 10™ Line on its way to Bailey Creek. Recent discussions with the Town confirmed that
the old rail structure has recently been removed and therefore the existing condition flooding
results may be overestimated. In the next project stages, we update the model to reflect the
bridge removal and reassess the need for additional mitigation to prevent spill (see Section 8).
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Table 43 Structure Hydraulic Performance - Refined Model No. 5a

Structure Structure Overtobbin Overtobbin
Structure Road Class (V) Capacity Storm Capacity PPINg ppIng
Road Name . . Storm Causing Meets
ID (Capacity Standard) Causing Meets @) ey (3.4)
ey ot 34 Overtopping Guideline? >
Surcharge Guideline? (4
12028 10t Side Road Collector (50-year) No Surcharge Yes Regional” Yes
12031 10t Line Rural Local (25-year) No Surcharge Yes No Overtopping Yes
12032 10t Side Road Collector (50-year) No Surcharge Yes Regional” Yes
12063 Pedestrian Bridge Rail/Trail 25-year N/A 25-year” N/A
12070 /Abandoned Rail
12064 Abandoned Rail Rail Regional N/A No Overtopping N/A
Notes:

(1) The shapefile of roads was obtained from Land Information Ontario, including road classification, which did not differentiate
between “Urban Local” and “Rural Local” roads. To assess structures relative to the Town’s standards, “Urban” roads were assumed
to be all roads within the three urban settlement areas (Beeton, Allison, Tottenham) or employment land use areas.

(2) Occurrence of overtopping was calculated using the low point in the road profile near the structure, not the top of road elevation
immediately at the structure. Overtopping instances denoted with an asterisk (*) in the table means the road is overtopped at the
low point despite being equal to or lower than the top of road elevation at the structure.

(3) The Town’s guidelines do not list standards for railways; these are under the jurisdiction of the railway company; therefore, the
comparison to standards are noted by “N/A.” Capacity and overtopping results are provided for reference only.

(4) Capacity and overtopping guidelines reflect the Town Engineering Design Criteria and Standards (Tatham 2021).

N/A - not applicable
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9t Line at 15" Sideroad
The refined model results show that the berms along the upper reaches of Baker Drain

upstream of MSI_57 prevent overland flow from accessing the channel. Instead, this flow
travels overland to the east (refer to Figure 24). Hydraulic structure performance is summarized
in Table 44. The model results also show that structure MSI_57 meets its capacity guidelines
and does not surcharge during any storm events. However, this is because the berms cause
most of the flow to bypass the structure and flow overland towards the 9" Line and 15"
Sideroad intersection. Overtopping of 9t Line is shown to occur approximately 250 m west of
15 Sideroad in as little as the 5-year event and is caused by lack of culvert at this topographic
low point. Structure MSI_65 on 9™ Line surcharges in the 25-year event and thus does not meet
the Town’s capacity guidelines; however, overtopping was shown to only occur in the 100-year
storm. The flat topography in this area is a major contributor to the widespread flooding.
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28997-551 DMP Phase 2 Master Plan R 2024-08-21 final V3.0 97 Matrix Solutions Inc.



Table 44 Structure Hydraulic Performance - Refined Model No. 5b

Structure Structure Overtobbin Overtobbin
Structure Road Class %) Capacity Storm Capacity S S
Road Name . . Storm Causing Meets
ID (Capacity Standard) Causing Meets Overtopping @ Guideline? 34
Surcharge Guideline? (4 |
MSI_57 9t Line Collector (50-year) No Surcharge Yes 5-year” No &)
MSI_65 9t Line Collector (50-year) 25-year No ) 100-year” Yes
Notes:

(1) The shapefile of roads was obtained from Land Information Ontario including road classification, which did not differentiate
between “Urban Local” and “Rural Local” roads. To assess structures relative to the Town’s standards, “Urban” roads were assumed
to be all roads within the three urban settlement areas (Beeton, Allison, Tottenham) or employment land use areas.

(2) Occurrence of overtopping was calculated using the low point in the road profile near the structure, not the top of road elevation
immediately at the structure. Overtopping instances denoted with an asterisk (*) in the table means the road is overtopped at the
low point which is equal to or lower than the top of road elevation at the structure.

(3) The Town’s guidelines does not list standards for railways; these are under the jurisdiction of the railway company; therefore, the
comparison to standards are noted by “N/A.” Capacity and overtopping results are provided for reference only.

(4) Capacity and overtopping guidelines reflect the Town Engineering Design Criteria and Standards (Tatham 2021).

(5) Structures that do not meet the applicable guidelines.

N/A - not applicable
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6.2.2.6 Downstream of Tottenham

This flood risk area is located north of Tottenham and includes two high-risk flood areas: one at
7t Line and the CP rail line, where the railway embankment creates a significant restriction in
the floodplain, and the second located east of the intersection of 6™ Line and Tottenham Road.
These areas were modelled together because they are located close to each other on the same
watercourse. However, the high-risk flood areas are hydraulically separate; therefore, results
have been discussed under separate subheadings below.

The refined model has a total area of approximately 3.0 km? and covers the extents of Beeton
Creek from south of 6 Line to north of 71" Line. The list of modelled structures and their
hydraulic performance is included in Table 45. Peak flows applied to Beeton Creek and Baker
Drain were revised to use the updated hydrology model (Section 4). As in previous model
scenarios, peak flows were applied to the model and the model was run until flood conditions
met steady state.

7th Line at Canadian Pacific Railway Rail Line and South Simcoe Railway
Refined model results show overtopping of 7t" Line just east of structure 12036 during the

5-year event. This overtopping increases in depth and becomes more widespread through all
design events. High risk flooding is also present west of the SSR tracks, as the backwater from
the CP rail line embankment causes MSI_151 to be in a submerged condition during all design
events. MSI_34 is a large bridge on the CP rail line; the structure was not specifically modelled
because the soffit of the bridge is well above the Regional stormwater level and, therefore,
does not interact with floodwaters. However, the narrow opening through the CP rail line
embankment is reflected in the modelled terrain to account for the restriction that it creates in
the floodplain. A summary of the structure performance is presented in Table 45.

Figure 25 illustrates the 25-year design storm with overtopping west of this crossing. Recent
discussions with the Town’s Public Works department confirmed that 7t Line is likely subject to
frequent flooding, as evidenced by alligator cracking and settlement of the road.
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Table 45 Structure Hydraulic Performance - Refined Model No. 6a

Structure Structure Overtobbin Overtobpin
Structure S T Road Class () (Capacity Capacity'Storm Capacity S C:Esir?g Meept‘: g
ID Standard) Causing Meets @) e (3.4)
Surcharge Guideline? 34 Overtopping L
12036 7™ Line Rural Local (25-year) 5-year No ©) 5-year” No )
MSI_151 SS Rail Rail 5-year N/A 50-year” N/A
Notes:

(1) The shapefile of roads was obtained from Land Information Ontario, including road classification, which did not differentiate
between “Urban Local” and “Rural Local” roads. To assess structures relative to the Town’s standards, “Urban” roads were assumed
to be all roads within the three urban settlement areas (Beeton, Allison, Tottenham) or employment land use areas.

(2) Occurrence of overtopping was calculated using the low point in the road profile near the structure, not the top of road elevation
immediately at the structure. Overtopping instances denoted with an asterisk (*) in the table means the road is overtopped at the
low point which is equal to or lower than the top of road elevation at the structure.

(3) The Town’s guidelines do not list standards for railways; these are under the jurisdiction of the railway company; therefore, the
comparison to standards are noted by “N/A.” Capacity and overtopping results are provided for reference only.

(4) Capacity and overtopping guidelines reflect the Town Engineering Design Criteria and Standards (Tatham 2021).

(5) Structures that do not meet the applicable guidelines.

N/A - not applicable

SSR - South Simcoe Railway
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6" Line East of Tottenham Road
Refined model results show overtopping of 6! Line at two locations west of Structure 12039

during the 5-year event. The structure itself is not overtopped; however, the limited capacity
causes backwater to occur upstream of the crossing and causes overtopping west of the bridge.
During high-flow events, the low point on 6™ Line, adjacent to structure 12039 experiences
peak velocities which could compromise the structural integrity of the road. Structure 12040 at
Tecumseth Heights Drive does not meet the Town’s conveyance guidelines but resulting
high-risk flooding appears to be contained within the upstream pond. Figure 26 presented the
25-year flood risk event. A summary of structure performance is presented in Table 46.
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Figure 26 Refined Model No. 6b: 25-year event Flood Risk
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