Next, to determine the available storage volume in Beeton Flats, an elevation-volume
relationship was calculated in AutoCAD® using the LIiDAR topography. Using this
relationship, the anticipated water surface elevation was computed based on the
estimated runoff volume for each design event. This water surface elevation was
applied as a boundary condition rating curve at the eastern edge of Beeton Flats.

Table 6 Regional Storm Volume Check
Design Rainfall Rainfall Estimated Water Surface
Event Depth Volume Runoff Volume Elevation
(mm) O (m3) @ (m3) ® (m)
5-year 75.0 35,415,000 26,561,250 213.114
10-year 86.9 41,034,180 30,775,635 213.355
25-year 102.3 48,306,060 36,229,545 213.667
50-year 113.5 53,594,700 40,196,025 213.894
100-year 124.7 58,883,340 44,162,505 214101

(1) Obtained from Ministry of Transportation Ontario IDF
[intensity-duration-frequency] Curve Online Lookup Tool (MTO 2016)

(2) Assuming a contributing drainage area to Beeton Flats of 472.2 km? (MacLaren
1988)

(3) Estimated runoff volume contributing to Beeton Flats assuming 75% of rainfall
generates runoff

Following model simulations Matrix reviewed the resulting flow hydrographs at Beeton
Flats in five locations (four inflow locations and one outflow location) and confirmed that
the watercourses flowing into and out of the storage area had reached steady state.
Matrix therefore determined that the boundary conditions applied at Beeton Flats
appropriately represent the expected flooding conditions at the edge of the model as
well as the features flowing into and out of Beeton Flats and results can be used with
confidence.

6 Flood Risk Assessment

The 2D HEC-RAS model was run to establish existing flood conditions over a range of
flow events including the 5-year, 10-year, 20-year, 50-year, 100-year, and Regional
storms. Flood risk assessment map sets are provided in Appendix G1 and include two
mapping products consisting of the following:

e Flood Inundation Mapping: 1) flood inundation extent, 2) maximum flood elevation
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hydraulic restrictions leading to increased flood hazard areas. This is likely due to the
era during which the railways were constructed in which there were minimal standards
related to culvert design. Additionally, there are potential complications related to
mitigation measures on railway lands. Construction of mitigation measures may require
disruption to rail service, which is typically unacceptable from the perspective of the
railway company. Therefore, it is important that potential flooding issues associated with
railways are identified as early as possible to initiate coordination.

The modelled results show backwater at the five railway culverts identified in Table 8.
Overtopping was not shown in any of the modelled events at these structures. MSI_41
and MSI_61 indicate surcharge during the Regional event only; therefore, mitigation
measures have not been provided as these would meet hydraulic design guidelines for
culverts on a railway crossing. MSI_120 surcharges during the 10-year event and
contributes high risk flooding on Tottenham Road at 10" Line. Detailed discussion of
next steps for flood mitigation at this location is provided in Section 9.1.6.

Table 8 Railway Crossings with Backwater
Road :::: Storm Event
Structure ID River Road Name . Causing
Class Causing SraEe
Surcharge
MSI_19 (™ Beeton CPR, north of Rail - -
Tributary Highway 9
MSI_41 Beeton Creek | CPR, north of 5" | Rail Regional N/A
Line
MSI_34 @ Beeton Creek | CPR/SSR, south | Rail - -
of 71" Line
MSI_120 Bailey CPR, north of 9" | Rail 10-year N/A
Tributary Line
MSI_61 Wilson Drain | CPR, east of Rail Regional N/A
Boyne Street

(1) MSI_19 modelled using the “block” approach due to its small size. Surcharge and
overtopping info not available.

(2) MSI_34 modelled using the “cut” approach due to its large size. Surcharge and
overtopping info not available.

CPR - Canadian Pacific Railway

SSR - South Simcoe Railway
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Figure 14 Example of Berms along Baker Drain East Branch

6.2.4 Hydraulic Constraints

Matrix reviewed structure capacity to identify potential sources of riverine flooding within
the study area. Table 9 provides details of structure capacities, soffit elevations, and
storm events leading to surcharge and overtopping at each structure. A structure is
considered surcharged when the water surface elevation reaches the obvert/soffit, while
overtopping is when the water surface elevation exceeds the low point of the road. For
reference, the Town’s design standards specify that all road crossings and driveway
culvert be sized to convey the 25-year storm (Town of New Tecumseth 2005).

Note that Table 9 assesses the detailed modelled structures only; the assessment does
not include culverts modelled through cut and block techniques. Additionally, some
detailed culverts are excluded from the table where the model is not stable and further
assessment is recommended (e.g., MSI_72 and MSI_73 in the Treetops
neighbourhood).
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Table 9

Bridge and Culvert Capacity

Row :::: Storm I?vent
No Structure ID Road Name Causing Causw_lg (1)
Surcharge Overtopping
1 MSI_63 Bailey Creek CPR Rail N/A N/A
2 | MSI_120 Bailey Tributary CPR Rail 10-year N/A
3 | 12032 Beeton Creek 10" Sideroad Collector N/A N/A
4 112033 Beeton Creek ot Line Collector 50-year Regional
5 12039 Beeton Creek 6" Line Local/Street | Regional N/A
6 | 12041 Beeton Creek Mill Street Collector Regional Regional
7 | 12063 Beeton Creek Old Railway Rail 5-year N/A
8 | MSI_08 Beeton Creek SSR Rail Regional N/A
9 | MSI_141 Beeton Creek Pond N/A 5-year Regional
10 | MSI_47 Beeton Creek SSR Rail N/A N/A
11 | MSI_48 Beeton Creek Tottenham Road Arterial Regional N/A
12 | MSI_62 Beeton Creek 5% Line Arterial Regional Regional
13 | 12044 Beeton Tributary 5% Line Local/Street | 50-year Regional
14 | 12045 Beeton Tributary 4t Line Local/Street | N/A N/A
15 | MSI_16 Beeton Tributary Tecumseth Pines Drive Local/Street | Regional Regional
16 | MSI_41 Beeton Tributary CPR Rail Regional N/A
17 | MSI_50 Beeton Tributary 5" Line Arterial Regional N/A
18 | MSI_55 Beeton Tributary 3" Line Local/Street | N/A N/A
19 | 11002 Boyne River Boyne Street Local/Street | N/A N/A
20 | 11003 Boyne River Sir Frederick Banting Road | Local/Street | 100-year N/A
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Storm

Storm Event

Row Structure ID Road Name Road Eveflt Causing
No Class Causing GraiamHing
Surcharge
21 | 11011 Boyne River Trail Trail N/A N/A
22 112012 Cookstown Creek 14" Line Local/Street | Regional Regional
23 | MSI_132 Cookstown Tributary | 14" Line Local/Street | 5-year N/A
24 | MSI_133 Cookstown Tributary | 14" Line Local/Street | 50-year Regional
25 | MSI_99 Cookstown Tributary | 20t Sideroad Local/Street | 50-year Regional
26 | 12053 Hendrie Drain English Drive Local/Street | Regional N/A
27 | 12054 Hendrie Drain Centre Street Local/Street | N/A N/A
28 | 12052-1-2 Hendrie Drain Lilly Street Collector Regional N/A
29 | 12052-2-2 Hendrie Drain Lilly Street Collector 10-year N/A
30 | MSI_22 Hendrie Drain Prospect Street Local/Street | 5-year 20-year
31 | MSI_45 Hendrie Drain Main Street Arterial 50-year 20-year™*
32 | MSI_74 Hendrie Drain Stewart Street Local/Street | 50-year N/A
33 | MSI 9 Hendrie Drain Maple Avenue Local/Street | Regional N/A
34 | MSI_17 Innisfil Tributary 15" Sideroad Arterial Regional Regional
35 | MSI_92 Innisfil Tributary 10t Sideroad Collector 50-year N/A
36 | 12019 Penville Drain 5" Line Local/Street | Regional N/A
37 | MSI_95 Penville Drain 20" Sideroad Local/Street | 100-year Regional
38 | MSI_9%4 Penville Tributary 20" Sideroad Local/Street | 20-year N/A
39 | 12050 Schomberg River 20" Sideroad Local/Street | Regional N/A
40 | 12051 Schomberg River 17" Sideroad Local/Street | Regional N/A
41 | MSI_77 Schomberg River 15" Sideroad Arterial Regional Regional
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Storm

Storm Event

Row Structure ID Road Name Road Eveflt Causing
No Class Causing GraiamHing
Surcharge
42 | MSI_79 Schomberg River Western Avenue Arterial Regional N/A
43 | MSI_68 Schomberg Tributary | Highway 9 Highway N/A N/A
44 | 11004 Spring Creek Dufferin Street South Local/Street | 100-year N/A
45 | 11005 Spring Creek Beattie Avenue Local/Street | Regional Regional*
46 | 11006 Spring Creek King Street South Collector Regional Regional
47 | 11007 Spring Creek 8t Avenue Local/Street | Regional Regional*
48 | 11008 Spring Creek Church Street South Local/Street | N/A N/A
49 | 11009 Spring Creek Industrial Parkway Arterial Regional N/A
50 | 11010 Spring Creek Walking Path Trail N/A N/A
51 | 12066 Spring Creek Parsons Road Local/Street | Regional N/A
52 | MSI_40 Spring Creek CPR Rail 100-year N/A
53 | MSI_71 Spring Creek Trail Trail Regional N/A
54 | MSI_78 Spring Creek Victoria Street Arterial 20-year Regional*
55 | 12067 Treetops Tributary 10t Sideroad Collector 10-year Regional
56 | MSI_33 Treetops Tributary 10t Sideroad Collector N/A N/A
57 | MSI_44 Treetops Tributary Sutcliffe Way Local/Street | Regional Regional
58 | MSI_52B Treetops Tributary Riverview Road Local/Street | 20-year N/A
59 | MSI_52C Treetops Tributary Riverview Road Local/Street | N/A N/A
60 | 12068 Wilson Drain Boyne Street Local/Street | Regional N/A
61 | 12069 Wilson Drain Boyne Street Local/Street | N/A N/A
62 | MSI_56 Wilson Drain Sir Frederick Banting Road | Local/Street | 5-year N/A
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Storm

Storm Event
R E
Row Structure ID Road Name oad vent Causing

Overtopping ("

No Class Causing
Surcharge

63 | MSI_61 Wilson Drain Rail Line Rail Regional Regional**

(1) In some instances (denoted with a *), the road is overtopped because the water elevation of a storm event is higher
than the low point, despite that water level being equal to or lower than the top of road elevation at the structure.
Further, in one instance (denoted with a **), the obvert elevation is higher than the low point in the road profile and
therefore road overtopping occurs but the structure is not surcharged.

CPR - Canadian Pacific Railway

SSR - South Simcoe Railway

N/A - no surcharge/overtopping observed for any of the modelled events
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The assessment of bridge and culvert capacity indicates many bridges and culverts are
surcharged during the design storms and over 75% are surcharged during the Regional
event. Table 10 summarizes the overall hydraulic performance of detailed structures
within the study area. One third of the bridges and culverts modelled using the detailed
approach are overtopped during the Regional event.

Two culverts, located along the Hendrie Drain on Prospect Street and Main Street, are
overtopped during the 20-year modelled event. The Prospect Street and Second Street
crossing (total length: 236 m, flow area: 1.62 m?) and Main Street crossing (length:

135 m long, flow area: 1.77 m?) are both long, buried culverts which are undersized.
The Town is aware of this issue and indicated that there were design and
constructability constraints related to elevation and available space at these locations.
Although they are undersized, these structures are close to meeting the Town'’s 25-year
design standard (Town of New Tecumseth 2005).

Table 10 Summary of Detailed Bridge and Culvert Hydraulic Performance
5-yea 10-yea 20-yea 50-yea 100-yea Region

r r r r al
Surcharged Structures 5 8 12 19 23 49
(count)
Surcharged Structures (%) 8% 13% 19% 30% 37% 78%
Overtopped Structures 0 0 2 2 2 21
(count)
Overtopped Structures (%) 0% 0% 3% 3% 3% 33%

Longitudinal profile plots of several key reaches (Beeton Creek, Bailey Creek, Penville
Creek, Schomberg River, Spring Creek, and Boyne River) are presented in Appendix
G2. The water surface elevations at bridges and culverts for all modelled events were
extracted from the model and are summarized in Appendix G3. The approximate
location and height of the bridges and culverts were indicated along each reach. The
modelled structure type (detailed, cut, and block) is indicated by colour. These plots
provide further insight into which bridges and culverts may be causing backwater.

Bailey Creek: Structures along Bailey Creek are a mix of detailed, cut, and blocked
representation. While modelling shows high water elevations at the Tottenham Road
and CPR, the Regional water elevations do not approach the top of road elevation for
any of the structures and therefore overtopping does not occur.
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Beeton Creek: Beeton Creek flows through the urban settlement areas of Tottenham
and Beeton and therefore structures along Beeton Creek used a mix of both detailed
and cut representation. The Tottenham Dam, characterized by its flat bottom and
notable drop at the downstream end, is shown on the Beeton Creek profile at a
horizontal distance (x-axis) value of 21,000 m. In Tottenham, Mill Street and 5% Line,
the ice structure culverts, and Tecumseth Heights Drive are shown to overtop during the
Regional event. The 9" Line bridge in Beeton is shown to surcharge at the 50-year
event and overtops during the Regional event. 7t Line is also overtopped during the
Regional event.

Boyne River: Structures along Boyne River are a mix of both detailed and cut
representation. While an increase in water elevation is observed at the trail crossing
upstream of Church Street in Alliston, the Regional water elevation do not approach the
top of road elevation for any of the structures and therefore overtopping does not occur.

Nottawasaga Creek: There are no detailed bridges or culverts modelled along the
Nottawasaga Creek. All identified structures were modelled as cut. The 13" Line and
14" Line bridges are significantly inundated and overtopped during the Regional event.

Penville Creek: There are no detailed bridges or culverts modelled along the main
branch of Penville Creek. All identified bridges and culverts were modelled as either cut
or blocked. The 10" Line and 11t Line bridges are overtopped during the Regional
event. The bridge at 11™ Line is in a backwater condition under the Regional storm due
to ponding in Beeton Flats.

Schomberg River: Structures along Schomberg River are a mix of detailed and cut
representation. During the Regional event, 15" Sideroad is overtopped, and 17t
Sideroad and 20" Sideroad are surcharged.

Spring Creek: All structures along Spring Creek, which flows through Alliston, are
represented as detailed structures. Under the Regional event, all structures upstream of
Dufferin Street (with the exception of CPR) are at or near overtopping. Backwater starts
at the 5-year event at both Parsons Road and the CPR crossing despite the bridges
having capacity for much larger storms; this is due to the contraction of the river into the
structure. Further downstream, significant backwater is observed at Victoria Street and
Tottenham Road for the Regional event as Victoria Street is overtopped.

6.3 Spill Assessment

A floodplain spill is an area where flooding is not physically contained within the channel
corridor or its floodplain and therefore flows into adjacent watersheds or subwatersheds.
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Spills can occur naturally (i.e., low channel banks or poorly defined floodplains) or as a
result of physical barriers that restrict flow and cause elevated water elevations
upstream (i.e., bridge/culvert or channel restrictions, berms, or other barriers). An
understanding of spill extents, depths, and flow rates are required to accurately define
flood risk for all receiving watercourses.

Matrix completed a spill assessment to confirm floodplain connectivity between adjacent
watersheds and subwatersheds under various flow events. Three spill areas were
identified and are discussed in the following sections. A summary is provided in Table
11.

Table 11 Summary of Spill Assessment

Spill Location Storm Event at which Spill Occurs
Upper Nottawasaga to Boyne River 5-year
Beeton Creek to Bailey Creek Regional
Baker Drain to Beeton Creek Regional

6.3.1 Spill from Upper Nottawasaga River to Boyne River
Subwatershed

Spill from the Upper Nottawasaga River into the Boyne River subwatershed occurs
during all modelled storm events. The maximum rate of spill for each modelled event is
summarized in Table 12.

Table 12 Modelled Spill Rates from Upper Nottawasaga River to Boyne River

Subwatershed
Ve ] B | - EEn Sy RELE
(m3/s)
5-year 0.8
10-year 11
20-year 13
50-year 17
100-year 19
Regional 54
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For lack of readily available data, the subwatershed boundaries considered for the
purpose of the spill assessment were obtained from Figure 3.1-1 of the Integrated
Watershed Management Plan Characterization Report (Ecosystem Recovery Inc.
2018). These were overlaid with the existing condition Regional modelled flood risk
results as shown in Figure 15. The spill occurs along the delineated subcatchment
boundary in the location identified as point 221. Beyond the 10-year modelled event,
flow overtops CPR and continues into the Boyne River watershed.

However, the watershed boundaries do not align with modelled flow path suggesting
that the area to the east of CPR may in fact be part of the Middle Nottawasaga River
subcatchment. This would mean there is no spill occurring between different
watersheds since the Upper Nottawasaga and Middle Nottawasaga subcatchments are
part of the same watershed. Matrix suggests that, in consultation with NVCA, the
subsequent phase of the DMP should include review of major system subcatchment
delineation using the updated LiDAR topography.

Additionally, Matrix recommends reviewing the required capacity for a potential new
culvert under CPR along the primary overland flow path south of Industrial Parkway
shown on Figure 15 and discussed further in Section 9.1.2. We recognize that
construction of a culvert under a railway would require additional study and stakeholder
interaction and therefore the culvert was identified at this screening level stage for future
consideration by the Town.
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6.3.2 Spill from Beeton Creek to Bailey Creek Subwatershed

Spill from Beeton Creek into the Bailey Creek subwatershed was shown during the
modelled Regional event only with a maximum flow rate of 44.3 m3/s. Structure 12032
on 10" Sideroad creates backwater during the Regional event to an elevation of
approximately 221.0 m on the upstream side. The spill point between Beeton Creek and
Bailey Creek between the Trans Canada Trail and 10" Sideroad is at an elevation of
approximately 220.7 m; the road elevation at Structure 12032 is approximately 222.8 m,
which is higher than the spill point to Bailey Creek. Flows above the spill elevation cross
the subwatershed boundary to Bailey Creek at the location identified as point 222 (this
occurs during the modelled Regional event only). When backwater occurs at the culvert,
water will spill toward Bailey Creek before overtopping Sideroad 10. These spill
elevations, in addition to the fact that flow is confined between two embankments,
contributes to why the spill rate from Beeton Creek to Bailey Creek is so high.

Upstream of this, Structure 12063 conveys flow under an old portion of the SSR line
that was abandoned and now services the Trans Canada Trail. The old bridge was
removed and replaced with a new pedestrian bridge at a higher elevation. In this study
the hydraulic impact of the pedestrian bridge was assumed to be negligible and
therefore was modelled using the “cut” approach. In the future phase of the DMP the
model should be updated to model this bridge using the “detail” approach to enable a
more accurate understanding of potential spill conditions. The bridge and embankment
create backwater forcing water to travel north and eventually overtopping the trail at the
50-year modelled event. This overtopped flow is then confined between the
embankments created by the trail and 10" Sideroad.
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Figure 16  Beeton Creek to Bailey Creek Subwatershed (Regional Event)

The model results indicate that the existing bridges on Bailey Creek (Structures 12064
and 12028) adequately convey the modelled 20-year event and thus meet the Town’s
design guidelines. However, they are not adequately sized to convey the additional spill
contribution from Beeton Creek, and therefore crossing improvements to reduce water
elevations to below the spill elevation may be beneficial. Matrix recommends that
detailed review of structures 12063 (new pedestrian bridge) and 12032 be completed in
subsequent studies including structure capacity improvements, consideration for
improved ditching along 10t Sideroad, and potential regrading of the Trans Canada
Trail.

6.3.3 Spill from Baker Drain to Beeton Creek Subwatershed

Spill from Baker Drain in the Innisfil Creek subwatershed to the Beeton Creek
subwatershed was shown at the modelled Regional event only with a maximum flow
rate of 1.3 m%/s. The 2D HEC-RAS model results show that the limited capacity of Baker
Drain West Branch immediately downstream of 9" Line is the primary factor contributing
to the spill (refer to Figure 17). Matrix recommends that the channel capacity in this
location is reviewed in subsequent studies to determine whether capacity improvements
would alleviate flooding conditions and mitigate spill from Baker Drain.

Matrix understands that the lands south of 9" Line are currently under a development
application. In coordination with the development application it is recommended that the
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Town require the developer to complete a detailed study of hydrology and hydraulics in
this area. The analysis should also consider the impact of berm removal along the west
branch of Baker Drain as mentioned in Section 6.2.1.5 to confirm that development will
not increase flooding or the occurrence of spill.

complete cross-section survey along Baker Drain West Branch to confirm bathymetry
determine existing condition drainage area and peak flows contributing to Baker Drain
calculate peak flows under proposed development conditions

confirm existing hydraulic performance of the Baker Drain West Branch channel and
9t Line crossing (Structure MSI_65) through development of a site-specific hydraulic
model or trimming the 2D HEC-RAS model to an appropriate extent

quantify spill rates to Beeton Creek subwatershed under existing and future
development conditions

review potential flood reduction opportunities such as increasing channel capacity,
removal of berms, and restoring floodplain connectivity to determine the impact that
changes will have on flooding within the development lands as well as flooding along
ot Line and spill to Beeton Creek
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Figure 17 Baker Drain to Beeton Creek Spill (Regional Event)

7

Sensitivity Analysis

Resiliency is an important factor in flood protection, particularly due to the amount of
uncertainty in climate as well as limitations of hydrologic and hydraulic modelling. The
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scope of work for this study includes two sensitivity analysis scenarios aimed at
assessing the impact that climate change and various developments have on the
resulting flood extents and flood risk.

7.1 Climate Change

The Government of Ontario has recognized the need to examine current floodplain
management methodologies in light of climate change. The 2020 Provincial Policy
Statement (MMAH 2020) has articulated this need at the policy level. The MNRF has
acknowledged the need to evaluate the 2002 Flood Hazard Technical Guide for
municipalities, conservation authorities, and others to integrate consideration of climate
change at an operational level (MNRF 2017). Therefore, in addition to typical flood risk
assessments, this project included assessment of resiliency to climate change.

An approach detailed here was put forward by Matrix to account for climate change in
return frequency events to assess flood risk resiliency to climate change within the
Town’s jurisdiction.

Generally, General Circulation Models (GCMs; i.e., the global climate change models)
are used for predicting future temperature forecasts, but they typically do a poor job of
predicting event-scale rainfall. There are applications for predicting future
intensity-duration-frequency (IDF) curves based on these GCMs, however, the GCMs
and their inherent assumptions remain a large source of uncertainty.

The Clausius-Clapeyron relationship states that with increased air temperature there is
an increased capacity for water vapour in the air. This relationship can be used to
determine future rainfall potential. High intensity summer storm cells do not retain
moisture in the atmosphere, but rather precipitate out all the available water vapour
(Allen and Ingram 2002; Westra et al. 2014). Therefore, for consideration of design
storms, a direct relationship between temperature and rainfall was established to be a
7% increase in rainfall per degree Celsius (Panthou et al. 2014). Using the
GCM-predicted temperature increase for Southern Ontario (to 2050) of 3.1°C, this
translates to a 22% increase in design event rainfall.
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To determine the impact that
increased rainfall would have
on the resulting runoff,
rerunning hydrologic models
would be required.
Considering the scope of this
project and the lack of
appropriate hydrologic models
in this area, the climate
change scenario was based 10mm 10mm

on the results of previous Existing Condition (100mm) Climate Change (133mm)
studies. For rural catchment
areas located in Southern

Ontario, much like th_e current Figure 18  Conceptual lllustration of Climate
study area, the 22% increase Change Adjusted Rainfall and
in rainfall can be translated Resulting Runoff

into 33% increase in runoff.

The increase in runoff is greater than the increase in rainfall because the catchment
initial abstraction does not change between the two climate change scenarios.

Initial abstraction is a hydrologic parameter that accounts for the amount of water that
can be stored in the soil and vegetation during a storm before runoff occurs.

Initial abstraction values are fully utilized before runoff occurs; therefore, a larger portion
of the rainfall is converted to runoff during the climate change event. This concept is
illustrated in Figure 18.
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Figure 19 shows an example location (Innisfil Creek at the eastern edge of the study
limit) where flows were increased by 33% to account for climate change. These
examples demonstrate that climate change will increase the frequency of each design
event. For example, the existing 10-year flow has a 1 in 10 (or 10%) probability of
occurring in a given year. The climate-adjusted 10-year flow increased to 29.0 m?%/s
which falls between the existing 20-year and 50-year return periods and would therefore
have somewhere between a 1 in 20 (or 5%) and a 1 in 50 (or 2%) chance of occurring
in any given year. Conversely, under existing climate conditions, a flow event with a
value of 29.0 m¥/s is understood to have a 2% to 5% chance of occurring in any given
year; however, under the climate-adjusted scenario, this flow value is understood to
have a larger probability, 10%, of occurring in a given year. This means is that the
likelihood of each storm occurring has increased due to climate change. The
corresponding return period for climate change flows beyond the existing 100-year flow
is not provided due to relative uncertainty of extrapolation. However, this trend
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continues throughout the set of return frequency events (refer to Appendix H1). For this
reason, the smaller return frequency events were not rerun using the climate-adjusted
flows as the results would be very similar to the risk level shown in runs already
completed.

This project also includes simulating Regional storm peak flows (Timmins Storm applied
in NVCA jurisdiction and Hurricane Hazel applied in LSRCA jurisdiction). The Timmins
Storm and Hurricane Hazel are historical storms of record that were not derived based
on statistical analyses and therefore the Regional flow was not adjusted for climate
change. MNRF guidelines indicate that the Regulatory flood limit is defined by the larger
of the Regional storm or the 100-year inundation boundary (MNR 2002).

In some places, climate change may result in the 100-year event becoming the new
Regulatory event. An assessment of the climate-adjusted 100-year +33% scenario
results (herein referred to as the climate change scenario) throughout the study area
shows that this condition could occur within the study area.

The climate change scenario was simulated in the 2D HEC-RAS model to confirm the
flood extents relative to the to Regional event. Review of the results shows that this
variability occurs throughout the Town’s jurisdiction. The climate-adjusted 100-year
flood levels remain lower than the Regional event flood levels throughout most of the
study area. However, the climate change scenario produces flows higher than the
Regional event on the Boyne River at the western limit of the study area resulting in
slightly higher flood levels from the western limit of the study area to County Road 10, at
the confluence with Spring Creek. Matrix completed a thorough review of the inundation
boundary resulting from the climate change scenario. The increased risk is minimal in
extent and magnitude. No additional buildings are at risk as a result of this scenario.
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Existing Return Period Existing Flow Climate Change Adjusted Corresponding Return

Flow Period of Climate Change
Adjusted Flow
S-year 17.6 m*/s 23.4m’/s 15 years
10-year 21.8 m¥/s 29.0m?/s 30 years
20-year 26.0m%/s 34.6 m’/s 75 years
50-year 31.8m/s 423 m’/s
100-year 36.5m’/s 48.5 m’/s

15

5 10 20 40 80 160

Log Scal
Return Frequency (years) [Log Scale]

Figure 19 Climate Change Adjusted Flow Example

In theory, the climate change assessment results indicate that the 100-year +33%
inundation boundary could become the Regulatory limit in the Town’s jurisdiction if the
current climate change predictions occur as detailed above. However, prior to creating
new policy around this prediction, a comprehensive review and update of the hydrologic
inputs to this model for existing conditions should be completed. When hydrologic data
is revised, the climate change assessment should be updated accordingly.

7.2 Future Conditions

The future conditions scenario includes the following changes, which are described in
further detail below:

e Future developments at Beeton including updated flows and changes in land use
e Upsized culvert on 20th Sideroad just south of 5" Line
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repair costs could consist of minor embankment and/or shoulder erosion, surface
erosion or lifting, or even full road washout. The costs associated with repairs for these
additional damages vary widely. The Town’s 2018 Road Needs Study Update indicates
that road repair costs range from $130/m for resurfacing low traffic roads to $2,300/m
for full reconstruction of urban arterial roads (R. J. Burnside 2019). Further information
would be required regarding road cross-section (rural versus urban), number of lanes,
surface treatment, and traffic loads in order to assign a maintenance class in
accordance with the Road Needs Study. However, these additional data would not
change the uncertainty regarding type and extent of repairs required following roadway
inundation. The results of this study are intended to be used as a screening for future
study and do not provide sufficient detail to be used for assigning dollar values to
roadway repair.

Table 24 summarizes the average length of roads that experience high risk flooding and
any risk (i.e., total of low-, medium- and high-risk flooding) on an annual basis. These
lengths do not refer to specific segments of road, but instead reflect the length of road
anywhere in the study area that could be expected to be impacted in any given year if
an average were taken over many years.

Table 24 Average Annual Risk to Roads and Rails

Average Annual Road Risk (m)

Road Type - -
High Any Risk

Arterial 9 191

Collector 15 550

Local 2,677 6,840

Highway 0 0

Rail 19 256

9 Flood Risk Areas

Given the size of the study area and the uncertainty of the hydrologic inputs, the 2D
HEC-RAS model developed for this project is best used as a high-level screening tool
that can indicate areas requiring further study. Matrix reviewed the 2D HEC-RAS results
in detail to identify areas with high-risk flooding based on the risk criteria provided in
Section 6. Individual flood risk areas will need to be studied in more detail to determine
if mitigation is required. The developed 2D HEC-RAS model is robust and can be used
as a base to evaluate flood remediation design options in later studies.
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9.1.2 Industrial Parkway and Canadian Pacific Railway

High risk flooding on the west side of CPR (Figure 32) occurs under all modelled storm
events. The flooding in this location originates from Upper Nottawasaga River as it spills
toward the Spring Creek in the Boyne River watershed near 13" Line, details of which
were discussed in Section 6.3.1. The spilled flow is trapped on the west side of the CPR
and causes high risk flooding along the overland drainage path shown approximately
750 m south of Industrial Parkway. Matrix is not aware of any culverts under CPR
between Industrial Parkway and 13™ Line. As the ponding upstream of CPR increases,
the high-risk area immediately south of Industrial Parkway also increases. The model
results indicate that the railway may be overtopped 100 m south of Industrial Parkway
starting at the 50-year event. This spill then continues downstream toward Spring Creek
(refer to Section 9.2.2 for information on the downstream impacts).
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Figure 32 Industrial Parkway and Canadian Pacific Railway Flood Risk Area
(Regional Event)

Future studies should be completed to better understand flooding in this area,
commencing with a detailed review of subwatershed delineation, hydrology, and spill
conditions from the Upper Nottawasaga River. Additional review of existing conditions
should then be completed along the CPR corridor between Industrial Road and 13
Line. If there are indeed no culverts here, Matrix recommends that the Town consider
constructing culvert(s) at the identified low points 100 m and/or 750 m south of Industrial
Parkway. The need for ditching and other grading may also be required in coordination
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A report by WSP indicates some concerns regarding the NVCA HEC-RAS
representation of the 10" Sideroad bridge (Structure 12032, referred to as the
Strangways bridge; WSP 2020). Further assessments in this area should confirm the
bridge is adequately represented in the model. Matrix recommends that detailed review
of the structures under 10" Sideroad be completed in subsequent studies including
consideration for improved ditching along 10" Sideroad and potential regrading of the
Trans Canada Trail.

9.1.6 Tottenham Road at 10*" Line

There is a large high-risk area west of Tottenham Road near 10" Line. There are two
properties on 10" Line west of the CPR and adjacent to Bailey Creek which have
compromised access and egress during the 50-year event and larger. The bulk of the
high-risk flooding is contained within agricultural fields. The farm buildings at the corner
of Tottenham Road and 9" Line are impacted by low-risk flooding during the Regional
event, but the high-risk zone does not reach the buildings (Figure 36).
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Figure 36 Tottenham Road at 10" Line Flood Risk Area (Regional Event)

The Road Needs Study Update (R.J. Burnside 2019) indicated that minor ditching and
brushing is required along 10" Line from Tottenham Road to 15" Sideroad but no
recommendations were made along Tottenham Road in this area.
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9.2.2 Honda Manufacturing Plant

Downstream of the Upper Nottawasaga River spill location (refer to Sections 6.3.1 and
9.1.2), the spilled flow from the Upper Nottawasaga River continues through the
industrial area crossing Industrial Parkway near the main entrance to the Honda
manufacturing plant (Figure 39). No culverts were identified in this area. As the flow
approaches the industrial area, it is somewhat concentrated along the observed
overland drainage path; however, there is no defined channel through the industrial
area leading to widespread flooding.

It is possible that during the design and construction of this area, a portion of the
channel was buried (i.e., installed as a pipe belowground) to maximize the use of the
available lands. Modelling piped private infrastructure was not within the scope of this
project, but could be investigated in future studies, if desired. Incorporating any existing
underground drainage infrastructure into a model in this area could show a reduction in
flood risk, however, as the spill from the Upper Nottawasaga River was previously
unidentified, it is likely that existing infrastructure is undersized.
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Figure 39 Honda Manufacturing Plant Flood Risk Area (Regional Event)

A future 62 ha industrial subdivision, known as the Walton Subdivision, is proposed
south of the Industrial Road and east of CPR (C.F. Crozier 2016). The plans for this
area include 22 ha of Town owned SWM property for peak flow control as well as water
quality control. We recommend that the urban drainage system modelling completed in
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Based on the details and assumptions below, the technical portion of the next phase(s)
of the DMP are estimated to cost $690,000 (not including project management,
meetings, final report and other miscellaneous tasks).

111 Hydrology Update

The peak flows provided by NVCA and used in the hydraulic model are over 30 years
old. There has not been significant development in the headwaters of the Upper
Nottawasaga River and Innisfil Creek subwatersheds and therefore this data was
considered suitable for use in this study. However, developing a more current
understanding of peak flows within the Town’s jurisdiction would be beneficial to ensure
the Town has the most up-to-date and detailed understanding of flood risk in its
jurisdiction. This likely requires a full hydrologic study and should be coordinated with
NVCA as part of future phases of the DMP. To update peak flows, the following tasks
would be required:

review/update rainfall input (IDF parameters)

¢ delineate riverine catchment areas using LIiDAR topography

e parameterize catchments using current land use, soils, and topographic data
e calibrate and validate hydrologic model

e calculate peak flows for design storms and Regional storm

e review climate change considerations

e reporting

It is estimated that the cost to complete the above work is $90,000.

11.2 Two-dimensional HEC-RAS Model Updates

Given the size of the study area, the 2D HEC-RAS model prepared for Phase 1 of the
DMP was developed as a screening tool to identify existing areas at risk to riverine
flooding and those that require further flood mitigation studies. Some simplifications
were required in the mesh development to ensure the model is robust but not too
detailed for such a large study area (i.e., using the channel centreline for breaklines on
small watercourses, simplifying and merging building footprints, etc.)

Matrix understands that the Town and/or NVCA may use the 2D HEC-RAS model in
future riverine studies, such as to review spills and/or flood risk areas identified in
Section 9 in further detail. This is different than the recommendations for urban drainage
system modelling of the three settlement areas as urban infrastructure modelling
requires different software (i.e., PCSWMM). If using the 2D HEC-RAS model in the
future, Matrix recommends that the model be updated to use the new hydrologic data
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