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Introduction

The purpose of this memo is to describe, in brief, the 2020 Slave Geological Province Road Corridor Study
(SGPRCS) multi-criteria evaluation (MCE) and least-cost path (LCP) routing analysis results. The 2020
SGPRCS is a continuation of a project conducted by the GNWT and Aurora Geosciences Ltd. (Aurora) in
2014-2015 (Gal & Martin, 2015) and updated in 2018-2019 (Gal & Martin, 2019). This 2020 update aims
to refine the route for a potential all-season road through the Slave Geological Province using the MCE
and LCP routing model developed by Aurora. The new work described focuses on the region between
Tibbitt Lake and Lockhart Lake, NWT.

Data Sources

Our team has compiled and processed data sources pertinent to the refinement of the preferred routes,
identified during the 2014-2015 and 2018-2019 analyses, with a focus on avoiding environmentally- or
archaeologically-sensitive areas, in addition to incorporating data sources considered positive aspects for
road construction suitability. Table 1 summarizes types, characteristics, and pertinence of the data
sources used in this analysis.
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DATASET DESCRIPTION PERTINENCE DATA SOURCE GEOMETRY TYPE
ARCHAEOLOGICALLY | Archaeological sites defined by the Prince of Linear disturbances such as highways,  Prince of Wales Northern Heritage Centre © Education, Points
SENSITIVE SITES Wales Northern Heritage Centre roads and winter roads can cause Culture, and Employment; Government of the Northwest

concern for the safety of Territories, 2020
archaeological sites
CARIBOU CORE Seasonal home ranges are the area each caribou Potential to mitigate impact on key Environment and Natural Resources, Government of Polygons
RANGES subpopulation occupies within a specified date caribou habitat areas and caribou Northwest Territories; Department of Environment,
range; core areas were identified for each of the herds Government of Nunavut; and Caslys Consulting Ltd.,
seasons by examining the utilization distributions 2014b.
within each range. The core areas represent
those locations where there is a 95% probability
of caribou being present
CARIBOU Satellite and GPS telemetry locations were used Potential to mitigate impact on Environment and Natural Resources, Government of Raster Files
UTILIZATION to develop the Utilization Distribution raster caribou herds Northwest Territories; Department of Environment,
DISTRIBUTION surface which shows the density and distribution Government of Nunavut; and Caslys Consulting Ltd.,
of the telemetry locations for the main herds of 2014a.
Northern Canada
DIGITAL ELEVATION | Hi-resolution digital elevation model (DEM) The rate of change of elevation, i.e. Porter et al., 2018 Raster Files
MODEL slope, impacts the cost of road
construction
ESKER DEPOSITS Ridges composed of stratified sand and gravel Well drained and stable surficial Compiled from multiple NTGS Open File and Open Polylines
deposited by glacial processes landforms suitable for road materials Reports. Provided by Northwest Territories Geological
or road base (Department of Lands, Survey
Government of Northwest Territories,
2015a)
WATERBODIES Waterbodies defined in Natural Resource Used as constraint in routing model to  Natural Resources Canada, 2019 Polygons
Canada's CanVec series datasets prevent water crossings
WATERCOURSES Watercourses defined in Natural Resource Avoided in routing model to limit Natural Resources Canada, 2019 Polylines
Canada's CanVec series datasets stream crossings
WETLANDS AND Wetlands and Saturated Soils defined in Natural Avoided in routing model to limit Natural Resources Canada, 2019 Polygons
SATURATED SOILS Resource Canada's CanVec series datasets routing near saturated soils
RAPTOR NEST AND Collection of documented wolf den sites Potential to mitigate impact on wolf Environment and Natural Resources, Government of Points
WOLF DEN SITES between 1948 and 2013; compilation of habitats; raptor observation data was Northwest Territories, 2019
historical and current raptor and raptor nest considered but not included as no
observations observations overlapped with the
analysis study area
Table 1 — Data Sources
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Factor Layers
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The data sources, listed in Table 1, were standardized and incorporated to develop factor layers used in
the routing analysis. These factor layers and a brief description of their attributes are shown in Table 2.

LAYER

DESCRIPTION

DATA SOURCES

ARCHAEOLOGICAL
SUITABILTY

ESKER PROXIMITY

PROXIMITY TO
PREFFERED ROUTES

SLOPE SUITABILITY

WATERCOURSE
BUFFER

WILDLIFE
SUITABILITY

A site size was determined for the archaeological sites based on the largest
dimension indicated in the attributes. An additional 150 metres was added to
this calculated size. For sites that did not have an initial site size this resulted in
a minimum site size of 150 metres in diameter. The points were then buffered
based on the determined site size to create radial site areas.

A series of raster functions were used to generate relative values from low to
high within 2500 metres of the sites to represent the increased interpreted cost
of encroaching on the sites.

A Euclidean distance raster function was applied to the esker polylines to
generate a continuous surface of values representing the distance from an
esker source. This surface was transformed with an exponential function to
represent that the suitability increases exponentially with proximity to an
esker.

The two previously defined routes were merged and dissolved into one polyline
feature. A Euclidean distance raster function was then applied and resulting
layer rescaled exponentially to represent the relative preference of following
or being close to one of the previously defined paths.

Slope percentage was calculated for each cell in the study area and classified
by ranges (none, slight, moderate, high, ultra-high). These ranges were then
given relative scores from 1 — 100 where lower slopes were given a higher
suitability score and higher slopes a lower suitability score.

The watercourse polylines were dissolved and a buffer of 30 metres was
applied. These buffered features were converted to a raster file where the
existence of a watercourse buffer was given a score of 1 and areas outside of
these buffers were given a score of 100 to represent the cost of approaching
or crossing a stream or watercourse.

The component wildlife layers were combined to create an overall wildlife
suitability layer, where the existence of caribou core ranges, or wolf den sites
were given a low score. Areas of higher caribou utilization were also given a
low score and combined with the other layers to represent the overall wildlife
suitability layer.

Table 2 — Factor Layers

Archaeologically
Sensitive Sites

Esker Deposits

2015 and 2019
Defined Routes

Digital Elevation
Model

Watercourses

Caribou Core
Ranges, Caribou
Utilization
Distribution, Wolf
Den Sites

Each of these factor layers were combined into one overall suitability layer by taking the relative values

of each layer, dividing them by the number of factor layers (in this case six), and adding them together.

This meant equal weight was given to each of the factor layers.

2020 SGPRCS Route Analysis Results - Least-Cost-Path Analysis — Routing Refinements

3|Page



NTGS Aurora Geosciences Ltd.

Constraints

In order to represent areas that were excluded, from the LCP routing analysis, constraints were applied
to the overall suitability layer. A summary of the constraints applied can be found in Table 3. These
constraints prevented any resultant path from existing within the defined constraint areas.

CONSTRAINT DESCRIPTION

ARCHAEOLOGICAL CONSTRAINT | The site size determined for each archaeological site was used as a constraint in the
routing analysis. While the minimum required distance development must occur from
an archaeological site is 30 metres, the often-stipulated recommendation of 150 metres
was used as the minimum site size constraint. (Prince of Wales Northern Heritage
Centre Archaeology Program, 2017)

WOLF DEN CONSTRAINT An 800 metre buffer was applied to the wolf den sites. This buffered area was used as a
constraint in the routing analysis. 800 metres is the recommended minimum set back
distance for general development activities (Department of Lands, Government of
Northwest Territories, 2015b).

WATER AND WETLAND
CONSTRAINT

A 30 metre buffer was applied to the CanVec waterbodies and wetlands. This meant all
waterbodies and wetlands as well as a 30 metre buffer surrounding these features were
used as a constraint in the routing analysis. “To prevent sedimentation and erosion,
vegetated buffer strips of at least 30 metres wide are required to be left between roads
and water bodies.” (Department of Lands, Government of Northwest Territories,
2015a)

Table 3 — Constraint Layers

Routing Analysis Result

The least-cost path analysis result is a line feature that connects the existing NWT all-weather highway
system to the Lockhart Lake winter road camp. A comparison of the latest result alongside the 2015
“Eastern Route” and 2019 “Western Route” are included in Table 4.

ROUTE A (2015 RESULT) B (2019 RESULT) C (2020 RESULT)
LENGTH 172.75 km 151.26 km 174.42 km
WATERBODY
CROSSING TOTAL 7.48 km 17.60 km 0 km
LENGTH
STREAM CROSSINGS 36 42 81
SLOPE CLASSES none 22% none 26% none 51%
* none: 0-3%, slight: 3-5%, slight 15% slight 12% slight 16%
moderate: 5-15%, high: 15- moderate 45% moderate 39% moderate 25%
100%, ultra-high: >100% high 18% high 23% high 8%
ultra-high < 0.01% ultra-high < 0.01% ultra-high < 0.01%
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LAND COVER
CLASSES

(Canada Centre For Mapping
and Earth Observation
(NRCAN/CCMEO), 2017)

ARCHAEOLOGICALLY
SENSITIVE SITES
WITHIN A DISTANCE

Stream Crossings

Sub-polar or polar grassland-
lichen-moss - 36.08%
Sub-polar taiga needleleaf
forest - 21.23%

Sub-polar or polar shrubland-
lichen-moss - 15.47%
Temperate or sub-polar
grassland - 12.57%
Temperate or sub-polar
needleleaf forest - 6.86%
Water - 5.52%

Cropland - 1.16%

Temperate or sub-polar
shrubland - 0.58%

Wetland - 0.43%
Urban-0.11%

0.25km -1
0.5km-3
1km-6
5km-19

Sub-polar taiga needleleaf
forest - 37.95%

Temperate or sub-polar
needleleaf forest - 16.06%
Water - 12.70%

Sub-polar or polar grassland-
lichen-moss - 11.66%
Temperate or sub-polar
grassland - 11.17%
Sub-polar or polar shrubland-
lichen-moss - 8.24%
Temperate or sub-polar
shrubland - 1.45%

Cropland - 0.36%

Urban - 0.25%

Wetland - 0.16%

0.25km -8
0.5km-9
1km-13
5km-22

Table 4 — Result Comparisons

Aurora Geosciences Ltd.

Sub-polar taiga needleleaf
forest - 33.73%

Sub-polar or polar grassland-
lichen-moss - 28.90%
Temperate or sub-polar
grassland - 13.59%
Sub-polar or polar shrubland-
lichen-moss - 11.05%
Temperate or sub-polar
needleleaf forest - 10.24%
Cropland - 1.01%

Water - 0.55%

Sub-polar or polar barren-
lichen-moss - 0.27%
Temperate or sub-polar
shrubland - 0.27%

Wetland - 0.27%

Urban - 0.09%

Temperate or sub-polar
broadleaf deciduous forest -
0.04%

0.25km -1
0.5km-4
1km-6
5km-19

As indicated in Table 4, the newly generated route crosses 81 watercourse features. These features are
defined in Natural Resources Canada’s (2019) CanVec topographic dataset as “linear descriptions of the
course taken by a narrow natural or artificial flow of water over the earth’s surface.” A desktop analysis
of these 81 intersections was conducted to identify where potential engineering would be required to
navigate these hydrologic features. The analysis identified 13 of the 81 intersections where satellite
imagery suggests the watercourse features have permanency throughout the year. Of these 13
intersections 9 were identified to possibly require engineering beyond basic road design. The 13
intersections indicating annual permanency and the distance along the newly generate route can be found
in Table 5. A map-book of the 81 total intersections and associated table is included in Appendix .

DISTANCE ALONG PATH

POTENTIAL FOR ENGINEERING REQUIREMENTS

0.55 KM
1.36 KM
6.89 KM
6.94 KM
7.38 KM

High
Moderate
High
High
High
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72.58 KM Moderate
82.98 KM High
87.14 KM Moderate
101.78 KM High
115.63 KM High
127.97 KM High
132.38 KM High
168.87 KM Moderate

Table 5 - Watercourse Intersections
Caribou Core Ranges

The caribou core ranges dataset (Government of Northwest Territories, Government of Nunavut, and
Caslys Consulting Ltd., 2014b) was included as a key component to the wildlife suitability factor layer. The
core ranges are defined by the following:

"Within each [caribou life cycle] seasonal range, Core areas were identified for each of
the seasons by examining the utilization distributions within each range - the
probability of finding a caribou within the range within the specified season. The core
areas represent those locations where there is a 95% probability of caribou being
present."

It is important to note that Lockhart Lake Camp exists within the rutting, and winter core ranges for the
Bathurst caribou herd and all route options will inevitably travel through these ranges. The 2020 updated
routing avoids a larger portion of the fall migration (post-breeding) core range for the Bathurst herd in
comparison to the original 2015 route. Both the newly updated 2020 route, and the 2015 route are better
options then the 2019 route when considering these core ranges as a factor.

SUMMARY

The three routes defined by the LCP & MCE routing model are shown in Figure 1. The most recent result
for an all-weather road to Lockhart Lake has been delineated by a blue line path. The most recent update,
to this multi-variate analysis, includes archaeology, wildlife, topography, and surficial geology datasets.
This current path allows reasonable access to the Cameron and Beaulieu River greenstone belts. Access
will allow for proper and intense exploration of these greenstone belts for Au, Ag, Cu, Pb, Zn, Ni, Pt, Pd
and other metals; making this route viable from a geological perspective. Although this current route is
marginally longer than the previously defined options it does not cross any waterbodies found in the
topographic datasets and its path consists of relatively fewer moderate- to high-slopes. The current route
can be considered superior to the previously defined routes, considering it incorporates a more holistic
view with the addition of archaeologically- and environmentally-sensitive areas, as well as factors
favourable to road construction and mineral exploration.
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Figure 1 — MCE & LCP Analysis Results
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Respectfully,

Aurora Geosciences Ltd.

-- signed --

Reg Martin
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