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MEMORANDUM

TO: Nick Lorrain DATE: July 14, 2022

FROM: Qiao Ying, Hyungjun Jo CFN:

RE: City of Markham Highway 48 and Major Mackenzie spill 2D Modelling

CC:

1.0 Introduction

The following presents the Highway 48/Major Mackenzie 2D modelling analysis completed in support of NDMP 
Intake 6 TRCA jurisdiction-wide spill analysis. The subject study area is located near the intersection of 
Highway 48 and Major Mackenzie Dr as shown in Figure 1.

Figure 1 Study Area Location Map
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1.1 Background 

A comprehensive mapping update was completed for Rouge River in two separate stages (March 2020) by 
Wood Canada Limited. The current study area is at the headwater of Exhibition Creek and was not covered by 
recent floodplain mapping update due to its complicated flood condition. The current floodlines as shown on 
Figure 1 were drafted in June 2013 (from Major Mackenzie Dr to Anderson Ave) but are in draft form (yellow 
lines). The floodlines north of Major Mackenzie (coloured in cyan) are estimated floodlines and do not reflect 
any engineered model outputs. This draft model identified three spills along this tributary of the Lower Rouge 
River (see Figure 2). Based on the latest topographic area (2015 and 2019 LIDAR), these spills may go in 
multiple directions. Therefore, a 1D HEC-RAS model is not applicable and a 2D modelling approach is more 
suitable to capture the spill and characterize flood conditions within the study area.  

 
Figure 2  Location of Spills in the Highway 48 and Major Mackenzie Study Area 
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2.0 Additional Background Information 

Background information on crossing structures within the study area was collected from York Region and the 
City of Markham. The information was supplemented by a review of various grading plans, 2015 and 2019 
LIDAR, and site visits which are discussed in detail below.  

2.1 Major Grading Changes 

The topographic information in this study is primarily based on the 2019 LIDAR data (taken during leaf-on 
period). Given that this area is mostly developed, the 2019 LIDAR was deemed appropriate to be used as a 
base topographic map. However, certain areas (creek corridors and areas north of Major Mackenzie) used 
2015 LIDAR, by splicing this information into the 2019 LIDAR as it captures the leaf-off conditions. Another 
reason for using 2019 LIDAR was that there were considerable grading changes that occurred in specific 
locations since the 2015 LIDAR was taken. The changes were due to channel-realignment and three 
developments within the study area. The channel alignment and development locations are depicted in Figure 
3 and these changes were discussed below in details: 

 
Figure 3  May 2015 Image (Left) and June 2021 (Right) 

Exhibition Creek channel realignment/Mackenzie Creek Townhouse  9900 Markham Rd 

The channel alignment west of Highway 48 was prompted by Mackenzie Creek development at 9900 Markham 
Road, just southwest of the Major Mackenzie Dr and Highway 48 intersection. The 2015 and 2019 LIDAR and 
aerial image shows a clear change in the floodplain characteristics (see Figure 4 and Figure 5). The re-
aligned creek exhibits a more sinusoidal shape and a wider overall landform than the 2015 conditions.  



July 14, 2022 Page 4 of 27 

   
Figure 4  2015 (left) and 2019 (Right) LIDAR 

      
Figure 5  2015 (left) and 2019 (Right) Aerial Image 

Onepiece Development  9999 Markham Rd 

Similarly, the channel alignment east of Highway 48 was impacted by the Onepiece development at 9999 
Markham Road, which resulted in alterations to drainage patterns near and within the creek. Figure 6 and 7 
illustrates the changes to the land in LIDAR and aerial images. In this scenario, additional grading information 
was obtained in the form of a ground survey dated November 10, 2021. This information was used to 
supplement the 2015/2019 LIDAR by splicing it with the grading information. This ground survey indicated that 
a portion of the site (eastern half) was raised compared to the original 2019 LIDAR.  The creek re-alignment 
works also incorporated a more sinusoidal form and wider overall landform.  
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Figure 6  2019 (Left) and 2019 Spliced with Grading Plan (Right) LIDAR 

    
Figure 7  2015 (Left) and 2021 (Right) Aerial Image 

Joy Station Condo by Liberty  9781 Markham Rd 

The last development area is the Joy Station Condo Development located at 9781 Markham Road. This 
development is located on the southeast corner of Castlemore Avenue and Highway 48. There is no direct 
impact to the creek, but the overland flow characteristic has been significantly altered by recent grading work. 
A grading plan dated February 2020 was spliced into the 2019 LIDAR to update this area (see Figure 8). It 
clearly shows that the property has been raised compared to the original 2019 LIDAR.  
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Figure 8  2019 (Left) and 2019 Spliced with Grading Plan (Right) 

2.2 2015 LIDAR Spliced Areas 

There were several areas that were identified to splice 2015 LIDAR data into the 2019 LIDAR base map. 
These areas are limited to natural cover areas where no changes have occurred since 2015 to avoid using 
2019 LIDAR which was obtained during leaf-on period for canopy study purpose. The spliced areas are 
highlighted in Figure 9.  

 
Figure 9  Areas with 2015 LIDAR Spliced into 2019 LIDAR 
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2.3 Crossing Confirmation  

There are three major crossings within the study area that required site confirmation to supplement the 
information obtained from the City and the Region. This included: 

Major Mackenzie Crossing, west of Highway 48 
 This was confirmed to be a circular corrugated steel pipe (CSP) that was 1.5 m in diameter 

(Figure 10).  
 

  
Figure 10  Crossing Location (Left) and Site Photo (Right) 

 
Highway 48 Crossing, south of Major Mackenzie  

 3 m by 1.5 m box concrete culvert at upstream side, two circular CSP with 1.5 m and 1.05 m 
diameter, respectively at downstream side (Figure 11 and Figure 12) 

 To be conservative, this crossing was coded into the model as two circular CSPs with 1.5m and 
1.05m diameter, considering 3 bend losses (for a box culvert) (i.e., 0.818) as per FEMA  
Hydraulic Design of Highway Culverts (April 2012)  

 
Figure 11  Location of Hwy 48 Crossing 
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Figure 12  Upstream Face (Left) and Downstream Face (Right) 

Anderson Avenue Long Culvert 
 Two ellipse shaped corrugated steel pipe with 1.5 m span and 0.95 m rise at upstream face, 

one ellipse shape concrete pipe with 1.7 m span and 1.1 m rise at downstream face (see Figure 
13 and Figure 14) 

 To be conservative, this crossing was coded into the model as one ellipse concrete pipe with 
1.7 m span and 1.1 m rise, including bend loss for one bend for pipe (i.e., 0.11) as per FEMA 
(April 2012)  

 
Figure 13  Location of Hwy 48 Crossing 
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Figure 14  Upstream Face (Left) and Downstream Face (Right) 

3.0 Model Setup 

The study area was modelled using the MIKE Flood interface 
that features the dynamic coupling of the MIKE HYDRO and 
MIKE 21 hydrodynamic modules. River reaches and all 
crossings were handled using the 1D MIKE HYDRO modelling 
routine, with overland surfaces being modelled using the 2D 
MIKE 21 modelling routine. MIKE Flood integrates these two 
models into a single dynamically coupled model.  

Figure 15 shows the Hwy 48/Major Mackenzie 2D model 
domain. The downstream boundary was set as a water level that 
were taken from cross-section 959.45 located on Reach 2 of 
Exhibition Creek from the HEC-RAS model developed by Wood 
PLC. as part of the 2019 Rouge River Floodplain Mapping 
Update Phase II. 

 
 
 
 
 
 
 
 
 

3.1 MIKE HYDRO 1D River Model 

Only one river reach is modeled using the MIKE HYDRO 1D hydrodynamic (HD) module, i.e., Exhibition Creek 
with length of 3694.55m which ends at immediately upstream of 16th Avenue at Mt Joy Lake. 

Cross-sections were cut in 10-20m spacing from 1-m 2019 LiDAR spliced with 2015 Lidar and only cover the 
main channel, i.e., upto top of bank as overbank areas were modeled in 2D domain. High density of spacing of 
cross-sections allows better capturing details of riverbanks where lateral exchange flows with 2D domain 
occur. In total six (6) crossings were included in 1D model, and 3 crossings were coded as a composite 
structure. i.e., crossing opening was coded as Culvert structure and road deck was coded as Weir structure. 
Figure 16 uses Major Mackenzie crossing to show an example how a crossing is coded in 1D model using 

Figure 15 Hwy48/Major Mackenzie2D Model Domain 



July 14, 2022 Page 10 of 27 
combination of Culvert structure and Weir structure.  

There are 3 crossings coded in a different way, and they are rou_664, rou_705 and rou_706. These 3 
crossings all have relative wide road deck or buried long pipes and grading on the road deck may be slopped, 
under such condition overtopped floodwater may travel away from the crossing and continue its way in multiple 
directions following the ground surface gradient. The approach of coding this type of crossing is to add a small 
reach at both upstream and downstream faces of a structure, and on each small reach add a Weir structure to 
represent the road deck of upstream face and downstream face and then link to 2D model using Standard 
Link. This approach would allow overtopped floodwater getting onto road deck from upstream face and 
travelling as per grading on the road deck and may return downstream channel via downstream link. Figure 17 
shows cross-sections and location of structures included in the 1D MIKE HYDRO model. 

 
Figure 16  Example of a composite structure of a Culvert Structure and a Weir Structure 
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Figure 17 Location of 1D cross-sections and structures 

Boundary Condition 

All inflows are handled in 1D model, and total inflows were entered at the beginning of Exhibition Creek and 
incremental flows were entered as a point source along the reach and the steady peak flows were ramped for 
1hr and then kept constant for 15hrs (see Figure 18). Downstream boundary is a Water Level boundary that 
was extracted from 2019 Rouge River HEC-RAS model as mentioned above. Table 1 summarizes boundaries 
and their types, and Figure 19 shows the location of flow nodes.  
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Figure 18 Regional peak flows applied in the 1D MIKE HYDRO model 

 

Table 1 Boundary Conditions in 1D Model 

Boundary ID Flow Nodes Boundary Type Branch Name Chainage (m) 
Boundary 1 J5670.032 Total Inflow  Exhibition Creek 0 

Boundary 11 J4789.696 Point Source Exhibition Creek 1260 
Boundary 12 J4309.178 Point Source Exhibition Creek 2259 
Boundary 13 J4145.856 Point Source Exhibition Creek 2730 
Boundary 14 J3661.799 Point Source Exhibition Creek 2874 
Boundary 15 J253 Point Source Exhibition Creek 3443 
Boundary 2  Water Level  Exhibition Creek 3694.55 
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Figure 19 Location of Flow Nodes and Water Level Boundaries 

3.2 MIKE 21 2D Overland Model 

The overland area was modelled using MIKE 21 Flexible Mesh (FM) HD, which is a fully dynamic modelling 
system for 2D free-surface flows. The MIKE 21 editors were used to construct and store various basic and 
hydrodynamic data layers. The following are the main elements of the MIKE 21 model setup: 

 Mesh Generation 

 Roughness parameters  

 Boundary conditions 

 Model settings 

Mesh Generation 

MIKE 21 FM model uses a mesh-based bathymetry for hydrodynamic computations. The details and the 
desired accuracy of the model results depends on how the mesh has been designed. In addition, the mesh 

Water Level 
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resolution has a significant impact on the accuracy of the results. A high-resolution mesh is required to retain 
higher variability of the ground elevation surface. High resolution also required to represent in detail 
topographic features (such as channels, buildings, paved roads, walkways, retaining walls, flood walls, etc.). 
As such, the mesh was designed as follows: 

A high-resolution mesh size of 10m2 was used along the roads as floodwater tends to follow the roads. 

A high-resolution mesh size of 16m2 was used in the potential flood extent. 

A mesh size of 50m2 was used in the rest of model area. 

The building polygons were excluded from the mesh generation to avoid computational mesh triangulation 
from occurring within these polygons, and River reaches covered by cross-sections were also excluded from 
the mesh to avoid double-accounting for the conveyance, and finally 1m LiDAR data was interpolated to each 
mesh node (see Figure 20 below). 

 
Figure 20 Close view of mesh around Hwy48/Anderson Ave. where major spills occur 

Roughness Parameters 

MIKE 21 uses roughness parameters for each mesh when completing computations.  The land use map (see 
Figure 21
roughness map.  In MIKE 21, the roughness was d

n roughness coefficient value (i.e., 1/n)
resistance number (M- standard roughness values; the 
corresponding Resistance numbers used in MIKE 21 are: 

Natural areas: 0.08 (M = 12.50) 

Roads and large parking areas:  0.025 (M = 40) 

Urban large pervious areas: 0.05 (M = 20) 

Streams/Waterbodies:  0.035 (M = 28.57) 
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Figure 21 Landuse map in Hwy48/Major Mackenzie spill area 

 

Boundary Conditions 

Boundary conditions for the MIKE 21 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. Since all inflows were handled in 1D 
model, there is no inflow boundaries defined in 2D model. Also, the outflow on Exhibition Creek was handled in 
1D model using water level boundary and given that the flood condition is all contained in the model domain, so 
no open boundaries were defined within 2D model domain.  

  

Model Settings 

The MIKE 21 FM Flow Model setup contains descriptions of several parameters. The key parameters are 
simulation period, start and end time, time step interval, flooding and drying depths, output saving duration and 
saving interval details.   

A 15-hour simulation period for both regional and design storms was used for the steady peak inflow 
hydrograph simulation. The simulation period was entered using an arbitrary start and end date and time with a 
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specified total number of time steps and time step interval. In this case, the total number of time steps was 
108,000 for 2yr to 100yr and regional event with a time step interval of 0.5 seconds. 

The drying and flooding depths used were 0.01m and 0.02m, respectively. 

The dynamic outputs were saved with time interval of 1200 (i.e., 10min interval). 
The saving output variables were surface elevation, total water depth, U velocity (x-direction), V velocity 
(y-direction), and current speed. 

real wet areas that ensures the saving of specified information at every computational 
point.    

3.3 1D and 2D Coupled Model 

The final step for model setup was the integration of 
the 1D MIKE HYDRO model with the 2D MIKE 21 
model using the MIKE Flood model interface. Lateral 
links were used to connect the branches in the 1D 
MIKE HYDRO model with the corresponding mesh 
elements of the 2D MIKE 21 model. A lateral link 
enables the coupling of the models at the left and 
right banks of the 1D channel with the 2D area. As 
mentioned in 1D River Model section, 3 crossings 
were coded differently using standard link to connect 
channel via Weir structure to 2D area (i.e. wide road 
deck), and a standard link would connect channel 
ends to few 2D elements which allows both flux and 
momentum transferring between 1D River and 2D 
Overland domains. This integration in MIKE Flood 
allows a seamless flow exchange between the 1D 
branches and the 2D area, thereby enabling the 
space and time-dependent dynamic simulation of 
flows as they would physically occur in real-world 
hydraulic systems.   
 
Figure 22 (on left) shows the bathymetry of 1D and 
2D coupled model, where the building areas are 

represented (blocked white cells) and the lateral link lines between the 1D and 2D models is shown as a series 
of red lines. 

 
3.4 Model Results 

Based on 2D model results, spills occur at three major locations (see Figure 23), and details about spill 
travelling routes for each spill are described as follows:  

Spill#1:  Spill at Major Mackenzie Dr. E 
Spill starts at 25yr storm event, and the regional spill amount is about 3.46m3/s (about 56% of total 
flow) which is mainly due to under-sized culvert and low point on Major Makenzie Dr. Majority of the 
spill would end up into downstream side of channel and only small portion of spill would get into plaza 
at the south-west corner of Highway48 and Major Mackenzie Dr.  
 

 

Figure 22 Lateral links used to connect 1D branch to 2D area 
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Spill#2:  Spill at west side of Highway 48 near 9900 Markham Rd 

Spill starts at 25yr storm event, and there are two 
major spill points: 1) spill first starts at south bank 
which is mainly due to low point of a swale, and the 
regional spill amount from this location is about 
4.75m3/s, and 2) spill later starts at north side of box-
culvert inlet, and the regional amount is about 1.2m3/s, 
and spill amount from these two locations accounts for 
58% of total inflow (see left image for two spill 
locations). Majority of the spills would travel along 
Highway48 and end up into industrial area on the east 
side of Highway48 and eventually get back into creek. 
Only small portion of spill (about 0.27m3/s) would get 
into condo area at the south-west corner of Highway48 
and Bur Oak Ave. and it would continue its way 

southwards and eventually drains into Mont Joy Lake before 16th Ave.   
 
Spill#3: Spill at inlet of long buried pipes on Anderson Ave. near south end of 9999 Markham Rd 
property  
Spill starts at 5yr storm event. The regional spill amount is about 3.25 m3/s, which would travel 
southwards into industrial areas along Anderson Ave. and then would join the spill coming from Spill #2 
at Bur Oak Ave. and eventually drains into Mont Joy Lake before 16th Ave. This spill is mainly due to 
undersized buried long pipes.   
 

Figure 24 shows the steady Regional maximum water depth, Figure 25 shows the steady Regional maximum 
water surface elevation and Figure 26 shows the steady Regional maximum velocity.  

2

1 
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Figure 23  Spill locations and flood depth  

Spill#1 

Spill#2 

Spill#3 
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Figure 24  Steady Regional, maximum water depth 
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Figure 25  Steady Regional, maximum water surface elevation 
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Figure 26  Steady Regional, maximum velocity 
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4.0 Flood Risk Mapping 

In terms of flood risk analysis, the criteria provided in the Technical Guide River and Stream Systems: Flooding 
Hazard Limit prepared by the Ontario Ministry of Natural Resources (MNR) in 2002 along with the frequency of 
flooding are typically us
the TRCA has revised the flood risk categories and how they are calculated. The revised flood risk categories 
are divided into low, moderate and high risk and are defined as follows: 

Low Risk  Vehicular and Pedestrian Access/Egress is Available (depth <0.3m), 

Moderate Risk  Pedestrian Access/Egress ONLY Available (Product Depth and Velocity <0.37m2/s, 
Depth <0.8m and Velocity <1.7m/s, 

High Risk  Depth-velocity product > 0.37 m2/s or Depth >0.8m or Velocity >1.7m/s. 

Figure 27 illustrates the distribution of Low-, Moderate- and High-risk flood areas within the domain; High-risk 
areas are generally confined to the channel except at six areas that lie in High-risk flood areas.  

Figure 28 shows the distribution of Low-, Moderate- and High-risk flood areas north of Major Mackenzie Dr E, 
and the High-risk flood area lies mainly in the farm field immediately upstream of Major Mackenzie Dr E.  

Figure 29 shows the distribution of Low-, Moderate- and High-risk flood areas between Major Mackenzie Dr E 
and Bur Oak Ave.  and most of areas along the major overland flow paths lies in Low  and Moderate - risk 
flood area. The High  risk areas mostly lie within re-aligned channel as well as the depression adjacent to the 
realigned channel at the south end of 9999 Markham Rd property.  

Figure 30 shows the distribution of Low-, Moderate- and High-risk flood areas between Bur Oak Ave and 16th 
Ave. and most of areas along the major overland flow paths lies in Low  and Moderate - risk flood area. The 
High  risk areas mostly lie within the channel/Lake, and the depression in a condo area at south-west corner 
of Hwy48 and Bur Oak Ave is in the High  risk area but spill amount into this area is very small (less than 
1m3/s). 
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Figure 27  Distribution of low- moderate- and high-risk flood areas  
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Figure 28  Distribution of low- moderate- and high-risk areas north of Major Mackenzie Dr. 
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Figure 29  Distribution of low- moderate- and high-risk flood areas along Hwy48 north of Bur Oak Ave. 
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Figure 30  Distribution of low- moderate- and high-risk flood areas alongHwy48 south of Bur Oak Ave. 
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5.0 Conclusions 

Three spills at Hwy48 and Major Mackenzie were identified in the previous floodplain mapping update. Among 
these three spills and based on the topography data, spill at west side of Hwy48 near 9900 Markham Rd and 
spill at inlet of Anderson Ave. buried long pipes near 9999 Markham Rd would travel long way further south 
and may get into industrial areas and residential areas. Given this, a 2D model is more appropriate to define 
the spill and model shallow overland flow. Therefore, a coupled 1D and 2D MIKE Flood model was built that 
incorporated all crossings, TRCA 1-m 2019 LiDAR data spliced with 2015 Lidar where natural channel are 
present plus new grading plans in number of newly built and newly approved developments. The results from 
the coupled model clearly show the extent of the spill and its flow paths. For floodplain mapping purposes, 
flood depth and flood extent from the coupled MIKE model should be updated for reach section of the 
Exhibition Creek north of 16th Ave.  


