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LIST OF ACRONYMS 
 
 

Bathymetry In Mike Flood modelling system, bathymetry is represented as digital surface of land elevation for the entire 
2D modelled area in Mike 21 model 

CNR Canadian National Railway 

DEM In this document, a Digital Elevation Model (DEM) is represented as a raster surface 

Dfs0 A one dimensional file format of M11, M21 models to store time series data 

Dfs2 A two dimensional file format of MF, M21 models to store matrix series data (such as bathymetry, 
resistance, initial surface data etc.)   

EC Environment Canada 

FPL Flood Protection Landform 

H In Mike Flood, it represents flood depth for each cell of the bathymetry  

HD Hydrodynamic 

M11 HD MIKE 11 Hydrodynamic Module of Mike 11 modelling system 

LiDAR Light Detection And Ranging 

M21 HD MIKE 21 Hydrodynamic Module of Mike 21 Flow modelling system 

MF or mf Used to represent MIKE FLOOD modelling system 

MIKE ZERO Main user interface shell to operate all modules of Mike modelling system 

MNR Ontario Ministry of Natural Resources 

MOE Ontario Ministry of Environment 

MTO Ministry of Transportation 

TRCA Toronto and Region Conservation Authority 

Vx, Vy Velocity vector component in x and y direction computed by Mike Flood  for each cell 

qx, qy Flow flux in x and y direction computed by Mike Flood for each cell of the bathymetry 

u/s and d/s Upstream and downstream  

WD Water Depth 

WL, Q Notations used to represent water level (WL), channel/river flow (Q) respectively  

WSEL Water Surface Elevation 

WWTP Waste Water Treatment Plant 
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1.0 INTRODUCTION 
 
Valdor Engineering Inc. was retained by the TRCA in association with the City of Toronto to develop a 2D 
hydraulic model and to complete a flood study for the existing flood vulnerable area located in the vicinity of 
the Humber Waste Water Treatment Plant (WWTP) and situated in the Lower Humber River.   
 
1.1   STUDY AREA 
 
The study area is located within the Lower Humber River from the mouth to upstream of the Humber WWTP. 
as shown in Figure 1.1.  The study area also includes all areas located within the extents of the Regional flood 
plain, as is delineated through the hydraulic modelling of the Hurricane Hazel storm.  
 

 
Figure 1.1: Study Area 
 
The proposed north end of the study area is noted on Figure 1.1 above as per the TRCA’s terms of reference.  
The 2D model area was extended north of this location to ensure that the simulated water levels are not 
influenced by the boundary extents.  The extent of the modelled area and details of the 1D and 2D modelled 
area including linkages are described in Sections 3.2.1 and 3.3.1, respectively. 
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1.2   BACKGROUND 
 
Based on the current HEC-RAS hydraulic modelling completed for this area, the governing hydraulic 
constraint at this location is the CN Railway Bridge (photo provided in Figure 1.2).  The backwater 
conditions associated with the bridge have resulted in three locations where flows are expected to exceed 
the banks of the Humber River and spill to the south and east. The extent of the flooding in these areas 
has been estimated, but is not well defined.   
 
 

 
    Figure 1.2: Upstream of CN Railway Bridge 

 
Due to the complex system hydraulics, there is uncertainty regarding the existing 1D hydraulic model and 
the TRCA has determined that the water elevations and spill extents need to be much better defined.  The 
following items were identified by the TRCA as specific areas of uncertainty that are not adequately 
addressed with the current one-dimensional hydraulic model:  

 
•     The difficulty in defining the amount of flow leaving the system in the spill locations has led to the 

current modelling assumption that all flows are conveyed through the CN Railway Bridge and the 
South Kingsway underpass.  In other words, the HEC-RAS model has not been optimized to 
account for the flows that enter what have been currently defined as spill zones, and possibly drain 
to the lake through other underpasses.  This is likely results in an over estimation of water levels, 
and further, the extents of the spill on the east side of the river are not currently defined. 

•      It appears that the existing topography on the downstream side of the South Kingsway Underpass 
may prevent free flow conditions from occurring as is currently assumed in the modelling, which 
could result in an underestimation of water levels. 

•     The spill that exists on the west side of the main river, where flood waters appear to enter the TTC 
loop has not been defined in any detail.       

 
Hydrology  
 
The current hydrologic information for this location was established as part of the Humber River 
Hydrology Update in 2015 by Civica Infrastructure Inc. and the current approved peak flows and the 
hydrographs are provided in Table 1.1 and Figure J.1 (Appendix J) respectively.  
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Table 1.1 Lower Humber Peak Flows (m3/s)  

 
 
 
 
 
Existing Treatment Plant Flood Dyke  
 
The Humber WWTP is currently protected by a flood dyke with a top elevation of approximately 82.0 m.  The 
dyke was originally designed to provide operational flood protection for the Regional Flood.  However, the 
2005 flood plain update resulted in a significant increase to water surface elevations (due to increases in the 
calculated Regional flow), which resulted in increased flood risk to the WWTP.  
 
According to the strict definitions of provincial policy, the dyke is not considered to provide flood protection 
and the area behind the dyke is technically not suitable for development.  In 2010, the TRCA and City of 
Toronto agreed upon an interim solution for the current situation in order for the City of Toronto to continue to 
upgrade critical infrastructure associated with the WWTP under TRCA’s re-development policy framework.   
 
1.3  PURPOSE OF THE STUDY 
 
The purpose of the study is to prepare a two-dimensional (2D) hydraulic model and new engineered floodline 
maps for the Lower Humber area to replace the current flood plain map sheet (HUM-1).  In addition, the study 
is to analyze the flood vulnerability/susceptibility of the City of Toronto Humber WWTP from both an 
operational and regulatory perspective. 
 
1.4 STUDY APPROACH 
 
The key study steps are as follows: 
 

• Review all available background information to be provided by TRCA and the City. 

• Complete field surveys to verify the drainage network, topographic features (spill points, 
underpasses, flood walls, berms, retaining walls, high points, any other barriers, etc.), and to 
prepare an inventory of the structures. 

• Acquire additional data to fill the data gap/needs (e.g. digitize buildings, parking lots, extend 
DEM, etc.) for the bathymetry. 

• Prepare a base map that identifies the main topographic features to be considered in various 
modelled scenarios and flood plain mapping. 

• Complete a flood study using the Mike 21 model only and confirm if further modelling using the 
coupled Mike 11/Mike 21 program is required. 

• Complete a flood study using the 1D-2D coupled model approach (Mike Flood). 

• Run the 2D hydraulic model using the steady peak flow for Hurricane Hazel, 350-yr and 2-yr to 
100-yr storm events. 

• Run the model using the unsteady hydrographs corresponding to 350-yr and Hurricane Hazel 
including the 08 July 2013 storm event. 

• Investigate scenarios with the WWTP flood walls and berms in place (operational perspective) for 

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

1557.8 984.2 471.0  407.8  352.4  278.3  172.2  120.5 
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all return period storm events including Hurricane Hazel and the 08 July 2013 storm events as 
well as scenarios with the WWTP flood walls and berms removed (regulatory perspective) for the 
Hurricane Hazel and 350-yr storm events. 

• Complete a flood vulnerability analysis for the City of Toronto Humber WWTP. 

• Prepare flood plain mapping showing depth and extent of flooding for all the scenarios 
investigated and prepare updated engineered flood plain map sheets for the study area (i.e. Lower 
Humber area) to replace the current HUM-1 map sheet. 

• Provide conclusions and recommendations. 
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2.0 AVAILABLE FORMATION, SITE INVESTIGATIONS & DATA 
PREPARATION 

 
2.1  AVAILABLE DATA AND INFORMATION 
 
The following data sets were provided by the TRCA: 
 

• High resolution (0.5m X 0.5m) raster surface derived from LiDAR Survey (2013) 

• Topographic data - 10m grid point elevation data (2002) 

• Lake Ontario bathymetry contours by TRCA, September-October, 2013 

• 2009 digital orthophoto 

• 3D ESM topographical map (City of Toronto) 

• GIS data layers for land use, water course locations, roads 

• Lower Humber Bridges Survey Data 

• Existing TRCA approved floodline map sheet (HUM1, 2005) including photogrametrically 
corrected topographic mapping for the study area obtained in 1997 

• Current TRCA Flood Plain Model (HEC-RAS) 

• January 2005 HEC-RAS model (Stantec) 

• Flow data: 2, 5, 10, 25, 50 and 100-yr steady inflow hydrographs for existing land use condition 

• 350-yr and Hurricane Hazel storm event hydrographs for future land use condition 

• 08 July 2013 storm event hydrographs 
 

2.1.1  Digital Elevation Model 
 
Three main sources of elevation data were integrated to create a base digital elevation model in GIS.  These 
data sources were the LiDAR elevation surface, the 10 m space point elevation data and the available lake 
bathymetry. The survey information collected by the TRCA, the City of Toronto and Valdor was used to 
upgrade and update and eventually transform the base digital elevation model into a 2D bathymetry (i.e. the 2D 
surface in the MIKE modelling system is termed “bathymetry”) as required to accurately represent various 
localized elevation features such as road deck surfaces, walkways adjacent the river, under passes, berms and 
flood walls / retaining walls.  Figure 2.1 illustrates the various data layers that were prepared and used in the 
model development. 
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LiDAR Elevation Surface 
 
The TRCA acquired high-resolution digital elevation data using LiDAR for the study area.  The data 
acquisition was conducted on 27 and 28 November 2012.  Although it was a late in the year, there was no 
snowfall prior to the LiDAR data acquisition as per the LiDAR survey report (TRCA, 2013).  As described in 
the LiDAR report, ground truth surveys and calibration were completed as required during the data acquisition 
period.  The collected LiDAR data was processed into hydro-enforced DEM that consisted of breaklines for 
rivers, streams and water bodies.  Valdor received the above-noted hydro-DEM as converted into a 0.50 m x 
0.50 m raster DEM surface for the study area. A ground truthing exercise was conducted by the LiDAR 
contractor to verify the DEM accuracy.  Based on a comparison of the LiDAR derived ground surface and the 
GPS surveyed point elevation data, as per the LiDAR report (2013), the statistics indicate that the LiDAR data 
exceeds the vertical accuracy requirement of 15 cm and has a vertical accuracy of 10 cm with a 95% 
confidence level on flat hard surfaces.  Figure 2.1 shows the extents of the LiDAR DEM.  It is important to 
note that the elevation in the LiDAR DEM for the low flow channel area does not represent the bathymetry of 
the low flow channel, rather it corresponds to the elevation of the water surface at the time the LiDAR data was 
obtained.  The road surface elevations at the Lower Humber crossings such as the Queensway, the Gardiner 
Expressway and Lakeshore Boulevard bridges were removed and replaced by the low flow water surface 
elevations.  It was noted that some underpasses (see Figure 2.1) including the underpass at the Gardiner 
Expressway near the TTC loop were not properly coded in the LiDAR based DEM surface.  These 
underpasses, therefore, were manually corrected by Valdor where appropriate based on collected field 
information. 
 
10 m Points Elevation Data 
 
The northwest part of the 2D modelled study area that includes Grenadier Pond and adjacent areas was not 
covered by the LiDAR elevation surface.  The TRCA supplied GIS file with 10 m points elevation data was 
converted into raster DEM to represent this area.   
 
Lake Bathymetry Contour Data 
 
The TRCA surveyed the Lake Ontario bathymetry in September/October 2013 and prepared the bathymetry 
contour information. The TRCA provided the Lake Ontario bathymetry contour file to Valdor.  This contour 
file was used to create the bathymetry surface of Lake Ontario (Humber Bay area) that covers the area within 
the southern part of the 2D modelled study area. 
 
The 10 m point elevation data and the Lake Ontario contour information were converted into a raster grid with 
the same spatial resolution and map projection system as those used in the LiDAR coverage area. The elevation 
surface of these two areas (i.e. Lake Ontario [Humber Bay] and the northwest Grenadier Pond area) were 
integrated with the LiDAR surface to create a single DEM surface (see Figure 2.2) within the 2D model 
extents.  
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  Figure 2.2: Digital Elevation Model 
 
 
2.1.2  3D ESM Data Layers 
 
The TRCA acquired the 3D ESM topographic mapping for the study area which includes all buildings, roads, 
river outlines, and other information typically shown on the TRCA’s flood plain mapping. The data was 
created in 2005.  Originally, the ESM data layers were not in the UTM NAD 1983 projected coordinate 
system.  The TRCA converted these layers into the required projection system and Valdor updated some of the 
ESM data layers to cover the study area.  The updating process is discussed in Section 2.3.     
 
2.1.3  HEC-RAS Model and Existing Floodplain Map 
 
Valdor received the following two HEC-RAS models from the TRCA: 
 

• TRCA flood plain model (HEC-RAS)   

• January 2005 HEC-RAS model (by Stantec) 
 
The TRCA flood plain model was completed in HEC-RAS (steady state) and did not account for flows leaving 
the system. The mapping of the area acknowledged that spilling would occur on the east side of the study area, 
but did not account for the hydraulic relief that would occur if this water would leave the system.  Based on the 
HEC-RAS results, the Lower Humber area was mapped on the HUM 1 flood plain map sheet.  Topographic 
information for this area was based on vertical air photos flown in 1997 and compiled by Northway Map 
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Technology.   
 
The January 2005 HEC-RAS (steady state) model (by Stantec) was created to assess the amount of flow that 
would leave the Humber River valley system and spill through the Windermere underpass (i.e. flows conveyed 
through the Windermere underpass were subtracted from those conveyed through the CN Bridge.  The main 
Humber River was based on the TRCA flood plain model, with small modifications made to the CN crossing 
based on survey information collected. A lateral weir was then added to the model to assess the spill through 
Windermere, and its corresponding effect in reducing water levels in the main Humber River. 
 
2.2  FIELD INVESTIGATIONS 
 
2.2.1  Additional Site Survey and Hydraulic Structure Inventory 
 
Valdor Engineering Inc. in association with Calder Engineering conducted field surveys on 09 and 18 October 
2013 to verify and confirm the crossings within the study area on the Lower Humber River.  The surveys 
included confirmation of the number of crossings, number, location and size of all piers and openings, 
dimensions and elevations of important underpasses, and walkway alignments and elevations.  An inventory of 
key hydraulic structures was prepared and is provided in Appendix H.  
 
2.2.2  WWTP Site Visit 
 
A site visit was conducted on 21 October 2013 inside the Humber WWTP to discuss with the City and plant 
staff regarding their experiences and knowledge of any hydraulic/flooding issues at the WWTP and adjacent 
area.  The following members participated in the WWTP site visit: 
 

- Rob Grech, P.Eng., TRCA 
- Amy Winterhalt, M.Sc., P.Eng., TRCA 
- Bill Snodgrass, Ph.D., P.Eng., City of Toronto  
- Bill Coffey, M.Sc., P.Eng., Valdor Engineering Inc. 
- Abdul Baten, M.Sc., Valdor Engineering Inc. 

 
The purpose of the site visit was to observe important features such as the extent and dimensions of the flood 
walls, berms, retaining walls, any other flood barriers or the presence of any visible hydraulic connectivity 
between the WWTP and external areas to understand better how the WWTP plant area is interrelated with the 
Lower Humber system.  This was required to understand how best to include the WWTP in the 2D model 
development.  
 
As a follow up to this site visit regarding the potential hydraulic connections between the WWTP and the 
Humber River, and as per the TRCA’s e-mail correspondence dated 05 June 2013 “City of Toronto Staff has 
confirmed that no hydraulic connections exist between the WWTP and the Humber River.  All of the 
connections are directed into Lake Ontario, and thus, increased water levels in the Humber River will not 
impact the ability for the treatment plant to drain localized stormwater drainage”.   
 
2.3  GIS DATA LAYERS UPDATE 
 
The 2009 digital orthophoto, available maps and drawings (e.g. MMM subdivision plans for the development 
south of the Queensway and east of South Kingsway), available survey data and collected field information 
were used to update the GIS data layers.  The 3D ESM data layers such as roads, highways, ramps, buildings, 
parking lots did not cover the full extents of the data requirements.  These datasets were updated by digitizing 
additional coverage based on available maps, aerial images, and field investigation data.  Retaining walls, flood 
walls, berms and underpasses were digitized based on the additional topographic survey information and 
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available maps.  Figure 2.1 shows all the updated spatial data layers including flood walls, retaining walls, 
bridge piers, under passes, and road decks that was included. 
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3.0  HYDRAULIC MODEL DEVELOPMENT 
 

The Lower Humber  area (i.e. study area) has complex spatial variability in the topographic features such as 
multi-level roadways, railways, bridges, pathways, under passes, inland lakes and wetlands, buildings, control 
structures (such as berms, retaining walls, flood walls etc.) that significantly influence flood flow direction, 
velocity and eventual flooding depth and extent.  In addition, it is situated at the mouth of the Humber River 
watershed and possesses estuarine-like characteristics and backwater effects due to the presence of a very large 
lake (Lake Ontario) to the south.  
 
In order to develop a truly physically based hydraulic model (i.e. fully hydrodynamic in nature) that is able to 
accurately simulate flooding (in terms of direction, velocity, depth and extent of flooding) in the two-
dimensional surface with complex hydraulic characteristics, the key objectives of the Humber 2D model 
development are to:   
 

• Include in the model all important topographic features such as the numerous flow paths, 
depression storages, water bodies, water crossing structures (e.g. the Queensway bridge, CN 
Railway bridge, etc.) and  structures in the overland areas (e.g. buildings, roads, underpasses, 
walkways, etc.) including flood control walls/berms and retaining walls. 

• Use DHI’s Mike modelling system, a software package with state-of-the-art hydraulic 
computational ability that allows seamless integration of dynamic (i.e. space and time varying) 
water flows between river and overland surface areas, and that is able to take into account effects 
of channel overflow and backwater, with no limitation of multi-directional flow exchange 
including returning flow into channel, reverse flow, effects of drawdown, storage and ponding. 

• Use high resolution (GIS and remote sensing based) digital elevation datasets in the model as a 
base of computation, retrieve, analyze and visualize detailed flooding impacts.  For this reason, 
detailed computation of water depth, velocity and discharge components based on elevation, slope 
direction, roughness properties of each small grid-cell (such as  4 m x 4 m or 2 m x 2 m) and for 
very small time steps have become possible that eventually contribute to more accurate assessment 
of flooding. 

  
With the above objectives for a physically based model development, as per the RFP, two approaches of model 
development were pursued as follows: 
 

• Model run using Mike 21 hydrodynamic module alone. 

• Model run using Mike Flood interface (that integrates Mike 11 hydrodynamic and Mike 21 
hydrodynamic modules).  

 
The differences between the Mike 11, Mike 21 and Mike Flood programs are summarized below. 
 
Mike 11  
 
Mike 11 is a fully dynamic, one dimensional modelling system for modelling simple and complex river 
systems.  The Mike 11 hydrodynamic (HD) module is the nucleus of the Mike 11 modelling system and forms 
the basis for modelling by all other modules including the simulation of flooding. The Lower Humber low flow 
channel was modelled using the Mike 11 HD module.  Model development using Mike 11 (HD) includes the 
following editors to construct and store different data and information layers within the model:  
 

• The network editor is used to define the network of river branches and tributaries, hydraulic 
structures and their connections. 
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• The cross-section editor is used to store all the surveyed raw and processed cross-sections of the 
rivers. 

• The boundary editor stores different types of boundary information including time series data. 

• The HD parameter editor is used to store user-defined values for a number of variables including 
initial values, bed resistances and default values.   

 
Mike 21 
 
Mike 21 is a fully dynamic modelling system for 2D free-surface flows. Mike 21 can run independently and is 
able to seamlessly simulate flows for the rivers, flood plains and overland areas. The Mike 21 hydrodynamic 
(HD) module is the core module in the Mike 21 flow program. As a first step, a Lower Humber model was 
developed using Mike 21 only.  Similar to Mike 11, Mike 21 has different editors to construct and store various 
data and information layers within the model as follows: 
 

• The bathymetry editor is used to define the important topographic features (such as land/lake 
bathymetry, building, flood walls, etc.). The river will be represented in the 2D bathymetry.  
Unlike Mike 11, no river network or cross-section is required to represent a river. 

• The boundary editor is used to define how water will move at the edges of the 2D model domain. 

• Source and sinks are used to define how water will be discharged into or out of the model domain. 

• An initial surface elevation is required to define initial water surface elevation that prevails at the 
start of a simulation (e.g. average Lake Ontario water level). 

• A 2D resistance surface is prepared in dfs2 data format 

• The structure editor enables the input of structure information.  The structure is directly inserted at 
an appropriate location in the 2D model domain  

 
Mike Flood  
 
The Mike Flood interface allows dynamic coupling of MIKE 11 and MIKE 21 models. It solves the fully 
dynamic equations of motion and can simulate both one and two-dimensional flow in open channels, riverine 
flood plains, lakes, estuaries and coastal areas. Mike Flood has an inbuilt system for embedding sub-grid 
features (such as channels, culverts, weirs, etc.) as 1-D links within the 2-D modelling domain. Model setup 
and data preparation steps are completed individually for each of the model components (i.e. Mike 11 and 
Mike 21).  Coupling of these 1D and 2D models is then completed by describing all individual model setup 
items including the 1D/2D link in a coupled model file. In a coupled model, the model simulation parameters 
defined in Mike 21 govern over all other definitions used in the Mike 11 system.  
  
3.1  MODEL DEVELOPMENT USING MIKE FLOOD 
 
Mike Flood is an interface that integrates one-dimensional models for rivers and channels (using Mike 11) and 
two-dimensional models for overland surfaces (using Mike 21) into a single dynamically coupled modelling 
system.  The coupled model approach allows one to utilize the best features of the Mike 11 and Mike 21 
modelling system.  The coupling approach also allows one to avoid important limitations of resolution and 
accuracy encountered when modelling is done using any of these individual modelling systems.   Mike Flood’s 
ability to accurately simulate overbank flows is based on its lateral link that enables the coupled model to 
dynamically exchange flow between 1D river and 2D flood plain areas. 
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3.2  MIKE 21 2D OVERLAND FLOW MODEL 
 
The following are the main elements of the Mike 21 model setup: 
 

• Bathymetry for the entire model extent 

• Boundary conditions 

• 2D roughness data  
 
3.2.1  Bathymetry 
 
Bathymetry is, in general, a digital elevation surface representing the entire 2D modelled area in the Mike 21 
modelling system.  All computations (such as velocities vx, vy, flow fluxes qx, qy, etc.) in the Mike 21 overland 
flow model are based on the bathymetry.  Accurate bathymetry is crucial to achieve accurate model results.  
The resolution and extent of the bathymetry are two important parameters that have significant influences on 
the model results. 
 
Accurate bathymetry can be obtained from accurate topographical information, which includes land elevation 
information as well as other topographical features (e.g. extents and elevation of buildings, berms/flood walls, 
road deck surfaces, etc.) that have significant influences on water movement. 
 
The bathymetry extent, which is the same as the 2D model extent as shown in Figure 2.1, was defined with 
consideration to the following issues: 
 

• Study area extent – the 2D model bathymetry extent was extended beyond the study area extent as 
defined in the RFP (see Figure 1.1).  An adequate “buffer” reach upstream and downstream of the 
study area was maintained to avoid any undesirable boundary influences on the model results 
within the study area 

• The full extent of the available LiDAR data was included in selecting the model bathymetry extent 

• As per model requirements, the bathymetry extents are bounded by a rectangle on four sides 
 
The bathymetry was created from the Digital Elevation Model described in section 2.1.1.  This bathymetry 
covers the area of LiDAR coverage, Lake Ontario and the northeast portion of Grenadier Pond.  Three raster 
datasets covering the three areas were resampled into 4 m x 4 m raster datasets in ArcGIS before creating a 
mosaic into a single raster 4 m x 4 m grid.  The 4 m x 4 m grid elevation dataset (ArcGIS) was then converted 
into a primary bathymetry (see Figure 3.1) using the Mike Zero GIS toolsets. In the mosaic bathymetry, minor 
discrepancies in the elevation surface were noted for the Grenadier pond area. This was because a small portion 
of the pond was covered by the LiDAR surveyed surface while the remaining portion was derived from the 10 
m point elevation DEM data. These two data sets were determined to have minor differences in elevation.  The 
data discrepancies were eliminated manually using the LiDAR elevation surface that was extended for the 
entire Grenadier pond area. The 4 m x 4 m grid size was selected based on the computer processing time 
needed to complete a scenario model run, time step interval requirements, and the output file size. A 4 m grid 
size requires a 0.20 second time step interval to avoid any instability during a model run. Several trial runs 
were completed using various grid sizes and the appropriate maximum time step interval to reduce the overall 
run time.  The output file size and computer processing time for each run was compared. A smaller grid size 
would require a much smaller time step interval (such as 0.10 seconds for a 2 m x 2 m grid size) thus resulting 
in a longer run time.  A 2 m X 2 m grid, for example, requires over twice the time needed to run a 4 m X 4 m 
grid based model and results in a very large output file size.  
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  Figure 3.1: Bathymetry from Digital Elevation Data 

 
 
The Mike 21 model system works over rectangular extents.  The Mike Zero GIS toolsets convert the (UTM) 
geo-referenced raster data to fit into arrays of vertical columns and horizontal rows in a rectangular window (as 
shown in Figure 3.1). As the DEM data boundary is not aligned with the Mike 21 columns and rows, there 
were existing blank/empty spaces within the Mike 21 rectangular boundary that required filling with arbitrary 
elevation values.  Typically, the empty cells are filled with land values, which are attributed to non-
computational cell values.  The land value is selected in such a way that those cells would never be flooded.  
As the land cells are non-computational cells, assigning cells with land values reduces overall model run time.  
Several initial trial model runs with high inflow inputs were completed to finalize a land cell value.  It was 
observed that a land value of 93.0 m could be safely assigned to all cells with an elevation greater than or equal 
to 93.0 m as non-computational cells.  Building polygons were converted into a Mike 21 selection file (Dfs2 
file format). This selection file was used to identify the cells corresponding to buildings. Buildings and roads 
were digitized within the flood plain area only.  Buildings and roads outside the floodplain were not digitized 
as those would not have any impact or influence on flood water movements.  A high land value of 93.0 m was 
used to represent the building cells as these cells were effectively non-computational cells.  The bathymetry for 
the full 2D extent with land values set to 93.0 m and with road deck surfaces in place is shown in Figure 3.2. 
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Figure 3.2: Bathymetry with Land Value (i.e. 93) Assignment 

 
3.2.2  Boundary Conditions 
 
Boundary conditions for the Mike 21 2D model define how the flow and water levels will be controlled at the 
peripheral edges of the 2D model domain defined by the bathymetry limits. When modelling is completed by 
Mike 21 alone, there are three boundary conditions to be defined including the upstream boundary, 
downstream boundary and the boundary at the edges. Typically Mike 21 boundaries are as follows: 
 

• The upstream boundary is an inflow, Q boundary (i.e. source). 

• The downstream boundary is a water level and/or discharge (i.e. sink) to define how the flow will 
be removed from the model domain. 

• One single or multiple boundaries, as appropriate, should be defined at all open edges of the 
model domain.  

 
In Mike Flood, the 2D boundary is typically a condition at the outer edges to specify how the edges of the 
model domain will behave during the model run. The upstream inflow boundary is typically defined in the 
Mike 11 1D model, while a link in the upstream between Mike 11 and Mike 21 needs to be specified.  
Similarly, another link between Mike 11 and Mike 21 at the downstream boundary is required to specify the 
location where the Mike 11 1D channel is discharging its routed flow into the 2D model domain.  In addition, 
the 2D initial surface needs to be provided as an initial surface from which the 2D overland flow solver begins 
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computations. Typically, in Mike Flood, the following boundaries need to be defined: 
 

• The upstream inflow, Qin boundary is for the 1D Mike 11 channel. 

• The downstream water level, WL (or outflow, Qout) boundary for the 1D Mike 11 channel. 

• One single or multiple boundaries, as appropriate, for all open edges of the 2D Mike 21 model 
domain. 

• An appropriate initial water surface is required when the 2D model domain has large water bodies, 
lakes, river estuaries or bay areas.  

 
In this study, the Mike 11 downstream (WL) boundary, the Mike 21 2D outer edge (WL) boundaries and the 
initial water surface (to represent Lake Ontario) were derived from the Lake Ontario 100-yr or normal lake 
level data provided by the TRCA.  The 100-yr lake level (75.80 m) was used as boundaries for the Hurricane 
Hazel, 350-yr and the 100-yr return period hydrograph simulation.  The normal lake level (74.70 m) was used 
as boundaries for all other return period event (i.e. 2-yr through 50yr) simulations including the 08 July 2013 
storm event simulation.  The unsteady inflow hydrographs and the steady peak flows were used as the Mike 11 
upstream boundaries for different scenario model runs.  Table 5.1 shows the different water levels for Lake 
Ontario and the inflow hydrographs used as boundaries in various model runs. 
 
3.2.3    Roughness Parameters 

 
The Mike 21 overland flow solver uses roughness parameters for each grid cell when completing 
computations.  A 2D digital roughness map (Figure 3.3) was prepared based on available land use/land cover 
information.  In Mike 21, the roughness was defined in terms of Mike system’s Manning’s Resistance number, 
which is effectively the inverse (i.e. 1/n) of the Manning’s roughness coefficient value.  2D overland area 
Manning’s roughness coefficient were derived using TRCA’s standard roughness table for various land cover 
and land use. Urban miscellaneous composite roughness coefficients were derived based on weighted average 
roughness coefficients calculated for several sample sites. Urban miscellaneous composite roughness 
coefficients calculation are provided in Table J.1 (Appendix J) and the corresponding sample sites are 
provided in Figure J.2 to Figure J.4 (Appendix J).  
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Figure 3.3: Manning’s Roughness Coefficient Map 
 

 
3.3  MIKE 11 1D RIVER MODEL 
 
The Mike 11 1D Hydrodynamic (HD) module was used to model the low flow channel of the Lower Humber 
River.  The main elements of the Mike 11 model setup are: 
 

• Establishing the channel network and creating cross-sections 

• Structure modelling 

• Boundary setup 

• Roughness parameters 
 
3.3.1  Channel Network and Cross Sections 
 
Originally it was intended to use the available HEC-RAS model for the Mike 11 1D model development.  The 
January 2005 HEC-RAS model (by Stantec) provided by the TRCA was converted into the Mike 11 channel 
network and Mike 11 cross-section files.  DHI’s RAS2MIKE11 conversion tool was used to automate the 
conversion from HEC-RAS to MIKE 11.  This tool automatically converts the HEC-RAS river network 
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topology, cross-sections, and Manning’s roughness values into a set of MIKE 11 model files.  As part of the 
quality checks, the HEC-RAS network including the cross-section lines were overlaid on the geo-referenced 
digital orthophoto and digital elevation model for the study area.  The converted information was checked to 
verify if there was any issue with the conversion process that would need to be addressed.  The following 
findings regarding the conversion process are noted: 
 

• In the Mike 11 1D model, a cross-section cut line is always a straight line between the start and 
end points of any cross-section.  In HEC-RAS, the cross section cut line is not necessarily a 
straight line between the start and end of a cross-section.  Often, several straight line segments are 
connected together to make up a complete cross-section cut line in HEC-RAS.  When a segmented 
non-straight cross section in HEC-RAS is converted, Mike 11 creates a cross-section assuming a 
straight line between the start and end (geo-referenced) points of the HEC-RAS cross-section.  In 
the Lower Humber HEC-RAS model, most of the important cross-sections were not coded as 
straight lines.  Due to this major difference in data representation, the HEC-RAS cross-section 
data were not used to generate M11 cross-sections. 

• When overlaid on the digital orthophoto and the LiDAR digital elevation model, it was observed 
that the HEC-RAS river network and the cross-section cut lines were not overlaid at the proper 
location.  A major adjustment in regard to proper positioning was required.  However, this plan 
view adjustment does not ensure the existing cross-section data of the HEC-RAS sections 
correctly reflects the topography of the adjusted location of that section. 

• In HEC-RAS, the cross-section data was coded from left to right looking upstream, while in the 
Mike 11 modelling system the cross-section data is coded from left to right looking downstream. 
As a result, the converted HEC-RAS cross-section data and its bank locations are represented in 
the reverse order and the cut-line is incorrectly georeferenced in the 1D-2D coupled model.         

 
With consideration to the above noted observations, the concept of generating 1D channel cross-sections (that 
would extend to include the wider valley  banks and flood plain and would contain most of the high flood 
flows) using existing HEC-RAS cross-sections was not pursued.  Based on the data availability and 
investigations made regarding the topographic data issues, it was decided that the Mike 11 cross sections 
should be generated using the three available sources of information including the LiDAR DEM surface, the 
survey data (by TRCA and Valdor) and the existing HEC-RAS model. 
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Based on this new approach, all the cross-sections for the 1D channel were drawn directly in the LiDAR DEM 
surface as per the Mike 11 1D model extents, river network line, two bank lines and cross-section cut marks 
shown in Figure 3.4.  It was noted that the LiDAR surface for the low flow channel area did not represent 
elevations of the channel bed/bathymetry.  As per the LiDAR final report (January 2013), it was understood 
that the low flow channel of the study area consisted of an elevation surface that was created from the 
elevations of the banks represented by the water body breaklines, which were identified during LiDAR data 
acquisition.  Given the importance of having elevation, slope and slope direction based on actual river 
bathymetry for dynamic simulation by the Mike 11 engine, it was decided not to use the LiDAR surface to 
represent the low flow channel bathymetry in the model.  Therefore, each cross section generated using LiDAR 
data was modified at the bottom low flow channel portion, where the elevation values were replaced with the 
existing HEC-RAS channel bottom information and/or available Valdor/TRCA field survey information.  
 
3.3.2  Structure Modelling 
 
The structure information obtained from the HEC-RAS model was updated using the Valdor and TRCA survey 
data and was manually inserted into the MIKE11 model.  There were four major in-line structures modelled in 
Mike 11 as follows: 
 

• The Queensway 

• CN Railway 

• Gardiner/Lakeshore ramp 

• The Gardiner Expressway/Lakeshore Blvd. 
 
Three crossings including the CN Railway, Gardiner Expressway and the Lakeshore Boulevard were modelled 
using the closed cross section approach in Mike 11 since the flow at these sections is influenced predominantly 
by the natural channel section.  Using this approach, the two directional (x and y) variations in the large road 
(deck) surfaces, its cell-by-cell connectivity with immediate upstream and immediate downstream channel 
segments, its connectivity with the 2D overland areas on either side (i.e. left and right bank sides), the channel 
bed’s undulating surface (i.e. which varies in both x and y directions) are represented (modelled) to most 
accurately reflect actual situations.  
 
The main features of this approach are: 
 

• A wide and long road (deck) surface is represented with variations in elevations and roughness 
(both in x and y directions). 

• The high resolution road (deck) surface is an integral part of the 2D land surface.  It also has links 
with upstream and downstream channel segments by allowing overflow based on actual road 
surface (cell by cell) elevations.  If the water level on any side goes above the adjacent road 
surface cell elevation, water will flow over the deck as per the cell’s elevation and direction of 
slope. 

• The low chord of the bridge with this approach was represented by its elevations which varied in 
both longitudinal and cross sectional directions. 

• The channel bed at the crossing varies in both directions. 

• The hydrodynamic equations work simultaneously for both the channel section and the road deck 
surface. 

 
The Queensway crossing was modelled using the culvert option with multiple openings (total of 10 openings) 
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and with the road deck surface represented by an artificial broad-crested weir.  Each individual culvert had its 
own upstream and downstream inverts and opening dimensions.  A single common road deck surface was 
represented by a broad-crested weir, which has connectivity with the upstream and downstream channel 
sections.  This approach does not allow water movement laterally between the left and right bank 2D overland 
surfaces, however, given that the Queensway bridge is not overtopped during the Regional storm, the impact 
on model results is negligible since lateral movement would not occur regardless.        
 
3.3.3  Boundary Conditions Setup 
 
Two boundaries need to be specified for the Mike 11 river model. The upstream boundary is typically a 
constant or time series discharge, while the downstream boundary is usually a constant or time series water 
level.  The steady peak inflow hydrographs for the 2-yr through 350-yr design storms and the Hurricane Hazel, 
and the unsteady hydrographs for the 350-yr design storm and the Hurricane Hazel were used as the Mike 11 
upstream boundaries.  The downstream boundaries were the normal lake level (74.70 m) used with the 2-yr to 
50-yr design storm hydrograph simulations and the 100-yr lake level (75.80 m) was used with the Hurricane 
Hazel, 350-yr and the 100-yr hydrograph simulations.  The boundary condition water level used for each model 
scenario is provided in Table 5.1. The inflow hydrographs for 2-yr to 100-yr, 350-yr and the Hurricane Hazel 
storm events are provided in Figure J.1 (Appendix J).  
 
Steady Peak Flow vs Unsteady Hydrograph Simulation 
 
Mike 11 (or Mike 21) flow is based on the fully dynamic wave description (using St. Venant Equations: 
conservation of mass and conservation of momentum), where flow conditions change over time and space.  
The governing forces (i.e. gravitational, frictional, hydrostatic pressure force and momentum) causing water 
movement are changing from point to point over space and time.  As a result, Mike Flood model unsteady 
simulation create a flow condition (i.e. velocity, depth, flow and flow direction), which vary from point to point 
and with time at every point based on time and space varying governing forces. This flow type is referred to as 
unsteady non-uniform flow. The simulation is called unsteady (and non-uniform) flow simulation or fully 
dynamic flow simulation.  In contrast, steady uniform flow simulation is based on conservation of mass only, 
(i.e. acceleration and time dependent hydrostatic pressure gradient are missing), where the flow condition does 
not change over time and space. We may have a constant inflow (such as the Hazel peak flow) input into the 
Mike 11/Mike Flood model at any upstream location in the channel, simulation may show flow condition 
changes from point to point and with time at every point as the governing forces are changing at any point over 
space and time.  If the steady peak flow input is used for a very long simulation period, any location over a 2D 
surface or in the channel may achieve a steady flow condition provided no other new force such as a tidal force 
or wall effect acts on that location.  This flow condition, however, may not be the same at a location 
immediately upstream or downstream.  The reason for this steady state condition is that after a long steady 
input duration, the resultant governing forces at that particular location remain unchanged.    
 
3.3.4    Roughness Parameters 
 
The TRCA standard manning’s roughness coefficients were used for the channel sections and the structures. 
Roughness values of 0.035 and 0.08 were used for the low flow channel and the over bank areas.  A value of 
0.013 was used for the concrete surface for culvert structures.   A weighted average value based on 0.013 for 
vertical concrete surfaces and 0.035 for natural channel bed was used for culvert crossings.    
 
3.4  MIKE FLOOD – MODEL SIMULATION AND OUTPUT 
 
3.4.1    Coupling the 1D and 2D Models 
 
The final steps of the Humber 2D model setup was the integration of the Humber Low flow 1D Mike 11 
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channel model with the 2D overland area Mike 21 model using the Mike Flood interface model.  This 
integration in Mike Flood allows a seamless flow exchange between the 1D river and the 2D overland areas 
thereby enabling the space and time-dependent dynamic simulation of flows as occurs physically in real-world 
hydraulic systems.  This integration is facilitated by coupling together the 1D MIKE11 model and the 2D 
MIKE21 in two ways as follows: 
 

• A lateral link is set up that enables the coupling along the left bank and right bank of the 1D 
channel with the 2D overland areas.  

• A standard link is set up that enables the coupling at the upstream or downstream end of the 
1D channel with the 2D overland area. 

 
Figure 3.5 shows the final bathymetry of the Humber 2D Mike Flood model.  The 1D river area was blocked 
by the red coloured cells (after the link was established between the 1D and the 2D models) so that these cells 
were not used in the Mike 21 computations since the computations at these cell locations is performed by the 
Mike 11 model. 

Figure 3.5: Mike 21 2D Bathymetry with Blocked Cells to Represent Mike 11 1D-Channel  
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3.4.2    Simulation Parameters 
 
The total duration of the hydrodynamic simulation was typically 18 hours for the steady peak flow simulations 
and 48 hours for the unsteady hydrograph simulations (except for the 08 July 2013 storm simulation which was 
run for 75 hours). It was determined that 18 hours of simulation time was adequate to allow the model to 
convey the peak flows through all the 1D and 2D model computational points within the study area.  The intent 
of the study is to map maximum water levels – the additional run is not needed because water levels begin to 
recede from the maximum, which is unnecessary to the results. The start of each simulation period typically 
begins from the first or second hour of the actual hydrograph, which was decided based on whether any 
significant flow occurs in the first hour or not.  From a practical standpoint, a very small initial flow does not 
have any impact on the flood flow depth and extent.  A reduction of the model simulation duration, however, 
has a significant impact on the total computer run time.  The total number of time steps used for a steady peak 
flow simulation was 324,000.  The number of time steps used for the unsteady hydrograph was typically 
864,000 for the 48 hour hydrographs and 1350,000 for the 08 July 2013 storm.  The time step interval was set 
to 0.20 seconds for every simulation, which ensures adequate capture of the peak flow response by each of the 
2D grid cells (4.0 m x 4.0 m size) and the 1D channel computational points.  
 
3.4.3    Model Output 
 
The key Mike Flood model outputs are dynamic flood depth (H) and flow flux in the x-direction (qx) and the y-
direction (qy).  Post-processing was completed within the Mike system to create flood velocity in the x-
direction (Vx) and the y-direction (Vy), resultant flood velocity (Vr) and 2D water surface elevation (WS) for 
each of the model run scenarios.  The outputs were converted into ArcGIS format.  ArcGIS was used to 
process the output layers to prepare the Regional and 100-yr flood depth maps which show the extent and 
depth of flooding.  Flood depth, velocity and flow direction maps for all model run scenarios were prepared 
using the Mike Zero Results View toolsets. Flood animations were created using Vx, Vy velocity vector 
components with the dynamic flood depth in the background that shows flow path and flow direction.  The 
flood animations provide a better understanding of how the flood water propagates over the study area in space 
and time for any changes in the basic and hydro-dynamic parameters. 
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4.0  PRELIMINARY HYDRAULIC MODEL INVESTIGATIONS 
 
4.1  MIKE 21 MODEL INVESTIGATIONS 
 
Model Development Using the Mike 21 HD Module 
 
As per the RFP requirements, a preliminary model for the Lower Humber area was initially developed using 
the Mike 21 Hydrodynamic (HD) module only.  The bathymetry was created from the LiDAR DEM surface 
provided by the TRCA.  Initially, all the bridge piers were incorporated into the 2D bathymetry.  It was thought 
that the flooding would not overtop the Queensway and other crossings.  Therefore, lower chord and upper 
chord elevations were not modelled.  The bathymetry was modified to include the surveyed elevations and 
dimensions for the flood walls/berms and retaining walls.  Finally, the bathymetry was prepared by 
incorporating all the buildings, land cells and by filling the empty areas with the land cells as shown in Figure 
4.1.  The boundary for the 2D model defined at the open edges of the model domain was set at 75.80 m.  The 
initial water surface elevation was set at 75.80 which corresponds to the 100-yr Ontario Lake level.  A 2D 
resistance surface was created.  The model run was then completed using the steady peak for the Hurricane 
Hazel storm. 
 

 
Figure 4.1: 2D Bathymetry for Mike 21 Model Run 
 
 
 
 
 



13141 – Lower Humber 2D Flood Modelling  March 2017 

 
  25 

Mike 21 Model Results 
 
The Mike 21 results obtained (see Figure 4.2) were analyzed. It was observed that high water surface 
elevations occurred in the vicinity of the WWTP and at the Queensway crossings.  The flood flows overtopped 
some segments of the WWTP berms on the east side.  Simulated water surface elevations overtopped the 
Queensway crossing as well.  Subsequently, further investigations were carried out on the model results and 
bathymetry.  These investigations revealed that the higher elevations recorded in the LiDAR bathymetry for the 
low flow channel area (i.e. the LiDAR records the elevation of the water surface in the river and not the 
channel bottom) and the lack of an elevation surface for the northeast part of Grenadier Pond (i.e. the lack of 
bathymetry creates a “wall” effect) resulted in the higher flood levels in the Mike 21 model simulation. 
 

   Figure 4.2: M21 Results – Exaggerated Extent and Depth of Flooding 
 
 
Conclusions and Recommendations  
 
The Lower Humber River has several crossings (The Queensway, CN Railway, Gardiner Expressway, 
Lakeshore Boulevard and access ramps) which are hydraulically important and influence the flooding in the 
vicinity of the Humber WWTP.  Each of these crossings is very large, and has multiple irregular openings and 
wide road decks.  All the crossings are closely situated.  Appropriate modelling of these crossings requires the 
handling of complex issues.  Mike 21 allows only limited options to model structures.  In contrast, extensive 
and versatile options for modelling complex crossings are available using Mike 11 which can be coupled with 
Mike 21 using the Mike Flood interface.  In order to properly model the Lower Humber River, appropriate 
modelling of all crossings and adjacent upstream and downstream channel sections using Mike 11 is important. 
     
The core of the study area including the wide low flow channel area is covered by the LiDAR digital elevation 
surface.  The LiDAR surface for the river or low flow channel area does not represent elevations of the channel 
bed/bathymetry.  As per the LiDAR final report (January 2013), the LiDAR return signals from the water 
surface were used to generate the water body breaklines along the river banks.  The elevations along these 
breaklines (i.e. banklines) were used to create the DEM surface for the river or channel.  It was observed that 
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approximately the entire low flow channel of the study area was covered by an elevation surface that was 
created from the water body breakline bank elevations.  As the elevation, slope and slope direction of each 
small cell within the 2D surface can significantly affect the hydrodynamic simulation by the Mike 21 HD 
model, it is important to avoid using the LiDAR created elevation surface as the bathymetry for the low flow 
channel.  In addition, it is necessary to avoid the vertical barrier created due to the lack of elevation surface in 
the northeast portion of Grenadier Pond. 
 
As such, it was decided to develop the Lower Humber 2D model using Mike Flood whereby Mike 11 would be 
used to model cross-sections of the low flow channel and details of the existing structures with greater 
accuracy.  The Mike 21 model would be used to model the 2D overland area only.  Coupling the two models 
allows using the best features of each model while many of the limitations of each individual model can be 
avoided.   
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5.0  FINAL HYDRAULIC MODEL SCENARIOS 
 
Various scenarios were investigated for the Lower Humber 2D hydraulic analysis based on actual storms and 
return period storm events combined with WWTP conditions with and without flood protection berms/walls in 
place. The 100-yr lake level was used as the downstream boundary water level/surface for the Hurricane Hazel, 
350-yr and the 100-yr hydrograph simulations.  The normal lake level was used as the downstream boundary 
condition for all other storm events (2 to 50-yr) including the July 08 storm.  A list of the model run scenarios, 
key features of each scenario, and the locations model results are provided in Table 5.1. 
 
Table 5.1: List of Model Runs, Key Features of each Scenario, and Location of Results 

  
Scenario 

No. in 
Model 
Setup 

Storm Events/ 
Inflow 

Hydrographs 

Hydro-
graph 
Type 

Flow  
Land Use 
Condition 

WWTP 
Berms/Walls 

Condition 

Lake Ontario 
Water Surface 

Elevation 

Simula-
tion 

Period 

Location of 
Model 
Results 

S01 
Hurricane Hazel -
Steady Peak 
Inflow 

Steady Future 
Ex. Walls/Berms 
in Place 

75.80 m  
(100-yr lake level) 18 hours App. A, Fig 

8.1 

S02 100-yr Steady 
Peak Inflow Steady Existing Ex. Walls/Berms 

in Place 
75.80 m 
(100-yr lake level) 18 hours App. A, Fig 

5.1 

S03 
Hurricane Hazel – 
Unsteady 
Hydrograph 

Unsteady Future 
Ex. Walls/Berms 
in Place 

75.80 m 
(100-yr lake level) 48 hours Appendix E 

S05 
Hurricane Hazel – 
Unsteady 
Hydrograph 

Unsteady Future 
Without 
Walls/Berms 

75.80 m 
(100-yr lake level) 48 hours Appendix F 

S07 2-yr Steady Peak 
Inflow Steady Existing Ex. Walls/Berms 

in Place 
74.70 m 
(Normal lake level) 18 hours Appendix D 

S08 5-yr Steady Peak 
Inflow Steady Existing Ex. Walls/Berms 

in Place 
74.70 m 
(Normal lake level) 18 hours Appendix D 

S09 10-yr Steady Peak 
Inflow Steady Existing Ex. Walls/Berms 

in Place 
74.70 m 
(Normal lake level) 18 hours Appendix D 

S10 25-yr Steady Peak 
Inflow Steady Existing Ex. Walls/Berms 

in Place 
74.70 m 
(Normal lake level) 18 hours Appendix D 

S11 50-yr Steady Peak 
Inflow Steady Existing Ex. Walls/Berms 

in Place 
74.70 m 
(Normal lake level) 18 hours Appendix D 

S12 July 08, 2013 
Storm Event Unsteady Existing Ex. Walls/Berms 

in Place 
74.70 m 
(Normal lake level) 75 hours App. G, Fig 

6.1 

S13 350-yr Steady 
Peak Inflow Steady Future Ex. Walls/Berms 

in Place 
75.80 m 
(100-yr lake level) 18 hours Appendix A 

S14 350-yr Unsteady 
Inflow Hydrograph Unsteady Future Ex. Walls/Berms 

in Place 
75.80 m 
(100-yr lake level) 48 hours Appendix E 

S15 
Hurricane Hazel – 
Steady Peak 
Inflow 

Steady Future 
Without 
Walls/Berms 

75.80 m 
(100-yr lake level) 18 hours 

App. B & C, 
Fig. 8.2, 8.5 

& 8.6 

S16 350-yr Steady 
Peak Inflow Steady Future Without 

Walls/Berms 
75.80 m 
(100-yr lake level) 18 hours Appendix B 

S17 350-yr Unsteady 
Inflow Hydrograph Unsteady Future Without 

Walls/Berms 
75.80 m 
(100-yr lake level) 48 hours Appendix F 

 
 
The scenario model runs and corresponding results are described in the following sections.  Maps and figures 
showing the results for all modelled scenarios are provided in Appendices A, B, C, D, E, F, G and Figures 
5.1, 6.1, 8.1, 8.2, 8.5 and 8.6. 
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5.1 STEADY PEAK INFLOW (100-YR, 350-YR AND H. HAZEL) WITH EXISTING WWTP 
WALLS/BERMS  
 
The three model scenarios based on the existing WWTP berms/walls in place and using the 100-yr Lake 
Ontario level of 75.80 m were run with a steady peak inflow.  The numbers in the model setup corresponding 
to these scenarios are S01, S02 and S13 (Table 5.1).  The steady peak inflows used in these scenario runs were 
the Hurricane Hazel peak (1557.8 m3/sec), the 100-yr design storm peak (471.0 m3/sec) and the 350-yr design 
storm peak (984.2 m3/sec), respectively.  A simulation period of 18 hours was used.  The 18 hour simulation 
period was adequate to ensure that the impact of the peak flooding reached all the grid cells of the adjacent 
areas in the vicinity of the WWTP.   
 
Model outputs were post-processed using the Mike Zero toolset to obtain velocity vector components. Flood 
depth, velocity and direction maps were prepared using Mike Results View.  The flood depth maps 
corresponding to Hurricane Hazel, 350-yr and 100-yr storm events are provided in Figure A.1 through Figure 
A.3 (Appendix A), respectively. Velocity maps and flow direction maps corresponding to these three storm 
events are provided in Figure A.5 through Figure A.6 and Figure A.7 through Figure A.9 (Appendix A), 
respectively. Food depth maps for the Hurricane Hazel and the 100-yr storm were also prepared using ArcGIS 
to show greater details in the vicinity of the WWTP. The GIS based maps for the 100-yr and the Hurricane 
Hazel event are provided in Figure 5.1 and Figure 8.1, respectively. 
 
The flood depth maps show that the north-eastern residential area to the east of the S Kingsway up to the Ellis 
Avenue is flooded during Hurricane Hazel, while the same area is flood free during the 350-yr and the 100-yr 
storm events. The 350-yr event shows spilling through the underpass south of the Queensway and a small area 
south of Lake shore Blvd W, while this area does not show any spills during the 100-yr storm event simulation. 
 
5.2 STEADY PEAK INFLOW HYDROGRAPH (350-YR AND H. HAZEL) WITHOUT WWTP 
WALLS/BERMS  
 
The model scenarios based on the existing WWTP berms/walls removed condition were run with the Hurricane 
Hazel and the 350-yr steady peak inflow hydrographs.  The numbers in the model setup corresponding to these 
scenarios are S15 and S16 (Table 5.1).  The 100-yr Lake Ontario level of 75.80 m was used for the Hurricane 
Hazel and 350-yr storm event simulations. A simulation period of 18 hours was used for both the model 
scenario runs using steady inflow. The 18 hour simulation period was adequate to ensure that the impact of the 
peak flooding reached all the grid cells of the adjacent areas in the vicinity of the WWTP. 
 
ArcGIS was used to prepare detailed flood depth, flood velocity and flow direction maps for the steady peak 
Hurricane Hazel without WWTP walls/berms condition simulation. These GIS based flood depth, velocity and 
flow direction maps are provided in Figure 8.2, Figure 8.5 and Figure 8.6, respectively. For a consistent 
comparison with model results of other events, results for both the model scenarios (i.e. S15 and S16) were 
processed using Mike Results View to prepare flood depth, velocity and flow direction maps. Flood depth, 
velocity and flow direction maps corresponding to these two scenarios are provided in Figure B.1 through 
Figure B.6 (Appendix B). A full sized flood depth map (Map C.1) corresponding to this steady peak 
Hurricane Hazel simulation was prepared using ArcGIS with a scale of 1:2000 and is provided in Appendix C. 
As per the MNR guidelines, the Regional flood depth map (i.e. Map C.1) for the scenario with the WWTP 
berms and walls removed was used to prepare the floodline maps (i.e. Humber River Sheet 1 and Sheet 1A), 
which are also included in Appendix C.   
 
Flooding during Hurricane Hazel extends to the northeast side of the Humber River and along the Queensway 
and the Lake Shore Blvd east of S Kingsway. Large areas within the WWTP are flooded from the significant 
spills that occur due to the removal of the WWTP berms and walls. The flooding during the Hazel event 
continues through the underpasses south of the Gardiner Expressway and Lakeshore Boulevard. Figure 8.5 
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and Figure 8.6 show the details of the flood occurring process and the velocity in the vicinity of the WWTP 
respectively. While the 350-yr storm with WWTP berms/walls removed condition shows that significant 
flooding occurs within the WWTP area, most of the northeast side of the Humber River and east of S 
Kingsway are flood free. However, 350-yr storm with WWTP berms/walls removed condition simulation 
shows spilling through the underpass south of the Queensway and a small area south of the Lake shore Blvd.  
 
5.3 STEADY PEAK INFLOW HYDROGRAPH (2 TO 50-YR) WITH EXISTING WWTP 
WALLS/BERMS  
 
Theses model scenarios based on the existing WWTP berms/walls in place were run with the steady 2 to 50-yr 
steady peak inflow hydrographs.  The numbers in the model setup corresponding to these scenarios are S07 to 
S11 (Table 5.1).  The normal lake level of 74.70 m was used for the 2 to 50-yr steady peak inflow hydrograph 
simulations.  A simulation period of 18 hours was used for all model scenario runs using steady inflow.  
 
Model outputs were processed using the Mike Zero toolset.  All the flood depth maps, velocity maps, and the 
flow direction maps for 2 to 50-yr storm events were prepared using Mike Results View. Flood depth maps 
corresponding to 2-yr to 50-yr storm events are provided in Figure D.1 through Figure D.5 (Appendix D), 
while corresponding velocity maps are provided in Figure D.6 through Figure D.10 and flow direction maps 
are provided in Figure D.11 through Figure D.15 (Appendix D), respectively.  
 
The flood depth maps show that for all return period storms (i.e. 2-yr through 50-yr storms), flooding is 
contained within the Humber River valley.  No spill to the WWTP was observed for any of the return period 
events. 
 
5.4 UNSTEADY INFLOW HYDROGRAPH (350-YR AND H. HAZEL) WITH EXISTING WWTP 
WALLS/BERMS  
 
The model scenarios based on the existing WWTP berms/walls in place condition were run with the Hurricane 
Hazel and the 350-yr unsteady inflow hydrographs.  The numbers in the model setup corresponding to these 
scenarios are S03 and S14 (Table 5.1).  A simulation period of 48 hours was used. It was observed that the 
peak of each inflow hydrograph typically occurs within the first 20 hours of the start of the hydrograph.  It was 
investigated and concluded that a longer period of simulation beyond 48 hours did not change flooding depths 
or the extent of flooding in the core study area and adjacent the WWTP.  Therefore, a 48 hour simulation 
period was adequate to ensure that the impact of the hydrograph peak will reach all the grid cells of the core 
area of interest.  
 
Model outputs were post-processed using the Mike Zero toolset to obtain velocity vector components as well as 
instantaneous maximum depth of flooding and instantaneous maximum velocity for each individual wet cell.  
Flood depth, velocity and flow direction maps were prepared using Mike Results View.  The flood depth maps 
corresponding to Hurricane Hazel and the 350-yr storm events are provided in Figure E.1 and Figure E.2 
(Appendix E). Velocity maps corresponding to Hurricane Hazel and the 350-yr storm are provided in Figure 
E.3 and Figure E.4, while flow direction maps corresponding to these storms are provided in Figure E.5 and 
Figure E.6 (Appendix E), respectively.  
 
The flood depth map (i.e. Figure E.1) corresponding to unsteady Hurricane Hazel with berms/walls in place 
shows that the northeast side of the Humber River along the Queensway and the Lake shore Blvd W including 
underpasses are flooded, but the extent of flooding in this simulation is somewhat smaller compared to the 
steady peak Hurricane Hazel simulation (see Figure A.1). The east side area beyond Windermere Avenue are 
flood free during this unsteady simulation, while the same eastern area beyond Windermere was flooded during 
steady peak Hurricane Hazel simulation. The unsteady 350-yr event simulation flood depth map (Figure E.2) 
shows a minor spill through the underpass south of the Queensway, while the entire east side area beyond S 
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Kingsway is flood free and the area south of Lake shore Blvd W is spill free. 
 
5.5 UNSTEADY INFLOW HYDROGRAPH (350-YR AND H. HAZEL) WITHOUT WWTP 
WALLS/BERMS  
 
The model scenarios based on the existing WWTP berms/walls removed condition were run with the Hurricane 
Hazel and the 350-yr unsteady inflow hydrographs.  The numbers in the model setup corresponding to these 
scenarios are S05 and S17 (Table 5.1).  A simulation period of 48 hours was used.  
 
Model outputs were post-processed using the Mike Zero toolset to obtain instantaneous maximum depth of 
flooding and instantaneous maximum velocity for each individual wet cell. Flood depth, velocity and direction 
maps were prepared using Mike Results View.  The flood depth maps corresponding to Hurricane Hazel and 
the 350-yr storm events are provided in Figure F.1 and Figure F.2 (Appendix F). Velocity maps 
corresponding to Hurricane Hazel and the 350-yr storm are provided in Figure F.3 and Figure F.4, while flow 
direction maps are provided in Figure F.5 and Figure F.6 (Appendix F), respectively.  
 
The flood depth map (i.e. Figure F.1) corresponding to unsteady Hurricane Hazel with berms/walls removed 
condition shows that the northeast side of the Humber River along the Queensway and the Lake shore Blvd W 
including underpasses are flooded. The east side of Windermere is flood free during this unsteady H. Hazel 
simulation, while the same area is flooded during steady peak H. Hazel with the berms/walls condition 
simulation (see Figure B.1).  Areas within the WWTP are flooded from the spills that occur due to the removal 
of the WWTP berms and walls. The overall extent of flooding in this unsteady H. Hazel simulation (Figure 
F.1), however, is smaller compared to the extent of flooding that occurs during the steady peak H. Hazel 
simulation (see Figure B.1). The unsteady 350-yr event with WWTP berms/walls removed simulation shows 
(see Figure F.2) no spilling through the underpass south of the Queensway, while the entire east side area 
beyond S Kingsway is flood free and the area south of Lake shore Blvd W is also spill free.  
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6.0  MODEL COMPARISONS, VERIFICATIONS AND SENSITIVITY 
ANALYSIS 
 
6.1 COMPARISON OF HEC-RAS AND MIKE FLOOD RESULTS 
 
A comparison of water surface elevations between the Mike Flood and HEC-RAS model results was prepared 
and is presented in Table 6.1.  In order to make a consistent comparison, both the HEC-RAS and Mike Flood 
results were taken from the model run with similar hydraulic conditions within the study area.  Both model 
results were based on the steady Hazel peak flow simulation with the existing WWTP berms/walls in place.  
Results from the two different HEC-RAS models were compared with the Mike Flood results.  These included 
the TRCA HEC-RAS flood plain model and the January 2005 HEC-RAS model (by Stantec).  In Table 6.1 the 
location described by the Mike 11 chainage and the corresponding location of the HEC-RAS cross sections are 
in close proximity to one another.  The comparison shows that the water surface elevations from the Mike 
Flood model are, in general, close to the water surface elevations from the January 2005 HEC-RAS model 
(Stantec).  In addition, the water surface elevations in the TRCA flood plain model, downstream of the CN 
railway bridge, are very close to those in the Mike Flood model.  However, upstream of the Queensway Bridge, 
the water surface elevations in the TRCA flood plain model were about 2.0 m higher than the Mike Flood 
simulated water surface elevations. 
 
As a hydrodynamic model, Mike Flood simulates flows seamlessly between the channel and overland areas and 
takes into account the effects of channel overflow as well as return flow into the channel. The Mike Flood 
simulation shows that significant over bank spills occur upstream of the Queensway crossing that causes 
significant attenuation of flood elevations in subsequent downstream sections.  The January 2005 HEC-RAS 
model was created to assess the amount of flow that would leave the Humber River valley system and spill 
through the Windermere underpass.  In the January 2005 model, cross sections near the CN railway bridge 
were modified based on the survey, and  a lateral weir was added to the model to deduct approximately 75 
m3/sec of flow from the total flow immediately downstream of the Queensway crossing.  The main reason the 
January 2005 HEC-RAS water surface elevations are close to the Mike Flood model results is the above noted 
cross section modifications and the lateral flow deduction to reflect the spill in the vicinity of the Queensway.  
Unlike the January 2005 model, the TRCA flood plain model did not account for any flows leaving the system 
and assumed the total Hazel peak flow was conveyed through the CN railway crossings and other crossings.  
As such, TRCA flood plain model results in higher water surface elevations at the Queensway crossing as well 
as in the vicinity of the Humber WWTP.       
 
 
      
 
 
 
 
 
 
 
 
 
 
 
 
    
 



13141 – Lower Humber 2D Flood Modelling  March 2017 

 
  33 

Table 6.1: Comparison of Mike Flood and HEC-RAS Results 
 

 
 
6.2  SENSITIVITY ANALYSIS USING DIFFERENT LAKE LEVELS 
 
Mike Flood model run results were analyzed for several lake level conditions.  Several models were setup with 
similar DEM conditions (for instance with berms/walls, retaining walls etc.) upstream of the Humber crossings, 
but with different boundary and initial surface conditions based on the Lake Ontario water surface varying 
from 74.30 m (normal water level) to 75.80 m (100-yr water level).  All models were run with the Hurricane 
Hazel peak flow.  It was observed that the flood depths and extents obtained from various runs for the upstream 
areas in the vicinity of the WWTP did not show any significant differences for different lake levels.  In other 
words, the model results for the areas surrounding the WWTP did not show any sensitivity to the lake water 
surface elevations.  Therefore, the accuracy of the flood depth and floodline for the area adjacent the WWTP 
plan area was not impacted by any undesirable influences of the downstream boundary condition (i.e. Lake 
Ontario water surface level).  
 
6.3 08 JULY 2013 STORM WITH EXISTING WWTP BERMS/WALLS  
 
Under this model scenario, existing WWTP berms/walls remained in place and the inflow hydrograph used 
was taken from the measured discharge for the 08 July 2013 storm event.  The number in the model setup for 
this scenario is S12.  The normal Lake Ontario level of 74.70 m was used to derive the model boundaries and 
initial water surface elevation.  As provided by the TRCA, the 08 July hydrograph has a total duration of about 
96 hours.  A simulation period of 75 hours (instead of 96 hours) was used in the model run to avoid prolonged 
computer processing time.  It was observed that the peak of this hydrograph occurred at about 55 hours.  The 
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peak is approximately 393.0 cms.  The period of simulation used was 75.0 hours which is about 20 hours 
beyond the peak occurrence time.  This is considered adequate based on observations for the other simulations 
to ensure that the maximum flooding impact of the 08 July hydrograph will occur within this period of 
simulation.  In addition, it is important to note that there was no spill into the 2D overland areas observed 
during the 08 July hydrograph simulation.  The measured flow for the hydrograph at 75 hour is approximately 
48.0 cms.  Given that the entire hydrograph flow was contained within the Humber River and the recession 
limb reached approximately 48.0 cms, a simulation period beyond 75 hours would not produce any greater 
flooding impact.  
 
Model outputs were post-processed using the Mike Zero toolset to obtain velocity vector components.  The 
flood depth and velocity maps were prepared using Mike Zero Results View.  The flood depth and velocity 
maps for the 08 July 2013 storm based on the observed hydrograph are provided in Figure G.1 and Figure 
G.2 (Appendix G). 
 
6.3.1 Comparison of the Mike Flood Model with Observed Flood Elevation 
 
Stream flow gauge data for the Lower Humber study area is not available.  During the 08 July 2013 storm the 
closest operational stream flow gauge station was the Environment Canada Weston Road / Lawrence Avenue 
Station, upstream of the study area.  Therefore, a 08 July 2013 hydrograph was created by adjusting the 
hydrographic data recorded at the EC Weston / Lawrence station.  The Ministry of Transportation (MTO) flow 
transposition equation [Q2 = Q1 (A2/A1)0.75] was used to adjust the flows based on the drainage area to the EC 
Weston / Lawrence station of approximately 80,200 ha and the drainage area to the Lower Humber study area 
of approximately 89,700 ha.  For comparison, the recorded high water level was marked on 09 July 2013 by 
observing a trash line created when the water level rose.  Finally, the approximate elevation of 75.86 m just 
upstream of the CN railway bridge was determined by referencing the location of the trash line on the 
topographic mapping. 
 
The high water level calculated based on the Mike Flood model was 75.61 m at the corresponding cross section 
in the Mike 11 model. The simulated and observed flooding extent for the 08 July 2013 storm event is shown 
in Figure 6.1.  The simulated extent is very close to the observed flooding extent. The flood levels compare 
reasonably well considering the following uncertainties: 
 

• The peak measured flow was transposed from a flow gauge outside the study area further 
upstream near Weston Road and Lawrence Avenue (i.e. the drainage area at the study location is 
12% larger than drainage area at the gauge) 

• The debris pile is an approximation only of actual water level 

• The location immediately upstream of the CNR bridge would be vulnerable to unstable hydraulic 
conditions that could potentially result in a debris line higher than the average water level and a 
modelled elevation lower than the debris line 

• The LiDAR vertical accuracy for the study area is +/- 10 cm with a confidence level of 95% 

• The 08 July 2013 model simulation was completed using the average water level (74.7 m) for 
Lake Ontario while the observed lake level at the time of the event may have been higher (75.1 m) 

• The Mike 11 water level reported for the adjacent cross section is an average elevation along the 
entire section (i.e. in reality, some variation in elevation along the cross section would be 
expected) 
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6.4 ASCERTAINING THE SUITABILITY OF STEADY PEAK FLOW AND UNSTEADY INFLOW 
HYDROGRAPH SIMULATION RESULTS FOR FLOODPLAIN MAPPING  
 
The results of the Mike Flood model for both steady peak flow simulation and the unsteady inflow hydrograph 
simulation were compared to ascertain which flow condition was most appropriate to use for floodplain 
mapping.  Both model runs were completed for the scenario with the existing berms/walls in place and the flow 
data used was from Hurricane Hazel. The model setup for the Hurricane Hazel steady peak inflow with 
berms/walls in place simulation is described in scenario S01 (Table 5.1).  The flood depth map corresponding 
to the steady H. Hazel peak inflow simulation is provided in Figure A.1 (Appendix A).  The model setup for 
the unsteady Hurricane Hazel inflow hydrograph with berms/walls in place condition is described in scenario 
S03 (Table 5.1).  The flood depth map corresponding to the unsteady Hurricane Hazel hydrograph simulation 
is provided in Figure E.1 (Appendix E). 
 
Based on a comparison of flooding extent between the steady peak and unsteady Hazel hydrograph 
simulations, it was observed that the flood extent corresponding to unsteady H. Hazel simulation is smaller 
than the extent of flooding corresponding to the steady Hazel simulation.  As such, it was determined that the 
steady Hazel simulation was more appropriate and conservative. 
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 7.0  FLOODPLAIN MAPPING 
 
In section 6.4, two flood simulation results based on the steady Hurricane Hazel peak and unsteady Hurricane 
Hazel hydrograph were compared.  Based on the comparative analysis, it was determined that the steady 
Hurricane Hazel input hydrograph was more appropriate to use for floodplain mapping than the unsteady peak 
flow. 
  
With assistance from the TRCA, two updated floodplain map sheets were prepared based on the flood depth 
maps calculated with Mike Flood.  These updated map sheets will replace the existing floodplain map (HUM-
1).  The floodline was created by digitizing through the 4.0 m x 4.0 m raster based flooded cells of the 
Regional flood depth map. The flood depth map was prepared in ArcGIS based on the Mike Flood results 
obtained from the 18-hr steady Hurricane Hazel simulation without WWTP berms/walls in place scenario as 
per MNR guidelines. The contours used to prepare the base map were created using the LiDAR digital 
elevation surface.  The updated floodplain map sheets (i.e. Sheet 1 and Sheet 1A) are provided in Appendix C. 
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8.0  FLOOD VULNERABILITY OF THE HUMBER WWTP 
 
Based on the results of the Mike Flood model for the range of return period and Regional events considered, 
the vulnerability of the Humber WWTP to flooding was assessed.  As indicated previously, the City confirmed 
that no hydraulic connections (i.e. storm sewers or area drains) exist between the site and the Humber River.  
As such, flooding of the WWTP due to rising water levels in the Humber River would occur only as overland 
flow/spill. 
 
The following is an excerpt from the Lower Don River West Remedial Flood Protection Project ESR (TRCA, 
2005) regarding the use of and risks of dykes for flood protection: 
 

 “The Provincial Natural Hazards Policy which includes flooding is implemented using the 
Rivers and Streams Performance Standards and Technical Guidelines, published by the 
Ministry of Natural Resources in April of 2001. This guideline document clearly states that an 
earth fill dyke, or similar structure, is not considered as a form of permanent flood control and 
that if used, additional flood protection, such as flood proofing of individual structures, would 
be necessary behind the dyke. This position is based on the risk related to the failure modes 
that are inherent in the typical design of a dyke structure. 
 
With a dyke, three principal modes of failure exist: 
 

1. Dyke overtopping - floodwaters can overtop the structure and erode its dry side, 
leading to the potential failure of the fill; 

2. Dyke saturation - the movement of water through or under the dyke can result in the 
saturation of the dyke and failure; or, 

3. Boils - the movement of water through or under the dyke can produce what are 
termed boils, which develop at the toe of the dry side of the dyke as water re-surfaces, 
creating an ever increasing flow as fines beneath the dyke are removed, and finally 
resulting in failure of the fill. 

 
The risk of failure due to the modes described in 1) and 2) above can be aggravated by either 
man made or natural intrusions into the earth fill, by burrowing animals, deep rooted 
vegetation, buried servicing (sewers) and building foundations.” 

 
As per the results of the Mike Flood modelling (see Figure 8.1), the berms/walls have been constructed to an 
elevation that is suitable in preventing overtopping of the structure during the Regional Storm Event (based on 
Hurricane Hazel).  Cross sections including water levels in the vicinity of the WWTP berms/walls are shown in 
Figure 8.3.  Note that these sections are based on no failure of the embankment or retaining walls occurring 
during the Regional Storm. 
 
In order to prevent modes of failure 2) and 3), a Flood Protection Landform (FPL) would need to be 
constructed in place of the berm, which has much stricter design criteria (a preliminary draft of this criteria is 
presented in Appendix I).  Based on the current height of the walls/berms(approximately 4 m), a FPL to be 
constructed in this location would require a footprint width (dry side toe of slope to wet side toe of slope) of 
approximately 210 m (based on a 10:1 wet side slope, 10 m top width and 2.5% dry side slope).  Given the 
space requirements, this is not feasible unless significant infrastructure within the WWTP was removed (which 
is not cost effective). 
 
As such, from a regulatory perspective, a portion of the site (as shown in Figure 8.2) is flood susceptible 
during the Regional Flood, and the plant will continue to be regulated by the TRCA.  Cross sections including 
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water levels in the vicinity of the WWTP from a regulatory perspective (i.e. walls and berms removed) are 
provided in Figure 8.4.  The TRCA is preparing a planning document based on the results of this technical 
report which will be provided to the City of Toronto. 
 
In order to further define the risk of failure due to dyke saturation and/or boils, a geotechnical study could be 
undertaken to review the structural integrity of the existing embankment wall for a flood condition.  The 
framework for such a study was defined as part of the West Don Lands Flood Remediation Project, and can be 
provided to the City of Toronto by the TRCA if necessary. 
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Figure 8.3  WWTP Cross-Sections with Water Levels (Operational Level of Protection) 
 
Note:  1.  Cross section locations are provided on Figure 8.1 

2.  Water surface elevations were derived from Mike Flood results based on the hydrodynamic simulation of   steady 
flow 

3.  Land surface elevations were derived from the LiDAR elevation surface provided by the TRCA 
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Figure 8.4  WWTP Cross-Sections with Water Levels (MNR Regulatory Conditions) 
 
Note:  1.  Cross section locations are provided on Figure 8.2 

2.   Water surface elevations were derived from Mike Flood results based on the hydrodynamic simulation of   steady 
flow 

3.  Land surface elevations were derived from the LiDAR elevation surface provided by the TRCA 
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FIGURE  8.5  FLOW DIRECTION (HURRICANE HAZEL)
STEADY PEAK INFLOW HYDROGRAPH WITH WWTP BERMS/WALLS REMOVED
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FIGURE  8.6  FLOOD VELOCITY (HURRICANE HAZEL)
STEADY PEAK INFLOW HYDROGRAPH WITH WWTP BERMS/WALLS REMOVED
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9.0  SUMMARY AND CONCLUSIONS 
 
The following summarizes the key findings of the study: 
 

1. The existing Hazel flood plain mapping was updated based on a detailed hydrodynamic computer 
analysis using the 2D hydraulic model Mike Flood. 

2. The updated flood plain mapping defines the extent of flooding associated with the spill in the vicinity 
of the Queensway which was not possible using the HEC-RAS 1D hydraulic model. 

3. Accounting for the berms/walls (i.e. operational level of protection), the Humber WWTP is protected 
from flooding up to and including the Hazel storm. 

4. Assuming that the berms/walls could fail during a large flood event and as per MNR guidelines from a 
regulatory perspective, the Humber WWTP will be flooded above the 100-yr event and including the 
Hazel event.  The plant will not be flooded during a 100-yr or smaller event.  As such, portions of the 
Humber WWTP will continue to lie within the regulatory floodplain. 

5. The application of a 2D hydrodynamic modelling approach for the Lower Humber study area is an 
effective way to overcome the hydraulic challenges associated with complex landforms, multiple flow 
paths, water bodies, the coastal bay environment, buildings, underpasses, walkways, flood barriers, 
retaining walls, etc. that influence the flow direction in the 2D space causing significant impacts on the 
flooding extent, depth and velocity. 

6. Since the 2D hydrodynamic model takes into account (both seamlessly and dynamically) multi-
directional flow exchanges between the channel and overland areas including the effects of channel 
overflow and return flow into the channel, reverse flow including backwater effects (from the channel 
or overland area), its simulated flooding responses for any location over the channel and overland area 
is more realistic, accurate and detailed than those produced previously by any other modelling tools for 
this area.       
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10.0  RECOMMENDATIONS 
 
The following summarizes the recommendations of the study: 
 

1. As part of a possible future update, it is recommended that the channel bottom of the Humber River 
within the study area be surveyed.  The existing LiDAR bathymetry for the river does not provide 
elevation data below the water surface. 

2. In order to satisfy MNR guidelines, it is recommended that the WWTP berms/walls along the east and 
north site boundaries be assessed by a structural engineer to confirm they can withstand the hydrostatic 
and hydrodynamic forces associated with the Hazel storm. 

3. Should it be determined that the berms/walls would fail during the Hazel storm, the City should 
consider upgrading the structures to ensure effective flood proofing. The City should consider the 
cost/benefit of improving these structures (berms/walls). 

4. The updated flood plain map sheets including the floodline calculated using the 2D Mike Flood model 
should be adopted by the TRCA and should supersede the previous map sheet (HUM-1) prepared 
using the HEC-RAS 1D hydraulic model. 

5. The TRCA regulation mapping should be reviewed and updated, if required. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 








