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Figure 1. Western Vaughan Transportation Improvements IEA Study Area 
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It should be noted that some culverts and bridges along Rutherford Road were recently upgraded and still do 

not meet criteria under existing conditions. For these crossings, it was assumed that all hydraulic design 

criteria could not be met under proposed conditions and so the focus was on maintaining upstream water 

surface elevations. There were some other cases where it was not possible to expand the bridge any larger 

to contain the flow or meet criteria, or the proposed road profile did not allow flows to be contained. In these 

cases some compromise will have to be met.  

 

The sections below will explain changes to each crossing in detail as well as the resulting water surface 

elevations. It will also explain if culvert upsizing was required and/or possible.  

 

2.2 Major Mackenzie Drive 

2.2.1 Robinson Creek East (2) crossing Major Mackenzie Drive (0+906) 

Moving east along Major Mackenzie Drive from Highway 50, there are two major watercourse crossings 

located on either side of Huntington Road.  The West Branch of Robinson Creek crosses Major Mackenzie 

Drive approximately 650 m west of Huntington Road.  A tributary of the East Branch of Robinson Creek 

crosses just east of Huntington Road.  Both crossings are within the Highway 427 EA extension area, and 

are not part of this project scope.  The Highway 427 EA recommended a bridge with two spans of 34 m at 

West Robinson Creek, and recommended twin 3 m wide x 21.2 m high box culverts at the tributary of East 

Robinson Creek.   

 

Robinson Creek East (2) crosses Major Mackenzie Drive east of Huntington Road, just west of the railroad 

tracks. The watercourse is perpendicular to the roadway at the crossing location. On the upstream side of 

the crossing the land is undeveloped, and downstream of the crossing the watercourse passes through the 

CN intermodal yard. The existing roadway is one lane in each direction and has a low point of 201.61 m at 

the crossing location. The existing culvert is a 1200 mm diameter CSP. The hydraulic model indicates that 

the existing crossing would be overtopped by a 25-year flood. The Regional and MTO criteria are not met for 

this existing crossing.  

 

It is proposed to expand the roadway in this area to three lanes in each direction. The major modification to 

this crossing is the re-alignment of the road. The proposed road will pass over top of the existing railroad 

tracks as oppose to crossing at grade. This results in the road elevation increasing by more than 10 m.  This 

will have a major impact on water surface elevations. The hydraulic model was updated with the proposed 

road profile and width. The culvert was extended to determine if it would be adequate under proposed 

conditions.  

 

The model results indicate that the existing culvert will not meet the criteria under proposed conditions. The 

upstream water surface elevations were estimated to increase by 10.4 m due to the new road profile. The 

roadway would still be overtopped in the Regional event and the freeboard and clearance criteria would not 

be met. It is therefore required to replace the culvert. The model was modified to determine an optimal 

culvert size to meet the criteria. It was found that a concrete box culvert 3.6 m wide by 2.4 m tall would meet 

the criteria and slightly lower upstream water surface elevations. Table 1 compares the water surface 

elevations for existing conditions, proposed conditions with a culvert extension and proposed conditions with 

a culvert replacement. 
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Table 1. Robinson Creek E (2) at Major Mackenzie Water Surface Elevation Comparison 

 2 year 5 year 10 year 25 year 50 year 100 year Regional 

Existing Conditions U/S Cross-section 22.154 200.55 200.62 200.84 201.73 201.84 201.89 202.02 

U/S Cross-section 22.153 199.80 199.97 200.60 201.73 201.84 201.90 202.03 

Culvert: 13 m 1200 mm CSP D/S Cross-section 22.152 199.44 199.56 199.90 200.26 200.60 200.81 200.98 

Proposed – Culvert Extension U/S Cross-section 22.154 200.55 200.62 201.25 205.06 211.06 212.38 212.38 

U/S Cross-section 22.153 199.91 200.11 201.24 205.05 211.06 212.38 212.38 

Culvert: 81 m 1200 mm CSP D/S Cross-section 22.152 199.36 199.47 199.82 200.22 200.52 200.72 200.78 

Proposed – Culvert Replacement U/S Cross-section 22.154 200.55 200.62 200.84 201.10 201.24 201.29 201.94 

U/S Cross-section 22.153 199.55 199.61 199.96 200.39 200.72 200.95 201.52 

Culvert: 81 m 3.6 m x 2.4 m Box D/S Cross-section 22.152 199.36 199.47 199.82 200.22 200.52 200.72 200.78 

 

 

Due to the drastic change in the road profile and the resulting water surface elevations it is recommended 

that the culvert be replaced with a 3.6 m by 2.4 m box culvert to allow more flow to be conveyed through the 

culvert resulting in water surface elevations that meet all the hydraulic design criteria. 

 

2.2.2 Main Humber River crossing Major Mackenzie Drive (2+150) 

Major Mackenzie Drive is proposed for realignment west of Highway 27. The proposed alignment would 

allow Major Mackenzie Drive to be continuous through Highway 27, as opposed to the existing alignment in 

which Major Mackenzie Drive west of Highway 27 is approximately half a kilometre north of Major Mackenzie 

Drive east of Highway 27. Due to this realignment a new crossing will be constructed just west of Highway 27 

to allow the main branch of the Humber River to pass from north to south. This section of the river flows 

somewhat perpendicular to the proposed roadway; however, an oxbow has formed east of the main 

watercourse which will have to be included in the width of the proposed crossing. 

 

The existing area is mainly undeveloped, with some residential and commercial buildings off of Highway 27. 

East of Highway 27 there are some residential developments. The realignment of Major Mackenzie Drive is 

proposed to be three lanes in each direction with a centre median. 

 

The existing model was updated by adding cross-sections upstream and downstream of where the proposed 

crossing would be. The model was run to determine existing water surface elevations at these locations. The 

proposed bridge configuration had to be iterated to determine the optimal design. The bridge needed to be 

150 m wide to contain the main channel as well as the oxbow. Also, the existing elevation of Highway 27 

adjacent to the watercourse is fairly low, making it difficult to design the bridge high enough to clear the 

Regional event. In the end the proposed Major Mackenzie / Highway 27 intersection was raised, and the 

bridge was designed to have several piers so that the bridge deck could be thinner. At the west end of the 

proposed bridge the first pier is 38 m from the abutment, and the deck is 2.62 m thick. The remaining 4 piers 

are spaced 22.4 m from each other and from the east abutment. The deck thickness for that portion of the 

bridge is 1.29 m. The proposed model was run to determine final water surface elevations and compared to 

existing. The results can be seen in Table 2 below. 
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Table 2. Main Humber River at Major Mackenzie Water Surface Elevation Comparison 

 2 year 5 year 10 year 25 year 50 year 100 year Regional 

Existing Conditions U/S Cross-section 13.41 166.58 166.99 167.22 167.47 167.59 167.72 169.28 

U/S Cross-section 13.408 166.40 166.74 166.96 167.25 167.42 167.58 169.25 

No Crossing under 

existing conditions 
D/S Cross-section 13.402 166.33 166.70 166.94 167.21 167.37 167.52 169.10 

Proposed – New Bridge U/S Cross-section 13.41 166.86 167.32 167.53 167.77 167.92 168.07 169.42 

U/S Cross-section 13.408 166.71 167.13 167.37 167.64 167.80 167.95 169.22 

Bridge: 150 m wide D/S Cross-section 13.402 166.29 166.67 166.91 167.19 167.35 167.50 169.09 

 

 

According to the model the water surface will increase by 14 cm 60 m upstream of the crossing (at cross-

section 13.41). Another 250 m upstream at Section 13.42, the Regional increase drops to 7 cm.  

 

The bridge span has been maximized to the extent possible, and the deck is bottom of the bridge deck is 

raised as high as possible.  The increase in water surface elevation is due to the restrictions caused by the 

proposed bridge piers, and the loss of conveyance area between the proposed east bridge abutment and the 

existing Highway 27 fill slope.  There are no reasonable alternatives to avoid the small loss of flow area and 

associated increases in flood elevations.  The area upstream of the proposed Major Mackenzie Drive bridge 

is relatively undeveloped and the valley slopes are relatively steep at the level of the Regional floodplain.  

The increase in the Regional floodplain elevation translates into a negligible increase in the width of the 

floodplain (typically less than the width of the flood line on the floodplain map sheets).  The small increase in 

the Regional floodplain elevation will not place any additional structures in the floodplain.   

 

Additional investigations are recommended at the detailed design stage to further mitigate the anticipated 

increases in Regional storm flood elevations, to determine the extent of property that will be impacted by any 

increases in flood elevations, and to reach agreements with the affected landowners for any increase in 

flooded area.   

 

2.2.3 East Humber River crossing Major Mackenzie Drive (0+745) 

The East Humber River crosses Major Mackenzie Drive east of Islington Avenue.  Due to the scale of the 

watercourse at the crossing location, a bridge rather than a culvert allows flow to pass under Major 

Mackenzie. The existing bridge is over 18 m wide. Both upstream and downstream of the crossing the land is 

undeveloped and forested.  There is a residential development west of the watercourse, and the Kortright 

Centre for Conservation is south of the crossing. The existing road is one lane in each direction and has a 

low point of 180.90 m at the crossing. The hydraulic model indicates that the road would not be overtopped 

in a Regional event, and the freeboard and clearance design criteria are also met. It is proposed to expand 

the roadway to three lanes in each direction and realign the profile to have a slightly lower low point of 

180.67 m. The proposed road details were input into the model and the culvert was assumed to be extended.  

 

The model results show that if the existing bridge were extended, the upstream Regional water surface 

elevation would increase by 0.69 m just upstream of the crossing and by 0.16 m 50 m upstream of the 

crossing.  The road would also be overtopped under proposed conditions.  The criteria are not met and so a 

bridge replacement is necessary.  
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Based on the recommendations from the fluvial geomorphology study (under separate cover), it is proposed 

to replace the existing bridge with a large 3 span bridge, with a 30 m central span and 23 m flanking spans.  

Results of all three scenarios can be found in Table 3 below. 

 

Table 3. East Humber River at Major Mackenzie Water Surface Elevation Comparison 

 2 year 5 year 10 year 25 year 50 year 100 year Regional 

Existing Conditions U/S Cross-section 18.06 176.48 176.68 176.76 176.93 177.06 177.19 181.18 

U/S Cross-section 18.052 176.46 176.65 176.72 176.86 176.97 177.08 180.77 

Crossing: 18.6 m span Bridge D/S Cross-section 18.051 176.46 176.63 176.69 176.83 176.93 177.02 178.40 

Proposed – Bridge  Extension U/S Cross-section 18.06 176.46 176.67 176.76 176.94 177.07 177.22 181.34 

U/S Cross-section 18.052 176.48 176.69 176.78 176.96 177.08 177.22 181.46 

Crossing: 18.6 m span Bridge D/S Cross-section 18.051 176.43 176.60 176.65 176.79 176.88 176.98 178.38 

Proposed –Bridge Replacement U/S Cross-section 18.06 176.37 176.53 176.56 176.59 176.71 176.83 178.55 

U/S Cross-section 18.052 176.42 176.62 176.71 176.82 176.91 177.01 178.49 

Crossing: 76 m span Bridge D/S Cross-section 18.051 176.39 176.57 176.64 176.74 176.81 176.90 178.15 

 

 

To meet fluvial geomorphology criteria the existing bridge is recommended to be replaced with a 76 m span 

structure with two piers. This would allow water surface elevations to be much lower than existing conditions 

and the road would not be overtopped in a Regional event.  

 

2.2.4 Purpleville Creek crossing Major Mackenzie Drive (1+480) 

Purpleville Creek crosses Major Mackenzie Drive almost half way between Kipling Avenue and Pine Valley 

Drive. The existing crossing consists of four box culverts each 3.66 m by 3.66 m, which cross at an 

approximate angle of 66 degrees from the roadway. The existing box culverts are quite old and starting to 

degrade. There is also an obstruction of sediment build up within the existing flow path of the crossing. The 

surrounding area is generally undeveloped and the crossing is just north of the Kortright Centre for 

Conservation. The existing roadway is one lane in each direction and has a low point of 181.80 m at the 

crossing. The existing hydraulic model indicates that the roadway is not overtopped in a Regional event and 

the crossing meets all hydraulic design criteria. 

 

It is proposed to expand the roadway to three lanes in each direction and modify the road alignment. The 

proposed low point along the roadway will be 183.28 m at the crossing.  Extension of the existing box 

culverts was initially investigated.  If the culverts were cleared of sediment during extension, the proposed 

roadway and culvert extensions will continue to meet the hydraulic design criteria.   

 

However, the existing culverts are in poor condition, and are recommended for replacement.  The fluvial 

geomorphology investigation recommended a 36 m span bridge at this location.   

 

The resulting water surface elevations from the existing and all three proposed options are summarized in 

Table 4.  
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Table 4. Purpleville Creek at Major Mackenzie Water Surface Elevation Comparison 

 2 year 5 year 10 year 25 year 50 year 100 year Regional 

Existing Conditions U/S Cross-section 19.04 177.46 177.67 177.81 177.99 178.12 178.25 180.56 

U/S Cross-section 19.032 177.25 177.42 177.54 177.69 177.80 177.92 179.92 

Crossing: 30 m 4 x 3.66 m x 

3.66 m Box Culverts 
D/S Cross-section 19.031 177.21 177.33 177.42 177.53 177.61 177.68 179.03 

Proposed – Culvert Extension U/S Cross-section 19.04 177.06 177.31 177.47 177.66 177.80 177.95 180.39 

U/S Cross-section 19.032 176.99 177.20 177.34 177.50 177.63 177.75 179.91 

Crossing: 60 m 4 x 3.66 m x 

3.66 m Box Culverts 
D/S Cross-section 19.031 176.88 177.04 177.13 177.23 177.31 177.39 178.59 

Proposed – Bridge Replacement U/S Cross-section 19.04 177.14 177.37 177.52 177.68 177.80 177.92 179.75 

U/S Cross-section 19.032 177.09 177.30 177.43 177.58 177.69 177.80 179.53 

Crossing: 36 m span Bridge D/S Cross-section 19.031 176.88 177.04 177.13 177.23 177.30 177.37 178.36 

 

 

The recommended 36 m span bridge is predicted to significantly reduce flood levels upstream of Major 

Mackenzie Drive relative to existing conditions.   

 

2.3 Rutherford Road 

2.3.1 Rainbow Creek East crossing Rutherford Road (0+220) 

Rainbow Creek crosses Rutherford Road just east of Huntington Road. The existing crossing consists of a 

recently constructed 7 m by 1.8 m concrete box culvert which crosses Rutherford at a slightly skewed angle 

and conveys water from north to south. The area surrounding the crossing is mainly undeveloped. Currently 

Rutherford Road is two lanes in each direction at the location of the crossing. In the existing hydraulic model 

the low point on the road was 193.10 m. It was found that the existing model was outdated and an updated 

existing model was required to represent actual existing conditions. The updated existing road low point was 

found to be 193.06 m from the latest survey data, and is about 20 m east of the watercourse crossing. 

Despite the differences in the models, the updated existing water surface elevations are very similar to 

existing. Under updated existing conditions it was found that the Regional storm overtops the roadway and 

the freeboard and clearance requirements are not met. This will be taken into consideration when the 

decision is to be made whether to replace the culvert or not.  

 

It is proposed to expand Rutherford Road to three lanes in each direction and changing the profile. The 

proposed road profile has a low point of 193.08 which is about 45 m east of the centre of the watercourse. 

The proposed road data was input into the model to determine if the existing box culvert would allow 

adequate flow to maintain water surface elevations. It was found that under proposed conditions assuming 

the existing box culvert was extended, upstream water surfaces would increase from 0.12 to 0.32 m. The 

road would continue to be overtopped and freeboard and clearance criteria would not be met. Since 

hydraulic design criteria were not met for the existing crossing, it may not be realistic to meet criteria under 

proposed conditions. The freeboard and clearance criteria would be especially difficult to meet since the low 

point is not adjacent to the crossing location. The goal for the proposed crossing will be to maintain upstream 

water surface elevations, and to contain the Regional event. The model was modified with a box culvert 15 m 

by 1.8 m. This culvert would cause upstream water surface elevations to decrease, and would be able to 

contain the Regional event. The clearance and freeboard criteria would not be met, but the proposed culvert 

would be an improvement over the existing culvert.  
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This crossing was not investigated as part of the fluvial geomorphology assessment.  The existing 7 m 

culvert was recently approved by the TRCA as part of the recent reconstruction works along Rutherford 

Road.  It is assumed that the previous structure was acceptable from fluvial geomorphology.  As the 

recommended replacement structure (or an additional culvert to provide a total opening width of 15 m) is a 

further improvement, no further fluvial geomorphology investigations are warranted to support the size of the 

replacement culvert.  At the detailed design phase, it is recommended that a fluvial geomorphology 

assessment be completed to properly place and construct the abutments.  

 

Table 5 below lists water surface elevations for all four scenarios. 

 

Table 5. Rainbow Creek East at Rutherford Road Water Surface Elevation Comparison 

 2 year 5 year 10 year 25 year 50 year 100 year Regional 

Updated Existing Conditions U/S Cross-section 24.68 191.85 192.31 192.47 192.57 192.90 192.99 193.40 

U/S Cross-section 24.67 191.44 191.82 192.16 192.51 192.76 192.77 193.48 

Crossing: 25 m 7 m x 1.8 m Box 

Culvert 

D/S Cross-section 24.66 191.22 191.61 191.80 181.98 1912.12 192.24 192.78 

Proposed – Culvert Extension U/S Cross-section 24.68 191.85 192.31 192.47 192.63 192.77 192.97 193.72 

U/S Cross-section 24.67 191.44 191.82 192.11 192.51 192.70 192.83 193.59 

Crossing: 35 m 7 m x 1.8 m 

Box Culvert 
D/S Cross-section 24.66 191.23 191.63 191.81 191.98 192.13 192.24 192.80 

Proposed – Culvert Replacement U/S Cross-section 24.68 191.93 192.31 192.47 192.63 192.74 192.83 193.23 

U/S Cross-section 24.67 191.12 191.55 191.74 191.90 192.01 192.10 192.98 

Crossing: 35 m 15 m x 1.8 m 

Box Culvert 
D/S Cross-section 24.66 191.23 191.63 191.82 192.01 192.13 192.24 192.80 

 

 

2.3.2 Robinson Creek West crossing Rutherford Road (1+430) 

2.3.3 Robinson Creek East crossing Rutherford Road (1+570) 

The East and West branches of Robinson Creek cross under Rutherford Road in close proximity to one 

another, between McGillivray Road and the CPR line.  The two branches join approximately 120 m south of 

Rutherford Road.  The area surrounding the crossings is mainly undeveloped.  Rutherford Road currently 

has two lanes in each direction, and a low point of 186.90 m between the crossings.  The culvert at West 

Robinson Creek is a 6.7 m span concrete box, and the East Robinson Creek culvert is a 4.5 m span 

concrete culvert.   

 

The existing model indicates that the Regional storm would overtop the roadway and neither clearance nor 

freeboard criteria are met.  The model also predicts that during the 100 year and Regional storm events, the 

floodplains of the east and west branches join on the upstream side of Rutherford Road, and both culverts 

operate as a single crossing.   

 

It is proposed to expand Rutherford Road from two lanes to three in each direction. The road profile will also 

be modified.  Currently, the roadway slopes down from both McGillivray Road and the CPR line to a low 

point in the road profile just east of the West Robinson Creek culvert.  Under proposed conditions, the road 

profile will be lowered significantly to allow the road to pass under the existing CPR tracks, eliminating the 

current at-grade crossing.  As a result, there will no longer be a sag in this location.  Instead, the profile will 

fall at a constant slope to Highway 27 and the Main Humber River to the east.  If Rutherford Road were 

overtopped at this location under proposed conditions, floodwaters would spill from Robinson Creek to the 
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Main Humber River.  A spill of floodwaters from one subwatershed to another is not permitted by the 

Conservation Authority.  The existing culverts must therefore be replaced with larger structures that will 

prevent overtopping of Rutherford Road.   

 

The HEC-RAS model received from the TRCA calculated the hydraulics for the two existing culverts 

separately.  A levee had been inserted into the models for each crossing to calculate flood levels considering 

only the flows and culvert capacities for each culvert individually. 

 

AECOM staff updated the proposed conditions models to evaluate the hydraulics of the combined crossing 

during the 100 year and Regional storm events.  The levees were removed, both culverts were coded in the 

model and the total combined flow at the confluence of the two branches was applied to the crossing.   

 

A considerable number of culvert alternatives were evaluated for the proposed crossings.  Given the limited 

height from the stream invert to the (lowered) road centreline, multiple culverts are required instead of a 

single span bridge.  Three Conspan (or equivalent) culverts are recommended for West Robinson Creek – 

one 11.0 m x 2.7 m, one 11.0 m x 2.4 m, and the third 7.3 m x 1.8 m.  A pair of 7.3 m x 1.5 m Conspan (or 

equivalent) culverts are recommended at the East Robinson Creek crossing.   

 

The HEC-RAS model results are summarized in Tables 6 and 7, below. 

 

Table 6. West Robinson Creek at Rutherford Road Water Surface Elevation Comparison 

 2 year 5 year 10 year 25 year 50 year 100 year Regional 

Existing Conditions U/S Cross-section 22.02 185.86 186.23 186.42 186.65 186.83 187.00 187.53 

U/S Cross-section 22.012 185.38 185.56 185.68 185.87 185.95 186.13 187.60 

Crossing: 6.7 m Span Culvert D/S Cross-section 22.011 185.34 185.48 185.55 185.63 185.68 185.71 186.80 

Proposed – Culvert Replacement U/S Cross-section 22.02 185.76 186.03 186.37 186.57 186.67 186.76 187.45 

U/S Cross-section 22.012 185.26 185.42 185.52 185.65 185.75 185.85 187.34 

Crossing: 2 – 11 m Conspan & 1 – 

7 m Conspan Culverts 
D/S Cross-section 22.011 185.26 185.42 185.51 185.64 185.73 185.82 186.85 

 

 

Table 7. East Robinson Creek at Rutherford Road Water Surface Elevation Comparison 

 2 year 5 year 10 year 25 year 50 year 100 year Regional 

Existing Conditions U/S Cross-section 22.113 185.58 185.83 186.10 186.13 186.23 186.53 187.61 

U/S Cross-section 22.112 185.18 185.43 185.57 185.79 186.04 186.39 187.60 

Crossing: 22 m 4.5 m x 1.5 m Box 

Culvert 
D/S Cross-section 22.111 185.14 185.36 185.47 185.62 185.74 185.85 186.94 

Proposed – Culvert Extension U/S Cross-section  185.76 186.03 186.37 186.57 186.67 186.76 187.45 

U/S Cross-section  185.26 185.42 185.52 185.65 185.75 185.85 187.34 

Crossing: 2 – 7 m Conspan 

Culverts 
D/S Cross-section  185.26 185.42 185.51 185.64 185.73 185.82 186.85 

 

 

The above culvert configurations for East and West Robinson Creek are sufficient to pass all of the flows 

through the culverts for up to the Regional storm event, while preventing any increase in upstream flood 

elevations.  However, the resulting flood elevations will be higher than the road profile at the east culvert.  

Retaining walls or other measures will be required to contain the flooding on the upstream side of the road 

right-of-way up to the Regional flood elevation of 187.34 m.   
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Neither of these crossings were investigated as part of the fluvial geomorphology assessment.  The existing 

culverts were approved by the TRCA as part of the recent reconstruction works along Rutherford Road.  It is 

assumed that the current structures are acceptable from fluvial geomorphology.  As the recommended 

replacement structures have total opening widths 3 x to 4 x greater than the existing culverts, no further 

fluvial geomorphology investigations are warranted to support the sizes of the replacement culverts.  At the 

detailed design phase, it is recommended that fluvial geomorphology assessments be completed to properly 

place and construct the abutments. 

 

2.3.4 Humber River crossing Rutherford Road (0+130) 

The main branch of the Humber River crosses Rutherford Road just east of Highway 27. The existing 

crossing consists of a 45 m-span bridge. The surrounding area is generally undeveloped upstream of the 

crossing, and downstream of the crossing the river flows through residential developments. The existing 

roadway is mostly two lanes in each direction with some left and right turn lanes near intersections. The low 

point in the roadway at the crossing is 162.60 m. The existing model indicates that the current crossing 

cannot contain the Regional storm. The freeboard criterion is met but the clearance criterion is not met under 

existing conditions. 

 

It is proposed to expand Rutherford Road to three lanes in each direction and significantly modify the road 

alignment. The proposed road width is 31.5 m and the proposed road low point is 165.32, 2.7 m higher than 

existing. The hydraulic model was updated to determine impacts on water surface elevations.  

 

It was found that upstream water surface elevations are higher under proposed conditions. This is likely due 

to the higher road surface. The road is overtopped by the Regional event under proposed conditions and the 

clearance criterion is still not met, however the 100-year freeboard is. The existing bridge is in good 

condition, however several hydraulic design criteria are not met under proposed conditions. The bridge is 

therefore recommended for replacement with an 80 m span bridge, as recommended by fluvial 

geomorphology staff. Below is a table comparing water surface elevations for this crossing. 

 

Table 8. Humber River at Rutherford Road Water Surface Elevation Comparison 

 2 year 5 year 10 year 25 year 50 year 100 year Regional 

Existing Conditions U/S Cross-section 13.29 159.21 159.84 160.10 160.28 160.26 160.38 162.99 

U/S Cross-section 13.282 159.19 159.82 160.07 160.23 160.17 160.26 162.96 

Crossing: 45 m Span Bridge D/S Cross-section 13.281 159.16 159.79 160.03 160.16 160.07 160.11 161.16 

Proposed – Bridge Extension U/S Cross-section 13.29 159.21 159.83 160.09 160.27 160.24 160.36 163.21 

U/S Cross-section 13.282 159.19 159.81 160.06 160.21 160.16 160.24 163.18 

Crossing: 45 m Span Bridge D/S Cross-section 13.281 159.15 159.77 160.01 160.13 160.02 160.04 161.15 

Proposed – Bridge Replacement U/S Cross-section 13.29 159.19 159.82 160.07 160.24 160.20 160.30 162.92 

U/S Cross-section 13.282 159.18 159.80 160.04 160.19 160.11 160.18 162.42 

Crossing: 80 m Span Bridge D/S Cross-section 13.281 159.15 159.77 160.01 160.13 160.02 160.04 161.17 

 

 

The proposed bridge results in water surface elevations to be lower than existing, with all hydraulic criteria 

met and the roadway is not overtopped during a Regional event.  
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2.3.5 East Humber River crossing Rutherford Road (0+860) 

The East Humber River crosses Rutherford Road half way between Islington Avenue and Pine Valley Drive. 

The existing crossing consists of a 50.8 m span bridge. The surrounding area is mainly undeveloped and the 

Kortright Centre for Conservation is directly north of the crossing. The existing road is two lanes in each 

direction and slopes from west to east. The road low point is east of the crossing at an elevation of 172.77 m. 

The local road low point within the cross-section is 174.61 m. This existing hydraulic model indicates that the 

bridge is not overtopped in a Regional event and all other hydraulic design criteria are met.  

 

It is proposed to expand Rutherford Road from two lanes to three in each direction. The low point east of the 

crossing increases to 173.09 m and the local low point is 174.75 m. The hydraulic model was updated to 

account for the proposed changes.  

 

The model results indicate that the road is not overtopped under proposed conditions, and clearance and 

freeboard requirements are met. The upstream water surface elevations increased very slightly from existing 

conditions. This small amount can be considered negligible. The table below compares existing and 

proposed water surface elevations. 

 

Table 9. East Humber River at Rutherford Road Water Surface Elevation Comparison 

 2 year 5 year 10 year 25 year 50 year 100 year Regional 

Updated Existing Conditions U/S Cross-section 21.3 163.96 164.30 164.51 164.76 164.95 165.14 169.56 

U/S Cross-section 21.292 163.97 164.43 164.70 164.98 165.20 165.42 169.63 

Crossing: 50.8 m Span D/S Cross-section 21.291 163.90 164.32 164.55 164.78 164.96 165.14 166.84 

Proposed – Bridge Extension U/S Cross-section 21.3 163.96 164.30 164.51 164.76 164.95 165.14 169.60 

U/S Cross-section 21.292 163.97 164.43 164.70 164.98 165.20 165.42 169.66 

Crossing: 50.8 m Span D/S Cross-section 21.291 163.90 164.32 164.55 164.78 164.96 165.14 166.84 

 

 

The upstream water surface elevations are slightly increased under proposed conditions, however it is still 

recommended to extend the existing bridge rather than replacing it since the differences in water surface 

elevation are considered negligible.   

 

2.3.6 Marigold Creek crossing Rutherford Road (1+027) 

Marigold Creek crosses Rutherford Road between Islington Avenue and Pine Valley Drive, just east of the 

Humber Creek crossing (See Section 1.3.5). Marigold Creek converges with the Humber River just south of 

Rutherford Road. The watercourse crosses Rutherford Road at a skewed angle through a 2,600 mm 

diameter circular CSP culvert.  The watercourse upstream of Rutherford Road has been re-aligned in the 

past, and flows parallel (westward) to the road for a distance of approximately 100 m before entering the 

culvert.   

 

The surrounding area is mainly undeveloped and Rutherford Road is currently two lanes in each direction. 

The culvert is located approximately 150 m east of the East Humber River bridge, and is part way down the 

larger valley associated with the East Humber River.  The road slopes continuously down from a high point 

east of Pine Valley Drive to the low point at the East Humber River bridge.   

 

The HEC-RAS model received from the TRCA did not have accurate information for this crossing and had to 

be updated to evaluate existing conditions.  The updated existing model indicates that the current crossing is 
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not able to contain the Regional event, however, the clearance and freeboard criteria are met for the design 

(50 year) storm event.  Note finally that the road is not predicted to be overtopped when the capacity of the 

culvert is exceeded.  During a Regional event, floodwaters will flow westward along the north side of 

Rutherford Road to the East Humber River.  This is not considered a „spill‟, as Marigold Creek flows into the 

East Humber River approximately 200 m south of Rutherford Road.   

 

Given the skew of the culvert and the reconstructed channel parallel and north of Rutherford Road, any 

extension to the existing culvert will require a channel re-alignment.  Retaining walls are recommended to 

contain the limit of grading for the proposed widening of Rutherford Road to avoid any extensions to the 

existing culvert, which is in very good condition.  Table 10 summarizes the existing hydraulics at this 

crossing, which will be unchanged for proposed conditions.   

 

Table 10. Marigold Creek at Rutherford Road Water Surface Elevation Comparison 

 2 year 5 year 10 year 25 year 50 year 100 year Regional 

Updated Existing Conditions U/S Cross-section 20.02 167.97 168.07 168.13 168.20 168.27 168.36 173.32 

U/S Cross-section 20.01 167.11 167.24 167.33 167.61 167.78 167.94 173.31 

Crossing: 65 m 2,600 mm 

CSP Culvert 
D/S Cross-section 20.002 166.39 166.52 166.60 166.68 166.75 166.82 168.80 

 

2.4 Highway 27 

2.4.1 Rainbow Creek crossing Highway 27 (0+710) 

Rainbow Creek crosses Highway 27 between Highway 7 and Langstaff Road. The existing culvert is a 7.62 

m by 2.3 m concrete box culvert at a slight skew. The watercourse runs along a somewhat natural valley 

upstream and downstream of the crossing. There is an industrial area south of the crossing and a residential 

area northeast of the crossing. The existing roadway is two lanes in each direction and has a low point of 

171.85 at the crossing location. The existing model indicates that the Region storm would overtop the 

roadway and that other hydraulic design criteria are not met. 

 

It is proposed to expand the roadway to three lanes in each direction and raise the profile of the road. The 

road low point will be at 175.52 under proposed conditions. Initially it was assumed that the existing box 

culvert will be extended to accommodate the widened roadway. The hydraulic model was updated 

accordingly and results show that water surface elevations are lower than existing conditions, but the 

clearance, freeboard and overtopping criteria are not met. The culvert is therefore recommended to be 

expanded.  

 

The fluvial geomorphology study recommended a 35 m span bridge for this crossing.  The proposed 35 m 

span bridge was evaluated in the hydraulic model.  Table 11 below summarises water surface elevations for 

existing conditions and all proposed conditions. 
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Table 11. Rainbow Creek at Highway 27 Water Surface Elevation Comparison 

 2 year 5 year 10 year 25 year 50 year 100 year Regional 

Existing Conditions U/S Cross-section 25.11 169.65 170.18 170.56 171.07 171.68 172.05 172.69 

U/S Cross-section 25.102 169.33 169.91 170.30 170.84 171.58 171.86 172.58 

Crossing: 32.1 m 7.62 m x 2.3 m 

Box Culvert 
D/S Cross-section 25.101 169.00 169.36 169.60 169.92 171.44 172.03 172.68 

Proposed – Culvert Extension U/S Cross-section 25.11 169.66 170.17 170.55 171.05 171.66 171.87 172.59 

U/S Cross-section 25.102 169.36 169.95 170.33 170.84 171.58 171.86 172.58 

Crossing: 61 m 7.62 m x 2.3 m 

Box Culvert 
D/S Cross-section 25.101 168.88 169.19 169.33 169.48 169.66 169.86 171.02 

Proposed – Bridge Replacement U/S Cross-section 25.11 169.63 169.93 170.11 170.34 170.52 170.68 171.79 

U/S Cross-section 25.102 169.20 169.51 169.67 169.88 170.03 170.17 171.13 

Crossing: 35 m span Bridge D/S Cross-section 25.101 168.89 169.22 169.42 169.66 169.83 169.96 170.86 

 

 

Since the extension of the existing culvert would result in water surface elevations that would not meet the 

design criteria, it is recommended to replace the existing culvert with a 35 m span bridge to adequately 

convey the flow while meeting all hydraulic and fluvial geomorphology criteria.  

 

2.4.2 Robinson Creek crossing Highway 27 (0+810) 

Robinson Creek crosses Highway 27 north of Langstaff Road. The existing crossing consists of a 6.1 m by 

3.05 m concrete box culvert at a slight skew. The surrounding area is undeveloped on the upstream side of 

the crossing, and downstream of the crossing there are some residential developments.  The existing 

roadway is two lanes in each direction and has a low point of 182.90 m at the crossing location. The existing 

model indicates that the Regional storm would overtop the roadway and other design criteria would not be 

met.  

 

It is proposed to widen the roadway from two lanes to three lanes in each direction. The proposed profile will 

also be altered, resulting in a low point of 182.85 m just south of the crossing.  The existing culvert is more 

than 40 m long, and can accommodate the proposed road widening without any significant extension.  

Retaining walls are instead proposed to contain the limit of grading and minimize the culvert extensions 

required.   

 

The hydraulic model was updated to reflect the proposed road profile over the existing culvert. The proposed 

retaining will design will maintain existing water surface elevations upstream of the crossing, and will meet 

the freeboard criterion. The roadway will be overtopped in a Regional event as in existing conditions, and the 

clearance criterion will not be met.  

 

Table 12 below summarizes the hydraulic model resulting water surface elevations for the existing and 

proposed conditions.   
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Table 12. Robinson Creek at Highway 27 Water Surface Elevation Comparison 

 2 year 5 year 10 year 25 year 50 year 100 year Regional 

Updated Existing Conditions U/S Cross-section 23.22 175.45 175.76 176.03 176.41 176.72 177.04 183.29 

U/S Cross-section 23.212 174.53 174.95 175.23 175.63 175.96 176.28 183.29 

Crossing: 42.1 m 6.1 m x 3.05 m 

Box Culvert 

D/S Cross-section 23.21 174.35 174.63 174.80 175.00 175.13 175.26 176.59 

D/S Cross-section 23.205 174.10 174.31 174.44 174.60 174.71 174.81 175.89 

Proposed – No Culvert 

Modifications 

U/S Cross-section 23.22 175.45 175.76 176.03 176.41 176.72 177.04 183.30 

U/S Cross-section 23.212 174.53 174.95 175.23 175.63 175.96 176.28 183.30 

Crossing: 42.1 m 6.1 m x 3.05 m 

Box Culvert 

D/S Cross-section 23.21 174.35 174.63 174.80 175.00 175.13 175.26 176.59 

D/S Cross-section 23.205 174.10 174.31 174.44 174.60 174.71 174.81 175.89 

 

It is recommended to retain the existing culvert and add retaining walls to match the limit of grading. Not all 

criteria is met, however, water surface elevations are maintained from existing conditions.  

 

2.4.3 Humber River (1) crossing Highway 27 (0+958) 

This branch of the Humber River crosses Highway 27 between Major Mackenzie Drive and Rutherford Road 

at a very skewed angle. The existing crossing consists of a 58 m 3-span bridge. The surrounding area is 

undeveloped upstream of the crossing, and downstream of the crossing there are some residential 

developments nearby. Highway 27 is currently two lanes in each direction and slopes from north to south. 

The road low point is significantly south of the crossing, and so the local low point within the crossing cross-

sections is considered to be 164.70 m. The hydraulic model for this crossing was out of date and did not 

contain accurate existing information and therefore required updating. The latest existing information was 

entered into the model and called “Updated Existing” conditions. Water surface elevations for the proposed 

model will be compared to those of the updated existing model. The model was run and it was found that the 

existing crossing does not meet the hydraulic design criteria as the Regional storm would overtop the road. 

This is likely due to the profile of the roadway which continues to slope south. The clearance and freeboard 

criteria are also not met under existing conditions.  

 

It is proposed to expand Highway 27 from two lanes in each direction to three. The roadway will be slightly 

widened to accommodate the extra lanes, and the road profile will be slightly altered as well. The road will 

continues to slope to the south under proposed conditions, and the new local low point within the cross-

section is 164.58 m.  

 

The proposed data was entered into the model and run. It was found that the proposed crossing will not meet 

all the criteria. The roadway is still overtopped and the clearance criterion is not met. The proposed changes 

have also made an impact on water surface elevations – the upstream water surface elevations are 8 cm 

higher under proposed conditions. This difference is water surface elevation can be considered insignificant 

considering the level of detail of the hydraulic model.  

 

Normally if criteria are not met the existing bridge would be expanded to accommodate the proposed 

changes, however, in this case there is no space to expand the bridge. The upstream and downstream 

cross-sections show that the existing bridge spans the entire cross-section not allowing any expansion. Also, 

the main reason criteria is not met is due to the profile of the road, not that the bridge is undersized. 

Expanding the bridge will not prevent the road from overtopping in the Regional flood.  It will therefore have 

to be accepted that all criteria are not met, but water surface elevations must not be increased above existing 

levels.  A comparison of water surface elevations is in the following table. 
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Table 13. Humber River (1) at Highway 27 Water Surface Elevation Comparison 

 2 year 5 year 10 year 25 year 50 year 100 year Regional 

Updated Existing Conditions U/S Cross-section 13.35 161.23 161.72 162.02 162.38 162.61 162.83 166.30 

U/S Cross-section 13.342 161.21 161.72 162.04 162.43 162.69 162.93 166.32 

Crossing: 58 m-span Bridge D/S Cross-section 13.341 161.20 161.71 162.04 162.42 162.68 162.92 165.65 

Proposed – Bridge Extension U/S Cross-section 13.35 161.23 161.72 162.02 162.38 162.61 162.83 166.38 

U/S Cross-section 13.342 161.21 161.72 162.04 162.43 162.69 162.93 166.40 

Crossing: 58 m-span Bridge D/S Cross-section 13.341 161.20 161.71 162.04 162.42 162.68 162.92 165.65 

 

 

The HEC-RAS model predicts a slight increase in the elevation of the Regional floodplain.  However, the 8 

cm increase is comparable to the standard model error, and is considered insignificant.   

 

2.4.4 Humber River (2) crossing Highway 27 (0+362) 

This reach of the Humber River crosses Highway 27 north of major Mackenzie Drive. The existing crossing is 

a 60 m-span bridge, which crosses Highway 27 at a skewed angle. The watercourse conveys flow from east 

to west beneath the existing bridge. There is a residential development on the east side of the watercourse, 

and west of the watercourse is mainly undeveloped. The existing roadway is one lane in each direction at the 

crossing location. South of the crossing the existing road widens to two lanes in each direction. The existing 

road profile slopes consistently south has a low point of 175.12 within the existing cross-section. Under 

existing conditions the Regional storm is contained by the bridge and does not overtop the roadway. The 

clearance criterion is not met but the freeboard criterion is.   

 

It is proposed to expand Highway 27 to two lanes in each direction at the crossing location. The width of the 

roadway will therefore be widened, and the profile of the roadway will change as well. The proposed roadway 

will continue to slope south as it currently does, and will have a low point of 175.06 within the proposed 

cross-section. It is planned to extend the existing bridge. The proposed information was added to the 

hydraulic model and resulting water surface elevations were determined. The model indicates that the 

proposed changes will slightly increase upstream water surface elevations, but only by an insignificant 

amount, and the clearance criterion is still not met.  

 

Results of both scenarios can be found in Table 14 below. 

 

Table 14. Humber River (2) at Highway 27 Water Surface Elevation Comparison 

 2 year 5 year 10 year 25 year 50 year 100 year Regional 

Existing Conditions U/S Cross-section 13.46 171.29 171.71 171.96 172.25 172.43 172.61 174.26 

U/S Cross-section 13.452 171.28 171.69 171.94 172.21 172.39 172.55 173.71 

Crossing: 60 Span Bridge D/S Cross-section 13.451 169.79 170.24 170.50 170.77 170.94 171.10 172.86 

Proposed – Bridge Extension U/S Cross-section 13.46 171.29 171.71 171.97 172.25 172.44 172.61 174.29 

U/S Cross-section 13.452 171.28 171.69 171.95 172.22 172.39 172.55 173.75 

Crossing: 60 Span Bridge D/S Cross-section 13.451 169.79 170.24 170.50 170.77 170.94 171.10 172.86 

 

 

The increase in road width and the extension of the existing bridge would not negatively impact upstream 

water surface elevations or further prevent any hydraulic design criteria from being met, and so it is 

recommended to extend the existing bridge rather than replace it. 
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3. Summary 

Hydraulic analyses have been completed for the major watercourse crossings that may be impacted by the 

recommended Western Vaughan Transportation Improvements.  The majority of the major culverts and 

bridges cannot be extended to accommodate road widening, and are recommended for replacement.   

 

Table 15 below provides a summary of the recommended culvert and bridge replacements.   

 

Table 15. Major Watercourse Crossing Summary 

 Watercourse Station 
Existing 

Structure 

Proposed 

Structure 
Notes 

Major 

Mackenzie Drive 

East Robinson 

Creek 

0+906 1200 mm CSP 3.6 m x 2.4 m 

Concrete Box 

 

Main Humber River 2+150 None 150 m, 5 span 

bridge 

A small increase in upstream flooding for the 

Regional storm event cannot be avoided.  

Additional investigations are recommended 

at the detailed design stage to mitigate the 

increase to the extent possible and to obtain 

permission from any affected landowners 

East Humber River 0+745 18 m bridge 76 m, 3 span 

bridge 

 

Purpleville Creek 1+480 4 – 3.66 m x 3.66 

m box culverts 

36 m span bridge  

Rutherford 

Road 

East Rainbow Creek 0+220 7.0 m x 1.8 m box 

culvert 

15 m x 1.8 m box 

culvert 

Culvert can be replaced or an additional 

culvert can be added to achieve 15 m total 

opening width 

West Robinson 

Creek 

1+430 6.7 m box culvert 2 – 11.0 m 

Conspan & 1 – 

7.3 m Conspan 

culverts 

Combined analysis for West and East 

Robinson Creek 

East Robinson 

Creek 

1+570 4.5 m box culvert 2 – 7.3 m 

Conspan culverts 

Combined analysis for West and East 

Robinson Creek 

Main Humber River 0+130 45 m span bridge Minor extension  

East Humber River 0+860 50.8 m span 

bridge 

Extension to 

Bridge 

The current exercise predicts a small 

increase in upstream flood levels.  

Additional modelling is recommended at the 

detailed design state to refine the existing 

and proposed conditions modelling with 

more accurate information, and to explore 

alternatives to mitigate any increase in flood 

elevations.   

Marigold Creek 1+027 2600 mm 

concrete culvert 

2600 mm 

concrete culvert 

Retaining walls are recommended to avoid 

an extension to the culvert 

Highway 27 Rainbow Creek 0+710 7.6 m box culvert 35 m span bridge  

Robinson Creek 0+810 6.1 m box culvert 6.1 m box culvert Retaining walls are recommended to avoid 

an extension to the culvert 

Main Humber River 0+958 58 m span bridge Extension to 

Bridge 

 

Main Humber River 0+362 60 m span bridge Extension to 

Bridge 
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Proposed Cross-section

Proposed Cross-section

Limit of Grading

Existing Culvert
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Existing Roadway

Existing Floodlines
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Ex. XS 22.152

Prop. XS 22.153

Prop. XS 22.152

Proposed Culvert

Ex. XS 22.150
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22
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Ex. XS 22.151

Appendix A
2.2.1 - Robinson Creek E
at Major Mackenzie Drive



Proposed Cross-sections

Crossing No. 3

LOB Channel ROB Left Bank Right Bank
Ex. US XS 22.154 160 180 210
Ex. US XS 22.153 25 25 25 116 120
Ex. DS XS 22.152 40 50 55 119 124

LOB Channel ROB Left Bank Right Bank
Prop. US XS 22.154 130 150 180
Prop. US XS 22.153 84 84 84 104.18 108.18
Prop. DS XS 22.152 11 21 26 113.3 118.3

Station Elevation Station Elevation
0.00 202.1 0.00 202.2

34.20 202.0 38.78 202.5
70.94 201.0 41.20 203.0
96.07 200.0 45.40 202.9

104.18 200.0 49.50 203.0
105.08 199.2 52.58 203.0
107.28 199.2 62.45 202.5
108.18 200.0 89.78 202.0
116.29 200.0 105.36 201.0
204.50 201.0 111.05 200.0
213.15 202.0 113.30 200.00
222.51 202.0 115.20 199.14
265.00 201.4 117.40 199.14
270.00 201.4 118.30 200.00

121.55 200.0
125.39 201.0
149.65 201.0
153.50 201.0
183.85 201.0
188.47 201.0
203.70 202.0
215.77 202.0
270.00 201.3

Station Elevation Existing Proposed
0.0 210.08 U/S Inv 199.19 199.19

13.2 210.48 D/S Inv 199.14 199.14
33.2 211.02 Length 13 81
53.2 211.48 Slope 0.38% 0.06%
73.2 211.86
93.2 212.16 U/S Station 118 106

113.2 212.38 D/S Station 122 116.3
133.2 212.53
153.2 212.59 Road Width 7 36
173.2 212.56
193.2 212.47 U/S Left IEF Lim 116.9 / 201.61 104.18 / 212.38
213.2 212.29 U/S Right IEF Lim 119.1 / 201.61 108.18 / 212.38
233.2 212.03
253.2 211.69 D/S Left IEF Lim 120.9 / 200.4 113.3 / 208
273.2 211.27 D/S Right IEF Lim 123.1 / 200.4 118.3/ 208

Proposed Bridge Deck Profile

Facing Upstream Facing Upstream

Ex. Downstream Reach Lengths Bank Stations

Prop. Downstream Reach Lengths Bank Stations

Proposed Cross-section 22.153 Proposed Cross-section 22.152

Low Flow Channel - data similar to ex. XS

Low Flow Channel - data similar to ex. XS

Existing Water Surface Elevations

Facing Upstream



Crossing No. 3

XS 2yr 5yr 10yr 25yr 50yr 100yr Regional
22.154 200.55 200.62 200.84 201.73 201.84 201.89 202.02
22.153 199.80 199.97 200.60 201.73 201.84 201.90 202.03
22.152 199.44 199.56 199.90 200.26 200.60 200.81 200.98

XS 2yr 5yr 10yr 25yr 50yr 100yr Regional Reg. Increase
22.154 200.55 200.62 201.25 205.06 211.06 212.38 212.38 10.36
22.153 199.91 200.11 201.24 205.05 211.06 212.38 212.38 10.35
22.152 199.36 199.47 199.82 200.22 200.52 200.72 200.78 -0.20

50 year
Meets Criteria?

Proposed Clearance: -10.72 m NO
Proposed Freeboard: -0.98 m NO

Does the Regional Storm Overtop Road? YES

*Resulting water surface elevations DO NOT meet criteria and therefore culvert must be upsized - alanysis below.

Proposed1 Proposed2
Culvert Type Circular Box U/S Left IEF Lim 104.18 / 212.38 104.18 / 212.38
Culvert Size 1200 3.6 x 2.4 U/S Right IEF Lim 108.18 / 212.38 108.18 / 212.38

Culvert Material CSP Conc
Manning's n 0.024 0.013 D/S Left IEF Lim 113.3 / 208 113.3 / 208

*Culvert length, stations and inverts stay the same as Proposed1 model D/S Right IEF Lim 118.3/ 208 118.3/ 208

XS 2yr 5yr 10yr 25yr 50yr 100yr Regional Reg. Increase
22.154 200.55 200.62 200.84 201.10 201.24 201.29 201.94 -0.08
22.153 199.55 199.61 199.96 200.39 200.72 200.95 201.52 -0.51
22.152 199.36 199.47 199.82 200.22 200.52 200.72 200.78 -0.20

50 year
Meets Criteria?

Proposed Clearance: 0.30 m YES
Proposed Freeboard: 8.84 m YES

Does the Regional Storm Overtop Road? NO

Proposed2 Water Surface Elevations

Cross-section 22.154

Design Storm =

Proposed Water Surface Elevations

Cross-section 22.154

Design Storm =
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Ex. XS 13.42

Prop. XS 13.402

Proposed Road ROW

Appendix B
2.2.2 - Main Humber River
at Major Mackenzie Drive

Existing Floodlines

Ex. XS 13.41

Ex. XS 13.40

Prop. XS 13.408

Ex. XS 13.43

Limit of Grading



Proposed Cross-sections

Crossing No. 0

LOB Channel ROB Left Bank Right Bank
Ex.  XS 13.41 130 145 160 63 83
Ex.  XS 13.4 120 365 165 216 230

LOB Channel ROB Left Bank Right Bank
Prop. US XS 13.41 59.9 60.3 60.7 63 83
Prop. US XS 13.408 41.8 41.5 40.7 52.95 67.08
Prop. DS XS 13.402 45.7 44.1 43.4 154.29 186.15
Prop. DS XS 13.4 120.0 365.0 165.0 216 230

* Reach Lengths in HEC-RAS did not match Map Sheet. HEC-RAS was updated, XS were left the same

*From DTM contours and spot elevations - more accurate than TRCA floodplain mapping

Station Elevation Station Elevation
0.00 188.00 0.00 180.00

30.62 176.00 12.11 173.00
47.07 167.50 23.38 167.50
52.95 166.50 27.75 166.50
55.01 165.00 33.21 166.00
55.49 164.85 40.35 165.77
66.70 164.85 74.16 166.00
67.08 166.50 85.11 166.08
68.97 166.00 123.45 166.13
74.62 167.00 134.85 166.50
83.13 167.10 148.83 166.50
95.42 167.00 154.29 166.30

101.36 166.95 156.20 165.00
121.92 166.84 156.43 164.70
137.55 167.00 169.30 164.70
145.41 167.00 169.84 165.00
161.86 166.84 170.61 165.50
181.87 166.54 174.30 166.00
193.15 166.00 176.36 166.13
194.11 165.74 185.01 166.00
207.31 165.74 186.15 166.50
212.04 166.00 195.15 166.50
215.83 166.50 200.28 166.54
221.42 166.50 205.69 166.50
225.25 166.17 235.71 166.00
228.01 166.50 237.12 165.50
231.93 169.50 237.43 164.16
235.20 169.68 238.50 165.50
245.70 169.89 243.22 165.77

245.45 166.00
247.37 166.50
253.67 167.00
276.74 167.00
298.76 167.10
306.22 167.50
317.45 167.20
324.21 167.50
330.81 169.00
334.17 169.04
344.50 169.25

Ex. Downstream Reach Lengths Bank Stations

Updated Ex. Downstream Reach Lengths Bank Stations

Updated Ex. Cross-section 13.408 Updated Ex. Cross-section 13.402
Facing Upstream Facing Upstream



Crossing No. 0

Updated Existing Water Surface Elevations

XS 2yr 5yr 10yr 25yr 50yr 100yr Regional
13.42 167.50 167.75 168.05 168.18 168.27 168.36 169.79
13.41 166.58 166.99 167.22 167.47 167.59 167.72 169.28

13.408 166.40 166.74 166.96 167.25 167.42 167.58 169.25
13.402 166.33 166.70 166.94 167.21 167.37 167.52 169.10

13.4 165.88 166.22 166.41 166.65 166.81 166.96 169.03

Existing Proposed
U/S Inv

Station Elevation D/S Inv
0.0 181.24 Length 36

91.4 175.61 Slope
144.9 172.81
204.9 170.64 U/S Station
244.9 169.76 D/S Station
301.7 169.31
343.4 169.47 Road Width 36

Slope at Crossing -0.0362 U/S Left IEF Lim 45.4 / 173
U/S Right IEF Lim 195.4 / 170.86

D/S Left IEF Lim 142.7 / 171
D/S Right IEF Lim 292.7 / 170

XS 2yr 5yr 10yr 25yr 50yr 100yr Regional Reg. Increase
13.42 167.50 167.75 168.05 168.18 168.27 168.36 169.86 0.07
13.41 166.86 167.32 167.53 167.77 167.92 168.07 169.42 0.14

13.408 166.71 167.13 167.37 167.64 167.80 167.95 169.22 -0.03
13.402 166.29 166.67 166.91 167.19 167.35 167.50 169.09 -0.01

13.4 165.88 166.22 166.41 166.65 166.81 166.96 169.03 0.00

100 year
Meets Criteria?

Proposed Clearance: 1.62 m YES
Proposed Freeboard: 2.90 m YES

Does the Regional Storm Overtop Road? NO

Proposed Bridge Deck Profile
Facing Upstream

Proposed Water Surface Elevations (as per Fluvial G recommendations)

Cross-section 18.06

Design Storm =



 

  

Attachment C 

Drawings and Calculations for Crossing 2.2.3 

 



Existing Cross-sections

Existing Floodlines

Existing Floodlines

Limit of Grading

Existing Roadway
Existing BridgeProposed Road ROW

Ex. XS 18.051

Ex. XS 18.052

Ex. XS 18.06
Ex. 

XS
 18

.05

Ex. 
XS 18

.04

Ex. X
S 18.07

Proposed Bridge
Proposed Piers

Appendix C
2.2.3 - East Humber River
at Major Mackenzie Drive



Proposed Cross-sections

Crossing No. 4

LOB Channel ROB Left Bank Right Bank
Ex. US XS 18.06 55 50 55
Ex. US XS 18.052 11 11 11 270 288.3
Ex. DS XS 18.051 140 190 110 270 288.3

LOB Channel ROB Left Bank Right Bank
Prop. US XS 18.06 20 20 20
Prop. US XS 18.052 68 68 68 270 288.3
Prop. DS XS 18.051 118 163 88 270 288.3

* Reach Lengths in HEC-RAS did not match Map Sheet. HEC-RAS was updated, XS were left the same

Station Elevation Station Elevation

Existing Proposed
U/S Inv 179.7 179.7

Station Elevation D/S Inv 179.7 179.7
0.0 191.76 Length 10 68

72.5 187.41 Slope 0.00% 0.00%
152.5 183.20
232.5 181.05 U/S Station 279.15 279.15
272.5 180.78 D/S Station 279.15 289.39
291.0 180.67
312.5 181.03 Road Width 10 31.5
392.5 183.14
472.5 187.33 U/S Left IEF Lim 270 / 181.2 269.83 / 180.8
552.5 191.68 U/S Right IEF Lim 288.3 / 181.2 288.41 / 180.67
601.4 193.22

D/S Left IEF Lim 270 / 180 269.83 / 180
Slope at Crossing -0.0068 D/S Right IEF Lim 288.3 / 180 288.41 / 180

XS 2yr 5yr 10yr 25yr 50yr 100yr Regional
18.06 176.48 176.68 176.76 176.93 177.06 177.19 181.18

18.052 176.46 176.65 176.72 176.86 176.97 177.08 180.77
18.051 176.46 176.63 176.69 176.83 176.93 177.02 178.40

Proposed Cross-section 18.052
Facing Upstream

Proposed Cross-section 18.051
Facing Upstream

Same as existing

Existing Water Surface Elevations

Same as existing

Ex. Downstream Reach Lengths

Prop. Downstream Reach Lengths

Bank Stations

Bank Stations

Proposed Bridge Deck Profile
Facing Upstream



Crossing No. 4

XS 2yr 5yr 10yr 25yr 50yr 100yr Regional Reg. Increase
18.06 176.46 176.67 176.76 176.94 177.07 177.22 181.34 0.16

18.052 176.48 176.69 176.78 176.96 177.08 177.22 181.46 0.69
18.051 176.43 176.60 176.65 176.79 176.88 176.98 178.38 -0.02

100 year
Meets Criteria?

Proposed Clearance: 2.48 m YES
Proposed Freeboard: 3.45 m YES

Does the Regional Storm Overtop Road? YES

*Resulting water surface elevations DO NOT meet criteria and therefore culvert must be upsized - alanysis below.

Proposed1 Proposed2
Culvert Type Bridge Bridge U/S Left IEF Lim 269.83 / 180.8 265 / 180.8
Culvert Size 18.58 x 4.5m 25 x 4.5m U/S Right IEF Lim 288.41 / 180.67 295 / 180.67

Culvert Material Conc Conc
Manning's n D/S Left IEF Lim 269.83 / 180 265 / 180

*Culvert length, stations and inverts stay the same as Proposed1 model D/S Right IEF Lim 288.41 / 180 295 / 180

XS 2yr 5yr 10yr 25yr 50yr 100yr Regional Reg. Increase
18.06 176.43 176.63 176.70 176.85 176.97 177.10 180.23 -0.95

18.052 176.46 176.68 176.77 176.93 176.06 177.19 180.18 -0.59
18.051 176.41 176.59 176.64 176.76 176.86 176.95 178.17 -0.23

100 year
Meets Criteria?

Proposed Clearance: 2.60 m YES
Proposed Freeboard: 3.57 m YES

Does the Regional Storm Overtop Road? NO

Proposed Water Surface Elevations

Design Storm =

Cross-section 18.06

Proposed2 Water Surface Elevations

Cross-section 18.06

Design Storm =



 

  

Attachment D 

Drawings and Calculations for Crossing 2.2.4 

 



Limit of Grading

Existing Floodlines

Existing Roadway

Proposed Road ROW

Existing Cross-section

Proposed  Cross-section

Existing Bridge

Ex. XS 19.031

Ex. XS 19.032

Ex. XS 19.04

Ex. XS 19.03

Prop. XS 19.031

Prop. XS 19.032
Proposed Bridge

Appendix D
2.2.4 - Purpleville Creek
at Major Mackenzie Drive



Proposed Cross-sections

Crossing No. 5

LOB Channel ROB Left Bank Right Bank
Ex. US XS 19.04 65 55 60
Ex. US XS 19.032 31 31 31 315 330.54
Ex. DS XS 19.031 120 90 85 315 330.54

LOB Channel ROB Left Bank Right Bank
Prop. US XS 19.04 41 31 36
Prop. US XS 19.032 63 63 63 354.86 369.86
Prop. DS XS 19.031 112 82 77 309.38 324.38

Station Elevation Station Elevation
0.00 192.0 0.00 188.5

14.55 191.0 9.28 186.0
26.27 190.0 14.85 185.0
29.92 189.0 21.41 184.0
31.71 188.0 27.43 183.0
34.34 187.0 41.94 182.0
37.21 186.0 54.87 181.0
42.62 185.0 76.85 180.0
46.93 184.0 96.53 179.0
55.50 183.0 118.05 178.0
61.10 182.0 169.14 177.0
67.00 181.0 252.78 177.0
84.82 180.0 307.74 177.0
90.46 179.0 309.38 177.0

101.22 178.0 309.38 176.3
128.23 177.2 316.88 176.3
210.23 178.0 324.38 176.3
215.08 178.9 324.38 177.0
223.06 178.0 329.53 177.0
280.97 177.5 332.74 178.0
324.83 177.5 336.92 179.0
354.86 177.0 341.62 180.0
354.86 176.3 344.55 181.0
362.36 176.3 347.35 182.0
369.86 176.3 353.49 183.0
369.86 177.0 355.18 184.0
371.51 177.0 358.99 185.0
381.38 178.0 395.80 192.5
390.36 179.0
407.27 180.0
410.36 181.0
411.70 182.0
412.59 183.0
414.06 184.0
417.66 185.0
431.22 188.8

Existing Proposed
U/S Station D/S Station Elevation U/S Inv 176.3 176.3

0.0 191.95 D/S Inv 176.3 176.3
19.8 0.0 191.11 Length 30 60
60.8 41.0 188.88 Slope 0.00% 0.00%

120.8 101.0 185.62 U/S D/S
180.8 161.0 183.74 Station 1 316.83 356.42 310.96
229.3 209.5 183.28 Station 2 320.79 360.38 314.92
280.8 261.0 183.80 Station 3 324.75 364.34 318.88
340.8 321.0 185.75 Station 4 328.71 368.3 322.84
400.8 381.0 189.06
415.4 395.6 189.93 Road Width 30 31.5
432.0 190.93

U/S Left IEF Lim 315 / 181.8 354.59 / 186.2

Proposed Bridge Deck Profile
Facing Upstream

Ex. Downstream Reach Lengths

Prop. Downstream Reach Lengths

Low Flow Channel - data similar to ex. XS

Low Flow Channel - data similar to ex. XS

Bank Stations

Bank Stations

Proposed Cross-section 19.032
Facing Upstream

Proposed Cross-section 19.031
Facing Upstream



Crossing No. 5
U/S Right IEF Lim 330.5 / 181.8 370.13 / 187.2

D/S Left IEF Lim 315 / 180 309.13/ 182
D/S Right IEF Lim 330.5 / 180 324.67/ 182

*Blocked obstruction in Ex. Conditions (to represent sediment build up) removed from culvert for Proposed conditions

XS 2yr 5yr 10yr 25yr 50yr 100yr Regional
19.04 177.46 177.67 177.81 177.99 178.12 178.25 180.56

19.032 177.25 177.42 177.54 177.69 177.80 177.92 179.92
19.031 177.21 177.33 177.42 177.53 177.61 177.68 179.03

XS 2yr 5yr 10yr 25yr 50yr 100yr Regional Reg. Increase
19.04 177.06 177.31 177.47 177.66 177.80 177.95 180.39 -0.17

19.032 176.99 177.20 177.34 177.50 177.63 177.75 179.91 -0.01
19.031 176.88 177.04 177.13 177.23 177.31 177.39 178.59 -0.44

100 year
Meets Criteria?

Proposed Clearance: 2.01 m YES
Proposed Freeboard: 5.33 m YES

Does the Regional Storm Overtop Road? NO

Another Alternative…

Existing Proposed2
Culvert Type 4 x Box Bridge U/S Left IEF Lim 354.59 / 186.2 354.89 / 186.2
Culvert Size 3.66 x 3.66 15 x 5.0m U/S Right IEF Lim 370.13 / 187.2 369.86 / 187.2

Culvert Material Concrete Concrete
Manning's n 0.015 D/S Left IEF Lim 309.13/ 182 309.4/ 182

D/S Right IEF Lim 324.67/ 182 324.4/ 182

XS 2yr 5yr 10yr 25yr 50yr 100yr Regional Reg. Increase
19.04 177.13 177.38 177.54 177.74 177.88 178.02 180.42 -0.14

19.032 177.09 177.30 177.43 177.60 177.72 177.85 179.93 0.01
19.031 176.87 177.03 177.11 177.22 177.30 177.38 178.60 -0.43

100 year
Meets Criteria?

Proposed Clearance: 3.28 m YES
Proposed Freeboard: 5.26 m YES

Does the Regional Storm Overtop Road? NO

Proposed Option 1 Water Surface Elevations (Extend Existing Culverts)

Proposed Option 2 Water Surface Elevations (Replace culverts with bridge)

Cross-section 19.04

Design Storm =

Design Storm =

Cross-section 19.04

Existing Water Surface Elevations



 

  

Attachment E 

Drawings and Calculations for Crossing 2.3.1 

 



Existing Cross-sections

Proposed Cross-sections

Limit of Grading

Existing Floodlines

Proposed Road ROW

Existing Roadway

Existing Culvert

Ex. XS 24.66
Ex. XS 24.67

Prop. XS 24.67

Prop. XS 24.66

Ex. XS 24.65

Ex. 
XS 24

.68

Ex
. X

S 
24

.6
9

Proposed Culvert

Appendix E
2.3.1 - Rainbow Creek
East at Rutherford Road



Proposed Cross-sections

Crossing No. 11

LOB Channel ROB Left Bank Right Bank
Ex. US XS 24.68 56 68 78
Ex. US XS 24.67 30 30 30 97 106
Ex. DS XS 24.66 86 88 90 120 129

LOB Channel ROB Left Bank Right Bank
Ex. US XS 24.68 56 68 78
Ex. US XS 24.67 30 30 30 97 106
Ex. DS XS 24.66 86 88 90 120 129

LOB Channel ROB Left Bank Right Bank
Prop. US XS 24.68 46 50 68
Prop. US XS 24.67 50 58 50 82 91
Prop. DS XS 24.66 76 78 80 120.55 127.55

Station Elevation Station Elevation
0.00 194.15 0.00 195.0

11.35 194.0 55.69 194.0
27.47 194.0 83.01 193.0
45.42 193.0 112.32 192.0
64.86 192.0 120.55 191.0
82.00 191.5 120.55 190.1
83.00 190.7 127.55 190.1
90.00 190.7 127.55 191.0
91.00 191.5 146.68 192.0
94.20 192.0 202.29 193.0

112.22 193.0 226.40 193.2
183.51 194.0
216.20 194.2

Existing Proposed
U/S Inv 190.7 190.7

U/S Station D/S Station Elevation D/S Inv 190.1 190.1
0.0 38.1 194.22 Length 25.2 35

14.6 52.7 193.11 Slope 2.38% 1.71%
54.6 92.7 193.52
94.6 132.7 193.23 U/S Station 101.5 86.5

129.5 167.6 193.06 D/S Station 124.5 124.5
159.4 197.5 193.08
189.6 227.7 193.16 Road Width 18 31.5
194.9 233.0 193.22

U/S Left IEF Lim 97.5 / 192.81 82.5 / 193.6
U/S Right IEF Lim 105.5 / 192.89 90.5 / 193.55

D/S Left IEF Lim 120.5 / 192 120.5 / 192
D/S Right IEF Lim 128.5 / 191.24 128.5 / 192

Bank Stations

Bank Stations

Facing Upstream

Proposed Cross-section 24.67
Facing Upstream

Proposed Cross-section 24.66

Ex. Downstream Reach Lengths

Low Flow Channel - data similar to ex. XS

Facing Upstream

Updated Ex. Downstream Reach Lengths Bank Stations

Updated Ex. Bridge Deck Profile

Prop. Downstream Reach Lengths

Low Flow Channel - data similar to ex. XS



Crossing No. 11

U/S Station D/S Station Elevation
0.0 6.5 195.05

41.3 47.8 194.33
81.3 87.8 193.65

121.3 127.8 193.21
156.2 162.7 193.08
186.0 192.5 193.17
216.2 222.7 193.44

226.4 193.48

XS 2yr 5yr 10yr 25yr 50yr 100yr Regional
24.68 191.85 192.31 192.47 192.57 192.90 192.99 193.40
24.67 191.44 191.82 192.16 192.51 192.76 192.77 193.47
24.66 191.22 191.61 191.80 191.98 192.12 192.24 192.78

XS 2yr 5yr 10yr 25yr 50yr 100yr Regional
24.68 191.85 192.31 192.47 192.57 192.90 192.99 193.40
24.67 191.44 191.82 192.16 192.51 192.76 192.77 193.48
24.66 191.22 191.61 191.80 191.98 192.12 192.24 192.78

100 year
Meets Criteria?

Proposed Clearance: -0.49 m NO
Proposed Freeboard: 0.08 m NO

Does the Regional Storm Overtop Road? YES

XS 2yr 5yr 10yr 25yr 50yr 100yr Regional Reg. Increase
24.68 191.85 192.31 192.47 192.63 192.77 192.97 193.72 0.32
24.67 191.44 191.82 192.11 192.51 192.70 192.83 193.59 0.12
24.66 191.23 191.63 191.81 191.98 192.13 192.24 192.80 0.02

100 year
Meets Criteria?

Proposed Clearance: -1.07 m NO
Proposed Freeboard: 0.11 m NO

Does the Regional Storm Overtop Road? YES

*Resulting water surface elevations DO NOT meet criteria and therefore culvert must be upsized - alanysis below.

Cross-section 24.68

Design Storm =

*Existing culvert does not meet criteria and
therefore proposed conditions will only be expected
to maintain or decrease water surface elevations.

Proposed Water Surface Elevations

Design Storm =

Cross-section 24.68

Existing Water Surface Elevations

Facing Upstream
Proposed Bridge Deck Profile

Updated Existing Water Surface Elevations



Crossing No. 11
Proposed1 Proposed2

Culvert Type Box Box U/S Left IEF Lim 82.5 / 193.6 79 / 193.6
Culvert Size 7 x 1.8 15 x 1.8 U/S Right IEF Lim 90.5 / 193.55 94 / 193.19

Culvert Material Conc Conc
Manning's n 0.015 0.015 D/S Left IEF Lim 120.5 / 192 117 / 192

*Culvert length, stations and inverts stay the same as Proposed1 model D/S Right IEF Lim 128.5 / 192 132 / 192

XS 2yr 5yr 10yr 25yr 50yr 100yr Regional Reg. Increase
24.68 191.93 192.31 192.47 192.63 192.74 192.83 193.23 -0.17
24.67 191.12 191.55 191.74 191.90 192.01 192.10 192.98 -0.49
24.66 191.23 191.63 191.82 192.01 192.13 192.24 192.80 0.02

100 year
Meets Criteria?

Proposed Clearance: -0.93 m NO
Proposed Freeboard: 0.25 m NO

Does the Regional Storm Overtop Road? NO

*Water surface elevations are higher in proposed conditions and therefore culvert will require replacement

Cross-section 24.68

Design Storm =

Proposed2 Water Surface Elevations



 

  

Attachment F 

Drawings and Calculations for Crossing 2.3.2 and 2.3.3 

 



Proposed Cross-sections

Existing Cross-sections

Existing Roadway

Proposed Road ROW

Existing Bridges

Existing Floodlines

Limit of Grading

Ex. XS 22.01

Ex. XS 22.011

Ex. XS 22.012

E
x.

 X
S 

22
.0

2

Prop. XS 22.012

Prop. XS 22.011

Appendix F
2.3.2 & 2.3.3 - Robinson
Creek East and West at
Rutherford Road



Proposed Cross-sections

Crossing No. 12

LOB Channel ROB Left Bank Right Bank
Ex. US XS 22.02 70 200 240
Ex. US XS 22.012 25 25 25 179.5 0.08
Ex. DS XS 22.011 100 100 100 193 200.7

LOB Channel ROB Left Bank Right Bank
Prop. US XS 22.02 55 185 225
Prop. US XS 22.012 58 58 58 170.37 178.07
Prop. DS XS 22.011 82 82 82 204.36 212.06

Station Elevation Station Elevation
0.00 191.0 0.00 193.1
4.74 190.0 32.46 193.0

13.71 189.0 42.60 192.0
19.71 188.0 46.43 191.0
28.88 187.0 67.18 190.0
86.00 186.5 73.44 189.0

137.83 186.0 86.68 188.0
167.12 185.0 108.42 187.0
170.37 184.5 127.67 186.4
171.72 184.0 140.78 187.0
176.72 184.0 149.35 187.0
178.07 184.5 154.16 186.0
181.32 185.0 166.94 185.6
199.49 185.9 202.01 185.0
268.59 186.0 204.36 184.5
277.20 187.0 205.21 184.0
294.69 187.4 211.21 184.0
314.81 187.0 212.06 184.5
322.33 186.0 214.41 185.0
349.37 185.3 246.58 185.6
488.87 186.0 269.71 186.0
492.64 187.0 277.22 187.0
494.41 188.0 308.34 187.0
498.34 189.0 319.64 186.0
501.93 190.0 329.77 185.0
509.03 191.0 332.79 184.9
529.00 191.9 337.57 185.0

403.51 185.0
455.00 186.0
459.33 187.0
461.90 188.0
466.29 189.0
470.60 190.0
490.49 190.5
507.00 191.1

Proposed Cross-section 22.011
Facing Upstream

Low Flow Channel - data similar to ex. XS

Facing Upstream

Low Flow Channel - data similar to ex. XS

Ex. Downstream Reach Lengths

Prop. Downstream Reach Lengths

Bank Stations

Bank Stations

Proposed Cross-section 22.012



Crossing No. 12

Existing Proposed
U/S Inv 184 184

U/S Station Elevation D/S Inv 184 184
0.0 192.75 Length 25 44

31.6 191.79 Slope 0.00% 0.00%
91.6 189.43

151.6 187.85 U/S Station 183.35 174.22
211.6 187.13 D/S Station 196.85 208.21
271.6 186.66
331.6 186.19 Road Width 20 36
391.6 185.72
451.6 185.25 U/S Left IEF Lim 179.5 / 186.55 170.37 / 187.63
495.6 184.90 U/S Right IEF Lim 187.2 / 186.55 178.07 / 186.89

Slope at Crossing -0.0263 D/S Left IEF Lim 193 / 186.55 204.36 / 186.88
-0.0120 D/S Right IEF Lim 200.7 / 186.55 212.06 / 186.88

XS 2yr 5yr 10yr 25yr 50yr 100yr Regional
22.02 185.86 186.23 186.42 186.65 186.83 187.00 187.53

22.012 185.38 185.56 185.68 185.87 185.95 186.13 187.60
22.011 185.34 185.48 185.55 185.63 185.68 185.71 186.80

XS 2yr 5yr 10yr 25yr 50yr 100yr Regional Reg. Increase
22.02 185.82 186.18 186.37 186.61 186.80 186.98 187.62 0.09

22.012 185.39 185.57 185.71 185.93 186.13 186.97 187.72 0.12
22.011 185.33 185.46 185.53 185.60 185.65 185.68 186.88 0.08

100 year
Meets Criteria?

Proposed Clearance: -0.33 m NO
Proposed Freeboard: -0.32 m NO

Does the Regional Storm Overtop Road? YES

The water surface elevations are lower in proposed conditions except for just upstream of the crossing.

Proposed Water Surface Elevations

Design Storm =

Cross-section 22.02

Existing Water Surface Elevations

Facing Upstream
Proposed Bridge Deck Profile



Proposed Cross-sections *Cross-sections 22.112 and 22.111 are the same as XS 22.012 and 22.011 from crossing 12
* Proposed Station & elevation is the same, but bank & culvert locations are different

Crossing No. 13

LOB Channel ROB Left Bank Right Bank
Ex. US XS 22.113 110 105 100
Ex. US XS 22.112 25 25 25 335 343
Ex. DS XS 22.111 75 75 75 330 338

LOB Channel ROB Left Bank Right Bank
Prop. US XS 22.113 72 67 62
Prop. US XS 22.112 49 49 49 334.61 342.61
Prop. DS XS 22.111 89 89 89 329.77 337.57

Station Elevation Station Elevation
0.00 191.0 0.00 193.1
4.74 190.0 32.46 193.0

13.71 189.0 42.60 192.0
19.71 188.0 46.43 191.0
28.88 187.0 67.18 190.0
86.00 186.5 73.44 189.0

137.83 186.0 86.68 188.0
167.12 185.0 108.42 187.0
181.32 185.0 127.67 186.4
199.49 185.9 140.78 187.0
268.59 186.0 149.35 187.0
277.20 187.0 154.16 186.0
294.69 187.4 166.94 185.6
314.81 187.0 202.01 185.0
322.33 186.0 214.41 185.0
327.84 185.2 246.58 185.6
334.61 185.0 269.71 186.0
335.61 184.6 277.22 187.0
341.61 184.6 308.34 187.0
342.61 185.0 319.64 186.0
349.37 185.3 329.77 185.0
488.87 186.0 330.77 184.3
492.64 187.0 336.57 184.3
494.41 188.0 337.57 185.0
498.34 189.0 403.51 185.0
501.93 190.0 455.00 186.0
509.03 191.0 459.33 187.0
529.00 191.9 461.90 188.0

466.29 189.0
470.60 190.0
490.49 190.5
507.00 191.1

Ex. Downstream Reach Lengths

Prop. Downstream Reach Lengths

Bank Stations

Bank Stations

Proposed Cross-section 22.112

Low Flow Channel - data similar to ex. XS

Low Flow Channel - data similar to ex. XS

Facing Upstream
Proposed Cross-section 22.111

Facing Upstream



Crossing No. 13

Existing Proposed
U/S Inv 184.31 184.31

Station Elevation D/S Inv 184 184
0.0 192.75 Length 22 31.5

31.6 191.79 Slope 1.41% 0.98%
91.6 189.43

151.6 187.85 U/S Station 339 338.61
211.6 187.13 D/S Station 334 333.8
271.6 186.66
331.6 186.19 Road Width 20 36
391.6 185.72
451.6 185.25 U/S Left IEF Lim 336 / 187 334.61/ 186.16
495.6 184.90 U/S Right IEF Lim 342 / 187.1 342.61 / 185.59

Slope at Crossing -0.0263 D/S Left IEF Lim 331 / 186 329.77 / 185.55
-0.0120 D/S Right IEF Lim 337 / 186 337.57 / 185.55

Copied from Crossing 12

XS 2yr 5yr 10yr 25yr 50yr 100yr Regional
22.113 185.58 185.83 186.10 186.13 186.23 186.53 187.61
22.112 185.18 185.43 185.57 185.79 186.04 186.39 187.60
22.111 185.14 185.36 185.47 185.62 185.74 185.85 186.94

50 year
Meets Criteria?

Proposed Clearance: -0.73 m NO
Proposed Freeboard: -0.60 m NO

Does the Regional Storm Overtop Road? YES

XS 2yr 5yr 10yr 25yr 50yr 100yr Regional Reg. Increase
22.113 185.58 185.83 186.10 186.13 186.17 186.19 186.95 -0.66
22.112 185.19 185.45 185.61 185.74 185.82 185.89 186.94 -0.66
22.111 185.12 185.34 185.44 185.59 185.70 185.81 186.86 -0.08

50 year
Meets Criteria?

Proposed Clearance: -0.67 m NO
Proposed Freeboard: -0.72 m NO

Does the Regional Storm Overtop Road? YES

*Water surface elevations are lower in proposed conditions and therefore culvert will require extension, NOT replacement

Proposed Bridge Deck Profile
Facing Upstream

Proposed Water Surface Elevations

Cross-section 22.113

Design Storm =

*Existing culvert does not meet criteria and
therefore proposed conditions will only be

expected to maintain or decrease water surface
elevations.

Design Storm =

Cross-section 22.113

Existing Water Surface Elevations

*Ex. Culvert blocked up to 0.3m -
assumed blocked for proposed



 

  

Attachment G 

Drawings and Calculations for Crossing 2.3.4 

 



Existing Bridge
Existing Roadway

Proposed Road ROW

Existing Cross-sections

Existing Floodlines

Ex. XS 13.29

Ex. XS 13.30

Ex. XS 13.282

Ex. XS 13.281

Ex. XS 13.28

Ex. 
XS 13

.27

Ex. 
XS 13

.26

Appendix G
2.3.4 - Humber River at
Rutherford Road



Proposed Cross-sections

Crossing No. 14

LOB Channel ROB Left Bank Right Bank
Ex. US XS 13.29 37.69 37.69 37.69
Ex. US XS 13.282 27.31 27.31 27.31 408 432.4
Ex. DS XS 13.281 87 87 87 408 432.4

LOB Channel ROB Left Bank Right Bank
Prop. US XS 13.29 84.1 30.8 25.7
Prop. US XS 13.282 53.6 40.6 90.4 408 432.4
Prop. DS XS 13.281 14.3 80.6 35.9 408 432.4

* Reach Lengths in HEC-RAS did not match Map Sheet. HEC-RAS was updated, XS were left the same

Station Elevation Station Elevation

Existing Proposed
U/S Inv

Station Elevation D/S Inv
0.0 180.46 Length

236.0 166.35 Slope #DIV/0! #DIV/0!
304.8 163.17
386.4 161.86 U/S Station
400.0 161.89 D/S Station
408.0 161.95
432.4 162.28 Road Width 26.81 31.5
445.0 162.55
473.5 163.38 U/S Left IEF Lim 400 / 162.8 400 / 161.86
536.0 166.35 U/S Right IEF Lim 445 / 162.8 445 / 162.55
812.0 182.91

D/S Left IEF Lim 400 / 162 400 / 161.5
D/S Right IEF Lim 445 / 162 445 / 161.5

XS 2yr 5yr 10yr 25yr 50yr 100yr Regional
13.29 159.21 159.84 160.10 160.28 160.26 160.38 162.99

Same as Existing Same as Existing

Proposed Cross-section 13.281
Facing UpstreamFacing Upstream

Existing Water Surface Elevations

Bank Stations

Bank Stations

Proposed Bridge Deck Profile
Facing Upstream

Proposed Cross-section 13.282

Ex. Downstream Reach Lengths

Prop. Downstream Reach Lengths



Crossing No. 14
13.282 159.19 159.82 160.07 160.23 160.17 160.26 162.96
13.281 159.16 159.79 160.03 160.16 160.07 160.11 161.16

100 year
Meets Criteria?

Proposed Clearance: 0.66 m NO
Proposed Freeboard: 1.48 m YES

Does the Regional Storm Overtop Road? YES

XS 2yr 5yr 10yr 25yr 50yr 100yr Regional Reg. Increase
13.29 159.21 159.83 160.09 160.27 160.24 160.36 162.73 -0.26

13.282 159.19 159.81 160.06 160.21 160.16 160.24 162.69 -0.27
13.281 159.15 159.77 160.01 160.04 160.02 160.13 161.15 -0.01

100 year
Meets Criteria?

Proposed Clearance: 0.68 m NO
Proposed Freeboard: 1.50 m YES

Does the Regional Storm Overtop Road? YES

*Water surface elevations are lower in proposed conditions and therefore culvert will require extension, NOT replacement

Cross-section 13.29

Design Storm =

*Existing culvert does not meet criteria and
therefore proposed conditions will only be

expected to maintain or decrease water surface
elevations.

Proposed Water Surface Elevations

Design Storm =

Cross-section 13.29



 

  

Attachment H 

Drawings and Calculations for Crossing 2.3.5 

 



Proposed Cross-section

Existing Cross-section

Existing Floodlines

Existing Roadway

Existing Bridge

Proposed Road ROW

Ex. XS 21.292
Prop. XS 21.292

Ex. XS 21.29

Ex. X
S 21.30

Ex. XS 21.291

Appendix H
2.3.5 - East Humber River
at Rutherford Road



Proposed Cross-sections

Crossing No. 15

LOB Channel ROB Left Bank Right Bank

Ex. US XS 21.3 50 55 60

Ex. US XS 21.292 21 21 21 135.6 144.8

Ex. DS XS 21.291 120 105 110 135.6 144.8

LOB Channel ROB Left Bank Right Bank

Prop. US XS 21.3 26 31 36

Prop. US XS 21.292 45 45 45 98.13 111.6

Prop. DS XS 21.291 120 105 110 135.6 144.8

Station Elevation Station Elevation

0.00 175.0

4.86 174.0

7.94 173.0

11.49 172.0

13.03 171.0

15.53 170.0

22.20 169.0

29.44 168.0

55.21 167.6

61.85 168.0

64.16 169.0

68.28 170.0

75.56 169.0

77.42 168.0

79.54 167.0

82.87 166.0

89.68 165.0

92.13 164.0

94.13 163.2

99.13 162.0

110.60 162.0

115.60 163.2

117.60 164.0

118.21 165.0

126.06 166.0

139.87 167.0

143.05 168.0

152.50 168.6

Ex. Downstream Reach Lengths

Prop. Downstream Reach Lengths

Bank Stations

Bank Stations

Proposed Cross-section 21.292

Facing Upstream

Proposed Cross-section 21.291

Facing Upstream

Same as existing

Low Flow Channel - data similar to ex. XS



Crossing No. 15

Station Elevation

0.0 181.90

30.4 180.13

70.4 177.53

110.4 176.09

152.5 174.45

Existing Proposed

U/S Inv

Station Elevation D/S Inv

0.0 181.86 Length 21 45

30.4 180.14 Slope 0.00% 0.00%

70.4 177.96

110.4 176.19 U/S Station 135.8 105.52

152.5 174.75 D/S Station

B/w 30.4 & 70.4 -5.46% Road Width 19.5 31.5

B/w 70.4 & 110.4 -4.43%

B/w 110.4 & 152.5 -3.42% U/S Left IEF Lim 110.4 / 173.5 80.12 / 177.5

U/S Right IEF Lim 161.2 / 173.5 130.92 / 175.5

D/S Left IEF Lim

D/S Right IEF Lim

XS 2yr 5yr 10yr 25yr 50yr 100yr Regional

21.3 163.96 164.30 164.51 164.76 164.95 165.14 169.54

21.292 163.92 164.35 164.59 164.84 165.03 165.23 169.11

21.291 163.90 164.32 164.55 164.78 164.96 165.14 166.84

100 year

Meets Criteria?

Existing Clearance: 8.26 m YES

Existing Freeboard: 9.36 m YES

Does the Regional Storm Overtop Road? NO

Updated Existing Water Surface Elevations

XS 2yr 5yr 10yr 25yr 50yr 100yr Regional

21.3 163.96 164.30 164.51 164.76 164.95 165.14 169.56

21.292 163.97 164.43 164.70 164.98 165.20 165.42 169.63

21.291 163.90 164.32 164.55 164.78 164.96 165.14 166.84

100 year

Meets Criteria?

Existing Clearance: 8.26 m YES

Existing Freeboard: 9.36 m YES

Does the Regional Storm Overtop Road? NO

Existing Water Surface Elevations

Cross-section 21.3

Design Storm = 

Proposed Bridge Deck Profile

Facing Upstream

Existing Bridge Deck Profile

Facing Upstream

Cross-section 21.3

Design Storm = 



Crossing No. 15

XS 2yr 5yr 10yr 25yr 50yr 100yr Regional Reg. Increase

21.3 163.96 164.30 164.51 164.76 164.95 165.14 169.60 0.04

21.292 163.97 164.43 164.70 164.98 165.20 165.42 169.66 0.03

21.291 163.90 164.32 164.55 164.78 164.96 165.14 166.84 0.00

100 year

Meets Criteria?

Proposed Clearance: 8.26 m YES

Proposed Freeboard: 9.36 m YES

Does the Regional Storm Overtop Road? NO

Design Storm = 

Cross-section 21.3

Proposed Water Surface Elevations



 

  

Attachment I 

Drawings and Calculations for Crossing 2.3.6 

 



Appendix I
2.3.6 - Marigold Creek at
Rutherford Road



Proposed Cross-sections

Crossing No. 16

LOB Channel ROB Left Bank Right Bank
Ex. US XS 20.01 55 60 65 47 59
Ex. US XS 20.007 25 15 20 227 241
Ex. US XS 20.004 60 60 60 232.3 235.1
Ex. DS XS 20.002 31 61 101 232.3 235.1

LOB Channel ROB Left Bank Right Bank
Ex. US XS 20.01 140 135 145 47 59
Ex. US XS 20.007 0 0 0
Ex. US XS 20.004 0 0 0
Ex. DS XS 20.002 31 61 101 232.3 235.1

*Existing Crossing between XS 20.004 and 20.002 - Road previously expanded, so crossing moved to be between 20.01 and 20.002

LOB Channel ROB Left Bank Right Bank
Prop. US XS 20.01 140 135 145 47 59
Prop. US XS 20.007 0 0 0
Prop. US XS 20.004 0 0 0
Prop. DS XS 20.002 31 61 101 232.3 235.1

Station Elevation Station Elevation

U/S Station Station Elevation
0.0 178.83

37.2 176.87
77.2 175.15

117.2 174.04
157.2 173.25

0.0 197.2 172.95
29.5 226.7 172.77
40.0 237.2 173.00
80.0 277.2 172.96

127.8 325.0 174.37

Bank Stations

Bank Stations

Proposed Cross-section 20.01
Facing Upstream

Proposed Cross-section 20.002

Updated Ex. Bridge Deck Profile

Ex. Downstream Reach Lengths

Prop. Downstream Reach Lengths

UPDATED EX. Reach Lengths

Same as existing

Facing Upstream

Bank Stations

Same as existing

Facing Upstream



Crossing No. 16

Existing Updated Ex. Proposed
U/S Inv 166.334 166.2 166.2

U/S Station Station Elevation D/S Inv 165.394 165.4 165.4
0.0 178.85 Length 59 65 65

37.2 177.03 Slope 1.59% 1.23% 1.23%
77.2 175.45

117.2 174.28 U/S Station 233.7 54.0 54.0
157.2 173.50 D/S Station 233.7 233.7 233.7

0.0 197.2 173.14
16.6 213.7 173.09 Road Width 59 19.5 36
40.0 237.2 173.15
80.0 277.2 173.58 U/S Left IEF Lim 232.3 / 173.11 51.7 / 172.8 51.7 / 173.22

127.8 325.0 174.61 U/S Right IEF Lim 235.1 / 173.11 56.3 / 172.8 56.3 / 173.3

D/S Left IEF Lim 232.3 / 168.8 232.3 / 168.8 232.3 / 168.8
D/S Right IEF Lim 235.1 / 168.8 235.1 / 168.8 235.1 / 168.8

XS 2yr 5yr 10yr 25yr 50yr 100yr Regional
20.02 167.92 168.03 168.11 168.25 168.36 168.49 173.52
20.01 167.35 167.59 167.76 168.00 168.16 168.32 173.51

20.007 167.21 167.48 167.67 167.93 168.10 168.27 173.51
20.004 167.18 167.42 167.58 167.80 167.94 168.08 173.51
20.002 166.39 166.52 166.60 166.68 166.75 166.82 168.80

XS 2yr 5yr 10yr 25yr 50yr 100yr Regional
20.02 167.97 168.07 168.13 168.20 168.27 168.36 173.32
20.01 167.11 167.24 167.33 167.61 167.78 167.94 173.31

20.002 166.39 166.52 166.60 166.68 166.75 166.82 168.80

50 year
Meets Criteria?

Proposed Clearance: 0.53 m YES
Proposed Freeboard: 4.82 m YES

Does the Regional Storm Overtop Road? YES

XS 2yr 5yr 10yr 25yr 50yr 100yr Regional Reg. Increase
20.02 167.97 168.07 168.13 168.20 168.27 168.36 173.65 0.33
20.01 167.11 167.24 167.33 167.61 167.78 167.94 173.64 0.33

20.002 166.39 166.52 166.60 166.68 166.75 166.82 168.80 0.00

Proposed Water Surface Elevations

Existing Water Surface Elevations

Cross-section 20.01

Design Storm =

*Existing culvert does not meet criteria and
therefore proposed conditions will only be

expected to maintain or decrease water surface
elevations.

Updated Ex. Water Surface Elevations

Facing Upstream
Proposed Bridge Deck Profile



Crossing No. 16

50 year
Meets Criteria?

Proposed Clearance: 0.53 m YES
Proposed Freeboard: 4.82 m YES

Does the Regional Storm Overtop Road? YES

*Resulting water surface elevations DO NOT meet criteria and therefore culvert must be upsized - alanysis below.

Proposed1 Proposed2
Culvert Type Circular Box U/S Left IEF Lim 51.7 / 173.22 52.5 / 173.22
Culvert Size 2600mm 3m x 2.6m U/S Right IEF Lim 56.3 / 173.3 55.5 / 173.3

Culvert Material Conc Conc
Manning's n 0.015 0.015 D/S Left IEF Lim 232.3 / 168.8 232.2 / 168.8

*Culvert length, stations and inverts stay the same as Proposed1 model D/S Right IEF Lim 235.1 / 168.8 235.2 / 168.8

XS 2yr 5yr 10yr 25yr 50yr 100yr Regional Reg. Increase
20.02 167.97 168.07 168.14 168.26 168.34 168.43 173.41 0.09
20.01 167.10 167.24 167.33 167.48 167.56 167.66 173.40 0.09

20.002 166.39 166.52 166.60 166.69 166.74 166.81 168.71 -0.09

50 year
Meets Criteria?

Proposed Clearance: 0.46 m YES
Proposed Freeboard: 4.75 m YES

Does the Regional Storm Overtop Road? YES

Cross-section 20.01

Design Storm =

Design Storm =

Cross-section 20.01

Proposed2 Water Surface Elevations



 

  

Attachment J 

Drawings and Calculations for Crossing 2.4.1 
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Appendix J
2.4.1 - Rainbow Creek
at Highway 27



Proposed Cross-sections

Crossing No. 6

LOB Channel ROB Left Bank Right Bank
Ex. US XS 25.11 100 140 120
Ex. US XS 25.102 45 45 45 125 135
Ex. DS XS 25.101 50 80 60 125 135

LOB Channel ROB Left Bank Right Bank
Prop. US XS 25.11 84.5 124.5 104.5
Prop. US XS 25.102 63 63 63 141.97 153.98
Prop. DS XS 25.101 47.5 77.5 57.5 123.23 133.15

Station Elevation Station Elevation
0.00 178.4 0.00 175.2

46.91 178.0 35.33 175.0
53.92 177.0 37.79 174.0
60.62 176.0 40.16 173.0
63.32 175.0 42.61 172.0
75.59 174.0 48.23 171.0
77.97 173.0 56.43 170.0
80.64 172.0 115.73 169.0
83.38 171.0 123.23 168.5
88.80 170.0 124.43 168.0

141.97 169.0 131.95 168.0
143.97 168.7 133.15 168.5
144.97 168.2 140.65 169.0
150.98 168.2 180.40 170.0
152.98 168.7 219.65 171.0
153.98 169.0 253.08 172.0
157.03 170.0 269.49 173.0
185.27 171.0 278.39 174.0
314.84 172.0 286.59 175.0
324.08 173.0 296.63 176.0
329.75 174.0 323.20 177.0
335.45 175.0 342.20 177.2
343.11 176.2

Existing Proposed
U/S Inv 168.2 168.2

Station Elevation D/S Inv 168 168
0.0 174.96 Length 32.1 61

75.7 172.64 Slope 0.62% 0.33%
155.7 171.50
235.7 172.49 U/S Station 130 148
343.2 175.70 D/S Station 130 128.2

Road Width 32.1 36

U/S Left IEF Lim 125 / 172.05 141.97/ 171.7
U/S Right IEF Lim 135/171.85 153.98/171.53

D/S Left IEF Lim 125 / 170.5 123.23 / 170.5
D/S Right IEF Lim 135 / 170.5 133.15 / 170.5

Ex. Downstream Reach Lengths Bank Stations

Prop. Downstream Reach Lengths Bank Stations

Proposed Cross-section 25.102 Proposed Cross-section 25.101
Facing Upstream Facing Upstream

Proposed Bridge Deck Profile
Facing Upstream



Crossing No. 6

XS 2yr 5yr 10yr 25yr 50yr 100yr Regional
25.11 169.65 170.18 170.56 171.07 171.68 172.05 172.69

25.102 169.33 169.91 170.30 170.80 171.44 172.03 172.68
25.101 168.89 169.20 169.34 169.50 169.65 169.84 171.02

XS 2yr 5yr 10yr 25yr 50yr 100yr Regional Reg. Increase
25.11 169.66 170.17 170.55 171.05 171.66 171.87 172.59 -0.10

25.102 169.36 169.95 170.33 170.84 171.58 171.86 172.58 -0.10
25.101 168.88 169.19 169.33 169.48 169.66 169.86 171.02 0.00

100yr
Meets Criteria?

Proposed Clearance: -1.37 m NO
Proposed Freeboard: -0.37 m NO

Does the Regional Storm Overtop Road? YES

*Resulting water surface elevations DO NOT meet criteria and therefore culvert must be upsized - alanysis below.
*Proposed crossing based on hydraulic criteria was superceded by fluvial G recommendations as seen below…

Proposed1 Proposed2
Culvert Type Box Bridge U/S Left IEF Lim 144.17 / 171.7 130.44 / 175.52
Culvert Size 7.62 x 2.3m 35m wide U/S Right IEF Lim 151.78/171.53 165.55 / 175.54

Culvert Material Conc Conc
Manning's n 0.015 D/S Left IEF Lim 123.23 / 170.5 110.64/ 174.5

*Culvert length, stations and inverts stay the same as Proposed1 model D/S Right IEF Lim 133.15 / 170.5 145.75/ 174.5

XS 2yr 5yr 10yr 25yr 50yr 100yr Regional Reg. Increase
25.11 169.63 169.93 170.11 170.34 170.52 170.68 171.79 -0.90

25.102 169.20 169.51 169.67 169.88 170.03 170.17 171.13 -1.55
25.101 168.89 169.22 169.42 169.66 169.83 169.96 170.86 -0.16

100 year
Meets Criteria?

Proposed Clearance: 3.15 m YES
Proposed Freeboard: 5.35 m YES

Does the Regional Storm Overtop Road? NO

Existing Water Surface Elevations

Proposed Water Surface Elevations

Cross-section 22.25

Design Storm =

Cross-section 25.11

Design Storm =

Proposed2 Water Surface Elevations



 

  

Attachment K 

Drawings and Calculations for Crossing 2.4.2 
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Appendix K
2.4.2 - Robinson Creek
at Highway 27



Proposed Cross-sections

Crossing No. 7

LOB Channel ROB Left Bank Right Bank
Ex. US XS 23.22 150 180 75
Ex. US XS 23.212 44 44 44 90 96.1
Ex. DS XS 23.211 5 11 20 90 96.1
Ex. DS XS 23.21 120 200 260 90 101

LOB Channel ROB Left Bank Right Bank
Prop. US XS 23.22 150 180 75
Prop. US XS 23.212 44 44 44 90 96.1
Prop. DS XS 23.211 0 0 0 0 0
Prop. DS XS 23.21 25 41 35 90 101
Prop. DS XS 23.205 100 170 245 172.9 177.9

LOB Channel ROB Left Bank Right Bank
Prop. US XS 23.22 106.5 142.5 46.5
Prop. US XS 23.212 92.5 92.5 92.5 63.45 69.55
Prop. DS XS 23.211 0 0 0 0 0
Prop. DS XS 23.21 20 30 15 90 101
Prop. DS XS 23.205 100 170 245 172.9 177.9

Station Elevation Station Elevation Station Elevation
0.00 185.6 0.00 183.4
9.37 185.0 10.00 183

10.98 184.0 20.60 182
12.41 183.0 28.00 181
14.37 182.0 40.80 180
15.67 181.0 45.50 179
16.86 180.0 50.80 178.4
19.58 179.0 54.50 179
23.40 178.0 59.10 179.8
25.86 177.0 65.60 179
49.77 176.0 74.20 178
51.41 175.0 85.00 177
61.00 174.5 119.60 176.5
63.45 173.4 134.40 176
63.45 173.1 148.90 175
69.55 173.1 160.00 174
69.55 173.4 172.90 173.5
72.00 174.5 172.90 172.8
77.57 175.0 177.90 172.8
98.16 176.0 177.90 173.5

140.06 176.0 179.30 174
201.16 177.0 190.80 174.5
206.34 178.0 197.40 175
209.89 179.0 215.20 179
214.39 180.0 221.10 182
217.59 181.0 251.20 185.1
221.44 182.0
229.84 183.0
236.10 184.0
248.23 185.0
254.36 185.1

Same as Existing

Low Flow Channel - data similar to ex. XS

Low Flow Channel - data similar to ex. XS

Proposed Cross-section 23.212 Proposed Cross-section 23.21 Updated Existing Cross-section 23.205
Facing Upstream Facing Upstream Facing Upstream

Ex. Downstream Reach Lengths Bank Stations

Updated Ex. Downstream Reach Lengths Bank Stations

Prop. Downstream Reach Lengths Bank Stations



Crossing No. 7

Existing Proposed
U/S Inv 173.1 173.1

Station Elevation D/S Inv 173 173
0.0 182.98 Length 42.1 42.1

35.8 182.86 Slope 0.24% 0.24%
47.6 182.85
75.8 182.89 U/S Station 93.05 66.5

115.8 183.07 D/S Station 93.05 95.5
155.8 183.40
215.8 183.93 Road Width 42.1 42.1
254.5 184.31

U/S Left IEF Lim 90 / 182.9 63.45 /182.86
U/S Right IEF Lim 96.1 / 182.9 69.55 / 182.86

D/S Left IEF Lim 92.45 / 179
D/S Right IEF Lim 98.55 / 179

XS 2yr 5yr 10yr 25yr 50yr 100yr Regional
23.22 175.45 175.76 176.03 176.41 176.73 177.04 183.30

23.212 174.45 174.91 175.22 175.64 175.96 176.28 183.30
23.211 173.89 174.21 174.42 174.69 174.91 175.13 176.60
23.21 173.93 174.14 174.28 174.45 174.56 174.67 175.78

XS 2yr 5yr 10yr 25yr 50yr 100yr Regional
23.22 175.45 175.76 176.03 176.41 176.72 177.04 183.29

23.212 174.53 174.95 175.23 175.63 175.96 176.28 183.29
23.21 174.35 174.63 174.80 175.00 175.13 175.26 176.59

23.205 174.10 174.31 174.44 174.60 174.71 174.81 175.89

XS 2yr 5yr 10yr 25yr 50yr 100yr Regional Reg. Increase
23.22 175.45 175.76 176.03 176.41 176.72 177.04 183.30 0.01

23.212 174.53 174.95 175.23 175.63 175.96 176.28 183.30 0.01
23.21 174.35 174.63 174.80 175.00 175.13 175.26 176.59 -0.01

23.205 174.10 174.31 174.44 174.60 174.71 174.81 175.89 0.00

100 year
Meets Criteria?

Proposed Clearance: -0.23 m NO
Proposed Freeboard: 5.81 m YES

Does the Regional Storm Overtop Road? YES

Existing Water Surface Elevations

UPDATED Existing Water Surface Elevations

Proposed Water Surface Elevations

Cross-section 23.22

Design Storm =

Clearance determined from XS
23.212 WSE

Proposed Bridge Deck Profile
Facing Upstream

*If not widened, should ex. XS be
left?
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Drawings and Calculations for Crossing 2.4.3 
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Appendix L
2.4.3 - Humber River (1)
at Highway 27



Proposed Cross-sections

Crossing No. 8

LOB Channel ROB Left Bank Right Bank
Ex. US XS 13.35 65 80 105
Ex. US XS 13.342 22.1 22.1 22.1 276 314.5
Ex. DS XS 13.341 83.9 83.9 83.9 276 314.5
Ex. DS XS 13.34 150 180 145 276 289

LOB Channel ROB Left Bank Right Bank
Ex. US XS 13.35 177 58 10 221.6 235.4
Ex. US XS 13.342 64 64 64 165.6 200.3
Ex. DS XS 13.341 10 90 137 91.6 116.5
Ex. DS XS 13.34 100 154 115 54.1 70.0

LOB Channel ROB Left Bank Right Bank
Prop. US XS 13.35 177 58 10 221.6 235.4
Prop. US XS 13.342 64 64 64 165.6 200.3
Prop. DS XS 13.341 10 90 137 91.6 116.5
Prop. DS XS 13.34 100 154 115 54.1 70.0

Station Elevation Station Elevation Station Elevation Station Elevation
0.0 170.00 0.0 163.10 0.0 163.20 0.0 163.20
1.7 169.00 39.2 163.20 80.2 163.00 43.3 163.00

20.3 169.00 69.9 164.00 83.6 162.00 49.4 162.00
23.3 168.00 77.0 164.00 88.0 161.00 51.4 161.00
36.5 168.00 81.2 163.40 91.6 160.00 54.1 160.00
61.2 167.70 149.0 164.00 95.2 159.60 56.1 159.60

100.2 167.00 152.4 164.20 96.7 159.30 57.1 159.30
102.5 166.00 159.8 164.00 111.8 159.30 66.7 159.30
106.1 165.00 165.6 163.00 113.3 159.60 67.7 159.60
111.6 164.00 173.6 160.00 116.5 160.00 70.0 160.00
170.0 163.80 173.8 159.30 120.4 161.00 83.7 161.00
195.9 164.00 190.1 159.30 123.3 162.00 86.5 162.00
203.8 164.30 190.3 160.00 129.6 163.00 88.8 163.00
209.8 164.00 200.3 163.00 136.7 164.00 92.9 164.00
214.1 163.00 217.4 164.00 143.2 165.00 95.0 165.00
216.3 162.00 263.5 165.00 146.0 166.00 103.0 170.00
218.3 161.00 276.0 166.00 149.0 167.00
221.6 160.00 285.9 167.00 151.4 168.00
221.7 159.70 291.5 168.00 155.4 169.00
235.3 159.70 294.7 169.00 183.9 170.00
235.4 160.00 308.8 170.00
238.8 161.00
241.8 162.00
243.8 163.00
272.0 164.00
290.5 164.20
309.8 165.00
313.7 166.00
316.7 167.00
319.2 168.00
321.4 169.00
332.2 170.00

Ex. Downstream Reach Lengths

Prop. Downstream Reach Lengths

UPDATED Ex. XS 13.35 UPDATED Ex. XS 13.342
Facing Upstream

Bank Stations

Bank Stations

Updated Ex. Downstream Reach Lengths Bank Stations

Facing Upstream
UPDATED Ex. XS 13.341

Facing Upstream
UPDATED Ex. XS 13.34

Facing Upstream



Crossing No. 8

Station Elevation Station Elevation

Existing Updated Ex. Proposed
U/S Inv

Station Ex. Elev Prop. Elev D/S Inv
0.0 164.70 164.58 Length 21.6 30 31.5

54.3 165.15 165.14 1.03% Slope 0.00% 0.00% 0.00%
114.3 165.49 165.82 1.13%

174.3 166.24 166.62 1.33% U/S Station
234.3 167.36 167.36 1.23% D/S Station
308.8 168.19 168.05 0.93%

0.83% Road Width 21.6 36 38
0.57%

1.25% U/S Left IEF Lim 262.39 / 164.5 155.15 / 164.7 155.15 / 164.58
1.87% U/S Right IEF Lim 320.0 / 165.4 212.76/ 166.55 212.76/ 167.05
1.11%

D/S Left IEF Lim 262.39 / 164.6 75.44 / 164.6 75.44 / 164.6
D/S Right IEF Lim 320.0 / 164.6 133.05 / 164.6 133.05 / 164.6

XS 2yr 5yr 10yr 25yr 50yr 100yr Regional
13.35 161.14 161.62 161.93 162.29 162.52 162.75 165.42

13.342 161.21 161.73 162.07 162.46 162.73 162.98 165.76
13.341 161.21 161.73 162.07 162.46 162.72 162.97 165.60
13.34 161.08 161.56 161.87 162.24 162.48 162.71 164.71

XS 2yr 5yr 10yr 25yr 50yr 100yr Regional
13.35 161.23 161.72 162.02 162.38 162.61 162.83 166.30

13.342 161.21 161.72 162.04 162.43 162.69 162.93 166.32
13.341 161.20 161.71 162.04 162.42 162.68 162.92 165.65
13.34 161.05 161.51 161.81 162.16 162.39 162.61 164.40

Proposed Water Surface Elevations

XS 2yr 5yr 10yr 25yr 50yr 100yr Regional Reg. Increase
13.35 161.23 161.72 162.02 162.38 162.61 162.83 166.38 0.08

13.342 161.21 161.72 162.04 162.43 162.69 162.93 166.40 0.08
13.341 161.20 161.71 162.04 162.42 162.68 162.92 165.65 0.00

Design Storm = 100 year
Meets Criteria?

Proposed Clearance: 0.42 m NO
Proposed Freeboard: 2.10 m YES

Does the Regional Storm Overtop Road? YES

*Resulting water surface elevations DO NOT meet criteria, however bridge cannot be expanded.

Updated Existing Water Surface Elevations

Facing Upstream
Bridge Deck Profile

Proposed Cross-section 13.342
Facing Upstream

Proposed Cross-section 13.341
Facing Upstream

Same as existing Same as existing

Cross-section 13.35

Road low point is 750m south of crossing, so road surface at
south end of XS used for freeboard calculation

Existing Water Surface Elevations



 

  

Attachment M 

Drawings and Calculations for Crossing 2.4.4 

 



(Updated) Existing
Cross-sections

Limit of Grading

Existing Roadway

Proposed Road ROW

Existing Bridge

Existing Floodlines

Ex. XS 13.451

U
pdated E

x. X
S 13.452

Ex. XS 13.46

Ex. XS 13.47

Ex. XS 13.48

Ex. XS 13.45Ex. XS 13.44

Appendix M
2.4.4 - Humber River (2)
at Highway 27



Proposed Cross-sections

Crossing No. 9

LOB Channel ROB Left Bank Right Bank
Ex. US XS 13.46 50 80 80
Ex. US XS 13.452 16 16 16 220 239
Ex. DS XS 13.451 80 50 30 220 239

LOB Channel ROB Left Bank Right Bank
Ex. US XS 13.47 176 158 67
Ex. US XS 13.46 69 65 15
Ex. US XS 13.452 38 38 38 231.7 276.1
Ex. DS XS 13.451 27 62 84

LOB Channel ROB Left Bank Right Bank
Prop. US XS 13.47 176 158 67
Prop. US XS 13.46 69 65 15
Prop. US XS 13.452 38 38 38 231.7 276.1
Prop. DS XS 13.451 27 62 84 220 239

*The Ex. Reach lengths do not match reach lengths in mapping, and so "updated existing" model was updated to match

Station Elevation Station Elevation
0.0 181.2

22.2 181.0
46.0 180.0
67.6 179.0
73.4 178.0
76.9 177.0

120.8 176.0
135.6 175.0
144.9 174.0
150.6 173.0
190.5 172.0
214.6 171.0
221.6 171.0
231.7 170.0
253.4 169.7
273.3 169.7
276.1 170.0
278.2 171.0
279.8 172.0
280.6 173.0
281.7 174.0
283.4 175.0
294.3 175.4

Ex. Downstream Reach Lengths

Prop. Downstream Reach Lengths

Bank Stations

Bank Stations

Updated Existing Cross-section 13.452
Facing Upstream

Updated Ex. Downstream Reach Lengths Bank Stations

Proposed Cross-section 13.451
Facing Upstream

Same as existing



Crossing No. 9
Updated Existing Proposed

U/S Inv 167.8 170
D/S Inv 167.8 169

U/S Station Elevation Length 19 31.5
0.0 176.73 Slope 0.00% 3.17%

29.8 176.79
115.3 176.46 U/S Station 274.2 261.6
169.6 176.19 D/S Station 214.75 199.37
195.3 175.82
207.9 175.72 Road Width 19 31.5
221.6 175.61
229.1 175.55 U/S Left IEF Lim 222.2 / 175.3 222.2 / 175.6
281.1 175.14 U/S Right IEF Lim 281.7 / 175.3 281.7 / 175.5
300.0 174.99

Slope: 0.79% D/S Left IEF Lim 185 / 174 185.3 / 174
D/S Right IEF Lim 244.5 / 174 245.9 / 174

XS 2yr 5yr 10yr 25yr 50yr 100yr Regional
13.47 170.79 171.26 171.50 171.76 171.92 172.07 173.87
13.46 169.86 170.31 170.60 170.87 171.04 171.19 173.78

13.452 169.80 170.26 170.52 170.79 170.96 171.12 173.31
13.451 169.79 170.24 170.49 170.76 170.93 171.08 172.86

XS 2yr 5yr 10yr 25yr 50yr 100yr Regional
13.47 171.34 171.76 172.02 172.30 172.49 172.66 174.32
13.46 171.29 171.71 171.96 172.25 172.43 172.61 174.26

13.452 171.28 171.69 171.94 172.21 172.39 172.55 173.71
13.451 169.79 170.24 170.50 170.77 170.94 171.10 172.86

100 year
Meets Criteria?

Proposed Clearance: 0.19 m NO
Proposed Freeboard: 2.68 m YES

Does the Regional Storm Overtop Road? NO

XS 2yr 5yr 10yr 25yr 50yr 100yr Regional Reg. Increase
13.47 171.35 171.77 172.03 172.31 172.49 172.67 174.35 0.03
13.46 171.29 171.71 171.97 172.25 172.44 172.61 174.29 0.03

13.452 171.28 171.69 171.95 172.22 172.39 172.55 173.75 0.04
13.451 169.79 170.24 170.50 170.77 170.94 171.10 172.86 0.00

100 year
Meets Criteria?

Proposed Clearance: 0.19 m NO
Proposed Freeboard: 2.68 m YES

Does the Regional Storm Overtop Road? NO

*Resulting water surface elevations meet all criteria except for clearance (which is not met in existing) and therefore bridge can be extended

Cross-section 13.47

Design Storm =

Updated Existing Water Surface Elevations

Proposed Bridge Deck Profile

Proposed Water Surface Elevations

Facing Upstream

Design Storm =

Cross-section 13.47

Existing Water Surface Elevations




