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Managing River ice flood risk in Alberta
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Abstract: River ice jams pose a serious threat in Northern regions including Fort McMurray and Peace River, Alberta, Canada.  Both of these communities have experienced river ice jam flood related economic losses.  The management of the river ice flood hazard for these communities has developed over the past decades and involves stakeholders from provincial and municipal governments, industry representative and research teams.  Hazard areas are identified through provincial flood hazard identification programs on which municipal governments can create appropriate bylaws for development.  The Provincial Water Act provides the legal framework for the government to regulate activities in the floodplain that could increase potential or severity for river ice jam formation.  Since the risk of the development of a severe ice jam cannot be removed, in the spring and fall of each year, information regarding the flood hazard is provided by using knowledge of previous events, remote monitoring of river ice conditions and forecasting.  Mitigation measures for large rivers, such as those in Northern Alberta, are limited.  Case studies of mitigation of a river freeze up jam and a potential spring break up jam are reported for a regulated river.
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1. Introduction
Many communities across Canada have a flood hazard related to river ice processes.  Ice jams are estimated to cause annual damages of more than $100 million annually in the United States (U.S. Army Corps of Engineers, 1999) and annual losses in Canada are estimated at $60 million (Beltaos, 1995).  In Alberta in 1997, ice jams resulted in over a million dollars in damage and economic losses.  As development continues to expand in northern areas, there is a need to increase the understanding of river ice jam processes and potential mitigation strategies.  
River ice jams can result in flooding from the time ice forms in the fall until the river is ice free in the spring.  Freeze-up ice jams occur when the newly formed ice becomes congested in the river channel.  River break-up ice jams typically form in the spring when a solid ice cover can be mobilized by runoff before the strength of the ice cover has sufficiently deteriorated.  

Ice jam flooding is the flood of record at several sites across Canada and can be more dangerous than the more common open water flooding.  During an ice jam, water levels can change rapidly.  Large increases in water levels can occur quickly behind ice that is blocking a large portion of the river channel.  Should an ice jam suddenly release, the water and ice stored in and behind the ice jam will be released to the downstream channel.  This can occur with little or no warning and result in substantial increases in water levels in a short time relative to an open water flood event.  
Since the early 1970s, ice jam flooding has been recognized as a serious flood hazard in Alberta.  Data collection and studies have resulted in substantial databases and heuristic knowledge.  This paper describes the current approach to river ice management in Alberta and focuses on the Athabasca River at Fort McMurray and the Peace River at the Town of Peace River (Figure 1 and 2 respectively).     
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Figure 1: Athabasca River at Fort McMurray, Alberta.

2. Removing the Risk: Flood hazard information program

Identification of flood hazards is a key element of any mitigation program.  This knowledge can be used to promote appropriate land use planning in flood prone areas.  In Alberta, the Flood Hazard Identification Program provides information for communities with an identified flood risk.

Areas prone to ice jam flooding pose an additional risk for flood hazard identification. Ice jams can be site specific and it may not be possible to relate water levels in one reach of the river to water levels in another reach.  Unlike open water flood events, it may be difficult to obtain data on the magnitude or the extent of flooding for historic ice jam events due to site specific flood conditions and the high failure rates of automated river gauges during such extreme conditions.
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Figure 2: Peace River at the Town of Peace River, Alberta

Two approaches have been developed in Alberta to create a design flood event in locations where ice is the dominant flood hazard.  The approach may depend on the availability of data and the length of the historical record for the area.  As with any flood analysis, it is necessary to examine the record for continuity to confirm that the dominant processes that created the ice jam events remain unchanged.  For example, regulation of flows on a river by a reservoir can have a major impact on ice regime.

Ideally, documented water levels are used to establish the frequency of a flood hazard.  This can be particularly challenging for ice jam events due to the complications of measuring ice events.  In many cases, there may be knowledge of ice jam flood events but no record of annual peak water levels.  This was the case for Fort McMurray where the “perception stage” method proposed by Gerard and Karpuk (1979) allowed the local knowledge of ice jam events to be incorporated into the frequency analysis.  
When little data is available, it may be necessary to select a single ice jam event as the design event.  Available information, such as water levels and high water marks, can be used to model the ice jam event and create design water levels.  In Alberta, this approach was used for the communities of Fort Vermillion and Whitecourt.    
3. Reducing the Risk before an event occurs
If residential or industrial development has occurred in a floodplain, the focus should then be to reduce the risk should a flood event occur.  There are roles and responsibilities for everyone.  Education and awareness of these roles and responsibilities is the key to reducing risks.  
Municipal governments take the lead role for emergency response in Alberta.  In communities where spring ice jam flooding have historically occurred, municipal governments coordinate local planning and education.  Emergency Operation Centres will host annual meetings, inviting stakeholders to share knowledge, experience, and resources.  This may include table top exercises.   In addition, public awareness may be increased by directly (such as the distribution of leaflets) or indirectly (by engaging the media).

Under the Water Act, Alberta Environment is responsible for the regulating activities in the floodplains.  Coordinated by the Alberta Support and Emergency Response Team, regional compliance and approvals teams increased flood awareness in the spring of 2007 through “sweeps” in the floodplain.  A “sweep” consists of checking that conditions of the government issued Water Act Approval are being met and that hazardous materials are being properly managed.  Should an ice jam flood occur, both owners and government representatives are aware of risks and current activities in the floodplain to mitigate them.

Ice bridges may require provincial approval if the bridge has potential to increase the risk of flooding, should the additional ice forming the bridge not be fully removed.  Figure 1 shows a decommissioned ice bridge in the main thalweg of the river before and after a major river ice run.  Mitigation measures to reduce the impact of an ice bridge on river ice break up may be required as part of the Water Act Approval.  Mitigation measures are normally limited to ice cutting and hole cutting/drilling, although blasting may be considered.  Depending on the location of the ice bridge, Alberta Environment may monitor the effectiveness of the removal process for future approvals.   
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Figure 3: (a) Decommissioned ice bridge prior to an ice run on the Athabasca River, Alberta (right river bank in the foreground) (b) ice remains at the site of an ice bridge after a major ice run in 2002 (left river bank in the foreground).
4. River ice management of risks
Water is a provincially managed resource and as such, the Alberta government takes responsibility for monitoring, reporting and forecasting river ice conditions that can not reasonably be done by the local authorities.  Provincial teams work closely with the municipal government to clearly identify roles and responsibilities.  River ice forecasting methods are being developed and applied operationally to assist both the provincial and municipal governments with emergency preparedness.  Should conditions indicate that there is a higher than normal potential for severe river ice break up conditions to develop, additional precautions may be taken.  This may include additional monitoring, increased public awareness, and proactive measures such as placing sandbags in areas where minimal sandbagging can provide substantial mitigation.  Clear communication of the accuracy of forecasts, including evaluation of new methods, is vital as there are costs associated with additional preparedness.  
Historic records provide a wealth of information for forecasting purposes on the Peace and Athabasca rivers.  For example, the date of river break up at Fort McMurray ranges from April 3rd to May 9th but approximately 75% of the occurrences are within one week of the mean date.  This identifies dates for planning emergency preparedness and provides a reference point for evaluating the potential impacts of climate change on the duration of the river ice cover.
The science for long lead (month to weeks) and short lead (days to hours) forecast models are currently being developed.  A neuro-fuzzy model has been developed for the Athabasca River (Mahabir et al., 2007) and is being operationally tested.  The accuracy of this long lead forecast method is limited to providing a forecast of the potential for the flood conditions during river break up to be reached or exceeded.  Short term forecast hydraulic models are being applied on the Peace River.  Research is moving in several directions to increase the knowledge and the accuracies of river ice forecasting (Morse and Hicks, 2005), particular for short term forecasting.

While model development is important for the future of river ice forecasting, current river ice monitoring practices rely heavily on aerial observations and remote water level monitoring.  Visual reconnaissance flights allow experienced observers to monitor the progression of river ice break up.  Reports and photos are made available to the public on websites.  Remote river gauge networks have been designed to monitor river ice.  The incorporation of pull wires and immediate satellite transmission of data are reported by Robichaud et al. (2005). To reduce the potential loss of equipment during ice runs, use of acoustic sensors was evaluated and reported by Mahabir and Garner (2007).   Operational evaluation of satellite images to monitor river ice conditions is occurring as part of a three year Polar View project.  Preliminary results indicate that this technology may be useful for determining the location of an ice front on a regulated river (as shown in Figure 4) and for locating river freeze up ice jams on an uncontrolled river.
The river ice data collection network in Alberta has been designed primarily to support real-time river ice forecasting.   Where possible, the network was also designed to provide information for future model development, recognizing that research often requires more information than practical operations.  The remoteness of the water level stations along the Athabasca River limits the practical data transmission frequency to hourly with additional data transmitted only if threshold levels are exceeded.  The data loggers, however, collect and store data every 5 minutes.  This data is retrieved during on-site maintenance visits and made available through the government water databases to researchers.
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Figure 4: RadarSat images for December 28, 2006 (a) and January 2, 2007 (b) are used to provide a product that highlights the change in the ice cover length. 
5. river ice jam flood Mitigation

The potential methods for river ice flood mitigation are highly dependant on the particular river.  As many types of ice jam mitigation measures are structural, both the ecology and the size of the river are major factors.  Beltaos (2007) reports on some promising ice jam mitigation measures for small rivers which include documented site specific use of ice control structures and an amphibious excavator.  During spring break up, river ice control structures function by preventing ice from moving into the downstream river reach by creating an ice jam upstream.  This is a suitable approach where flooding in an upstream reach of the river does not create concerns for existing development, landowners or the environment.  Amphibious excavators are being tested for ice removal of stable ice jams such as freeze up ice jams.  Often peak water levels occur prior to the formation of a stable ice jam and flood damage has already occurred.  Amphibious excavators may be beneficial in reducing the duration of the river ice jam flooding. 
Options for flood mitigation in larger rivers is more limited.  Flood mitigation reports for river ice conditions have been investigated for the Red River (Beltaos et al., 2000).  No feasible mitigation solutions were found.  In Alberta, the Peace River and the Athabasca River are categorized as large rivers.  The Athabasca River is a natural flowing river so there is limited opportunity for flood mitigation.  The Peace River, however, has a significant portion of the winter flow controlled by the Bennett Dam in British Columbia.     
The Bennett Dam is located approximately 400 km upstream of the Town of Peace River.  River ice management responsibilities for the Peace River are shared by the provincial governments (Alberta and British Columbia) and BCHydro, the hydroelectric power authority.  Through a joint task force, the groups work cooperatively to evaluate the potential ice jam flood hazards during both ice river freeze up and break up processes.  In the last five years, mitigation measures have been evaluated for alleviation of groundwater seepage due to high freeze up water levels and reducing the potential for major river ice break up jams.  

During river freeze up, water levels can increase significantly.  This feature of the river ice process can be magnified on rivers with large hydroelectric facilities as winter flows are often much higher than the natural river flow.  For example, the river level at the Town of Peace River will normally increase between 2.5 to 3 meters during the river freeze up process even through the river flows are relatively constant.  Periodically, the river ice cover will consolidate after the initial ice cover has formed.  Water levels will be further increased as frazil ice will often impede flow.  Frazil ice is a naturally occurring suspended slush ice that can be distributed throughout the water column.  In 2005 and 2008, secondary consolidations of the ice cover created high freeze up water levels at the Town of Peace River which resulted in groundwater seepage into a residential neighborhood.  In 2005, flow reductions were attempted to reduce the water levels but it was not possible to reduce the water levels sufficiently to eliminate the groundwater seepage.  The natural processes (smoothening of the under ice under cover and the flushing of frazil ice) that normally reduce water levels throughout the winter appeared to have been inhibited.  Controlled tests were initiated to increase river flows and monitor the impact on water levels.  It was determined that after a few days of constant increased flow, water levels would decrease.  Returning to a lower flow resulted in lower water levels than at the beginning of the testing phase.  Originally creating a water level increase of approximately 30 centimeters, water levels stabilized only 10 cm higher for a flow increase of 650 m3/s as illustrated in Figure 5.  The redistribution of frazil ice may account for the change in water levels.  The 2005 tests were ended due to an early spring.  Preliminary results are reported in Jasek et al. (2005) and Friesenhan (2005) provided a detailed account of the river ice season.  Similar events in 2008 allowed for further testing of this mitigation method.  Preliminary analysis suggests that there is a limit on the potential of this mitigation technique however, no quantitative results are available at the time of this writing.    
[image: image5.png]icrosoft PowerPoint - [ce Bridge Review. ppt]

@] Fle Edt Vew Insert Fomat Tooks SideShow Window Help Adobe FOF
D25 B9 @

T o [

Click to add notes

Lg | Autoshapes~ N\ N\ 1O A 4l £ (8 & & - F - A~

Side 3 of 14 Blark Presentation





[image: image6.png]Microsoft PowerPoint - [Mahabir_Norther

_Forum_ice.ppt]

] Hle Edt Vew Inset Fomat Took SideShow Window Help AdobsPDF

Qesidld B9 -|@

ekl |
[ Gutie )/ shides \__% R R T T TN TR TN RNt T T RN TR T T RNt SRR TR R TN TR TR RTRET SR

<

v [Click to add notes

Auoshepes~ \ N 1 O 9]
Side 120 20 Defauk Desion 3

stat. €~ 6 @ = @) @2 A





Distance, m
Figure 5: Cross sections taken on the Peace River on February 2 and 28, 2005 
In 2007, the potential for the development of severe river ice break up jams was identified weeks prior to river break up. The mechanism that initiates a severe ice jam on the Peace River is the mobilization of the Smoky River ice cover prior to the recession of the Peace River ice cover.  The Smoky River is a natural flowing tributary located south of the Peace River (Figure 2).  A heavy snowpack has been identified as a trigger for the mobilization of the Smoky River prior to the Peace River ice cover recession as significant runoff can be generated in the southern reaches while the northern regions remain frozen.  The movement of ice is impeded by a solid ice cover in the northern river reaches and ice jams form.  Early identification of the potential risk allowed for steps to be taken to identify and reduce risks prior to spring break up as outlined in previously in this paper.  Basin and river conditions were closely monitored throughout the spring.  Possible scenarios and responses were evaluated and agreement on possible flow control responses was established.  Care was taken to ensure that the provincial river ice team clearly understood what information would be required for specific flow reductions to occur and the implications of decisions.  For example, requesting too large of a flow decrease too early in the season would reduce the valuable storage available in the reservoir resulting in less storage available at a later date and potentially limiting future mitigation by flow reduction.  Through experience and knowledge of the river ice processes, the teams were able to successful implement flow reductions on the Peace River that likely averted the formation of an ice jam at the Town of Peace River (Jasek et al., 2007).
6. Conclusions

The potential for river ice jam flooding in Alberta continues to pose an annual threat to communities.  The Province provides municipal planning information, monitoring programs and forecasting services to identify and reduce the potential losses should another major flood event occur.  Planning prior to a river ice flood event is critical as there is little time to react during most river ice floods and mitigation opportunities are limited after a flood occurs.  Advancements in river ice flood mitigation are occurring in Alberta through strong partnerships with stakeholders that include municipal governments, industries and universities.
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