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The majority of Canadian rivers are covered with ice during the winter season.
The picturesque view of rivers and the recreational activities associated with
watercourses encourage many builders to develop in the vicinity of our
magnificent rivers. The benefits of living close to a river are counterbalanced
with the risk of flooding which can occur during open water or under ice
conditions. The last major ice jam that occurred in Fort McMurray was in 1997
which resulted in significant loss of property in the city.
The ability to forecast ice jams along the Athabasca River is limited. Alberta
Environment in collaboration with the University of Alberta has been working
towards a forecasting model based on over 25 years of observations. Since
manual observations are labor intense and very costly, the University of Alberta
installed a remote monitoring system along the Athabasca River in the fall of
2000 for data collection. Alberta Environment has begun the task of replacing
the research network with real-time operational stations. Following a station
redesign, the first operational hydrometric site was installed in the Fall of 2004.
This paper will outline the Athabasca River monitoring program while
highlighting the new equipment installed and explaining which criteria limited
the use of certain types of equipment. In addition the 2004-2005 ice season
observations will be presented.

1. Introduction
Alberta Environment (AENV) has been monitoring Athabasca River ice processes, on a yearly
basis for more than two decades. The Athabasca River ice monitoring program was established
to provide information for disaster planning to the municipality of Fort McMurrray. Data
collected by hydrometric and meteorological stations along the river and within the Athabasca
River basin are utilized for operational purposes to provide data and information in an efficient
and effective manner throughout the ice season. During the breakup portion of the ice season,
the importance of near real-time data becomes very apparent as, unlike open water floods,
flooding from ice jams during breakup can occur within minutes of the initial rise in water levels.
As part of a larger plan to enhance water monitoring in Alberta, improvements were made to the
river ice monitoring program during the 2004-2005 operational year. A remote manual
observation site was replaced with a real time random transmission GOES station data collection
system in the fall of 2004. This report documents the history of monitoring at this site and
reports on the current attempt at automation. In addition to this installation, AENV supports
partnerships that could provide potential improvement to the current river ice programs. For the
Athabasca River, a partnership with C-CORE and the University of Alberta has been initiated.
The focus of this agreement is to evaluate the potential for commercial products to monitor river
breakup via satellite imagery.
The existing monitoring system, in combination with the new improvements, was utilized during
the 2004-2005 ice season to collect data related to river ice processes on the Athabasca River.
Besides the immediate benefit to the local municipality, several interesting ice related events
were documented throughout the ice season. This includes an early winter runoff event, an early
spring runoff event and ice jams during river breakup. The ice jams that formed on the
Athabasca River at Rock Rapids and on the Clearwater River at Fort McMurray are of particular
interest because of the size of the jam (Rock Rapids) and rare occurrence (Clearwater River).
2. Study Area
As illustrated in Figure 1, the Athabasca River originates in the Rocky Mountains and flows
northeast through the province of Alberta to Lake Athabasca. The Athabasca River basin is
sparsely populated between the Town of Athabasca and Fort McMurray. Many reaches of the
river are only accessible by boat or helicopter. Figure 1 also shows the relevant hydrometric
stations that are typically used to monitor the Athabasca River during the ice season. Data is
limited on many parts of the river as neither manual observers or remote stations are available.
The reach of the Athabasca River immediately upstream of Fort McMurray is shown in detail in
Figure 2. Electricity and cell phone coverage is not available upstream of Fort McMurray.
Water Survey of Canada (WSC), a division of Meteorological Services Canada (MSC),
maintains a number of water level stations that are used by AENV to monitor the Athabasca
River basin during the ice season. WSC gauges on the Athabasca River tributaries are often
beneficial by providing an indication of local runoff and are used to monitor the ice season in the

Athabasca River basin. These stations are not always available in early spring as some are only
operated during open water conditions. This spring, a gauge was added to the Wandering River.
The WSC stations within the Athabasca River basin are listed below with their corresponding
WSC station number, AENV abbreviated name, and WSC name respectively.
07DA001
07BE001
07BC002
07BB002
07BB006
07CD001
07CD005
07AE001
07AG004
07AH001
07CD004
07CB002
07CA006

(RATHMCM)
(RATHATH)
(RPEMJAR)
(RPEMENT)
(RPADBARR)
(RCLEDRAP)
(RCLECHRI)
(RATHWIN)
(RMCLWHIT)
(RFEEFTA)
(RHANGMCM)
(RHOU63)
(RWANWAND)

Athabasca River below McMurray
Athabasca River at Athabasca
Pembina River at Jarvie
Pembina River near Entwistle
Paddle River at Barrhead
Clearwater River at Draper
Clearwater River above Christina River
Athabasca River near Windfall
McLeod River near Whitecourt
Freeman River near Fort Assiniboine
Hangingstone River at Fort McMurray
House River at Highway No. 63
Wandering River near Wandering River

During the 2004-2005 ice season, the RHOU63 and RWANWAND stations provided limited
information, as they were not operational for the majority of the ice season.
Hydrometeorological data was also collected in the Athabasca River basin for the 2004-2005 ice
season. Details regarding this data are provided in Robichaud (2005).
3. River Ice Monitoring Network
Along with the WSC stations used to measure water conditions throughout the year, AENV has
operated and funded several gauging/observation sites over the last two decades. Through the
provincial network modernization program, a new chapter in river ice monitoring was begun in
2004 with the installation of a remote monitoring station. This is the third major initiative to
locate a remote station below Crooked Rapids.
In the spring of 1985, the first ice movement detection station was installed in the Crooked
Rapids area by AENV (Rachuk and Rickert, 1986). This station consisted of ice movement
sensors placed within the existing ice cover to monitor ice movements during breakup and also
included meteorological data collection for air temperature and precipitation. During the
operation period of this station, different technologies and locations were tested.
The original station installed in 1985 transmitted the information collected via the Geostationary
Operational Environmental Satellite (GOES) system. This information was sent to Wallops
Island, Va. USA and from this point, it could be access by AENV via phone (Rachuk and
Rickert, 1986). Random GOES transmissions were also setup at this station and were used in
regards to the ice movement sensors. Figure 3 shows one of the ice movement sensor anchored

into the existing ice cover while Figure 4 shows the water level / ice movement detection sensor
attached to a boom. The water levels / ice movements were detected by an acoustic sounder.
This type of equipment can provide unreliable data since the measurement is taken fairly close to
the bank and can be influenced by shear walls as shown in Figure 4.
The Crooked Rapids station was in operation for approximately 2 years and was abandoned
because of a lack in reliable technology and had a higher cost than benefit ratio. Although the
technology was too limited for the extreme conditions, this station did confirm the necessity to
monitor the river well above the location of interest in order to understand the river ice process in
this reach, which eventually influences the formation of ice jams in Fort McMurray.
AENV established a manual monitoring site below Crooked Rapids, which operated from 1989
to 2004. Each year, two members of AENV would provide hourly water level readings for up to
two weeks prior to the river breakup. Helicopter was the only means of accessing this site during
the spring and several supply trips were necessary to set up / dismantle this site each year.
Equipment necessary included generators, fuel, flood lights for night monitoring, and several
days of provisions for AENV team members. During active ice movements, frequent
communications by radio and satellite phone were provided to AENV team members located in
the town. A variety of technology, including photos / videos were used to document the ice
season. Shear walls often limited access to the river allowing only qualitative information to be
provided as shown in Figure 5. Limited site access was identified as a concern during the spring
of 2003 when a late winter storm grounded helicopters for a short period. The onsite team was
frequently inaccessible as helicopter services in Fort McMurray are not available from dusk till
dawn. The manual observation site was resource intensive in regards to staffing / monetary
elements and provided limited quantitative data.
In 2000, Dr. Faye Hicks from the University of Alberta designed a research network to capture
data for the development of river ice modeling. The network and resulting research is
documented in several papers and theses. The site numbering for the hydrometric stations shown
in Figure 6 is related to cross sections surveyed and staff gauges installed by the Alberta
Research Council. Station G140 was located downstream of Crooked Rapids and within half a
kilometer from the previous AENV remote monitoring site. The data collection program ended
in 2003 after successfully capturing water level data during the spring of 2002.
AENV provided basic maintenance for sites G105 (the golf course), G130, G135, and G140
(heart attack hill) as a joint effort to provide the municipality with a limited warning system in
2004. While the research network was not designed for this purpose, it did provided AENV staff
the opportunity to evaluate a wider selection of site locations in preparation for the design of a
more permanent network. Design considerations for the station configuration are described in
detail in Section 4.
Building on the experience from 2004, AENV’s remote monitoring network setup for 2005 made
extensive use of equipment available in the field. Maintenance was done on the University of
Alberta sites G105, G130 and G135 in late fall and these sites were equipped with a variety of
water level and pull-wire sensors to detect ice movement. An additional water level sensor was

installed at the AENV’s water quality site Athabasca River above Grand Rapids (WATHAGR).
Water level sensors were provided by the University of Alberta.
Innovative river ice observations in 2005 included satellite monitoring of the river ice cover.
Through a partnership with C-CORE and the University of Alberta, satellite images of the
Athabasca River were provided throughout the winter and also during river breakup.

4. River Ice Monitoring Station Design
As part of a government initiative to modernize the provincial hydrometeorological network, a
river ice monitoring station was proposed to replace the manual observations site near Crooked
Rapids. Many potential components were considered before the final station design was
accepted. Selections of the station components impacted other decisions. For example,
Robichaud and Hicks (2001) reported that limited cellular communication is available in this
area, which required that the communication towers be located at the highest ground elevation.
This restricted the site selection to a location downstream of the AENV manual ice observation
station. For this reason, a team was formed to assist with the station design. This team consisted
of AENV staff from the Water Monitoring, Data Management, and River Engineering teams
who contributed expertise in remote data collection, data transmission and processing and river
ice monitoring respectively.
One of the largest issues that had to be remedied was the method of transmitting data from the
site to the main real-time data collection systems in Edmonton. This had been flagged as a
problem at both of the previous sites near this location. Reliable cell phone coverage is not
available at the Crooked Rapids site even if towers were to be constructed. After discussing
many potential communications options, it was decided to use the GOES satellite transmission
systems. AENV is equipped to receive standard GOES transmissions as part of the provincial
hydrometric monitoring program. Transmissions are automatically processed and data is
transferred to the provincial databases. Options were available for hourly or every three hours
transmissions. Since the minimum travel time from the site to the town is about two hours, a
delay of an hour was not considered acceptable. The Data Management Team invested in the
technology to receive “Random” GOES signals. This would allow a signal to be transmitted as
soon as the station registered an alarm condition or at a “random” time. This is a technology that
has been used by over a decade by the US National Weather Service but was not currently
applied by AENV. A code was written to search the transmissions for the alarm condition and to
alert River Engineering staff as to what condition occurred. Within minutes, a message from the
remote station is communicated to the on duty response person. With this system in place,
AENV is provided with the maximum lead time.
Data collection needs vary throughout the year. While other teams, such as River Forecasting,
can meet their needs with hourly values, more detailed data is beneficial for analysis of river ice
events. To avoid unnecessary data collection and storage, the river ice monitoring station was
designed to routinely collect, transmit and store hourly data. In a separate data storage location,
or data logger channel, five minute data were collected for the purpose of supporting the river ice
model development. This data can be retrieved from the site during manual visits.

The station is designed for two types of alarms. The first is based on the recorded water level. If
the water level changes significantly in a short period of time, a Random GOES transmission
will occur. Based on the experiences of the University of Alberta, this threshold was set to a
water level change of + 10 cm in 15 minutes. When the water level alarm is triggered, the
current water level will be transmitted until the number of allowable random transmissions is
exceeded. Each GOES stations has a limited number of transmissions in a 24 hour window.
AENV is testing the distribution of the signals. For the 2004-2005 ice season, the allowable
transmissions were divided into two time blocks. Should the alarm conditions be exceeded, a
second block of transmissions will become available 12 hours later. The second alarm condition
is related to a pull-wire alarm system, which is installed annually in the early spring and is
similar to the system described by Zufelt, 1993. A Random GOES transmission is activated if
the ice cover starts moving which pulls the attached wires and triggers the alarm.
Based on the operational needs, physical components for the station were selected. The main
components for data collection included an easy to program data logger and a bubbler gauge
system. While the initial programming of the logger is complex, a series of drop down menus
would allow less experienced staff to make onsite adjustments with only verbal instructions from
more experienced staff. A decision was made to accept a limited number of sensor connections
in exchange for the ability to potentially perform onsite servicing. The bubbler gauge system
was selected since there would be a low replacement cost of the river components, such as the
tubing system, that could potential be damaged by ice or impacted by the high sediment
concentration in the river. A self-contained air compressor was used instead of the typical
nitrogen tanks to reduce maintenance visits to the site. A desiccant chamber was placed in series
with the air compressor to remove moisture. Because Alberta’s climate is dry, the air bubbler
system can potentially operate for a few years without any maintenance required.
The site location was selected in the Crooked Rapids area. If the station would have ceased to
operate over the winter, there was still a potential to have AENV staff do manual observations if
conditions warranted. Ideally, the station should be located below Rock Rapids as jams have
frequently occurred at Rock Rapids and above the island downstream of Rock Rapids since river
breakups can occur on only a portion of the channel in this reach. Steep banks would limit
access from the river but was not considered an obstacle as a clearing for a helicopter landing
site was included in the plan. In late August, the Monitoring and River Engineering teams
visited the potential sites and selected a location a few hundred meters upstream of the manual
observation site. High river flows hindered the site selection but it was decided that this station
would be installed in the fall rather than wait until the following year.
The bubbler tubing was buried along the bank to protect it from potential ice damage. However,
the bottom of the river valley is bedrock. Due to high water levels, a shallow trench was chiseled
into only a limited stretch of the river.
The Crooked Rapids station was installed in the fall and collected data until the first ice
movement occurred during the river breakup. Figure 7 shows the new Crooked Rapids station.

3. 2004-2005 Ice Season
Freeze-up, midwinter and spring breakup events were documented by the River Engineering
Team of AENV. A complete description of these events is reported by Robichaud (2005). A
briefer description, highlighting the more interesting aspects of the year, is provided below. The
2004-2005 ice season is distinguished by a midwinter snowmelt event, an early spring runoff, a
large jam on the Athabasca River and a dynamic breakup of the Christina and Clearwater Rivers
(tributaries to the Athabasca River).
Freeze-up of the Athabasca River at Fort McMurray occurred in early-mid November. At the
newly installed RATHCKRP station, the water levels recorded suggest that ice effects started to
be observed on November 21 and that an ice cover was likely formed on November 25. A stage
increase of 2.9 m was observed. Since this was the first freeze-up observation at this site, there
was no other data that could be use for comparison. Satellite images provided by C-CORE later
in the season supported the initial hypothesis that a freeze-up jam had formed in this reach of the
river. Site observations in late January confirmed that a freeze-up jam had occurred.
Typically, the water level under an ice cover continually decreases over the winter months since
precipitation is mainly stored as snow in the basin but this was not the case this year. On
December 17, rising water levels were recorded all along the Athabasca River due to
unseasonably warm temperatures in the upper Athabasca River Basin causing snowmelt. There
was concern that the newly formed ice cover would not be able to sustain the rising water levels.
A river advisory was issued due to the high flows but no observation flights were possible due to
the unusually persistent poor weather conditions (sustained high winds and intense local storm
cells). Water level data is available for gauging sites along the river. The timing of the
hydrograph peaks between Crooked Rapids and the WSC gauge below Fort McMurray indicates
that the peaks traveled relatively consistently taking typically around 18 hours to travel
approximately 40 km between stations (Figure 8). Unseasonably warm temperatures in the
upper basin likely caused another smaller increase in water level along the Athabasca River in
late January.
In late February and early March, warmer temperatures initiated runoff in the Pembina River
Basin raising concerns about the integrity of the ice cover. On March 14, an aerial
reconnaissance of the Pembina and Athabasca rivers was carried out. Upstream of the Pembina
River confluence, the ice cover was dark (indication of thermal deterioration of the ice cover)
and open water was also observed. A 2 km long ice jam was located at the Pembina River
confluence with the Athabasca River. From the Pembina River confluence to approximately
McMillan Lake, the Athabasca River ice was dark and intact. In general, border flow was
observed in this reach. Downstream of McMillan Lake to Fort McMurray, the ice cover was
solid and the normal winter open leads were observed at many of the rapids.
The weather turned cool for the remainder of the month and no noticeable increase in the
deterioration of the ice cover was observed. The cooler weather slowed down runoff in the
Pembina River basin and snow precipitation occurred throughout the Athabasca River basin
during this period. Precipitation ranged from 5 to 30 mm in the Pembina River basin with the
higher precipitation located in the headwaters of the Little Paddle and Paddle rivers.

The warmer weather observed in March initiated spring runoff in the upper Athabasca River
basin. In early April, there was a less than normal amount of snow available for runoff in the
Pembina River basin. This was also observed at the Town of Athabasca. In the vicinity of Fort
McMurray, no runoff signs were noticeable and the ground was covered with snow.
On April 4, an aerial reconnaissance flight was carried out for the Pembina River and Athabasca
River. The ice cover on the Pembina River was deteriorating with the small jam still intact at the
mouth of the river. Runoff was essentially completed in the basin and no significant spring
runoff was observed with this second thaw. The regular open leads (confluence of the Lesser
Slave River and Alpac Mill outfall) had begun to lengthen. From the Pelican Rapids to Fort
McMurray (approximately 200 km), no significant changes to the ice cover were observed since
the last aerial reconnaissance flight on March 14.
On April 6, ice movements were reported at the Town of Athabasca. Aerial reconnaissance
observations on April 7 showed that the Pembina River was open and the jam at the confluence
was still approximately 2 km long. This is likely due to increased ice from upstream replacing
the ice, which had melted in place since the jam was first observed in mid-March. The Athabasca
River upstream of the Pembina River confluence had an intact ice cover which was weak and
dark. Downstream of the Pembina River confluence, the Athabasca River was open to
approximately the community of Chisholm. An 8 km long ice jam was located between
Chisholm and Hondo. No significant backwater was observed. The Athabasca River was
alternating from open water to a weak and dark ice cover from Hondo to the Town of Athabasca.
The river was open at the Town of Athabasca for approximately 30 km upstream. Downstream
of town, a 3 km long ice jam had formed. From this ice jam to McMillan Lake, a weak and dark
ice cover was observed with some open water. Very little change was observed at Grand Rapids
since the April 4 flight. The open leads from Brule Point to Crooked Rapids continued to open
up while small leads were visible from Crooked Rapids to Fort McMurray.
On April 8, the pull wire alarm at WATHAGR was triggered between 16:00 and 17:00 MST.
The water level measured at this station confirmed that ice movements had likely occurred at this
location. After 2:00 MST on April 9, this gauge started to malfunction and was not operational
for the rest of the ice season.
Based on the warnings, an aerial reconnaissance flight was carried out in the morning of April 9.
An 80 km long ice run was observed with the front of the run easily breaking through the ice at
Long Rapids around 8:30 MST. Extensive shear walls were observed from approximately
Pelican Rapids to the House River confluence. The height of the shear walls was estimated to be
between 3 and 4 m and the ice had disrupted trees approximately 30 to 40 years old. Extensive
shear walls were also observed from Boiler Rapids to Middle Rapids. Several ice consolidations
likely occurred along the Athabasca River as several consolidation lines (shear walls) were
observed at the same location. For example, a minimum of six different shear walls was
observed at Joli Fou Rapids as shown in Figure 9.
At 10:30 MST, the ice run came to a halt at Rock Rapids, immediately above the RATHCKRP
station. The two hour travel time suggests that the ice run was either moving at 2.1 m/s or, more

likely, stalled above Crooked Rapids for a short time. AENV staff were onsite as the toe of a
large ice jam formed and a video was taken of the event. At approximately 16:00 MST, a 24 km
long ice jam was observed. A wave of water had traveled downstream of the ice jam and
resulted in an increase in water levels of 1.2 m at the RATHMCM gauge below Fort McMurray
at around 21:00 MST.
The jam and the upstream basin conditions were closely monitored. Figure 10 shows the toe of
the jam on April 9. Since the snowmelt in the upper basin was complete and the channel was ice
free for more than 150 km upstream, very little change in the river flows occurred at the ice jam.
Water continued to move through the jam as indicated by the water levels at the WSC gauge
(RATHMCM) below Fort McMurray. The usual changes in ice coloration occurred from bright
white to dark grey within the ice jam. On April 18, an open lead had developed through the ice
jam. It took 9 days for the ice jam to melt in place.
Apart from the jam below Rock Rapids, the river breakup on the Athabasca River proceeded in a
near thermal phase. A small ice jam / accumulation was noted downstream of station G135 on
April 17. Open leads downstream of Fort McMurray opened the channel below. On April 21, a
small ice run pushed the remaining ice from the channel.
Ice on the Clearwater River broke up dynamically on April 17. Jams on the Christina River and
the Clearwater River above the Christina River were first noted on April 12. The Clearwater
River sub basin responds slowly to snowmelt runoff and these events could be the result of the
mid March snowmelt. Since the ice on the Athabasca River at the Clearwater River confluence
was still intact, the ice from the Clearwater jammed at the mouth of the river resulting in an ice
jam approximately 10 km long. On April 18, a 2 km ice run was observed from the air on the
Clearwater River. Minor flooding of low lying areas occurred. The ice at the confluence pushed
through the left channel of the Athabasca River during the late evening of April 18 and early
morning of April 19.
There were a variety of successful and problematic satellite images. Details are provided in
Robichaud (2005). The images have potential since they are not subject to the same
environmental limitations as manual aerial observations. The images can be taken regardless of
the weather or presence of cloud cover. High resolution images can provide accurate
information to the extent of documenting the formation of open leads. However, the available
images were not reliable and occasionally provided incorrect classifications as in Figure 11,
which was manually confirmed to be open water upstream of Middle Rapids. Factors that
influence the accuracy of satellite images are discussed in Pelletier et al., 2005.
4. Future Plans for River Ice Monitoring on the Athabasca River
AENV has taken a very active role in the documentation of river ice processes, the development
of collecting quantitative data in remote areas, and in supporting research initiatives along the
Athabasca River. AENV will continue to improve the collection of quantitative data on the
Athabasca River. Two remote monitoring sites, similar to the gauging site below Crooked
Rapids, are scheduled for installation in the fall of 2005. The primary purpose of the network of

stations is to support the real-time operations of river ice breakup monitoring for Fort McMurray.
The secondary benefit of these stations is the high quality data provided to research and
modelers, which could establish the Athabasca River as one of the world’s prime locations for
river ice modeling of a natural river. The development of satellite monitoring of river ice
conditions will continue. C-CORE has initiated a project involving members of the Northern
Forum including Canada (Alberta, Yukon), USA (Alaska), and Russia (Saka, Khanty-Mansii).
The three year project will provide each region with satellite imagery during the river ice season
and in return, each region will provide C-CORE with information about the actual field
conditions. Operational research on the Athabasca River remains important to the development
of government programs. For 2005-2006, the Water Research Users Group (WRUG) has
provided funding for Dr. Hicks at the University of Alberta to continue her investigations into
capturing quantitative data along remote reaches of the Athabasca River to support the
development of ice jam surge release modeling.
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Figure 7 New Crooked Rapids station.
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Figure 8 Water levels recorded at RATHMCM and RATHCKRP.
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Figure 9 Shear walls along the Athabasca River on April 9 at Joli Fou Rapids.

Figure 10 Toe of the Rock Rapids ice jam on April 9.
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