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A numerical model originally developed at the National Research Council to 
simulate the dynamics of sea ice over large domains has been extended and 
applied to simulate ice cover dynamics in the St. Lawrence River at Montréal. 
The model predicts the evolution of ice cover and provides estimates of ice 
concentration, ice thickness and internal pressure or stress over space and time 
subject to forcing by water currents and winds. For this application the model 
was setup to resolve floating ice dynamics at much higher spatial resolutions 
and finer time scales than before, and a new boundary condition was developed 
to support a continuous inflow of ice across the upstream boundary. A new 2D 
hydrodynamic model of flows in the St. Lawrence River was also developed to 
provide high-quality spatially-variable predictions of water currents in the 
region of interest. The new models have been applied to predict the evolution of 
the ice cover on the river near downtown Montréal over a 9-12 hour period for 
several combinations of initial ice condition, river discharge and wind 
representing typical conditions during spring breakup. Simulations have been 
carried out to provide estimates of river ice dynamics and downstream ice 
conditions. This paper provides an overview of the methodologies employed in 
the study and a summary of the key findings.   

 
 

  



 

 

1. Introduction  

The St. Lawrence River at Montréal is an area of high activity for marine traffic and the 
operation of river infrastructure, including bridges, ports, and locks. It is also an area of dynamic 
ice action that is most pronounced during the spring season when river ice begins to break up, 
become mobile, and drift downstream. This break up of ice is accompanied by increased river 
flow rates resulting from spring rains and snowmelt. Movement of ice on the river and its 
accumulation on downstream shorelines can impede the safe operation and management of the 
water way and river infrastructure and impact the opening of the St. Lawrence Seaway 
navigation season. 
 
Accurate modelling of river ice dynamics can assist with the safe operation of river infrastructure 
and the effective management of marine traffic. This has driven recent research efforts focused 
on the development of predictive tools for evaluating risks associated with dynamic ice action on 
rivers and other bodies of freshwater (Cornett et al., 2017). 
 
A numerical model originally developed at the National Research Council (NRC) to simulate sea 
ice dynamics over large domains (Sayed et al., 2002; Kubat et al., 2016) has been adapted to 
model river ice at much higher spatial resolutions and finer time scales. A new 2D hydrodynamic 
model of flows in the St. Lawrence River was also developed to provide high-quality spatially-
variable predictions of water currents in the region of interest. This paper presents an 
examination of the evolution of ice conditions on the St. Lawrence River at Montréal, with an 
emphasis on an area of the river immediately downstream of the Champlain Bridge. Figure 1 
presents the region of interest for this study with key locations identified. Several combinations 
of initial ice conditions, river discharge, and wind, representative of typical spring breakup 
conditions, were analyzed and modelled. Simulation results provide estimates of river ice 
dynamics and downstream ice conditions. 
 

 

Figure 1. Map of Montréal region with key study locations identified (Google Earth). 



 

 

2. Characterization of Ice Conditions 

The ice encountered on the St. Lawrence River at Montréal primarily forms in the upstream 
locations of Lac St. Louis and La Prairie Basin. A thorough analysis of the seasonal evolution of 
ice regimes in the vicinity of Montréal and upstream to Lac St. Louis was completed and a 
summary is provided here. Emphasis is placed on the movement of ice immediately downstream 
of the Champlain Bridge. The Champlain Bridge infrastructure includes the old Champlain 
Bridge, the new Champlain Bridge immediately downstream of the old bridge, and the Estacade 
ice control structure immediately upstream of the old bridge. 
 
Ice begins forming in the St. Lawrence River in early December, initially in low flow, stagnant 
areas close to shorelines. In the vicinity of the Champlain Bridge the first formations of ice 
appear on the north shore at Nun’s Island. Along the south shore ice forms later once there is 
sufficient drifting ice to form an ice bridge between piers of the Estacade. Following the 
formation of an ice bridge, drifting ice will continue to accumulate on the upstream front edge of 
the fixed ice. Although the start of winter is highly variable, fixed ice typically begins to form on 
the Estacade in late January and reaches its maximum extent by mid-February. Analysis of the 
last twenty winters showed that the amount of fixed ice on the Estacade fluctuates from year to 
year (Lasalle/NHC, 2017). Drifting ice is fed from the upstream areas of Lac St. Louis and La 
Prairie Basin. The thickest ice originates from the large ice sheets that form in Lac St. Louis and 
becomes mobile during spring warm up or during icebreaker operations. While the Lac St. Louis 
ice is thickest, it is broken up in the Lachine Rapids before drifting further downstream. Large 
ice floes have also been observed to form in La Prairie Basin, but they do not grow to the same 
thickness as those of Lac St. Louis.  
 
A photograph from an aerial ice observation flight in February 2014 is presented in Figure 2. 
This view looking upstream provides a clear illustration of typical ice conditions in the vicinity 
of the Champlain Bridge. Shorefast ice, ice that is fixed to a shoreline, has formed on the east 
end of the Estacade and extends in a triangular formation upstream along the shoreline. Mobile 
ice is observed further out in the middle of the river drifting downstream through the piers of the 
Estacade and old Champlain Bridge (note that the new Champlain Bridge was not yet 
constructed at the time of this photo). A static floe can be seen further upstream in La Prairie 
Basin and is most likely anchored to the river bed. The South Shore Canal (bottom left corner of 
the photo) is fully land fast and snow covered, which is typical of the canal throughout the winter 
season. 
 

2.1 Review of Ice Charts 

Ice conditions for the St. Lawrence River are reported through ice charts produced by the 
Canadian Ice Service (CIS) in collaboration with the Canadian Coast Guard (CCG). The charts 
are developed based on shipboard observations collected from CCG vessels in the region, aerial 
ice observations from dedicated ice reconnaissance flights, as well as electronic aids such as 
radar.   
 
Ice observations for the St. Lawrence River in Montréal are reported in the Montréal (South 
Shore) – WIS83C ice charts, which are typically available from December through March each 
ice season. The WIS83C ice chart encompasses the entire area of interest for this ice dynamics 



 

 

study, from Lac St. Louis to Île Ste-Hélène. All available ice charts for the region over the 11 
year period from 2008 to 2018 were collected and analyzed.  
 

 

Figure 2. Ice conditions near the Champlain Bridge, February 12, 2014 (Lasalle/NHC, 2017). 
 
A sample ice chart for the Montréal (South Shore) – WIS83C region is shown in Figure 3. Each 
ice chart sections the river into several sub-regions and an Egg Code is provided for each sub-
region. The Egg Code reports the total average ice concentration, average partial ice 
concentrations for each ice type observed in the sub-region, the stage of development (i.e. 
thickness) of each ice type, and the form (i.e. predominant floe size) of each ice type. For 
example, the sub-region B in Figure 3 has a total average ice concentration of 7/10th (top row of 
Egg Code), and two partial concentrations of 2/10th and 5/10th (second row), which correspond to 
stages of development of ‘2’ (<10 cm) and ‘1’ (<5 cm), respectively (third row). The stage-2 ice 
has a predominant floe size of ‘1’ (2-20 m) while the stage-1 ice has a floe size of ‘X’ (unknown 
or no form) (fourth row). Complete details on the coding for lake and river ice, as well as the 
standard procedures for observing and reporting ice conditions, are documented in the Manual of 
Ice (MANICE, 2005) produced by the CIS. 
 

2.2 Ice Conditions in March for Montréal (South Shore) 

Our analysis of ice conditions is focused on the month of March, as this is when spring breakup 
typically occurs and when ice thicknesses and the downstream transport of ice are generally at or 
near their peak. Water discharges and flow speeds are often greater during the spring breakup 
period than in colder months. Ice charts for March reveal a wide range of ice conditions which 
vary not only year over year, but day to day. Some days there can be an ice regime of a given 
concentration and thickness covering the entire river both upstream and downstream of the 
bridges, while other days it may be fully open water with no ice present.  
 
For the purposes of this study it was necessary to analyze only those periods when ice was 
present on the river. From 2008 to 2018 there were 38 ice charts produced by the CIS for the 
Montréal (South Shore) – WIS83C region. Of the 38 ice charts, 26 were analyzed to determine 
the range of ice conditions. The other 12 ice charts reported only land fast ice in the South Shore 
Canal and/or along the eastern shore of the river, with the rest of the river reported as open water. 
A summary of the reported ice conditions for the region is provided in Table 1, sorted based on 
frequency of occurrence. It can be seen that the most frequently reported ice conditions on the 
river are associated with thin ice less than 10 cm thick. 



 

 

 

Figure 3. Sample ice chart for Montréal (South Shore) – WIS83C (CIS, 2015). 
 

Table 1. Summary of reported ice conditions for Montréal (South Shore) – WIS83C during 
March from 2008 – 2018. 

Concentration 

(tenths) 

Thickness 

(cm) 

Frequency of 

occurrence 

8 <10 14% 
3 <10 14% 
7 <10 10% 
4 <10 10% 
6 <10 7% 
5 <10 7% 
3 30-70 7% 
2 30-70 7% 
9 <10 3% 
8 10-15 3% 
8 15-30 3% 
8 30-70 3% 
5 10-15 3% 
5 30-70 3% 
4 30-70 3% 

 
Three different ice condition scenarios were selected for use in the ice dynamics model, covering 
the range of observed conditions (Table 2). An ice regime of 8/10th concentration and 10 cm 
thickness captures a high concentration and low thickness scenario, and also represents the most 
frequently reported ice condition. An ice regime of 2/10th concentration and 70 cm thickness 
represents a low concentration and high thickness scenario and has a moderate frequency of 
occurrence. The third scenario, with 3/10th concentration and 40 cm thickness, represents an 



 

 

intermediate state between the first two and also has a moderate frequency of occurrence.  The 
ice in the South Shore Canal is assumed to be land fast ice (fixed) in all cases.  
 

Table 2. Modelled ice condition scenarios. 
 Concentration 

(tenths) 

Thickness 

(cm) 

Scenario 1 8 10 
Scenario 2 2 70 
Scenario 3 3 40 

 

3. Wind Conditions 

The wind conditions on the St. Lawrence River in central Montréal have been investigated 
through analysis of historical wind measurements. Weather station data, recorded at the nearby 
Montréal-Pierre Elliott Trudeau International Airport, was obtained through the National 
Oceanic and Atmospheric Administration (NOAA) – National Centers for Environmental 
Information (NCEI). Wind speed and wind direction data was available at a temporal resolution 
of 6 hours and was analyzed over an eleven year period from 2008 to 2018.  
 
A summary of the data from the airport is presented below. Our analysis focuses on wind data 
for the month of March as this coincides with the annual spring breakup of ice on the St. 
Lawrence River. The wind rose presented in Figure 5 shows the distribution of wind speed and 
direction for March at the airport, calculated based on historical data from 2008-2018. The wind 
rose identifies the frequency at which wind blows from a particular direction for each speed 
range, and it can be seen that the predominant wind direction in March is from the west. 
Throughout March, winds are blowing from west to east 25% of the time and the highest average 
wind speed is 5 m/s from the west. The frequency of occurrence (as a percentage) for each speed 
range, regardless of direction, is presented in Figure 5b. The 95th percentile speed is 
approximately 8 m/s.  
 

a)  
Figure 4. Wind rose for March for Montréal-Pierre Elliott Trudeau International Airport. 



 

 

 

  
Figure 5. Distribution of wind speeds (m/s) in March for Montréal-Pierre Elliott Trudeau 

International Airport. 
 
For the purpose of this study three wind scenarios were selected as environmental input to the ice 
dynamics model: calm conditions, an average wind speed of 5 m/s from the west, and a more 
extreme (95th percentile) wind of 8 m/s, also from the west. These three wind scenarios are 
summarized in Table 3. 
 

Table 3. Modelled wind scenarios. 
 Wind Speed Direction 

Scenario 0 0 - 
Scenario 1 5 m/s West 
Scenario 2 8 m/s West 

 

4. Hydrodynamic Conditions 

A thorough analysis of hydrodynamic conditions in the vicinity of the greater Montréal region 
was completed as part of this study and a summary is provided here. Figure 6 shows a satellite 
image of the greater Montréal region identifying the key inflow and outflow locations and the 
locations of hydrometric and water level gauges used in this study.  
 
The St. Lawrence River meets the Ottawa River in Lac St. Louis entering through a northern 
natural reach and a southern reach regulated via the Beauharnois dam. Downstream of Lac St. 
Louis, the St. Lawrence River flows through a series of rapids (i.e. Lachine Rapids) followed by 
La Prairie Basin. Situated at the downstream end of the basin is the Champlain Bridge. The Saint 
Lawrence Seaway is situated along the right bank entering the constructed South Shore Canal as 
the river shallows.  
 
Within the region of study there are several hydrometric gauges (i.e. water level and discharge) 
operated by the Water Survey of Canada (WSC) as well as several water level gauges operated 
by the Canadian Hydrographic Service (CHS). Available data was retrieved from both sources to 
use as input to a hydrodynamic model and as calibration and validation data. Data from four 
WSC hydrometric gauges was used to set inflows to the model: 02LB024 (measuring flows of 



 

 

the Ottawa River at Carillon Dam), 02MC010 (measuring flows of the St. Lawrence River at 
Beauharnois Dam), 02MC018 and 02MC029 (measuring St. Lawrence River flows north of the 
Beauharnois canal). Data from CHS water level gauge #15793 was used to set downstream water 
level at the outflow boundary of the model. All other gauges shown in Figure 6 were used for 
calibration and validation of the hydrodynamic model. 
 

 
Figure 6. Satellite image of the greater Montréal region showing the location of hydrometric 

gauges (Google Earth) 
 
The sum of flows at gauges used to prescribe inflows to the model is presented as annual 
hydrographs in Figure 7. Mean flow and high flow hydrographs shown here are based on 
analysis of 29 consecutive years of historical data (from 1966 to 1994). Both hydrographs 
indicate low flow periods during late summer and mid-winter, and a peak flow period during the 
spring freshet when high runoff is observed, primarily due to snowmelt. The mean water level 
curve derived from the data of gauge #15793 shown in Figure 8 similarly indicates low mean 
water levels during late summer and a peak during the spring freshet, while the maximum water 
level curve indicates higher water levels for the first half of the year and lower water levels for 
the second half of the year. The dashed vertical lines in Figure 7 and Figure 8 mark the spring 
breakup period when river ice is most dynamic in the region.  
 



 

 

 
Figure 7. Sum of Ottawa River and St. Lawrence River historical inflows 

 

 
Figure 8. Historical mean and high water levels in Lavaltrie 

 

5. Hydrodynamic Model 

A new model of river hydrodynamics was developed using the TELEMAC-2D solver, part of the 
TELEMAC finite-element and finite-volume based hydrodynamic modelling system. 
TELEMAC-2D solves the depth-integrated shallow water (Saint-Venant) equations of fluid flow, 
which are based on the assumption that vertical velocities are small compared to horizontal 
velocities. Computations are carried out on an unstructured (typically triangular) mesh/grid, 
enabling spatial resolution and computational effort to be focused in areas of interest or as 
needed to resolve steep gradients in hydrodynamics or bathymetry. Further details on the 
TELEMAC system, including Telemac-2D are provided in Hervouet (2007). Now being 
developed under an open source collaborative framework, the TELEMAC system is widely used 
(there more than 3,500 registered users) and has been extensively documented and validated in 
accordance with the recommendations of the International Association of Hydraulic Research 
(IAHR). 
 
Hydrodynamic modelling scenarios were chosen considering the importance of flow regimes 
during the ice breakup period in late winter and early spring. It is worth noting that the ice 
breakup generally occurs well before the peak spring freshet. In order to obtain reasonable 
predictions of water currents during ice break up, both mean and high flows and levels during 
mid-March were determined and used to develop boundary conditions for the hydrodynamic 



 

 

model. One set of boundary conditions was developed for the mean flow condition, and a second 
set of boundary conditions was developed for the high flow condition.  
 
The computational domain of the hydrodynamic model was defined to capture the greater 
Montréal region and include upstream and downstream locations where long-term hydrometric 
datasets were available. Model boundaries include the Ottawa River below Carillon Dam, 
Rivière-des-Mille-Îles, Rivière-des-Prairies and the St. Lawrence River from Lac St. Louis to 
Lavaltrie. The hydrodynamic model domain and inflow and outflow boundaries are shown in 
Figure 9. The length of the longest reach in the model, between Carillon and Lavaltrie, is 
approximately 150 km. Inflow data from WSC hydrometric stations were used to establish 
inflow conditions at the upstream boundaries, while water level data from a CHS hydrometric 
station was used to prescribe water level at the downstream boundary. The computational grid of 
the hydrodynamic model consists of triangular cells ranging in size depending on the required 
resolution at specific sites. Near the piers of the Champlain Bridge resolution was highest with 
cell sizes ranging from 2 m to 25 m, at key locations along the shores of the river near downtown 
Montréal cell sizes ranged from 30 m to 150 m, and elsewhere cell sizes ranged from 150 m to 
400 m.  
 
The hydrodynamic model was calibrated and validated by comparing model output to measured 
water levels and river flows for dates that closely represented mean and high flow conditions. 
The models produced 2-dimensional depth-averaged velocities at each node of the computational 
grid. In order to obtain near-surface currents for use in the ice dynamics model, depth-averaged 
values were multiplied by a factor of 1/0.8 as recommended in Hauet et al, 2018. The surface 
currents predicted in the reach from the Lachine Rapids to Île Ste-Hélène for both average and 
high flow conditions are shown in Figure 10. It should be noted that the predicted velocity fields 
represent time-averaged steady-state conditions. 
 

 
Figure 9. Hydrodynamic model extent showing full mesh (magenta), inflow (blue) and outflow 

(green) boundaries. 



 

 

 

a)  b)  
Figure 10. Surface velocity field at (a) mean flow and (b) high flow. 

 

6. Ice Dynamics Model 

A numerical model of ice dynamics developed at the National Research Council of Canada has 
been set-up and applied to study ice dynamics on the St. Lawrence River near central Montréal. 
The model has been used to predict the evolution of ice concentration, ice thickness, and ice 
pressure for several different combinations of river discharge/stage, wind speed, and ice 
condition. The numerical model was originally developed to simulate sea ice dynamics over 
large scales. Full details of the ice dynamics model have been provided in previous publications 
(see Sayed et al., 2002; Kubat et al., 2016). For the study presented here the model has been 
adapted to simulate river ice at much higher spatial resolutions and finer time scales.  
 
A rectangular computational grid was set-up to cover the 6 km by 8 km region of interest, 
extending from roughly 1 km upstream of the Champlain Bridge and 7 km downstream to the 
north end of Île Ste-Hélène, as shown in Figure 11. A model resolution of 10 m in both the 
north-south and east-west directions was adopted with a simulation time step of 2 s. This model 
set-up was adopted as it represents a balance between the desire for as high a spatial resolution as 
possible while achieving a reasonable computation run time.  
 



 

 

 
Figure 11. Ice dynamics model computational domain. 

 
The piers of the Champlain Bridges, both old and new, and the Estacade are all less than 10 m 
wide. This presents a challenge when using a 10 m grid cell size because a grid cell can only 
hold a single property for land, open water, or ice, and not a combination of these. Depending on 
the location of each individual pier relative to the overlaid computational grid a pier may or may 
not be captured in the model. The approach adopted to address this issue was to increase the 
width of single model piers to at least 10 m and decrease the total number of model piers in order 
to maintain the blockage factor (i.e. the ratio of total pier width to open water for the entire 
bridge) in the model the same as in reality. This approach results in a reduced number of broader 
model piers for each bridge structure. Figure 12 shows the layout of the bridge and Estacade 
piers in the ice dynamics model. 
 

 
Figure 12. Modified layout adopted to represent the piers of the Champlain Bridges and Estacade 

in the ice dynamics model. 
 

6.1 Modelled Ice Conditions  

For each simulation, an initial ice thickness and ice concentration was defined. Three ice regimes 
were selected based on the range of typical ice conditions observed on the St. Lawrence River 
near Montréal for the month of March. At time zero in the simulation ice was only defined 



 

 

upstream of the Champlain Bridge and everywhere downstream was defined as open water. This 
approach was adopted as it represents mobile river ice drifting downstream from the upstream 
areas of Lac St. Louis and La Prairie Basin, and it allows for the investigation of how ice is 
driven downstream by water current and wind without any obstruction from a pre-existing ice 
cover. The South Shore Canal was initialized with an ice concentration of 10/10th to reflect the 
typical land fast ice condition reported in the ice charts for March. 
 
The downstream water boundaries were configured such that ice arriving at the boundary would 
pass freely out of the computational domain. In contrast, the upstream boundaries were 
configured such that new ice would pass into the domain at a rate matching the rate at which ice 
was transported downstream away from the boundary. The properties (concentration and 
thickness) of the new ice fed into the model domain were the same as the initial ice properties. 
 

6.2 Hydrodynamic Forcing 

The ice dynamics model was forced using surface water currents produced from the Telemac-2D 
hydrodynamic model results. As previously detailed, two different flow conditions or river stages 
were considered in the ice dynamics simulations: an average flow rate for mid-March, and a high 
discharge scenario. Linear interpolation was used to obtain a surface water current speed and 
direction at each cell of the ice dynamics grid, and these values remained constant throughout 
each ice simulation. 
 

6.3 Wind Forcing 

Constant homogeneous wind fields (i.e. winds that do not vary over space or time) were assumed 
in all ice dynamics simulations. As previously detailed, three wind scenarios were selected: 5 m/s 
and 8 m/s, both from the west, and a zero wind scenario. The no wind scenario was useful for 
understanding the separate influences of wind and water current on ice dynamics.  
 

6.4 Scenario Definition and Test Matrix 

Numerical simulations were conducted to explore six different combinations of river stage, wind 
speed, initial ice concentration and initial ice thickness. The test matrix is provided in Table 4. 
Results from simulations 01, 02 and 03 can be compared to assess the impact of variable wind 
conditions. Results from simulations 02 and 04 can be compared to assess the impact of river 
stage or current speed. Similarly, results from simulations 04, 05 and 06 can be compared to 
assess the impact of upstream ice concentration and upstream ice thickness. 
 

7. Results and Discussion 

Each ice dynamics model simulation gives a prediction of the evolution of ice concentration, ice 
thickness and ice pressure (i.e. stress) within the ice cover over a period of time, nominally 12 
hours. For example, predictions of ice thickness for simulation 02 after 6 and 12 hours are 
compared in Figure 13. The simulation outputs have been analyzed to estimate the severity of ice 
conditions within different parts of the study region. Particular emphasis is placed on identifying 
differences in ice conditions downstream of the Champlain Bridge for different combinations of 
river stage, wind, and initial upstream ice conditions.  



 

 

Table 4. Definition of scenarios for ice dynamics modelling. 

Simulation 
Scenario 

River 
Stage 

Ice 
Thickness 

(cm) 

Ice 
Concentration 

(tenths) 

Wind 
Direction 

Wind  
Speed  
(m/s) 

01 Mean 40 3/10 - 0 

02 Mean 40 3/10 W 5 

03 Mean 40 3/10 W 8 

04 High 40 3/10 W 5 

05 High 70 2/10 W 5 

06 High 10 8/10 W 5 
 
It should be noted that ice pressure values resulting from the present simulations correspond to 
compaction and deformation processes that take place along length scales of 100s of meters, and 
are reported as a force per unit width. They are indicative of the severity of ice conditions that 
may be manifested in ridging, rafting, and pile-up of ice. 
 
Also worth noting is that some of the simulations predict very high thickness values in certain 
locations. These extreme thickness values are likely fictitious and are likely a result of the ice 
dynamics model, originally developed for application on length scales of 100s and 1000s of 
meters, being used for high resolution modelling (10 m length scale). Despite these anomalies, 
the thickness plots still provide valuable insight into the evolution of ice thickness for qualitative 
and comparative purposes.  
 

a)   b)  
Figure 13: Map of predicted ice thickness for simulation 02 after: a) 6hrs; b) 12hrs. 



 

 

 

7.1 Analysis Transects 

The east shoreline of the river immediately downstream of the bridges experiences a significant 
accumulation of ice, and as such it was selected as a key location for analysis. Figure 14a depicts 
a white dashed transect spanning the river from east to west, roughly 1 km downstream of the 
Champlain Bridge. Similarly, Figure 14b depicts a second white dashed transect spanning the 
river from east to west, across the south end of Île Ste-Hélène. Ice conditions along these transect 
lines have been extracted from the simulation output and plotted as functions of distance from 
the east shore.  
 

a)  b)  
Figure 14: Location of analysis transects: a) ~1km downstream of the new bridge; and b) near 

the south end of Île Ste-Hélène. 
 

7.2 Analysis at East Shoreline, ~1km Downstream 

Predicted ice conditions ~1 km downstream are plotted in Figure 15, Figure 16 and Figure 17, 
respectively. Figure 15 shows that concentrations for each simulation remain relatively high and 
consistent until approximately 400 to 500 m from the east shore, after which it alternates 
between open water and lower values of concentration until roughly 1 km from the east shore. 
The exception is for simulation 06 where the zone of high concentration is predicted to extend 
only ~200 m from the east shoreline. Simulation 06 corresponds to an upstream ice thickness and 
concentration of 10 cm and 8/10th, respectively. The higher upstream ice concentration appears 
to result in lesser accumulation along the eastern downstream shoreline. 
 
Predicted ice pressures are plotted in Figure 16. Very low pressures are predicted along the 
transect for simulations 01 (no wind) and 06 (8/10th upstream ice concentration), while modest 
pressures are predicted within 400 m of the shore for the other four simulations. No pressure is 
predicted beyond 400 m from the eastern shore in any of the six simulations. The highest 
pressures are predicted in simulation 03, in which 8 m/s winds from the west were simulated. 



 

 

These stronger winds drive the ice against the east shoreline with greater force resulting in higher 
pressure. 
 
Predicted ice thicknesses are plotted in Figure 17. Ice thickness between 0.5 m and 2 m persists 
over most of the zone from the eastern shore to approximately 400 to 500 m from the shoreline. 
Beyond this point it alternates between open water and slightly lower thickness values. The 
exception is for simulation 06 (8/10th upstream ice concentration) where the nearshore thickness 
is thinner and the thickness decreases to zero at ~200 m from the shoreline, supporting the idea 
that the bridge infrastructure effectively limits the accumulation of ice against eastern 
downstream shorelines. The highest ice thickness is predicted in simulation 03 when the 
strongest westerly winds were simulated. The higher winds modelled in simulation 03 drive the 
ice against the shoreline resulting in increased thickness and higher internal pressure. 
 

 
Figure 15: Spatial variation in ice concentration ~1km downstream. 

 

 
Figure 16: Spatial variation in ice pressure ~1km downstream. 

 



 

 

 
Figure 17: Spatial variation in ice thickness ~1km downstream. 

 
The effect of wind can be observed by comparing results for simulations 01 (no wind), 02 (5 m/s 
wind from west), and 03 (8 m/s wind from west). Lower values of concentration and minimal 
stresses were predicted near the shoreline in simulation 01 (no wind). In contrast, the 8 m/s 
westerly wind modelled in simulation 03 acts to drive the ice more strongly against the eastern 
shore, resulting in a slightly smaller zone of ice cover against the shore (relative to simulation 
02), higher maximum thickness, and higher peak internal pressure. High winds drive the ice 
against the eastern shore with greater force resulting in less of an extent of accumulated ice but 
higher pressure and greater thickness.  
 
The effect of river stage or current speed can be observed by comparing results from simulations 
02 (average river stage) and 04 (high river stage). The results suggest that a higher river stage 
produces a greater accumulation of ice against the east shoreline, but has no significant influence 
on ice pressure or thickness in this location.  
 

7.3 Analysis at Île Ste-Hélène, ~4.5km downstream 

Predicted ice conditions along the cross-river transect located near the southern tip of Île Ste-
Hélène, ~4.5 km downstream from the Champlain Bridge are plotted in Figure 18, Figure 19 and 
Figure 20, respectively. Figure 18 shows the predicted concentration values on the east side of 
Île Ste-Hélène to be relatively high and consistent for simulations 01 through 06. However, there 
are some notable differences in predictions for the west side of the island. No ice accumulation is 
predicted on the west side of the island in simulations 03 and 06, whereas some accumulation is 
predicted in simulations 01, 02, 04 and 05. The strongest westerly winds were modelled in 
simulation 03, and this wind forces all ice moving downstream against the east shoreline and 
down the channel on the east side of the island. The highest upstream ice concentration was 
modelled in simulation 06, and in this case the bridge infrastructure effectively limits the volume 
of ice passing downstream. Of the four simulations predicting ice accumulation on the west side 
of the island, the least amount of accumulation is predicted in simulation 05, in which the 
thickest upstream ice (70 cm) was modelled, but with low (2/10th) concentration.  
 



 

 

Figure 19 shows the predicted spatial variation in ice pressure on either side of Île Ste-Hélène. 
On the east side of the island, predicted pressures are lowest for simulation 01, which 
corresponds to calm winds, whereas predicted pressures are highest for simulation 05, in which 
thicker upstream ice (at low concentration) was modelled in tandem with stronger currents. This 
result is consistent with the notion that higher pressure is expected for stronger currents driving 
thicker ice, all else being equal. On the west side of the island, predicted pressures are zero for 
simulations 03 and 06, and small (low) for the other four simulations.  
 
Figure 20 shows the predicted spatial variation in ice thickness along the Île Ste-Hélène transect. 
On the east side of Île Ste-Hélène, predicted thickness for all simulations are similar, with the 
exception of simulations 04 and 06 which have areas of unusually high thickness within 100 m 
of the east shoreline. While the exact values are likely unrealistic, from a qualitative perspective, 
the higher thickness values predicted in simulations 04 and 06 may be attributed to the high river 
stage and stronger currents modelled in these cases.  
 

 
Figure 18: Spatial variation in ice concentration near the south end of Île Ste-Hélène. 

 

 
Figure 19: Spatial variation in ice pressure near the south end of Île Ste-Hélène. 

 



 

 

 
Figure 20: Spatial variation in ice thickness near the south end of Île Ste-Hélène. 

 
The effect of wind on the predicted ice conditions near Île Ste-Hélène can be observed by 
comparing results from simulations 01, 02, and 03. Results from simulation 01 (no wind) show 
lower concentrations and pressures on the east side of the island but greater accumulation of ice 
on the west side of the island, when compared against the results for the other two simulations. 
Results for simulation 03 (8 m/s wind speed) indicate higher pressures on the east side of the 
island and ice-free conditions on the west side of the island. These results again show that 
stronger westerly winds drive the ice against the east shoreline with greater force. This results in 
more ice at a greater pressure drifting down the east side of the island and less ice or no ice on 
the west side of the island.  
 
The effect of river stage or current speed on downstream ice conditions can be observed by 
comparing results from simulations 02 (average river stage) and 04 (high river stage). A higher 
river stage appears to result in slightly less ice accumulation along the west side of the island. 
While internal pressures are similar for both river stages, the higher river stage appears to lead to 
slightly greater ice thickness. 
 

8. Conclusion 

A numerical ice dynamics model originally developed at the NRC and validated through 
previous application in several different geographical regions was configured and setup to 
simulate the behaviour and transport of ice on an 8 km long stretch of the St. Lawrence River in 
central Montréal.  
 
In addition, a new two-dimensional hydrodynamic model of flows in the St. Lawrence River 
through the greater Montréal region was developed, calibrated to available water level data and 
used to simulate water levels and currents representative of those encountered during the spring 
breakup period. The surface currents predicted in these hydrodynamic simulations have been 
used as input to a set of numerical simulations investigating ice dynamics on the river. 
 
The ice dynamics simulations predict the changes in ice thickness, ice concentration and internal 
pressure (or stress) of an ice cover subject to forcing from ground-level winds and near-surface 



 

 

water currents. A range of environmental conditions associated with the spring break up of ice on 
the river at Montréal were modelled. The sensitivity of the downstream ice dynamics to several 
environment variables was investigated and the following observations were made: 

 As the upstream ice concentration increases there is a decrease in the amount of ice 
accumulating on downstream shorelines.  

 Stronger westerly winds tend to force ice against eastern shorelines which reduces the 
extent of accumulated ice but increases average ice thickness and internal pressure. 

 An increase in river stage and current speed results in more ice passing down the east 
side of Île Ste-Hélène and less ice passing or accumulating on the west side of the island. 

 
The NRC ice dynamics model is an important tool for simulating ice conditions that may 
influence the maintenance and safe operation of river infrastructure and the effective 
management of marine traffic on rivers and lakes and in coastal waters.  
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