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EXECUTIVE SUMMARY 

The Humber River Watershed is the largest watershed managed by the Toronto and Region Conservation Authority 

(TRCA), draining a total area of over 900 square kilometers with diverse land conditions, rapid development, rich 

human history, and extraordinary natural recourses. In addition, the Humber River was designated as a Canadian 

Heritage River in 1999, which recognized its significant cultural and natural heritage values and has since encouraged 

many provincial initiatives, stewardship programs, and regeneration projects to provide increased protection for the 

land and water within the watershed.   

 

The Humber River Hydrology Update/Addendum (2015/2018) study has recently been completed by TRCA, in which 

flood flow estimates were updated throughout the watershed. With the updated hydrology, Aquafor has undertaken a 

detailed hydraulic modelling assessment of the Humber River within York Region for the purpose of providing a 

comprehensive Floodplain Mapping Update to over 200km of watercourse length, with over 330 bridge and culvert 

crossings.  

 

The hydraulic modelling approach was consistent with the HEC-RAS Hydraulic Reference Manual (2016), and 

Technical Guidelines for Flood Hazard Mapping (2017). LiDAR provided by the TRCA was used as the primary 

geometry source, which was augmented with detailed field measurements and topographic surveying of select crossing 

structures. Boundary conditions are based on the known water surface elevations provided from 2018 Humber River 

in City of Toronto hydraulic modelling of the Humber River and Black Creek downstream of Hwy 407.  

 

Detailed screening assessments were undertaken to determine the hydraulic significance of the 330 structures, of which 

172 were deemed significant and included within the hydraulic model. In addition to detailed topographic surveying 

to inform the structure geometry, modelling approaches also included use of as-built drawing information, field 

measurements, and local hydraulic models from previous studies.   

 

Results of the model included floodplain mapping of flood flow scenarios, including 2 – 100 year return periods, as 

well as the Regulatory event. Consistent with the varied ranges of landuse and topography of the Humber watershed, 

results include areas of residential and roadway flooding where risks are considered significant, alongside other areas 

where flood flows are entirely contained to the riparian valley setting. A comparison of roadway overtopping estimates 

133 / 172 (77%) of structures experience backwatering and overtopping of the roadway under the Regulatory event.  

 

Refinement of floodplain mapping was undertaken through an iterative process with the TRCA, in which errors were 

addressed and documented. The final model includes a total of 53 river reaches, a total channel length of 205km, and 

205 flow nodes. A sensitivity analysis was completed to confirm the boundary conditions, with all results presented 

from steady flow model simulation. All manning’s n values are consistent with TRCA standards, and were applied 

consistent with the surrounding landuse assessment. In addition to the floodlines, thirteen (13) spill areas where flood 

waters are not physically contained within the valley or stream corridor were identified.   

 

In addition to the floodplain mapping deliverable, recommendations for additional studies to further refine select areas 

are appended to the report.   
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 INTRODUCTION  

Aquafor was retained by the Toronto and Region Conservation Authority (TRCA) to complete a floodplain mapping 

update for the Humber River Watershed within the York Region, including the City of Vaughan and Township of 

King. The study area is shown in Figure 1.  

 Background  

The Toronto and Region Conservation Authorities manages the Regulatory Floodplain Mappings for the Humber 

River within York Region. The existing maps consist of a compilation of various mapping bases and models, with 

majority derived from information dated back in 2002. Since then, numbers of the maps have been modified or 

revised. In addition, a recent Humber River Hydrology Update/Addendum (2015/2018) study has been completed 

by TRCA, in which flood flow estimates were revised throughout the watershed.  

 

In turn, the TRCA has decided to update the existing hydraulic models for the Humber River in order to reflect the 

current development conditions within the York Region boundary. The hydraulic modelling undertaken as part of 

this project has developed one integral HEC-RAS model covering all existing model extents, with the updated 

topographic information (2015 LiDAR), road networks, bridges, land development, as well as the 2018 hydrologic 

modelling scenario of the 2-100-year, 350-year return and the Regional (i.e. Hurricane Hazel) design storms.  

 Study Area 

The Humber River watershed lies in the south-central portion of the Greater Toronto Area and covers parts of the 

Regional Municipalities of York and Peel, the City of Toronto, Simcoe County, and Dufferin County. The Humber 

River arises along the steep slope of the Niagara Escarpment and Oak Ridges Moraine and flows southward into 

the Lake Ontario. The watershed spans a mix of agricultural, urban and rapidly urbanizing land uses, covering a 

drainage area of 911 km2.  

 

Specific to the study area, a total of 205 kilometers of watercourses run through the York Region, including main 

branch and tributaries of the Humber River and the Black Creek. The watershed within the study area extends from 

the headwaters and is bounded by Steeles Ave to the south, Bathurst St to the east, and Hwy 50 to the west. 

Agricultural, rural and natural lands are predominantly found in the upper portion of the Humber River with 

exceptions of the rapidly urbanizing communities in Nobleton, and King City. Heavy urbanized land uses then start 

to take over approaching the City of Vaughan, as well as across the entire watershed of Black Creek. In turn, the 

hydrology and flows received by the watercourses vary significantly throughout the study area, which is reflected 

in the model setup and floodplain mapping as a result.  
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Figure 1. Study Area Map – Humber River Watershed within York Region.  
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 Study Objectives  

The main objective of this study is to develop a master hydraulic model that covers all identified reaches for 

Humber River within the York Region with the most up-to-date information, in order to generate Regulatory 

Floodplain Mappings. Key objectives of this study are as follows:  

 

• Review all available background information provided by TRCA and municipalities;  

• Perform data gap analysis to identify existing model deficiencies and missing road crossing information; 

• Field inventory of all watercourse crossing structures and complete field surveys for structures without 

background information, in order to define appropriate modelling approach for each structure; 

• Develop a georeferenced 1D hydraulic model using both HEC-RAS and GeoHECRAS platforms 

throughout the study area;  

• Incorporate the flood flow estimates based upon the 2018 Humber River Hydrology Updates; 

• Generate the updated Regulatory floodlines for the higher of the Regional and100-year floods based upon 

the modified LiDAR, 

• Evaluate flood inundation limits for 2-100 year and 350-year return storm event, and;  

• Identify flooding extents and areas of potential spills. 

 BACKGROUND REVIEW AND SITE RECONNAISSANCE  

  Background Data Review 

 

At onset of the study, Aquafor collected and complied all pertinent background information from the TRCA, York 

Region, City of Vaughan, and Township of King. Including: 

 

• High resolution (1m x 1m) modified LiDAR and associated air photos 

• Existing TRCA hydraulic models for the Humber River Watershed 

• Existing TRCA approved Regulatory Floodplain Maps (2010-2011) 

• GIS data layers for land use, watercourse centreline and banks, roads, select sewer systems, buildings  

• Existing drawing records of bridge and culvert structures, including as-built drawings, design drawings, 

and grading plans  

• Digital copy of the 2018 Humber River Hydrology Addendum (April 2018) 

• TRCA updated flow estimates and boundary conditions for all design storms  

 

As requested, Aquafor has incorporated the new topographic information from LIDAR and flow estimates into the 

updated hydraulic model.  

 Watercourse Crossing Structure Modelling Approach 

Crossing structures within the study area were first identified and indexed by Aquafor based upon the preliminary 

review of the GIS mapping and air photos. Working together with TRCA, a total of 172 structures were considered 

hydraulically significant and have been included in the model. Aquafor then conducted site visits and inventories 

of all 172 structures to verify the existing conditions and confirm structure information, including structure type 

and material, location and size of openings and piers, depth of embedment, culvert entrance types, etc. A summary 

of all field inventories as Structure Inventory Sheets compiled in Appendix A. Detailed field surveys using a 

combination of total station and GPS techniques were also conducted for 26 structures which have limited 

background information available.  

 

In order to determine the appropriate modelling approach and ensure that the model uses accurate data, for each 

structure, Aquafor cross-checked available background information (existing HEC and/or as-built drawings) versus 

the structure inventory data and has defined the following four modelling approaches for crossing structures:  
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• Existing HEC-RAS Model: the updated model will use the same coding as the existing HEC model;  

• As-built drawings: information extracted from the as-built drawings will be used in the updated model; 

• Field Data: field inventory measurements will be used in the updated model; 

• Survey: detailed survey information of the structure and ground elevations will be used in the updated 

model. 

 

Note that, structures modelled using all four approaches have been checked and augmented with LiDAR where 

appropriate.   

 

The number of structures modelled using each of the four approaches are summarized in Table 1, followed by 

Figure 2, illustrating the general location of each structure and the associated modelling approach. A more 

comprehensive table illustrating the specific modelling approach of each structure, including ID, Road Crossing, 

and associated details are included in Appendix F, as well as a digital shapefile provided.  

 

Table 1: Summary of Modelling Approach for Crossing Structures. 

Modelling Approach Number of Structures 

Existing HEC-RAS Model 97 

Field Data 24 

Survey 26 

As-Built Drawings 25 

Total 172 

 



Humber River in York Region Floodplain Mapping Update December 10th, 2019 

Toronto and Region Conservation Authority   

Aquafor Beech Limited 66450  Page 5 

 
Figure 2. Structure Location & Modelling Approach Map. 
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 HYDRAULIC MODEL DEVELOPMENT 

 Model Software and Platform 

This updated Humber River 1D hydraulic model was built using a combination of the HEC-RAS software and the 

GeoHECRAS platform which integrate HEC modelling directly with various GIS tools and data sources (AutoCAD 

drawings, elevations files, survey files, and geodatabase). Preliminary floodplain mapping was also generated using 

GeoHECRAS from HEC-RAS results and elevation surface data.   

 Preparation of Digital Elevation Model (DEM) 

The TRCA’s LiDAR elevation surface was used as the primary source of elevation data in development of the updated 

model. As areas of Nashville and Nobleton subdivisions has been significantly modified as a result of large-scale 

development since the LiDAR was developed, two single pieces of terrain were generated using cross section data based 

upon subdivision grading plans. The elevation surface of these two areas were then integrated with the LiDAR surface 

to create a single DEM surface within the model extents.  

 Development of Steady-State Flow Table 

3.3.1 Flow rates and Boundary Conditions 

Flood flow rates from the 2018 Humber River Hydrology Update Study were supplied by TRCA and applied in the 

HEC-RAS model. Flows for design storm events ranging from the 2-year through 100-year storm, as well as the 350-

year storm and Regional Storm were included. The 2-year through 100-year flood flow rates are based on the Existing 

Conditions landuse scenario which includes stormwater management controls. The 350-year and Regional Storm flood 

flow rates are based on the Future Conditions landuse scenario excluding stormwater management facilities, as per 

TRCA standard practices. Flow change over 10% between flow nodes were checked, and additional flow nodes were 

added where flow change is over 10%. The flood flow rates applied in the hydraulic model update are summarized in 

Appendix E. 

 

Boundary conditions for the model, in the form of starting water surface elevations, were also provided by TRCA at the 

most downstream end of Lower Humber River and Black Creek, summarized in Table 2. In subcritical flow regime, 

boundary condition is only necessary at the downstream end of the river system. 

 

Table 2: Model Boundary Conditions.  

Locations 
Water Surface Elevation (m) 

2 year 5 year 10 year 25 year 50 year 100 year 350 year Regional 

Lower Humber 

River Reach 1 – 

River Station 950 

134.65 135.03 135.44 135.68 135.85 136.04 137.32 138.59 

Black Creek 

Reach 1 - River 

Station 880 

181.54 181.78 182.29 182.56 182.77 182.98 184.63 184.64 

3.3.2 Sensitivity Analysis on Boundary Conditions  

A sensitivity analysis was performed on the boundary conditions, the downstream known water surface elevations 

(WSE), to determine how the modelling results may be affected by the controlled changes. Four modelling scenarios 

were analyzed with the same geometry and flood flows but with different downstream initial surface conditions, as 

follows:  

• Humber River Reach 1, River Station 950: WSE + 0.3m for all flood flows 

• Humber River Reach 1, River Station 950: WSE - 0.3m for all flood flows 

• Black Creek Reach 1, River Station 880: WSE + 0.3m for all flood flows 

• Black Creek Reach 1, River Station 880: WSE - 0.3m for all flood flows 

The computed water levels for each tested scenario were compared with the baseline model outputs to evaluate the extent 

and magnitude of the impact of the downstream boundary elevations on the model. More specifically, the furthest 



Humber River in York Region Floodplain Mapping Update December 10th, 2019 

Toronto and Region Conservation Authority   

Aquafor Beech Limited 66450  Page 7 

affected cross section and the differences in computed water surface elevations of all affected cross sections were 

identified and summarized in the tables below for each condition.  

 

Table 3. Sensitivity Analysis on Boundary Conditions – Humber River with Increased Initial Surface Elevations 

Event 

Lower Humber River 1 River Station 950 - Downstream Known Water Surface Elevation + 0.3m 

Average 

Change 

in WSE 

(m) 

Maximum 

Increase 

in WSE 

(m) 

Maximum Upstream Propagation 

Lower Humber 1 Main Humber 1 Robinson Creek 1 Plunketts Creek 1 

River 

Station 

Distance* 

(m) 

River 

Station 

Distance* 

(m) 

River 

Station 

Distance* 

(m) 

River 

Station 

Distance* 

(m) 

Regional 0.0057 0.3 1636 675 3164.58 3210 1582 1368   

350 year 0.0072 0.28 1636 675 2824.46 2871 1582 1368 22** 697 

100 year 0.0089 0.24 1636 675 2392.94 2439 1254 1039   

50 year 0.0086 0.24 1636 675 2210.14 2256 1582 1368   

25 year 0.0083 0.24 1636 675 2392.94 2439 1479 1265   

10 year 0.0083 0.24 1636 675 2392.94 2439 1479 1265   

5 year 0.0083 0.24 1636 675 2392.94 2439 1479 1265   

2 year 0.0083 0.24 1636 675 2392.94 2439 1479 1265   

* Distance between the most upstream affected cross section and the downstream boundary cross section 

** XS 22 is the only affected river station of Plunketts Creek, where WSE has only changed by -0.01m. As the cross 

section is immediately upstream of a junction, the change can be considered insignificant and typically within the range 

of computational error.     

 

Table 4. Sensitivity Analysis on Boundary Conditions – Humber River with Decreased Initial Surface Elevations 

Event 

Lower Humber River 1 River Station 950 - Downstream Known Water Surface Elevation - 0.3m 

Average 

Change in 

WSE 

(m) 

Maximum 

Decrease in 

WSE 

(m) 

Maximum Upstream Propagation 

Lower Humber 1 Main Humber 1 Robinson Creek 1 

River 

Station 

Distance* 

(m) 

River 

Station 

Distance* 

(m) 

River 

Station 

Distance* 

(m) 

Regional -0.0032 -0.3 1636 675 3164.58 3210 1582 1368 

350 year -0.0074 -0.27 1636 675 2824.46 2871 1582 1368 

100 year -0.0057 -0.2 1636 675 2006.85 2053 1479 1265 

50 year -0.0053 -0.19 1636 675 1763.23 1809 1479 1265 

25 year -0.0055 -0.19 1636 675 1763.23 1809 1361 1145 

10 year -0.0056 -0.2 1636 675 1763.23 1809 1361 1145 

5 year -0.0052 -0.2 1636 675 1763.23 1809 1479 1265 

2 year -0.0051 -0.22 1636 675 2006.85 2053 1254 1038 

* Distance between the most upstream affected cross section and the downstream boundary cross section 

 

Table 5. Sensitivity Analysis on Boundary Conditions – Black Creek with Increased Initial Surface Elevations 

Event 

Black Creek 1 River Station 880 - Downstream Known Water Surface Elevation + 0.3m 

Average Change in  

WSE  

(m) 

Maximum Increase 

in WSE  

(m) 

Maximum Upstream Propagation – Black Creek 1 

River Station Distance* (m) 

Regional 0.0126 0.27 1543 664 

350 year 0.0132 0.28 1543 664 

100 year 0.0065 0.23 1097 217 

50 year 0.0062 0.22 1097 217 



Humber River in York Region Floodplain Mapping Update December 10th, 2019 

Toronto and Region Conservation Authority   

Aquafor Beech Limited 66450  Page 8 

25 year 0.0059 0.21 1097 217 

10 year 0.0054 0.19 1322 442 

5 year 0.0041 0.15 1496 616 

2 year 0.0044 0.33 1543 664 

* Distance between the most upstream affected cross section and the downstream boundary cross section 

 

Table 6. Sensitivity Analysis on Boundary Conditions – Black Creek with Decreased Initial Surface Elevations 

Event 

Black Creek 1 River Station 880 - Downstream Known Water Surface Elevation - 0.3m 

Average Change in  

WSE 

(m) 

Maximum Decrease in 

WSE  

(m) 

Maximum Upstream Propagation - Black Creek 1 

River Station Distance* (m) 

Regional -0.0113 -0.26 1543 664 

350 year -0.0117 -0.27 1543 664 

100 year -0.0051 -0.16 1097 217 

50 year -0.0044 -0.13 1097 217 

25 year -0.0036 -0.1 1097 217 

10 year -0.0028 -0.05 1233 353 

5 year -0.0010 -0.01 1000 120 

2 year -0.0003 -0.06 1000 120 

* Distance between the most upstream affected cross section and the downstream boundary cross section 

 

Review of the comparison tables suggests that changes of +/-0.3m in boundary conditions have considerable impacts on 

the computed water surface elevations for all flood flows up to maximum distance of 3.2km. That said, the updated 

model is sensitive to the boundary conditions, as well as the estimated flood limits for all flood events.  

 Cross Sections 

A base model was assembled using the LiDAR elevation surface provided by TRCA, together with ArcGIS software 

and GeoHECRAS. This spatial data was used to define channel cross sections, stream centrelines, and overbank 

locations for the most part of the study area. At select locations where more detailed survey information has been 

obtained by Aquafor, cross sections were refined with the detailed topographic survey data.  In addition, for river reaches 

and cross sections within the Nobleton, Nashville, Pine Grove subdivision development extents (King Creek Trib F, 

East Robinson Trib B, and East Humber Reach 1), subdivision design drawings, grading plans and approved HEC RAS 

model were used to define the geometries in the updated model. Note, that a post-construction / as-built survey, or 

updated LiDAR should be undertaken to confirm the updated model within these locations, particularly in Nashville 

where Major Mackenzie Road extension is under construction and a new 150m span bridge is proposed to be built over 

the Humber River to replace the existing culvert. 

 

Cross sections were spaced to account for changes in channel geometry, meanders, bridge/culvert/ weir structures, and 

to account for the narrowest sections of the creeks. Also, they are close enough to ensure accurate computation of the 

energy losses. As per standard modeling procedures, cross sections were extended across the entire floodplain and 

oriented perpendicular to the anticipated flow lines.  

 

The “low-flow” channel inverts were then refined throughout the base model to match defined invert elevations at the 

bridge/culvert crossing structures. The base model was further refined through the addition of obstructions within the 

cross sections to represent buildings which may be within the flow path. Some levees have been added to the model in 

order that the modeled water surface elevation remains concentrated in the main streambed before the stream reaches 

the levee elevation and spreads within the floodplain depressions. 

 Hydraulic Structures (Bridges, Culvert & Weir Structures) 

Hydraulic structures included in this study are bridges, culverts and weirs. Four cross sections were coded at each 

structure to define stream bed and floodplain geometry at closed proximity of the structure, as well as to account for 

expansion and contraction of the flow at these structures (i.e. two upstream and two downstream of each structure).  
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The spacing of these cross sections was defined consistent with TRCA standard and HEC reference manual, estimated 

using the recommend flow expansion and contraction. In general, the locations for the upstream cross sections were 

selected by assuming a typical flow contraction ratio of 1:1, while the downstream cross section locations were selected 

based on expansion ratios that were typically in the range of 2:1 (Figure 3).   

 

Structure parameters were then coded consistent with the approaches defined in Section 2.2, including the structure 

material, opening dimensions, invert elevations, pier sizes, skew angles, depth of embedment, etc. Road profiles were 

mostly defined using LiDAR and cross referenced with background information. In addition, a height of 1.1m or 1.4m 

was added to the road profile, where the railing or fencing was anticipated to act as a blockage under high flows. A 

100% blockage was coded in the model to be conservative. The ineffective flow area option was applied in the model 

to restrict the flow area to the width of the structure opening until the structure is overtopped and weir flow begins over 

the road structure. 

 
Figure 3. Cross Section Location at Structures Crossing (US Army Corps of Engineer, 2016).  

 

Note that several structures required special consideration when setting up the model. Modelling procedures for these 

structures were documented below:  

 

Structure #55 on King Creek Trib E Reach 1 consists of a culvert with varying pipe shapes and sizes, 2.7m diameter 

corrugated steel pipe (CSP) upstream and 1.68m H x 2.45m W concrete box downstream as observed in the field 

inventory. Since HEC-RAS does not allow varying pipe sizes over the length of a structure, a more conservative culvert 

geometry, 1.68m diameter CSP, was coded in the model.  

 

Structure #61 on King Creek Trib D Reach 1 also consists of a culvert with varying pipe shapes and sizes, 0.7m H x 

1.15m W concrete box inlet and 0.43 diameter CSP outlet. Similarly, a more conservative culvert geometry was coded 

for the structure as a 0.43 diameter CSP.  

 

Structure #133 on Humber River Reach 1 consists of 2 bridges, a road bridge and a pedestrian bridge. The two structures 

were modelled as a single bridge due to their very close proximity and similar geometry.  

 

Structure #258 on East Robinson Trib B (Nashville subdivision) was modelled based upon the interim condition of the 

drawing CFN 53149 as required by TRCA. It is recommended that the model should be revised to reflect ultimate 

conditions upon completion of construction.  

 Ineffective Flow Areas 
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The ineffective flow area option was applied in the model to restrict the flow area to the width of the structure opening 

until the structure is overtopped and weir flow begins over the road structure. Ineffective flow area stations were placed 

each side of the structure opening at a 1:1 ratio of the distance between the bounding cross sections and structure faces, 

as per TRCA’s recommendation. As for elevations, they were estimated in accordance with the HEC reference manual 

that the ineffective flow elevations upstream were set to the lowest point of the top-of-road and downstream to the 

average between the soffit and minimum top-of-road. Refinements were made after the initial run where surface water 

elevations were confined by the ineffective flow areas.  

 Energy Loss Coefficients 

3.7.1 Manning’s Roughness Coefficients 

Manning’s roughness coefficients were assigned to each cross section based on conditions observed in available areal 

photography. As mentioned above, Humber River within the study area flows through a complex mix of land uses which 

typically have wide range of Manning roughness values. These values were defined according to TRCA standard as 

shown in Table 7, and a map illustrating the different land uses within the study area is included in Appendix B.   

 

Table 7. Manning Roughness Values Applied in HEC Model.  

Category Manning's N Value Category Manning's N Value 

Cemetery 0.05 Residential High 0.05 

Commercial 0.025 Residential Low/Med 0.05 

Conservation Lands 0.08 Road (ROW) 0.025 

Estate Residential 0.05 Rural residential 0.05 

Farm 0.05 Transportation 0.025 

Golf Course 0.05 Watercourse Channel 0.035 

Hydro Corridor 0.05 Forest 0.08 

Industrial 0.025 Meadow 0.08 

Institutional 0.025 Succession 0.08 

Open Water (Ponds) 0.035 Wetland 0.08 

Open Space 0.05 Recreational 0.05 

Park 0.05   

3.7.2 Contraction and Expansion Loss Coefficients  

Contraction and expansion coefficients were coded in the model to evaluate transition loss due to changes of flow 

between cross sections. These coefficients were applied differently between regular cross section and structures cross 

sections following the recommended values, as summarized in Table 1. 

 

Table 8. Contraction and Expansion Loss Coefficients Applied in HEC Model.  

 

Contraction 

Coefficient 

Expansion 

Coefficient 

Regular Cross Section 0.1 0.3 

Structure Cross Sections –  

two cross sections upstream and 

downstream 

0.3 0.5 

 

 Conveyance Obstructions 

Buildings located in the floodplain were modeled as conveyance obstructions when defining areas of the cross section 

that are permanently blocked out. GIS shapes of each building footprint were provided by TRCA, which was modified 

with an additional 5m (1 floor) to the ground elevations to represent the top of building. Information from the modified 

GIS shapefile was extracted using GeoHECRAS to define obstructions, including dimensions and elevations.  

 FLOOD CHARACTERIZATION AND SCREENING  
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 Model Improvement 

Together with TRCA, Aquafor has carried out multiple iterations of review and refinement to the model to improve the 

accuracy of the output, specifically the regulatory flood limits along with other hydraulic parameters.  

 

Improvement of the model commenced with a thorough review of all warnings and notes from the computations. Care 

was taken to extend cross sections to an elevation sufficient to contain the flow, wherever feasible, in an effort to prevent 

the model from assuming artificial vertical extensions. This required extension of the cross sections, at many locations, 

to a topographic high point that represents the location where spill out of the channel would begin, possibly into an 

adjacent tributary system. In some locations, roadside berms may also be located on the topographic high point followed 

by parallel swale features. In these situations, levees were inserted into the model to constraint the flow within the main 

channel before spilling out. 

 

In addition, difference of the resultant water surface elevations between consecutive cross sections were reviewed to 

enhance model output. Locations where changes in water surface elevations are greater than 0.5m without a substantial 

change in the bed elevation were identified and additional cross sections were therefore added to reduce abrupt changes.    

 

HEC RAS model defaulting to critical depths is also a common issue when the steady flow equations cannot be solved 

with a subcritical profile. In this case, the model assumes the water flowing at the critical depth, which can mask 

surcharges and lead to underestimated flood limits. Such issue was observed at several locations within the model and 

has been addressed on a case by case basis, typically by adding additional cross sections adjacent to the offending 

sections, adjusting location or orientation of cross sections, and adding ineffective flow areas.  

 Model Results and Floodplain Mapping 

The updated GeoHECRAS hydraulic model for the Humber River within York Region was applied to establish water 

surface profiles for each of the 2-year through 350-year and Regional flood profiles. The model was executed using the 

sub-critical flow regime. Model results for the Humber River stream reaches, including profile plots and hydraulic output 

tables are presented in Appendix D.  

 

The model simulation results based on the 100-year and Regional storms are thereafter applied onto the modified DEM 

(Section 3.2) to generate the Regulatory floodplain mapping. TRCA defines the Regulatory floodplain as the greater 

inundation limits of the Regional storm and the 100-year storm. Therefore, the Regulatory floodplain mapping for this 

project has been delineated accordingly. Within the model extent, the Regional floodplain is generally wider than the 

100-year floodplain, except for the following areas:  

Plunketts Creek 

Plunketts Creek between Highway 7 and Highway 407:  

The estimated flow rate for 100-year design storm (28.183 m3/s) is higher than the Regional storm (23.18 m3/s), resulting 

in wider flood limits under the 100-year event. Therefore, the 100-year floodplain for Plunketts Creek has been adopted 

for the Regulatory floodplain mapping;  

King Creek 

 

King Creek Trib B, King Creek Reach 3, and King Creek Reach 2 between King Road and 8th Concession Road:  

When run using the steady flow simulation, the 100-year and 50-year profile plots suggest significant hydraulic jumps 

(~1m) when exiting the culvert structure under King Road, resulting in much higher water surface elevations downstream 

than the Regional results (~2m higher). These results were reviewed in detail, and based on engineering judgment are 

not considered realistic interpretation of the 100-year and 50-year flood profiles.  When compared to the Regional storm, 

which conveys a flow nearly double the amount of the 100-year storm within the area, the expectation is this should be 

the defining regulatory limit. A potential cause of this questionable model result may be the significant change in base 

level between upstream and downstream of the culvert crossing. In order to confirm the above, an unsteady flow 

simulation was conducted to review the flooding conditions and resulting profiles.  Comparative figures are included 

below for each of the 50-year, 100-year, and Regional events. Review of these profiles confirm the assumption that the 

steady flow model is mishandling the pressurized flow through culvert using energy equation and resulted in 

overestimated hydraulic jumps downstream of the culvert for the 100-year and 50-year flows. In contrast, the model 
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results remained consistent between steady and unsteady simulations for the Regional flood. In turn, the Regional flood 

limits from the steady state model were adopted for the Regulatory floodplain mapping at this location.  

 

 
Figure 4. Regional Flood Profile Plot - Steady Flow Simulation  

 
Figure 5. Regional Flood Profile Plot - Unsteady Flow Simulation  
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Figure 6. 100-year Flood Profile Plot – Steady Flow Simulation 

 

 
Figure 7. 100-year Flood Profile Plot – Unsteady Flow Simulation  
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Figure 8. 50-year Flood Profile Plot – Steady Flow Simulation  

 

 
Figure 9. 50-year Flood Profile Plot – Unsteady Flow Simulation  

 

King Creek  

King Creek Reach 6:  

A recently constructed stormwater pond located on southwest side of the structure # 52 crossing the Hwy 27 at King 

Creek Reach 6 has been reviewed via the detailed design drawings. The construction of this pond predates LiDAR used 

in throughout hydraulic. The topography from the design drawing was assumed accurate, and used to alter the floodline 

at this location, where the regional flood from the watercourse is assumed to overtop into the pond.  
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Figure 10: Regional Floodline at the Stormwater Pond 

 

With the above noted improvements and anomalies on King Creek, Plunketts Creek, floodplain mapping has been 

prepared in digital shapefile format. Mapping has been refined through an iterative process with the TRCA, with the 

correspondence summarized in Appendix C. The final updated Regulatory Floodplain Mapping of the Humber river 

within York Region is included in Appendix G, collectively prepared by Aquafor and TRCA. 

 

 Overtopping Conditions of Crossing Structures 

The updated Regulatory Floodplain Mapping and water surface profiles were reviewed to assess the overtopping 

conditions of crossing structures. Under the Regulatory flood, more than 70% of the structures within the model extents 

are expected to be overtopped, as summarized in Table 9. A detailed table illustrating the overtopping conditions of each 

structure by storm event is also provided in Table 10.  
 

Table 9. Summary of Crossing Structures Overtopped under Regional Floods.  

# of Crossing Structures Overtopped under 

Regional Flood 
127 

Total # of Crossing Structures 172 

Percentage (%) 74% 

 

Pedestrian and vehicle access can be limited when a road crossing is overtopped and inundated. Official Plans of 

individual municipality and the Ministry of Transportation Ontario (MTO) standards should be reviewed when assessing 

the hydraulic conveyance capacities and flooding conditions for bridges and culverts. However, an assessment was not 

undertaken of each crossing with regards to MTO / Municipal standards as part of this study.  
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Table 10. Overtopping Conditions of All Crossing Structures by Flood Flow.  

River Reach 
Structure 

ID 

Structure 

Type 

XS # 

Upstream 

of 

Structure 

Top of  

Road 

Elev  

(m) 

Difference between WSE and Top of Road Elevation (m) 

2-year 5-year 
10-

year 

25-

year 

50-

year 

100-

year 

350-

year 
Regional 

West Robinson 4 231 Culvert 2044 226.49 1.46 1.34 1.26 1.17 1.09 1.02 0.94 0.92 

West Robinson 4 232 Culvert 1553 223.42 223.58 223.64 223.68 223.72 223.74 223.77 223.8 -0.38 

West Robinson 3 233 Culvert 1817.18 211.42 0.92 0.36 -0.05 -0.2 -0.27 -0.33 -0.71 -0.76 

West Robinson 1 218 Culvert 5153 200.81 1.66 1.29 1.03 0.71 0.45 0.13 -0.76 -1.88 

West Robinson 1 219 Culvert 5046 203.49 4.82 4.74 4.77 4.63 4.52 4.39 3.44 2.02 

West Robinson 1 220 Culvert 4012 196.93 0.84 0.1 -0.18 -0.32 -0.43 -0.55 -0.79 -1.03 

West Robinson 1 221 Culvert 1542 189.14 0.94 0.21 -0.17 -0.28 -0.36 -0.43 -0.75 -0.97 

West Robinson 1 222 Bridge 999 186.94 1.22 1.11 0.92 0.7 0.52 -0.1 -0.54 -0.81 

West Rob Trib D 1 238 Culvert 1593 223.83 1.31 0.5 -0.01 -0.06 -0.06 -0.09 -0.15 -0.18 

West Rob Trib C 1 229 Culvert 997 217.28 0.4 0.2 0.08 -0.05 -0.04 -0.06 -0.13 -0.15 

West Rob Trib B 1 317 Culvert 1052 218.67 1.86 1.8 1.77 1.74 1.72 1.69 -0.26 -0.27 

West Rob Trib A 2 213 Culvert 1929 224.02 0.84 0.81 0.78 0.76 0.74 0.73 -0.38 -0.4 

West Rob Trib A 2 214 Culvert 1482 220.76 1.05 0.97 0.92 0.86 0.82 0.78 -0.19 -0.21 

West Rob Trib A 2 215 Culvert 1037 218.24 1.94 1.81 1.7 1.57 1.49 1.41 -0.26 -0.27 

West Rob Trib A 1 217 Culvert 1023 207.91 2.06 1.9 1.8 1.68 1.6 1.52 -0.48 -0.5 

West Rainbow 1 325 Culvert 2270 201.31 4.58 4.48 4.42 4.23 4.1 3.98 2.31 1.77 

West Rainbow 1 205 Culvert 1616 197.63 4.98 4.92 4.89 4.84 4.82 4.79 4.15 3.96 

West Rainbow 1 206 Culvert 1000 190.69 2.73 2.6 2.44 2.25 2.1 1.96 -0.49 -0.59 

Robinson Creek 3 224 Culvert 5379 182.91 8.65 8.39 8.24 8.06 7.91 7.72 5.51 0.35 

Robinson Creek 3 225 Bridge 3978 174.62 6.4 6.25 6.15 5.97 5.85 5.74 5.15 4.43 

Robinson Creek 3 226 Bridge 3112 167.98 3.5 3.27 3.11 2.91 2.76 2.61 1.71 0.72 

Robinson Creek 3 227 Culvert 1397 165.79 5.95 5.54 5.26 4.88 4.57 4.24 1.16 -0.76 

Robinson Creek 3 228 Bridge 1000 158.97 0.74 0.58 0.46 0.34 0.25 0.12 -0.65 -1.12 

Robinson Creek 2 212 Bridge 2808 156.46 1.21 1.02 0.86 0.66 0.58 0.44 -2.17 -2.67 

Robinson Creek 2 182 Bridge 2607 157.09 2.99 2.66 2.4 2.13 1.94 1.74 -1.53 -2.01 

Robinson Creek 1 139 Bridge 2036 143.44 5.06 4.76 4.37 4.13 3.93 3.73 3.17 1.9 

Rainbow Creek 1 207 Culvert 5015 181.9 2.46 2.06 2.06 1.31 1 0.64 -0.65 -0.9 

Rainbow Creek 1 208 Culvert 2592 171.73 2.17 2.05 1.96 1.81 1.68 1.55 -0.42 -0.82 

Rainbow Creek 1 209 Culvert 1575 164.45 -0.04 -0.18 -0.23 -0.33 -0.42 -0.51 -3.93 -4.6 
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River Reach 
Structure 

ID 

Structure 

Type 

XS # 

Upstream 

of 

Structure 

Top of  

Road 

Elev  

(m) 

Difference between WSE and Top of Road Elevation (m) 

2-year 5-year 
10-

year 

25-

year 

50-

year 

100-

year 

350-

year 
Regional 

Rainbow Creek 1 210 Culvert 1352 167.46 4.76 4.25 3.94 3.54 3.24 2.94 -0.9 -1.57 

Rainbow Creek 1 211 Bridge 1010 160.05 1.2 1.01 0.81 0.58 0.44 0.35 -1.08 -1.42 

Purpleville Tb A 1 329 Bridge 1804 223.97 17.52 17.4 17.34 17.26 17.2 17.15 16.08 15.59 

Purpleville Ck 2 109 Culvert 3865 229.63 6.83 6.77 6.74 6.7 6.66 6.62 4.58 3.87 

Purpleville Ck 2 110 Culvert 3174 231.19 12.68 12.53 12.44 12.33 12.23 12.13 7.07 5.96 

Purpleville Ck 1 330 Bridge 4485 207.5 11.55 11.39 11.31 11.19 11.08 10.97 9.69 9.27 

Purpleville Ck 1 112 Culvert 3656 196.41 4.47 4.33 4.27 4.18 4.11 4 0.13 -1 

Purpleville Ck 1 113 Culvert 1947 183.34 -0.07 -0.19 -0.3 -0.46 -0.59 -0.67 -1.57 -1.83 

Purpleville Ck 1 114 Culvert 1012 181.77 5.12 5.03 4.95 4.85 4.78 4.73 2.29 0.88 

Plunketts Creek 1 184 Culvert 1429 164.46 -0.4 -0.64 -2.57 -2.68 -2.74 -2.76 -2.69 -2.69 

Plunketts Creek 1 314 Culvert 1405 164.61 -0.21 -0.5 -2.42 -2.52 -2.57 -2.61 -2.53 -2.54 

Plunketts Creek 1 183 Culvert 1340 166.96 2.57 1.87 -0.07 -0.17 -0.21 -0.25 -0.18 -0.19 

Plunketts Creek 1 186 Culvert 769 157.72 -0.15 -0.3 -0.51 -0.6 -0.66 -0.71 -0.61 -0.62 

Main Humber 4 84 Bridge 1028 211.15 2.46 2.28 2.04 1.93 1.81 1.69 1.1 -0.11 

Main Humber 3 285 Bridge 1222 195.62 2.41 2.12 1.49 1.3 1.12 0.92 -0.51 -2.01 

Main Humber 2 284 Bridge 13988.46 184.82 7.13 6.9 6.14 5.9 5.74 5.59 4.75 3.09 

Main Humber 2 283 Bridge 13570.14 180.53 3.73 3.5 2.76 2.58 2.45 2.34 1.68 -0.33 

Main Humber 2 282 Bridge 12435.35 178.41 5.47 5.26 4.55 4.33 4.18 4.02 3.03 0.4 

Main Humber 2 281 Bridge 11533.2 172.35 1.74 1.52 0.66 0.3 0.2 -0.05 -1.08 -2.24 

Main Humber 2 280 Bridge 11089.89 174.83 5.48 5.27 4.67 4.49 4.37 4.23 3.44 1.43 

Main Humber 2 279 Bridge 8886.92 164.59 3.62 3.36 2.48 2.21 2.01 1.83 0.72 -0.41 

Main Humber 2 267 Bridge 7955.23 162.37 3.14 2.93 2.2 1.98 1.81 1.63 0.23 -1.73 

Main Humber 2 266 Bridge 3535.51 154.69 4.97 4.8 4.04 3.81 3.64 3.46 2.49 0.39 

Main Humber 2 259 Bridge 1060.96 144.54 3.77 3.52 2.48 2.11 1.83 1.54 -0.1 -1.29 

Main Humber 1 132 Bridge 4133.08 143.38 3.75 3.4 2.63 2.27 1.97 1.63 0.25 -1.99 

Main Humber 1 133 Bridge 3341.28 143.39 4.88 4.62 3.99 3.7 3.47 3.22 2.25 -0.34 

Main Humber 1 134 Bridge 1622.71 152.54 16.67 16.38 15.93 15.71 15.51 15.3 13.89 11.78 

Main Humber 1 135 Bridge 552 143.33 8.07 7.64 7.14 6.82 6.59 6.35 4.91 2.82 

Lower Humber 1 138 Bridge 1623 159.21 24.17 23.8 23.4 23.1 22.87 22.63 21.21 19.21 

King Creek 6 338 Culvert 2430 280.61 16.1 16.16 16.26 16.28 16.28 16.28 16.3 16.39 
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River Reach 
Structure 

ID 

Structure 

Type 

XS # 

Upstream 

of 

Structure 

Top of  

Road 

Elev  

(m) 

Difference between WSE and Top of Road Elevation (m) 

2-year 5-year 
10-

year 

25-

year 

50-

year 

100-

year 

350-

year 
Regional 

King Creek 6 337 Culvert 2154 276.35 -0.24 -0.32 -0.35 -0.42 -0.44 -0.47 -0.54 -0.61 

King Creek 6 336 Culvert 2091 276.42 2.39 2.08 1.88 1.56 1.28 0.92 -0.03 -0.36 

King Creek 6 54 Culvert 1587 264.35 1.84 1.48 1.18 0.73 0.34 -0.07 -0.22 -0.35 

King Creek 6 52 Culvert 1049 259.04 1.34 1.14 1.01 0.83 0.71 0.59 0.28 -0.09 

King Creek 4 46 Culvert 1201.17 252.74 1.94 1.27 0.69 0.07 -0.1 -0.2 -0.36 -0.51 

King Creek 2 43 Culvert 1021 228.26 1.02 0.4 -0.14 -0.35 -0.51 -0.62 -0.76 -0.92 

King Ck Trib F 1 343 Culvert 2439 278.13 1.82 1.6 1.46 1.27 1.07 0.87 0.26 -0.11 

King Ck Trib F 1 344 Culvert 2155 273.87 4.67 4.55 4.48 4.3 4.11 3.9 3.34 2.51 

King Ck Trib F 1 331 Culvert 2028 268.83 0.29 -0.15 -0.19 -0.23 -0.25 -0.28 -0.32 -0.37 

King Ck Trib F 1 332 Culvert 1857 267.77 0.43 0.05 -0.09 -0.13 -0.16 -0.18 -0.22 -0.25 

King Ck Trib F 1 333 Culvert 1833 266.41 0.01 0.02 0.04 0.07 0.12 0.16 -0.34 -0.45 

King Ck Trib F 1 334 Culvert 1793 266.71 1.34 1.19 1.09 0.9 0.71 0.51 -0.04 -0.15 

King Ck Trib F 1 323 Culvert 1627 264.04 0 -0.16 -0.23 -0.3 -0.33 -0.37 -0.42 -0.47 

King Ck Trib F 1 322 Culvert 1521 263.27 0.37 -0.1 -0.18 -0.26 -0.3 -0.31 -0.39 -0.43 

King Ck Trib F 1 321 Culvert 1367 261.92 0.47 0.18 -0.05 -0.15 -0.21 -0.26 -0.3 -0.35 

King Ck Trib F 1 335 Culvert 1319 262.04 1.05 0.8 0.63 0.37 0.15 0.01 -0.06 -0.1 

King Ck Trib F 1 319 Culvert 1238 260.54 0.19 -0.12 -0.14 -0.19 -0.22 -0.23 -0.27 -0.31 

King Ck Trib F 1 320 Culvert 1131 258.85 -0.25 -0.07 -0.12 -0.14 -0.17 -0.17 -0.2 -0.24 

King Ck Trib F 1 318 Culvert 1000 257.37 -0.27 -0.15 -0.17 -0.18 -0.2 -0.22 -0.25 -0.28 

King Ck Trib E 1 55 Culvert 1819 257.45 0.43 -0.12 -0.18 -0.25 -0.29 -0.33 -0.41 -0.49 

King Ck Trib D 1 62 Culvert 3069 269.11 -0.06 -0.13 -0.16 -0.21 -0.24 -0.27 -0.3 -0.36 

King Ck Trib D 1 61 Culvert 2861 267.56 -0.33 -0.39 -0.48 -0.63 -0.73 -0.87 -1.03 -1.33 

King Ck Trib D 1 60 Culvert 2830 269.74 2.04 1.99 1.99 1.98 1.89 1.79 1.69 1.47 

King Ck Trib D 1 59 Culvert 2522 269.44 3.37 3.21 3.05 2.89 2.77 2.61 2.43 2.01 

King Ck Trib D 1 56 Culvert 1998 262.55 3.08 2.74 2.43 2.01 1.59 0.95 0.11 -0.32 

King Ck Trib D 1 47 Culvert 1218 255.5 2.86 2.48 2.19 1.86 1.62 1.3 0.9 -0.1 

King Ck Trib C 1 67 Culvert 1206 263.14 3.51 3.46 3.39 3.28 3.21 3.14 2.83 1.51 

King Ck Trib B 2 68 Culvert 1524 264.04 1.76 1.71 1.62 1.4 1.29 1.19 0.71 -0.23 

King Ck Trib B 1 65 Culvert 1072 237.06 5.75 5.34 5.08 4.67 4.81 3.69 3.91 2.59 

King Ck Trib A 1 42 Culvert 1753 233.53 2.82 2.75 2.71 2.65 2.6 2.55 2.36 -0.2 
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River Reach 
Structure 

ID 

Structure 

Type 

XS # 

Upstream 

of 

Structure 

Top of  

Road 

Elev  

(m) 

Difference between WSE and Top of Road Elevation (m) 

2-year 5-year 
10-

year 

25-

year 

50-

year 

100-

year 

350-

year 
Regional 

East Robinson 1 251 Culvert 3657 200.51 3.68 3.6 3.55 3.48 3.43 3.38 0.6 -0.15 

East Robinson 1 252 Culvert 3635 200.19 3.41 3.36 3.3 3.2 3.14 3.09 0.76 0.35 

East Robinson 1 253 Culvert 3199 196.31 1.08 0.9 0.78 0.65 0.54 0.43 -0.58 -0.63 

East Robinson 1 254 Culvert 2774 196.75 3.03 2.9 2.8 2.69 2.61 2.51 0 0 

East Robinson 1 255 Culvert 2307 195.49 4.33 4.15 4.01 3.86 3.72 3.51 -0.35 -0.39 

East Robinson 1 256 Culvert 1809 190.38 1.4 1.31 1.26 1.2 1.16 1.12 -0.61 -0.71 

East Robinson 1 223 Culvert 1033 186.95 1.82 1.73 1.67 1.58 1.51 1.43 -0.49 -0.59 

East Rob Trib B 1 328 Culvert 3075 214.617 1.617 1.597 1.597 1.547 1.527 1.507 0.627 0.467 

East Rob Trib B 1 291 Culvert 2451 210.002 2.232 2.202 2.202 2.162 2.152 2.142 1.302 1.162 

East Rob Trib B 1 301 Culvert 2407 210.7 3.45 3.42 3.42 3.39 3.37 3.36 2.47 2.33 

East Rob Trib B 1 257 Culvert 1723 204.15 2.39 2.37 2.37 2.33 2.31 2.3 1.47 1.33 

East Rob Trib B 1 258 Culvert 1241 201.07 0.85 0.75 0.75 0.61 0.56 0.51 -0.32 -0.37 

East Rob Trib A 1 250 Culvert 1529 202.02 1.32 1.26 1.23 1.18 1.15 1.11 -0.19 -0.24 

East Rainbow 1 199 Culvert 2519 200.21 -0.09 -0.18 -0.22 -0.27 -0.29 -0.33 -0.4 -0.4 

East Rainbow 1 204 Culvert 1001 193.03 0.56 0.27 0.06 -0.16 -0.21 -0.27 -0.57 -0.59 

East Humber 4 26 Culvert 24842.79 290.88 2.79 1.74 0.53 0 -0.11 -0.15 -0.47 -0.63 

East Humber 4 27 Culvert 23670.71 287.02 2.38 2.05 1.93 1.68 1.59 1.4 -0.85 -1.34 

East Humber 4 29 Culvert 20408.81 284.81 6.26 6.04 5.92 5.77 5.66 5.55 3.39 -0.2 

East Humber 4 31 Bridge 16036.01 272.73 4.58 4.31 4.18 4.01 3.89 3.77 2.53 0.87 

East Humber 4 32 Bridge 15565.06 276.79 9.78 9.5 9.35 9.24 9.15 9.01 7.53 5.33 

East Humber 4 306 Bridge 13643.09 261.82 1.65 1.24 0.99 0.67 0.2 0.1 -1.39 -2.16 

East Humber 4 33 Bridge 13439 260.1 0.7 0.42 0.3 -0.18 -0.41 -0.66 -1.77 -2.8 

East Humber 4 34 Culvert 13053.2 266.96 11.77 11.6 11.47 11.04 10.81 10.57 7.74 4 

East Humber 4 39 Bridge 11322.54 249.57 0.38 -0.07 -0.35 -0.31 -0.49 -0.36 -1.68 -5.42 

East Humber 4 38 Bridge 10875.15 249.57 2.58 2.21 2.04 1.82 1.63 1.45 -1.37 -5.31 

East Humber 4 37 Culvert 10185.33 246.08 1.25 0.89 0.74 0.6 0.46 0.28 -0.56 -1.27 

East Humber 4 41 Bridge 3611.59 230.37 2.37 2.11 1.96 1.71 1.46 1.25 -1.9 -1.82 

East Humber 3 70 Bridge 18492.58 212.79 0.86 0.24 -0.13 -0.29 -0.37 -0.44 -0.98 -1.48 

East Humber 3 168 Bridge 12777.56 204.65 4.18 3.82 3.58 3.32 3.14 2.93 1.45 -1.2 

East Humber 3 165 Bridge 7758.13 188.94 2.53 2.18 1.93 1.6 1.31 0.61 -1.06 -2.32 
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River Reach 
Structure 

ID 

Structure 

Type 

XS # 

Upstream 

of 

Structure 

Top of  

Road 

Elev  

(m) 

Difference between WSE and Top of Road Elevation (m) 

2-year 5-year 
10-

year 

25-

year 

50-

year 

100-

year 

350-

year 
Regional 

East Humber 3 166 Bridge 7352.86 189.84 4.57 4.17 3.94 3.67 3.49 3.29 2.04 -0.92 

East Humber 3 163 Bridge 2927.42 180.95 5 4.63 4.4 4.16 4.01 3.84 1.99 -1.49 

East Humber 2 124 Bridge 1330.9 173.05 9.04 8.67 8.43 8.13 7.95 7.78 6.34 4.19 

East Humber 1 310 Bridge 4248 163.1 1.98 1.95 1.72 -0.31 -0.34 -0.38 -0.6 -1.05 

East Humber 1 127 Bridge 2956 157.52 1.71 1.43 1.25 1.02 0.97 0.75 -0.96 -1.69 

East Humber 1 128 Bridge 2812 160.28 5.25 4.97 4.81 4.61 4.47 4.31 3.11 1.56 

East Humber 1 129 Bridge 1807 151.14 1.51 1.25 1.07 0.84 0.63 0.42 -1.66 -1.44 

East Humber 1 130 Bridge 1038 145.35 0.4 0.1 -0.15 -0.33 -0.45 -0.58 -1.24 -2.21 

East Humber 1 131 Bridge 473 144.99 2.43 2.16 2.01 1.8 1.59 1.45 0.04 -1.08 

East Hum Trib A 1 118 Culvert 4685 212.63 2.64 2.47 2.35 2.22 2.13 2.04 2.07 1.87 

East Hum Trib A 1 119 Culvert 3930 205.5 2.19 1.86 1.65 1.33 1.07 0.78 0.42 -0.24 

East Hum Trib A 1 120 Culvert 3498 199.28 -0.3 -0.38 -0.43 -0.48 -0.54 -0.58 -0.62 -0.71 

East Hum Trib A 1 121 Culvert 2433 188.11 1.66 1.54 1.46 1.37 1.3 1.24 0.9 -0.23 

East Hum Trib A 1 122 Culvert 1824 178.15 0.5 0.03 0.06 0.05 0.06 0.07 -0.25 -0.57 

East Hum Trib A 1 123 Culvert 1304 174.4 6.72 6.29 5.97 5.63 5.34 5.02 -0.17 0 

Cold Creek 3 81 Bridge 2549 226.27 1.14 1.04 0.47 -0.01 -0.27 -0.58 -0.63 -1.11 

Cold Creek 3 315 Bridge 2045 223.72 0.86 0.68 0 -0.2 -0.27 -0.37 -0.59 -1.25 

Cold Creek 3 80 Bridge 1900 223.47 0.76 0.57 -0.16 -0.38 -0.39 -0.45 -0.67 -1.34 

Cold Creek 3 79 Bridge 1796 223.6 1.99 1.85 1.15 0.89 0.68 0.49 0 -0.97 

Cold Creek 3 78 Bridge 1324 220.6 2.11 1.99 1.3 1.09 0.93 0.77 0.14 -1.31 

Cold Creek 2 77 Bridge 39 217.72 1.26 1.18 0.56 0.37 0.25 0.09 -1.38 -1.51 

Cold Creek 1 324 Bridge 2454 215.75 2.25 2.01 1.14 0.76 0.14 -0.57 -0.96 -1.84 

Cold Creek 1 327 Bridge 2260 215 2.03 1.87 0.87 0.52 0.23 -0.35 -1.35 -2.32 

Cold Creek 1 326 Bridge 2013 214.8 2.6 2.43 1.48 1.14 0.85 0.16 -1.52 -2.42 

Cold Creek 1 311 Bridge 1127 210.16 1.18 1.02 -0.13 -0.43 -0.51 -0.58 -0.99 -1.83 

Cold Creek 1 83 Bridge 1016 210.05 1.35 1.18 0.07 -0.51 -0.57 -0.64 -1.01 -1.79 

Black Creek 2 89 Culvert 7137 207.81 3.59 3.44 3.03 2.59 2.23 1.65 -0.29 -0.3 

Black Creek 2 90 Culvert 6839 207.18 3.24 2.99 2.49 2.03 1.67 1.07 -0.81 -0.8 

Black Creek 2 91 Culvert 6645 207.97 4.11 3.86 3.36 2.92 2.58 2.02 -0.02 0 

Black Creek 2 92 Culvert 6512 207.05 3.27 3.03 2.54 2.13 1.84 1.38 -0.08 -0.19 
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River Reach 
Structure 

ID 

Structure 

Type 

XS # 

Upstream 

of 

Structure 

Top of  

Road 

Elev  

(m) 

Difference between WSE and Top of Road Elevation (m) 

2-year 5-year 
10-

year 

25-

year 

50-

year 

100-

year 

350-

year 
Regional 

Black Creek 2 93 Culvert 5564 205.97 3.21 2.78 2.04 1.56 1.27 0.89 -0.05 -0.21 

Black Creek 2 94 Culvert 5298 205.04 2.36 1.92 1.2 0.75 0.48 0.15 -0.43 -0.53 

Black Creek 2 95 Culvert 4826 204.53 1.93 1.49 0.79 0.36 0.13 -0.14 -0.48 -0.59 

Black Creek 2 96 Culvert 4479 203.68 1.25 0.83 0.13 -0.27 -0.47 -0.69 -0.88 -0.97 

Black Creek 2 97 Culvert 4329 204.24 1.92 1.61 1.14 0.72 0.3 0.01 -0.22 -0.3 

Black Creek 2 287 Culvert 3323 202.2 1.01 0.67 0.14 -0.19 -0.3 -0.37 -0.4 -0.39 

Black Creek 2 98 Culvert 3222 200.97 -0.06 -0.22 -0.39 -0.49 -0.56 -0.64 -0.76 -0.81 

Black Creek 2 100 Culvert 3130 199.67 -0.57 -0.67 -0.79 -0.87 -0.93 -0.99 -1.09 -1.15 

Black Creek 2 101 Culvert 3003 198.78 -1.21 -1.32 -1.46 -1.56 -1.64 -1.7 -1.84 -1.92 

Black Creek 2 99 Culvert 2938 198.39 -1.6 -1.7 -1.84 -1.95 -2.02 -2.08 -2.24 -2.3 

Black Creek 2 102 Culvert 2841 199.26 -0.72 -0.83 -0.97 -1.06 -1.13 -1.2 -1.35 -1.41 

Black Creek 2 286 Bridge 2810 200.2 0.23 0.13 -0.01 -0.08 -0.15 -0.23 -0.35 -0.43 

Black Creek 2 103 Culvert 2651 199.48 -0.48 -0.57 -0.68 -0.75 -0.8 -0.85 -0.94 -0.99 

Black Creek 2 104 Culvert 2467 196.87 2.27 1.69 0.5 -0.2 -0.37 -0.53 -0.93 -1.14 

Black Creek 2 105 Culvert 2360 198.16 5.54 5.32 4.9 4.61 4.4 4.19 2.52 2.14 

Black Creek 2 106 Culvert 1841 194.72 5.16 4.94 4.61 4.37 4.21 4 2.46 2.12 

Black Creek 2 107 Bridge 1670 194.91 5.65 5.49 5.24 5.08 5 4.92 4.42 4.31 

Black Creek 1 108 Culvert 1593 189.97 5.7 5.24 4.31 3.67 3.18 2.63 -0.03 -0.03 

Black Creek 2 290 Inline Struct 7143 208.06 3.01 2.89 2.67 2.53 2.39 1.87 -0.06 -0.07 

Black Creek 2 289 Inline Struct 4337 203.21 0.82 0.42 -0.24 -0.62 -0.84 -1.1 -1.32 -1.41 

Black Creek 2 288 Inline Struct 3336 201.95 -0.07 -0.15 -0.25 -0.45 -0.56 -0.63 -0.66 -0.66 
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 Identification of Spill Areas 

TRCA defines floodplain spill areas where flood waters are not physically contained within the valley or stream corridor 

and exit to surrounding lands. Floodplain spill areas can occur naturally, or can occur as a result of downstream barriers 

to the passage of flood flows, such as undersized bridges or culverts.  

 

Potential spill areas identified within the study extents are illustrated in Figure 11. Additional discussion of each 

individual spill area, along with refined scale mapping follows thereafter.    
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Figure 11. Identified Spill Areas within Model Extents.
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• Spill Area #1 & 2 – The Regional flow estimate exceeds the channel capacity of the King Creek – Reach 6 near the 

Wilkie Ave, resulting in a significant spill of floodwaters west towards the private property upstream of the Wilkie 

Ave, as well as southward onto the Wilkie Ave and potentially the neighbourhood of Robinson Road.  

 

Modelling results suggest that floodwaters could be over 0.6m in depth for Regional flood at the spill locations. Given 

the number of properties that are potentially impacted and the depth of flooding, further 2D hydraulic modelling and 

floodplain modeling are recommended to better defined the flood hazards and spill extents at this location.  

 

 

Figure 12. Identified Spill Areas #1 and #2.  
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• Spill Area #3 – The Regional flow exceeds the channel capacity of the West Robinson Creek Trib A – Reach 2 

upstream of Hwy 50. The floodwaters are found overtopping Hwy 50 and spilling over to the local depression point 

westward. The spill area is considered relatively insignificant as it only consists of agricultural land with shallow 

flooding depths.  

 

• Spill Area #4 – The Regional flow also exceeds the channel capacity of the West Robinson Creek Trib B – Reach 2 

at Hwy 50. Flows are estimated to backwater and spill southward to the farm land according to the topography. It 

should be noted that no buildings exist within the identified area.  

 

 
Figure 13. Identified Spill Areas #3 & #4.  
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• Spill Area #5 & #6 – The Regional flood estimate exceeds the channel capacity of East Robinson Creek – Reach 1 

between its two crossing at the Canadian Pacific Railway. Floodplain mapping suggests that the floodwater would be 

conveyed eastward following the topography and may drain into the adjacent tributary of Humber River – Reach 2. 

As the adjacent tributary that is potentially impacted has not been included in the model extents, it is recommended 

that additional 1D modelling and or 2D modelling should be undertaken to confirm the spill.  

 

 
Figure 14. Identified Spill Areas #5 & #6.  
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• Spill Area #7 – The Regional flow exceeds the channel capacity of the Black Creek – Reach 2 near Jane Street at the 

CN Railway, before its confluence with Black Creek Trib 1. The floodwaters are expected to gather eastward, resulting 

in a spill along Jane Street.  

 

In addition, modelling results suggest that floodwaters could be over 2m in depth for Regional flood at the spill 

location. Given the depth of flooding on Jane Street, further 2D hydraulic modelling and floodplain mapping are 

recommended to better defined the flood hazards and spill extents at this location.  

 

 
Figure 15. Identified Spill Area #7.  
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• Spill Area #8 – The Regional storm exceeds the channel capacity of the Black Creek – Reach 2 between Langstaff 

Road and Hwy 400, where the flow is significantly backwatered by road crossings. Floodplain mapping suggests that 

floodwaters will spill toward east side Hwy 400, onto the adjacent commercial buildings and parking lots. Due to the 

fact that numbers of buildings and large areas of parking lots are within the spill areas, a 2D hydraulic modelling and 

flood mapping should be undertaken to better define flood hazards at this location.  

 

• Spill Area #9 – The Regional flow exceeds the channel capacity of the Black Creek – Reach 2 at its most upstream 

stretch in the model and spills beyond west side of the creek along a ditch. It is also expected that the floodwaters may 

overtop Weston Road and spill to the residential area of Valeria Blvd and Marconi Ave. A 2D hydraulic modelling 

and flood mapping are recommended to better define flood hazards at this location, specifically within the potentially 

impacted residential lands.  

 

 
Figure 16. identified Spill Areas #8 & #9.  
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• Spill Area #10 – At this location, the Regional flow exceeds the channel capacity of the Robinson Creek – Reach 2, 

resulting in a spill southward beyond the bank and potentially draining back into the reach further downstream. 

Modelling results and the topography suggest that flood flows are contained within the greater floodplain setting, 

however, pedestrian paths and reactional features within the Vaughan Grove Sports Park can be impacted by the spill. 

In turn, a 2D hydraulic modelling is recommended to be undertaken to confirm the spill extents and spill paths at this 

location.    

 

 
Figure 17. Identified Spill Area #10.  
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• Spill Area #11 – The Regional flow exceeds the culvert capacity under Hwy 27 at King Creek Trib F – Reach 1, 

resulting in floodwaters overtopping Hwy 27 and spilling southeastward. Given that a number of residential buildings 

may be affected by the spill, a 2D hydraulic modelling is recommended to be undertaken to confirm the spill extents 

and spill paths at this location.    

 

• Spill Area #12 – The Regional flow exceeds the culvert and channel capacity under Ellis Ave at King Creek Trib F – 

Reach 1, resulting in floodwaters overtopping the street. Floodwaters are expected to be conveyed by Parkview Ave 

further to the east and Hwy 27 to the south. Given that a number of residential buildings may be affected by the spill, 

a 2D hydraulic modelling is recommended to be undertaken to confirm the spill extents and spill paths at this location.  

   

  
Figure 18. Identified Spill Areas #11 & #12.  
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• Spill Area #13 – Black Creek Reach 2 - The Regional and 350 year storms exceed the channel capacity of the Black 

Creek – Reach 2 in this specific area. Resulting in floodwaters overtopping Hwy 400 and spilling southward all along 

the Hwy 400. Due to the fact that numbers of buildings and large areas of parking lots are within the spill areas, a 2D 

hydraulic modelling and flood mapping should be undertaken to better define flood hazards at this location. 

 

Figure 19. Identified Spill Area #13.  
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 Development of Graphical Representations of Model Data 

The graphical representations of the new hydraulic model computations, namely: 

 

• Water surface elevation 

• Water depth 

• Velocity raster  

• Cross section attributed with the water surface elevations and other relevant data 

• Polyline features of the flood extents for Regional Storm and, the 2, 5, 10, 50, 100, 350 years design 

storms 

 

have been prepared and submitted to TRCA in accordance with the requirements for this study. 

 

The finalization of the study geomatic deliverables was completed in collaboration with TRCA. 

 CONCLUSIONS AND RECOMMENDATIONS 

 Conclusion  

This updated Humber River hydraulic model was developed to integrate all existing stand-alone models within the York 

Region and updated with the most updated information.  

 

The following points are key conclusions drawn from this study:  

 

• The model includes a total of 53 river reaches, covering a total length of 205km; 

• The model includes a total of 172 hydraulic structures – bridges, culverts, and weirs;  

• The model includes a total of 205 flow nodes; 

• Steady flow table used in the model are based on the 2018 Humber River Hydrology Update Study, including 

design storms events ranging from the 2-year through 100-year storm, as well as the 350-year storm and 

Regional Storm were included; 

• Field inventory were conducted for all modelled hydraulic structures and 26 of which were surveyed. Modelling 

of the structures incorporated field inventory and survey data;  

• TRCA most recent (2015) LiDAR information was applied to define river cross sections, stream centreline, and 

overbank locations; 

• TRCA standard Manning roughness values based upon landuse were updated in the model 

• Steady flow model simulations for all estimated flood flows were conducted to generate model results.  

The study concluded with the development of updated Regulatory Floodplain Mapping over the Humber River in the 

York Region.   

 Recommendation  

 

Through the course of the study, a number of recommendations were made to further improve the accuracy of TRCA’s 

modelling and floodplain mapping: 

• Spill areas were identified, where flood flows are not contained within the subcatchments.  In total, thirteen (13) 

spill areas mapped under regulatory conditions. In order to provide an improved understanding of the hydraulic 
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pathways in these areas, two - dimensional (2D) hydraulic modelling can be undertaken. The most sensitive 

spill areas are considered on Black Creek, referred to as # 7, 8, 9 and 13. 

 

• The Humber River throughout the study area is actively undergoing urban development. Throughout the 

duration of the study, a number of regulated stream systems had been modified to accommodate development, 

including alteration of valley formations, road crossings, and stormwater ponds. Within these areas, the LiDAR 

information predated some areas of modification, and design or as-built information was used to inform the 

floodline analysis. Upon completion of construction of these areas, the engineered mapping should be updated 

to reflect as-built conditions. These areas include Nobleton and Nashville development areas, and the stormwater 

pond located southwest of the structure #52. 

 

• The upstream segment of King Creek Trib E Reach 1 was truncated as a result of limited information regarding 

the subsurface culvert alignment, flow path, and outlet location. There are a significant number of houses which 

reside in close proximity over the general culvert area, and may be susceptible to flooding should the culvert 

overtop.  As-built information regarding the culvert should be obtained, which can then inform an InfoWorks 

or PCSWMM modelling application to accurately define the integrated culvert and overland hydraulic 

conditions.  

 

• There are some small tributaries and headwater features within the watershed which were not included in the 

model, as no hydrologic flood flow information was included as a result of not meeting the drainage area 

threshold. Depending on site specific constraints, areas with unmapped features which may be sensitive to 

flooding may be further assessed. Specific locations of these tributaries include are all along the East Humber 

Reach 4. 
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