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R2-MVEIRB-34
Topic: Road design - Minimum embankment

Preamble from the Mackenzie Valley Environmental Impact Review Board:

In the DAR, the GNWT did not provide a minimum embankment height (above original ground level) (for
example PR#93 pg. 5-9).

Request from Mackenzie Valley Environmental Impact Review Board:
Provide more information on the minimum embankment height for MVH based on literature and similar
projects in the Northwest Territories.
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Response from the Government of the Northwest Territories

The geotechnical design to determine the final minimum embankment height for the Mackenzie Valley
Highway is still in progress. Further geotechnical investigations will inform the final embankment
design. However, based on similar projects in the Northwest Territories, historical data suggests that
the minimum structural embankment height would typically be approximately 1.2 metres. The
minimum embankment height at any given location will be informed based on thermal considerations,
particularly in relation to permafrost conditions specific to each location. The embankment design will
consider whether it is desirable to preserve underlying permafrost, or to allow for thawing over time,
which will influence embankment thickness requirements. In some sections, embankments may be
thicker to provide insulation and limit heat transfer to the ground, whereas in non-permafrost areas,
the embankment height may be optimized based on structural and drainage needs.
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R2-MVEIRB-35

Topic: Road design - Geotextile Use
Preamble from the Mackenzie Valley Environmental Impact Review Board (MVEIRB):

In the DAR (PR#93 pg. 5-33), the GNWT includes placement of geotextile on original ground in winter as
step 2 of embankment construction.

Request from MVEIRB:

Will the entire highway embankment between Wrigley and Norman Wells be underlain by a geotextile? If
not, what are the soil, permafrost or terrain conditions that will initiate geotextile placement?
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Response from the Government of the Northwest Territories

Geotextile is anticipated to be used to underlay most of the highway embankment. Geotextile is not
likely to be used under the embankment in cut sections of the roadway where the embankment is
constructed on competent subgrade materials such as bedrock. However, geotextile will be
incorporated in fill sections, particularly in areas where soft ground conditions are present and would
be anticipated to settle under the roadway loads.



- . ‘ Government of Gouvernement des
AN Northwest Territories Territoires du Nord-Ouest

R2-MVEIRB-36

Topic: Project Description - Barge transportation
Preamble from the Mackenzie Valley Environmental Impact Review Board

The DAR states that mobilization and demobilization of project equipment are not expected to interact
with terrain, soils, and permafrost as equipment will be transported by barge on the Mackenzie River
during the open water season (PR#98 p14-18). The big slumps along the banks of the Mackenzie may be
precipitated by bank erosion.

Request from the Mackenzie Valley Environmental Impact Review Board:

1. Does barging on the Mackenzie River cause waves that contribute to bank erosion?

2. Ifthe mobilization and demobilization require more barges than usual, could the increased barge
traffic induce more wave action on the river and, thus, potentially more bank erosion that could
lead to more riverbank instability?
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Response from the Government of the Northwest Territories

Barging activities are not expected to be a dominant contributing factor to bank erosion. This includes
both barges travelling on the Mackenzie River, as well as at barge landings.

Background data reviews conducted in support of the baseline studies did not reveal published or
publicly available information supporting that barges or other vessels navigating the Mackenzie River
cause waves that contribute to bank erosion.

Bank erosion along the Mackenzie River is expected to be more greatly influenced by fluvial (river)
processes and factors such as water velocity, ice movement, river gradient, sediment load, shoreline
conditions, wind and naturally occurring waves, and melting permafrost.

While boat wakes may contribute to shoreline erosion and shoreline stability in areas of frequent or
intense vessel traffic, the limited overall frequency associated to barging along the Mackenzie River is
expected to have a negligible effect on shoreline stability. Local observations, shared during the
Mackenzie Valley Environmental Impact Review Board’s engagement meetings in 2024 [PR#298,
PR#231] identified erosion along the banks of the Mackenzie River, though there was no barge service
on the Mackenzie River in 2024.

In the current climate change context, projected increases in temperatures (both air and ground),
permafrost melt, precipitation events and/or wind conditions are much more likely to lead to increased
bank erosion and riverbank instability than any influence from infrequent barge wakes.
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R2-MVEIRB-37
Topic: Permafrost - Icing along the route

Preamble from the Mackenzie Valley Environmental Impact Review Board

The developer has said that no spatial data is currently available on the occurrence and distribution of
icings along the MVWR route, LSA, or RSA (PR#100 pg 45).

Request from the Mackenzie Valley Environmental Impact Review Board:
Has the GNWT considered the following reference?

van Everdingen, R.0. 1980. Frost blisters of the Bear Rock spring area near Fort Norman, N.W.T. Arctic,

35(2): 243 - 265. https://pubs.aina.ucalgary.ca/arctic/Arctic35-2-243.pdf


https://pubs.aina.ucalgary.ca/arctic/Arctic35-2-243.pdf
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Response from the Government of the Northwest Territories (GNWT)

The GNWT appreciates the Review Board sharing the van Everdingen (1982) paper, recognizing that it
provides good information on the occurrence of frost blisters along the lower slope of Bear Rock.
approximately 2 km west from the proposed highway alignment.

While not expected to interact with the Project due to its location from the alignment, the feature is a
good example of the occurrence of frost blisters developing at the outlet of perennial springs.

As discussed in the GNWT’s responses to Round 1 CanNor IR#05 and Round 2 LKFN IR#13, local
knowledge of overflow/icing locations along the Mackenzie Valley Winter Road (MVWR) has been
collected through Project-specific engagement since 2010. These are communicated as descriptive
locations (e.g., “north of Steep Creek”), and as georeferenced locations provided in private comments on
the GNWT'’s interactive map tool included on the “Have Your Say” page. Knowing the locations of existing
icings through engagement and ongoing operations of the MVWR will help to focus future field studies
and inform detailed design.

Prior to completing detailed design, the GNWT will compile observations of current overflow/frost
blister locations and extent on the existing MVWR, to inform the detailed design process of crossing
locations where icing may be expected and support the design of larger / higher capacity culverts to
address blockage concerns (see also response to Round 1 MVEIRB IR#71). Highway and culvert designs
and supporting technical reports will be submitted to regulators (such as the Mackenzie Valley Land and
Water Board) for review during the licensing of the Project.
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R2-MVEIRB-38

Topic: Permafrost - Climate Change
Preamble from the Mackenzie Valley Environmental Impact Review Board:

Appendix 14A section 14.2.2 (PR#100) seems to propose that climate warming will be a significant
contributor to permafrost degradation along the highway route.

Previous studies in the area (for example: Conceptual and Preliminary Engineering for Mackenzie Gas
Project, 2006), showed through geothermal modelling that the clearing of the right-of-way and
associated changes to the surface geothermal regime was the primary driver for permafrost degradation
and that climate warming was a secondary effect.

Request from the Mackenzie Valley Environmental Impact Review Board:

How were the findings of this or other similar studies considered in the assessment?
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Response from the Government of the Northwest Territories (GNWT)

The approach taken by the GNWT to document baseline terrain, soils, and permafrost conditions along
the Mackenzie Valley Highway (MVH) Project (the Project) local study area (LSA) and regional study
area (RSA) was based on three main sources: 1) a review of existing Traditional Knowledge and
Traditional Land and Resource Use information, 2) a review of existing literature and data available for
the LSA as well as other linear corridors in similar environments, and 3) detailed terrain mapping
completed along the Project LSA.

The review of existing literature and data was key in documenting conditions such as the nature and
distribution of surficial materials, as well as obtaining site-specific information relevant to permafrost. A
complete list of references considered in this assessment is included in the Developer’s Assessment
Report (see Appendix 144, Section 14.9). Included in this data is permafrost thermal considerations
obtained from recent assessments conducted in support of the Mount Gaudet Access Road near Wrigley,
and the Prohibition Creek Access Road near Norman Wells (Tetra Tech. 20203, b). Geothermal
modelling; however, has not yet been undertaken for the Project. As the Project advances, quantitative
analysis incorporating local geotechnical data from key terrain types along the route, and accounting for
climate projections and construction-related changes in surface boundary conditions, will be conducted
to inform detailed design.

Regarding the Mackenzie Gas Project (MGP), soil, landform, and permafrost data and findings provided
in the MGP Environmental Impact Statement report (Imperial, 2004) were considered in this
assessment, including, but not limited to:

- Information related to distribution of bedrock, materials, and landforms (e.g., terrain mapping)

- Information related to textural composition, surface expression and material thickness, and
drainage

- Information related to geomorphic processes (e.g., slow and rapid mass movements,
hydrotechnical processes, permafrost processes)

- Information on physical and thermal properties of permafrost soils

The data listed above, including the terrain mapping, was used for two main purposes: 1) to inform on
baseline conditions along the MVH LSA and RSA, and 2) to inform on potential effects prediction and
mitigation planning that might apply to the Project.

As stated in Oswell (2011) in the context of the Mackenzie Gas Project:

“Site-specific characterization to establish the engineering and geothermal properties of
representative soils along the proposed route should be undertaken after the principle route
has been set. The purpose of this work is to ground truth the terrain mapping, and to provide
information on ground temperatures, presence or absence of permafrost, ice content, and soil
characterization”.

While the above citation refers to a pipeline, the GNWT has committed to a similar overall approach for
the Project, where additional geotechnical data will be collected to refine the alignment routing and site-
specific designs after the completion of the environmental assessment. The additional geotechnical data
will focus on informing on ground temperatures, presence or absence of permafrost, ice content, and soil
characterization. )
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R2-MVEIRB-39

Topic: Permafrost - Ice-rich permafrost
Preamble from the Mackenzie Valley Environmental Impact Review Board:

According to the DAR, permafrost degradation is expected to result in a loss of soil strength over time
(e.g., as the heat is absorbed by the road surface and ground temperature rises) (PR100 pg. 14-24).

In ice-rich permafrost, the loss of strength due to thawing is associated with an increase in soil porewater
pressures during the thawing (Nixon and Morgenstern, 1973).

Request from the Mackenzie Valley Environmental Impact Review Board:

1. Could this degradation lead to surface deformation, progressive deformation, or landslides on
sloping ground?

2. Isthis only true for ice-rich permafrost, or also for ice-poor permafrost?
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Response from the Government of the Northwest Territories

1. Permafrost degradation can lead to surface deformation, progressive deformation, and, in some
cases, landslides on sloping ground, particularly in areas with ice-rich (thaw-sensitive) permafrost.
Frozen ground is relatively strong due to the ice bonds between soil particles; however, when
permafrost soils thaw these ice bonds melt. The strength of the thawed soil depends on the amount
of porewater present. If the soil retains water, porewater pressures increase, which can reduce soil
strength (Canadian Standards Association, 2019). As the excess water drains from ice-rich
permafrost soils, the soil settles and consolidates resulting in a reduced volume. Progressive
deformation may occur when the ground settles unevenly over time due to gradual thawing, leading
to long-term road maintenance challenges. On sloping terrain, thawing of ice-rich permafrost can
lead to slope instabilities as a result of many site-specific factors including the soil’s particle size
distribution as well as the presence and structure of ground ice.

The current Mackenzie Valley Highway proposed alignment has been routed to avoid sloping ground
suspected to contain ice-rich permafrost soils. This was done through terrain and surficial mapping
which were undertaken to inform the alignment routing.

2. While permafrost degradation primarily affects ice-rich permafrost, it can also impact ice-poor
permafrost, though the effects are less severe. Permafrost degradation resulting in a loss of soil
strength is largely applicable to ice-rich (thaw-sensitive) permafrost. Ice-poor (thaw-stable)
permafrost contains little excess ice and soil particles are more densely packed. Thawing results in
minimal settlement and less drastic strength loss compared to ice-rich permafrost but minor changes
in soil structure may occur. Ice-poor permafrost can still lose cohesion and be more vulnerable than
before to mechanical erosion.

References
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R2-MVEIRB-40

Topic: Permafrost - Mapping along the route
Preamble from the Mackenzie Valley Environmental Impact Review Board:

Regarding the use of the Geological Survey of Canada borehole database, the DAR states that "[f]or these
reasons, the borehole data was mainly used to support the terrain mapping through the description of
surface/subsurface material types and textures, without attempts to summarize permafrost distribution
and ground ice conditions." (PR#100 pg 27)

Request from the Mackenzie Valley Environmental Impact Review Board:

Could the data from this or other databases be used to identify the likely presence of permafrost or ice-
rich soils along the route (for example, using the ground ice descriptions and water content data by
geographic positioning)? If so, please provide permafrost/ice-rich soil maps for the preferred and
alternate route areas.
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Response from the Government of the Northwest Territories (GNWT)

The accuracy and precision of historical data sources varies, and this is the case with the digital borehole
geotechnical database for the Mackenzie Valley/Delta region (Smith et al. 2005). As identified in the
paper accompanying the release of the database, the quality of data recorded for any given borehole
varies widely, likely because of the defined purpose of the geotechnical study for which the hole was
originally drilled and logged. For this database, the data relevant to surficial materials, drift thickness,
depth-to-bedrock, and static groundwater levels was compiled from a combination of sonic borehole
logs, highway engineering borehole records, and petroleum drilling records.

Many of the records are from the 1970’s and the quality of data recorded varied widely, partly due to the
original purpose of the respective study or investigation. Differences in formats, structure, and/or units
of measurements might also contribute to some of the original data not being included in the database
used for this assessment (e.g., many boreholes were lacking information for some specific data fields).
For these reasons, caution should be exercised when interpreting the data.

Although surface/subsurface conditions are generally consistent within a given terrain type (e.g., a till
plain), localized variations exist and might not be captured in existing data. Extrapolation of in-situ
conditions can only be made for a limited extent beyond the locations referenced. The extent depends on
variability of factors including, but not limited to, soil types, superficial materials, soil moisture, and
permafrost conditions. The influence of geological processes can also result in older borehole records no
longer being relevant.

While the digital borehole database is of great value, it does not provide sufficient information to identify
the likely presence of permafrost or ice-rich soils along the route in a continuous manner. The preferred
approach adopted by the GNWT is to inform on the presence or absence of permafrost soils along the full
route using data obtained from 1:10,000 scale terrain mapping and recent and future geotechnical and
geophysical investigations. Examples of recent investigations include work completed by Tetra Tech
Canada Inc. (Tetra Tech) in support for advancing design and engineering of the Mount Gaudet Access
Road near Wrigley (now integrated into the overall Project), and the Prohibition Creek Access Road
(PCAR) near Norman Wells.

The geotechnical and geophysical findings presented to GNWT as part of these studies (Tetra Tech,
2020a; 2020b; 2020c; 2020d) were referenced in Section 14 of the Developer’s Assessment Report to
support documentation of local subsurface conditions. These studies provide examples of the type of
detailed site-specific information collected to support highway design, compared to the type of
information used during environmental assessment to support effects predictions, but also illustrates
how available information has been used. Additional geotechnical field investigations will be conducted
to support highway design. The combination of activities and analyses to be included in these
investigations will be chosen based on specific geotechnical parameters required to advance roadway
design and will include the most current applicable data.
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