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ABSTRACT

This paper presents the current challenges associated with conventional winter road systems necessitated by climate
change and global warming. A case study is also presented which focuses on the relocation and redesign of the current
winter road system from Fort Severn First Nation, ON, which is the most northern community in Ontario. Built historically
using the conventional method of constructing on flat terrain through organics/muskeg (bog and fen) and lakes, the
conventional method of winter road routing has resulted in shortened winter road seasons caused by climate change and
global warming. Climate sensitive routing and construction strategies were built upon as part of this study to promote hard
freezing of the subgrade to extend future winter road seasons for northern communities.

RESUME

Cet article présente les défis actuels associés aux systémes de routes d’hiver conventionnels rendus nécessaires par le
changement climatique et le réchauffement de la planéte. L’étude de cas présentée se focalise sur le déplacement et le
réaménagement du systéme actuel de routes d’hiver de la Premiére Nation de Fort Severin, la communauté la plus au
nord de I'Ontario. Historiguement construite en utilisant la méthode conventionnelle de construction sur terrain plat a
travers des matiéres organiques / muskeg (tourbiére et marais) et des lacs, la méthode conventionnelle du routage des
routes d’hiver a entrainé des saisons de routes d’hiver plus courtes en raison du changement climatique et du
réchauffement climatique. Des stratégies de routage et de construction sensibles au climat ont été élaborées dans le
cadre de cette étude pour promouvoir le gel complet du sol de fondation afin de prolonger les saisons de routes d’hiver
futures dans les communautés du Nord.

1 INTRODUCTION cost-effective means of transportation through remote

terrain. Svein Sigfusson is a notable pioneer of winter

Winter roads have been the lifeline for remote northern
communities in Canada for decades (Kuryk, 2003).
Inaccessible by permanent or all-season road networks,
these communities rely on winter roads as a cost-effective
means of ground transportation for goods and services
such as the delivery of fuel, food, construction materials
and equipment. Access to these remote communities is
limited to air travel outside of the winter road season.

This paper presents the challenges associated with the
conventional method of constructing winter roads and the
current risk factors associated with climate change. As the
climate continues to warm, itis becoming crucial to relocate
existing winter road systems to high ground where there is
a more climate resilient subgrade, which could also provide
a potential location for an all-season road in the future. A
case study of the relocation and redesign of Fort Severn,
ON winter road system located within Canada’s Hudson
Bay Lowlands is presented as an example of this
approach.

2 CONVENTIONAL ROUTING AND STRATEGY FOR
WINTER ROAD SYSTEMS

A winter road is a seasonal road that is built and
reconstructed every winter season with ice or snow as a

roads in Canada who played a major role in the developing
the winter road network in the 1940s that extended 3,560
miles through northwestern Ontario and northern Manitoba
and Saskatchewan (Kuryk, 2003, Sigfusson, 1992).
Typically located and routed on the flattest terrain, quite
often consisting of muskeg or ice to minimize grading
requirements, winter roads are constructed by clearing and
packing snow in early winter to reduce the insulative cover
to promote ground and ice freezing. Areas crossing lakes
and rivers were, and still are, reinforced by flooding over-
ice portions to increase the ice thickness (Sigfusson,
1992). Historically, construction of winter roads typically
began in early December and the roads remained
serviceable into April. The condition of any winter road is
highly dependent on the seasonal fall and winter climate
conditions and the composition of the subgrade soils on
which it is founded. Since the initial establishment of winter
roads, the effectiveness of this conventional approach has
been significantly and adversely impacted by climate
change, including the temperatures of the underlying
permafrost (Barette, 2018).



2.1 Muskeg Terrain and Water Crossings

Muskeg terrain has become problematic with climate
warming despite historically providing a sufficient subgrade
for winter roads. The muskeg is composed of poorly
draining organic/peat deposits that are typically underlain
by fine-grained glacio-lacustrine clays and silts. The
chemical and thermal properties of muskeg are associated
with its insulative properties, heat generation, and high
moisture contents (Phukan, 1982). Thick deposits of peat
are also associated with underlying permafrost. Ground
temperatures that were much colder historically are now
warmer and permafrost is actively thawing and contributing
to re-freezing less, thus posing greater risk to our winter
road systems.

Water crossings have also become more problematic due
to late freezing in the fall and early thawing in the spring. A
critical obstacle on winter roads, water crossings require
significant maintenance efforts to maintain access in
warmer weather. In particular, water bodies with more flow
generate less ice cover and these areas typically required
maintenance to thicken and replenish the ice layer
throughout the winter road season.

2.2 Climate Warming

Historical temperature data shows that northern Canada is
experiencing higher average annual temperatures. As
shown in Figure 1, the mean annual average temperatures
(MAAT) in the communities of Churchill and Gillam, MB,
and Big Trout Lake, ON have increased by approximately
+1.9°C on average since 1943.

Typical start dates for winter road construction have shifted
into late December / mid-January, shortening the operating
window for winter roads to only weeks in some areas and
reducing ice thicknesses on lakes and river crossings.
Continued increase in the MAAT has been problematic for
winter road performance, necessitating the requirement to
move current alignments onto higher ground before the
routes become obsolete.
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Figure 1. Annual Mean Temperatures (MAAT) from 1941
to 2021 (Government of Canada, 2022)

During the 2021 winter road season in Fort Severn, ON,
the winter road was only operable for a couple weeks at a

reduced load capacity. Shorter winter road seasons and
reduced truck loads have had a substantial negative
socioeconomic impact on the community. According to the
Fort Severn First Nation (FSFN), the winter road season
was historically open for months but has recently required
significant maintenance efforts to keep the road in
operation. The continued decline of the winter road season
has the community searching for more sustainable
alternatives to maintain their way of life.

2.3 Climate Sensitive Route Strategy

Re-routing new alignments on high ground / favorable
terrain such as beach ridges, eskers, moraines, and
outwash deposits will extend the winter road season.
These subgrade soils have lower moisture contents and
will freeze more effectively than low-lying, flat terrain types
with higher moisture contents (e.g., muskeg). However,
segments of any winter road will still traverse some areas
of muskeg terrain, necessitating the construction of a
permanent conventional muskeg embankments, as shown
on Figure 2.

In addition, winter road alignments should be routed to
avoid or limit the number of water bodies crossed. In areas
where water crossings cannot be avoided, the risk can be
minimized through the construction of ice bridge, installing
culverts, or a permanent bridge structure.

Not only will the re-routing strategy aid in extending the
winter road season, but this strategy provides the first step
for potential future all-season road (ASR) alignments for
these communities. In the near future, ASR development
will become a requirement to keep these communities
connected by ground.

3 FORT SEVERN WINTER ROAD AS A CASE STUDY

Fort Severn First Nation (FSFN) is the most northern
community in Ontario, located at 56° latitude at the mouth
of the Severn River on the coast of Hudson Bay. With no
permanent all-season road access, the remote community
relies on their winter road network for the delivery of fuel,
food, and construction materials. In the shorter winter road
seasons, the community has had to rely on more expensive
methods of transportation to receive essential goods.

The existing winter road is approximately 305 km long and
runs east-west from FSFN to Shamattawa First Nation,
MB. The winter road continues beyond Shamattawa for
approximately 200 km to Gillam, MB, where it connects to
the Provincial Manitoba ASR network. The location of the
existing winter road alignment is shown on Figure 3.

The existing winter road alignment was routed using the
conventional methods outlined previously, almost entirely
founded on low-lying terrain within the Hudson Bay
Lowlands. A photo of the challenging organic terrain
(muskeg) in the Hudson Bay Lowlands is shown on Figure
4 and a segment of the existing winter road alignment near
the community is shown on Figure 5.
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Figure 2. Muskeg Subgrade Treatment
Due to the challenges experienced by the community with Severn River T

the longevity and quality of their winter road, KGS Group
was consulted to complete a feasibility level desktop study
to assess the current winter road route and develop
potential alternative options that would be more adaptive to
climate warming. KGS Group also visited the community to
investigate the composition of the existing beach ridges to
assess their suitability to provide a high ground option and
for potential borrow material for the muskeg subgrade
treatment.
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Figure 3. The existing winter road from Fort Severn, ON, to
Gillam, MB.

Figure 4. Example
road.
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Figure 5. Hudson Bay Lowland terrain near FSFN along
existing winter road.

3.1 Project Setting — Regional Surficial Geology

The regional surficial geology of the project area is mostly
within the Hudson Bay Lowlands, a region that is heavily
dominated by muskeg terrain. Available surficial geology
mapping was firstly reviewed to assess the terrain and in
particular, the availability of geological features to provide
high ground routing options along with borrow potential.

A series of historical beach ridges exist along the Hudson
Bay coastline which are long linear features with shallow
relief within the muskeg terrain. The beach ridges are
historical marine shorelines, deposited by the Tyrell Sea as
the Laurentide ice sheet retreated. An example of the
beach ridges shown on the surficial mapping and on an
aerial image are illustrated in Figures 6 and 7, respectively.
Within the limits of the Hudson Bay Lowlands, glacial fluvial
and alluvial deposits along the Severn River could provide
some low-lying relief through the muskeg, including
potential borrow sources. Beyond the limits of the Hudson
Bay Lowlands, the surficial geology maps indicate
significant aggregate resource potential that exists in the
form of moraines and eskers.
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Figure 6. 1:100,000 scale Ontario Surficial Geology around
the community of FSFN (Ontario Geological Survey, 2016).
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3.2  Assessment of the Existing Winter Road Route

Over 90% of the current winter road route traverses organic
terrain with limited high ground options / favorable terrain
that exists near the current alignment. Development of
alternative route options / re-alignments to Shamattawa
were considered in the initial stages of this project but were
rendered infeasible as no alternative route or re-alignment
had a measurable improvement over the existing
alignment. The beach ridges that exist become less
prominent further away from the coast and the existing
route runs mainly perpendicular to the ridges and does not
provide the opportunity to route long sections directly on
the ridges. Furthermore, the cost and construction of
ground improvements would be expensive and challenging
due to long sections of muskeg terrain that could not be
avoided and the fact that limited borrow sources exist.
Figure 8 illustrates a representative segment of the existing
winter road alignment that traverses mostly through bog
and fen terrain, only intermittently crossing beach ridge
deposits.
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Figure 8. Example of the existing winter road alignment
superimposed on 1:100,000 scale surficial geology
(Ontario Geological Survey, 2016).

3.3 Development of Climate Sensitive Routing Criteria

Climate sensitive routing criteria was developed based on
Transportation Association of Canada (TAC) guidelines
(Proskin, 2003), community consultation with respect to the
current winter road and associated problem areas, and our
in-house experience with studies related to winter road
improvements for other projects. Specific climate sensitive
winter road routing criteria was developed as outlined
below:

e Route alignments onto high ground that can
provide a stable base for the road, such as beach
ridges, moraines, and eskers.

e Avoid or minimize peat deposits, muskeg, and ice
rich ground (patterned ground areas).

e Avoid or minimize south facing slopes, if possible,
to prevent late freeze-up and early thaw.

e Limit the length and number of water crossings,
including the consideration for permanent
structures.

e Target areas with continuous tree cover which
typically will be associated with competent
subgrades, reduce drifting, and provide shade to
increase road longevity.

e Minimize environmental impact.

3.4  Assessment of Routing Alternatives

Alternative routing options were developed based on our
review of the regional surficial geology, routing criteria, and
our discussions with the community of FSFN. Three (3)
main alternative routes were developed which include the

following:
e Alternative Route 1 — Southern Coastal Route to
Gillam, MB
e Alternative Route 2 — Northern Coastal Route to
Gillam, MB
e Alternative Route 3 — Ontario Route to Bearskin
Lake FN, ON

Although organic terrain (muskeg) and water crossings
may not be avoided within the Hudson Bay Lowlands, the
strategy was to route as much of the alternative routes as
possible on high ground. In the absence of any high ground
options, alternative route segments were also developed
near or along the river systems where forested areas and



potential borrow exist within the Hudson Bay Lowlands.
Figure 9 illustrates the three route alternatives that were
developed; Alternative Route 1 and 2 follow the beach
ridges along the Hudson Bay coastline while Alternative
Route 3 runs south along the Severn River.
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Figure 9: Alternative winter road routes developed along
the Hudson Bay coastline and the Severn River.

Alternative routing options were developed along the
coastline of Hudson Bay to utilize the beach ridges that can
provide a favorable running surface and natural windbreak
for a new winter road. The vast network of beach ridges
provides numerous options for potential alignments;
however, two main alternative routes were developed on
the more prominent beach ridge features along the coast.

A third alternative route was developed along the Severn
River to take advantage of the tree cover and potential
borrow material that can be used in areas that require
muskeg subgrade treatment. The last 30 km of the route
was routed along an esker north of Bearskin Lake First
Nation. Where the alignment was routed along the Severn
River, it was important to be close to the top of bank but
offset far enough away to reduce the risk of slope instability
and erosion due to melting permafrost and natural
riverbank processes. However, within the Hudson Bay
Lowlands, the upper riverbank is mostly organics / muskeg
along the river and only a narrow corridor of competent
subgrade may be available near the top of bank area.
Routes along the north banks of rivers will also be subject
to an increased risk of instability due to melting permafrost
as these south facing slopes will be more susceptible to
melting given that they have increased exposure to
sunlight.

The alternative route options were evaluated based on the
following general criteria:

Design and Construction Challenges
Operation and Maintenance

Safety

Cost

Community Preference

The general criteria outlined above can be further defined
by specific characteristics along each route alternative. A

summary of key routing characteristics for each alternative
route are shown in Tables 1, 2, and 3. These
characteristics were used as part of the evaluation of each
alternative.

Table 1. Percentage of Terrain Type Crossed by each
Alternative Route

Terrain Type [%] Route 1 Route 2 Route 3
Beach Ridges? 53 56 0
Forested Area? 32 31 71
Muskeg?® 16 13 29

1Has light grading and light brushing clearing requirements
2Has medium grading and bush clearing requirements
3Requires the muskeg subgrade treatment

Table 2. Water Crossings along each Alternative Route

Characteristic Route 1 Route 2 Route 3
Creeks 221 216 172
Minor Water Crossing* 35 45 9

Major Water Crossing? 9 11 3
Ponds and Lakes 0 0 3

defined as 5 to 40 m wide from shoreline to shoreline
2defined as greater than 40 m wide from shoreline to shoreline

Table 3. Length of each Alternative Route

Characteristic Route 1 Route 2 Route 3
Total Length! 509 km 515 km 392 km
Estimated Travel Time? 18.5 hr 18.5 hr 23 hr

1Total length of a newly constructed winter road
’Estimated travel time to FSFN’'s preferred destination of
Winnipeg, MB

35 Site Visit

A test pitting investigation along existing beach ridges
outside of the FSFN community was completed to assess
the beach ridge composition and suitability to provide a
competent subgrade for a winter road and potential borrow
material for the muskeg subgrade treatment. The
stratigraphy of the beach ridges generally consisted of a
stratified sand and gravels. Ridges were underlain by clay
soils at or near the elevation of the neighboring organic
terrain. An example of an open test pit on a beach ridge is
shown in Figure 10 and a close up of the material
composition is shown in Figure 11.

Based on the investigations, the beach ridges are a natural
embankment with a stable subgrade that will freeze quickly
in the winter season and have an abundancy of accessible
borrow material to traverse muskeg areas.

The community of FSFN have constructed all season roads
that extend from the community northeast beyond the
airport and northwest along the Severn River. As shown in
Figure 6 and 7, these roads generally follow the natural
beach ridges in the area. The elevated beach ridges



provide a free-draining embankment and require minimal
construction effort to build and maintain an all-season road.
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igure 10: Beach ridge stratigraphy (sand overlying gravel)
in one of the test pits.

Figure 11: Smple of well graded sand with gravel taken
from one of the test pits along the beach ridges.

4  CONCLUSIONS

Winter roads are the lifeline for northern communities in
Canada and have been historically routed through low-
lying terrain such as muskeg, lakes, and river systems to
reduce costing by minimizing grading requirements.
Muskeg terrain and water crossings have become
increasingly problematic for winter road systems in
Northern Ontario, Manitoba and Saskatchewan and in
some areas the winter road only lasts a few short weeks
with limited road restrictions. As the climate in northern
regions warms due to climate change, the conventional
approach for winter road routing has become less
sustainable and reliable. Historical temperature data
shows that northern Canada is experiencing higher
average annual temperatures and that trend is anticipated
to continue.

Remote northern communities that rely on winter roads
need to consider re-routing new winter road alignments
onto high ground / favorable terrain such as beach ridges,
eskers, moraines, and outwash deposits to extend their
winter road seasons

The community of FSFN has recently struggled to keep
their winter road season open without major maintenance
efforts and has had to rely on other methods of
transportation to receive essential goods. The FSFN winter
road lies within an area heavily dominated by muskeg
terrain with limited high ground options for re-alignment.
The coastal beach ridges along Hudson Bay, and river
systems provide the only viable high ground options with
potential borrow material. The beach ridges themselves
can provide a natural embankment for a winter road (or an
ASR) with a competent subgrade and require minimal
construction effort to establish.

As part of the case study, three alternative options were
considered from FSFN which include two alternatives
along the coast to Gillam, MB which utilize the beach ridges
and a third option which runs south to Bearskin Lake FN
along the Severn River. The routing options were assessed
based on Design and Construction Challenges, Operation
and Maintenance, Safety, Cost and Community
Preference. Preliminary geotechnical investigations
determined that the beach ridges were comprised of
stratified sands and gravels. These materials are suitable
to provide a natural embankment for a new winter road and
can be used for borrow material to construct a new
embankment.

Not only will the re-routing strategy on high ground aid in
extending the winter road season, but this strategy is
similar to the initial stages of routing for potential future all-
season road (ASR) alignments. With the increased effects
of climate warming, it is likely that winter roads will become
obsolete and ASR development will become a requirement
to keep remote northern communities connected by
ground. A climate resilient strategy of routing the winter
roads on high ground and in areas of potential borrow is
the recipe to allow for that transition to occur in the future.
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