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Water supply is becoming an issue of increasing importance in Alberta, especially on the
lower Athabasca River near Fort McMurray. Expanding oil sands mining developments,
and associated population growth, have increased water demands and it is important to
be able to assess the environmental impacts of these water demands. In particular the
potential influences of reduced streamflow on fish habitat must be assessed, and since
the river is unregulated, the winter low flow period is particularly critical. For example,
could reduced winter flows indirectly change the relative proportions of ice and water,
by affecting stream hydraulics? Would shallow side channels freeze to the bed more, or
less, often as a result? Also, would climate change influences mitigate or exacerbate
these potential effects? This study is aimed at investigating these questions.
The Athabasca River in this reach has many islands and, as a result, it presents an ideal
test case for two-dimensional ice process models. Therefore, as a part of this study, the
University of Alberta’s River2D model is being adapted to included ice formation
processes. The CRISSP-2D model is also being applied for this study reach, thus
providing an opportunity to compare the two modeling approaches. This paper presents
some preliminary results of this research effort, focusing primarily on the early freeze-up
period and border ice development. Details of the field data collection program are also
provided.
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1 Introduction
With the large growth of population and industry in Fort McMurray, AB, the issue of adequate
water supply arises as the demand for water increases. Of particular interest are the flows during
the winter months since the Athabasca River is unregulated and naturally experiences low flows
during this time. This raises the question of whether substantive flow withdrawals might have a
significant impact on the ice regime of the river. or example, if the flow hydrodynamics change
substantively with discharge, then this has the potential to produce thicker or thinner ice covers.
This in turn has implications for winter water supply, water quality and fish habitat.
The first step in addressing these issues is to develop a good understanding of the winter regime
of the Athabasca River in this reach so a comprehensive field program was developed that
included bathymetric surveys, as well as freeze-up, winter and breakup monitoring. Onedimensional modeling has already been undertaken in the study reach (Andrishak et al., 2008);
however, to fully assess the potential impacts of flow withdrawals in the context of fish habitat
assessment, 2-D modeling is needed. We have selected a 5 km long sub-reach of interest for this
focused effort and the University of Alberta’s River2D software is being updated to include
thermal ice processes. As that model is still under development, the CRISSP-2D software is also
being used to simulate the freeze-up of the Athabasca River. This will ultimately enable us to
perform a comparison between the two ice process models. This paper presents details of the
monitoring program and preliminary results of the ice process modeling using CRISSP-2D.
2 Site Description and Monitoring Program
Figure 1 illustrates the overall (80 km) study reach of the lower Athabasca River, AB, which
extends from Fort McMurray to Bitumount. In the study reach, the Athabasca River flows north
through the Athabasca tar sands deposits, on an average slope of 0.13 m/km (Kellerhalls, et al.,
1972). The bed material is predominantly sand and the channel is entrenched, flowing in a
relatively straight planform pattern, with many islands and large sand bars. Figure 1 also shows
the location of the 5 km long 2-D study reach which is the focus of this paper, and Figure 2
illustrates this 2-D study reach in detail. This particular reach was selected because it
encompassed an observed bridging point in 2006 and 2007.
2.1 Summer Bathymetric Survey
Detailed bathymetric survey data was collected for the 5 km long study reach over two, weeklong periods in July and August of 2008. Benchmarks were tied in using a Thales® Promark™
3 Static Global Positioning System (GPS), bathymetry was surveyed using a boat mounted
Ohmex SonarLite Depth Sounder, and the boat position and bank survey was conducted using a
Trimble® R8 GNSS Real Time Kinematic GPS (RTK-GPS). A rod and level were used to
survey water levels off of the various benchmarks along the reach in order to obtain a water
surface profile. A SonTek acoustic Doppler current profiler (ADCP) was used to measure
velocities and discharges at Sites 1, 2 and 3, shown in Figure 2. Figure 3 shows the resulting
bathymetry map obtained from this survey.
2.2 Freeze-Up Monitoring
Both direct and indirect observations were conducted during freeze-up. To obtain continuous
observations of ice cover development at key points along the study reach, nine automated
cameras were set up at stations M268.1 and M264.9 (Figure 2); an example photo is shown in
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Figure 4(a). In addition, depth (pressure) and water temperature sensors were deployed into the
river at tation M268.1. Daily aerial flights were also conducted along the full (80 km) study
reach of the Athabasca River from Fort McMurray to Bitumount, during which georeferenced
photographs were taken using both SLR and standard cameras (e.g. Figure 4(b)). The data
collected was used to make detailed maps of the ice cover development process. Surface ice
concentrations were also measured from these photos; Figure 5 shows an example of this data.
2.3 Winter Survey
In February 2009, field surveys were performed at Sites 3, 4, 5 and 6 in Figure 2. 8 to 12 holes
were augured at specified points across each transect and ice thicknesses, water depths and snow
depths were documented at each hole. A Nortek AS Aquadopp acoustic Doppler velocimeter
(ADV) was used to measure point velocity profiles in all holes, and the ADCP was used at sites
3, 4 and 5 obtain discharge and velocity measurements. An underwater camera was used to view
the bottom of the ice cover, both to aid in assessing ice roughness and to determine if frazil
transport was occurring. The RTK-GPS was used to survey the top of ice elevation at each auger
hole, and at the downstream boundary of the reach. Ice thickness measurements were also
obtained at each transect using a Ground Penetrating Radar; this instrument was also mounted to
a helicopter so that measurements could be conducted over the entire 5-km reach.
3 Model Application
3.1 Model Descriptions
Two different hydrodynamic models are being used in this study: River2D and CRISSP-2D. The
University of Alberta’s public domain River2D suite of models use the characteristic-dissipativeGalerkin finite element scheme to solve the 2-D depth averaged hydrodynamic equations. The
model simulates the hydraulics of open water and ice covered flow conditions, with a focus on
fish habitat assessment, and is currently being adapted to model ice formation processes in a
purely Eulerian frame of reference. These include: water cooling/supercooling; border ice
formation; frazil production, transport and rise; surface ice transport, bridging and frontal
progression. The ice process model components are still being tested and validated, and so the
application of River2D to date has been limited to modeling open water and winter ice cover
conditions.
It is one of the goals of this study to conduct comparative simulations between the new River2D
thermal ice process model components and the existing CRISSP-2D hydrodynamic ice process
model. CRISSP-2D is a proprietary model that employs an Eulerian finite element model to
simulate hydrodynamics and a Lagrangian discrete parcel method to simulate the transport and
dynamics of surface ice (Shen, 2005a). CRISSP-2D has highly sophisticated ice process
modeling components and has been successfully applied in a number of practical cases (e.g. Liu
et al., 2006).
Two-dimensional ice process modeling presents unique practical problems, most notably
because of the limited reach lengths that can reasonably be considered. It is neither economical
to measure, nor computationally feasible to model, extended domain lengths in 2-D. However,
in this river at least, the processes of frazil formation, flocculation and floatation develop over
many kilometers and consequently, until bridging occurs, the inflow and outflow ice
concentrations for short reaches (such as our 5-km 2-D study reach) are not measurably different.
Essentially this means that whatever ice concentration is specified as the inflow boundary
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condition is simply translated through the domain and out the downstream boundary.
Furthermore, since the bridging phenomenon is highly dependent upon border ice formation in
this reach, it is essential to have this component of the model working well before the rest of the
ice cover formation processes can be correctly modeled. Therefore, border ice growth modeling
has been our primary ice process modeling focus to date. The ability of these models to simulate
border ice development is also interesting, because of the limited models available for this
particular process, combined with the fact that the edges of the domain (where the border ice
tends to form) present the greatest modeling challenges in 2-D.
In CRISSP-2D there are four conditions that must be met at a node in order for border ice to
develop. First, the surface water temperature must be less than a user specified critical value.
Second, the buoyancy velocity must be greater than the vertical turbulence velocity. Third, the
magnitude of the local depth averaged velocity must be less than a user specified critical
velocity. And finally, the node must either be a land boundary node, or have two contiguous
border ice nodes adjacent to it. When these four conditions are met, the surface ice concentration
is set to 1.0 and the initial border ice thickness is set to 0.001 (Shen, 2005b).
The computational mesh (shown in Figure 6) for both models was constructed using River2D,
both because of its ease of use, and so as to ensure identical meshes were used for the model
comparisons. It was constructed using the detailed bathymetric data that was collected in the
summer of 2008.
3.2 Hydrodynamic Calibration
The River2D model was first used for calibration of open water and intact ice cover conditions.
Since the summer survey data was collected in both July and August at various stages and
discharges, data was available for both calibration and validation of bed roughness, kb. A value
of kb = 0.15 m was found to be appropriate. Figure 7 shows a comparison between modeled and
measured velocities at the measurement transects for the calibration inflow discharge of 685
m3/s. In July, the average flow measured with the ADCP was 609 m3/s whereas 685 m3/s was
the value reported at the Water Survey of Canada (WSC) gauge just upstream of the study reach
(Figure 1). The measured flow in the left channel around the island (Site 3 in Figure 2) was
370 m3/s, whereas the modeled flow in this channel was 425 m3/s. This difference is less than
the ADCP measurement error.
For the ice covered case, the model was calibrated for the conditions observed during winter
2009, for which the inflow discharge was 150 m3/s according to data from the same WSC gauge.
Based on the ice thickness survey, a constant value of 60 cm was found to be appropriate
throughout the domain. Based on this, the ice roughness height was calibrated to be ki =
0.000001 m. This suggests a very smooth ice underside, which is consistent with the underwater
video obtained. Good correlation was also found when comparing the velocity data collected
with the ADV and ADCP to the velocities output from the model (Figure 8). In February, the
average flow measured with the ADCP was 153 m3/s (as compared with the WSC measurement
of approximately 150 m3/s). 144 m3/s and 14 m3/s were the measured flows in the left and right
channels (Sites 3 and 4), respectively. The corresponding modeled values were 120 and 30 m3/s,
respectively, again within the ADCP measurement error.
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Using the River2D model calibrations, an equivalent CRISSP-2D model was constructed. This
necessitated conversion of the bed roughness height, kb, to a Manning’s resistance coefficient, nb,
which was achieved using the following equations (Steffler and Blackburn, 2002):

kb =

12 H
em

[1]

where H is the given flow depth and m is:
1

H 6
m=
2.5nb g

[2]

in which g is the acceleration due to gravity. The equivalent Manning’s roughness coefficient
was found to be nb = 0.028.
3.3 Thermal Calibration
A linear heat transfer model was used to quantify the heat exchange between the air and the
water during ice formation. CRISSP-2D employs the following equation to approximate the heat
exchange per unit area between water and air:

φwa = hwa (Tw − Ta ) + kwa − φR

[3]

where φwa represents the net rate of heat exchange per unit area of the water surface, Tw
represents water temperature, Ta represents air temperature, hwa and kwa are calibrated heat
transfer coefficients that depend primarily on weather and exposure conditions, respectively, and
φR represents the net shortwave solar radiation reaching the water surface. Although solar
radiation data was measured near the site, φR was taken as zero for this study, since the weather
is consistently heavily overcast here during freeze-up. The constant kwa was also taken as zero,
as there was no direct evidence for any exposure effect that would warrant assigning a value.
This left only hwa, and based on air and water temperature data collected from 2006 to 2008, a
value of 10 W/m2/°C was found to be the most consistently appropriate, as seen in Figure 9.
3.4 Border Ice Simulation
Based on the hydrodynamic and heat transfer calibrations, the CRISSP-2D model was run to
simulate the border ice development during freeze-up 2008. The inflow discharge was specified
as 300 m3/s, which was obtained from the WSC gauge just upstream of the study reach. The
CRISSP-2D model requires an extremely small time step to maintain stability (Δt = 0.5 s in this
case), which means that it takes ~2 hours of actual time for ~3 hours of simulation time.
Therefore, to reduce the computational time required to test different scenarios, the initial water
temperature was just taken as 0°C and a constant value of Ta = -30°C was set for the air
temperature. The model simulation was run to time t = 108 hours but it was found that there was
no significant difference in the spatial extent of border ice compared to the results at t = 72
hours, only the ice thickness increased after this time. The minimum depth for hydrodynamic
calculations was set to 0.5 m (the default) and to 0.2 m (the minimum stable value), but the
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results were not significantly different. Figure 10 shows the CRISSP-2D model results for the
latter case, at t = 72 hours (employing the River2D viewing platform). Figure 11 shows the ice
map created for November 19, 2008 for comparison. In the areas labeled A through D
(corresponding to the photos in Figures 12 to 15), it was found that the model had simulated
border ice formation very well with respect to the shape and extent of ice cover. At the sites
labeled E and F the model did not correlate well with observations. The fact that the spatial
extent of border ice in the model does not extend beyond the point shown in Figure 11 in longer
simulations, means that is will be challenging to model bridging in this reach.
4 Summary and Future Plans
This paper reports on progress to date in 2-D modeling of the lower Athabasca River, AB.
Details of the field survey program which includes bathymetry surveys, freeze-up monitoring
and winter surveys are described. Open water and ice covered model calibration has been
completed using River2D and preliminary ice process modeling has commenced using the
CRISSP-2D model. At this stage, the focus has been on border ice modeling, since this is critical
to the ice cover initiation process (i.e. bridging).

Further testing with CRISSP-2D will explore parameter variation to see if more realistic border
ice development can be achieved. Testing of the new River2D thermal ice process model has
also commenced, and this also is focusing on border ice development. Once this is optimized in
both models, the latter stages of freeze-up in this reach (bridging and frontal progression) will be
tested and compared in both models. As inflow boundary conditions (particularly surface ice
concentrations) are critical to these processes, we are working on linking the River1D and
River2D thermal ice process model in order to have the former provide the necessary inflow
boundary conditions to the latter. This will also enable 1-D modeling over extended reaches to
incorporate detailed 2-D sub-reaches directly.
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Figure 1. Location map of full reach from Fort McMurray to Bitumount.
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Figure 2. Site map of the 5-km 2-D study reach.
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Figure 3. Channel bathymetry in the 2-D study reach.
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a)
b)

Figure 4. Examples of photographs taken on November 17, 2008 to document freeze-up in the
study reach (a) remote camera (268.1), (b) aerial observations.
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Figure 5. Surface ice concentrations measured in the study reach (a) 2007, (b) 2008.
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Figure 6. River2D mesh employed in the River2D and CRISSP-2D models.
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Figure 7. Velocity comparisons for open water conditions surveyed in July 2008
(a) Site 2 and (b) Site 3.
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Figure 8. Velocity comparisons for ice covered conditions surveyed in February 2009 (a) Site 3,
(b) Site 4 and (c) Site 5.
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Figure 10. CRISSP-2D model output showing border ice thickness in meters (white areas
represent sandbars).
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Figure 11. Ice map based on field observations made on November 17, 2009.
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Figure 12. Aerial photograph of Site A, view from west to east, November 17, 2008.
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Figure 13. Aerial photograph of Site B, view north, November 17, 2008.
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Figure 14. Aerial photograph of Site C, view from east to west, November 17, 2008.
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Figure 15. Aerial photograph of Site D, view south, November 17, 2008.
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