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[Frontispiece: An opening in the Yukon River prevented the Dawson City ice bridge from being built in the 

winter of 2016-2017 (Jassin Godard/CBC)1] . 

 

 

                                                      

 
1 https://www.cbc.ca/news/canada/north/ice-road-bridge-dawson-city-yukon-river-1.3980576?cmp=rss 
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SUMMARY 
The Dawson City ice bridge is located at the George Black Ferry crossing of the Yukon River ï

the ice bridge links the district of West Dawson to the main part of Dawson City east of the river 

(acting as a replacement to the ferry during the winter). The ice bridge is 400 m in length and its 

width is typically about 60 m. The bridge has been operated since the 1960ôs by the Yukon 

Government (YG). It accommodates light traffic across the river as well as heavy-haul equipment 

that services the mining industry. There is no overlap between the ice bridge and ferry operations, 

i.e. there are time windows during which river crossing is not available. The ice bridge opening 

dates vary considerably, from early November to early February. Bridge closure usually occurs 

between the end of March and mid- to end of April. A gradual decrease of the yearly operational 

lifespan has been reported, i.e. 1.75 days/year since 1995. 

 

The Yukon Government communicated to the National Research Council (NRC) that in the last 

few years, there was an open water lead in the center of the river. This occurred in the winters of 

2013-14, 2016-17 and 2017-18. In the winter of 2013-2014, an alternative route for the bridge 

was necessary because the ice conditions did not allow it to be built at the usual location. In the 

two most recent cases, the open water channel prevented the construction of the ice bridge, 

thereby cutting off the link between West Dawson and Dawson City. The Yukon Government 

engaged the NRC to recommend areas of research (óinvestigation avenuesô) to determine why the 

river has not been freezing completely.  

 

Consultation with the local community in Dawson City on the ice bridge operation was organized 

by YG. It took the form of an Open House, which was held on August 22nd 2018. The purpose of 

this event was to gather feedback from the community ï comments, questions, concerns ï on the 

ice bridge operation. The discussions centered around eight themes: 1) General comments, 2) The 

river bottom, 3) Ice jams and other ice-related issues, 4) How óto bridge the gapô ï Booms, 

5) Alternate route, 6) Operational aspects, 7) Safety, and 8) Moving forward. 

 

Various environmental factors could prevent freeze-up. A brief overview of river ice dynamics is 

provided, pointing out the importance of flow velocity and air temperature amongst other factors, 

in determining freeze-up conditions. When drifting ice pieces are pushed against each other, they 

begin to overlap, and may occasionally develop into fields of ice blocks or hummocky ice that 

could induce what is known as ófreeze-up ice jamsô. Pieces of ice which could contribute to ice 

bridge initiation are prevented by the jam from drifting further downstream. 

 

The sediment deposit located at the confluence of the Klondike River and the Yukon River near 

Dawson is characteristic of a channel junction bar and many mid-channel bars can be observed on 

the Yukon River upstream of Dawson. Such an evolving riverbed is conceivable, and could 

tentatively be linked with a possible increase in current speed at the George Black Ferry crossing.  

 

Climate change is a complex phenomenon ï it could affect the Yukon Riverôs freeze-up behavior 

in several ways. A number of investigation avenues may be envisaged, namely a physically-based 

regional climate model. Also, it would be helpful in understanding if a change in low flow 

regimes is a causative factor. During low flow periods, rivers draw from groundwater. If winter 

low flows are increasing then that will be an indication that warmer water released from soil 

stores is a contributing factor. The influence of human activity, including operations at the 

Dawson City wastewater treatment plant (WWTP), may also play a role. 
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The Dawson City ice bridge has historically been a relatively successful operation. But these new 

circumstances ï i.e. the existence of an open water lead ï call for new or novel procedures and 

techniques. The conventional bridge building methods are no longer sufficient. New investigation 

avenues are therefore proposed, including: 1) Extending a line across the river channel, to act as a 

tow line to safely mobilize equipment across the channel; 2) recourse to an ice boom; 

3) enhancing freeze-up with spray ice; 4) addressing the sand bar; 5) addressing the influence of 

Dawson Cityôs WWTP.  

 

These might be considered in the short term, possibly for the winter of 2018-2019. Longer term 

strategies could include: 1) the design and implementation of a system to ensure this bridge will 

operate effectively and safely; 2) to examine all relevant databases that have not yet been 

collected and conduct analyses on those that exist and are available; and 3) to devise a field 

instrumentation scheme that would target data gaps and provide the required information to help 

optimize adaptation measures and complement the already existing databases. 
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1 Introduction  ï Background on NRC involvement  
The earliest communication between NRC and YG regarding the ice bridges in the Yukon 

Territory occurred in early 2015. NRC was then gathering information on winter roads in Canada, 

to assess the status of that infrastructure and identify outstanding issues impeding these 

operations. At that time (winter 2014-2015), the Dawson City operation was performing 

satisfactorily. 

 

From January to May 2018, several discussions took place between the Yukon Government (YG) 

and the National Research Council (NRC) about an issue YG currently has with their Dawson 

City ice bridge. In the last few years, open water in the Yukon River have prevented bridge 

construction. This occurred in the winters of 2013-14, 2016-17 and 2017-18. In the two most 

recent cases, the open water channel in the center of the river prevented the construction of an ice 

bridge, thereby cutting off the link between a small community of about 150-200, herein referred 

to as óWest Dawsonô, located on the west side of the river and the main section of Dawson City 

located on the east side of the river. In the winter of 2013-2014, an alternative route for the bridge 

was necessary, because the ice conditions did not allow it to be built at the usual location [2, 3]. 

 

In May 2018, YG invited NRC to investigate why the river is not freezing completely. In the 

discussions that were held at that time, YG has suggested three possible reasons explaining why 

the river remains open throughout the winter: 

1) warm effluent from a wastewater treatment plant (WWTP) outlet; 

2) the existence of a sand bar upstream of the bridge; and 

3) an ice jam upstream of the bridge. 

Moreover, it was determined that the impact of climate change on the future operation of the ice 

bridge should also be assessed. YG also asked if NRC could provide some innovative solutions in 

bridge design, based on an informed understanding of river dynamics.   

 

NRC and YG agreed on a preliminary desktop phase to address these concerns, possibly with an 

extension afterward into a follow-up phase if/as need be. This report presents the outcome of the 

preliminary desktop phase, conducted in the summer of 2018. It also includes examples of what 

could be considered in the follow-up extension later in 2018. This report summarizes NRCôs 

provisional stance on the Dawson City ice bridge, based on limited information that could be 

gathered during the preliminary phase. None of its content should be taken as formal endorsement 

for any particular course of action without further investigation and engagement with all 

stakeholders.  

1.1 Objectives of this Desktop Study 

The objectives of this desktop study are two-fold: 

1) To conduct a preliminary desktop assessment of the factors possibly responsible for the 

river not freezing completely (Section 4). 

2) To offer preliminary guidance aimed at making the Dawson City ice bridge operational 

this winter at the ferry crossing, assuming the river will not freeze completely (Section 5). 

1.2 Methodology 

In order to assist YG, NRC needed to first acquire a reasonable understanding of the issue. 

Therefore, in this preliminary phase, the authors brought together currently available information, 

identified the data that are (or are not) available, and collected historical information on bridge 
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design/construction (including information on the spray ice operation in the winter of 2017-2018). 

This work will build on that already done elsewhere [1]. 

 

To address this studyôs two objectives, two distinct streams were undertaken in parallel:  

1) NRC completed a preliminary assessment of the Yukon Riverôs environmental conditions 

and relevant anthropogenic effects at Dawson City, to attempt to understand, at least on 

qualitative grounds and in consultation with stakeholders (e.g. YG, TMB staff, 

engineering consultants, City of Dawson, local communities), why the Yukon River 

remained open in the recent past and may do so again in the future.  

2) NRC presented tentative options to prepare for the challenge of building the ice bridge 

next winter, assuming incomplete freezing of the river. This was done in consultation 

with stakeholders, including a three-hour community Open House held at the Downtown 

Hotel in Dawson City on August 22nd 2018.  

The outcome of these two streams are presented in this report (Section 4 and Section 5, 

respectively). On that basis, recommendations to YG on a way forward are made, including some 

suggestions in terms of bridge design, planning and construction (Section 6). The assumption will 

be that, based on recent winters, the Yukon River will not freeze completely next winter (2018-

2019) and special measures will likely have to be devised so as to make this operation work. But 

prior to this, an overview of the Dawson City ice bridge (Section 2) and a brief account of the 

challenges faced by that bridge (Section 3) are provided.  
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2 The Dawson City  ice bridge  
The purpose of this section is to present some background information on the Dawson City ice 

bridge. The most recent documents on the subject are consultants reports [1-3], one of which 

includes references to a number of earlier studies [1]. The information in this section was drawn 

from those reports. 

2.1 Ice bridge description 

The Dawson City ice bridge is located at the George Black Ferry crossing of the Yukon River ï

the bridge links West Dawson to the main part of the community east of the river (acting as a 

replacement to the ferry during the winter). The ice bridge is 400 m in length and its width is 

about 60 m.  

2.2 Ice bridge construction 

Once the river has frozen entirely to the required thickness, the snow on the ice cover is cleared 

with ATVs equipped with a front plow2.  Snowmobiles may at times be used either to first flatten 

the ice cover when it is too rough or pack the snow to improve trafficability for the ATVs. The 

ice is allowed to thicken further until a point where light vehicles can start using it. With an 

increase in ice cover thickness, heavier vehicles and equipment can be hauled onto the ice to 

flood it so as to keep increasing its thickness. YG reportedly spends about $80,000 each winter to 

build and maintain the crossing3. 

 

Various provincial and territorial guidelines provide information on bearing capacity [4] ï most 

are based a formula proposed L. Goldôs [5, 6], based on his research at the National Research 

Council in the 1950ôs and 1960ôs. The guidelines recommended by [1] are those of the 

Government of the NWT [7]. Vehicle weight guidelines are provided in [1, 2]. For instance, an 

ice thickness of 0.46 m is recommended for vehicle weights up to 10,000 kg; a thickness of 

2.18 m is required for loads up to 70,000 kg. For very heavy loads, stress analyses are performed 

by specialized consultants to determine minimum ice thickness.  

2.3 Ice bridge usage  

The bridge has been operated since the 1960ôs by the Yukon Government (YG). It accommodates 

light traffic across the river as well as heavy-haul equipment that services the mining industry 

across the river in the Yukon. West Dawson is also ñwhere the Top of the World Highway begins, 

linking the Klondike Highway with the Alaska Highway, a popular tourist route in the summerò4. 

It is used extensively by snowmobilers. 

 

There is no overlap in time between ice bridge and ferry services. In fact, there are time windows 

in between these services when neither the ferry nor the ice bridge is in operation, such that river 

crossing is not available during that transition. The shortest service closures on record (since 

1995) in the Fall were 18 days (2005-2006), and 26 days (1999-2000) in the Spring. The longest 

service closures in the Fall, and 116 days and 99 days in the Spring [1, Table 2.3]. The shortest 

and longest operational lifespan in any given year are 47 days (2005-2006) and 158 days (2008-

2009).  

 

                                                      

 
2 Snow acts as an insulator. The purpose of snow clearing is to increase heat exchange between the ice and 

the cold air so as to accelerate ice growth. 
3 http://www.cbc.ca/news/canada/north/yukon-river-ice-bridge-spray-suspended-1.4500692 
4 http://www.cbc.ca/news/canada/north/ice-road-bridge-dawson-city-yukon-river-1.3980576?cmp=rss 
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Bridge opening dates vary considerably, from early November to early February. Bridge closure 

is usually between end of March to mid- to end of April. A gradual decrease of the yearly 

operational lifespan is reported, i.e. 1.75 days/year since 1995 [1](Figure 1). 

 

 

 

 

 

Figure 1: Number of days the ice bridge was open from 1995 to 2016 (from [1]). 
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3 Bridge unable to enter into service  
As stated earlier, bridge operations did not run in the winters of 2016-2017 and 2017-2018. In the 

winter of 2013-2014, an alternative routing was required because the river remained open at the 

ferry crossing, which is the usual bridge location. Figure 2 is an aerial view of the Yukon River in 

April 9, 2018 (see also Figure 3). It shows full ice coverage, except for a thin sliver of open water 

condition at the bridge location that extended downstream from the ferry crossing.   

 

Figure 3 to Figure 9 are examples from a number of previous years. 

 

A number of possibilities were raised by YG and stakeholders as to why the river did not freeze 

across its full width in these years: a change in flow patterns and current velocity, debris 

accumulation upstream, an ice jam further upstream, a new sand bar, the effluent of a nearby 

wastewater treatment plant and a change in climate. The possible impacts of these factors will be 

discussed in Section 4. 

 

 

Figure 2: Satellite image of the Yukon River ice cover at Dawson City, April 9 2018 (ESA 

Sentinel-2).5 River flow is northward. The dashed red line is where the bridge is usually 

located ï that winter, however, there was no sanctioned ice bridge.  

  

                                                      

 
5 https://apps.sentinel-hub.com/eo-browser/?lat=64.06676&lng=-139.44629&zoom=14&time=2018-04-

09&preset=1_TRUE_COLOR&datasource=Sentinel-2%20L1C 
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Figure 3:  The Yukon River, April 12 2018 (Landsat). The ice cover is light blue. Dark 

narr ow bands in the river are open water. Because these formed at the bridge location, 

indicated with a yellow dotted line (upper right), that bridge could not be built that winter 

(2017-2018). 
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 Figure 4:  The Yukon River, April 16 2017 (Landsat). Dark narrows bands in the river are 

open water. The ice bridge was not built that winter (2016-2017) ï its usual location is 

indicated with a yellow dotted line (upper right). 
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Figure 5:  The Yukon River, March 17 2015 (Landsat). Dark narrows bands in the river are 

open water. Bridge location is indicated (upper right). According to stakeholder 

consultation, the bridge was operational but required more work than usual.  
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Figure 6:  The Yukon River, March 30 2014 (Landsat). Dark narrows bands in the river are 

open water. That year, an alternative route (yellow line, upper right) for the bridge was 

necessary, because the ice conditions did not allow it to be built at the usual location [1, 3].  
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Figure 7:  The Yukon River, April 2 2013 (Landsat). There are very few signs of open 

water. Bridge location is indicated (upper right). 
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Figure 8:  The Yukon River, April 10 2012 (Landsat). Bridge location is indicated (upper 

right). A dark narrow  band in the river downstream from the bridge is an open water lead. 

The black stripes are due to a sensor failure on the satellite. 
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Figure 9:  The Yukon River, March 23 2011 (from USGS LandsatLook). Bridge location is 

indicated (upper right). A few open water leads in the river can be seen on that image. The 

black stripes are due to a sensor failure on the satellite. 
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3.1 The spray ice operation in 2017-2018 

Spray ice is produced by spraying water into the cold air to induce precipitation of ice crystals 

onto the water surface. This technique has been used extensively (Figure 10)[8-12] and 

commercial operations are reportedly using it [1]6. YG hired Tetra Tech over the last few years to 

look at the ice bridge [1-3] ï that organization has become familiar with it and with the river at 

that location. 

 

 

Figure 10: Example of a spray ice operation7.  

In late 2017, a decision was made by YG to have Tetra Tech attempt to fill in the open water 

channel, using spray ice. This operation, which ended up costing $125,0008, only lasted one 

week. Factors that played against the operation include: 

¶ The contract was set up relatively late (December), giving the consultants little time to 

plan. 

¶ The operation began with a favorable (-15°C to -20°C) air temperature, but it was 

followed two days later with a warm spell and rain (the consultant relied on 14-day 

weather forecasts).  

¶ The plan was initially for the consultant to out-source the spray operation to a specialist. 

Instead, they did the work themselves with a spray ice unit they procured from the 

                                                      

 
6 See also http://bigice.ca/products/ 
7 http://bigice.ca/gallery/ 
8 http://www.cbc.ca/news/canada/north/yukon-river-ice-bridge-spray-suspended-1.4500692 










































































































