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Executive Summary

Introduction

Within  northeastern  British  Columbia’s
Rocky Mountain Cordillera, where the Boreal
Plains meet the Northern Boreal Mountains
and the Rocky Mountain Hart Range
intersects with the Peace River, lies an area
referred to as the Peace River Break (PRB).
Within the PRB, the Peace River valley
breaks through the Rocky Mountains,
channeling warm Pacific air into an area
otherwise characterized by cold Arctic air.
This creates a continental climate that
supports an impressive array of six
physiographically distinct ecoregions that
sustain an abundance of vegetation and
wildlife.

This area is the ancestral and traditional home
of the Treaty 8 First Nations: the Doig River
First Nation, Fort Nelson First Nation,
Halfway River First Nation, Prophet River
First Nation, Saulteau First Nations, West
Moberly First Nations as well as Blueberry
River First Nations, Kelly Lake Cree, and
Metis peoples. The lands and waters have, and
continue to support, continuous use and
occupancy in the area by the Nations:
communities that depend on the health of the
environment and its abundant resources. The
PRB was also a desirable location for settlers
as the valley provides a route to cross the
Rocky Mountains and creates a uniquely
temperate climate. Increased access in the
1950s to what was previously a remote and
isolated area led to the development of a
natural resource industry in the PRB, which
promoted the establishment of several
communities to support the growing sector.

Contrary to most other Rocky Mountain
regions, the PRB 1is characterized by a
substantial human development footprint and
little protected area representation. This, in
addition to natural constraints, results in a
critical “pinch-point” in the continuity of
ecologically intact and functioning landscapes
along the north-south extent of the Canadian
Rocky Mountains. The PRB has become one
of British Columbia’s most prominent regions
for resource-related industry and extraction

and is  experiencing industrial-caused
disturbances at significant rates.

Methods

This project was designed to calculate the
extent of the human footprint within the PRB
and a priority area along the Hart and
Muskwa ranges (Hart/Muskwa Corridor)
through to 2016. This analysis was used to
inform an understanding of the future human
footprint. We used both raster and vector data
to calculate land use change and rates of
change in our study area. First, the
Agriculture and Agri-Foods Canada’s Land
Use 1990, 2000 and 2010 data was used to
quantify coarse land use/cover changes in the
PRB between the years of 1990-2000 and
2000-2010. Second, vector data of human
disturbances on the landscape was used to
create a cumulative human disturbance/
development footprint in the PRB. Third, both
vector and raster data were used to create
forestry, oil & gas, road, and wind power
development potential/suitability maps for the
PRB. Data sources used throughout this report
are varied although most were sourced from
BC government data providers. Data sources
vary in accuracy and given the size of the
study area the information is more accurate at
coarser scales and within shorter frames.

Report Highlights

o Current protected area representation both
within the broader PRB boundary is low
compared to the rest of British Columbia
with just 9.5% protected.

o Using the federal ecoregion designations as
a method of analysis of representation five
of the regions within the study area have
less than 3% protected, two are approaching
10% and four others have more than 20%
protected.

e Primary sources of semi-permanent (soft)
human footprint within the PRB when
unbuffered are human-caused fires,
cutblocks, recreation areas (including heli-
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ski tenures), agriculture and seismic lines
amounting to approximately 27% of the
PRB. Within the Hart/Muskwa Corridor the
semi-permanent footprint consists of 19%
of the area but recreation tenures, followed
by forestry dominate. Buffered, the semi-
permanent footprint rises to 49% (PRB) and
32% (Hart/Muskwa) respectively.

The permanent (hard) human footprint in
the PRB is dominated by roads, reservoirs,
and oil and gas infrastructure totally 4 % of
the landbase when unbuffered but 68%
when buffered. Within the Hart/Muskwa
Corridor the permanent footprint accounts
for 2% of the landbase unbuffered and 40%
when buffered.

Converted to an index representing the
distance to the hard (permanent) footprint
51% of the PRB and 24% of the Hart/
Muskwa Corridor is within 0.5 km from the
hard human footprint.

Future resource development potential was
examined for four leading resource
activities (mineral potential, oil and gas
potential, wind power potential, and
forestry potential) as well as for roads.
Within the Hart/Muskwa Corridor while oil
and gas future potential is relatively limited,
there is high to very high future potential
for forestry and road development. Medium

to high future potential for wind and low to
medium future potential for mineral
development.

o Combining potential developments into an
index 43% of the Hart/Muskwa Corridor as
medium-high potential for combined
resource development and an additional
25% as high-very high potential.

Conclusion

The PRB Region has a significant existing
human footprint dominated by linear corridors
from roads, seismic lines, transmission/
pipeline and utility lines. In spite of the
extensive nature of the current footprint and
the future resource development potential of
the area, there is still a narrow band of intact
forest landscapes running from Kakwa
Provincial Park and the adjoining mountain
park complex to the southeast and north to the
Muskwa-Kechika Management Area. The
Hart/Muskwa Ranges Corridor is not without
a human footprint — particularly in the central
and southern portion of the corridor the
human footprint is creeping in and future
resource development potential suggests that
these impacts will only grow. There is still,
however, opportunity to conserve a vital
landscape before it too disappears.
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Executive Summary Map 1. Hard and soft unbuffered human footprint in the study areas
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Executive Summary Map 2. Maximum suitability for resource development combined with the
existing hard and soft footprint
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The Human Footprint in the Peace River Break, British Columbia

Overview of the Study Area

Within northeastern British Columbia’s
Rocky Mountain Cordillera, where the
Boreal Plains meet the Northern Boreal
Mountains and the Rocky Mountain Hart
Range intersects with the Peace River, lies
an area referred to as the Peace River Break
(PRB) — a geographical designation coined
by the Yellowstone to Yukon Conservation
Initiative (Apps, 2013). Within the PRB, the
Peace River valley breaks through the
Rocky Mountains, channeling warm Pacific
air into an area otherwise characterized by
cold Arctic air. This creates a continental
climate that supports an impressive array of
six physiographically distinct ecoregions
that sustain an abundance of vegetation and
wildlife (Apps, 2013).

This area is the ancestral and traditional
home of the Treaty 8 First Nations: the Doig
River First Nation, Fort Nelson First Nation,
Halfway River First Nation, Prophet River
First Nation, Saulteau First Nations, West
Moberly First Nations as well as Blueberry
River First Nations, Kelly Lake Cree, and
Metis peoples. The lands and waters have,
and continue to support, continuous use and
occupancy in the area by the Nations:
communities that depend on the health of
the environment and its abundant resources.
The PRB was also a desirable location for
settlers as the valley provides a route to
cross the Rocky Mountains and creates a
uniquely temperate climate (Apps, 2013).
By the turn of the 20th century, the fertile
soils of the Peace River valley attracted
agricultural interests to the region; by the
1950s, two major transportation corridors
had been built (the Alaska Highway and
John Hart Highway). The increased access
to what was previously a remote and
isolated area led to the development of a
natural resource industry in the PRB, which
promoted the establishment of several
communities to support the growing sector
(Apps, 2013).

Contrary to most other Rocky Mountain
regions, the PRB is characterized by a

substantial human development footprint
and little protected area representation. This,
in addition to natural constraints, results in a
critical “pinch-point” in the continuity of
ecologically intact and  functioning
landscapes along the north-south extent of
the Canadian Rocky Mountains. This
pathway, through an otherwise largely
impassible physical boundary, allows for
critical movements and  ecological
connections east-west over the Rocky
Mountains and north-south between the
Canadian Rocky Mountain Parks and the
Muskwa-Kechika Management Area (M-
KMA).

The PRB has become one of British
Columbia’s most prominent regions for
resource-related industry and extraction
(Apps, 2013) and is experiencing industrial-
caused disturbances at significant rates.
With several large-scale development
project proposals on the table (i.e. Northwest
Transmission Line and North Montney
Mainline project) and the recent approval of
the Site C hydroelectric dam, the area could
see considerable growth in  human
population and resource-related
infrastructure in the near future. Industrial
expansion in the PRB has already created an
ecogeographical bottleneck in the region,
and further expansions further threaten the
vital corridors that connect functional
landscapes along the north-south extent of
the Canadian Rocky Mountains.

The purpose of this project was to calculate
the extent of the human footprint within the
PRB and a priority area along the Hart and
Muskwa ranges through to 2016 (Map 1).
This analysis was used to inform an
understanding of the future human footprint.
We were informed in the development of
our approach by the Atlas of Land Cover,
Industrial Land Uses and Industrial-Caused
Land Changes in the Peace Region of BC
(Lee and Hanneman, 2012). While our tudy
focus and lens was slightly different our
study area did overlap in part and we
frequently consulted this report to identify
potential data sources we might be missing
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or approaches for analysis.

Current protected area representation both
within the broader PRB boundary is low
compared to the rest of British Columbia.
Just 9.5% (12,836.3 km?) of the PRB is
protected, dominated by the southern end of
the Muskwa-Kechika Management Area to
the north-west and Kakwa Provincial Park to
the south-east. Within the Hart/Muskwa
ranges, that proportion is artificially at
17.5% because our analysis area purposely
included the protected areas of the southern
portion of the M-KMA and Kakwa in order
to ensure robust analysis. In fact, the
proportion of protected land shrinks to just
3.21% (1,904 km?) of the total PRB area
dominated by provincial parks when the
adjoining areas to the north and south are
excluded (Table 1 and Appendix A).

Identifying the extent to which protected
areas meet representation goals varies based
on the scale of interest and analysis. There is
increased focus on using a common
Canadian framework to examine
representation. Using the federal Ecoregions
as the basis we examined the extent of
ecoregions  represented in  nationally
reported protected areas data. Looking just
within the ecoregions that intersect with the
Hart Muskwa Ranges corridor four
ecoregions have more than 20% protected,
two are approaching 10% and 5 have less
than 3% protected (Table 2 and Map 2).

Methods
Boundaries for Analysis

The maps used throughout this report
display two boundaries which are used for
analysis. The biggest boundary, the
trapezoid outlined in black and identified as
the PRB (PRB) study area is the maximal
extent of our scale of analysis. There are
numerous boundaries that have been drawn
for the PRB itself that all overlap to some
extent but differ in other ways. For this
project, we selected a much broader
boundary consistent with other analyses
underway to ensure consistency. The PRB
boundary used herein extends north inside
the southern part of the Muskwa-Kechika
Management Area and south-east to the
Alberta border encompassing Kakwa
Provincial Park and the beginning of the
protected areas complex to the south. We
choose to stretch the boundaries to these
areas to inform examination of regional
connectivity. Located within this is a
narrower boundary — a band of relatively
intact habitat stretching SE to NW along the
spine of the Hart and Muskwa ranges —
outlined in blue (labeled the Hart/Muskwa
Corridor). This boundary is used as a sub-
unit for analysis here because it highlights a
focal area for connectivity from the southern
to northern aspects of the Rockies.

We used both raster and vector data to
calculate land use change and rates of
change in our study area. First, the
Agriculture and Agri-Foods Canada’s Land
Use 1990, 2000 and 2010 (LUI1990,
LU2000, LU2010) data (ISO 19131) was
used to quantify coarse land use/cover

Table 1. Proportion of protected areas in the study areas

Hari/Muskwa Hanges

Protected Area Type PRB {omitting M-KMA/Kakwa)

Area (Ha) Percent (%) Area (Ha) Percent (%)
Conservation Areas 4.006.99 0.03 T777.00 (777.00) 0.01{0.01)
Ecological Reserves b,343.55 0.05 4.281.20 (821.61) 0.07 (0.01)
Protected Areas 23,544 76 017 12,140.92 (4,027 36) 0.20 (0.07)
Provincial Parks 1,249,729 .83 9.23]1.049,805.12 (190.403.53) 17.22 (3.12),
Total 1,283,625.14 9.48] 1,067,004.51 {190,403.8) 17.5 (3.21)

12
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Map 1. Protected areas within the study area boundaries

changes in the PRB between the years of
1990-2000 and 2000-2010. Second, vector
data of human disturbances on the landscape
was used to create a cumulative human
disturbance/development footprint in the
PRB. Third, both vector and raster data were
used to create forestry, oil & gas, road, and
wind power development potential/
suitability maps for the PRB.

Land Use Change with Canada’s Land
Use Data (ISO 19131)

The Agriculture and Agri-Foods Canada’s
Land Use 1990, 2000 and 2010 (LU1990,
LU2000, LU2010) data (ISO 19131) was
used to quantify land use / cover change in
the PRB in a meaningful manner between
the years of 1990-2000 and 2000-2010. The
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Map 2. Ecoregional representation in protected areas in the PRB

1990, 2000 and 2010 Land Use (LU) data
cover all of Canada south of 60°N at a
spatial resolution of 30 metres. The land use
classes follow the Intergovernmental Panel
on Climate Change (IPCC) protocol
(Penman et al., 2003) and consist of: Forest,
Grassland, Water, Cropland, Settlement and

14

Other land (barren land, ice, rock, and
unclassified).

The three data sets were converted into
vector format then overlaid in order to
determine 1) how the land use composition
has changed, and 2) which categories were
converted into which other categories
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Table 2. PRB protected areas representation by ecoregion

'Ecuregiun Mame Ecoregion Area (Ha) | Protected Area (Ha) % Protected
bnreal Mountains and Plateaus 10,253,883.02 2,350,529.09 22.92
kentral Canadian Rocky Mountains 3,621,519.91 354,073.06 9.78
kIEﬂr Hills Upland 4,425,357.41 86,205.15 1.95
Columbia Mountains and Highlands 8,826,967.67 1,565,388.17 17.73
[Eastern Continental Ranges 3,867,219.67 2,643,489.54 68.36
haser Basin 4,537,833.95 154,710.68 3.41
l—la‘,-’ River Lowland 12,713,772.79 1,423,140.22 11.19
h"luskwa Plateau 2,341,114.43 40,340.45 1.72
hnrthern Canadian Rocky Mountains 3,675,061.11 1,156,214.05 31.46
hmineca Mountains 3,415,912.42 278,130.98 8.14
bEEEE Lowland 6,821,824.99 103,393.67 1.52
Southern Rocky Mountain Trench 747,761.01 46,496.20 6.22
Western Alberta Upland 7.450,532.73 88,907.94 1.19
IWE stern Boreal 1,147,041.77 3,171.24 0.28
[western Continental Ranges 2,427,773.75 659,235.37 27.15

* Bold Indicates the Ecoregions intersects the Hart Muskwa Ranges Corridor

between the years of 1990-2010. Transition
matrices were created in order to display the
results of the analyses. The overall
accuracies for 1990, 2000 and 2010 were
estimated at 84.0%, 87.1% and 92.7%. As
some locations can be classified as both
Water and Wetland, or Wetland and Forest,
overall accuracies for the 1990, 2000 and
2010 data improve to 89.1%, 90.6% and
94.7% 1if misclassifications between those
classes are not considered errors. The
greatest amount of misclassification occurs
between Grassland and Forest, Other land
and Forest, Wetland and Forest and
Cropland and Forest, with the majority of
errors occurring in boundary pixels. User
and producer classification accuracies can
be found in (Agriculture and Agri-Food
Canada, 2015, ISO 19131 — Land Use 1990,
2000 and 2010 Data Product Specifications).
Land cover classifications were
recategorized as outlined in Table 3.

Land Disturbance Mapping with Vector
Data

Calculating the historic and current human
footprint required the acquisition of data,
primarily sourced from the BC Data
Catalogue, Oil & Gas Commission Open
Data Portal, and Natural Resources Canada
Open Government Data Portal and the
identification and determination of the
nature of the impact (parsing, grouping and
identifying data layers). Where data were
not available in polygon format, a
conservative approach was used to calculate
area. For example, roads, available only as
linear features, were converted to polygons
by buffering lines features based on road
type and surface type using guidance from
the British Columbia Cumulative Effects
framework  methodology and  cross
referencing with imagery. Similarly, seismic
lines were only available as line features.
More recent seismic line data contain a “cut
width” attribute. Where older seismic line
data did not contain a “cut width” attribute,
the average cut width by type (mulcher cut,
cat cut, etc.) was applied to each respective
cut type (see Appendix D).
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Oil and gas well/facility data were obtained
from Data BC and the Oil and Gas
Commission Open Data Portal in both point
and polygon form. The data were compared
and duplicates between the sources were
deleted before the data were combined. The
average area was then calculated for the
well/facility sites layer (0.0206 km?). Well/
facility locations that were available only in
point form (pre-Oct 2006 mines) were
identified and buffered according to whether
or not they were active. Active well / facility
point locations were buffered to create
0.0206 km? polygons which was the average
size of the combined BC Tantalis Crown
Tenure and Oil and Gas Commission’s
well / facility polygons. All well / facility
point locations that were not labelled as
active were buffered to be 0.0103 km? (half
the size of the polygon well average). Once
all well / facility data were in polygon form
they were combined into a single shape file
for analysis.

Table 3. Recategorization of land cover types

Age of polygons was available for only a
limited number of resource (and associated)
activities primarily forestry cutblocks, some
oil and gas surface holes and forest fires. For
some other resource developments (e.g.,
mineral tenures) a tentative age was
available based on authorizations. Still other
developments, notably roads, did not have
temporal attributes associated with them.

We calculated all original footprints in an
unbuffered format first and then repeated
calculations using a buffered footprint
surface where buffers were derived from
numerous sources (Table 4).

We made a distinction between impacts we
categorized as semi-permanent or soft
versus hard/permanent to indicate that intact
habitat could be restored on the former areas
or the impact was semi-permeable to species
movement.

In analysis, we calculated the percent area of
the impacted land (by development). Where

lSD 19131 Land Use 1990, 2000, 2010 Data Classifications

|nclassified Areas not classified due to clouds

Settlement Built-up and urban

Foads Primary, secondary and tertiary
W ater Matural and human-made
Forest Treed areas =1 ha in size
Forest Wetland Wetland with forest cover

Trees Treed areas <1 ha in size
Treed Wetland Wetland with tree cover
Cropland Annual and perennial

Grassland Managed

Matural grass and shrubs used for cattle grazing

Grassland Unmanaged

Matural grass and shrubs with no apparent use (forest openings, alpine meadows, tundra, etc.)

W etland Undifferentiated wetland

\Wetland Shrub Wetland with shrub cover

\Wetland Herb Wetland with grass cover

Fock & Ice Rock, beaches, ice, barren land

Reclassified Land Use 1990, 2000, 2010 Data Classifications

|nclassified Unclassified

Built-Up Settlement + Roads

W ater Water

Forest Forest + Forest Wetland + Trees + Treed Wetland
Cropland Cropland

Srassland Grassland Managed + Grassland Unmanaged
\Wetland Wetland + Wetland Shrub + Wetland Herb

Fock & Ice Rock & lce
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disturbances overlapped, impact polygons
were dissolved so as to ensure the area was
not re-counted. Where time series data were
available, we computed linear regressions to
look at the rate of change over time on both
an annual and cumulative basis.

Methods for Determining Resource
Potential

Road Development Potential

We developed a GIS layer of road potential
for the PRB based on the 1) relative physical
feasibility of road development as a measure
of slope, elevation and land cover and 2)
relative impact distance, which is a measure
of proximity to the existing hard human
footprint that could have the potential to
encourage road development. These factors

Table 4. Sources for identification of buffers

were reclassified into ranks and integrated
into a weighted analysis. Finally, areas
deemed unsuitable for development (namely
glaciers and water bodies) were removed
from the results via the raster calculator tool
(Table 5).

1. Relative Impact Distance

Relative Impact Distance is a measure of the
distance from any location in the PRB to the
nearest human development (hard human
footprint). We assumed that new roads are
more likely to be developed in locations that
are closer to existing human made features.
To determine relative impact distance for 25
m cells across the PRB, we calculated the
Euclidean Distance to the Hard Human
Footprint from each cell in the study area.
We then reclassified the distances in order to

Development Buffer Distance Source

Roads 2 km High 1 km low |Province of BC, 2015; Polfus et al 2011

Wells 1000 m Polfus et al 2011
Based on Polfus et al 2011
- Within 10 km of a municipal bounda

Urban I fem developments received an Bﬂp[][]rn buffer ;ynd beyond
that distance they received a 1500m buffer

Mines 2 km Polfus et al 2011

Dams 9 km Based on Polfus et al 2011 approach

Windpower 2 km Based on Polfus et al 2011 approach

Waste Disposal Sites  |250m Based on Polfus et al 2011 approach

0&G Ancillary (sites) |250m Based on Polfus et al 2011 approach

Power&Telecom Lines  |250m Based on Polfus et al 2011 approach

Pipeline RoW 250m Based on Polfus et al 2011 approach

Industrial Sites 1 km Based on Polfus et al 2011 approach

All Crown Tenures 250m Based on Polfus et al 2011 approach

Cabins/Camps 1.5 km Polfus et al 2011

Seismic 250m Remaoved hand cut seismic & left as actual width —
Dvyer et al. 2001

Burn Sites 120 m Laurance et al 2007

Cutblocks 120 m Laurance et al 2007

Agriculture 1 km Based on Polfus et al 2011 approach

Rec - Camps 1.5 km Polfus et al 2011

Rec-Heli 2 km Recommended by Ecosystems Branch of FLNRO

Rec-Alpine Ski 2 km Recommended by Ecosystems Branch of FLNRO

Trail Riding 250 m Based on Polfus et al 2011 approach
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rank them from 5 (closest to the hard human
footprint) to 1 (furthest from the hard human
footprint). The ranked relative impact
distance data were then incorporated into the
final weighted analysis.

2. Relative Physical Feasibility

To determine the relative physical feasibility
of road development in the PRB, we used
the general principle that flat, low-elevation
land with small change in elevation has a
higher physical feasibility for road
development than steep, high-elevation land
with higher changes in elevation. We first
compiled approximate elevations (m) and
slopes (°) from the digital elevation model
(DEM) for 25 m cells across the PRB. We
reclassified the elevation and slope pixels in
order to rank them from 5 (most feasible) to
1 (lease feasible). The ranked elevation and
slope data were incorporated into the final
weighted analysis.

3. Calculating Road Development Potential
in the PRB

To determine the road development
potential for the PRB, we combined the
reclassified relative physical feasibility and
relative impact distance data into in a

weighted overlay analysis using the
Weighted Overlay tool. The elevation, slope
and distance to the hard human footprint
were assumed to have relatively equal
influence on road development potential and
accordingly, the inputs were given relatively
equal weights. As decimals are not possible
in the Weighted Overlay tool, slope was
weighted 1% more than elevation and
distance to human footprint.

Lastly, in order to net out lands unfeasible
for road development, lands identified as
water or snow were extracted from the BC
Vegetation Resource Inventory (VRI — BC
Ministry of Forests, Lands, Natural
Resource Operations and Rural
Development, 2017), converted to raster
format, and given a value of 0, whereas all
other lands in the study area were given a
value of 1. Similarly, the Protected Areas
were converted into raster format and given
a value of 0. The results from the weighted
analysis were then multiplied by the land
cover and protected area data using the
Raster Calculator in order to remove all
unsuitable lands (water, glaciers and
protected areas) from the results.

Table 5. Road development potential methodology

Layer Values Rank Weight
375 - 1000 5
1000 - 1500 4
Elevation {m) 1600 - 2000 3 33
2000 - 2500 2
2500 - 3265 1
0-10 5
10 - 20 4
Slope (°) 20-30 3 34
30-40 2
40 - 85 1
Distance to 0-102 5
Hard Footprint (km) 10.2-204 4
33
204 -306 3
306- 409 2
409 - 51
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Mineral Development Potential

We developed a GIS layer of mineral
development potential for the PRB based on
1) BC mineral potential (Mineral Potential -
BC Ministry of Energy and Mines, 1998), 2)
coal geology (Coal Fields of BC with Coal
Bed Methane Potential - BC Ministry of
Energy, Mines and Petroleum Resources,
2001), 3) mineral, placer and coal tenures
(Mineral, Placer and Coal Tenured Spatial
View — BC Ministry of Energy, Mines and
Petroleum Resources, 2017), and 4) mineral
occurrences (MINFILE Mineral Occurrence
Database — BC Ministry of Energy, Mines
and Petroleum Resources, 2018).

1. BC Mineral Potential Database

The BC mineral potential database shapefile
(Mineral Potential - BC Ministry of Energy
and Mines, 1998) includes province-wide
information on inventory and distribution
for both metallic and industrial minerals. In
this database, the BC land-base is divided
into 794 tracts of polygons based on
common geologic characteristics and are
given a rank from 1 (lowest) to 794 (highest)
based on the likelihood of discovering new
metallic mineral and industrial mineral
resources (BC Ministry of Energy and
Mines, 1998). The ranking 1is given
separately for metallic mineral and industrial
mineral resources. We converted these
mineral potential layers into raster format
with 25 m cells and rank them from 5
(highest potential) to 1 (lease potential). The
ranked mineral potential rasters were
incorporated into a final weighted overlay
analysis.

2. Coal Geology (Fields with Coal Bed
Methane Potential)

The BC Mineral Potential Database does not
include inventory information on coal as
coal is not strictly considered to be a mineral
resource. We decided to integrate a coal
resource potential into the combined mineral
development potential analysis because the
effects of coal mining are likely similar to
the effects of metallic and industrial mineral

mining on wildlife habitats. To identify
areas of coal mining potential, we used the
Coal Fields of BC with Coal Bed Methane
Potential from Data BC (BC Ministry of
Energy, Mines and Petroleum Resources,
2001) and mapped the distribution of the
coal fields in the PRB. The PRB contains
one large coal field in the middle-eastern
portion of the study area with a long arm
reaching down the eastern extent of the
Hart/Muskwa Corridor boundary as well as
one small coal bed (1,512.5 ha)
approximately 50 km east of Prince George,
just south of Purden Lake. These coal fields
comprise 19.9% of the PRB area and 14.6%
of the Hart/Muskwa Corridor.
Approximately 23.8% of the coal fields in
the PRB coincide with existing mineral
tenures whereas 42.3% of the coal fields in
the Hart/Muskwa Corridor coincide with
existing mineral tenures.

As the coal field formation data was not
specifically recognized in the BC mineral
potential data, we decided to incorporate this
data into our analysis by ranking the study
area for coal mining potential. To do this we
converted the coalfield data into raster
format with 25 m cells and then gave coal
fields a value of 5 (highest) and non-coal
field areas a value of 1 (lowest). We added
the coal potential to the final combined
mineral development potential weighted
overlay analysis to create a combined
potential of coal, metallic and industrial
mineral development.

3) Mineral, Placer and Coal Tenures

We assumed that previous and current
resource tenure sites are more likely to be
developed again than areas without a history
of mining. To identify mineral tenure
locations we displayed the existing mineral
tenure sites in the PRB (BC Ministry of
Energy, Mines and Petroleum Resources,
2017). Mineral tenured areas cover 6.4%
(8,721.8 km?) of the PRB study area and
9.8% (5,958.5 km?) of the Hart/Muskwa
Corridor. Within the PRB, mineral tenured
areas are comprised of 51.2% coal, 48.2%
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mineral, and 0.6% placer. Within the Hart/
Muskwa Corridor, mineral tenures cover
9.8% (5,958.5 km?®) of the land-base and
mineral tenured areas are comprised of
68.9% (4,209 km?) coal, 31.0% (1,893.4
km?®) mineral, and 0.1% (6.8 km?) placer.

Although these data were not included in the
final weighted overlay analysis, by
displaying their locations within the PRB in
relation to the final mineral potential layer,
one can deduce which areas are more likely
to experience future development.

4) Mineral Occurrences

The mineral occurrence data BC (Ministry
of Energy, Mines and Petroleum Resources,
2018) depicts a body of rock containing, or
thought to contain, ore minerals or potential
ore minerals. A geographic point location
identifies the most significant physical
reference point to the mineralization. As the
data are provided in point location and do
not actually depict the information in
polygon form, we decided not included this
data in the final weighted overlay analysis.
Rather, by displaying their locations within
the PRB in relation to the final mineral
potential layer, mineral occurrence data can
be interpreted as potential centers from
which future mining activities could be
initiated.

5. Calculating Mineral Development
Potential in the PRB

To determine the mineral development
potential for the PRB, we combined the
reclassified industrial and metallic mineral
raster datasets with the coal field raster into
in a weighted overlay analysis using the
Weighted Overlay tool. The metallic,
mineral and coal data were assumed to have
relatively equal influence on mineral
development potential and accordingly, the
inputs were given relatively equal weights.
As decimals are not possible in the
Weighted Overlay tool, and coal tenures are
the most prevalent in both the PRB and
Hart/Muskwa Corridor study area, the coal
data was weighted 1% more than industrial

20

and metallic mineral data.

In order to net out lands unfeasible for
mineral development, lands identified as
water or snow were extracted from the BC

Vegetation  Resource Inventory (BC
Ministry of Forests, Lands, Natural
Resource Operations and Rural

Development, 2017) converted to raster
format, and given a value of 0, whereas all
other lands in the study area were given a
value of 1. Similarly, the Protected Areas
(BC Parks, Ecological Reserves And
Protected Areas & NGO Conservation Areas
- BC Ministry of Forests, Lands, Natural
Resource Operations and Rural
Development; 2018, 2017) were converted
into raster format and given a value of 0.
The results from the weighted analysis were
then multiplied by the land cover and
protected area data using the Raster
Calculator in order to remove all unsuitable
lands (water, glaciers and protected areas)
from the results (Table 6).

Oil & Gas Development Potential

We developed a GIS layer of oil and gas
development potential for the PRB by
integrating spatial data available from
British Columbia government sources on oil
and gas geology, oil and gas resource sites,
pipelines, wells, elevation, and slope: 1) Geo
-Resource  Potential, 2) Resource-Site
Distance, and 3) Resource Development
Feasibility. After these three components
were developed, we combined them to
create the Oil and Gas Development
Potential map for the PRB.

1. Geo-Resource Potential

Geological potential of oil and gas was
based on distributions of geological
formations known to produce oil and gas.
Geo-Resource potential includes two spatial
data layers: geological potential for oil and
gas in the PRB by oil and gas fields (Oil and
Gas Fields - BC Oil and Gas Commission,
2017) as well as unconventional
hydrocarbon resource basins (Oil and Gas
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Table 6. Mineral development potential methodology

Layer Values Rank Weight

Metallic 0-158.8 1
Mineral 168.8 - 3176 2

Rank 3T 6E-4764 3 33
476.4 - 635.2 4
6352 -794 5
Industrial 0-158.38 1
Mineral 158.8 - 317.6 2

Rank 3T 6-4764 3 33
476.4 - 6352 4
635.2 - 794 5

Coal Field Yes 2 34
Mo 1

Commission, 2017). The PRB contains one
polygon of oil and gas geology (the
Montney Basin). This dataset depicts the
general  location and  extent  of
unconventional hydrocarbon resources. The
Montney Basin covers 19.61% of the PRB
and 3.06% of the Hart/Muskwa Corridor. It
contains an estimated 12,719 billion m3 of
marketable potential of unconventional
natural gas (National Energy Board et al.
2013). Similarly, oil and gas fields (Oil and
Gas Fields — BC Oil and Gas Commission,
2017) depict pools, or group of pools, within
a specified geographic area that contain oil
or natural gas. Oil and gas fields cover
20.62% of the area within the PRB and
6.49% of the Hart/Muskwa Corridor.

Both geo-resource potential datasets were
converted into raster format with 25 m cells
then reclassified so that oil and gas fields
and the Montney basin received a ranked
value of 5 while all other areas received a
value of 1. We added the resulting data
layers to the final combined oil and gas
development potential weighted overlay
analysis.

2. Resource-Site Distance

The resource site distance contained
distance values (km) from each cell in the
PRB to the nearest existing oil and gas
resource site. Our assumption was that
exploration and development of oil and gas

would generally expand from the nearest
resource sites into areas of the PRB. To
determine resource-site distance for 25 m
cells across the PRB, we calculated the
Euclidean Distance to active oil and gas
wells (Well Surface Hole Status - BC Oil
and Gas Commission, 2017) as well as to
pipeline right-of-ways (Pipeline Right of
Way Permits - BC Oil and Gas Commission,
2017). We then reclassified the distances in
order to rank them from 5 (closest to
resource sites) to 1 (furthest from resource
sites). The two ranked resource-site distance
datasets were then incorporated into the final
weighted analysis.

3. Resource Development Feasibility

To determine the relative physical feasibility
of oil and gas development in the PRB, we
used the general principle that flat, low-
elevation land with small change in
elevation have a higher physical feasibility
and are thus, more likely be developed than
steep, high-elevation land with higher
changes in elevation. We first compiled
approximate elevations (m) and slopes (°)
from the digital elevation model (DEM) for
25 m cells across the PRB. We reclassified
the elevation and slope pixels in order to
rank them from 5 (most feasible) to 1 (lease
feasible). The ranked elevation and slope
data were incorporated into the final
weighted analysis.

Mann & Wright * Human footprint in the Peace River Break 2 1



Table 7. Oil and gas development potential methodology

Layer

Values

Rank

Weight

Elevation {m)

375 -1000

4]

1000 - 1500

4

1500 - 2000

2000 - 2500

2500 - 3265

10

Slope(®)

0-10

10 - 20

B lm =M

20-30

L% ]

30-40

ra

40 - 85

10

Distance
to

Pipelines (km)

0-1

lm|—=

(%]

20

Distance
to

Active Wells (km)

=M

L]

G-8

g - 185

20

DilfGas
Field

Yes
Mo

—_ M= ra

20

4. Calculating Oil and Gas Development
Potential in the PRB

To determine the oil and development
potential for the PRB, we combined the
reclassified geo-resource potential, resource
site distance, and resource development
feasibility raster datasets into in a weighted
overlay analysis using the Weighted Overlay
tool. The geo-resource potential and
resource site distance data were assumed to
be more relevant than the resource
development feasibility layers and they were
weighted accordingly.

Lastly, we assumed that all oil and gas
development within the PRB would occur
within the defined geo-resource potential
boundaries within the PRB. In order to
exclude lands that did not fall within the geo

22

-resource potential boundary we combined
the geo-resource potential layers and
reclassified the land outside of oil and gas
geology to a value of 0, whereas all other
lands within the oil and gas geology were
given a value of 1. Additionally, those lands
deemed unsuitable for mineral development
including water or permanent snow were
extracted from the BC Vegetation Resource
Inventory (BC Ministry of Forests, Lands,
Natural Resource Operations and Rural
Development, 2017), converted to raster
format, and given a value of 0, whereas all
other lands in the study area were given a
value of 1. Similarly, the Protected Areas
(BC Parks, Ecological Reserves And
Protected Areas & NGO Conservation Areas
- BC Ministry of Forests, Lands, Natural
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Resource Operations and Rural
Development; 2018, 2017) were converted
into raster format and given a value of 0.
The results from the weighted analysis were
then multiplied by the oil and gas geology,
land cover, and protected area data using the
Raster Calculator in order to remove all
unsuitable lands (water, glaciers and
protected areas) from the results (Table 7).

Wind Power Development Potential

We developed a GIS layer of wind power
potential for the PRB based on the 1)
relative physical feasibility of development
as a measure of slope, elevation and land
cover, 2) relative impact distance, which is a
measure of proximity to power grid, and 3)
wind power feasibility, which is a measure
of the average annual wind in m/sec. These
factors were reclassified into ranks and
integrated into a weighted analysis (Table
8). Finally, areas deemed unsuitable for
development (i.e., glaciers and water bodies)
were removed from the results via the raster
calculator tool.

1. Relative Physical Feasibility

To determine the relative physical feasibility
of wind power development in the PRB, we
used the general principle that flat lands
with small changes in elevation have a
higher physical feasibility for development
than steep, high-elevation land with higher
changes in elevation. We also assumed that
the highest elevations (above 1500 m) would
be less suitable for development due to wind
turbine freezing. High elevations below the
1500 m threshold were deemed more
suitable for wind power development due to
increased wind speed with altitude. We first
compiled approximate elevations (m) and
slopes (°) from the digital elevation model
(DEM) for 25 m cells across the PRB. We
reclassified the elevation and slope pixels in
order to rank them from 5 (most feasible) to
1 (lease feasible). The ranked elevation data
were incorporated into the final weighted
analysis. Like elevation, slope was deemed
an important factor in assessing the site

suitability for wind power development
because it can affect building and energy
producing aspects. The Spatial Analyst
Slope tool was used with the PRB Digital
Elevation Model to create a slope raster
surface (in degrees) with 25 m pixels for the
study area.  Slopes  greater than
approximately 200 may result in flow
separation over the wind turbines.
Therefore, slopes were ranked from 5 (most
feasible) to 1 (lease feasible) with a 200
cutoff. The ranked slope data were
incorporated into the final weighted
analysis.

2. Relative Impact Distance

Relative Impact Distance is a measure of the
distance from any location in the PRB to the
power grid (nearest transmission line). We
assumed that wind turbines are more likely
to be developed in locations that are closer
to the power grid as it would make
connecting wind farms to the power grid
less costly. To determine relative impact
distance for 25 m cells across the PRB, we
calculated the FEuclidean Distance to
transmission lines from each cells in the
study area. We then reclassified the
distances in order to rank them from 5
(closest to the power grid) to 1 (furthest
from the power grid). The break values were
determined subjectively and a break value
was applied to cells greater than 100 km
away from the power grid as it was assumed
that building a transmission line that long
would be too costly and might not be
justified by the energy output of the wind
farm. The ranked relative impact distance
data were then incorporated into the final
weighted analysis.

3. Wind Power Feasibility

Wind speed was deemed the most important
component of our wind power suitability
analysis as it determines the energy
producing capacity of a proposed wind farm.
We used BC’s annual wind speed (m/sec) at
a height of 50 m, obtained from the
Canadian Wind Energy Atlas (Canadian
Wind Energy Atlas — Environment Canada,
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Table 8. Wind power development potential methodology

Layer Values Rank Weight
Wind Speed 10.5-125 5
(mfsec) 8.5-10.45 4
50m height 65-85 3 3
4-6.5 2
0-4 1
Distance 0-25 5
to 25-50 4
Transmission 50-75 3 27
Lines (km) 75 - 100 2
100 - 260 1
375 - 500 3
500 - 1000 4
Elevation (m) 1000 - 1500 5 23
1500 - 2000 2
2000 - 3265 1
0-5 5
5-10 4
Slope (°) 10 - 15 3 23
15 -20 2
20 -85 1
2004). Wind travelling at 4 m/s at a height power  feasibility data  were then
of 65 m is rated at fair wind resource quality incorporated into the final weighted
(BC Hydro, 2009). Therefore, we chose to analysis.

use mean annual wind speed data at 50 m
height and base our break values of 4 m/sec.
The Canadian Wind Energy Atlas data is
downloadable in MIF or Map Info file
format. The MIF file covering the PRB was
downloaded, converted into a shapefile in
QGis (QGIS Development Team, 2017),
then loaded into ArcMap. Then it was
projected into NAD1983 BC Albers using
the Project tool, converted to raster format
via the Polygon to Raster tool, and finally
masked to the PRB study area with the
Extract by Mask tool. Wind speeds were
reclassified into ranks from 5 (highest wind
speed) to 1 (lowest wind speed) with a lower
break values of 4m/sec. The ranked wind

24

4. Calculating Wind Power Development
Potential in the PRB

To determine the final wind power potential
for the PRB, we combined the reclassified
relative physical feasibility, relative impact
distance, and wind power feasibility data
into in a weighted overlay analysis using the
Weighted Overlay tool. The elevation, slope,
and distance to the power grid were assumed
to have relatively equal influence on wind
farm development potential and accordingly,
these inputs were given relatively equal
weights. Wind speed was assumed to have
to greatest influence on wind power
development suitability and was given the
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highest weighting.

Lastly, in order to exclude lands unfeasible
for wind power development, lands
identified as water or snow were extracted
from the BC Vegetation Resource Inventory
(BC Ministry of Forests, Lands, Natural
Resource Operations and Rural
Development, 2017), converted to raster
format, and given a value of 0 whereas all
other lands in the study area were given a
value of 1. Similarly, the Protected Areas
(BC Parks, Ecological Reserves And
Protected Areas & NGO Conservation Areas
- BC Ministry of Forests, Lands, Natural
Resource Operations and Rural
Development; 2018, 2017) were converted
into raster format and given a value of 0.
The results from the weighted analysis were
then multiplied by the land cover and
protected area data using the Raster
Calculator in order to remove all unsuitable
lands (water, glaciers and protected areas)
from the results.

Forest Harvest Potential

We developed a GIS layer of forest harvest
potential for the PRB based on the 1)
resource site / access distance, which is a
measure of proximity to existing roads and
previously harvested areas, 2) relative
harvest feasibility as a measure of slope and
land cover, and 3) forestry tenures. These
factors were reclassified into ranks and
integrated into a weighted analysis (Table
9). Finally, areas deemed unsuitable for
harvest (namely non-forested areas and
arcas under harvest restrictions) were
removed from the results via the raster
calculator tool.

1. Resource Site / Access Distance

Resource site and access distance consists of
two layers; distance from each cell in the
PRB to the nearest existing road and
distance from each cell in the PRB to the
nearest previously harvested area. We
assumed that forest harvest was more likely

to occur in locations that are closer to
existing roads, and therefore more
accessible, as well as in areas that have been
previously cut and likely replanted for future
harvesting. To determine the resource site
and access distances for 25 m cells across
the PRB, we