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EXECUTIVE SUMMARY

In 2018, the Petroleum Technology Alliance of Canada (PTAC) initiated a multi-stage project on the
reclamation certification process for wellsites and access roads that were constructed with imported
mineral soil in peatlands (padded). The goal of the project was to ensure that decisions made during the
reclamation certification process resulted in the best possible ecological outcome (i.e., net environmental
benefit) for these sites and surrounding region. The focus of this report is on the work completed in 2023
for Stage 3: Research Program (2023 Research Program). The overall goal of Stage 3 was to address
through scientific research, the knowledge gaps identified in Stages 1 and 2, and to inform choices made
while using the decision framework and support tools, that were developed in Stage 2, for deciding if a
pad could be reclaimed in place (Powter et al., 2023).

The 2023 Research Program addressed the following research objectives and associated questions:

Objective 1 Does the vegetation community on padded wellsites and access roads meet expected
thresholds for a forest ecosystem?

Which pad characteristics result in vegetation composition and tree growth performance
that meet expected thresholds for a forest ecosystem?

Objective 3 What characteristics of reclaimed padded access roads result in changes to the hydrology
and vegetation characteristics of the surrounding peatland ecosystem?

What characteristics of peatland ecosystems result in pads changing the peatlands
hydrology and vegetation characteristics?

Data for the research program was collected from 21 padded wellsites and access roads in peatlands that
had been abandoned at least 20 years prior and were within the Central Mixedwood Natural Region of
Alberta. Data collected in 2021 from 7 padded wellsites, as part of a pilot study, were also incorporated.
Measurements were taken at plots both on the padded wellsites and access road as well as in adjacent
peatland areas. Vegetation, soil (pad material and/or peat) and water chemistry were characterized at the
plots.

Data analysis was completed separately for each research objective. For Research Objective 1, principal
component analysis (PCA) was used to categorize the vegetation communities establishing on wellsites
and access roads. Comparisons of the vegetation communities were made to the Forested Reclamation
Criteria (Alberta Environment and Sustainable Resource Development, 2013) to determine if expected
thresholds had been met. Thresholds were based on the natural recovery requirements of the Forested
Reclamation Criteria as there was no evidence that the sites had been planted and the objective was to
determine if thresholds for a forest ecosystem had been met. Random forest modelling was completed
to identify pad characteristics that may be influencing the vegetation community outcomes. For Research
Objective 3, differences between plots upstream and downstream of padded access roads were identified
by comparing the differences to a threshold. Random forest modelling was employed to identify potential
drivers of the differences.

Three distinct vegetation communities were identified on padded wellsites, and four on padded access
roads associated with these wellsites. The vegetation communities included those dominated by
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coniferous trees, deciduous trees, grass and forbs, or sedges. On access roads, the outcomes were nearly
equally split between the four vegetation communities, and on the wellsite, the sedge community was
rare whereas the deciduous tree and the grass and forb communities were nearly equally represented.
The coniferous and deciduous tree communities exceeded the Forested Reclamation Criteria for
vegetation whereas the grass and forb and sedge communities typically did not. Development of a plant
community that meets Forest Reclamation Criteria was often associated with thinner pads (<1.25 m thick),
evidence of moisture or water level within 1.1 m of the pad surface, and abandonment dates before 1989.
The abandonment year may be a driver of a treed vegetation community outcome due to longer time for
forest development, or it could be indicative of a change in reclamation practice that inhibited tree growth
and ingress of native forest vegetation — from minimal seeding of grasses prior to the 1980s to seeding
being common in the late 1980s and early 1990s.

Differences in peatland areas located 10 m upstream and downstream were noted at 93% of sample
(transect) locations. The differences may not represent a “change” or “impact” caused by a pad but are
based on an exceedance of measurement error and typical natural variation documented in scientific
literature. Differences ranged from subtle — shift in water chemistry but not vegetation to slight shifts in
water chemistry and vegetation (e.g., bog to poor fen or wooded fen to shrubby fen) to visually obvious
(e.g., flooding and minimal vegetation on one side of the road to drier and denser vegetation on the other
side). There were no strong pad or peatland characteristics that could be used to predict the magnitude
of the difference in the peatland; however, thicker (>0.75 m) and wider (>10 m) pads and locations near
bends or corners along the road were often associated with greater differences.

These results are based on sampling 21 of a planned 40 sites and additional replication is required to
improve the robustness of the findings, particularly for the predictor variables that may be indicative of
vegetation community outcomes or occurrence of changes in adjacent peatlands. Nonetheless, results of
the 2023 Research Program provide additional information for use of the decision framework and support
tools (Powter et al., 2023).
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1.0 INTRODUCTION

1.1  Project Overview

In 2018, the Petroleum Technology Alliance of Canada (PTAC) initiated a multi-stage project on the
reclamation certification process for wellsites and access roads that were constructed with imported
mineral soil in peatlands (padded). These sites cannot receive a reclamation certificate without
additional scrutiny and professional justification under current regulatory criteria and policies. The goal
of the project was to ensure that decisions made during the reclamation certification process resulted
in the best possible ecological outcome (i.e., net environmental benefit) for these sites and surrounding
region. The focus of this report is on Stage 3: Research Program. The project also included an upland
sites component, but the research program described in this report is on mineral soil pads.

1.2  Stage 1Literature Review and Identification of Knowledge Gaps

Stage 1 of the project was completed in 2019 and included a literature review and information
gathering from reclamation practitioners, regulators, and wetland scientists. For mineral soil pads, it
identified that there was limited guidance on how decisions were being made during reclamation to
either remove mineral soil pads in peatlands or reclaim (leave) them in place. Additionally, it noted
there was limited clarity on how regulatory decisions were being made to allow for pads to be
reclaimed in place and approve the resulting change in land use (peatland to forest). A second
component of Stage 1 summarized key factors to consider when assessing the ecological implications
of leaving pads in place. These factors included hydrology, cumulative effects and regional
considerations, capability to support a forested land use, status of the borrow pit, site location, and
land use considerations. Knowledge gaps related to these key factors were identified as priority areas
to address in subsequent project activities to improve decision support guidance (Tokay et al., 2019).
The knowledge gaps are summarized in Appendix A.

1.3  Stage 2 Draft Wellsite Certification Guidance Documents

Stage 2 of the project was completed in 2023 and resulted in a decision framework and support tools
for the reclamation and certification of mineral soil pads (Powter et al., 2023). Their purpose was to
provide a process (guidance) to help decide if a pad could remain (be reclaimed) in place. The decision
framework and support tools included a series of flow charts and a weighting system. Scientific
knowledge gaps for decision-making while using the flow charts were also identified. The decision
framework and support tools were endorsed by Alberta Environment and Protected Areas in 2023, as
part of an interim directive (Alberta Environment and Protected Areas, 2024).

1.4  Stage 3 Research Program

The overall goal of Stage 3 was to address, through scientific research, the knowledge gaps identified
in Stages 1 and 2, and to inform choices made while using the decision framework and support tools.
A summary of these knowledge gaps is provided in Appendix A.

PTAC Report 20-RRRC-05_2 [1]



Based on the knowledge gaps, the following research objectives were developed:

e Determine factors that result in sustainable forest ecosystem development on padded sites,
including access roads, in peatlands.

e Develop a mechanism for detecting and evaluating the effects of pads off-site.

e Determine factors that result in padded sites impacting surrounding peatland ecosystems in the
long term and the extent and severity of these impacts.

e Evaluate the effectiveness of partial reclamation activities for alleviating off-site impacts resulting
from pads left in place in peatlands.

e Determine the likelihood of success for peatland recovery if the pad is removed and the factors
that influence success (being addressed by the Centre for Boreal Research, Northern Alberta
Institute of Technology).

e Determine the cumulative effect threshold based on scientific and geographical approaches to
allow a proportion of peatlands in a given area to be “lost” without significant degradation of
function in the region.

The research program began in 2020 and is on-going. It has included inventorying padded sites, a pilot
study, site selection, re-evaluation of research objectives, development of sampling methodology, and a
field research program 2023 (2023 Research Program). The following sections describe the completed
components of the research program.

1.4.1 Inventory of Padded Sites

To create a pool of sites for the research program, a mapping initiative was executed to differentiate
padded sites and non-padded sites in peatlands at a provincial scale and in a cost-effective manner (Caron
etal., 2022). High-resolution LiDAR data combined with open-access optical imagery from Sentinel-2 were
used to develop a supervised machine learning model that predicted mineral pad presence by exploiting
the differences in elevation, texture, vegetation, and moisture characteristics on pads compared to
adjacent landscapes. Approximately 7,000 abandoned padded sites located in peatlands in the Green Area
of Alberta, were identified.

1.4.2 Pilot Study

A pilot study was initiated in 2021 to investigate the first research objective: Factors that result in
sustainable forest ecosystem development on padded sites in peatlands. The research questions
addressed by the pilot study were:

e Do sustainable forest ecosystems develop on pads?
e What factors result in sustainable forest ecosystem establishment on pads?

Other objectives of the pilot study were to:

o Verify the methods are appropriate for answering the research questions;
e Provide preliminary results; and
o Identify efficiencies that can be applied to a large-scale study.
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Results from the pilot study indicated that vegetation which approximates a natural forest can establish
on pads, but there were also pads where forest species were not the dominant vegetation cover.
Characteristics that influenced pad vegetation were predominately pad moisture conditions, cation
concentrations in the pad material, and pad dimensions. The pilot study also identified that pads had
zones with different vegetation and pad characteristics: pad centre, pad periphery and access road.

The pilot study validated the research questions, sampling design, measurements, and data analysis
methods for use in a large-scale study, with some minor amendments. The most significant amendment
included rewording the first research objective to: Which pad characteristics result in a vegetation
composition and tree growth performance that meet expected thresholds for a forest ecosystem? It was
also recommended to focus sampling on pad centre and access roads and to exclude pad periphery as it
was not representative of most of the pad (Renkema et al., 2022).

1.4.3 Re-evaluation of Objectives, Site Selection and Sampling Methodology

In 2022 and 2023, based on the inventory of padded sites and outcomes of the pilot study, preparations
for a large-scale study were made. Preparations included re-evaluation of the six research objectives,
selecting sites, and developing or refining the sampling methodology (Renkema and MacKenzie, 2023).
Based on the characteristics of the sites in the inventory (padded sites, without partial reclamation,
reclaimed >20 years ago), and complementary work being completed by the Centre for Boreal Research,
Northern Alberta Institute of Technology, it was determined that the research program should focus on
Objectives 1, 2 and 3. Additionally, Objective 1 was reworded to reflect the recommendation from the
pilot study, Objective 2 was planned for evaluation using post-hoc analysis of the data from Objective 3,
and clarifications were added to the specific questions associated with Objective 3.

Site selection and sampling methodology development work completed as part of this phase of the
research program are summarized in the methodology (Section 2.0).

1.5 2023 Research Program

In 2023, a large-scale research program was completed. It included evaluation of Research Objectives 1
and 3, and their related questions, as refined by previous stages of the research program. The questions
addressed by the 2023 Research Program included:

Objective 1 Does the vegetation community on padded wellsites and access roads meet expected
thresholds for a forest ecosystem?

Which pad characteristics result in vegetation composition and tree growth performance
that meet expected thresholds for a forest ecosystem?

Objective 3 What characteristics of reclaimed padded access roads result in changes to the hydrology
and vegetation characteristics of the surrounding peatland ecosystem?

What characteristics of peatland ecosystems result in pads changing the peatlands
hydrology and vegetation characteristics?

This document contains the methods, results, discussion, and conclusions from the 2023 Research
Program.
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2.0 METHODS

2.1 Site Selection

Sites for the 2023 Research Program were selected from the 7,000 sites in the Inventory of Padded Sites
(Caron et al., 2022) with a desktop exercise (without field data). Selection included initial filtering,
stratification and stratified-random selection of 40 sites and 20 backup sites. Detailed methods used for
site selection are included in Evaluation of Reclamation Practices on Peatland Wellsites — Research
Program: Site Selection, Re-Evaluation of Objectives and Sampling Methodology (Renkema and
MacKenzie, 2023). A summary of the methods is provided in Sections 2.1.1 to 2.1.3.

2.1.1 Initial Filtering

The first step in site selection was to filter the Inventory of Padded Sites (Caron et al., 2022) to include or
exclude sites that would not be suitable for the 2023 Research Program. Filtering involved:

e Inclusion of sites abandoned prior to 2003 to focus the research program on reclaimed sites and
long-term outcomes.

e [Inclusion of sites that received a reclamation certificate from the Government of Alberta or were
exempt from reclamation requirements due to their vintage.

e Inclusion of sites located in the Central Mixedwood Natural Subregion (Natural Regions
Committee, 2006) and bounded to the east by Highway 63, to the west approximately by Highway
35 and south by approximately Highway 18 and 33. The area encompasses Slave Lake, Red Earth
and Wabasca, Alberta. This area was selected as it encompasses approximately 50% of all the
abandoned padded sites in Alberta, and the reduced geographical scope allowed for logistical
efficiency.

e Exclusion of sites potentially not padded or not located in a peatland. The Inventory of Padded
Sites had an accuracy of approximately 70% site, and this filtering step improved inclusion of only
padded sites but may have excluded some padded sites.

e Exclusion of sites where overlapping activities (e.g., pipelines, highways, forestry roads, and active
oil and gas facilities) had impacted on-site and off-site vegetation, soils or hydrology; as well as
sites that were flooded/underwater.

A final filtering step included manually reviewing current and historical aerial or satellite imagery from
Google Earth (Google LLC, 2023a) to verify the presence of a pad on the wellsite. These filtering steps
resulted in a list of 260 sites.

2.1.2 Stratification

To select sites with a range of characteristics, on-site vegetation cover, surrounding wetland type and
visible off-site differences in vegetation upstream and downstream of pads (i.e., potential impacts caused
by the pad to the adjacent peatland) were classified for each of the 260 sites. On-site vegetation cover
was classified into three categories: >50% tree/shrub cover, 25% to 50% tree/shrub cover,
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<25% tree/shrub cover. Vegetation cover was classified using the Classification and Regression Trees
(CART) classifier function in Google Earth Engine (Google LLC, 2023b). Off-site wetland type was classified
based on the Reclamation Criteria for Wellsites and Associated Facilities for Peatlands (Alberta
Environment and Parks, 2017) and the Alberta Wetland Classification System (AWCS; Alberta Environment
and Sustainable Resource Development, 2015). Classification was completed in Google Earth Engine using
a similar process to on-site vegetation classification. Off-site differences were classified around the
wellsite and approximately 300 m of the access road nearest the wellsite (if an access road was associated
with the site) based on manual review of aerial and satellite imagery. Classifications included: evident
difference, slightly evident difference, and no difference. After stratification was completed, all
stratification combinations were represented by at least three sites when wetlands were split into two
groups: bog-poor fen and poor-rich fen.

2.1.3 Random Selection

From the pool of 260 stratified sites, 40 sites and 23 backup sites (3 additional backup sites were added
the list as the season progressed) were selected using a random stratified approach. Sites were first
selected based on on-site vegetation cover to meet the needs of Research Objective 1. An equal number
of sites were randomly selected from each of the three on-site vegetation cover stratifications (>50%
tree/shrub cover, 25% to 50% tree/shrub cover, <25% tree/shrub cover). The sites selected were then
evaluated if they equally represented wetland type and off-site change stratification units for Research
Objective 3. As this approach initially resulted in an unbalanced number of sites for the stratification units
associated for Research Objective 3, sites in the unbalanced stratification units were eliminated, and
another site was randomly selected from the pool of stratified sites. This process was iterated until a
nearly balanced design was achieved. This approach allowed for both research objectives to be addressed
at each site.

The 2023 Research Program was limited to sites with ground access for field measurements (a helicopter
was only available for site scouting); therefore, the primary and backup sites were pooled, and ground
access sites were selected. Of the 63 sites, 21 were measured in 2023, and an additional 20 sites were
visited, but were considered unsuitable due to ground and helicopter access restrictions, recent
overlapping disturbances, or were not padded and/or located in a peatland. The 22 remaining sites were
field scouted and are suitable for measurements in future years, provided there is no new anthropogenic
or natural disturbances, and additional sites could be selected from the remaining 197 stratified sites.

As access was limited to ground methods and as field classifications did not always align with the
stratification results, the balanced design that was planned was not achieved; however, sufficient
variation in characteristics was still captured to address the research objectives. A map of the sites and
list of the site characteristics is included in Appendix B.

2.2 Sample Design

Measurements were taken at each site to address both research objectives which involved plots located
on padded areas of the wellsite and access road, and in the adjacent peatland. In some instances, field
verified characteristics did not match the stratified characteristics, and the site was only suitable to
address one or part of a research objective (i.e., if the access road was not padded, Research Objective 3
could not be addressed, and only Research Objective 1 related to the wellsite, could be addressed). A
reduced set of measurements were taken at these sites.

PTAC Report 20-RRRC-05_2 [5]



Wetland type, direction of water flow and areas of visual differences between peatlands upstream and
downstream of pads (potentially impacted areas) were delineated in a 150 m buffer around each wellsite
and access road. Water flow direction was used to assign upstream and downstream positions relative to
the pad. Delineation was initially completed during a desktop exercise, prior to fieldwork, using aerial and
satellite imagery and a provincial digital elevation model (Alberta Environment and Parks, 2016). The
desktop delineations were field verified. Wetland classification was based on the Reclamation Criteria for
Wellsites and Associated Facilities for Peatlands (Alberta Environment and Parks, 2017) and the AWCS
(Alberta Environment and Sustainable Resource Development, 2015). Wetland type and visual change
delineations were more detailed than the classification completed during stratification in Section 2.1.2.

After delineations were verified in the field, plot locations were selected. Plots located on padded areas
of the wellsite and access road included:

e Three plots at the centre of the padded area of the wellsite and arranged 10 metres from well
centre at three bearings randomly selected from 0°, 90°, 180°, and 270°.

e Plots positioned along the padded portion of the access road, spaced at least 100 metres apart
and at the centre of the road's width. The number of plots per road depended on its length, with
a maximum of four per road. Plot positions aligned with the wetland type, water flow and visual
difference delineations (as described in the preceding paragraph). If there were more than four
delineations, plots targeted the four most dominant and, where possible, were split evenly
between areas with and without visual differences in the peatland upstream and downstream. If
swales were present along the access road, plots were located at least 20 m from the swale.

Plots in the adjacent peatland were located along transects. Each transect included an upstream plot,
downstream plot and a reference or baseline plot. The upstream and downstream plots were located on
opposite sides of the padded access road and approximately 10 m from the edge of the pad. The reference
plot was located a minimum of 100 m from the edge of the pad and outside any visual difference that had
been delineated (100 m was considered sufficient distance based on studies of padded road impacts
[Vertex Professional Services Ltd., 2021; Willier, 2017]). If the wetland type appeared variable, additional
reference plots were established. All plots associated with a transect were located in the same wetland
type and their position corresponded to a plot located on the padded access road. If there was not a
padded access road associated with a padded wellsite, plots were placed in a transect near the wellsite to
characterize the adjacent peatland, but these data were not used in evaluation of Objective 3.

23 Measurements

2.3.1 Pad Material (Mineral Soil)

Pad material at each plot on the wellsite and access road was characterized to address the research
objectives and verify that the site was padded and located in a peatland (>40 cm of peat). At each plot, a
hole was hand-augered through the pad material until peat was encountered below the pad. On the
wellsite, at one randomly selected plot, the hole was extended though the peat to the underlying mineral
soil or to a maximum depth of 3.2 m. From the holes or material removed from the holes, two soil samples
were collected from the pad material, at 0 to 30 cm, and 30 cm to the bottom of the pad, and the following
pad characteristics were recorded:

e thickness of pad,
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e thickness of underlying peat (at one hole on the wellsite and inferred for the access road from
holes in the adjacent peatland),

e texture of pad (in 30 cm intervals),

e texture of mineral soil underlying the pad and peat (at one hole on the wellsite, if encountered
and inferred for the access road from holes in the adjacent peatland),

e depth to gleying and/or mottling,
e depth to water (recorded after water level stabilized); and
e rooting restrictions in the pad (in 15 cm intervals).

The soil samples from the three plots on the wellsite were composited by depth increment, and samples
from the plots on the access road were kept separate as discrete samples. The samples were submitted
to Element Materials Technology Inc. (Element), where the 0 to 30 cm sample was analyzed for available
nutrients, and both sample increments were analyzed for pH (saturated paste) and salinity parameters.

Also at each plot, a bulk density sample was collected using the core method (Grossman and Reinsch,
2022). The core was collected with a 7.5 x 7.5 cm ring, and at a depth of 7 cm (the ring was centred at a
depth of 7 cm). The samples were dried at 105 °C for a minimum of 24 hours or until no additional water
mass was lost. The mass of the sample was then weighed and used to calculate bulk density.

For the wellsite and for each plot along the access road, general contour, topography and shape of the
pad and presence of swales cut across the access road, were noted. Visual evidence of erosion and
reclamation practices (e.g., surface preparation, swale construction, seeding, tree planting, weed control)
were also noted, but the data is not presented or included in the analysis as, after review, it was found to
be too subjective for inclusion (erosion was masked by vegetation and often missed during observations,
and for reclamation practices, the practices applied were not always evident). Elevation of the pad above
the surrounding peatland was estimated through triangulation with a clinometer or by subtracting
elevation calculated by a Trimble TDC650. Elevation was determined for the highest point of the pad, an
‘average’ point of the pad, and the ground surface (base of hummock) in the surrounding peatland. Field
elevation data was verified using a provincial digital elevation model with a 1 m spatial resolution and
elevation accuracy of 0.3 m (Alberta Environment and Parks, 2016). The footprint of the pad on the
wellsite was measured by walking along the perimeter of the pad with a Trimble TDC650 or documenting
the pad extents on aerial imagery and then mapping its extent in ArcMap (ESRI, 2021). The surface width
of the pad on the access road at each plot was measured, and the shape/configuration of the access
road/pad at the plot location was described (straight, elbow/bend, elbow within 50 m of the wellsite and
elbow within 50 m of an upland area).
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Additional pad characteristics were derived from field measurements/observations, aerial imagery, and
well databases (Abacus Datagraphics Ltd., 2022; Alberta Energy Regulator, 2022). These characteristics
included:

e percent land area occupied by upland (forested) land within a 250 m radius from each onsite plot
and classification of the dominant trees in the upland areas,

e distance to upland areas to the north or west (direction of prevailing wind),
e minimum distance to upland (any direction),

e years since spud (construction),

e years since abandonment (reclamation),

e years operational (difference between spud and abandonment year); and

e depth to moisture derived from depth to gleying, mottling, water, or thickness of pad (whichever
resulted in the shallowest depth).

2.3.2 Pad Vegetation

The vegetation community was assessed in 10 m? circular subplots at each of the plots on the wellsite and
access road. The assessment was completed in July 2023. Canopy cover was visually estimated by plant
species, with cover classes, and by strata, with absolute cover. Each plant present in the subplot was
identified to species, if possible, and assigned one of five cover classes: Class 1, <1% canopy cover; Class 2,
1-5%; Class 3, >5-10%; Class 4, >10-40%; Class 5, >40%. Then percent canopy cover was estimated for each
stratum. Strata included: tree, shrub, native forbs, prostrate shrubs, native graminoids, agronomic
species, and weeds and non-vascular. Cover of bare ground, litter, and standing water was also estimated.
Tree measurements included a tally of tree stems by species and height class (<1.3 m, 1.3 m to 3.0 m,
>3.0 m), and the height, diameter at breast height (DBH) and an estimate of tree age for a “site” tree of
each species in the plot (largest tree by DBH). A second site tree outside the plot was measured if it was
determined that the tree(s) located within the plot were not representative of the trees located on the
pad and within 15 m of the plot’s centre.

2.3.3 Peatland Soil

Soil (peat) characteristics in the adjacent peatland at the upstream, downstream and reference plots were
observed in a hand-augered hole. The hole was augered through the peat until underlying mineral soil
was encountered below the peat or to a maximum depth of 3.2 m. Thickness of peat, underlying mineral
soil texture (if encountered), and level of peat decomposition (von Post scale), were recorded at each plot.

2.3.4 Peatland Water Levels and Quality

Water levels and quality were measured or sampled at each of the hand-augered holes where peatland
soil was characterized. One-time measurements were taken in July 2023. A 5 cm diameter (2”), slotted
PVC pipe (“well”) with a length of at least 1 m was inserted into the auger hole. Water levels inside and
outside of the well were allowed to equilibrate, and the depth of water from the ground surface was
measured (ground surface was defined as the base of hummocks). Prior to collecting a sample, water was
bailed from the well until dry. Once water had refilled the well, a sample was taken for field measurement
of pH and conductivity, and a sample was bottled for laboratory analysis. Field measurements were taken
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with an Oakton PCSTestr50; measurements with two different instruments to verify accuracy. The bottled
sample was submitted to Element and analyzed for pH, conductivity, dissolved ions (i.e., routine water
chemistry). If no water was encountered in the wells, water levels were recorded as greater than the
depth of the well; other measurements and samples could not be collected.

At select transects, a water sample for total metals and phosphorus was collected and submitted to
Element for analysis. This was completed to further characterize the changes to the adjacent peatland as
well as inform Research Objective 2. This data was not statistically analyzed as part of the 2023 Research
Program but is included as Appendix G for future reference.

2.3.5 Peatland Vegetation

The peatland vegetation community was assessed at the upstream, downstream and reference plots with
the same methods used for pad vegetation, except different vegetation strata were used for canopy cover
estimates. Strata included: tree, non-ericaceous shrub, ericaceous shrub, native forbs,
cattails/reeds/rushes, native sedges, native grasses, feathermosses, Sphagnum fuscum, other sphagnum,
non-sphagnum moss, lichens/liverworts, and non-native species. Cover of standing water was also
estimated.

2.3.6 Wetland Classification

Wetland type at each of the upstream, downstream and reference plots was classified based on the AWCS
(Alberta Environment and Sustainable Resource Development, 2015). Wetland type was used to group
plots for data analysis. Wetlands were given a preliminary classification in the field and later verified using
the soil, water and vegetation data that was collected. Wetland types that existed prior to construction of
the site were estimated for upstream and downstream plots. If the pad potentially changed the wetland
type, classification with the current wetland type would lead to errors in detecting potential differences
between plots. Visual cues from remnant vegetation or adjacent wetland types were the basis for
estimating the pre-construction wetland type.

2.4 Data Analysis

Data were prepared and analyzed to address the questions for each of the research objectives. Initially
data were explored visually and with multiple analysis methods; however, only the final methods are
presented. While all measurements were considered during the initial data analysis, some were excluded
from the final analysis due to the dataset being incomplete because of methodological limitations
(e.g., measurements below laboratory detection limits, soil information deeper than 3.2 m), highly
correlated measurements (e.g., water hardness, calcium, and magnesium concentrations), assessor
variability or difficulty standardizing data across plots and sites (e.g., certain vegetation measurements
such as tree height and individual species cover estimates).

Each access road plot or transect was considered a separate replicate. While there was likely correlation
between access road plots located along the same access road (site), treating the plots as subsamples and
averaging them for the access road would have misrepresented conditions as there was often high
variability. Where data analysis methods allowed, site-level correlation was accounted for in the analysis.

Statistical analyses were performed with RStudio R Statistical Software version 4.3.2 (R Core Team, 2023),
using packages “Vegan” (Oksanen et al., 2022) and “randomForest” (Liaw and Wiener, 2002).

PTAC Report 20-RRRC-05_2 [9]



2.4.1 Data Preparation
Data were prepared for analysis by:
e Averaging duplicate measurements (e.g., water pH and conductivity).
e Averaging the pad characterization measurements from the three plots at each pad.
e Excluding plots where water was not encountered from statistical analysis of water quality.

e Reviewing water quality parameters (e.g., sodium, nitrate, potassium, etc.) for measurements
below detection limits. For water quality parameters where less than 70% of samples were below
detection, those below detection limits were replaced with a value that was half of the detection
limit (United States Environmental Protection Agency, 2000). If this threshold was exceeded, the
water quality parameter was dropped from analysis.

e Incorporating data from the pilot study. The pilot study only examined Research Objective 1.

e Fortree DBH and height, if a plot lacked a species, the plot was excluded from analysis for that
species.

e Excluding transects located in transitional areas (less than 40 cm of peat and/or highly
decomposed peat).

Data used in the final analysis, and after preparation, is included in Appendices C and F. The complete
dataset is not included in the Appendices.

2.4.2 Vegetation Communities on Padded Wellsites and Access Roads (Research Objective 1)

The vegetation community for each wellsite and at each access road plot was compared to the 2010
Reclamation Criteria for Wellsites and Associated Facilities for Forested Lands (Forested Reclamation
Criteria; Alberta Environment and Sustainable Resource Development, 2013). Expected thresholds for
composition and tree growth performance of forest ecosystems were considered to have been met if the
wellsite or access road plot had greater or equal to 5,000 stems/ha or 25% canopy cover of trees and
shrubs and 25% canopy cover of herbaceous species that were native to the Boreal Forest in Alberta.
Thresholds were based on the natural recovery requirements of the Forested Reclamation Criteria, and
not planted or seeded with grasses, as there was no evidence that the sites had been planted and the
objective was to determine if thresholds for a forest ecosystem had been met.

The vegetation community was also examined using principal component analyses (PCA) to identify
different community types that may be present on pads. Separate PCAs were completed for wellsites and
access roads. The PCAs were completed with canopy cover by vegetation strata.

Twenty-six wellsites and 58 access road plots from 21 sites were evaluated in these analyses.
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2.4.3 Factors Affecting Vegetation Community Outcomes (Research Objective 1)

The vegetation community types from the analysis in Section 2.4.2 were the basis for exploring
relationships between pad characteristics and vegetation using Random Forest models. This non-
parametric machine-learning technique, known for its robustness in ecological data analysis, has been
demonstrated to perform equally or more effectively than other comparative methods, such as logistic
regression (Cutler et al., 2007). The random forest algorithm allows for the incorporation of both
categorical and continuous variables within the analysis and is capable of handling hundreds of predictor
variables; classification models predict discrete (categorical) outcomes and regression models predict
continuous outcomes. Classification random forest models were used to predict vegetation community
outcome from pad characteristics. The PCA vegetation community classification was used instead of the
Forest Reclamation Criteria result as it provided a greater number of outcomes that still aligned with the
Forest Reclamation Criteria (see Section 3.1.1). For the wellsite, one of the vegetation communities
(sedge) was excluded from this analysis as it had only two sites in it.

Interpretation of a classification random forest results involves evaluating the out-of-bag (OOB) error
estimate, the confusion matrix, and the relative importance of each explanatory variable in classifying sites
correctly (percent mean decrease in accuracy). The OOB error gauges the model's prediction accuracy; a
lower OOB error signifies that the predictor variables are more accurate at predicting the outcome. The
confusion matrix indicates how effective the model is at correctly classifying a specific outcome. The mean
decrease in accuracy quantifies the importance of each predictor variable. A higher mean decrease in
accuracy indicates a strong predictor, whereas a negative value suggests that the variable detracts from
prediction accuracy.

Five separate classification random forest models were applied to the well and road data sets. A follow-
up or reduced model was run that excluded variables exhibiting negative or minimal mean decrease in
accuracy to optimize the OOB error. Each model included different explanatory (predictor) variables (pad
characteristics). The models included:

e Model 1-included the maximum number of explanatory variables.

e Model 2 — maximized replication by only including variables that were available for all sites (The
Pilot Study lacked some variables that were measured in the 2023 Research Program, and thus
couldn’t be included in Model 1).

e Model 3 —included pad material (soil) chemical and physical properties.
e Model 4 —included pad physical/spatial/temporal properties.

e Model 5 - included predictors that were hypothesized a priori to be the strongest predictors of
reclamation outcomes.

Model 2 included the most sites: 26 sites for the wellsite model and 54 plots from 20 sites for the access
road model. Model 4 included the fewest sites: 17 sites for the wellsite model and 28 plots from 11 sites
for the access road model. Explanatory variables included those described in Section 2.3.1, as well as
adjacent peatland characteristics (wetland type, depth to water in peatland). Some variables described in
Section 2.3.1, were excluded, even from Model 1, as they lacked sufficient variability for analysis, or the
dataset was incomplete. Refer to Appendix D for a completed list of the variables included in each model.
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Boxplots were prepared to further examine the most important explanatory variables identified by the
random forest model. To visualize more complex relationships, select explanatory variables were fitted to
the PCA from Section 2.4.2 using a generalized additive model.

2.4.4 Differences in Surrounding Peatlands (Research Objective 3)

To identify if peatlands adjacent to padded access roads had been changed (i.e., potentially impacted),
upstream and downstream plots of each transect were compared. As there was only a single upstream or
downstream plot in each transect, statistical difference between the two plots could not be tested.
Instead, the difference was analyzed through the construction of thresholds which were developed based
on natural spatial variability and measurement error. Natural variability thresholds were based on
literature values (Alberta Environment and Sustainable Resource Development, 2015; Belland and Vitt,
1995; Vitt and Chee, 1990). Plots exceeding the threshold indicated a difference between the plots, but
an observed difference may not be a “change” or “impact” caused by a pad. This approach was employed
rather than a comparison of the upstream and downstream plots to reference ranges, to reduce the
influence of spatial and temporal variability. Plots located within 20 to 30 m of each other in the same
wetland type would have limited spatial variability, and as they were measured on the same day, temporal
variability would be limited. Comparison to reference plots was not made due to increased spatial
variability; however, reference plot characteristics are discussed in Section 4.

Comparisons were made between water levels and select water chemistry and vegetation measurements
from upstream and downstream plots of the same transect. The selected measurements have been
documented to be most sensitive to change (Bocking, 2017; Elmes et al., 2022; Graf, 2009; Willier, 2017).
The following thresholds were used to identify differences:

e  Water level differences greater than 20 cm
e Changes to water chemistry
o pHdifferences greater than 0.75 units,

o Conductivity differences greater than 250 ps/cm or 200% (double or half the value)
provided there was a minimum difference of 50 pus/cm,

o Cations differences greater than 200% provided there was a minimum difference of
25 mg/L for calcium and sulphate, 10 mg/L for magnesium, 5 mg/L for sodium, or 2 mg/L
for potassium and chloride.

e Changes to vegetation

o Tree height differences greater than 150% (1.5 times taller) for tamarack (Larix laricina)
and/or black spruce (Picea mariana) provided there was a minimum difference of 1 m.

o Feathermosses and/or sedge cover differences of more than 30%.
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2.4.5 Factors Affecting Changes to Surrounding Peatlands (Research Objective 3)

A regression-based random forest model was used to determine the factors that may be influencing the
magnitude of differences in peatlands adjacent to abandoned padded access roads. Regression random
forest models are built in a similar way as classification models, but instead of an OOB error, the Mean
Squared Error (MSE) is evaluated. Interpretation of a regression analysis involves a pseudo-R? value
calculated from the MSE, and the relative importance of each explanatory variable is expressed as a
percent increase in mean square error. A higher R? value denotes a strong explanatory power of the
predictor variables. An increase in mean square error points to a variable as a strong predictor, whereas
a negative value suggests that the variable is a weak predictor. Like a classification model, follow-up
analyses were run using variables identified by the first model as being strong predictors.

Explanatory variables (pad and peatland characteristics) included in the random forest model were similar
to those described in Section 2.4.3 (Refer to Appendix H for the variables included). Multiple outcome
variables were tested using a separate set of models for each outcome. Outcomes were differences
between the upstream and downstream plots for depth to water, water conductivity, site tree height for
tamarack and black spruce (if present in plot). These outcomes most frequently had differences between
upstream and downstream plots based on the analysis results from Section 2.4.4. Four models were
planned to be run for each outcome: Models 1, 3, 4 and 5 listed in Section 2.4.3; however, some models
could not be run due to missing data (e.g., black spruce or tamarack not found in all plots).

The analyses excluded bogs, due to limited replication, and transects in transitional areas. Transects with
peat thickness that varied by more than 50% between the upstream and downstream plots were excluded
as the variation in peat thickness may be indicative of a shift to a different peatland type and comparison
between plots may not be appropriate as any differences may be due to a natural transition. Transects
where water was not encountered at an upstream or downstream plot (i.e., dry well) were also excluded
from water quality analysis, but still included in other analyses. The number of replicates per model varied
between 18 to 35 plots from 9 to 15 sites. Scatterplots were prepared to visualize the relationship
between the most important predictor variables identified by the model.
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3.0 RESULTS

3.1 Vegetation Communities on Padded Wellsites and Access Roads (Research Objective 1)
3.1.1 Vegetation Communities Descriptions

Using principal component analyses of vegetation strata, three vegetation communities were identified
on padded wellsites, abandoned for 20 years or longer, and four vegetation communities were identified
on padded access roads. Eleven of 26 wellsites had a deciduous tree dominated vegetation community,
13 were grass and forb dominated and two were sedge dominated. Fifteen of 58 access road plots had a
coniferous tree dominated vegetation community, 14 were deciduous tree dominated, 16 were grass and
forb dominated and 13 were sedge dominated. The coniferous tree and deciduous tree communities
generally met forested reclamation criteria (had greater or equal to 5,000 stems/ha or 25% canopy cover
of trees and shrubs and 25% canopy cover of herbaceous species that were native to the Boreal Forest in
Alberta); whereas the grass and forb and sedge communities did not. PCA graphs for the wellsite and
access road are included in Figure 1. A description of the vegetation communities is summarized in Table 1.
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Figure 1. Principal Component Analysis of Vegetation Strata Canopy Cover on Padded Wellsites
and Access Roads.

PTAC Report 20-RRRC-05_2 [14]



Table 1. Vegetation Community Descriptions of Abandoned Padded Wellsites and Access Roads.

Vegetation Forest Reclamation Dominant . .
. . . Dominant Species
Community Criteria Vegetation Strata
Populus tremuloides, Populus balsamifera, Salix

Deciduous Met for 95% of Trees, Shrubs and bebbiana, Chamaenerion angustifolium,

Tree Occurrences Native Forbs Equisetum spp., Fragaria virginiana, Trifolium

hybridum, Vicia americana

. Larix laricina, Picea mariana, Salix spp., Carex

Coniferous Met for All Trees, Shrubs, o . L .
. L aquatilis, Chamaenerion angustifolium, Equisetum
Tree Occurrences Native Graminoids

arvense

. . Bromus inermis, Chamaenerion angustifolium,
Grass and Not Met for 90% of Agronomic Species, ) o
Equisetum arvense, Taraxacum officinale,

Forb Occurrences Weeds o . . ]
Trifolium hybridum, Vicia americana
Sed Not Met for 66% of Non-vascular, Populus balsamifera, Carex aquatilis, Equisetum
edge
& Occurrences Native Graminoids arvense, Festuca rubra, Trifolium hybridum

3.1.2 Factors Affecting Vegetation Community Outcomes

To determine potential drivers behind the different vegetation community outcomes on abandoned
padded wellsites and access roads, random forest modelling was completed using pad characteristics as
predictors. Multiple models were run with various combinations of predictors. For the wellsite, Model 5
had the lowest error rate (OOB error rate of 18% for the full and reduced model) and pad thickness, water
level in the adjacent peatland, years since well spud (construction), depth to moisture and wetland type
were identified as the most important predictor variables (highest mean decrease in accuracy) (Figure 2).
These variables were commonly the top five most important predictor variables across all models,
excluding Model 3 which only included chemical and physical characteristics of the pad material. Soluble
sodium and potassium concentrations in the pad material were identified as important predictor variables
in Models 1, 2 and 3; however, these models had higher OOB error rates than Models 4 and 5 that excluded
sodium and potassium.

On access roads, Model 5 also had the lowest OOB error rate of all models, but the OOB error was higher
than for wellsite (45% for the reduced model). The number of years since well abandonment was the most
important predictor variable in Model 5 as well as all other models, excluding Model 3 (Figure 2). Years
since spud (construction), pad material texture (% sand and/or clay) and soluble calcium concentrations
in the pad material were also identified as important predictor variables in multiple models. Pad thickness
and depth to moisture variable were not as important in models for the access road as for the wellsite but
were still commonly important predictors in multiple models. A summary of all models is included in
Appendix D.
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Figure 2. Variable Importance from Random Forest Model 5 (Full Models) for Predicting

Vegetation Community Outcome on Abandoned Padded Wellsites and Access Roads.

Grass and forb vegetation communities were often associated with deeper depths to water and thicker
pads (generally greater than 125 cm) compared to sedge and coniferous tree vegetation communities,
which were associated with shallower depths to water and thinner pads (generally less than 100 cm).
Deciduous tree communities were often found on pads with intermediary thickness and depth to water.
Grass and forb and sedge communities were found on more recently constructed and/or abandoned areas
than coniferous and deciduous tree vegetation communities. Grass and forb communities were also often
associated with higher concentrations of sodium and potassium in the pad material. While identified by
the random forest model as important, trends between vegetation communities for wetland type, water
level in the adjacent peatland, pad material texture and calcium concentrations in the pad material were
less evident than the other important variables identified. The association between select pad
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characteristic measurements and vegetation communities is summarized in boxplots in Figure 3. To
visualize the relationship between pad thickness, depth to moisture and years since spud or
abandonment, they are also plotted with the vegetation strata PCA in Appendix E.

Variables not identified by the random forest model as important, typically did not vary significantly
overall or between vegetation communities (sites). The following is a summary of some of the average
pad characteristics. Refer to Appendix C for additional details:

e Pad size was on average 0.7 ha.
e Corduroy or liners below pads not identified.
e Pads lacked berms and were plateau-like or gently sloped from middle to edges.
e Pad material (soil) had the following characteristics:
o pHof7.6;
o Electrical conductivity of 0.8 dS/m;
o SARo0f0.3;
o Available nitrate and phosphorus below laboratory detection limits at most plots;
o No severe rooting restrictions; and

o Bulk density of 1.4 g/cm?®.
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3.2 Differences in Peatlands Adjacent to Padded Access Roads (Research Objective 3)

3.2.1 Occurrence of Differences

Thirty nine of 42 transects along abandoned padded access roads had differences between upstream and
downstream peatland plots, and all 17 sites, at which the 42 transects were located, had at least one
transect that had differences. Six transects from four sites exceeded thresholds for water levels, water
chemistry and vegetation (at least one measurement included within these categories exceeded the
threshold —e.g., conductivity may have exceeded the threshold but not pH), and 16 transects from 11 sites
exceeded at least two thresholds. Differences in tree height and water conductivity most frequently
exceeded thresholds. Generally, water levels, feathermoss cover, and tree height increased upstream of
padded access roads and decreased on the downstream side; whereas, sedge cover increased on the
upstream side. There was no consistent trend with changes in water chemistry, but generally conductivity
and concentration of ions increased on the downstream side and decreased on the upstream side
(Appendix F).

3.2.2 Factors Affecting Changes

Potential drivers behind the difference in upstream and downstream areas of peatlands relative to padded
access roads (fens only as bogs were excluded due to limited replication) were examined using random
forest modelling. Pad characteristics as well as characteristics of the surrounding peatland were used as
predictors of differences in peatland water levels, water conductivity and tree height differences for
tamarack and black spruce, between plots located upstream and downstream of the padded access road.
Multiple models were run with various combinations of predictors as described in Section 2.4.3 and
Appendix D. The best model, reduced Model 5 for peatland water levels, had an R? of 46%. Years since
spud or abandonment, presence of swales along the access road and pad thickness were important
predictors. The reduced Model 4 explained the most variation for differences in water conductivity (R? of
25%) with pad thickness, depth of peat below the pad, pad shape/configuration and pad elevation above
the surrounding peatland identified as important variables. Tree height differences could only be explored
with Model 3 and 5 due to insufficient replication for the other models. The reduced Model 5 for tamarack
height explained the most variation (R? of 24%). Pad texture was commonly identified as an important
predictor for tree height among all models; pad shape/configuration and presence of swales were also
identified as important predictors (Figure 4).
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Variable Importance from Random Forest Models with Highest R? for Predicting

Changes to Peatlands Adjacent to Abandoned Padded Access Roads.

Pad thickness and pad shape/configuration were identified in multiple models as important predictor

variable of differences between peatlands upstream and downstream of padded access roads.

Examination of scatterplots and boxplots supports the random forest outcomes for these variables

(Figure 5). Other important predictor variables (years since spud and abandonment, presence of swales,
depth of peat below the pad, pad elevation and pad texture) did not have interpretable differences or
trends. Years since spud is included in Figure 5 as an example. While not consistently identified as a top

predictor variable by random forest models, scatterplots suggest pad width could explain differences in
the peatland. Pad thickness and pad width had a positive relationship with increasing differences in water
levels between upstream and downstream locations. For pad shape/configuration, greater differences in

water levels were often observed where there was an elbow or bend in the road, except when the elbow

was within 50 m from the wellsite.
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4.0 DISCUSSION

4.1 Vegetation Community Outcomes on Padded Wellsites and Access Roads (Research
Objective 1)

Three different vegetation communities were observed on padded wellsites abandoned 25 to 57 years
ago, and four vegetation communities were observed on padded access roads associated with these
wellsites. The vegetation communities included those dominated by coniferous trees, deciduous trees,
grasses and forbs, or sedges. On access roads, the outcomes were nearly equally split between the four
vegetation communities, and on the wellsite, the sedge community was rare whereas the deciduous tree
and grass and forb communities were nearly equally represented. Pad properties, particularly thickness,
varied more on access roads than wellsites and possibly contributed to the greater number of vegetation
communities. Thinner pads were not observed on wellsites which likely excluded the coniferous and
largely the sedge communities from occurring.

The coniferous and deciduous tree communities exceeded the Forested Reclamation Criteria, and at many
locations there was a close resemblance to a natural forest in terms of vegetation composition and cover.
A full analysis of the vegetation composition, cover, and tree performance in comparison to natural stands
was outside of the scope of the current research program and was not completed. Sufficient data was
collected from padded sites to support a future analysis, provided a comparable dataset from natural
forest stands is available. The grass and forb community did not meet the Forest Reclamation Criteria and
was typically dominated with agronomic species and few or no trees. Sedge dominated communities
consisted of native species tolerant of saturated soil conditions but lacked the tree and shrub cover
required by the Forest Reclamation Criteria. These distributions suggest that vegetation communities that
meet the expected outcomes establish on padded wellsites and access roads in approximately half of the
instances.

Over 40 pad characteristics and local area conditions affecting the vegetation community outcomes were
investigated using random forest modelling. The best model for wellsite classification had an OOB error
rate of 18% with classification errors of 25% or less. Whereas, for the access road, the best model had an
OOB error rate of 45% with some classification error rates exceeding 50%. The high error rates for the
access road may be due to inclusion of four vegetation outcomes versus only two for the wellsite (sedge
was excluded for the wellsite due to limited replication and the coniferous tree community was not
present on wellsites). As misclassifications typically occurred between deciduous and coniferous tree as
well as between grass and forb and sedge, if only two outcomes (classifications) were considered — met
and not met Forest Reclamation Criteria, by combining deciduous with coniferous tree and grass and forb
with sedge, classification error was 16% or less.

Pad thickness, water level in the adjacent peatland and depth to moisture in the pad material were
identified as important predictors (drivers) of vegetation outcome. All these factors were likely correlated
to one another and could also be correlated to pad elevation above surrounding peatland, adjacent
wetland type (water levels differ between wetland types), pad texture and bulk density (hydraulic
conductivity). Years since abandonment (generally aligns with reclamation date) and years since spud
(generally aligns with construction date) were also identified as important predictors. Most of the sites
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were spud and abandoned within 5 years; thus, these years were correlated for the set of sites included
in the research program.

Soluble soil sodium and potassium were identified as potential predictive factors of vegetation
community, but their influence on the outcome is unclear. The magnitude of their difference between
vegetation communities have not resulted in changes to soil salinity or nutrient availability. Also, the
magnitude of their differences is unlikely to cause a shift in vegetation community based on documented
differences in soil characteristics for different vegetation communities in the Boreal Forest (Howat, 2000).
A highly generalized and interpreted summary of the vegetation community outcomes based on moisture
regime (as indicated by depth to moisture and pad thickness) and time since construction and
abandonment (presented as years since abandonment) is shown in Table 2.

Table 2. Vegetation Community Outcomes Based on Generalized Pad Characteristics.

. . Depth to Moisture! . Years Since
Vegetation Community Pad Thickness (m)
(m) Abandonment
Sedge 0to0.8 0.2t0 0.8 <35
Coniferous Tree 0.2t00.8 0.2t00.8 >35
Deciduous Tree 0.8to 1.1 0.8to 1.2 >35
Grass and Forb >1.1 >1.2 <35

Minimum depth to gleying, mottling and/or water.

Depth to moisture may be influencing the vegetation outcome based on tolerance of different vegetation
species to dry conditions. Agronomic grasses can develop extensive and deep root systems that allow
them to persist under drier conditions than many native boreal species (Frank et al., 2010). They are also
well adapted to soils with higher pH and bulk density (Lupardus et al., 2019), typical of pads, allowing
them to survive under more marginal conditions than other species. While deciduous trees, such as
trembling aspen, can tolerate drier conditions in sandy soils, their root penetration is limited in fine
textured soils with high bulk density; thus, they are unlikely to be present on pads where soil moisture
must be accessed from deeper depths. Where surface moisture is closer to the surface, trembling aspen
may be excluded due to its intolerance for saturated soil conditions. In these areas, conifer trees are better
adapted due to greater tolerance for moisture and less tolerance of drier conditions (Strong and La Roi,
1983). Where water is near or ground surface, trees may be excluded, and wetland species would persist.

Pad thickness likely influences depth to moisture and vegetation outcomes for two reasons. The surface
of a thicker pad would be higher above the water level in the adjacent peatland requiring deeper rooting
to access soil moisture. However, pad elevation above the surrounding wetland was not as strong a
predictor as depth to moisture; a second relationship between pad thickness and moisture may exist. Due
to the relatively high bulk density on pads, minimal water infiltration may occur (McNabb, 1994). A
dominant source of moisture for vegetation may be from the peat below the pad, if roots can penetrate
through the pad material, or upward movement of water through the pad material from the peat below
it. A thicker pad would mean a greater distance for roots to penetrate or water to travel, which in turn
influences the species that can establish and persist.
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The chemistry of the pad material was similar between all sites and was not identified as a driving factor
for the different vegetation communities by random forest modelling. Despite not having topsoil present
on the pad, the chemistry was supporting treed vegetation communities that met the Forest Reclamation
Criteria. The pad material chemistry was comparable to reclaimed wellsites in upland forested areas of
the same vintage (Baah-Acheamfour et al., 2022; Lupardus et al., 2019).

Construction and abandonment dates may affect the vegetation outcomes due to the timeframe for
species ingress and growth or they may encompass a change in reclamation practices (Alberta
Environment, 2003; Powter et al., 2012). Seeding of agronomic species was introduced in the late 1980’s
or early 1990’s, whereas prior to that little to no revegetation efforts were made and pads were left to
revegetate naturally. Seeding can prevent the ingress of desirable native woody plant species leading to
a grass dominated community (Baah-Acheamfour et al., 2022; Bockstette et al., 2017; Lupardus et al.,
2019). As it was not possible to accurately characterize the site reclamation history, seeding was not
included in the modelling, but it should not be overlooked as an important factor influencing the outcome.

Even though the random forest models had relatively low error rates, their results should be interpreted
with caution. By adding or removing even a single site, the model error rates, and predictor variables
changed, suggesting that the models are not overly robust. Also, for the access road, where each plot was
considered a replicate, there was correlation between plots on the same access road as they shared the
same spud and abandonment date and were likely constructed from similar pad material. This correlation
between plots, likely influenced the model results as the correlation improved the strength of the predictor
variable. By only including a single plot from each padded access road in the model, this effect would be
reduced, but the variety of outcomes and other characteristics along a road would not be captured.

4.2 Differences in Peatlands Adjacent to Padded Access Roads (Research Objective 3)

Differences between upstream and downstream areas within 10 m of padded access roads were identified
at 93% of sampled locations (transects). At all but one of the transects where differences were identified,
either the upstream or downstream plot, or in some instances both plots, were also different from the
reference plot (based on exceeding the thresholds in Section 2.4.4). Differences ranged, from a shift in
water chemistry but not vegetation to slight shifts in both water chemistry and vegetation (e.g., bog to
poor fen or wooded fen to shrubby fen) to visually obvious differences (e.g., flooding and minimal
vegetation on one side of the road to drier and denser vegetation on the other side). The visually obvious
differences were often associated with other contributing factors that were not always captured in
guantitative measurements or only occurred at a single site (e.g., beaver dams or multiple padded
facilities in vicinity).

The study used thresholds to identify if there was a difference between upstream and downstream
locations from a pad. The thresholds were developed based on interpretations of measurement error and
natural spatial variability. Identification of a difference using these thresholds does not necessarily
indicate a change or impact caused by a pad. To incorporate the results of this study into the reclamation
certification process for wellsites and access roads, an acceptable or unacceptable magnitude of
difference needs to be established (i.e., do subtle differences require corrective actions or only those of a
greater magnitude and what thresholds are to be used to define that magnitude). Development of
difference thresholds could be aided by measuring spatial variability in peatlands at the desired intervals
to better establish acceptable variation (suggest 30 m intervals based on the distance between upstream
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and downstream plots in this research program). Some data was captured in the 2023 Research Program,
but a more focussed study would be required to develop a more robust dataset.

Random forest modelling investigated 35 characteristics to explain differences in water levels, water
conductivity and differences in tamarack and black spruce height in fens (bogs were excluded due to a
lack of sites in bogs, and during site selection it was anecdotally noted that padded roads in bogs were far
less common than in fens). The best model had an R? of 46% which generally indicates the model is
acceptable, but the prediction variables do not explain most of the variation in the data. Most of the
models had an R? less than 30% suggesting only a minimal amount of variation is explained by the
prediction variables and most of it is explained by different factors or measurement error. Models with
higher R? values often identified years since spud or abandonment as important predictive factors. Due to
the correlation of these factors between transects on the same access road, the R? may be artificially
increased as discussed previously, suggesting even lower predictive power or these models.

Despite the low prediction of the models, thicker and wider pads and areas near elbows or bends on
access roads may explain some of the differences between peatland areas upstream and downstream of
padded access roads. Pad thickness of 0.75 m and widths greater than 10 m may be thresholds indicative
of a high risk of change. Bends in the road may act as a funnel, concentrating water flow into a single
location, resulting in increased water level. Bends within 50 m of wellsites may be having less of an effect
than bends in other locations as the water can still flow around the end of the wellsite. Larger pads and
bends likely have a greater “dam” effect resulting in changes in water levels that in turn affect tree growth
(Willier, 2017) and vegetation productivity (Zhong et al., 2020). Water level differences may also be
affecting water chemistry of the adjacent peatland. Water levels affect decomposition, microbial activity
or solute transport which can change water chemistry (Price et al., 2023; Zhong et al., 2020). Water
chemistry differences may also be related to the concentration of soluble ions in the pad material which
may leach from surface runoff as well as water movement below the pad.

Variables that may explain changes in peatlands adjacent to padded access roads, that were not included
in field data collection or random forest modelling, were precise water flow direction and
velocities/hydraulic conductivities in the peatland. Estimates of water flow direction were made based on
digital elevation models and aerial imagery; however, these estimates lacked precision and were likely
erroneous in some cases. Precise water flow direction and velocities were not included as field
measurements as they would have required installation of water monitoring equipment and multiple
visits to the site whereas the study was designed to survey a higher number of sites but only visit each site
once. Typical measurements of these parameters would have required a significantly increased amount
of effort at each site (Price et al., 2023), limiting the number of sites that were included in the research
program.
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5.0 CONCLUSIONS

Based on data from seven sites included in a 2021 pilot study and from 21 sites in the 2023 Research
Program, all 25 years or more post-abandonment, vegetation communities that meet Forested
Reclamation Criteria have developed on approximately half of the padded wellsites and access roads that
have been left in place in peatlands. Graminoid and forb dominated communities have persisted on the
remaining half. Development of a plant community that meets Forest Reclamation Criteria was often
associated with thinner pads (<1.2 m thick), evidence of moisture or water level within 1.1 m of the pad
surface and abandonment dates before 1989. Along with the abandonment year, if seeding occurred on
the site, it is also likely that development of a plant community that meets Forest Reclamation Criteria
may not establish within 35 years or longer.

Differences in peatland areas located 10 m upstream and downstream of padded access roads were noted
at 93% of sample (transect) locations. The differences may not represent a “change” or “impact” caused
by a pad but are based on an exceedance of measurement error and typical natural variation documented
in scientific literature. Differences ranged from a shift in water chemistry but not vegetation to slight shifts
in water chemistry and vegetation (e.g., bog to poor fen or wooded fen to shrubby fen) to visually obvious
(e.g., flooding and minimal vegetation on one side of the road to drier and denser vegetation on the other
side). There were no strong pad or peatland characteristics that could be used to predict the magnitude
of the difference in the peatland; however, thicker (>0.75 m) and wider (>10 m) pads and locations near
bends or corners along the road were often associated with greater differences.
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6.0 FUTURE RESEARCH

Based on the outcomes of the 2023 Research Program, the following future research could be completed
to support the overall goals of the main project (ensure that decisions made during the reclamation
certification process result in the best possible ecological outcome for reclaimed sites and surrounding
region):

e The 2023 Research Program completed measurements on 21 of the planned 40 sites. Additional
replicates would increase the robustness of the results and validate the models developed. The
susceptibility of the random forest model to varying outcomes based on inclusion or exclusion of
a single site, as discussed in section 4.1, suggests that additional replication is warranted. Data
collection for additional sites could be focussed based on the outcomes of the 2023 Research
Program and reduce collection of measurements that had no or low explanatory power.

e The spatial extent of changes in peatlands adjacent to padded access roads were not evaluated
as part of Research Objective 3; this was meant to be captured, in part, by Research Objective 2.
However, Research Objective 2 (Develop a mechanism for detecting and evaluating the effects of
pads off-site) was not addressed in the 2023 Research Program due to limitations of the data.
Changes were identified at nearly all measured locations which made it difficult to determine
appropriate mechanisms for detecting changes as a comparison to areas without changes could
not be made. Additional replicates may capture non-impacted locations to allow for this research
objective to be addressed or the research objective may need to be re-evaluated.

e Collect data to establish the spatial variability in peatlands to support the development of
thresholds for identifying differences in peatland characteristics between upstream and
downstream location that may require corrective actions. As discussed in Section 4.2.

e Many sites had swales dug through the pads on the access roads; however, the effectiveness of
these swales is unclear. A focussed study on the effectiveness of swales to mitigate differences in
the peatland could help inform future use of this technique.

e Revisit Research Objective 6 and complete planning and data collection if warranted. Research
Objective 6 was to determine the cumulative effect threshold based on scientific and geographical
approaches to allow a proportion of peatlands in a given area to be “lost” without significant
degradation of function in the region.

e A wealth of data was collected from pads and additional analysis could be completed with the
data to investigate other areas of interest such as: weed abundance and persistence, tree growth
(site index), species diversity, additional correlations between variables related to Research
Objective 1 and 3, etc. Additional variables could also be derived from the data or supplemental
datasets (remote sensing) to examine other predictor variables (e.g., peat compression,
disturbance intensity in local area, size of peatland, etc.) and remote sensing could be used to
look at trends over time on the sites. Further data exploration may unlock findings that could help
achieve best possible outcomes for the reclamation certification process. However, given the
variability of the data, additional sites would likely be required to make strong conclusions.
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APPENDIX A: SUMMARY OF KNOWLEDEGE GAPS

Knowledge Gaps

Relationship between peatland type (e.g., bog vs. fen), feature type (e.g., pad vs. road) and direction of water
flow relative to the feature on the occurrence of off-site impacts

Impacts of pads and roads left in place on groundwater, wildlife habitat, wildlife movement and use of the
landscape

Methods that can be used to measure the occurrence and extent of current pad impacts to hydrology, as well
as the potential for future impacts

Cumulative impacts of multiple pads and roads on local and regional peatland hydrology, chemistry,
vegetation and greenhouse gas fluxes and the threshold at which cumulative impacts degrade overall
ecological function of the region

Magnitude of carbon emissions released during pad removal (including site access) and associated net
environmental “benefit” associated with pad removal vs. leaving the pad in place

Success rate of pad removal in achieving peatland ecosystem function, ecological land classification and the
factors and reclamation practices that contribute to success or failure. Specifically:
e Extent of peat compression under the pad, and impact of overall thickness and weight of the pad
e Extent of peat rebound after pad removal and impact from duration of pad being in place and
thickness/weight of the pad
e Potential for and risk of minimal peat rebound and the creation of an open water body instead of a
site on a trajectory to a functional peatland
e Impacts to underlying peat chemistry resulting from the pad material, and how those changes may
impact a developing plant community after pad removal

Local and Regional Impacts

Cumulative effect threshold based on scientific and geographical approaches to allow a proportion of wetland
in a given area to be “lost” without significant degradation of function of the region

Factors that result in padded sites impacting the surrounding peatland ecosystems in the long term and affect
the extent and severity of these impacts

Effectiveness of partial reclamation activities for alleviating impacts resulting from pads (wellsite and/or
access roads) in peatlands

Likelihood of success for peatland recovery if the pad is removed

Success rate of pads left in place that achieve and maintain upland ecosystem function and ELC in the long
term. Specifically:

e Relative importance of factors that influence successful reforestation of pads (e.g., soil quality, topsoil
depth, compaction, dispersal vectors, historical revegetation efforts, time, surrounding peatland type,
water quality and levels, etc.)

e Potential for water table to rise into the root zone over time

e Resiliency of upland ecosystems developed on pads left in place

Site Specific Considerations

Factors that result in sustainable forest ecosystem development on padded sites
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APPENDIX B: SITE SELECTION
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On-site Vegetation Cover

Well Drilling Dates Wetland Type Off-site Changes Presence of Pad on Wellsite Presence of Pad on Access Road Selection Measured
Unique Wellsite Identifier (treeand shrub cover) ! u
Type Year
Spud Abd. Planned? ActuaP Planned Actual Planned Actual Planned Actual Planned Actual
100/ 01-02-074-05 W5/ 0 1989 1990 25 to 50% - Bog-Poor Fen - Change - Padded Pad Removed Padded Pad Removed Primary Not Suitable
100/ 01-08-088-11 W5 / 0 1997 1998 <25% - Poor-Rich Fen - No Change - Padded - Not Padded - Backup -
25 t Poor-Rich Fen-
100/ 01-09-089-09 W5 / 0 1986 1986 >50% © oor-Rich Fen Extreme-Rich Fen No Change Change Padded Padded Inconclusive Padded Primary 2023
50% Transitional
Poor-Rich Fen- Slight
100/02-15-088-10 W5 /0 1997 1997 <25% : oor-Rich Fen Swamp-Transitional '8 : Padded B Padded B Backup Not Suitable
Transitional Change
Poor - Moderate-
100/ 02-28-072-04 W5 /0 1992 1992 <25% <25% Poor-Rich Fen °°rR_ h°F erate Change Change Padded Padded Padded Padded Primary 2023
ich Fen
Slight
100/ 02-33-072-04 W5 /0 1990 1990 <25% <25% Bog-Poor Fen Moderate-Rich Fen Chlg Change Padded Padded Inconclusive Padded Primary 2023
ange
Poor-Rich Fen- . .
100/ 02-34-087-08 W5/ 0 1983 1983 <25% <25% Transitional Moderate-Rich Fen Change Change Padded Padded Padded Padded Primary 2023
ransitiona
A Poor-Rich Fen- . . N
100/ 02-35-085-09 W5/ 0 1985 1985 25 to 50% >50% T itional Moderate-Rich Fen Change Change Inconclusive Not Padded Padded Padded Primary 2023
ransitiona
Bog-Poor Fen- . N
100/ 03-02-088-08 W5 / 0 1984 1984 >50% >50% T itional Moderate-Rich Fen Change Change Padded Padded Padded Padded Primary 2023
ransitiona
Slight
100/ 03-32-077-13 W5 /0 1982 1982 25 to 50% - Bog-Poor Fen - Chlg - Padded Not Padded Inconclusive Not Padded Primary Not Suitable
ange
Bog-Poor Fen- - " i i
100/ 04-03-100-07 W5/ 0 1965 1965 >50% - T itional Transitional No Change - Inconclusive Not Padded Not Padded Not Padded Primary Not Suitable
ransitiona
100/ 04-09-079-07 W5/ 0 1987 1988 25 to 50% >50% Poor-Rich Fen Bog-Poor Fen Change Change Padded Padded Padded Padded Primary 2023
Slight
100/ 04-21-081-09 W5/ 0 1987 1987 <25% <25% Poor-Rich Fen Moderate-Rich Fen Chlg Change Padded Padded Padded Padded Primary 2023
ange
100/ 04-29-073-01 W5 /0 1998 1998 25 to 50% - Poor-Rich Fen Transitional No Change - Inconclusive Not Padded Not Padded Not Padded Primary Not Suitable
N Slight N
100/ 04-33-081-09 W5 / 0 1965 1985 >50% - Poor-Rich Fen - ch - Padded - Padded - Primary -
ange
100/ 05-30-089-21 W4 /0 1987 1991 <25% - Bog-Poor Fen - No Change - Padded - Inconclusive - Backup -
Poor-Rich Fen- .
100/ 05-36-086-08 W5 / O 1988 1988 >50% >50% T itional Upland/Swamp No Change Change Padded Padded Not Padded Not Padded Primary 2023
ransitiona
100/ 06-06-068-25 W4 / 0 1994 2000 <25% - Poor-Rich Fen - No Change - Inconclusive Thin Pad None/Upland Not Padded Backup Not Suitable
Bog-Poor Fen- Slight B . Not
100/ 06-06-084-22 W4 / 0 1973 1973 >50% - L - - Inconclusive - None/Upland - Primary i
Transitional Change Accessible
Slight
100/ 06-08-066-26 W4 / O 1968 1968 >50% - Poor-Rich Fen - Chlg - Inconclusive - Inconclusive - Primary -
ange
N Slight . Not
100/ 06-11-068-03 W5 / 0 1978 1978 >50% - Poor-Rich Fen - - Padded - Inconclusive - Backup )
Change Accessible
* Abandoned
2 Based on Stratification
® Based on Field Measurements
4 Access road only
“-“~no data/not measured
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On-site Vegetation Cover

Well Drilling Dates Wetland Type Off-site Changes Presence of Pad on Wellsite Presence of Pad on Access Road Selection Measured
Unique Wellsite Identifier (treeand shrub cover) ! v
Type Year
Spud Abd. Planned? ActuaP Planned Actual Planned Actual Planned Actual Planned Actual
Slight
100/ 06-22-069-03 W5 / 0 1986 1995 25 to 50% >50% Poor-Rich Fen Moderate-Rich Fen Chlg Change Padded Padded Padded Padded Backup 2023
ange
Poor-Rich Fen- . Slight . . )
100/ 06-24-080-09 W5 / 0 1996 1996 25 to 50% <25% » Moderate-Rich Fen Change Inconclusive Padded Inconclusive Not Padded Primary 2023
Transitional Change
Bog-Poor Fen- N
100/ 06-29-083-14 W5/ 0 1985 1994 25 to 50% - . - No Change - Padded - Padded - Primary -
Transitional
100/ 06-31-087-09 W5 /0 1989 1989 25 to 50% - Bog-Poor Fen - No Change - Padded - Not Padded - Primary -
Bog-Poor Fen- B .
100/ 06-36-102-05 W5 /0 1967 1967 >50% - . - No Change - Inconclusive - Not Padded - Primary -
Transitional
Bog-Poor Fen- N Slight . .
100/ 07-04-092-08 W5/ 0 1988 1988 <25% <25% . Extreme-Rich Fen Change Padded Padded Inconclusive Not Padded Primary 2023
Transitional Change
Not
100/ 07-07-086-08 W5 / O 1979 1979 >50% - Peatland Complex - Change - Inconclusive - None/Upland - Primary A bl
ccessible
100/ 07-12-079-04 W5/ 0 1997 1997 25 to 50% - Poor-Rich Fen - No Change - Inconclusive - Not Padded - Primary -
Poor-Rich Fen- Slight
100/ 08-04-086-08 W5 / 0 1987 1987 >50% : oor-Rich Fen : '8 : Padded . padded B Backup :
Transitional Change
Slight
100/ 08-04-086-13 W5 /0 1987 1987 <25% >50%* Peatland Complex Moderate-Rich Fen Chlg Change Padded Not Padded Padded Padded Primary 2023
ange
100/ 08-19-081-08 W5/ 0 1980 1980 <25% <25% Bog-Poor Fen Bog - - Padded Padded Padded Not Padded Pilot Study 2021
N Slight
100/ 08-21-069-03 W5 / 0 1983 1995 <25% - Poor-Rich Fen - h - Padded - Padded - Backup -
ange
. Slight Not
100/ 08-30-069-03 W5/ 0 1969 1994 25 to 50% - Poor-Rich Fen - - Padded - Padded - Backup )
Change Accessible
Poor-Rich Fen- Slight
100/ 08-36-092-09 W5 / 0 1995 1995 <25% : oor-Rich Fen Transitional '8 : Inconclusive Not Padded Not Padded Not Padded Primary Not Suitable
Transitional Change
100/ 09-07-089-08 W5/ 0 1997 1998 <25% <25% Poor-Rich Fen Moderate-Rich Fen No Change Change Padded Padded Not Padded Not Padded Primary 2023
Bog-Poor Fen- . .
100/ 09-18-093-06 W5 / 0 1987 1990 <25% <25% T tional Moderate-Rich Fen Change Change Padded Padded Padded Padded Primary 2023
ransitiona
100/ 09-20-088-10 W5/ 0 1985 1985 25 to 50% - Poor-Rich Fen Swamp-Transitional No Change - Padded - Not Padded - Backup Not Suitable
100/ 10-08-076-10 W5/ 0 1966 1966 >50% - Bog-Poor Fen - No Change - Inconclusive Not Padded Not Padded Not Padded Primary Not Suitable
Slight
100/ 10-11-069-03 W5 / 0 1992 1997 25 to 50% - Poor-Rich Fen Transitional Chlg - Padded Not Padded Padded Padded Backup Not Suitable
ange
100/ 10-14-090-10 W5/ 0 1985 1988 <25% <25% Poor-Rich Fen Extreme-Rich Fen Change Change Padded Padded Padded Padded Primary 2023
100/ 10-18-081-08 W5/ 0 1969 1969 >50% >50% Bog-Poor Fen Bog Change Change Padded Padded Padded Padded Primary 2023
. . Not
100/ 10-28-078-08 W5 / O 1967 1997 >50% - Poor-Rich Fen - Change - Inconclusive - Padded - Backup )
Accessible
Slight -
100/ 10-29-077-18 W4 / O 1967 1967 25 to 50% - Bog-Poor Fen - Chlg Padded Padded Not Padded Not Padded Primary Not Suitable
ange
Poor-Rich Fen- N
100/ 10-33-085-08 W5 / 0 1986 1986 25 to 50% - . - Change - Padded - Padded - Primary -
Transitional
Poor-Rich Fen- Not
100/ 10-34-086-10 W5 / 0 1999 2002 <25% : oor-ich Fen . Change . Padded B Padded - Primary ot
Transitional Accessible
Poor-Rich Fen- -
100/ 11-16-089-07 W5 /0 1990 1990 25 to 50% - oor-ich Fen : Change Padded B padded B Backup :
Transitional
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Well Drilling Dates

On-site Vegetation Cover

Wetland Type

Off-site Changes

Presence of Pad on Wellsite

Presence of Pad on Access Road

Selection Measured
Unique Wellsite Identifier (treeand shrub cover) ! v
Type Year
Spud Abd. Planned? ActuaP Planned Actual Planned Actual Planned Actual Planned Actual
Not
100/ 11-21-076-10 W5/ O 1982 1982 >50% - Peatland Complex - No Change - Padded - Inconclusive - Primary A b
ccessible
Poor-Rich Fen- )
100/ 11-23-078-10 W5/ 0 1987 1987 25 to 50% - » - No Change - Padded - Padded - Primary -
Transitional
25to Poor - Moderate- )
100/ 11-28-082-09 W5/ 0 1983 1983 25 to 50% Bog-Poor Fen . - - Padded Padded Padded Padded Pilot Study 2021
50% Rich Fen
Poor-Rich Fen-
100/ 11-34-085-11 W5/ 0 1984 1984 >50% - . - No Change - Padded - None/Upland Backup -
Transitional
100/ 12-04-081-09 W5 /0 1966 1966 >50% >50% Peatland Complex Extreme-Rich Fen Change Change Padded Padded Padded Padded Primary 2023
100/ 12-07-077-07 W5/ 0 1979 1979 25 to 50% <25% Bog-Poor Fen Poor Fen - - Padded Padded Inconclusive Padded Pilot Study 2021
100/ 12-11-082-09 W5/ 0 1986 1986 >50% - Poor-Rich Fen - No Change - Padded - Padded Backup -
Poor-Rich Fen- Slight
100/12-22-091-10 W5 /0 1985 1991 <25% : oor-ich Fen Transitional 8 : Padded Padded None/Upland Not Padded Primary Not Suitable
Transitional Change
Poor - Moderate-
100/ 12-24-073-05 W5 /0 1983 1986 <25% <25% Poor-Rich Fen °°rR_ h°F erate : : Padded Padded Padded Padded Pilot Study 2021
ich Fen
Moderate-Rich Fen -
100/ 13-07-073-03 W5 /0 1904 1994 <25% <25% peatland Complex © :ra e_t_'c | en : : Padded Padded Inconclusive Not Padded Pilot Study 2021
ransitional
100/ 14-03-092-06 W5/ 0 1986 1987 25 to 50% - Poor-Rich Fen - No Change - Padded - Padded - Backup -
25 t
100/ 14-11-087-12 W5/0 1985 1985 25 to 50% 50; Bog-Poor Fen Moderate-Rich Fen Change Change Padded Padded Padded Padded Primary 2023
b
100/ 14-12-073-04 W5/ 0 1990 1990 >50% >50% Poor-Rich Fen Moderate-Rich Fen - - Padded Padded Not Padded Not Padded Pilot Study 2021
y Slight . . Not
100/ 14-12-086-12 W5 / 0 1983 1983 >50% - Poor-Rich Fen - - Inconclusive - Inconclusive - Backup .
Change Accessible
Bog-Poor Fen-
100/ 14-28-086-08 W5 / 0 1987 1987 25 to 50% : og-roorren . Change . Padded B Padded B Backup .
Transitional
100/ 14-33-087-07 W5/ 0 1988 1988 <25% - Poor-Rich Fen - Change - Padded - Padded - Backup -
100/ 15-01-077-11W5/0 1982 1982 >50% - Bog-Poor Fen - No Change - Padded - Not Padded - Backup -
100/ 15-08-088-07 W5/ 0 1987 1987 <25% - Bog-Poor Fen - Change - Padded - Padded - Backup -
Slight )
100/ 16-01-080-24 W4 /0 1988 1996 25 to 50% <25% Bog-Poor Fen Bog - Poor Fen h Change Padded Padded Padded Padded Primary 2023
ange
100/ 16-23-081-17 W5/0 1985 1993 <25% - Bog-Poor Fen - No Change - Padded - Inconclusive - Primary -
100/ 16-23-092-07 W5/ 0 1987 1987 25 to 50% - Poor-Rich Fen - Change - Padded - Padded - Backup -
100/ 16-32-078-08 W5/ 0 1984 1985 25 to 50% <25% Bog Bog - - Padded Padded Inconclusive Padded Pilot Study 2021
25t
102 / 04-34-073-04 W5 /0 1966 1997 >50% 50; Poor-Rich Fen Extreme-Rich Fen Change Change Inconclusive Padded Padded Padded Backup 2023
b
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APPENDIX C-1: WELLSITE — PAD AND VEGETATION CHARACTERISTICS

Pad Properties

£ g

2 = B
£ £ = 5 - = =
< = -] I3 3 k] =)
< 2 2 g £ & g
Forest . = © K] £ b “ Py
N Vegetation 5 o ] o @ e o I}
" Reclamation . —_ < 3 ] 0 = 5 @ P
Site - Community —_ 3 s H a ~ = F 8
Criteria (Met/Not s —_ 3 =2 H ° 2 ) £ 8 G e e
Met) Classification —_ 3 S ° ° @ o H _ < s S 3 2
B ey w 5 = ® & 2 ) k-] & £ - _ = 2
< 5 £ 2 g _ 3 2 < < £ a2 S € £ < -

@ -1 > 2 S < € S =) 9 o S £
s ] k) S QE = a = ] £ = o o S 5
€ H © s s ° b 3 =1 s 13 ] o ? 2 o S
3 2 g 2 £z § H £ g 3 s g 5 e e e 8
= < < < £ < s 3 K o 2 2 2 ° = ° =
= =3 = = = < 2 w = H 8 H £ © £ )
f 2 2 2 ® 2 3 o o o 2 k] 2 a o a 9
£ a =1 =1 sé E 2 & & & =) a =] ® R X X
100/ 01-09-089-09 W5 /0 Met Deciduous Tree 117 205 70 70 15 110 C Plateau 53 08 21 100 Aw-Sw 10 50 10 50
100/ 02-28-072-04 W5/ 0 Not Met Grass and Forb 172 73 84 84 0 120 - Plateau 45 10 1 750 Aw 10 50 10 50
100/ 02-33-072-04 W5/ 0 Not Met Grass and Forb 142 113 115 115 0 55 C Sloping 41 0.6 6 720 Aw 35 35 35 35
100/ 02-34-087-08 W5/ 0 Not Met Grass and Forb 97 145 - 97 1 84 C Plateau 54 09 6 265 Aw 55 45 5 45
100/ 03-02-088-08 W5/ 0 Met Deciduous Tree 193 151 160 71 30 23 C Sloping 101 0.6 11 0 Pj-Sb 65 25 55 45
100/ 04-09-079-07 W5/ 0 Met Deciduous Tree 117 103 106 106 11 200 - Plateau 21 0.7 3 4500 Aw 5 45 10 50
100/ 04-21-081-09 W5/ 0 Not Met Grass and Forb 178 135 109 109 10 29 C Plateau 101 04 3 480 Aw 5 45 10 50
100/ 05-36-086-08 W5/ 0 Met Deciduous Tree 79 - - 79 30 55 C Plateau 54 09 0 4280 Aw-Sw 35 35 10 50
100/ 06-22-069-03 W5/ 0 Met Deciduous Tree 153 56 130 130 0 120 sc Sloping 81 10 7 580 Aw 35 35 35 35
100/ 06-24-080-09 W5/ 0 Not Met Grass and Forb 187 126 127 127 0 71 C Plateau 84 0.6 5 430 Aw-Sw 35 35 10 50
100/ 07-04-092-08 W5/ 0 Not Met Grass and Forb 193 178 174 174 0 20 C Plateau 103 13 7 1400 Aw-Sw 5 45 10 50
100/ 08-19-081-08 W5/ 0 Not Met Grass and Forb 126 150 90 90 - - - Plateau 58 0.6 34 170 Aw 35 35 35 35
100/ 09-07-089-08 W5/ 0 Not Met Grass and Forb 140 112 - 140 15 65 C Plateau 52 0.6 0 250 Aw-Sw 10 50 10 50
100/ 09-18-093-06 W5/ 0 Not Met Grass and Forb 175 174 158 158 0 20 SCL Plateau 69 08 0 470 Aw-Sw 35 35 10 50
100/ 10-14-090-10 W5/ 0 Not Met Grass and Forb 187 104 120 120 0 60 C Plateau 40 0.5 18 650 Aw-Sw 10 50 10 50
100/ 10-18-081-08 W5/ 0 Met Deciduous Tree 98 120 - 98 14 205 - Plateau 39 0.5 13 190 Aw-Sw 65 25 35 35
100/ 11-28-082-09 W5/ 0 Met Deciduous Tree 177 122 107 107 - - - Sloping 48 0.7 0 950 Aw 35 35 10 50
100/ 12-04-081-09 W5/ 0 Met Deciduous Tree 128 80 100 100 20 80 C Sloping 65 0.6 0 330 Aw-Sw 55 45 10 50
100/ 12-07-077-07 W5/ 0 Not Met Grass and Forb 127 135 102 102 - - - Sloping 56 0.5 12 140 Aw-Sw 35 35 10 50
100/ 12-24-073-05 W5/ 0 Not Met Sedge 82 37 0 0 0 - - Berm 33 0.5 0 3000 Aw 95 1 95 1
100/ 13-07-073-03 W5/ 0 Not Met Grass and Forb 105 150 95 95 - - - Plateau 78 038 27 0 Pj-Sb 95 1 65 5
100/ 14-11-087-12 W5/ 0 Met Deciduous Tree 100 23 52 52 0 72 C Plateau 11 038 1 400 Aw-Sw 10 50 10 50
100/ 14-12-073-04 W5/ 0 Met Deciduous Tree 143 121 103 103 - - - Plateau 35 038 11 2700 Pj-Sb 65 5 65 5
100/ 16-01-080-24 W4 / 0 Not Met Sedge 162 0 0 0 1 20 C Berm 12 0.7 7 170 Aw-Sw 10 50 10 50
100/ 16-32-078-08 W5/ 0 Not Met Grass and Forb 116 158 109 109 - - Plateau 62 0.7 1 700 Aw-Sw 75 20 10 50
102 / 04-34-073-04 W5/ 0 Met Deciduous Tree 123 3 - 3 0 300 - Plateau 10 12 0 315 Aw 10 50 10 50
‘-“ - no data
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Forest

Pad Material (Soil) Physical and Chemical Properties

3 E; 3 S
- 3 £ s = ER
= K] E = 3 E| - | B3| 2 B
€ a = B 3 = c £ ) 3

. = 3 ) o .~ £ < = £ = <

N Vegetation a @ .~ o © o € = £ *

Site Redamation Community = = T ﬁ - H £ @ 2 E S 3 = =

Criteria (Met/Not i B T g £ _ ° @ 8 = 2 ° T Q S € £ E

Met) Classification s 8 5 3 i H > £ hEﬂ 2 E ﬁ g - 2 S b 2

5 s 2| = | % ) g E 2 = | £ | 3| 5| 8| 35| ¢ 2 E | ¢
@2 — 2 8 g . £ ] = s £ . £ k] s 3 £ s o = « =
@ € 3 £ o £ = £ £ . o £ = = = ] S 2 @ S 5 £
= > £ S o o £ T S £ 3 S T = ] £ 3 T = E] 2 S
£ ] = ) a S o S 4 ] S ® 2 2 < & b=l I
= 3 . s e a £ ? o ) a £ © 2 8 S < ] B
z * = = £ ' c c 2 S =) () = = Q S = 2 8 S g < ] >
§ ' 3 s S £ o ] Py =3 < = 13 13 K o 2 o o a o = 4] =
= E . S £ S 2 3 & £ £ 3 3 = e v ] v @ = H « 2
S S| g S| 2| g [ [ £ £ 2 2 2 2 £ £ 5 | = s = E B | w| &
? = ? o e o 3 ] S S 2 2 2 g S S ] © [} [} z s £ a
s 2|le|e|l=z|=| & 3 5 5 g £ ® 25| 3| 3| & | B T £ = | 8| =
- I I I - S I K = 8 8 & & s s 3 3 z | Z 3 3 2 Sl el a
100/ 01-09-089-09 W5/ 0 Met Deciduous Tree 76 76 0.5 25 0.2 04 87 87 56 504 0.5 4.5 13 83 6 31 <2 <5 104 21 0.08 0.9 - 15
100/ 02-28-072-04 W5/ 0 Not Met Grass and Forb 76 73 0.7 0.7 0.2 0.5 178 176 185 139 6.0 7.0 38 34 14 37 <2 <5 194 76 0.09 13 N 13
100/ 02-33-072-04 W5/ 0 Not Met Grass and Forb 76 75 0.7 11 0.1 0.2 65 58 66 102 3.0 7.0 11 17 6 <2 <5 112 152 0.03 0.8 N 15
100/ 02-34-087-08 W5/ 0 Not Met Grass and Forb 7.7 75 04 31 0.1 0.5 56 58 34 356 20 3.0 4 9% 2 29 <2 <5 89 9 0.04 0.8 N 15
100/ 03-02-088-08 W5/ 0 Met Deciduous Tree 7.7 74 0.5 13 0.1 03 70 75 50 154 4.0 10 8 37 1 13 <2 <5 119 6 0.05 11 N 12
100/ 04-09-079-07 W5/ 0 Met Deciduous Tree 76 75 27 29 04 0.2 71 86 430 560 35 45 92 125 27 17 <2 <5 56 1040 0.07 0.5 N 15
100/ 04-21-081-09 W5 /0 Not Met Grass and Forb 76 82 10 04 0.1 18 100 85 194 24 3.0 3.0 13 8 3 36 <2 <5 84 144 0.03 0.6 N 14
100/ 05-36-086-08 W5/ 0 Met Deciduous Tree 7.7 81 04 03 0.1 0.6 87 76 50 29 3.0 0.5 7 6 1 11 <2 <5 99 7 0.04 16 - 16
100/ 06-22-069-03 W5/ 0 Met Deciduous Tree 7.7 75 0.5 25 03 0.1 76 72 54 427 20 35 1 55 8 10 <2 <5 68 17 0.08 09 N 13
100/ 06-24-080-09 W5/ 0 Not Met Grass and Forb 8.0 76 03 28 0.1 03 130 170 50 1000 3.0 20.0 6 268 2 58 <2 <5 107 12 0.04 11 - 14
100/ 07-04-092-08 W5/ 0 Not Met Grass and Forb 76 76 04 4.0 0.1 19 107 111 68 569 6.0 55 10 393 3 253 <2 <5 247 12 0.10 11 N 14
100/ 08-19-081-08 W5/ 0 Not Met Grass and Forb 7.7 - 0.5 - 0.2 - 57 - 51 - 32 - 7 - 3 - - - - - - - - 13
100/ 09-07-089-08 W5/ 0 Not Met Grass and Forb 76 78 22 3.0 0.1 10 293 85 1700 482 14.0 4.5 110 158 14 90 <2 <5 101 965 0.05 0.9 - 16
100/ 09-18-093-06 W5/ 0 Not Met Grass and Forb 76 75 08 24 0.1 0.9 91 60 118 302 4.0 7.0 14 32 3 49 <2 <5 112 29 0.07 0.5 N 14
100/ 10-14-090-10 W5/ 0 Not Met Grass and Forb 7.0 7.7 27 3.0 0.6 0.6 66 91 433 580 7.0 10.0 66 107 44 61 <2 <5 120 921 0.10 11 N 17
100/ 10-18-081-08 W5/ 0 Met Deciduous Tree 7.7 76 03 04 0.2 10 75 68 37 32 0.5 0.5 7 7 4 19 <2 <5 80 5 0.04 0.8 - 16
100/ 11-28-082-09 W5/ 0 Met Deciduous Tree 7.7 - 10 - 0.2 - 53 - 106 - 37 - 22 - 4 - - - - - - - - 13
100/ 12-04-081-09 W5/ 0 Met Deciduous Tree 74 74 0.7 31 0.1 11 118 118 146 766 3.0 15.0 19 119 5 134 3 - 110 73 0.07 14 N 13
100/ 12-07-077-07 W5/ 0 Not Met Grass and Forb 73 - 11 - 01 - 57 - 158 - 48 - 13 - 2 - - - - - - - - 11
100/ 12-24-073-05 W5/ 0 Not Met Sedge 59 - 01 - 13 - 38 - 1 - 0.5 - 0 - 4 - - - - - - - - 09
100/ 13-07-073-03 W5/ 0 Not Met Grass and Forb 7.7 - 0.2 - 01 - 41 - 19 - 35 - 2 - 1 - - - - - - - - 12
100/ 14-11-087-12 W5/ 0 Met Deciduous Tree 8.0 73 04 0.6 04 03 105 53 53 44 20 10 13 7 14 6 <2 <5 88 34 0.04 0.5 N 15
100/ 14-12-073-04 W5/ 0 Met Deciduous Tree 76 - 03 - 04 - 55 - 30 - 38 - 7 - 7 - - - - - - - - 0.8
100/ 16-01-080-24 W4 / 0 Not Met Sedge 71 75 18 13 0.6 11 127 97 333 151 6.0 4.0 100 50 57 61 <2 6 103 305 0.09 10 N -
100/ 16-32-078-08 W5/ 0 Not Met Grass and Forb 76 - 04 - 01 - 45 - 29 - 0.7 - 6 - 2 - - - - - - - - 13
102 / 04-34-073-04 W5/ 0 Met Deciduous Tree 86 7.7 08 0.6 12 03 175 55 142 44 6.0 10 43 8 82 5 <2 <5 107 119 0.11 15 - -

‘- - no data
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% Canopy Cover by Strata
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100/ 01-09-089-09 W5/ 0 Met Deciduous Tree 15 17 0 27 10 15 0 4 7
100/ 02-28-072-04 W5/ 0 Not Met Grass and Forb 0 2 0 37 0 45 4 12 0
100/ 02-33-072-04 W5/ 0 Not Met Grass and Forb 0 1 0 20 0 42 18 22 1
100/ 02-34-087-08 W5/ 0 Not Met Grass and Forb 0 0 0 13 0 87 4 6 25
100/ 03-02-088-08 W5/ 0 Met Deciduous Tree 57 28 0 52 40 0 0 4 0
100/ 04-09-079-07 W5/ 0 Met Deciduous Tree 45 27 0 42 23 38 8 3 6
100/ 04-21-081-09 W5 /0 Not Met Grass and Forb 0 2 0 33 0 80 1 10 13
100/ 05-36-086-08 W5/ 0 Met Deciduous Tree 50 17 0 72 0 4 2 4 2
100/ 06-22-069-03 W5/ 0 Met Deciduous Tree 18 52 0 90 1 4 1 3 4
100/ 06-24-080-09 W5/ 0 Not Met Grass and Forb 0 0 0 33 0 50 5 5 0
100/ 07-04-092-08 W5/ 0 Not Met Grass and Forb 0 0 0 20 45 70 30 13 3
100/ 08-19-081-08 W5/ 0 Not Met Grass and Forb 0 1 0 2 0 80 5 0 0
100/ 09-07-089-08 W5/ 0 Not Met Grass and Forb 0 0 0 1 5 85 0 12 0
100/ 09-18-093-06 W5/ 0 Not Met Grass and Forb 0 0 0 0 50 58 0 35 22
100/ 10-14-090-10 W5/ 0 Not Met Grass and Forb 1 1 0 13 42 62 18 1 27
100/ 10-18-081-08 W5/ 0 Met Deciduous Tree 18 40 0 17 7 7 0 0 0
100/ 11-28-082-09 W5/ 0 Met Deciduous Tree 27 15 0 12 36 2 15 0 0
100/ 12-04-081-09 W5/ 0 Met Deciduous Tree 8 65 0 37 6 1 0 2 2
100/ 12-07-077-07 W5/ 0 Not Met Grass and Forb 2 0 0 5 0 70 5 5 0
100/ 12-24-073-05 W5/ 0 Not Met Sedge 0 0 0 18 52 0 0 0 11
100/ 13-07-073-03 W5/ 0 Not Met Grass and Forb 0 1 0 3 1 55 15 5 0
100/ 14-11-087-12 W5/ 0 Met Deciduous Tree 3 23 0 22 20 8 0 5 1
100/ 14-12-073-04 W5/ 0 Met Deciduous Tree 33 28 0 16 6 0 0 0 0
100/ 16-01-080-24 W4 / 0 Not Met Sedge 0 0 0 0 93 0 0 0 65
100/ 16-32-078-08 W5/ 0 Not Met Grass and Forb 1 2 0 6 14 80 0 0 0
102 / 04-34-073-04 W5/ 0 Met Deciduous Tree 11 30 0 33 27 5 0 2 0
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Stem Density by Species and Height Class (Stems/ha)

£ £
RecT::as:ion Vegetation £ o .'?;
Site - Community Q £ 13 2 13 € o 13
Criteria Classification £ ° £ E a £ 3 i b 2 o b b
(Met/Not Met) @ | 2| e 3 E| 2| E S a g 32 ¢ 2| %
o L] o0 b « hog < 3 13 ) 13 © © © 8 i i
v - A £ I} £ o = 0 £ bl £ o S s e I e < ] 3
© ® ® o0 hod o v Aal A 8 H m 2 o 2 9 -] -] T
= 5 5 o 0 - ] © @ « b=y e v - by g g € Lo 2 2
K K K] v b R 2 2 2 o ] o v £ £ £ 2 2 2
E E 3 H H = v - A © © @ H H H
> s s o o e 3 3 K ] ) I3} B £ B o 2 2 £ £ £
a a a £ £ £ = = = S S S 8 8 a © © © o [ o
& @ g S S S c c c 3 3 3 = = 5 k] 2 k] E = E
a -3 a = = = © o © 8 5 = e 8 s » » » a @ w
© © © k] = k] 2 2 2 0 0 0 £ £ £ 3 3 3 3 3 3
3 =] S x x < ] ] ] © © © @ @ ® F S F F F S
s s H = = = c c c ] ] ] 3 3 3 2 2 2 2 2 2
& & & S S S & & & & & & & & & & & & & & &
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100/ 01-09-089-09 W5/ 0 Met Deciduous Tree 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1,333 7 3 0 0 333
100/ 02-28-072-04 W5/ 0 Not Met Grass and Forb 0 0 0 0 0 0 0 0 0 0 0 0 0 0
100/ 02-33-072-04 W5/ 0 Not Met Grass and Forb 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
100/ 02-34-087-08 W5/ 0 Not Met Grass and Forb 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
100/ 03-02-088-08 W5/ 0 Met Deciduous Tree 0 0 0 0 0 0 0 0 333 0 0 0 0 0 0 0 3'80 2';36 0 0 133
100/ 04-09-079-07 W5/ 0 Met Deciduous Tree 0 0 0 333 333 667 0 0 0 0 0 0 0 0 0 10'766 2'56 1'33 5'80 0 0
100/ 04-21-081-09 W5/ 0 Not Met Grass and Forb 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
100/ 05-36-086-08 W5/ 0 Met Deciduous Tree 0 0 0 0 0 0 0 0 0 0 0 0 667 667 0 333 333 333 0 1667 3??:3
. 1,00 1,00
100/ 06-22-069-03 W5/ 0 Met Deciduous Tree 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1,000 0 0 0 0 0
100/ 06-24-080-09 W5/ 0 Not Met Grass and Forb 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
100/ 07-04-092-08 W5/ 0 Not Met Grass and Forb 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
100/ 08-19-081-08 W5/ 0 Not Met Grass and Forb 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
100/ 09-07-089-08 W5/ 0 Not Met Grass and Forb 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
100/ 09-18-093-06 W5/ 0 Not Met Grass and Forb 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
100/ 10-14-090-10 W5 / 0 Not Met Grass and Forb 0 0 0 0 0 0 0 0 0 333 0 0 0 0 0 0 0 0 0 0 0
100/ 10-18-081-08 W5/ 0 Met Deciduous Tree 0 0 0 0 0 0 0 0 0 0 0 0 0 667 1'??3 0 0 667 0 0 0
. 133 4,66
100/ 11-28-082-09 W5/ 0 Met Deciduous Tree 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 3 7 0 0 0
. 133 1,00
100/ 12-04-081-09 W5/ 0 Met Deciduous Tree 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 3 0 0 667 333
100/ 12-07-077-07 W5/ 0 Not Met Grass and Forb 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 2,333 2'??3 0 0 0 0
100/ 12-24-073-05 W5/ 0 Not Met Sedge 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
100/ 13-07-073-03 W5/ 0 Not Met Grass and Forb 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
100/ 14-11-087-12 W5/ 0 Met Deciduous Tree 0 0 0 1'23 0 0 0 0 0 0 0 0 0 0 0 0 0 0 333 0 0
) 3,00 2,0
100/ 14-12-073-04 W5/ 0 Met Deciduous Tree 0 0 0 0 0 333 0 0 0 0 0 333 0 0 0 0 0 0 0 0 0
100/ 16-01-080-24 W4 / 0 Not Met Sedge 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
100/ 16-32-078-08 W5/ 0 Not Met Grass and Forb 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1,000 0 0 0 0 0
102 / 04-34-073-04 W5/ 0 Met Deciduous Tree 667 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1,333 0 0 0 0 0
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APPENDIX C-2: ACCESS ROAD — PAD AND VEGETATION CHARACTERISTICS
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100/ 01-09-089-09 W5 /0 1 Not Met Sedge 65 - 20 20 15 - C Straight N - - 23 1300 10 50 10 50
100/ 01-09-089-09 W5 /0 2 Met Deciduous Tree 70 55 55 55 10 - C Elbow N - 6 1500 10 50 10 50
100/ 01-09-089-09 W5 /0 3 Met Coniferous Tree 70 41 15 C Elbow N 16 1500 10 50 10 50
100/ 02-28-072-04 W5 /0 1 Not Met Grass and Forb 171 65 73 73 9 111 SicL Straight Y 60 12 48 140 35 35 10 50
100/ 02-28-072-04 W5/ 0 2 Not Met Grass and Forb 162 83 86 86 5 97 SiL Straight Y 65 13 39 320 35 35 10 50
100/ 02-28-072-04 W5/ 0 3 Not Met Grass and Forb 150 90 80 80 1 80 SicL Straight Y 70 13 25 495 35 35 10 50
100/ 02-28-072-04 W5/ 0 4 Not Met Grass and Forb 146 80 92 92 0 81 - Elbow Y 65 14 14 675 35 35 10 50
100/ 02-33-072-04 W5 /0 2 Not Met Sedge 30 20 - 30 7 - C Straight N - - 4 680 10 50 10 50
100/ 02-33-072-04 W5/ 0 3 Not Met Grass and Forb 28 28 25 25 0 - C Straight N - - 7 780 10 50 10 50
100/ 02-33-072-04 W5/ 0 4 Not Met Sedge 45 20 10 10 0 25 C Elbow N 20 35 7 900 10 50 10 50
100/ 02-34-087-08 W5/ 0 1 Met Grass and Forb 102 - 95 95 0 74 C Elbow N 28 13.8 31 130 55 45 55 45
100/ 02-34-087-08 W5 /0 2 Met Deciduous Tree 102 - 85 85 1 2 C Elbow N 29 115 16 35 55 45 55 45
100/ 02-35-085-09 W5 /0 1 Met Deciduous Tree 140 - - 140 0 - C Elbow Y - - 16 150 65 25 10 50
100/ 02-35-085-09 W5 /0 2 Met Deciduous Tree 120 - 90 90 7 - C Straight Y - - 2 190 65 25 10 50
100/ 02-35-085-09 W5 /0 3 Met Grass and Forb 150 105 60 60 23 48 C Elbow Y 102 - 9 65 55 45 10 50
100/ 03-02-088-08 W5 /0 1 Met Coniferous Tree 65 - 40 40 0 9 C Straight N 56 7.8 1 80 5 45 5 45
100/ 03-02-088-08 W5 /0 2 Met Coniferous Tree 32 24 16 16 0 21 C Straight N 1 9.7 1 180 5 45 5 45
100/ 03-02-088-08 W5 /0 3 Met Coniferous Tree 24 21 0 0 0 14 C Straight N 10 73 0 250 5 45 5 45
100/ 03-02-088-08 W5/ 0 4 Met Coniferous Tree 40 35 27 27 15 29 C Straight N 1 9.1 15 500 5 45 5 45
100/ 04-09-079-07 W5 /0 1 Met Sedge 95 54 90 90 12 60 CL Elbow N 35 16.5 0 70 65 25 35 35
100/ 04-09-079-07 W5 /0 2 Met Sedge 130 9 37 37 19 110 - Straight N 20 83 0 220 5 45 10 50
100/ 04-09-079-07 W5 /0 3 Not Met Grass and Forb 110 65 30 30 16 95 - Straight N 15 7 0 360 5 45 10 50
100/ 04-09-079-07 W5 /0 4 Not Met Sedge 115 44 27 27 11 109 - Elbow N 6 6 0 467 25 50 10 50
100/ 04-21-081-09 W5/ 0 1 Met Coniferous Tree 116 116 110 110 6 20 Sic Straight N 96 14 19 85 10 50 10 50
100/ 04-21-081-09 W5/ 0 2 Met Deciduous Tree 130 130 110 110 8 60 - Straight N 70 15 3 355 35 35 10 50
100/ 04-21-081-09 W5/ 0 3 Met Deciduous Tree 175 175 110 110 6 97 Sic Elbow N 78 10.5 2 500 35 35 10 50
100/ 04-21-081-09 W5/ 0 4 Met Coniferous Tree 118 118 - 118 10 58 C Elbow N 60 15 3 625 65 25 10 50
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100/ 06-22-069-03 W5 /0 1 Met Grass and Forb 110 46 43 43 0 45 SCL Elbow Y 65 134 21 45 65 10 10 50
100/ 06-22-069-03 W5 /0 2 Met Sedge 110 45 50 50 0 45 SCL Straight Y 65 93 9 195 65 10 55 45
100/ 06-22-069-03 W5 /0 3 Met Sedge 126 50 80 80 0 68 CcL Straight Y 58 127 8 435 65 10 65 10
100/ 06-22-069-03 W5 /0 4 Not Met Grass and Forb 110 36 100 100 0 35 SCL Elbow Y 75 13 7 450 65 10 10 50
100/ 09-18-093-06 W5 /0 1 Met Deciduous Tree 90 - - 90 40 10 SL Straight Y 80 11.8 0 115 35 35 5 45
100/ 09-18-093-06 W5 /0 2 Met Deciduous Tree 100 - - 100 - 10 SCL Straight N 90 13.7 0 215 35 35 5 45
100/ 09-18-093-06 W5 /0 3 Met Deciduous Tree 110 107 81 81 0 35 SCL Elbow N 75 145 0 355 65 25 10 50
100/ 10-14-090-10 W5 / 0 1 Met Sedge 96 - - 100 - - C Straight N - - 3 375 5 45 10 50
100/ 10-14-090-10 W5 / 0 2 Not Met Grass and Forb 105 87 80 80 31 15 C Straight N 90 12 13 475 5 45 10 50
100/ 10-18-081-08 W5 /0 2 Met Deciduous Tree 110 - 50 50 14 - - Straight N - - 0 175 65 25 10 50
100/ 11-28-082-09 W5 /0 1 Not Met Sedge 80 - 45 45 - - - Straight - 17 10 0 270 10 50 10 50
100/ 11-28-082-09 W5 /0 2 Met Coniferous Tree 85 - 30 30 - - - Straight - 17 10 5 200 10 50 10 50
100/ 11-28-082-09 W5 /0 3 Met Sedge 90 - 14 14 - - - Elbow - 17 10 16 60 10 50 10 50
100/ 12-04-081-09 W5/ 0 1 Met Coniferous Tree 106 90 84 84 8 - C Straight N 125 17 1 95 10 50 10 50
100/ 12-04-081-09 W5 /0 2 Met Coniferous Tree 95 55 85 85 17 80 C Elbow N 15 18 1 215 10 50 10 50
100/ 12-07-077-07 W5/ 0 1 Met Coniferous Tree 100 - 90 90 - - - Elbow - 20 8 12 190 35 35 35 35
100/ 12-07-077-07 W5/ 0 2 Met Deciduous Tree 60 - - 60 - - - Straight - 20 8 17 150 65 10 65 10
100/ 12-24-073-05 W5/ 0 1 Met Coniferous Tree 160 - 10 10 - - - Straight - 0 15 7 137 95 1 95 1
100/ 12-24-073-05 W5/ 0 2 Met Coniferous Tree 110 - 0 0 - - - Straight - 0 15 8 85 95 1 95 1
100/ 12-24-073-05 W5/ 0 3 Met Deciduous Tree 110 - 30 30 - - - Elbow - 0 15 8 35 95 1 95 1
100/ 14-11-087-12 W5 /0 1 Not Met Grass and Forb 135 - 90 90 43 - C Straight Y - - 21 75 10 50 10 50
100/ 14-11-087-12 W5 /0 2 Met Deciduous Tree 130 - 95 95 0 - C Elbow Y - - 2 200 10 50 10 50
100/ 14-11-087-12 W5 /0 3 Met Deciduous Tree 100 - 60 60 0 - C Elbow Y - - 0 285 10 50 10 50
100/ 16-01-080-24 W4 / 0 1 Not Met Sedge 20 -5 0 0 0 20 C Elbow N 0 10 16 117 10 50 10 50
100/ 16-32-078-08 W5/ 0 1 Not Met Sedge 95 - 50 50 - - - Elbow - 7 7 8 65 55 45 55 45
100/ 16-32-078-08 W5/ 0 2 Met Coniferous Tree 55 - 25 25 - - - Straight - 7 7 8 60 65 10 65 10
100/ 16-32-078-08 W5/ 0 3 Met Coniferous Tree 20 - 10 10 - - - Elbow - 7 7 6 200 35 35 35 35

Elby ith
102 / 04-34-073-04 W5 / 0 1 Met Grass and Forb 125 8 40 40 0 - - u‘:lz:;l N - - 31 65 10 50 10 50
102/ 04-34-073-04 W5 / 0 2 Not Met Grass and Forb 130 5 45 45 0 - - Straight N - - 7 185 10 50 10 50
102/ 04-34-073-04 W5 / 0 3 Not Met Grass and Forb 105 15 30 30 0 - - Straight N - - 0 295 10 50 10 50
102/ 04-34-073-04 W5 / 0 4 Met Grass and Forb 60 0 - 0 0 - - Elbow N - - 0 385 10 50 10 50
‘-“ - no data
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Pad Material (Soil) Physical and Chemical Properties
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100/ 01-09-089-09 W5/ 0 1 Not Met Sedge 7.2 75 09 0.8 11 11 108 107 111 95 0.5 0.5 226 18.6 53 47 <2 <5 111 118 0.06 0.7 - 14
100/ 01-09-089-09 W5/ 0 2 Met Deciduous Tree 79 79 04 04 04 0.5 120 117 68 58 20 30 143 8.0 14 17 <2 <5 84 28 0.06 09 16
100/ 01-09-089-09 W5/ 0 3 Met Coniferous Tree 7.7 79 0.7 0.6 12 0.9 105 153 76 97 4.0 6.0 176 20.7 47 46 <2 <5 101 68 0.06 0.7 - 15
100/ 02-28-072-04 W5/ 0 1 Not Met Grass and Forb 75 73 0.4 0.8 03 03 88 95 43 105 70 10.0 103 245 8 13 <2 <5 147 15 0.04 11 N 15
100/ 02-28-072-04 W5/ 0 2 Not Met Grass and Forb 73 73 0.9 0.9 03 03 80 80 89 89 4.0 4.0 236 236 12 12 <2 <5 82 39 0.04 0.5 Y 16
100/ 02-28-072-04 W5/ 0 3 Not Met Grass and Forb 6.7 74 03 09 0.1 0.5 73 79 30 98 4.0 4.0 6.4 23.6 3 19 <2 7 136 17 0.04 0.6 Y 15
100/ 02-28-072-04 W5/ 0 4 Not Met Grass and Forb 7.6 70 03 03 0.1 0.7 100 128 42 42 80 30 11.2 9.9 3 21 <2 <5 144 14 0.04 10 N 16
100/ 02-33-072-04 W5/ 0 2 Not Met Sedge 72 72 03 03 0.5 0.1 123 123 45 45 20 20 14.7 14.7 3 3 <2 <5 98 29 0.05 0.7 - 15
100/ 02-33-072-04 W5/ 0 3 Not Met Grass and Forb 7.6 7.6 03 03 0.1 0.1 109 109 45 45 30 30 8.8 838 3 3 58 15 207 12 0.06 0.9 - 16
100/ 02-33-072-04 W5/ 0 4 Not Met Sedge 7.6 77 03 03 0.5 0.1 112 64 44 32 30 10 9.1 6.1 3 2 <2 <5 95 11 0.03 0.9 N 14
100/ 02-34-087-08 W5/ 0 1 Met Grass and Forb 8.0 72 0.2 0.9 0.5 0.1 213 52 75 87 4.0 30 10.0 9.0 2 2 3 <5 83 19 0.05 10 N 15
100/ 02-34-087-08 W5/ 0 2 Met Deciduous Tree 81 75 03 14 0.5 0.1 107 73 57 228 50 50 6.4 86 1 3 4 <5 100 9 0.04 12 N 15
100/ 02-35-085-09 W5/ 0 1 Met Deciduous Tree 79 74 03 03 0.5 0.1 90 151 37 68 30 120 127 14.0 2 5 <2 <5 9% 4 0.07 14 N 13
100/ 02-35-085-09 W5/ 0 2 Met Deciduous Tree 81 80 0.4 03 0.5 0.2 85 182 48 65 30 30 12.0 20.1 1 8 <2 <5 94 7 0.04 0.7 N 17
100/ 02-35-085-09 W5 /0 3 Met Grass and Forb 76 79 03 04 0.5 03 71 62 34 29 20 0.5 85 129 2 6 <2 <5 67 6 0.04 10 N 15
100/ 03-02-088-08 W5/ 0 1 Met Coniferous Tree 78 7.8 03 03 0.1 0.1 86 83 51 41 20 20 41 32 3 3 <2 <5 88 14 0.06 12 N 15
100/ 03-02-088-08 W5/ 0 2 Met Coniferous Tree 74 74 04 04 0.1 0.1 94 94 52 52 4.0 4.0 9.6 9.6 3 3 <2 <5 114 8 0.07 10 N 17
100/ 03-02-088-08 W5/ 0 3 Met Coniferous Tree 75 - 03 - 0.5 - 9 - 45 - 4.0 - 9.2 - 3 - <2 <5 102 6 0.08 14 N -
100/ 03-02-088-08 W5/ 0 4 Met Coniferous Tree 78 7.8 0.2 0.5 0.5 0.1 115 65 40 48 20 30 6.1 53 2 2 <2 <5 78 9 0.06 10 N 15
100/ 04-09-079-07 W5/ 0 1 Met Sedge 72 6.7 0.5 0.2 04 0.2 73 115 53 22 0.5 20 16.2 51 10 4 <2 <5 55 10 0.07 13 N 12
100/ 04-09-079-07 W5/ 0 2 Met Sedge 78 74 04 03 04 0.2 107 112 44 35 0.5 0.5 193 10.0 14 6 <2 <5 81 5 0.08 09 N 14
100/ 04-09-079-07 W5/ 0 3 Not Met Grass and Forb 77 59 0.5 0.2 0.2 0.2 100 121 59 21 0.5 10 228 6.0 7 4 <2 <5 77 5 0.11 15 N 12
100/ 04-09-079-07 W5/ 0 4 Not Met Sedge 74 6.3 03 03 0.5 0.1 89 78 37 22 0.5 10 89 6.3 2 2 <2 <5 66 7 0.06 0.7 N 12
100/ 04-21-081-09 W5/ 0 1 Met Coniferous Tree 76 75 23 26 0.5 0.1 95 66 616 439 45 35 44.0 57.0 5 7 3 <5 86 973 0.05 12 N 12
100/ 04-21-081-09 W5/ 0 2 Met Deciduous Tree 7.7 7.6 24 27 0.5 0.1 131 66 824 415 6.0 35 770 75.6 6 8 4 <5 79 1060 0.04 0.9 N 13
100/ 04-21-081-09 W5/ 0 3 Met Deciduous Tree 76 77 04 23 0.1 0.1 120 69 91 450 10 35 78 73 6 4 3 <5 92 53 0.04 10 N 15
100/ 04-21-081-09 W5/ 0 4 Met Coniferous Tree 76 77 22 26 0.5 0.1 241 66 1330 425 12.0 35 150.0 58.0 12 4 3 <5 70 1040 0.03 0.8 N 14
100/ 06-22-069-03 W5/ 0 1 Met Grass and Forb 76 7.8 0.4 03 0.5 0.1 53 50 32 21 30 10 27 27 1 2 <2 9 69 3 0.03 04 N 15
100/ 06-22-069-03 W5/ 0 2 Met Sedge 79 77 03 03 0.1 0.2 43 55 18 23 20 10 21 36 1 3 <2 11 58 1 0.01 0.2 N 16
100/ 06-22-069-03 W5/ 0 3 Met Sedge 8.0 7.6 0.2 0.2 0.5 0.2 161 58 45 28 6.0 0.5 6.0 4.0 2 3 <2 38 73 3 0.02 03 N 17
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100/ 06-22-069-03 W5/ 0 4 Not Met Grass and Forb 81 81 03 03 0.2 0.2 40 54 16 23 10 0.5 22 28 2 3 <2 <5 45 1 0.01 0.2 N 17
100/ 09-18-093-06 W5/ 0 1 Met Deciduous Tree 74 77 21 2.8 0.5 0.2 158 65 757 372 19.0 9.0 100.0 125.0 8 14 <2 <5 143 643 0.09 11 N 14
100/ 09-18-093-06 W5/ 0 2 Met Deciduous Tree 7.1 7.5 12 20 0.5 0.1 88 66 198 335 50 35 286 45.0 3 4 <2 <5 119 58 0.08 10 N 16
100/ 09-18-093-06 W5/ 0 3 Met Deciduous Tree 76 7.8 0.4 03 0.5 0.1 124 100 66 45 4.0 20 10.0 78 3 3 <2 <5 116 22 0.07 10 N 14
100/ 10-14-090-10 W5/ 0 1 Met Sedge 78 7.5 0.4 26 0.1 0.6 153 90 100 522 10 45 13.0 97.6 6 55 <2 <5 114 34 0.08 0.7 N 15
100/ 10-14-090-10 W5 / 0 2 Not Met Grass and Forb 75 75 17 27 0.5 0.8 182 87 693 540 80 220 36.4 109.0 6 70 <2 <5 117 584 0.08 0.8 N 15
100/ 10-18-081-08 W5/ 0 2 Met Deciduous Tree 76 6.3 0.8 0.5 0.5 0.1 65 65 87 53 20 20 12.2 74 2 2 3 <5 109 50 0.06 19 - 1.0
100/ 11-28-082-09 W5/ 0 1 Not Met Sedge 78 - 0.4 - 0.1 - 50 - 37 - 10 - 6.3 - 2 - - - - - - - - 14
100/ 11-28-082-09 W5/ 0 2 Met Coniferous Tree 8.0 - 0.5 - 0.1 - 53 - 46 - 10 - 72 - 2 - - - - - - - - 12
100/ 11-28-082-09 W5/ 0 3 Met Sedge 75 - 0.4 - 0.2 - 53 - 40 - 0.5 - 76 - 3 - - - - - - - - 13
100/ 12-04-081-09 W5/ 0 1 Met Coniferous Tree 7.7 77 28 25 0.2 0.2 86 81 547 518 45 4.0 132.0 42.0 20 14 4 <5 104 1290 0.04 11 Y 15
100/ 12-04-081-09 W5/ 0 2 Met Coniferous Tree 74 7.6 25 27 0.1 0.1 93 71 595 512 45 80 46.0 33.0 10 10 4 <5 108 988 0.04 0.8 Y 14
100/ 12-07-077-07 W5/ 0 1 Met Coniferous Tree 6.2 - 03 - 0.2 - 51 - 20 - 20 - 55 - 3 - - - - - - - - 14
100/ 12-07-077-07 W5/ 0 2 Met Deciduous Tree 6.1 - 0.6 - 0.1 - 56 - 46 - 35 - 113 - 3 - - - - - - - - 12
100/ 12-24-073-05 W5/ 0 1 Met Coniferous Tree 59 - 0.5 - 04 - 38 - 19 - 3.0 - 6.9 - 5 - - - - - - - - -
100/ 12-24-073-05 W5/ 0 2 Met Coniferous Tree 6.3 - 0.1 - 0.5 - 40 - 3 - 15 - 14 - 3 - - - - - - - - 12
100/ 12-24-073-05 W5/ 0 3 Met Deciduous Tree 6.0 - 0.1 - 10 - 37 - 1 - 0.5 - 04 - 3 - - - - - - - - 0.8
100/ 14-11-087-12 W5/ 0 1 Not Met Grass and Forb 7.8 7.6 10 27 0.5 0.2 64 61 116 382 80 30 18.0 87.4 2 14 3 <5 162 56 0.05 11 - 15
100/ 14-11-087-12 W5/ 0 2 Met Deciduous Tree 78 7.6 0.7 27 0.5 03 67 54 76 329 50 6.0 93 65.8 2 15 3 <5 128 27 0.05 15 - 17
100/ 14-11-087-12 W5/ 0 3 Met Deciduous Tree 8.0 73 10 0.6 0.2 0.1 77 108 112 92 4.0 6.0 326 15.2 8 4 3 <5 101 123 0.03 0.9 - 16
100/ 16-01-080-24 W4 / 0 1 Not Met Sedge 70 70 03 03 0.8 0.8 129 129 28 28 50 50 6.9 6.9 20 20 <2 15 180 17 011 24 N -
100/ 16-32-078-08 W5/ 0 1 Not Met Sedge 6.8 - 0.8 - 0.1 - 45 - 59 - 5.0 - 20.8 - 3 - - - - - - - - 10
100/ 16-32-078-08 W5/ 0 2 Met Coniferous Tree 6.3 - 03 - 0.2 - 48 - 30 - 20 - 54 - 3 - - - - - - - - 0.8
100/ 16-32-078-08 W5/ 0 3 Met Coniferous Tree 72 - 0.5 - 0.1 - 54 - 44 - 20 - 10.1 - 2 - - - - - - - - -
102 / 04-34-073-04 W5/ 0 1 Met Grass and Forb 73 7.2 0.2 0.5 0.8 0.7 188 174 41 95 50 9.0 11.0 216 32 39 <2 <5 112 13 0.15 22 N -
102 / 04-34-073-04 W5/ 0 2 Not Met Grass and Forb 75 75 03 04 13 0.8 158 149 46 73 30 80 9.8 13.0 48 33 <2 <5 123 7 0.16 22 N -
102 / 04-34-073-04 W5/ 0 3 Not Met Grass and Forb 77 7.5 0.4 04 0.8 11 138 228 57 90 50 80 9.9 20.0 30 67 <2 <5 97 15 0.06 0.9 N -
102 / 04-34-073-04 W5/ 0 4 Met Grass and Forb - - - - - - - - - - - - - - - - - - - - - - N -
‘- - no data
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100/ 01-09-089-09 W5/ 0 1 Not Met Sedge 5 15 0 5 60 25 0 2 2
100/ 01-09-089-09 W5 /0 2 Met Deciduous Tree 40 5 0 10 2 20 0 5 25
100/ 01-09-089-09 W5 /0 3 Met Coniferous Tree 30 10 0 5 50 5 0 2 0
100/ 02-28-072-04 W5 /0 1 Not Met Grass and Forb 1 0 0 25 0 40 1 5 20
100/ 02-28-072-04 W5 /0 2 Not Met Grass and Forb 0 0 0 15 0 30 0 5 0
100/ 02-28-072-04 W5 /0 3 Not Met Grass and Forb 0 20 0 60 0 30 1 5 0
100/ 02-28-072-04 W5 /0 4 Not Met Grass and Forb 0 3 0 70 0 20 10 10 0
100/ 02-33-072-04 W5 /0 2 Not Met Sedge 0 2 0 5 25 20 0 8 0
100/ 02-33-072-04 W5 /0 3 Not Met Grass and Forb 0 2 0 0 15 80 0 0 0
100/ 02-33-072-04 W5 /0 4 Not Met Sedge 0 5 0 1 60 3 1 0 1
100/ 02-34-087-08 W5 /0 1 Met Grass and Forb 5 2 0 60 0 25 0 10 55
100/ 02-34-087-08 W5/ 0 2 Met Deciduous Tree 55 0 0 75 5 40 0 3 0
100/ 02-35-085-09 W5 /0 1 Met Deciduous Tree 50 15 5 20 0 20 0 5 0
100/ 02-35-085-09 W5/ 0 2 Met Deciduous Tree 50 10 0 60 0 20 0 5 0
100/ 02-35-085-09 W5/ 0 3 Met Grass and Forb 30 10 0 90 0 15 0 5 2
100/ 03-02-088-08 W5 /0 1 Met Coniferous Tree 70 25 0 30 65 0 0 0 90
100/ 03-02-088-08 W5/ 0 2 Met Coniferous Tree 55 40 0 10 50 0 0 0 80
100/ 03-02-088-08 W5 / 0 3 Met Coniferous Tree 30 45 0 20 75 0 0 0 85
100/ 03-02-088-08 W5 / 0 4 Met Coniferous Tree 50 25 0 15 70 0 0 0 80
100/ 04-09-079-07 W5/ 0 1 Met Sedge 5 0 0 45 55 15 5 2 45
100/ 04-09-079-07 W5/ 0 2 Met Sedge 5 0 0 25 75 25 0 2 65
100/ 04-09-079-07 W5/ 0 3 Not Met Grass and Forb 5 5 0 60 10 15 0 1 65
100/ 04-09-079-07 W5/ 0 4 Not Met Sedge 5 20 0 30 60 20 0 0 45
100/ 04-21-081-09 W5/ 0 1 Met Coniferous Tree 55 0 0 10 85 0 0 1 1
100/ 04-21-081-09 W5/ 0 2 Met Deciduous Tree 45 0 0 35 0 45 0 7 20
100/ 04-21-081-09 W5/ 0 3 Met Deciduous Tree 65 0 0 55 20 25 0 5 0
100/ 04-21-081-09 W5/ 0 4 Met Coniferous Tree 45 35 0 20 50 0 0 0 0
100/ 06-22-069-03 W5 /0 1 Met Grass and Forb 10 2 0 60 30 15 0 0 20
100/ 06-22-069-03 W5 /0 2 Met Sedge 2 2 0 45 30 10 0 2 45
100/ 06-22-069-03 W5 /0 3 Met Sedge 10 2 0 30 45 20 0 0 55
100/ 06-22-069-03 W5 /0 4 Not Met Grass and Forb 0 25 0 70 30 35 0 0 25
100/ 09-18-093-06 W5/ 0 1 Met Deciduous Tree 45 0 0 30 10 50 0 0 65
100/ 09-18-093-06 W5/ 0 2 Met Deciduous Tree 45 2 0 60 1 40 0 0 65
100/ 09-18-093-06 W5/ 0 3 Met Deciduous Tree 55 0 0 80 3 2 0 1 0
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100/ 10-14-090-10 W5/ 0 1 Met Sedge 20 0 0 35 65 40 30 5 20
100/ 10-14-090-10 W5 / 0 2 Not Met Grass and Forb 1 0 0 40 0 65 0 0 45

100/ 10-18-081-08 W5 /0 2 Met Deciduous Tree 60 30 0 30 5 0 0 0 0

100/ 11-28-082-09 W5 /0 1 Not Met Sedge 0 10 0 15 57.5 1 0 0 0

100/ 11-28-082-09 W5 /0 2 Met Coniferous Tree 65 2 0 1 52.5 0 0 0 0

100/ 11-28-082-09 W5 /0 3 Met Sedge 0 40 0 125 67.5 2 0 0 0
100/ 12-04-081-09 W5 /0 1 Met Coniferous Tree 70 5 0 10 10 0 0 0 40
100/ 12-04-081-09 W5 /0 2 Met Coniferous Tree 65 10 15 15 36 25 0 0 55
100/ 12-07-077-07 W5/ 0 1 Met Coniferous Tree 40 0 0 8 42.5 175 0 0 16.5
100/ 12-07-077-07 W5/ 0 2 Met Deciduous Tree 25 10 0 54.5 7 0.5 0 0 80
100/ 12-24-073-05 W5 /0 1 Met Coniferous Tree 40 40 0 10 10 0 0 0 17.5
100/ 12-24-073-05 W5/ 0 2 Met Coniferous Tree 20 40 0 9.5 11 0 0 0 10
100/ 12-24-073-05 W5/ 0 3 Met Deciduous Tree 60 1 0 55 35 0 0 0 125
100/ 14-11-087-12 W5 /0 1 Not Met Grass and Forb 10 20 0 80 50 15 0 5 0
100/ 14-11-087-12 W5 /0 2 Met Deciduous Tree 30 30 10 40 0 0 0 5 2
100/ 14-11-087-12 W5 /0 3 Met Deciduous Tree 80 5 3 30 5 0 0 0 0
100/ 16-01-080-24 W4 / 0 1 Not Met Sedge 0 0 0 15 85 0 0 0 1
100/ 16-32-078-08 W5/ 0 1 Not Met Sedge 0 10 0 10 65 0 0 0.5 0
100/ 16-32-078-08 W5/ 0 2 Met Coniferous Tree 15 3 0 10 72 0 0 1 25
100/ 16-32-078-08 W5/ 0 3 Met Coniferous Tree 15 40 0 15 17 0 0 0 40
102 / 04-34-073-04 W5/ 0 1 Met Grass and Forb 0 60 0 45 20 0 0 1 0
102 / 04-34-073-04 W5 / 0 2 Not Met Grass and Forb 0 10 0 40 10 0 0 0 0
102/ 04-34-073-04 W5 / 0 3 Not Met Grass and Forb 0 20 0 40 20 0 0 1 0
102/ 04-34-073-04 W5 / 0 4 Met Grass and Forb 0 30 1 40 25 0 0 0 5
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100/ 01-09-089-09 W5 /0 1 Not Met Sedge 0 0 0 2,000 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
100/ 01-09-089-09 W5 /0 2 Met Deciduous Tree 0 0 0 4,000 3,000 2,000 0 0 0 1,000 1,000 0 0 0 0 0 0 0
100/ 01-09-089-09 W5 /0 3 Met Coniferous Tree 0 0 0 12,000 2,000 1,000 0 0 0 0 0 0 2,000 1,000 0 0 0 0 0 0 0
100/ 02-28-072-04 W5/ 0 1 Not Met Grass and Forb 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
100/ 02-28-072-04 W5/ 0 2 Not Met Grass and Forb 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
100/ 02-28-072-04 W5/ 0 3 Not Met Grass and Forb 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
100/ 02-28-072-04 W5/ 0 4 Not Met Grass and Forb 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
100/ 02-33-072-04 W5/ 0 2 Not Met Sedge 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
100/ 02-33-072-04 W5/ 0 3 Not Met Grass and Forb 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
100/ 02-33-072-04 W5/ 0 4 Not Met Sedge 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
100/ 02-34-087-08 W5/ 0 1 Met Grass and Forb 0 0 0 0 0 0 0 0 0 0 0 0 2,000 0 0 0 0 0 0 0 0
100/ 02-34-087-08 W5/ 0 2 Met Deciduous Tree 0 0 0 0 0 0 0 0 0 0 0 0 1,000 3,000 8,000 1,000 3,000 1,000 0 0 0
100/ 02-35-085-09 W5 /0 1 Met Deciduous Tree 0 0 0 0 0 0 0 0 0 0 0 0 1,000 0 0 0 0 1,000 0 0 0
100/ 02-35-085-09 W5 /0 2 Met Deciduous Tree 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 2,000 6,000 0 0 0
100/ 02-35-085-09 W5 /0 3 Met Grass and Forb 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 5,000 1,000 0 0 0
100/ 03-02-088-08 W5/ 0 1 Met Coniferous Tree 0 0 0 20,000 7,000 0 0 0 0 0 0 0 10,000 0 0 5,000 9,000 1,000 0 0 0
100/ 03-02-088-08 W5/ 0 2 Met Coniferous Tree 0 1,000 0 51,000 0 0 0 0 0 0 0 0 3,000 0 0 0 0 0 0 0 0
100/ 03-02-088-08 W5/ 0 3 Met Coniferous Tree 0 0 0 11,000 2,000 1,000 0 0 0 0 0 0 2,000 0 0 6,000 3,000 0 0 0 0
100/ 03-02-088-08 W5/ 0 4 Met Coniferous Tree 0 0 0 27,000 0 1,000 0 0 0 0 0 0 17,000 0 0 0 0 0 0 0 0
100/ 04-09-079-07 W5/ 0 1 Met Sedge 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1,000 3,000 0 7,000 0 0
100/ 04-09-079-07 W5/ 0 2 Met Sedge 0 0 0 0 0 0 0 0 0 0 0 0 16,000 0 0 9,000 0 0 0 0 0
100/ 04-09-079-07 W5/ 0 3 Not Met Grass and Forb 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 2,000 0 0 0 0
100/ 04-09-079-07 W5/ 0 4 Not Met Sedge 0 0 0 0 0 0 0 0 0 0 0 0 1,000 0 0 0 0 0 1,000 0 0
100/ 04-21-081-09 W5/ 0 1 Met Coniferous Tree 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 3,000 7,000 0 0 0
100/ 04-21-081-09 W5/ 0 2 Met Deciduous Tree 0 0 2,000 0 0 0 0 0 0 0 0 0 0 0 2,000 6,000 14,000 0 0 0 0
100/ 04-21-081-09 W5/ 0 3 Met Deciduous Tree 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 3,000 14,000 1,000 4,000 5,000 2,000
100/ 04-21-081-09 W5/ 0 4 Met Coniferous Tree 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 2,000 10,000 0 0 5,000 6,000
100/ 06-22-069-03 W5/ 0 1 Met Grass and Forb 0 0 0 0 0 0 0 0 0 0 0 0 1,000 0 0 15,000 0 0 0 0 0
100/ 06-22-069-03 W5/ 0 2 Met Sedge 0 0 0 0 0 0 0 0 0 0 0 0 1,000 0 0 7,000 1,000 0 0 0 0
100/ 06-22-069-03 W5/ 0 3 Met Sedge 0 0 0 0 0 0 0 0 0 0 0 0 1,000 0 0 7,000 0 0 0 0 0
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100/ 06-22-069-03 W5/ 0 4 Not Met Grass and Forb 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
100/ 09-18-093-06 W5/ 0 1 Met Deciduous Tree 0 0 0 0 0 0 0 0 0 0 0 0 1,000 5,000 5,000 1,000 0 0
100/ 09-18-093-06 W5/ 0 2 Not Met Deciduous Tree 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1,000 1,000 0 0 0 0
100/ 09-18-093-06 W5/ 0 3 Met Deciduous Tree 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 2,000 6,000 1,000 1,000 0
100/ 10-14-090-10 W5/ 0 1 Met Sedge 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 2,000 0 2,000 0 0 0
100/ 10-14-090-10 W5/ 0 2 Not Met Grass and Forb 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 2,000 0 0 0 0 0
100/ 10-18-081-08 W5/ 0 2 Met Deciduous Tree 0 0 0 0 0 0 0 0 0 0 0 0 4,000 8,000 6,000 0 0 3,000 0 0 3,000
100/ 11-28-082-09 W5/ 0 1 Not Met Sedge 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
100/ 11-28-082-09 W5/ 0 2 Met Coniferous Tree 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 29,000
100/ 11-28-082-09 W5/ 0 3 Not Met Sedge 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
100/ 12-04-081-09 W5/ 0 1 Met Coniferous Tree 0 0 0 0 1,000 1,000 0 0 0 0 0 0 7,000 5,000 4,000 0 0 0 0 0 0
100/ 12-04-081-09 W5/ 0 2 Met Coniferous Tree 0 0 0 6,000 5,000 5,000 0 0 0 0 0 0 23,000 6,000 0 0 1,000 0 0 0 0
100/ 12-07-077-07 W5/ 0 1 Met Coniferous Tree 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 10,000 2,000 0 0 0 0
100/ 12-07-077-07 W5/ 0 2 Not Met Deciduous Tree 0 1 0 0 0 0 0 0 0 0 0 0 0 0 1,000 0 0 0 0 0 0
100/ 12-24-073-05 W5/ 0 1 Met Coniferous Tree 0 0 0 3,000 3,000 13,000 0 0 0 0 0 0 0 0 0 0 0 0 1,000 0 0
100/ 12-24-073-05 W5/ 0 2 Met Coniferous Tree 0 0 0 1,000 1,000 6,000 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
100/ 12-24-073-05 W5/ 0 3 Met Deciduous Tree 2,000 0 1,000 3,000 14,000 51,000 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
100/ 14-11-087-12 W5/ 0 1 Not Met Grass and Forb 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1,000 0 0 0
100/ 14-11-087-12 W5/ 0 2 Met Deciduous Tree 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 4,000 0 0 0
100/ 14-11-087-12 W5/ 0 3 Met Deciduous Tree 1,000 0 0 0 0 0 0 0 0 0 0 0 1,000 3,000 0 2,000 2,000 0 0 0 1,000
100/ 16-01-080-24 W4 / 0 1 Not Met Sedge 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
100/ 16-32-078-08 W5/ 0 1 Not Met Sedge 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
100/ 16-32-078-08 W5/ 0 2 Met Coniferous Tree 0 0 0 0 0 0 0 0 0 0 0 0 15,000 0 1,000 0 0 0 0 0 0
100/ 16-32-078-08 W5/ 0 3 Met Coniferous Tree 0 0 0 0 0 0 0 0 0 0 0 0 3,000 0 0 0 0 0 0 0 0
102 / 04-34-073-04 W5/ 0 1 Not Met Grass and Forb 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
102 / 04-34-073-04 W5/ 0 2 Not Met Grass and Forb 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
102 / 04-34-073-04 W5/ 0 3 Not Met Grass and Forb 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
102 / 04-34-073-04 W5/ 0 4 Not Met Grass and Forb 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
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APPENDIX D-1: WELLSITE — RANDOM FOREST MODEL SUMMARIES FOR
VEGETATION COMMUNITY OUTCOMES

Model 1 Model 2 Model3 Model 4 Model 5
Full Reduced Full Reduced Full Reduced Full Reduced Full Reduced

Replicates 17 17 26 26 17 17 17 17 17 17

OBB Error (%) 29 29 57 35 47 24 24 24 18 18

Classification Error for Grass and Forb Outcome (%) 22 33 46 15 56 22 11 22 11 11

Classification Error for Decidi Tree O (%) 38 25 80 60 38 25 38 25 25 25
Predictor Variables Mean Decrease in Accuracy (%)

Sodium (30 cm - thickness of pad) 31 69 - - 39 86 - - - -

Pad Thickness 29 32 -11 - - - 40 57 56 60

Depth to Moisture 26 14 41 55 - - 42 28 42 33

Minimum Depth to Water in Adjacent Peatland 24 40 - - - - 38 51 38 51

Potassium (30 cm - thickness of pad) 20 40 - - 32 73 - - - -

Wetland Type 15 - -13 - - - 37 75 - -

Potassium (0-30 cm) 14 - 21 45 19 29 - - - -

Years Since Spud (Construction) 13 - 1 - - - 22 - 30 38

Thickness of Peat Below Pad (cm) 7 - - - - - 13 - - -

SAR (0-30 cm) 7 - 15 47 11 59 - - - -

Available Potassium (0-30 cm) 3 - - - 3 - - - - -

Years Since Abandonment 2 - -5 - - - 8 - 14 -

Calcium (0-30 cm) 2 - -19 - 5 - - - - -

%Saturation (0-30 cm) 2 - 6 - 1 - - - - -

Magnesium (30 cm - thickness of pad) 0 - - - 4 - - - - -

Total Nitrogen (0-30 cm) 0 - - - -1 - - - - -

Upland Tree Composition -2 - -9 - - - 2 - - -

Available Sulphate (0-30 cm) -2 - - - 3 - - - - -

pH (0-30 cm) 3 - -16 - 8 - R R R N

Pad Contour -3 - -9 - - - -7 - - -

Distance to Upland to West (m) -4 - 13 3 - - 1 - - -

Sodium (0-30 cm) -4 - 30 68 1 - - - - -

Years Operational -5 - -10 - - - -7 - - -

%Sand (30 cm-thickness of pad) -5 - -17 - -9 - - - -4 -

EC (0-30 cm) 6 - 2 - 5 - R R R N

EC (30 cm - thickness of pad) -6 - - - -3 - - - - -

%Sand (0-30 cm) -6 - -12 - -3 - - - - -

%Clay (0-30 cm) -7 - -15 - -8 - - - - -

SAR (30 cm - thickness of pad) -7 - - - -6 - - - - -

Bulk Density -8 - -14 - -11 - - - 4 -

Pad Elevation Above Peatland -9 - 1 - - - -14 - -9 -

pH (30 cm - thickness of pad) -11 - - - -17 - - - - -

%Clay (30 cm -thickness of pad) -11 - -12 - -16 - - - - -

Magnesium (0-30 cm) -11 - 5 - -15 - - - - -

%Saturation (30 cm - thickness of pad) -13 - - - -14 - - - - -

Pad Footprint -13 - -22 - - - -13 - -11 -

Soil Organic Carbon -13 - - - -19 - - - - -

Calcium (30 cm - thickness of pad) -15 - - - 21 - - - - -

Upland Proportion in 250 m radius -17 - -25 - - - -24 - - -

-“ = not included in model
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APPENDIX D-2: ACCESS ROAD — RANDOM FOREST MODEL SUMMARIES FOR
VEGETATION COMMUNITY OUTCOMES

Model 1 Model 2 Model 3 Model 4 Model5
Full Reduced Full Reduced Full Reduced Full Reduced Full Reduced
Replicates 26 26 54 54 43 43 28 28 44 44
OBB Error (%) 65 46 57 48 67 53 57 53 55 45
Classification Error for Grass and Forb Outcome (%) 56 44 47 40 60 53 56 67 38 38
Classification Error for Sedge Outcome (%) 83 33 92 67 78 56 71 43 78 67
Classification Error for Coniferous Tree Outcome (%) 33 33 36 29 63 50 28 29 38 50
Classification Error for Deciduous Tree Outcome (%) 100 80 61 62 73 55 80 60 73 36
Predictor Variables Mean Decrease in Accuracy (%)
Years Since Abandonment 59 100 101 173 - - 114 208 250 289
Calcium (30 cm - thickness of pad) 49 77 - - 51 200 - - - -
SAR (30 cm - thickness of pad) 43 71 - - 22 - - - - -
Upland Proportion in 250 m radius 42 61 53 - - - 66 104 - -
%Sand (0-30 cm) 34 - 31 - 35 - - - - -
%Sand (30 cm-thickness of pad) 30 - 47 - 51 144 - - 139 227
Years Since Spud (Construction) 30 - 55 - - - 68 84 71 -
Potassium (30 cm - thickness of pad) 23 - - - 38 - - - - -
EC (30 cm - thickness of pad) 21 - - - 39 - - - - -
Wetland Type 21 - 17 - - - 24 - 59 -
%Clay (30 cm -thickness of pad) 19 - 66 180 27 - - - - -
pH (30 cm - thickness of pad) 18 - - - 11 - - - - -
Pad Thickness 17 - 35 - - - 34 - 76 -
Pad Width 15 - - - - - 23 - - -
Sodium (30 cm - thickness of pad) 13 - - - 1 - - - - -
%Clay (0-30 cm) 13 - 37 - 13 - - - - -
Available Sulphate (0-30 cm) 12 - - - 24 - - - - -
Pad Elevation Above Peatland 12 - - - - - 39 - - -
Calcium (0-30 cm) 11 - 28 - 17 - - - - -
Years Operational 10 - 35 - - - - - - -
Wetland Class 7 - 2 - - - 11 - 7 -
Magnesium (30 cm - thickness of pad) 6 - - - 24 - - - - -
Depth to Moisture 5 - 75 155 - - 19 - 47 -
%Saturation (0-30 cm) 4 - 16 - 0] - - - - -
Distance to Upland to West (m) 3 - -10 - - - -9 - - -
Pad Shape 2 - 22 - - - 5 - 20 -
%Saturation (30 cm - thickness of pad) 1 - - - -6 - - - - -
Total Nitrogen (0-30 cm) 0 - - - -13 - - - - -
Bulk Density -1 - - - - - - - - -
SAR (0-30 cm) -2 - 7 - -8 - - - - -
Magnesium (0-30 cm) -2 - 13 - 14 - - - - -
EC(0-30cm) -2 - 13 - 16 - - - - -
Available Potassium (0-30 cm) -7 - - - 4 - - - - -
Thickness of Peat Below Pad (cm) -8 - - - - - -6 - - -
Potassium (0-30 cm) -9 - 21 - 4 - - - - -
Soil Organic Carbon -10 - - - -18 - - - - -
Distance from Well Pad -11 - -10 - - - 4 - - -
pH (0-30 cm) -13 - 14 - 23 - - - - -
Sodium (0-30 cm) -15 - 1 - -7 - - - - -
Minimum Depth to Water in Adjacent Peatland -15 - - - - - -16 - -19 -
Distance to Upland or Road -22 - -17 - - - -35 - - -
‘-“—notincluded in model
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APPENDIX E: PAD CHARACTERISTICS AND VEGETATION COMMUNITY
OUTCOMES
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Community Outcome
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APPENDIX F: ADJACENT PEATLAND CHARACTERISTICS

Peat Thickness (cm) Depth to Water (cm) pH Conductivity Calcium (mg/L) Magnesium (mg/L) Sodium (mg/L)
Site Transect Wetland Type £ § 3 £ § 3 £ § 3 £ 5 3 £ 5 3 £ § 3 £ § 3
g 2 g g 2 g g 2 8 g g 8 - 8 g 2 8 g 2 8
100/ 01-09-089-09 W5/ 0 1 Extreme-Rich Fen 105 120 140 15 25 20 6.4 6.7 6.4 1,522 1,139 649 249 195 110 61 44 27 110 62 42
100/ 01-09-089-09 W5 /0 2 Extreme-Rich Fen 170 125 140 5 10 5 6.8 6.6 6.6 856 546 362 134 83 62 33 21 15 37 23 15
100/ 01-09-089-09 W5/ 0 3 Extreme-Rich Fen 150 115 125 20 15 - 6.5 6.5 6.6 1,360 2,029 1,957 224 402 340 49 70 74 84 135 156
100/ 02-28-072-04 W5/ 0 1 Moderate-Rich Fen 300 285 300 9 23 29 E5 6.3 49 73 234 68 11 28 8 4 10 2 4 7 4
100/ 02-28-072-04 W5/ 0 2 Moderate-Rich Fen 280 270 300 5] 32 10 6.1 6.7 6.2 135 338 124 17 35 17 5 12 6 6 12 6
100/ 02-28-072-04 W5/ 0 3 Moderate-Rich Fen 275 270 253 1 45 94 58 6.2 6.6 107 241 150 19 42 22 3 6 3 7 7
100/ 02-28-072-04 W5/ 0 4 Moderate-Rich Fen 300 300 300 0 21 9 53 6.0 5.6 74 196 100 13 21 15 3 6 4 3 7 2
100/ 02-33-072-04 W5/ 0 2 Moderate-Rich Fen 110 88 128 13 7 12 6.3 59 6.0 145 133 136 18 30 26 3 6 6 2 3
100/ 02-33-072-04 W5/ 0 4 Poor Fen 130 80 120 0 10 0 5.6 6.5 58 89 286 75 19 39 15 3 8 2 2 4 1
100/ 02-34-087-08 W5 / 0 1 Fen* 70 65 20 0 Dry (>65) Dry (>40) 6.4 Dry Dry 383 Dry Dry 63 Dry Dry 13 Dry Dry 2 Dry Dry
100/ 02-35-085-09 W5 /0 1 Moderate-Rich Fen 210 230 85 0 Dry (>80) - 6.8 Dry 73 247 Dry 140 45 Dry 24 8 Dry 5 2 Dry 2
100/ 02-35-085-09 W5/ 0 2 Moderate-Rich Fen 110 208 225 7 85 56 6.7 7.2 74 173 630 237 32 110 48 6 23 8 2 7 4
100/ 02-35-085-09 W5/ 0 3 Moderate-Rich Fen 255 240 265 23 75 85 6.0 6.6 70 201 340 186 36 60 37 6 12 7 1 3 3
100/ 03-02-088-08 W5/ 0 2 Moderate-Rich Fen 130 140 153 0 1 0 6.7 6.7 6.5 134 201 191 29 35 34 5 6 7 2 2 2
100/ 03-02-088-08 W5/ 0 3 Moderate-Rich Fen 120 110 120 0 4 4 6.3 6.8 6.5 269 304 187 49 53 33 8 9 5 2 3 2
100/ 03-02-088-08 W5/ 0 4 Moderate-Rich Fen 140 90 144 15 21 17 6.4 6.6 6.6 415 186 174 74 35 30 1 6 5 3 2 2
100/ 04-09-079-07 W5/ 0 1 Bog 200 170 165 12 20 13 5.2 53 4.6 142 132 63 30 20 1 5 5 2 2 2 1
100/ 04-09-079-07 W5/ 0 2 Bog 300 300 300 20 19 13 36 37 3.6 61 49 62 3 3 2 1 1 1 1 2 1
100/ 04-09-079-07 W5/ 0 3 Bog 300 300 300 20 16 12 37 39 39 61 53 51 2 3 5 1 1 1 1 2 1
100/ 04-09-079-07 W5/ 0 4 Bog 300 300 300 1 11 5 46 4.8 4.0 59 52 63 10 6 3 4 1 1 2 1 1
100/ 04-21-081-09 W5/ 0 1 Moderate-Rich Fen 95 90 80 6 Dry (>90) 21 6.1 Dry 58 316 Dry 457 49 Dry 75 10 Dry 14 2 Dry 4
100/ 04-21-081-09 W5/ 0 2 Moderate-Rich Fen 300 300 300 32 8 68 6.2 6.4 6.3 462 1,171 453 75 201 73 16 57 19 8 8 3
100/ 04-21-081-09 W5/ 0 3 Moderate-Rich Fen 210 200 300 0 6 15 6.6 7.2 6.2 391 953 273 65 179 a4 14 25 10 7 8 6
100/ 04-21-081-09 W5/ 0 4 Moderate-Rich Fen 175 107 40 10 45 - 6.4 6.7 - 169 493 - 29 93 - 5 16 - 5 4 -
100/ 06-22-069-03 W5/ 0 1 Moderate-Rich Fen 190 170 270 0 8 0 6.2 6.5 6.3 178 289 95 25 65 12 6 7 3 3 4 3
100/ 06-22-069-03 W5/ 0 2 Moderate-Rich Fen 230 250 140 0 3 9 6.1 6.3 6.7 168 182 136 26 24 22 5 6 5 3 4 3
100/ 06-22-069-03 W5/ 0 3 Moderate-Rich Fen 200 180 190 0 5 2 6.2 6.4 6.1 119 406 164 16 74 25 5 14 6 3 7 4
100/ 06-22-069-03 W5/ 0 4 Moderate-Rich Fen 210 180 200 0 9 0 6.5 6.7 6.1 126 414 116 18 76 16 5 12 5 3 5 3
100/ 08-04-086-13 W5/ 0 1 Moderate-Rich Fen 136 120 140 0 12 23 6.2 6.5 39 173 709 109 24 111 7 12 39 2 6 11 1
100/ 09-18-093-06 W5/ 0 3 Moderate-Rich Fen 80 70 90 0 15 25 6.3 6.5 6.3 219 285 359 30 48 62 4 7 9 4 3 5
100/ 10-14-090-10 W5/ 0 2 Extreme-Rich Fen 48 70 72 31 65 6 7.1 6.6 6.7 1,107 1,581 889 167 256 130 36 49 21 72 79 65
100/ 10-18-081-08 W5/ 0 2 Bog 300 300 175 14 Dry (>100) 30 42 Dry 42 61 Dry 88 3 Dry 8 1 Dry 1 1 Dry 1
100/ 12-04-081-09 W5/ 0 1 Moderate-Rich Fen 240 300 300 11 8 4 6.7 6.8 6.6 795 1,147 729 120 204 115 22 36 24 27 22 14
100/ 12-04-081-09 W5 /0 2 Moderate-Rich Fen 260 245 300 18 17 20 70 6.7 6.8 634 684 387 31 175 53 8 38 14 9 16 1
100/ 14-11-087-12 W5/ 0 1 Moderate-Rich Fen 100 110 65 43 70 40 6.5 6.4 6.5 1,043 639 318 195 108 53 29 20 1 15 5] 3
100/ 14-11-087-12 W5/ 0 2 Moderate-Rich Fen 220 300 225 0 65 - 6.7 6.5 - 355 244 - 75 - - 11 - - 4 - -
100/ 14-11-087-12 W5/ 0 3 Poor fen 220 290 300 0 60 25 6.5 6.4 6.0 350 360 93 61 61 20 1 14 4 3 6 1
100/ 16-01-080-24 W4 / 0 1 Moderate-Rich Fen 300 300 300 0 0 0 6.5 6.5 6.0 407 368 201 53 35 21 11 9 5 23 24 13
102 / 04-34-073-04 W5/ 0 1 Extreme-Rich Fen 300 300 - 0 0 - 75 74 - 222 310 - 27 38 - 7 11 - 29 32 -
102 / 04-34-073-04 W5/ 0 3 Extreme-Rich Fen 300 300 - 0 0 - 6.8 5} © 278 409 - 27 27 - 7 7 - 28 30 N
102 / 04-34-073-04 W5/ 0 4 Extreme-Rich Fen 300 300 300 0 0 0 6.9 6.8 6.8 662 324 332 32 38 36 9 10 1 41 41 39

‘-~ no data; shading indicates exceedance of thresholds for change/potential impact
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Potassium (mg/L) Iron (mg/L) Manganese (mg/L) Chloride (mg/L) Sulphate (mg/L) Nitrate+Nitrite (mg/L)
Site Transect Wetland Type £ § 3 £ 5 3 £ 5 3 £ 5 3 £ 5 3 £ 5 3
g 2 g g g g g g g g g 8 g g g g g 8
100/ 01-09-089-09 W5/ 0 1 Extreme-Rich Fen 29 14 24 023 0.09 0.19 1.700 0.761 0.621 47 26 15 778 454 213 <0.01 <0.01 <0.01
100/ 01-09-089-09 W5/ 0 2 Extreme-Rich Fen 26 26 29 0.04 0.10 0.14 <0.005 <0.005 0.029 10 3 345 178 81 <0.01 <0.01 <0.01
100/ 01-09-089-09 W5/ 0 3 Extreme-Rich Fen 26 30 20 0.02 0.10 0.07 0.061 2.000 6.810 40 57 53 759 1230 1020 <0.01 <0.01 <0.01
100/ 02-28-072-04 W5/ 0 1 Moderate-Rich Fen 17 4.1 12 0.14 0.02 0.18 0.035 0.015 0.057 4 3 4 3 14 2 <0.01 <0.01 <0.01
100/ 02-28-072-04 W5/ 0 2 Moderate-Rich Fen 27 59 i3 0.02 0.01 0.01 0.010 <0.005 <0.005 5 1 3 10 16 8 <0.01 0.02 0.04
100/ 02-28-072-04 W5/ 0 3 Moderate-Rich Fen 0.9 32 28 034 0.02 0.04 0.167 <0.005 0.057 4 3 7 3 18 7 <0.01 0.04 <0.01
100/ 02-28-072-04 W5/ 0 4 Moderate-Rich Fen 0.9 20 0.5 042 011 0.60 0.157 <0.005 0.653 4 5 3 3 17 3 <0.01 0.19 <0.01
100/ 02-33-072-04 W5/ 0 2 Moderate-Rich Fen 14 0.9 0.7 0.24 0.10 013 0.005 0.017 0.035 2 2 2 2 4 2 0.02 <0.01 <0.01
100/ 02-33-072-04 W5/ 0 4 Poor Fen 11 0.5 11 135 0.09 143 0.037 0.014 0.139 3 1 2 2 6 2 <0.01 <0.01 <0.01
100/ 02-34-087-08 W5 / 0 1 Fen* 43 Dry Dry 0.06 Dry Dry 0.962 Dry Dry 3 Dry Dry 107 Dry Dry <0.01 Dry Dry
100/ 02-35-085-09 W5/ 0 1 Moderate-Rich Fen 19 Dry 20 0.14 Dry 027 0.397 Dry 0.085 2 Dry 2 5 Dry 7 <0.01 Dry <0.01
100/ 02-35-085-09 W5/ 0 2 Moderate-Rich Fen <04 14 0.8 112 011 0.06 0.240 0.596 0.118 1 1 1 21 16 14 <0.01 <0.01 <0.01
100/ 02-35-085-09 W5 /0 3 Moderate-Rich Fen 09 15 13 0.06 0.03 0.19 <0.005 0.161 0.257 2 1 2 34 16 27 0.03 <0.01 <0.01
100/ 03-02-088-08 W5/ 0 2 Moderate-Rich Fen 12 0.8 0.5 0.44 013 041 0.124 0.172 0.020 1 1 1 5 9 3 0.01 0.01 <0.01
100/ 03-02-088-08 W5/ 0 3 Moderate-Rich Fen 11 0.7 04 017 0.10 0.26 0.169 0.253 0.026 2 2 2 3 3 4 <0.01 <0.01 <0.01
100/ 03-02-088-08 W5/ 0 4 Moderate-Rich Fen 11 0.4 15 0.05 0.03 0.04 0.567 <0.005 <0.005 1 1 2 6 8 11 <0.01 0.05 <0.01
100/ 04-09-079-07 W5/ 0 1 Bog 0.5 24 12 0.03 0.02 0.06 0.097 0.036 0.070 2 2 2 10 31 9 <0.01 0.04 <0.01
100/ 04-09-079-07 W5/ 0 2 Bog 0.8 12 0.8 021 0.59 017 0.071 0.053 0.043 2 2 2 2 2 1 <0.01 <0.01 <0.01
100/ 04-09-079-07 W5/ 0 3 Bog 10 15 09 0.16 0.12 0.14 0.051 0.047 0.083 2 2 2 1 2 2 <0.01 <0.01 <0.01
100/ 04-09-079-07 W5/ 0 4 Bog 12 13 <04 0.19 037 023 0.207 0.218 0.067 2 2 2 3 1 1 <0.01 <0.01 <0.01
100/ 04-21-081-09 W5/ 0 1 Moderate-Rich Fen 71 Dry 6.8 0.19 Dry 0.66 0.006 Dry 0.226 6 Dry 6 91 Dry 170 0.63 Dry 0.05
100/ 04-21-081-09 W5/ 0 2 Moderate-Rich Fen 22 26 23 0.08 0.02 0.03 0.051 <0.005 0.066 3 3 4 167 671 143 <0.01 0.01 <0.01
100/ 04-21-081-09 W5/ 0 3 Moderate-Rich Fen 20 20 0.6 0.05 0.01 0.01 0.035 <0.005 0.007 3 3 3 89 340 39 <0.01 0.03 <0.01
100/ 04-21-081-09 W5/ 0 4 Moderate-Rich Fen 19 13 - 0.04 0.03 - <0.005 <0.005 - 3 3 - 13 97 - <0.01 <0.01 -
100/ 06-22-069-03 W5/ 0 1 Moderate-Rich Fen 25 19 29 118 0.08 032 <0.005 0.006 <0.005 1 1 2 <0.9 <09 <0.9 <0.01 <0.01 0.02
100/ 06-22-069-03 W5/ 0 2 Moderate-Rich Fen 22 18 3.6 142 0.07 0.04 0.007 0.041 0.006 1 1 1 <0.9 <09 <0.9 <0.01 <0.01 <0.01
100/ 06-22-069-03 W5/ 0 3 Moderate-Rich Fen 17 16 10 0.19 0.04 041 <0.005 0.014 <0.005 1 1 1 <0.9 <09 <0.9 0.01 <0.01 0.02
100/ 06-22-069-03 W5/ 0 4 Moderate-Rich Fen 26 6.0 0.8 0.08 0.01 0.14 0.008 <0.005 <0.005 2 5 1 1 1 <0.9 0.01 <0.01 <0.01
100/ 08-04-086-13 W5/ 0 1 Moderate-Rich Fen 0.9 12 11 0.86 0.14 0.44 0.296 0.295 0.033 3 2 5 29 235 6 0.03 0.02 0.04
100/ 09-18-093-06 W5/ 0 3 Moderate-Rich Fen 33 0.8 0.4 035 0.06 0.08 0.157 0.233 0.066 3 3 11 17 15 20 0.01 <0.01 <0.01
100/ 10-14-090-10 W5 / 0 2 Extreme-Rich Fen 6.4 52 <04 0.06 0.02 0.07 <0.005 0.010 0.009 - - - - - - <0.01 <0.01 0.01
100/ 10-18-081-08 W5/ 0 2 Bog 4.6 Dry 14 037 Dry 2.16 0.046 Dry 0.036 3 Dry 5 <0.9 Dry 2 <0.01 Dry <0.01
100/ 12-04-081-09 W5/ 0 1 Moderate-Rich Fen 35 2.8 4.6 0.02 0.01 0.01 0.051 0.014 0.191 4 5 3 262 488 223 011 <0.01 <0.01
100/ 12-04-081-09 W5/ 0 2 Moderate-Rich Fen 2.6 23 20 0.01 <0.01 <0.01 0.055 0.006 0.124 3 3 3 76 360 92 <0.01 <0.01 <0.01
100/ 14-11-087-12 W5/ 0 1 Moderate-Rich Fen 4.0 iy iy 0.05 0.02 0.07 0.006 <0.005 0.030 5 1 2 508 251 106 <0.01 <0.01 <0.01
100/ 14-11-087-12 W5/ 0 2 Moderate-Rich Fen 17 - - 0.26 - - 0.008 - - 2 - - 61 - - 0.02 - -
100/ 14-11-087-12 W5/ 0 3 Poor fen 22 19 <04 1.04 021 0.09 0.137 0.079 0.048 3 2 3 23 15 7 <0.01 <0.01 <0.01
100/ 16-01-080-24 W4 / 0 1 Moderate-Rich Fen 30 33 17 0.05 034 0.39 <0.005 0.043 0.113 49 60 34 23 38 15 <0.01 <0.01 <0.01
102 / 04-34-073-04 W5/ 0 1 Extreme-Rich Fen 24 39 - 0.10 0.42 - 0.056 0.093 - 3 3 - 4 5 - <0.01 <0.01 -
102 / 04-34-073-04 W5/ 0 3 Extreme-Rich Fen 27 26 - 0.10 031 - 0.032 0.021 - 3 3 - 4 3 - <0.01 0.04 -
102 / 04-34-073-04 W5/ 0 4 Extreme-Rich Fen 39 6.0 37 0.06 023 0.04 0.007 1.120 <0.005 9 5 5 6 5 5 0.02 <0.01 <0.01
‘-‘—no data; shading indicates exceedance of thresholds for change/potential impact
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% Canopy Cover by Strata

Tree eric':::;us Ericaceous Native Forb Cattails, Native Native Sedges Feathermosse Sphagnum Other sphag'\::xnr; ffea Li'chens and Non-n':?tive
Shrub Reeds, Rushes Grasses s fuscum Sphagnums Liverworts Species
site Transect Jand Type Shrub ther mosses

e Bl elclBele| 8 elc|BlelclBlelcl|ilelelBlelclfelcltlelelElelcli|elcldlele ke
100/ 01-09-089-09 W5/ 0 1 Extreme-Rich Fen 10 | 30| 18 0 0 0 60 | 70 | 70 | 10 5 5 0 0 0 0 2 0] 25| 15| 35 0 0 0 0 0 0 0 0 0| 10 5 5 0 0 0 0 0 0
100/ 01-09-089-09 W5 /0 2 Extreme-Rich Fen 55| 10 | 40 0 0 0| 45| 10| 20 5 15| 10 0 0 0 1 35 0 5| 10| 60 2 10 0 0 0 0 0 0 0 5 0 0 2 0 0 0 0
100/ 01-09-089-09 W5/ 0 3 Extreme-Rich Fen 5 (30| 25 0 5 0 50| 15| 30 5 10 | 10 0 0 0 5 5 0 5| 15| 50 5| 2 0 0 0 0 0 0 0 10 10| O 0 0 0 0 0
100/ 02-28-072-04 W5/ 0 1 Moderate-Rich Fen 25|35 |30(20]| 4| 1 25| 25| 45 2 5 10 0 0 0 0 2 1 15 5| 35 0 1 0 0 0 0 0 0| 55 201 20| 0 2 2 0 0 0
100/ 02-28-072-04 W5/ 0 2 Moderate-Rich Fen 0] 20| 309 | 5|55 2 1 5 2|12 10 0 0 0| 30 2 5 25 2 15 0 0 0 0 0 0 0 0 0| 30 1] 751 0 0 5 0 0 0
100/ 02-28-072-04 W5/ 0 3 Moderate-Rich Fen 10 5 20 0|60 5 20 0 10 1 5 2 0 0 0 15| 40 5 7 0] 2 0 0 1 0 0 0| 8 0| 10 53| 10| 0 0 0 0 0 0
100/ 02-28-072-04 W5/ 0 4 Moderate-Rich Fen 30| 40| 20| 30| 50| 45 | 50 3 10 | 15 1] 20 0 0 0 5 0 15 5 0 7 1 1 0 3 0 0| 25 0| 9 5 2 5 0 1 0 0 1 0
100/ 02-33-072-04 W5/ 0 1 Moderate-Rich Fen 5 (2 0([3]|50]| 0 10| 20 0 1 3 0 0 0 0 0 0 0| 40| 10 0| 10 8 0 0 0 0| 60 8 0| 15| 70 0 0 2 0 0 0 0
100/ 02-33-072-04 W5/ 0 2 Moderate-Rich Fen 15| 30| 20| 80| 50| 60 | 20 ( 30 | 20 512 10 0|10 0 3 5 0 3| 10| 40 3 5 0 0 0 0 8 5] 15| 50| 8| 40| O 0 1 0 0 0
100/ 02-33-072-04 W5/ 0 3 Moderate-Rich Fen 5 15 | 10 0 0 5 60 | 70 | 40 [ 25 15 5 0 0 0 5 4 2 0 1 0 5 4 2| 10 5 O 40| 40| 70| 20| 20| 10| O 0 0 0 0 0
100/ 02-33-072-04 W5/ 0 4 Poor Fen 30 | 30 5 04| 1 30| 60 | 9% | 10 5 4 0 0 0 1 1 2 10 1 2 4 1 0 2 0 0| 8] 9| 70 0 5 5 0 1 0 0 0 0
100/ 02-34-087-08 W5/ 0 1 Fen 0 | 40| 45 0f(2] 7 0|40 | 75| 35| 25 5 2| 0 0 0 2 0| 4| 20 0 0| 65| 8| 0 0 5 0 0 0| 55 7 2 0 0 5 0 0 0
100/ 02-35-085-09 W5 /0 1 Moderate-Rich Fen 5 (60| 10| 30 5| 40 0 0 5] 15(30( 10 0|10 0 8 0 0| 30| 10| 60 3 5 8 0 0 0 0 0| 10 0 0| 2| 0 5 0 0 0 0
100/ 02-35-085-09 W5/ 0 2 Moderate-Rich Fen 2 (75|70 30 0 5 3 5| 50 1 0 0 0 0 0 1 0 0| 10 1 10 0| 60| 5 0 0 0 10 0 5 15 5] 2| 0 0| 15 0 1 0
100/ 02-35-085-09 W5 /0 3 Moderate-Rich Fen 5 (8| 3] 30 0 3 40 0 | 60 1 5 1 0 0 0 0 0 0 5 0 6 0 0 1 5 0 0 5 0| 20 1 0 10 1 0 5 0 0 0
100/ 03-02-088-08 W5/ 0 2 Moderate-Rich Fen 40 [ 35 [ 55| 40 | 65 25 0| 25(20]| 20| 20| 25 0 0 0 2 2 2| 5| 15| 35 0 0| 45 0| 75| 25 0 0 519/ 23| 20 2 0 5 0 0 0
100/ 03-02-088-08 W5/ 0 3 Moderate-Rich Fen 1 1 55| 65| 8 | 40 0 0 1]10]| 15| 10 0 0 0 0 0 0| 55| 45| 50 0 0 5 0 0 0 0 0 O | 00| 100| 8| O 0 0 0 0 0
100/ 03-02-088-08 W5/ 0 4 Moderate-Rich Fen 55| 65| 60 [ 25| 30 | 20 1 15 5 0|2] 15 0 0 0 0 2 0] 25 5| 2] 60| 8| 70| O 0 0 0 0 0| 3| 10| 20 2 5 2 0 0 0
100/ 04-09-079-07 W5/ 0 1 Bog 20| 15| 45| 10 0 0 60 | 55| 45 1 1] 20 0 0 0 0 0 0| 10| 20 2 0 1 35| 90| 90| 8 0 0 0 0 0 0| 10| 10( 15 0 0 0
100/ 04-09-079-07 W5/ 0 2 Bog 35| 40| 45 0 0 0 70 | 65| 65 | 30 0 5 0 0 0 0 0 0 0 5 5| 30 0 3 59| 8 0 0 5 5 0 2 7 5 2 0 0 0
100/ 04-09-079-07 W5/ 0 3 Bog 35| 55| 45 0 0 0 70| 60| 70 ( 10 | 25| 25 0 0 0 0 0 0 0 0 0 5| 70| 40 85 5| 30 0| 10| 20 0 0 5] 10 2 20 0 0 0
100/ 04-09-079-07 W5/ 0 4 Bog 20 | 40 | 30 0 0 0 55| 60| 65| 10 [ 10| 25 0 0 0 0 0 0 0 5 5 0 1 7| 75| 8| 90| 20 5 0 0 10 0 0 2 15 0 0 0
100/ 04-21-081-09 W5 /0 1 Moderate-Rich Fen 0| 45| 35| 35| 45| 30 0 1 0 0 5 5 0 0 0| 8 2|75 0| 40 0 0 0 0 0 0 0 0 5 0| 40| 30| 10| O 0 0 0 0 0
100/ 04-21-081-09 W5/ 0 2 Moderate-Rich Fen 25 1 5| 40 5 5 10| 70| 8 5 1 15 0 0 0 2 2 2 351 30| 10 0 0 0 0| 65| 30 0 0 0| 55| 10| 55 2 5 0 0 0 0
100/ 04-21-081-09 W5 /0 3 Moderate-Rich Fen 2 (30| 30 5 55 | 20 2 20 | 60 5 2] 2 0 0 0 0 0 0| 75| 35| 45 0 0 0 0| 10| 10 0| 35 0| 9| 45| 60| O 0 0 0 0 0
100/ 04-21-081-09 W5/ 0 4 Moderate-Rich Fen 10 0O [30] 20| 65| 35 5 30 | 30 5 10| 15 0 0 0 0 5 O[5| 54| 0 0 0 0 0| 40 0 0 5 20 5] 40| 0 1 0 0 0 0
100/ 06-22-069-03 W5/ 0 1 Moderate-Rich Fen 0 0 5] 25| 5|55 0 0 5| 40| 55| 40 0 0 0 0 0 0| 35| 40| 40 0 0 0 0 0| 10 0 O 10 65| 75| 75| O 0 5 0 0 0
100/ 06-22-069-03 W5/ 0 2 Moderate-Rich Fen 1 0 0 [ 40| 65| 55 0 0 0| 40 | 45| 40 0 0 0 0 0 0| 60| 40| 20 0 0 0 0 0 0 0 0 0| 65| 8| 70( O 0 0 0 0 0
100/ 06-22-069-03 W5/ 0 3 Moderate-Rich Fen 0 0 30| 45| 35| 55 5 0 1]10] 30| 35 0 0 0 0 0 1| 45| 30| 35 0 0 0 0 0 0 0 0 O 65| 95| 8| O 0 0 0 0 0
100/ 06-22-069-03 W5/ 0 4 Moderate-Rich Fen 1 2 530 8 | 60 1 5 2 53] 35 0 0 0 1 0 0| 75| 10| 35 0 0 0 0| 10 7 O| 40| 20| 60| 30| 45| O 0 0 0 0 0
100/ 08-04-086-13 W5/ 0 1 Moderate-Rich Fen 0 1 15 1 0 0 20 | 40| S0 5 5 1 0 0 0 5 1 0] 3| 25| 10 0 0 0 0 0| 8| 30| 35 0| 10| 10 0 0 0| 15 0 0 0
100/ 09-18-093-06 W5/ 0 3 Moderate-Rich Fen 5 (35| 40| 40 5120 | 25( 65| 55| 0 10 5 0 0 0 0 0 0|5 | 73| 0|50 0| 45| 45 0 0 0| 8 5] 5| 0 0 0 0 0 0
100/ 10-14-090-10 W5 / 0 2 Extreme-Rich Fen 45 45 1 2 5 1 60 [ 20| 35| 25| 30 0 0 0 0 3 5 20| 10| 30| 95| 95| 40| O 0 0 0 0 0 0 0| 30| 0 3 0 0 0 0
100/ 10-18-081-08 W5/ 0 2 Bog 10 5 1 0 0 0 25| 70 | 80 3 3 2 0 0 0 0 0 0 5 0 3 0 0 0| 8 5 10| 20| 10| 15 0 5 5 0 0 2 2 0 0
100/ 12-04-081-09 W5/ 0 1 Moderate-Rich Fen 25| 35 0 1 2 140 | 10 35| 20 2 0 7 0 0 0 0 0 0| 20| 40| 75 0| 8 0| 95 0 0 0 0 0|05 0| 9| O 5 0 0 0 0
100/ 12-04-081-09 W5/ 0 2 Moderate-Rich Fen 35| 35| 30 2 10| 2 40 | 20 [ 60 1 1 2 0 0 0 0 0 0] 25| 35| 20 5 0 9 | 95| 90 0 0 0 2 0 1 2 0 5 0 0 0
100/ 14-11-087-12 W5/ 0 1 Moderate-Rich Fen 20 | 50 | 40 [ 50| 20 | 10 | 40 | 40 | 60 5 5] 30 0 0 0 0 3 03| 0f3]( 0 10| 30| 0 0 0| 60| 10 O| 10| 8| 20| O 0| 20 0 0 0
100/ 14-11-087-12 W5/ 0 2 Moderate-Rich Fen 0 | 60| 30 5 30 | 15 0| 60 3] 10 5 3 0 0 0 3 0 0] 20| 15| 15 2 5 0] 0 0| 20 0 0 0 0 10 10| 0 10 2 0 0 0
100/ 14-11-087-12 W5/ 0 3 Poor fen 0|30)|3(10|10]| 0 0| 30|40 10 5 5 0 0 0 3 0 0| 20 5 3 0 10 2 0 5| 40 0| 10| 0] 15 2 5 0| 45| 15 0 0 0
100/ 16-01-080-24 W4 / 0 1 Moderate-Rich Fen 40 [ 60 [ 65| 30 | 25 | 15 2 10| 10] 35| 40| 25 0 0 0 (25 10 5 20| 10 5 10| 20| 30| 10 0 0 0| 55| 35| 70| 10 20| O 0 0 0 0 0
102 / 04-34-073-04 W5/ 0 1 Extreme-Rich Fen 5 0 0 5 25| 0 6 0 0] 2| 35 0 5 0 0 0 0 0| 60| 35 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0
102 / 04-34-073-04 W5/ 0 3 Extreme-Rich Fen 5 5 0 0 0 0 10 | 40 0|32 0|10 0 0 1 2 0| 20| 20 0 0 0 0 0 0 0 0 0 0 2 15 0 0 0 0 0 0 0
102 / 04-34-073-04 W5/ 0 4 Extreme-Rich Fen 5 2 0 0 0 0 5 2| 75|10 30| 20| 20 2 0 1 0 1 10 | 40 0 0 5 1 0 0 0 0 0 0 5 5] 20 1 1 5 0 0 0

‘-‘—no data; shading indicates exceedance of thresholds for change/potential impact
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Site Tree Height and Stem Density by Height Class for Tamarack and Black Spruce

Tamarack- Height (m) Tamarack<1.3m Tamarack1.3t03.0 m Tamarack >3.0m Black Spruce -Height (m) Black Spruce<1.3m Black Spruce 1.3t03.0m Black Spruce >3.0 m
(Stems/ha) (Stems/ha) (Stems/ha) (Stems/ha) (Stems/ha) (Stems/ha)
Site Transect Wetland Type
e | Bl el e | B el e | B el e| B e c| E| el c| E| el c| E| e| c| | ¢
100/ 01-09-089-09 W5 /0 1 Extreme-Rich Fen 33 4.0 9.1 1,000 1,000 - - 2,000 1,000 1,000 | 7,000 1,000 - - - - - - - -
100/ 01-09-089-09 W5 /0 2 Extreme-Rich Fen 7.0 29 6.3 - - 1,000 - 2,000 | 4,000 - - - 4,000 - - - -
100/ 01-09-089-09 W5 /0 3 Extreme-Rich Fen 4.7 36 56 - - 6,000 1,000 - - 2,000 - 3,000 - - - - 2,000 - - 1,000 - - - -
100/ 02-28-072-04 W5/ 0 1 Moderate-Rich Fen - - - - - - - - - - - - 42 55 93 1,000 6,000 | 5,000 | 2,000 - 4,000 1,000 | 2,000 [ 3,000
100/ 02-28-072-04 W5/ 0 2 Moderate-Rich Fen - 10.3 - - - - - - - - 1,000 - 37 83 32 - - - - - - - - 3,000
100/ 02-28-072-04 W5/ 0 3 Moderate-Rich Fen 14 9.2 78 N - N - - - - - 1,000 23 438 6.6 N N 8,000 | 2,000 - 1,000 - - 2,000
100/ 02-28-072-04 W5/ 0 4 Moderate-Rich Fen 4.7 - 7.0 - - - - - - - - - 31 5.8 39 - 7,000 - - 1,000 - - - -
100/ 02-33-072-04 W5 /0 1 Moderate-Rich Fen 9.5 - 51 - - - - - - - - - - 44 21 - 4,000 | 1,000 - 3,000 1,000 - 2,000 | 3,000
100/ 02-33-072-04 W5/ 0 2 Moderate-Rich Fen 21 - - - - - 1,000 - - - - - 19 39 31 1,000 - - 1,000 2,000 | 2,000 - 1,000 1,000
100/ 02-33-072-04 W5 /0 4 Poor Fen 35 - - - - - - - - 1,000 - - 35 20 10 - 24,000 | 3,000 [ 2,000 9,000 - 1,000 - -
100/ 02-34-087-08 W5/ 0 1 Fen* 0.0 - 10 - - 1,000 - - - - - - = 25.0 75 - - 6,000 - - 2,000 - 1,000 2,000
100/ 02-35-085-09 W5 /0 1 Moderate-Rich Fen 0.5 115 83 2,000 - N - - - - - 1,000 1.0 78 7 N 4,000 N - - - - - N
100/ 02-35-085-09 W5 /0 2 Moderate-Rich Fen 29 80 4.7 1,000 - - - - - - - 1,000 = 6.5 4.1 - 7,000 | 23,000 - 3,000 | 7,000 - 25,000| 5,000
100/ 02-35-085-09 W5 /0 3 Moderate-Rich Fen 25 - 38 3,000 - - 1,000 - 1,000 - - 1,000 - 77 77 - 3,000 | 7,000 - 12,000 | 3,000 - 7,000 | 4,000
100/ 03-02-088-08 W5/ 0 2 Moderate-Rich Fen 9.7 10.3 10.3 16,000 | 2,000 - 3,000 - - 2,000 - - 83 56 123 3,000 6,000 | 7,000 | 4,000 | 4,000 | 6,000 1,000 | 4,000 [ 4,000
100/ 03-02-088-08 W5 /0 3 Moderate-Rich Fen 10 10 10 1,000 1,000 1,000 - - - - - - - - 9.2 - - 5,000 - - 10,000 - - 5,000
100/ 03-02-088-08 W5/ 0 4 Moderate-Rich Fen - - - - - - - - - - - - 8.8 109 93 5,000 | 4,000 [ 1,000 | 11,000 10,000 4,000 8,000 | 9,000 7,000
100/ 04-09-079-07 W5 /0 1 Bog 0.5 N N 2,000 1,000 N - - - - - N 14 47 59 21,000 | 12,000 | 11,000 | 1,000 3,000 | 4,000 - 4,000 6,000
100/ 04-09-079-07 W5/ 0 2 Bog - - - - - - - - - - - - 9.2 42 6.8 6,000 | 13,000 [ 20,000 | 4,000 2,000 [ 2,000 5,000 [ 2,000 3,000
100/ 04-09-079-07 W5 /0 3 Bog - - - - - - - - - - - - 46 93 72 14,000 [ 5,000 | 5,000 [ 7,000 5,000 | 6,000 | 12,000( 4,000 5,000
100/ 04-09-079-07 W5/ 0 4 Bog - - - - - - - - - - - - 15 33 15.0 8,000 ( 31,000| 5,000 | 2,000 9,000 | 5,000 - 2,000 | 4,000
100/ 04-21-081-09 W5 /0 1 Moderate-Rich Fen - - - - - - - - - - - - - 10 10 - 20,000 [ 2,000 - - - - - -
100/ 04-21-081-09 W5/ 0 2 Moderate-Rich Fen - - - - - - - - - - - - 0.5 0.5 10 17,000 [ 1,000 | 2,000 - - - - - -
100/ 04-21-081-09 W5 /0 3 Moderate-Rich Fen - - - - - - - - - - - - 0.5 10 10 1,000 | 104,000 97,000 - - - - - -
100/ 04-21-081-09 W5/ 0 4 Moderate-Rich Fen 15 - - - - - - 1,000 - - - - - - 10 - - 14,000 - - - - - -
100/ 06-22-069-03 W5 /0 1 Moderate-Rich Fen - - - - - - - - - - - - 10 10 10 - - 1,000 - - - - - -
100/ 06-22-069-03 W5/ 0 2 Moderate-Rich Fen 0.5 - - 1,000 - - - - - - - - 10 10 - - 1,000 - - - - - - -
100/ 06-22-069-03 W5 /0 3 Moderate-Rich Fen - - - - - - - - - - - - - - 13 - - 4,000 - - 7,000 - - -
100/ 06-22-069-03 W5/ 0 4 Moderate-Rich Fen - - 0.5 - - 5,000 - - - - - - 0.5 16 = 1,000 2,000 - - - - - - -
100/ 08-04-086-13 W5 /0 1 Moderate-Rich Fen 09 27 21 - 1,000 - - - 1,000 - - - - - 44 - 1,000 | 2,000 - - - - - 1,000
100/ 09-18-093-06 W5/ 0 3 Moderate-Rich Fen 0.5 20 89 4,000 - - - - - - - - 0.5 11.6 45 4,000 2,000 | 6,000 - 2,000 | 2,000 - 4,000 5,000
100/ 10-14-090-10 W5 / 0 2 Extreme-Rich Fen - - 9.2 - - 1,000 - - 1,000 - - 1,000 15.6 16.5 20.0 - - 1,000 - 2,000 - 8,000 | 3,000 1,000
100/ 10-18-081-08 W5 /0 2 Bog 4.0 - - 4,000 - - - - - 1,000 - - 31 0.2 0.2 4,000 3,000 | 1,000 | 3,000 - - - - -
100/ 12-04-081-09 W5 /0 1 Moderate-Rich Fen 13 28 56 1,000 1,000 - 1,000 2,000 - - - - 0.5 59 6.1 13,000 | 3,000 - - - - - 2,000 -
100/ 12-04-081-09 W5/ 0 2 Moderate-Rich Fen 19 27 4.6 2,000 | 5,000 - 3,000 7,000 | 6,000 - - 1,000 0.5 L5 37 22,000 [ 23,000 | 24,000 - 1,000 | 4,000 - - 1,000
100/ 14-11-087-12 W5 /0 1 Moderate-Rich Fen 10.2 73 41 - - 2,000 - - 2,000 - 1,000 - 6.2 73 9.2 4,000 | 11,000 - - 3,000 | 3,000 2,000 1,000 -
100/ 14-11-087-12 W5 /0 2 Moderate-Rich Fen = 13.0 44 - - 2,000 - - - - 1,000 - = 53 44 - - 8,000 - 2,000 [ 9,000 - 4,000 3,000
100/ 14-11-087-12 W5 /0 3 Poor fen - - - - - - - - - - - - - 6.1 6.6 - 8,000 | 5,000 - 5,000 1,000 - 2,000 2,000
100/ 16-01-080-24 W4 / 0 1 Moderate-Rich Fen 45 153 82 36,000 - - - - - - 6,000 - 0.5 143 7.8 2,000 - 9,000 - - 7,000 - 6,000 | 10,000
102 / 04-34-073-04 W5 / 0 1 Extreme-Rich Fen © 5.8 = N - N - - - - - N 133 - - - - - - - - - - -
102/ 04-34-073-04 W5 / 0 3 Extreme-Rich Fen 39 14.6 = - - - - - - - - - - - - - - - - - - - - -
102/ 04-34-073-04 W5 / 0 4 Extreme-Rich Fen 53 14.0 9.3 - - - - - - 1,000 1,000 - - - 31 1,000 - 1,000 - - - - - -
‘-‘—nodata/no trees present; shading indicates exceedance of thresholds for change/potential impact
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APPENDIX G: ADJACENT PEATLAND CHARACTERISTICS — ADDITIONAL WATER
CHEMISTRY

2 e 2 2 e 2 °
£ £ £ £ £ £ £
2 5 8 8 g 2 3
ste g g g g g g g
] 8 8 N g 3 g
S 3 3 3 8 S ]
2 < 2 2 < 3 s
g g g g g g g
Transect 4 4 3 1 3 1 1
Wetland Type Moderate-Rich Fen Bog Moderate-Rich Fen Moderate-Rich Fen Moderate-Rich Fen Moderate-Rich Fen Moderate-Rich Fen
Upstream <0.0002 0.0004 <0.0002 <0.0002 <0.0002 <0.0002 0.0004
Antimony (mg/L) Downstream <0.0002 0.0004 <0.0002 0.0003 <0.0002 <0.0002 0.0003
Reference - <0.0002 <0.0002 <0.0002 0.0004 <0.0002 -
Upstream 0.0008 0.008 0.0018 0.059 0.119 0.0004 0.0041
Arsenic (mg/L) Downstream 0.002 0.0172 0.0018 0.0834 0.015 0.0003 0.0095
Reference - 0.0024 0.001 0.0991 0.0168 0.0004 -
Upstream 0.038 0.181 0.118 0.207 9.86 0.025 0.193
Barium (mg/L) Downstream 0.082 0.303 0.124 0.523 0.747 0.027 0.191
Reference - 0.054 0.103 0.484 194 0.025 -
Upstream <0.0001 0.0006 <0.0001 <0.0001 0.003 <0.0001 0.0006
Beryllium (mg/L) Downstream <0.0001 0.0011 <0.0001 0.0004 0.0006 <0.0001 0.0002
Reference - <0.0001 <0.0001 <0.0001 0.0004 <0.0001 -
Upstream <0.0005 <0.0005 <0.0005 <0.0005 <0.005 <0.0005 <0.0005
Bismuth (mg/L) Downstream <0.0005 <0.0005 <0.0005 <0.0005 <0.001 <0.0005 <0.0005
Reference - <0.0005 <0.0005 <0.0005 <0.0005 <0.0005 -
Upstream 0.025 0.024 0.088 0.034 0.29 0.024 0.148
Boron (mg/L) Downstream 0.046 0.029 0.081 0.026 0.068 0.011 0.049
Reference - 0.009 0.08 0.064 0.076 0.016 -
Upstream 0.00017 0.00028 0.00073 0.00014 0.0046 0.00009 0.00063
Cadmium (mg/L) Downstream 0.00011 0.00025 0.00042 0.00048 0.00088 0.00005 0.0004
Reference - 0.00007 0.00025 0.00068 0.00158 0.00007 -
Upstream 0.0015 0.0151 0.0025 0.0013 0.176 <0.0005 0.0114
Chromium (mg/L) Downstream 0.0021 0.031 0.0038 0.0104 0.018 <0.0005 0.0049
Reference - 0.0062 0.0019 0.0033 0.0157 0.0007 -
Upstream 0.0006 0.0075 0.002 0.0033 0.093 0.0003 0.0058
Cobalt (mg/L) Downstream 0.0017 0.0154 0.002 0.0106 0.01 0.0001 0.0122
Reference - 0.002 0.0011 0.0054 0.012 0.0003 -
Upstream 0.003 0.019 0.008 0.003 0.09 0.002 0.025
Copper (mg/L) Downstream 0.005 0.033 0.006 0.021 0.02 <0.001 0.011
Reference - 0.007 0.004 0.009 0.025 0.002 -
Upstream 0.0007 0.0094 0.0024 0.0009 0.122 0.0004 0.0063
Lead (mg/L) Downstream 0.0012 0.0177 0.0022 0.011 0.013 0.0002 0.0028
Reference - 0.0025 0.0014 0.0026 0.0106 0.0005 -
Upstream 0.003 0.012 0.01 0.007 0.16 0.014 0.034
Lithium (mg/L) Downstream 0.009 0.02 0.012 0.014 0.02 0.025 0.02
Reference - 0.004 0.005 0.008 0.016 0.017 -
Upstream <0.001 0.001 <0.001 0.003 <0.01 <0.001 0.003
M°(':':;;_')'“'" Downstream <0.001 0.001 <0.001 0.002 <0.002 <0.001 0.001
Reference - <0.001 <0.001 0.004 0.004 <0.001 -
Upstream 0.0024 0.0204 0.0045 0.0038 0.179 0.001 0.0204
Nickel (mg/L) Downstream 0.005 0.0369 0.0059 0.0192 0.0232 0.0005 0.0107
Reference - 0.006 0.0034 0.0097 0.0267 0.0012 -
Upstream - 0.64 - 528 183 - -
Phosphorus (mg/L) Downstream - 153 - 28 5.05 - -
Reference - 075 - 182 129 - -
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Transect 4 4 3 1 3 1 1
Wetland Type Moderate-Rich Fen Bog Moderate-Rich Fen Moderate-Rich Fen Moderate-Rich Fen Moderate-Rich Fen Moderate-Rich Fen
Upstream <0.0002 0.0006 0.0005 0.0003 0.008 <0.0002 0.0051
Selenium (mg/L) Downstream 0.0003 0.0008 0.0006 0.0007 0.0009 <0.0002 0.0011
Reference - 0.0003 0.0004 0.001 0.0027 <0.0002 -
Upstream 0.00004 0.00013 0.00012 0.00004 0.0016 0.00001 0.00016
Silver (mg/L) Downstream 0.00003 0.0002 0.00007 0.00014 0.0002 <0.00001 0.0001
Reference - 0.00006 0.00004 0.00015 0.00025 0.00002 -
Upstream 0.086 0.088 0.445 0.125 107 0.282 0.629
Strontium (mg/L) Downstream 0.235 0.066 0.782 0.251 0.203 0.49 0.295
Reference - 0.018 0.444 0.249 0.366 0.232 -
Upstream <0.00005 0.00018 <0.00005 <0.00005 0.0017 <0.00005 0.00011
Thallium (mg/L) Downstream <0.00005 0.00034 <0.00005 0.00012 0.00022 <0.00005 <0.00005
Reference - 0.00007 <0.00005 <0.00005 0.00019 <0.00005 -
Upstream <0.001 <0.001 <0.001 <0.001 <0.01 <0.001 <0.001
Tin (mg/L) Downstream <0.001 0.001 <0.001 <0.001 <0.002 <0.001 <0.001
Reference - <0.001 <0.001 <0.001 <0.001 <0.001 -
Upstream 0.0052 0.112 0.0248 0.0102 0.257 0.0038 0.0803
Titanium (mg/L) Downstream 0.0142 0.16 0.034 0.0747 0.132 0.0014 0.0399
Reference - 0.0404 0.0245 0.0311 0.113 0.0034 -
Upstream <0.0005 0.0008 0.0007 <0.0005 0.064 <0.0005 0.0349
Uranium (mg/L) Downstream <0.0005 0.0015 0.0021 0.0009 0.0065 <0.0005 0.0058
Reference - <0.0005 <0.0005 <0.0005 0.0136 <0.0005 -
Upstream 0.0011 0.026 0.0045 0.0013 0.26 0.0005 0.0322
Vanadium (mg/L) Downstream 0.0026 0.0556 0.0065 0.0155 0.0407 0.0002 0.0142
Reference - 0.0077 0.0032 0.0036 0.0298 0.0005 -
Upstream 0.124 0.549 0.132 0.09 143 0.05 0.171
Zinc (mg/L) Downstream 0.112 0.861 0.127 031 0.186 0.022 0.092
Reference - 0.238 0.098 0.206 0.231 0.095 -
Upstream <0.001 0.001 <0.001 <0.001 0.02 <0.001 0.005
Zirconium (mg/L) Downstream <0.001 0.002 0.001 0.001 0.003 <0.001 0.001
Reference - 0.001 <0.001 <0.001 0.002 <0.001 -
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Difference in Peatland Water Level Difference in Water Conductivity Differences in Tamarack Height Differences in Black Spruce Height
Model 1 Model 3 Model 4 Model 5 Model 1 Model 3 Model 4 Model5 Model 3 Model 5 Model3 Model 5

2 B B B B 2 2 2 2 k! B 2

3 E] E] E] E] 3 3 3 3 3 E] 3

|l el 3| & | 5| &| B e | 3| &| | &| 3| 8| F| &35 &| F| & | F| & 3| &

Replicates 19 19 34 34 21 21 35 35 18 19 33 33 19 21 32 32 21 21 22 22 27 27 26 26

R2 (Pseudo) -12 12 4 28 -5 4 41 46 -21 9 -10 8 11 25 -17 -11 -6 16 9 24 -4 8 -9 12

Predictor Variables Mean Square Error

Magnesium (30 cm - thickness of pad) 36 47 56 162 - - - - -10 - -6 - - - - - 6 - - - 24 71 - -
EC (30 cm - thickness of pad) 32 55 15 - - - - - -2 - -10 - - - -4 - -11 - - - 16 - - -
Available Sulphate (0-30 cm) 27 38 2 - - - - - 4 - -17 - - - - - 27 76 - - 23 68 - -
pH (30 cm - thickness of pad) 25 58 -11 - - - - - -1 - 5 - - - - - -7 - - - 12 - - -
Sodium (0-30 cm) 18 - 64 106 - - - - 16 - -11 - - - - - 16 - - - 2 - - -
Pad Elevation Above Peatland 17 - - - 54 69 - - 12 - - - 40 50 - - - - - - - - - -
Calcium (30 cm - thickness of pad) 17 - 29 - - - - - -3 - 0 - - - - - 6 - - - 22 - - -
Pad Width 12 - - - 60 62 - - -14 - - - 3 - - - - - - - - - - -
%Saturation (0-30 cm) 12 - 39 - - - - - -13 - 9 - - - - - -6 - - - 2 - - -
Bulk Density 11 - - - - - - - -26 - - - - - - - - - - - - - - -
Magnesium (0-30 cm) 11 - 25 - - - - - -9 - -10 - - - - - 29 77 - - 19 - - -
SAR (30 cm - thickness of pad) 10 - 2 - - - - - -19 - -8 - - - - - 2 - - - -16 - - -
SAR(0-30 cm) 8 - 33 - - - - - -6 - 0 - - - - - 5 - - - 2 - - -
Calcium (0-30 cm) 8 - 2 - - - - - -8 - -13 - - - - - 11 - - - 21 - - -
Soil Organic Carbon 6 - 15 - - - - - -21 - -1 - - - - - 35 59 - - 25 72 - -
Sodium (30 cm - thickness of pad) 5 - 38 - - - - - 3 - -2 - - - - - 33 79 - - -9 - - -
Potassium (30 cm - thickness of pad) 4 - 6 - - - - - -4 - -3 - - - - - 18 - - - 14 - - -
Thickness of Peat Below Pad (cm) 3 - - - -4 - - - 9 - - - 55 74 - - - - - - - - - -
Pad Thickness 3 - - - 48 45 89 91 54 89 - - 61 87 53 63 - - 5 - - - -16 -
Potassium (0-30 cm) 3 - -5 - - - - - 5 - 7 - - - - - 22 - - - 19 - - -
Years Operational 2 - - - - - - - -13 - - - - - - - - - - - - - - -
Available Potassium (0-30 cm) 0 - 8 - - - - - -16 - 25 63 - - - - 24 - - - 9 - - -
Total Nitrogen (0-30 cm) -1 - 12 - - - - - 40 43 42 2 - - - - 6 - - - 13 - - -
%Saturation (30 cm - thickness of pad) -2 - 7 - - - - - -19 - -11 - - - - - 17 - - - -1 - - -
Years Since Spud (Construction) -3 - - - -1 - 106 113 11 - - - 36 38 32 45 - - 19 - - - -2 -
Presence of Swales -3 - - - 15 - 78 104 -8 - - - 18 - 5 - - - 33 95 - - 10 -
pH (0-30 cm) 3 - 2 58 - - - - -16 - 6 - - - - - 3 - - - 5 - - -
%Sand (0-30 cm) -7 - 28 - - - - - -5 - 38 46 - - - - -3 - - - 28 77 - -
%Clay (30 cm -thickness of pad) -8 - -9 - - - - - -17 - -14 - - - - - 6 - - - -13 - - -

Pad Shape -8 - - - -7 - -9 - 31 49 - - 33 52 -11 - - - -21 - - - 45 103
%Sand (30 cm-thickness of pad) -13 - -10 - - - 32 - -16 - -19 - - - -39 - 3 - 45 59 -16 - -21 -
EC(0-30cm) -13 - -6 - - - - - -28 - -23 - - - -39 - 6 - - - -1 - - -
%Clay (0-30 cm) -17 - 16 - - - - - -9 - 47 51 - - - - 14 - - - 18 - - -
Years Since Abandonment -19 - - - 17 - 136 125 -9 - - - 0 - 2 - - - 69 90 - - 13 -
Texture Class (30 - thickness of pad) - - - - - - 75 97 - - - - - - 2 - - - 86 122 - - 37 49

-“=notincluded in model
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