





during the Regional event. Water overtopping the driveway returns to the channel downstream of the
culvert and does not spill toward the north and south directions. As Culvert 2 is located at the rear of a
private lot and reasonably distant from RR50 (about 130 m away), water levels at Culvert 2 have no impact
on RR50.

TABLE4  Culvert 2 HEC-RAS Results

Value (m)

Upstream Invert Elevation 233.38
Upstream Obvert Elevation 234.93
Driveway Elevation 235.49
Flow (m3/s) 3.34 | 4.58 5.48 6.64 7.57 8.49 14.97
Water Surface Elevation (m) 235.07 | 235.53 | 235.70 | 235.79 | 235.86 | 235.91 | 236.12
Freeboard to Obvert Elevation (m) | -0.14 @ -0.60 | -0.77 | -0.86 | -0.93 -0.98 -1.19
Culvert Submergence Y Y Y Y Y Y Y
Freeboard to Driveway (m) 0.42 | -0.04 | -0.21 | -0.30 @ -0.37 -0.42 -0.63
Driveway Overtopping N Y Y Y Y Y Y
&
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FIGURE 23 Culvert 2 Water Extents on Cross-sections during the Regional Event
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4.5 Culvert3

Tables 5 presents the hydraulic results of Culverts 3. The results indicate that Culvert 3 experiences full
submergence during 100-year and Regional events. The driveway over Culvert 3 experiences overtopping
during the Regional event.

TABLE5  Culvert 3 HEC-RAS Results

Value (m)

Upstream Invert Elevation 231.18

Upstream Obvert Elevation 233.08

Driveway Elevation 233.30

Flow (m3/s) 3.34 | 4.58 5.48 6.64 7.57 8.49 14.97
Water Surface Elevation (m) 232.05 232.24 | 232.40 | 232.65 | 232.89 | 233.09 @ 233.41
Freeboard to Obvert Elevation (m)| 1.03 | 0.84 0.68 0.43 0.19 -0.01 -0.33
Culvert Submergence N N N N N Y Y
Freeboard to Driveway (m) 1.25 | 1.06 0.90 0.65 0.41 0.21 -0.11
Driveway Overtopping N N N N N N Y

4.6 Culvert4

Tables 6 presents the hydraulic results of Culverts 4. The results indicate Culvert 4 experiences full
submergence during the 10-year event and greater. The driveway over Culvert 4 experiences overtopping
during the 50-year event and greater.

TABLE 6 Culvert 4 HEC-RAS Results

Value (m)

Upstream Invert Elevation 230.41

Upstream Obvert Elevation 232.03

Driveway Elevation 232.51

Flow (m3/s) 3.34 | 4.58 5.48 6.64 7.57 8.49 14.97
Water Surface Elevation (m) 231.56 231.85| 232.05 | 232.32 | 232.59 | 232.75 | 233.07
Freeboard to Obvert Elevation (m)| 0.47 = 0.18 | -0.02 | -0.29 | -0.56 -0.72 -1.04
Culvert Submergence N N Y Y Y Y Y
Freeboard to Driveway (m) 0.95 | 0.66 0.46 0.19 -0.08 -0.24 -0.56
Driveway Overtopping N N N N Y Y Y

Figure 24 plots water extents on cross-sections adjacent to Culvert 3 and 4 for the 2-year and Regional
events. The watercourse in this area experiences high water level during the 2-year through the Regional
event. The multi-unit commercial property and its parking lot, which is on the east bank of the
watercourse, experience flooding during the 2-year event and greater. RR50, which is on the west bank
of the watercourse, does not experience flow on the road during the 2-year through 100-year events
During the Regional event, water at the downstream channel of Culvert 4 encroaches on RR50 but does
not overtop the road crown or spill to other side of RR50.
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FIGURE 24 Culverts 3 and 4 Water Extents on Cross-sections During the 2-year (Top) and Regional
Event (Bottom)
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4.7 Culvert5

Table 7 presents the hydraulic results of Culvert 5. The results indicate that Culvert 5 experiences full
submergence during the Regional event. Also, during the Regional event, water encroaches on RR50 and
the water level is high enough to overtop to the west side of RR50, as shown in Figure 25. The driveway
over Culvert 5 does not experience overtopping during any modelled events.

TABLE7  Culvert 5 HEC-RAS Results

Value (m)

Upstream Invert Elevation 230.15

Upstream Obvert Elevation 231.60

Driveway Elevation 232.00

RR50 Elevation 231.85

Flow (m3/s) 3.34 | 4.58 5.48 6.64 7.57 8.49 14.97
Water Surface Elevation (m) 230.81 230.96 231.04 231.26 231.43 | 231.58 | 231.98
Freeboard to Obvert Elevation (m) 0.79 @ 0.64 0.56 0.34 0.17 0.02 -0.38
Culvert Submergence N N N N N N Y
Freeboard to Driveway (m) 1.19 | 1.04 0.96 0.74 0.57 0.42 0.02
Driveway Overtopping N N N N N N N
Freeboard to RR50 Elevation (m) 1.04 | 0.89 0.81 0.59 0.42 0.27 -0.13
Overtopping to the West Side of RR50 N N N N N N Y

RR50 from Mayfield to Healey Rd  Plan: Matrix - RR50 July 2021 New Flow 8/13/2021
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FIGURE 25 Water Levels Overtopping to the West Side of RR50 During the Regional Event at
Upstream Face of Culvert 5 (Left to Right Looking Downstream).
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4.8 Culvert6

Table 8 presents the hydraulic results of Culvert 6. The results indicate that Culvert 6 experiences full
submergence and driveway overtopping during the Regional event.

TABLE8  Culvert 6 HEC-RAS Results

Value (m)

Upstream Invert Elevation 229.30

Upstream Obvert Elevation 230.90

Driveway Elevation 231.28

Flow (m3/s) 3.57 @ 4.89 5.85 7.08 8.08 9.06 16.25
Water Surface Elevation (m) 230.12  230.27 | 230.38 | 230.56 | 230.67 | 230.75 @ 231.52
Freeboard to Obvert Elevation (m)| 0.78 | 0.63 0.52 0.34 0.23 0.15 -0.62
Culvert Submergence N N N N N N Y
Freeboard to Driveway (m) 1.16 | 1.01 0.90 0.72 0.61 0.53 -0.24
Driveway Overtopping N N N N N N Y

Figure 26 plots water extents on cross-sections adjacent to Culverts 4, 5, and 6 for the 100-year and
Regional events. During 2-year through 100-year events, water is contained in the channel and does not
encroach on RR50. During the Regional event, the watercourse experiences high water levels from
backwater upstream of Culvert 5. In this case, water encroaches RR50 and spills across to the west side of
the road. Water is contained in the channel sections between Culvert 5 and 6 during 2-year through 100-
year events. During the Regional event in this reach, water encroaches on RR50 but does not overtop the

road crown.
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FIGURE 26 Culverts 5 and 6 Water Extents on Cross-sections during the 100-year (Top) and Regional
Events (Bottom)
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4.9 Culvert?

Tables 9 presents the hydraulic results of Culverts 7. The results indicate that Culvert 7 experiences full

submergence during the 25-year event and greater. The driveway over Culvert 7 experiences overtopping

during the Regional event. RR50 Adjacent to Culvert 7 has the same roadway elevation with driveway

elevation. During the Regional event, water encroaches on RR50 and the water level is high enough to

overtop to the west side of RR50, as shown in Figure 27.

TABLE 9 Culvert 7 HEC-RAS Results

Value (m)

Upstream Invert Elevation 226.70
Upstream Obvert Elevation 228.15
Driveway Elevation 228.74
100-year
Flow (m3/s) 3.57 @ 4.89 5.85 7.08 8.08 9.06 16.25
Water Surface Elevation (m) 227.85227.99 | 228.04 | 228.19 | 228.28 | 228.36 | 228.82
Freeboard to Obvert Elevation (m)| 0.30 | 0.16 0.11 -0.04 | -0.13 -0.21 -0.67
Culvert Submergence N N N Y Y Y Y
Freeboard to Driveway (m) 0.89 | 0.75 0.70 0.55 0.46 0.38 -0.08
Driveway Overtopping N N N N N N Y
RRS0 from Mayfield to Healey Rd ~ Plan: Matrix - RRS0 July 2021 New Flow 8/13/2021
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FIGURE 27 Water Levels Overtopping to the West Side of RR50 During the Regional Event at

Upstream Face of Culvert 7 (Left to Right Looking Downstream).
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4.10 Culvert8

Tables 10 presents the hydraulic results of Culverts 8. Culvert 8 is capable of conveying flows for all

modelled events with no submergence or driveway overtop.

TABLE 10 Culvert 8 HEC-RAS Results

Value (m)

Upstream Invert Elevation 226.29

Upstream Obvert Elevation 227.99

Driveway Elevation 228.25

Flow (m3/s) 3.57 @ 4.89 5.85 7.08 8.08 9.06 16.25
Water Surface Elevation (m) 226.94 1 227.10| 227.19 | 227.31 | 227.39 | 227.46 @ 227.82
Freeboard to Obvert Elevation (m)| 1.05 | 0.89 0.80 0.68 0.60 0.53 0.17
Culvert Submergence N N N N N N N
Freeboard to Driveway (m) 1.31 | 1.15 1.06 0.94 0.86 0.79 0.43
Driveway Overtopping N N N N N N N

Figure 28 plots water extents on cross-sections adjacent to Culverts 7 and 8 for the Regional event. During
the 2-year through 100-year events, water does not encroach RR50 at any adjacent. During the Regional
event, the watercourse experiences high water levels from backwater upstream of Culvert 7. In this case,
water encroaches RR50 and spills across to the west side of the road. For reaches downstream of Culvert
7 and adjacent to Culvert 8, water is contained in the channel and does not encroach RR50.
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FIGURE 28 Culverts 7 and 8 Water Extents on Cross-sections During the 100-year (Top) and Regional
Event (Bottom)
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4.11 Specific Areas of Interest

4.11.1 Regional Road 50

Based on Ontario Ministry of Transportation’s Highway Drainage Design Standards (MTO 2008) for
arterial and collector roads adjacent to watercourses, new culverts for parallel watercourses should be
designed to convey the 100-year flow and maintain 0.5 m freeboard to the top of the adjacent road
subgrade (MTO 2008, Section SD 12). This standard is most commonly applied to new culvert installations
and exceptions can be made based on limitations caused by local constraints. Model results of existing
conditions showing that Culverts 1 to 7 experience driveway overtopping during high flow events indicate
that the culverts are unlikely to meet this standard. Culverts 1, 5, 6, and 7 cause flow to spill onto RR50
while Culverts 2, 3, 4, and 8 do not. Culvert 8 is the only culvert that does not experience submergence or
overtopping for all modelled events.

e Backwater from Culvert 1 is expected to spill on RR50 through the entrance driveway of the gas station
during the 2-year event.

® As Culvert 2 is distant from RR50, backwater from Culvert 2 has no impact on RR50.

e Backwater from Culverts 3 and 4 generally do not cause flooding on RR50 but do cause flooding on
the east bank where the multi-unit commercial property is located.

e Backwater from Culvert5 contributes to flooding on RR50 during the Regional event. Water is
expected to spill over the road crown and to the west side of RR50.

e Backwater from Culvert 6 encroaches RR50 during the Regional event. Water encroaching on RR50 is
not high enough to spill over the road crown.

e Backwater from Culvert 7 contributes to flooding on RR50 during the Regional event. Water is
expected to spill over the road crown and to the west side of RR50.

e Culverts 8 is capable of conveying water within the channel and not spill on RR50 during all modelled

events.

4.11.2 Spilling Extent

Refer to Appendix F for results of flood extents over entire watercourse along Culverts 1 to 8, summarizing
water extents on each HEC-RAS cross-section for storm events from 2-year through the Regional event.

4.11.3 Sensitivity Analysis on Proposed Mayfield Road Culvert

RVA informed Matrix that the Mayfield Road culvert, which is located approximately 290 m downstream
of Culvert 8, will be replaced with a new design of twin culverts during future construction. To verify the
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effects of the proposed twin culverts within the study area, a sensitivity analysis was carried out to

compare the hydraulic conditions resulting from the existing culvert and the proposed twin culverts.
Table 11 summarizes the dimensions of existing culvert and proposed twin culverts.

TABLE 11 Culvert 8, Dimensions of Existing Culvert and Proposed Twin Culverts at Mayfield Road

Existing Culvert Proposed Twin Culverts

Number of Barrels 1 2
Shape box box
Material concrete concrete
Height (m) 1.5 1.5
Width (m) 4.5 3
Upstream Invert Elevation (m) 224 224
Downstream Invert Elevation (m) 223.75 223.61

Figure 29 shows water level profiles for existing and proposed conditions during three storm events
including the 2-year, 25-year, and the Regional events. The results show that the proposed twin culverts
lower water levels immediately upstream, but the improvements do not extend as far upstream as
Culvert 8 for any of the events. Near Mayfield Road, the increased capacity of proposed twin culverts
leads water level decrease compared with the existing water level. Table 12 shows the water levels and
differences between the existing and proposed conditions at the upstream end of Mayfield Road. It is
found that water levels are decreased on the proposed conditions from 2-year through the Regional
event. Overall, the proposed Mayfield Road twin culverts do not alter the hydraulic performance of
Culvert 8 and do not alter spill conditions on RR50 during all modelled events.

/ RRS50 from Mayfield to Healey Rd Plan: 1) Matrix - RR50 July 2021 New Flow 81372021  2) Matrix - RRS50 July 2021 New Flow Pr MayC  &M13/2021
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FIGURE 29 Water Level Profile for Existing Mayfield Road Culvert and Proposed Mayfield Road
Culvert During the 2-year, 25-year, and the Regional events
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TABLE 12 Water Levels and Differences Between Existing Culvert and Proposed Twin Culverts at the
Upstream End of Mayfield Road (Cross-section 2223.03)

Existing Culvert Proposed Twin .
Difference
Water Surface Culverts Water Surface . ..
. . (Proposed - Existing)
Elevation at Inlet Elevation at Inlet
(m)
(m) (m)
2-year 224.76 224,79 0.03
25-year 225.43 225.25 -0.18
Regional 226.22 225.93 -0.29
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