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R2-LKFN-01

Topic: Vol 3,1 0f13,14.0 p 14- 2,14Ap 5,15.0p 1,16.0 p3
Preamble from the Liidli Kuye First Nation First Nation (LKFN):

The Sahtu Land Use Plan is included in this document, and though the Dehcho Land Use plan is still under
development, documents will be forthcoming in 2025.

Request from LKFN:

Please include the relevant portions of the Dehcho land use plan in this scope document as they become
available, and address these in the following sections. As a placeholder for the complete land use plan
document, please consult the following:
https://dehcholands.org/sites/default/files/final_draft_background_report_-_june_2-06_-_with_maps.pdf
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Response from the Government of the Northwest Territories:

The GNWT previously responded to a similar request in MVEIRB Round 1 IR#40.

The 2006 Final Draft Dehcho Land Use Plan (dDLUP) was not approved by the Government of
Northwest Territories (GNWT), and the Government of Canada and, so there is currently no land use
plan in place in the Dehcho Region. The Dehcho Land Use Planning Committee (the Committee)
continues to revise the Draft Interim Plan. Respecting the ongoing revision of the dDLUP, and the lack
of an approved document at the time of filing of the Developer’s Assessment Report (DAR), the
management direction provided by the dDLUP, and the Conservation Zones and Special Management
Zones described in the dDLUP were not applied to the Mackenzie Valley Highway Project (the Project).
Other information contained in the dDLUP was considered in the DAR. The dDLUP describes the
cultural importance of traditional lands and resources to Dehcho First Nations and Sahtu Dene and
Métis peoples; refers to important cultural areas and harvesting locations; lists culturally important
plants, animals, and fish; and stresses the importance of traditional values and principles in land use
planning. This information was incorporated into the DAR where appropriate.

The Dehcho Land Use Plan Background Report (Dehcho Land Use Planning Committee [DLUPC, 2006])
was reviewed during the development of the DAR, but not directly incorporated, because there was
more relevant and timely detailed scientific literature, available datasets, engagement input, and
project-specific data and mapping available or collected for the project-specific study areas.

References

DLUPC (Dehcho Land Use Planning Committee). 2006. Dehcho Land Use Plan Final Draft. Available at:
http://www.dehcholands.org/docs/dehcho_final_draft_june_02_06/Final%20Draft%20Dehch
%20Land%20Use%20Plan_June%202-06.pdf. Accessed January 2025.
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R2-LKFN-03

Topic: Vol 3,1 0f13,14.0 p 14- 8,p 14- 17
Preamble from the Liidln Kye First Nation:
Effect pathways for permafrost thaw are missing.
Request from Liidlu Kye First Nation:

Add the following to effect pathways: permafrost thaw resulting from road use and maintenance (snow
clearing and storage, grading, right of way maintenance, traffic, dust, surface wetting for dust control,
vegetation clearing).

Recommend adding a snow management and mitigation section to the PPP. Techniques such as snow
compaction, clearing, fencing, and shields can all be used as mitigation techniques in thaw-sensitive
areas.

A plan for snow storage and reduced build up on shoulders should be discussed. Vegetation is a key
factor preserving permafrost conditions, modifying canopy cover, and compacting organic soils have
clear interaction with permafrost conditions.

Lateral extension of permafrost thaw beyond directly impacted ground regions through lateral heat
transfer and advection with natural or altered groundwater systems. These factors will affect
permafrost thermal conditions and should also be mitigated using a variety of passive and active
techniques (e.g. snow clearing protocols, guidance on road surface wetting, thermosyphons, etc.).
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Response from the Government of the Northwest Territories:

Effect pathways related to construction, operation, and maintenance activities are included in Section
14, Table 14.2 (Potential Effects, Effects Pathways, and Measurable Parameters for Terrain, Soils, and
Permafrost) of the Developer’s Assessment Report (DAR). The identified pathways include permafrost
thaw resulting from activities such as vehicle traffic and clearing during construction; and from changes
to local drainage pattern, erosion, and/or ponding along the embankment, including effects of snow
distribution on the ground thermal regime during operations (road use) and maintenance activities.
These activities involve potential project interactions with permafrost during operations and
maintenance activities, as indicated in Table 14.4 of the DAR. Activities such as grading and dust control
will have limited interaction with permafrost since they are performed on the road surface. As
explained in Section 5.4.6.2 of the DAR, and illustrated in Figure 2, embankment is placed directly on the
ground surface. Road base is thereafter placed on the constructed embankment and compacted;
therefore, these activities do not interact with terrain, soils, and permafrost.

The draft Permafrost Protection Plan (PPP; Section 5 of the DAR) accounts for potential permafrost
thaw from snow accumulation along the sides of the road embankment. The timing of this effect will be
updated in Table A.1 as part of the DAR Addendum to include the operations and maintenance phase as
well.

As stated in the PPP, the monitoring program will study the thermal regime of the infrastructure and
surrounding area, and how factors such as surface ponding, revegetation, and patterns of snow
accumulation affect the thermal regime. These monitoring activities will assist in adaptively managing
the design and maintenance activities aimed at protecting the ground thermal regime where needed,
and in identifying specific areas where mitigative or restorative efforts may be required.

With regard to snow management and mitigation, Table A.1 of the PPP details potential mitigation
techniques that may be employed where needed to protect the infrastructure from the effects of
permafrost thaw, such as the following:
e Accumulated snow drifts may be plowed or flattened to reduce the potential long-term effects on
permafrost.

e Snow removal, if required, will be focused on the lee side of higher sections and where snow
tends to drift.
e Inareas where snow drifting becomes a reoccurring issue, the below strategies may be
implemented to reduce drifting and accumulation:
— Snow fencing can be installed upwind of road embankments to keep snow drifts off the road
surface and away from drainage ditches.
— Additional embankment material can be added alongside slopes to decrease the slope
gradient.

While various techniques will be applied to prevent or mitigate project-induced permafrost degradation
along the roadway, it is well understood that permafrost under and near the embankment will continue
to change as a result of the Project and natural factors such as climate change. Residual effects from
changes to permafrost within the Project development area and portions of the local assessment area
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are, therefore, expected to be long-term as the road will be permanent, and irreversible as a return to
baseline conditions will not be achievable (Section 14.4.4.3 of the DAR).
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R2-LKFN-04

Topic: Vol 3,1 0f 13, 14.0 p 14- 8; Vol 4, 23.5p 23 -8

Preamble from the Liidln Kuye First Nation:

Key measurement and monitoring of parameters for permafrost thaw are missing in several areas
throughout the report. These are necessary to characterize the heterogeneity of permafrost in the
project area and establish baseline conditions. For example, the proposed thermal regime monitoring
may not fully capture permafrost health in "warm" (near freezing-point) permafrost.

Request from the Liidln Kye First Nation:

Measurement of ground ice content through geotechnical measurement (ERT/GPR). Thermal regime
monitoring may not fully capture permafrost health in "warm" (near freezing-point) permafrost.
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Response from the Government of the Northwest Territories (GNWT):

Using currently available data, and data planned to be captured as part of future geotechnical
investigations, it is expected that sufficient permafrost-related information will be available to
document ground ice conditions, and capture relative heterogeneity of permafrost across the
alignment to support highway design. Geotechnical methods provide more reliable information about
soil conditions than geophysical techniques, such as those identified by the reviewer. Existing
information is adequate to support the environmental assessment predictions.

Site-specific data obtained from both historical and recent field investigation programs, such as those
referenced below, were used to document baseline conditions along the alignment route. This includes
published literature data, online database records, and findings from recent geotechnical studies
conducted for the GNWT along the Mackenzie Valley Winter Road. A complete list of references used to
support the baseline characterization of permafrost conditions for the purpose of environmental
assessment is presented in Chapter 14 of the Developer’s Assessment Report (DAR).

In 2020, Tetra Tech Canada Inc. (Tetra Tech) completed geotechnical and geophysical investigations in
support for advancing design and engineering of the Mount Gaudet Access Road (MGAR) near Wrigley,
and the Prohibition Creek Access Road (PCAR) near Norman Wells which are expected to be upgraded
to an all-season highway standard as part of the Mackenzie Valley Highway (a portion of the PCAR has
now been constructed) (Tetra Tech, 2020a; 2020b; 2020c; 2020d). The geotechnical and geophysical
findings presented to GNWT as part of these studies were referenced in Section 14 of the DAR to better
document local subsurface conditions. Similar geotechnical investigations will be conducted along the
MVH route as part of the design process. 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.

Regarding thermal regime monitoring, included in Tetra Tech studies were the installation of eleven
multi-bead ground temperature cables. These cables are still in place and monitoring permafrost. Data
obtained to date (2022) confirmed that permafrost encountered along those alignment sections are
characterized as “warm”, with average temperatures being near the thawing-point (e.g., between 0°C
and -2°C). Ground temperature monitoring will be initiated at key terrain locations along the full MVH
route, and the summary of subsurface conditions encountered along the MGAR and PCAR study areas
will be used, alongside the additional data collected from future geotechnical programs, to support the
next stage of engineering design.

In addition to the borehole drilling program, two geophysical methods were used to investigate
permafrost along the PCAR and MGAR: Capacitively Coupled Resistivity and Ground Penetrating Radar.
Data obtained from these surveys were used in conjunction with boreholes and laboratory findings to
document the variability of subsurface conditions across various terrain types (as represented by
surficial geology such as till, glaciofluvial, glaciolacustrine deposits, etc.). Where relevant, the Project
will incorporate regional geophysical data from other organizations, and implement or facilitate local
geophysical investigations to spatially extend substrate characterizations from geotechnical drilling at

2
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spatial scales similar to the PCAR and MGAR, where needed to support design.

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 (e.g., borehole drilling,
geophysical surveys, material sampling, laboratory analyses, thermal monitoring, and modelling, etc.).

References

Tetra Tech (Tetra Tech Canada Inc.). 2020a. Geotechnical and Geophysical Evaluation for Mount
Gaudet Access Road, Wrigley, NT. Report prepared for the Government of the Northwest
Territories, Department of Infrastructure by Tetra Tech Canada Inc. August 6, 2020. Tetra Tech
File: 704- ENG.YARC03329-01A.

Tetra Tech. 2020b. Mount Gaudet Access Road Thermal Assessment Report. MVWR km 687 to 708,
Northwest Territories. Issued for Review. Report prepared for the Government of the
Northwest Territories, Department of Infrastructure by Tetra Tech Canada Inc. November 24,
2020. TetraTech File: 704-ENG.YARC03354-02.

Tetra Tech. 2020c. Geotechnical and Geophysical Evaluation for Prohibition Creek Access Road, Near
Norman Wells, NT. Issued for Use report prepared for the Government of the Northwest
Territories, Department of Infrastructure by Tetra Tech Canada Inc. October 21, 2020. Tetra
Tech File: 704-ENG.YARC03329-01A.

Tetra Tech. 2020d. Prohibition Creek Access Road Thermal Assessment Report. MVWR km 995.3 to km
1009.3. Northwest Territories. Issued for Review. Report prepared for the Government of the
Northwest Territories, Department of Infrastructure by Tetra Tech Canada Inc. November 24,
2020. Tetra Tech File: 704-ENG.YARC03354-02.
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R2-LKFN-06

Topic: Vol 3,1 0f 13, 14.0 p 14- 11

Preamble from the Liidln Kuye First Nation:

Description of timing includes no sensitivity with the example that winter activities do not impact
frozen soils. Though there are no obvious direct impacts, indirect impacts are easily felt even when soils
are frozen through compaction or alteration of snowpack, increased load on soils resulting in
deformation etc.

Request from the Liidln Kye First Nation:

Change this category to "low sensitivity" so as not to indicate that these activities should have no
measurable impact on the system as they are likely to have a small impact
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Response from the Government of the Northwest Territories (GNWT):

While increased loads on non-frozen soils would result in ground deformation, winter activities on
frozen soils (e.g., vehicular traffic) are not expected to result in measurable impacts on soils, terrain or
permafrost.

The GNWT acknowledges the possibility of localized changes to frozen soils, changes that may be
measurable in a laboratory setting. The definition has been changed to “No to low sensitivity”.

Mitigation measures specific to winter activities will be implemented during construction activities to
reduce impacts to frozen soils. Examples of winter mitigation measures include limiting off-road travel
to frozen conditions (approximately December 15 to April 1; where possible), maintaining a minimum
of 10 centimetres of packed snow on frozen off-road travel surfaces.

Based on the expected absence of measurable impacts to frozen soils, the description of the timing of
residual effects on terrain, soils, and permafrost, collectively, in Table 14.3 (Chapter 14, Section 14.1.5
of the Developer’s Assessment Report) can be described as “no sensitivity”.
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R2-LKFN-07

Topic: Vol 3,1 of 13, 14.0 p 14- 12 Vol 4, 24.4 p 24 - 20, PPP-17,14A - 22, 28 and throughout outdated
data

Preamble from the Liidln Kye First Nation:

Data scarcity is a pervasive issue across the region, and existing data is often outdated (e.g. 1970s
investigation reports for roadway alignment), but reconnaissance was completed for the borrow and
quarry sites. Further reconnaissance is recommended for areas with poor data quality or missing data,
as well as areas most susceptible to climate change to understand baseline conditions in more detail.
Given the dated nature of figure 4.2 in 14A and the stated dependence on recent (2020) site
investigations by Tetra Tech, can you re-classify the reaches of the MVH based on permafrost type?
Literature review is based primarily on technical reports and does not include recent scientific
literature.

Request from the Liidln Kye First Nation:

Extend reconnaissance to data sparse areas as well as regions most susceptible to change at the
assessment and design phase such that construction is not delayed by the discovery of unfavourable
conditions. Use all available climate data to verify observed patterns and extrapolate trends across the
specified regions. Extend literature review to include recent scientific findings, water quality data are
out of date. Consider monitoring in maintenance activity and increase environmental data collection not
only to determine impact of infrastructure development, but to predict changes to infrastructure.
Extend ground temperature monitoring and include a map of current monitoring locations.
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Response from the Government of the Northwest Territories (GNWT):

While the GNWT recognizes the overall scarcity of site-specific permafrost data across the region, the
prediction confidence in the existing data is considered adequate to properly assess permafrost-
related effects. This confidence is based on professional judgement, the overall quality of publicly
available and project data, experience learned from similar projects, as well as the expected
effectiveness of the proposed mitigation measures.

The GNWT’s commitment to permafrost monitoring is described in the Permafrost Protection Plan
(Volume 5 of the Developer’s Assessment Report). Thermistors will be used at specific locations,
representative of key terrain types along the Wrigley to Norman Wells right-of-way (ROW), to provide
information such as ground temperature to inform mitigation measures for design and identify how
the thermal regime changes over time. Ground temperature instrumentation was installed in summer
2020 (Tetra Tech, 2020a; b). Additional monitoring instrumentation may be identified during final
design and installed during construction of the Project. The details regarding the instrumentation
setup (i.e., instrument type and locations, data collection schedule, etc.) will be confirmed as the
highway design advances. These existing ground temperature monitoring locations are presented on a
map found in Appendix 144, Figure 14.6 of the Developer’s Assessment Report (DAR). This data will
be used to inform the potential impact of infrastructure development, as well as to monitor predicted
changes to infrastructure over the lifetime of the project.

Regarding the use of available water quality data, the GNWT previously provided a detailed response
to Online Review System LKFN-28 during the public review of the DAR.

References

Tetra Tech (Tetra Tech Canada Inc.). 2020a. Geotechnical and Geophysical Evaluation for Mount Gaudet
Access Road, Wrigley, NT. Report prepared for the Government of the Northwest Territories,
Department of Infrastructure by Tetra Tech Canada Inc. August 6, 2020. Tetra Tech File: 704-
ENG.YARC03329-01A.

Tetra Tech. 2020b. Geotechnical and Geophysical Evaluation for Prohibition Creek Access Road, Near
Norman Wells, NT. Issued for Use report prepared for the Government of the Northwest
Territories, Department of Infrastructure by Tetra Tech Canada Inc. October 21, 2020. Tetra
Tech File: 704-ENG.YARC03329-01A.
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R2-LKFN-13

Topic: Vol 3, 1 of 13, 14.0 p 14-19, 23, 25, 26 14A P 44

Preamble from the Liidln Kye First Nation:

Drainage considerations do not include groundwater icings or culvert dimensioning and anchoring
practices appropriate to permafrost environments. Icings exist in the LAA, and further documentation of
their locations will assist in culvert design and construction with groundwater movement considerations.

Request from the Liidln Kye First Nation:

Elaborate on icings and culvert design and include icing mapping in preparation for final road
alignment. Consider the effects of road freezing on groundwater flow regimes. Assessment of icing risks
within the LSA and RSA would greatly improve confidence in design. Table 14A - 5.4 includes a length of
road expected to be affected by seepage, but the way this was determined is unclear.
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Response from the Government of the Northwest Territories (GNWT):

Icings and culvert design

As discussed in the GNWT's response to Round 1 Information Request (IR) Mackenzie Valley
Environmental Impact Review Board (MVEIRB)#71, no site-specific culvert designs have been
completed. Culvert designs will be completed based on site-specific flow and channel information as
well as geotechnical information (if needed), as part of detailed design, and once the route of the
highway is confirmed as an outcome of the environmental assessment. Liidli1 Kye First Nation will have
the opportunity to review and comment on culvert design information during the water licencing and
land use permitting process. Table 5.2 of the Developer’s Assessment Report (DAR) identifies the
minimum culvert design criteria that will be applied to all culverts.

The GNWT has already noted specific locations of overflow and icings communicated as part of
engagement on the Project. 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 (Mackenzie Valley Highway Project | Have

Your Say - Government of Northwest Territories (nwt-tno.ca). Prior to completing detailed design, the
GNWT will compile and disseminate reports of current overflow/aufeis locations and extent on the
existing Mackenzie Valley Winter Road (MVWR) to inform the detailed design process of crossing
locations. One of the information sources will be MVWR maintenance records, and additional
observations after the MVWR is seasonally closed will be recorded as other site-specific studies are
completed to support design. Where icing may be expected, larger/higher capacity culverts will be
installed to address blockage concerns. Where icings are known or suspected to be an issue, engineers
assume and account for the presence oficings in the design as a safety factor for the culvert flow capacity.
A safety factor may be applied differently by each Engineer of Record, depending on the specific site
conditions; therefore, the GNWT does not currently have a specific design criteria for this. Generally, the
culvert will be a larger diameter than it would be if ice were not accounted for. Once an Engineer of
Record for the detailed design is retained, the exact method to account for icings in specific culvert
design will be determined. See also the GNWT’s response to R1 CanNor IR#05.

Effects of road freezing on groundwater flow regimes

The GNWT’s response to ORS LKFN-22 explains why the proposed design approach is not likely to
cause groundwater flow path issues or cause flooding and washouts.

Areas potentially affected by seepage

The length of road expected to be affected by seepage identified in Appendix 14A, Table 5.4 of the DAR
was determined by compiling the combined length of the proposed alignment crossing terrain map
units for which seepage was added as a geoprocess (LSA Terrain Mapping, Appendix 14A [Appendix
B]). This mapping is based on the terrain classification system from Howes and Kenk (1997), where
relatively homogeneous terrain units (or polygons) are delineated on the basis of surficial materials
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(e.g., till, glaciolacustrine), surface expression (e.g., hummocky, fan), depth to bedrock (e.g., veneer,

blanket) or stratigraphic composition (i.e., identifying the expected subsurface material), slopes, and
geomorphological processes.

The length of road expected to be affected by seepage process was, therefore, estimated based on
desktop interpretation of terrain conditions where physical indicators (e.g., the presence of rills, levees
and/or flow paths) or vegetation indicators (distinct vegetation communities) are indicative of water

movement.
References

Howes, D.E., and E. Kenk. 1997. Terrain Classification System for British Columbia, Version 2. Ministry of
Environment and Ministry of Crown Lands Province of British Columbia MOE Manual 10.
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R2-LKFN-14

Topic: PPP - 18
Preamble from the Liidln Kuye First Nation:

By definition, ice-rich permafrost areas are sensitive to thaw when disturbed. It is likely that no ice-rich
permafrost will be reliably thaw-stable over the lifetime of the constructed road.

Request from the Liidln Kye First Nation:

Avoid ice-rich permafrost areas and define monitoring and mitigation strategies where this is not
possible.
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Response from the Government of the Northwest Territories (GNWT):

The Liidlj Kgé First Nation’s concerns about the sensitivity of ice-rich permafrost to disturbance and
the long-term stability of these areas are recognized. The GNWT is committed to avoiding disturbance
to ice-rich permafrost where feasible, and implementing monitoring and mitigation strategies where
avoidance is not feasible. Please also see the GNWT’s response to Round 2 LKFN IR#12.

The term “ice-rich” is used to describe soil or permafrost that contains a high volumetric or mass
proportion of ice relative to the soil material. It is typically used in the context of permafrost studies
and engineering to describe ground that has sufficient ice content to cause significant changes, such as
thaw settlement or instability, when the ice melts. Ice-rich conditions are often quantified in terms of
volumetric ice content (e.g., percentage of the total volume made up of ice) or gravimetric ice content
(e.g., the ratio of ice mass to dry soil mass).

Key characteristics of ice-rich permafrost include: (1) high ice content - generally, ice-rich soils are
those where the volume of ice exceeds the volume of pore spaces that the soil would have if it were
completely unfrozen; (2) thaw sensitivity - ice-rich permafrost is sensitive to thawing, as melting ice
causes a reduction in soil volume (thaw settlement), leading to ground instability, settlement, and
changes in surface hydrology when the ice melts.

The engineering implications are that ice-rich soils are critical to consider in construction and
permafrost engineering because thawing can result in substantial ground subsidence and damage to
infrastructure, making it important to account for ice content in design and construction in permafrost
regions. Where feasible, the Project aims to avoid constructing over areas of ice-rich permafrost to
reduce the risk of thaw-related instability.

The GNWT is conducting detailed geotechnical investigations to identify areas with significant ice-rich
permafrost and prioritize routing through more stable ground. In areas where avoiding ice-rich
permafrost is not feasible, the GNWT will evaluate mitigation measures, such as:

e Using a thick gravel embankment to insulate the permafrost and reduce heat transfer from the
surface

e Incorporation of geotextiles or geogrids to improve load distribution, and enhance stability

e Implementation of drainage structures to mitigate water pooling, which can accelerate
permafrost thaw

Given the unpredictability of site-specific permafrost behavior over time, a visual and thermal
monitoring program will be established to identify changes and adapt mitigation strategies. While
crossing ice-rich ground poses additional challenges, a combination of a robust road design, drainage,
thermal protection, and long-term monitoring can help reduce risks to the infrastructure. By using
these techniques, roads can be successfully built and maintained in ice-rich regions. Efforts will be
made during design to avoid ice-rich permafrost wherever possible.
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Additional discussion detailing the progression of design and approaches to designing in ice-rich

permafrost areas are sensitive to thaw can be found in the preamble text to the GNWT’s response to
Round 2 LKFN IR#12.
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R2-LKFN-15

Topic: Vol 4, 24,2 p 24- 6

Preamble from the Liidln Kuye First Nation:

Table 24.3 and 24.4 assume stationarity in climate data between 1981 and 2010. From work across the
territory, there have been significant trends in both temperature and precipitation in similar regions,
including Fort Simpson. Presenting aggregated summary data for this entire period when it is likely that
a trend exists in the climate data provides an unreliable baseline condition.

Request from the Liidln Kye First Nation:

Include the pre-construction climate trend to allow future comparison of rates of change in climate
variable. This is a key comparison point for the following future climate scenarios.
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Response from the Government of the Northwest Territories:

The 1981-2010 means and trends for annual and seasonal mean, maximum, and minimum temperature

Northwest Territories Territoires du Nord-Ouest

and total precipitation are provided for Norman Wells and Fort Simpson in the following tables:

Table R2-LKFN-15-1 Annual Means Addendum

Climate Norman Wells A (ID: 2202800/1) Fort Simpson A (ID: 2202101)
Parameter

1981-2010 1981-2010

Mean Trend Mean Trend
Annual Mean | -5.1°C 0.23°C / decade -2.9°C 0.41°C / decade
Temperature
49
Annual -0.4°C 0.29°C / decade 2.7°C 0.25°C / decade
Maximum
Temperature
&Y
Annual Minimum | -9.9°C 0.38°C / decade -8.2°C 0.56°C / decade
Temperature
&Y
Annual Total | 294.4 mm -0.85 mm / 387.6 mm 3.75mm /
Precipitation decade decade
(mm)

# of Days/Year
with Tmax >
30°C

2.1 days/year

4.2 days/year

# of Days/Year
with Tmin < -
30°C

51.0 days/year

37.5 days/year
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Table R2-LKFN-15-2 Seasonal Variation Norman Wells (Station ID: 2202800/1) Means and
Trends Addendum

Norman Wells A (ID: 2202800/1)

2 March, April, May

3 June, July, August

1 December, January, February

4 September, October, November

Season Mean Temperature | Maximum Minimum Precipitation
(°C) Temperature (°C) | Temperature (°C) | Accumulation
(mm)
1981-2010 1981-2010 1981-2010
1981-2010
Mean Trend Mean Trend Mean Trend Mean Trend
Winter! -24.5°C 0.44°C -20.4°C 0.50°C -28.5°C 0.39°C 48.7 -1.46
/ / / mm mm [/
decade decade decade decade
Spring? -5.7°C 0.01°C 0.2°C -0.03°C | -11.6°C 0.04°C 40.8 -1.29
/ / / mm mm [/
decade decade decade decade
Summers3 15.3°C 0.10°C 20.7°C 0.01°C 9.7°C 0.18°C 126.3 9.58
/ / / mm mm [/
decade decade decade decade
Fall4 -5.6°C 1.11°C -1.9°C 1.01°C -9.3°C 1.21°C 78.5 -5.08
/ / / mm mm |/
decade decade decade decade
Notes:
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Table R2-LKFN-15-3 Seasonal Variation Fort Simpson (Station ID: 2202101) Means and Trends

Addendum
Fort Simpson A (ID: 2202101)
Season Mean Temperature | Maximum Minimum Precipitation
(°Q) Temperature (°C) | Temperature (°C) | Accumulation
(mm)
1981-2010 1981-2010 1981-2010
1981-2010
Mean Trend Mean Trend Mean Trend Mean Trend
Winter! -22.2°C 0.70°C -17.5°C 0.62°C -26.8°C 0.78°C 55.6 -2.39
/ / / mm mm |/
decade decade decade decade
Spring? -1.6°C 0.15°C 4.8°C 0.05°C -8.1°C 0.22°C 61.8 4.77
/ / / mm mm |/
decade decade decade decade
Summer3 15.8°C 0.20°C 22.1°C 0.01°C 9.5°C 0.39°C 173.8 3.30
/ / / mm mm |/
decade decade decade decade
Fall4 -3.1°C 0.88°C 1.3°C 0.65°C -7.6°C 1.12°C 96.4 -1.75
/ / / mm mm |/
decade decade decade decade
Notes:
1 December, January, February
2 March, April, May
3 June, July, August
4 September, October, November

Tables R2-LKFN-15-1, R2-LKFN-15-2, and R2-LKFN-15-3 represent an update to Tables 24.3, 24.4 and
24.5 of the Developer’s Assessment Report, respectively.
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R2-LKFN-16

Topic: Vol 4, 24,2 p 24- 10,11,18
Preamble from the Liidln Kuye First Nation:

The increase in precipitation for RCP 8.5 is given for the Fort Simpson A baseline but not the Norman
Wells A baseline, is it expected to differ? Table 24.8 lists a predicted decrease in Freeze-Thaw days, but
this contradicts many current studies indicating increased variability in weather patterns leading to an
increase in midwinter melt events and to late/early - season snowfalls etc.

Request from the Liidln Kye First Nation:
Consider broadening the data source informing this decrease. Similarly, there is evidence for an

increase in severity of heavy rain and drought in the territory, which may also be relevant to the
considered regions; update predicted changes in precipitation.
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Response from the Government of the Northwest Territories:

In the Climate Change Resilience Assessment (CCRA) Addendum provided in response to Round 1
MVEIRB IR#2 (K’alo-Stantec, 2024), climate projections were updated to reflect the new SSP5-8.5
scenario-driven projections. The SSP5-8.5 and RCP8.5 emissions scenarios generally align. As part of the
update, precipitation projections were updated, with a projected increase noted for both Fort Simpson
and Norman Wells. Below is Table 8 of the updated Climate Profile (Appendix A of the CCRA Addendum)
presenting the projected changes in annual and seasonal precipitation for the two locations:

Table 8 of Climate Profile of CCRA Addendum report:

Table 8 Projected Average Total Precipitation and Change from Baseline under SSP5-8.5
Projected Total Precipitation (mm)*
1981-2010 {Change frc:r1nm111 981-2010 Basegne (%) [50™ percentile];
Climate Zone Baseline percentile, S0 percentile)
Time Periocd | (Station Name; ID) (*C) 20205 20505 2080s
Annual Norman Wells A 2544 3228 3552 400.5
(1D: 2202800) (+9.6%, (+20.7%,; (+36.0%;
+9.6%, +11.8%) | +19.2%, +24.0%) | +34.1%, +44 4%)
Fort Simpson A 3876 4157 4528 486.8
(1D: 2202104) (+7.3%; (+16.8%; (+25.6%;
+5.1%, +7.6%) | +16.6%, +17.2%) | +24.1%, +30.4%)
Winter MNorman Wells A 487 549 589 658
(ID: 2202800) (+12.8%; (+21.0%; (+35.1%;
+9.1%, +12.8%) | +17.5%, +21.0%) | +26.8%, +37.8%)
Fort Simpson A 55.6 59.0 64.1 67.8
(1D: 2202104) (+6.1%; (+15.3%; (#22.0%;
+6.1%, +8.1%) | +11.8%, +18.0%) | +20.6%, +27.1%)
Spring MNorman Wells A 40.8 432 436 87
(ID: 2202800) (+6.0%; (+19.1%; (+34.1%;
+3.1%, +10.7%) | +14.8%, +25.5%) | +25.4%, +42.0%)
Fort Simpson A 61.8 642 71.8 78.2
(ID: 2202104) (+3.8%; (+16.2%; (+26.6%;
+2.3%, +6.4%) +13.9%, +20.6%) | +22 8%, +31.9%)
Summer MNorman Wells A 126.3 133.7 1431 153.3
(1D: 2202800) (+5.9%; (+13.3%; (#21.4%;
+2.7%, +7.9%) | +11.8%, +17.3%) | +16.2%, +26.8%)
Fort Simpson A 173.8 1796 186.6 187.4
(ID: 2202104) (+3.3%; (+7.4%; (+7 8%:
+0.5%, +5.9%) +7 4%, +14.5%) +4 6%, +20.3%)
Fall Norman Wells A 785 876 94.8 111.3
(1D: 2202800) (+11.7%; (+20.8%; (+41.7%;
+9.4%, +11.7%) | +14.4%, +24.0%) | +34 4%, +43.2%)
Fort Simpson A 96.4 1043 118.2 131.4
(ID: 2202104) (+8.2%; {(+22.6%; (+36.3%;
+8.1%, +11.7%) | +21.3%, +22.6%) | +36.2%, +39.5%)
Note:

* Multi-model ensemble average of the CanDCS-U6G downscaled climate projections

The annual number of freeze-thaw cycles is projected to decrease while the number of freeze-thaw
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cycles in the winter is projected to increase. The projected change in the annual number of freeze-thaw
cycles was presented in Table 24.8 of the Developer’s Assessment Report, but it was not made clear that
that projection was for the annual number of freeze-thaw cycles. In the CCRA Addendum, clarification
was added to the main report and winter (December-January-February) freeze-thaw cycle projections
were included in the updated Climate Profile. Below is the freeze-thaw cycle section of Table 2-1 of the
CCRA Addendum report as well as Table 21 from the updated Climate Profile with the winter freeze-
thaw cycles projections (50t percentile values of the climate model ensemble). Note: in the CCRA,
freeze-thaw cycles were defined as days (24-hr periods) with a maximum temperature greater than 0°C
and a minimum temperature equal to or less than -1°C; a minimum temperature of -1°C (instead of 0°C)
was used to increase the likelihood that water present at the surface actually freezes).

Freeze-thaw cycle section of Table 2-1 of CCRA Addendum report:

Confidence
Climate Levelin
Parameter Trend Projections Farameter Remark™
Freeze-Thaw Days | Decrease Medium-High The average annual number of days with a freeze-thaw

cycle is projected to decrease.

Norman Wells — A projected decrease from ~44 freeze-
thaw daysfyear in the baseline to ~37 freeze-thaw
days/years in the 2080s.

Fort Simpson — A projected decrease from ~57 freeze-
thaw daysfyear in the baseline to ~45 freeze-thaw
days/years in the 2080s.

Table 21 of Climate Profile of CCRA Addendum report:

Table 21 Winter Season Freeze-Thaw Cycles: Historical (1981-2010) and Projected under
S5P5-8.5
Average Number of Winter Season* Freeze-Thaw Cycles
H H 1=} 1 1 -<_ o
Climate Zone (Days with Maximum Temperature > 0°C and Minimum Temperature =-1°C)
(Station Name) 1981-2010 2020s 20505 2080s
Morman Wells-Tulita ~0 02 06 12
(Norman Wells A)
Wrigley-Fort Simpson (Fort 14 17 2.1 30
Simpson A)

Note:
* Winter season is defined as December-January-February

Projected changes in heavy rain events were included in the CCRA, referred to as “precipitation
extremes”, with projected changes in Intensity-Duration-Frequency (IDF) data presented in the Climate
Profile. The IDF data relates short-duration, high intensity rainfall events with frequency of occurrence.
The IDF data projections were updated to reflect the SSP5-8.5 scenario-driven projections in the CCRA
Addendum (Section 3.2 of the Climate Profile). The updated IDF projections were developed using the
Clausius-Clapeyron relation method, which is recommended by the Canadian Standards Association

(CSA) Rainfall Intensity-Duration-Frequency Guide (CSA PLUS 4013:19) and Environment and Climate
3



ﬁ
o p—

Change Canada (ECCC).
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Dry spells were included in the CCRA, with the maximum number of consecutive dry days presented,
representative of the length of the longest dry spell (note: dry days are defined as days with
precipitation less than 1 mm). Maximum number of consecutive dry days projections were presented in
the CCRA Addendum (below is Table 18 from the updated Climate Profile [Appendix A]), with slight
decreases in maximum dry spell length projected.

Table 18 of Climate Profile of CCRA Addendum report:

Table 18 Average Annual Maximum Number of Consecutive Dry Days: Historical (1981-2010)
and Projected under $5P5-8.5

Climate fone

Average Annual Maximum Number of Consecutive Dry Days

{Station Name) 19841-2010 20205 20505 2080s
Moman Wells-Tulita 293 278 pr 252
(Morman Wells A)

Wrigley-Fort Simpson (Fort 2.0 285 el - 26.8
Simpson A)
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R2-LKFN-18

Topic: Vol 4, 24.3 p 24- 12, 14
Preamble from the Liidln Kuye First Nation:

[ssues with the statement: "The Project will take approximately 10 years to construct, over a timeframe
of up to 20 years. Consequently, climate change effects are likely to be more pronounced during
operation, since activities associated with operation are expected to continue for a much longer time.”.
Work at the Scotty Creek Research Station shows current active permafrost thaw because of climate
change, and simulations show significant projected loss of permafrost and hydrological regime shift
over the next two decades.

Request from the Liidln Kye First Nation:

It is recommended that the understanding of climate change impact timing be revised.
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Response from the Government of the Northwest Territories:

Changes to permafrost are expected in the assessment areas prior to (without) and due to the Project,
and these changes will continue over the life of the Project, as noted in Chapter 14. Changes in climate
parameters (temperature, precipitation, frost and freeze-thaw days), and wildfires will continue to
influence permafrost thaw through the range of predictive modeling (2080s), as presented in the
Climate Change Resilience Assessment (Appendix 24A), and subsequent updates (K’alo-Stantec
[2024]; Round 1 MVEIRB IR#2). Permafrost thaw poses a risk to the Project during both construction
and operation due to its potential to lead to settlement, changes in surface drainage, or localized
erosion (Section 24.3.1 and 24.3.2). The above reports note that permafrost thaw (increases in active
layer thickness) due to changes in climate conditions is currently observed in the Northwest
Territories, with continued thaw and loss projected in a warming climate.

The effects on permafrost in the local assessment area will likely be pronounced during the
construction period (i.e.,, 10 years over a timeframe of 20 years) due to the clearing of the right-of-way
and other work areas, and other ground disturbances. Nevertheless, when considering the effects of
climate change overall (taking into consideration the various climate parameters highlighted in the
Developer’s Assessment Report [DAR]), impactful events (such as extreme heat and precipitation
events) are projected to become more frequent and intense in a warming climate, with changes (not
due to the Project) becoming more pronounced during the operations phase. Once constructed, the
highway will be operated and maintained indefinitely, far surpassing the initial 20 year timeframe
associated to the construction period. Considering the effects of climate change overall, it was
therefore noted in the DAR that the effects are likely to be more pronounced in the operations phase.
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R2-LKFN-19

Topic: General comment on Permafrost, 26.4.3 p 26 - 44, PPP - 12, PPP - Table Al
Preamble from the Liidln Kuye First Nation:

Much of the permafrost especially in the Dehcho region is ecosystem protected, meaning that any
disturbance to current conditions is likely to lead to permafrost loss.

Request from the Liidln Kye First Nation:

Re-consider the impact of some permafrost protection measures, e.g. mulching and replacing
vegetation, in the context of the thermal regime of the permafrost. Prioritize some sensitive areas and
areas of traditional significance for manual clearing in attempt to preserve what portions of the
ecosystem can be left undisturbed.
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Response from the Government of the Northwest Territories (GNWT):

The GNWT notes that the current, early design, acknowledges the Project’s setting with areas of
permafrost, and its intended long-term operation within a changing climate. Permafrost and climate
change are factored into the design parameters and objectives, and will be further considered in the
detailed design, based on site-specific conditions and data.

The Project spans from extensive discontinuous permafrost near Norman Wells, to sporadic
discontinuous permafrost near Wrigley. The Project will encounter permafrost along most, but not all,
of the route, and not all of the permafrost will be thaw-sensitive. Thawing of ice-rich soils can lead to
effects on the Project itself, and/or effects on the surrounding environment. Both will be addressed in
design. Specific localized permafrost protection techniques may be considered in detailed design;
however, the Project does not aim to preserve permafrost beneath the roadway. The Project will avoid
constructing on thaw-sensitive soils, where possible. If construction on such soils is unavoidable, the
design will aim to address the issue, and mitigation measures will be developed accordingly for
potential effects of thaw-sensitive soils. Additional discussion related to ice-rich permafrost areas that
are sensitive to thaw can be found in the preamble text to the GNWT’s response to Round 2 LKFN
IR#12. A list of mitigations related to permafrost and/or vegetation are detailed in the Developer’s
Assessment Report (Table 14.5 and Table 18.8, respectively). Examples of mitigation specific to
vegetation clearing include the following:

e (learing will be limited to areas required for construction and safe operations (i.e., to the width
of the ROW and approved access roads).

e Project vehicles will be confined to existing roads and trails to avoid disturbing vegetated
areas.

e If surface organic material must be removed for construction, it will be stockpiled and re-
applied where possible.

e Tree roots will be grubbed only in areas required for construction or stripping.
e Organic material and topsoil will be set aside for use during reclamation, to the extent possible.

e Undisturbed areas will be avoided until they are scheduled for clearing/stripping to limit
unnecessary soil degradation and compaction.

With respect to manual clearing, the GNWT recognizes the importance of sensitive areas and areas of
traditional (cultural) significance; and, as stated in Table 18.8, clearing will be completed by hand,
where required, to prevent damage to the ground.
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R2-LKFN-20

Topic: Vol 4, 24.3 p 24- 12
Preamble from the Liidln Kuye First Nation:

Table 24.9 summarizes mitigation measures, but these do not include monitoring techniques,
preventative measures, or early warning systems.

Request from the Liidln Kye First Nation:
[t is recommended that the proponent consider monitoring techniques and site investigation to identify

areas of high risk and implement mitigation strategies early in the project life to avoid some of the
anticipated maintenance requirements.



- : ’ Government of Gouvernement des
AN Northwest Territories Territoires du Nord-Ouest

Response from the Government of the Northwest Territories (GNWT):

The Liidlj Kgé First Nation’s (LKFN’s) recommendation to include monitoring techniques,
preventative measures, and early warning systems to address areas of high risk to the infrastructure is
appreciated and aligns with the GNWT's commitment to adaptive management strategies. Monitoring
is not included in Table 24.9 because monitoring, on its own, is not considered mitigation.

As stated in the GNWT’s response to Round 2 LKFN IR#08, the GNWT has detailed how monitoring
activities included in the Draft Permafrost Protection Plan will be implemented (Volume 5 of the
Developer’s Assessment Report). These activities will emphasize early detection of changes in
permafrost and ground conditions in the Project development area, and local assessment area,
including visual inspections, ground temperature monitoring, and climatic data reviews. The
development of monitoring techniques, site-specific investigations, and early warning systems will be
undertaken as the Project design advances to implement measures that are tailored to the final
alignment design, and informed by the most up-to-date geotechnical, environmental, and hydrological
data which has not yet been collected (see preamble to the GNWT’s response to Round 2 LKFN [R#12).

As the Project design progresses, further geotechnical site investigations and other site-specific studies
will be undertaken, and the GNWT will continue engagement with stakeholders to integrate local
knowledge and expertise into risk identification and mitigation planning.
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R2-LKFN-21

Topic: PPP - Table A1, 16

Preamble from the Liidln Kue First Nation:

Issues with "deploy methods to limit thermal disturbance". Long-term mitigation and remediation
measures such as snow management, thermosyphons, choice of construction materials based on
thermal properties and other strategies are not included.

Request from the Liidln Kye First Nation:

Consider more long-term solutions and ensure design is compliant with future required remediation
techniques. Specify which techniques are under consideration in which types of permafrost.
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Response from the Government of the Northwest Territories (GNWT):

The Liidly Kgé First Nation’s concerns regarding the inclusion of long-term mitigation and remediation
measures to address thermal disturbance in permafrost regions are appreciated. The GNWT
recognizes the importance of integrating sustainable, long-term strategies to limit thermal
disturbance, where necessary, to promote the resilience of the infrastructure over the Project’s
lifetime. Additional relevant mitigation measures identified in the draft Permafrost Protection Plan are
included below:

e Snow management: To manage localized ground insulation and control thermal exchange,
snow berms or controlled clearing methods can be implemented in areas with ice-rich
permafrost to either retain snow for insulation or reduce snow accumulation that could
accelerate thaw.

e Choice of construction materials: Incorporation of geotextiles or geogrids to improve load
distribution, and enhance stability. Materials such as granular fills with low thermal
conductivity may be used to reduce heat transfer to the ground. Use of these materials will be
prioritized in areas with warm discontinuous permafrost or high ice content to slow thaw
progression.

e Drainage Management: To reduce water pooling along the embankment, long-term drainage
features such as culverts will be designed to direct water to the downslope side of the
embankment to reduce project-related thermal disturbance and permafrost degradation.

e Vegetation and Surface Stabilization: Closure and reclamation will promote re-establishment of
vegetation ground cover to help stabilize thermal conditions and reduce ground exposure.

Liidln Ké First Nation will continue to have the opportunity for input into the draft PPP as part of Project
permitting.
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R2-LKFN-22

Topic: 14A - 17; 14A - 29, table 4.6; 14A - Figure 4.7; 16Ap 9, 12

Preamble from the Liidln Kye First Nation:

Supporting information missing or erroneous in description of permafrost systems.
Request from the Liidln Kuye First Nation:

Add the following supporting information to relevant sections: 14A - 17: "moisture content and
topographic location (Tarnocai, 1973)—higher moisture content and depression topography tend to
result in lower soil temperatures” This is also related to climate regime.

Though these soils generally have higher heat capacity and thermal conductivity causing them to be
cooler in the summer, their thermal properties lead to increased heat transfer in the summer, snow
accumulation in depression and insulation in winter, and the initiation of talik formation in permafrost
environments (Devoie et al 2019).

14A - 29: An active layer is defined by seasonal freeze and thaw. Southward deepening of the "active
layer" here can also be explained by the presence of suprapermafrost taliks, which are common in
discontinuous permafrost, especially when it is ecosystem protected or degrading. Active layer values in
table 4.6 exceeding 2 m are improbable seasonal thaw depths and indicate likely suprapermafrost talik
formation.

Comment on the prevalence of suprapermafrost talik features, and potentially use these as a metric to
understand permafrost degradation.

The inclusion of trumpet plots would greatly aid in the interpretation of borehole data. Figure 4.7
&amp; 16A: does not depict the universally accepted definition of open and closed taliks, and the
depiction of discontinuous permafrost as small regions mixed in a soil column is not in alignment with
the current understanding of permafrost distribution in discontinuous permafrost regions. Consider
updating.

In the discussion of flow, suprapermafrost groundwater flow may continue overwinter in
suprapermafrost talks, which should be included in the description of this process.



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

Response from the Government of the Northwest Territories (GNWT):

Scientific literature and to some extent, simplified descriptions, were used to help with the
characterization of permafrost processes throughout the Technical Data Report (TDR). The GNWT
acknowledges the reviewer’s technical information on permafrost, more specifically on the dynamic of
thaw depth and suprapermafrost taliks. While the description is correct, and the information provides
additional general understanding on permafrost systems, incorporating this information into the
baseline studies is not expected to result in changes to the findings of the effect assessment.

Similarly, while the design team will consider the potential presence of suprapermafrost taliks under
the highway alignment, its presence is not expected to significantly alter the design of the highway; for
example calling for different embankment structure, or necessitating changes to the horizontal or
vertical alignments.

In terms of groundwater flow and how it interacts with permafrost and taliks, this is addressed in
Appendix 15B - Hydrogeology Technical Data Report and in Water Quantity Section 15 (Assessment of
Potential Effects on Water Quantity).
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R2-LKFN-23

Topic: Vol 3,1 0f 13, 14.0 p 14- 16

Preamble from the Liidln Kuye First Nation:

I[ssues with Table 14.4 - Road base placement, compaction and surfacing have no interaction.
Request from the Liidln Kye First Nation:

In some locations this placement is not on the existing winter road and should include impacts in all

three categories; otherwise, compaction at least has a proven effect to increase the thermal conductivity
of the soil and damage underlying permafrost.
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Response from the Government of the Northwest Territories (GNWT):

The GNWT, in Table 14.4, identifies that embankment construction has potential to interact with terrain,
soils, and permafrost. As explained in Section 5.4.6.2 of the Developer’s Assessment Report, and
illustrated in Figure 2, embankment is often placed directly on the ground surface. Road base is
thereafter placed on the constructed embankment and compacted; therefore, these activities do not
interact with terrain, soils, and permafrost. Construction activities that increase the weight of the
embankment, especially when the underlying ground is thawed, do have the potential to further compact
terrain.
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R2-LKFN-24

Topic: Vol 3,1 0f13,14.0 p 14- 16/17

Preamble from the Liidln Kuye First Nation:

Issues with Table 14.4 - water extraction for construction and operational dust control. Unclear where
the source of this water is coming from. Smaller water features and upstream sources alters the
hydrology, soil moisture, and permafrost conditions.

Request from the Liidln Kye First Nation:

Specify where water extraction is coming from. Is all water extraction proposed from the Mackenzie?
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Response from the Government of the Northwest Territories:

As stated in Section 5.4.11 of the Developer’s Assessment Report (DAR), all creeks and rivers between
Wrigley and Prohibition Creek with existing bridge or bridge-sized culvert crossings, and the
Mackenzie River, where accessible, are potential sources for water withdrawal. Potential lake water
sources are identified in Table 5.7. Additional studies of water sources will be completed prior to
construction to support applications for water licence(s), and prior to use, to confirm withdrawal is in
accordance with guidelines (e.g., DFO, 2010; DFO, 2013) and licence conditions. The assessment of
potential effects on water quantity from water withdrawal is presented in Section 15.4.2 of the DAR.
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R2-LKFN-25

Topic: Vol 3,1 of 13, 14.0 p 14- 33
Preamble from the Liidln Kuye First Nation:

How does Little Bear River Quarry have no impact on Terrain or Soils? Even if it is an active quarry
already, extraction of materials must at least modify the terrain?

Request from the Liidln Kye First Nation:

Consider environmental effect.
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Response from the Government of the Northwest Territories (GNWT):

As previously explained in the GNWT’s response to Online Review System MVEIRB-23, the Little Bear
River Quarry is an existing material source on the west side of the Mackenzie River. As it is outside of the
Regional Assessment Area for Terrain, Soils, and Permafrost, it should not have been included in Chapter
14, Table 14.7 of the Developer’s Assessment Report (page 14-33). There are no changes to the
conclusions of the assessment of residual cumulative effects, as there are no potential cumulative
interactions between the Project and the Little Bear River Quarry. Table 14.7 will be revised accordingly
to remove mention of the Little Bear River Quarry as part of the DAR Addendum.
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