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10 Vegetation

10.1 Introduction

This section provides an updated vegetation assessment for the Frontier Oil Sands Mine

Project (the Project). The assessment reflects changes to the Project that are summarized

in Volume 1, Section 2 and detailed in the remainder of Volume 1. When updating the

assessment, Teck has considered and incorporated additional information, where

applicable, including:

 baseline data obtained since 2008 (see Volume 2)

 advances in science and research

 changes to regulations and guidance documents

 four rounds of supplemental information requests (SIRs)

 input provided by Aboriginal communities and third-party technical reviewers

 input obtained through stakeholder consultation

The assessment update for vegetation:

 describes mitigation to reduce Project effects on vegetation

 assesses potential effects of the Project on vegetation during construction, operation

and closure (including decommissioning)

 considers the potential for cumulative effects of the Project together with other

operating, approved and planned developments in the Athabasca Oil Sands Region

 considers updated temporal snapshots based on the revised mine schedule

The assessment approach is largely consistent with that presented in Volume 3,

Section 1 of the Integrated Application. Key changes reflected in the updated assessment

for vegetation include the following:

 The Project disturbance area (PDA) and study areas have been updated as a result of

the Teck–Shell asset exchange, changed tailings management strategy and revised

mine plan. The terrestrial local study area (LSA) boundary has been revised to

reflect these changes.

 In response to SIRs from regulators and requests from Aboriginal communities, the

updated assessment includes both a best-case scenario (that considers progressive

reclamation) and a worst-case scenario (that examines effects without considering

any reclamation and with all developments represented as fully developed).

 Range of natural variability (RNV) is no longer included when determining the

magnitude and environmental consequence of an effect. Instead, changes to

vegetation are considered only relative to predevelopment conditions. This revision
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Mikisew Cree First Nation:

 Candler, C., Olsen, R. and the Firelight Group Research. 2013b. Mikisew Cree First

Nation Indigenous Knowledge and Use Report and Assessment for Teck Resources

Limited’s Proposed Frontier Oil Sands Mine Project.

 Elias, P.D. 2011. Mikisew Cree Use of Lands and Resources in the Vicinity of the

Proposed Teck Resources and SilverBirch Energy Frontier Oil Sands Project.

Fort McKay First Nation and Métis Community:

 Fort McKay Sustainability Department and Integral Ecology Group. 2011.

Traditional Land Use Study for the Teck and SilverBirch Frontier Project.

Métis Local 1935:

 Willow Springs Strategic Solutions Inc. 2014. Métis Traditional Land Use and

Occupancy Study: Teck Resources Limited – Frontier Oil Sands Project.

During consultations since Project disclosure, Aboriginal communities have expressed

the following concerns related to vegetation:

 loss of ecological diversity and the integrity and sustainability of the vegetation

landscape

 the amount of disturbed land and reclamation timelines

 fragmentation of the landscape

 accessibility to preferred sites and resources for traditional use

 reclamation success, what constitutes success, and a desire to put the land “back the

way it was”

 a decrease in the quantity and quality of traditional land use species, including

berries and medicinal plants

 effects of Project emissions on overall vegetation health

 loss of wetlands

 loss of Jack pine forest

As indicated, Teck has provided responses to these concerns following the assessment of

each key issue. For example, a list of traditional use species provided by Fort McKay

First Nations (Fort McKay) was used in the assessment.
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10.2.2 Key Issues

Based on input gathered from regulators and consultations with potentially affected

Aboriginal communities and public stakeholders, a series of key issues were defined for

the vegetation assessment (see Table 10-1). These key issues are the same as those

identified in the Integrated Application.

Table 10-1 Key Issues – Vegetation

Project Phase Key Issue Relevance to Project

Construction Changes in landscape,
community and plant
species diversity

 Direct effects due to vegetation clearing

 Removal of vegetation could change plant species and
community and landscape diversity

Operation –
Land-based
component

Changes in community
and plant species
diversity

 Changes in terrain and hydrology might directly affect soil
conditions and might indirectly affect wetlands through changes
in water tables and surface water quality

 Indirect effects on wetlands might change community and plant
species diversity

Operation –
Air-based
component

Changes in vegetation
health and diversity

 Air emissions from fossil fuel combustion and other fugitive
sources might affect vegetation health

 Effects of air emissions on vegetation could occur directly
through fumigation and fertilization and indirectly through
changes in soil chemistry

Reclamation and
closure

Changes in landscape,
community and plant
species diversity

 Alterations to regional terrain and hydrology means the closure
landscape will change from existing conditions

 Future climate change could require reclamation that will result
in further landscape differences from predevelopment
conditions

Other parts of the assessment update also identify vegetation-related issues. For the

details of related assessments, see:

 the closure, conservation and reclamation (CC&R) plan – Volume 1, Section 13

 wildlife – Section 11

 human health – Section 12

 wildlife health – Section 13

 resource use – Section 15

 traditional land use – Section 17

 the Athabasca River bridge and east side access road – Section 18
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10.3 Approach

Although the overall approach for the updated vegetation assessment remains the same

as described in the Integrated Application, additional information is provided for the

predevelopment snapshot and assessment scenarios (i.e., best-case and worst-case). Teck

has provided this information to address SIRs from regulators and SOCs from

potentially affected Aboriginal communities. A concordance table for SIRs (Rounds 1

to 4) is included as part of the Project Update (see Volume 1, Appendix 1G). For a flow

chart summarizing the evolution of the vegetation assessment through the regulatory

process, see Section 2, Figure 2-10.

10.3.1 Study Areas

10.3.1.1 Local Study Area

The terrestrial LSA for vegetation includes the PDA and a buffer area (see Figure 10-1).

The buffer is about 500 m wide except where it has been extended or truncated along the

eastern margin of the Athabasca River. A 500 m buffer was used to correspond to the

largest wildlife modelling zone of influence.

The PDA is 29,217 ha, which is 118 ha smaller than in the Integrated Application. The

terrestrial LSA has an area of 43,349 ha.

10.3.1.2 Regional Study Area

The vegetation and wildlife RSA (see Figure 10-2) is identical to the Integrated

Application.

The vegetation and wildlife RSA used in this assessment represents an area planned for

intensive industrial use. It does not include large areas of land the province has protected

or has identified for future conservation, notwithstanding that these areas might include

areas of traditional use. Specifically, it is 1,195,560 ha and includes most of the

Mineable Oil Sands Area (MOSA), which represents 39.6% of the vegetation and

wildlife RSA (see Figure 10-2) but only 5,59 ha (0.5%) of protected area and 22,910 ha

(1.9%) of new conservation area identified in the LARP (GOA 2012b).
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10.3.2 Assessment Cases

Vegetation key issues and associated key indicators were evaluated in the context of the

following development scenarios:

 Base Case, which includes developments that are currently operating or under

construction, and activities approved but not yet constructed

 Application Case, which includes developments and activities in the Base Case with

the Project added

 Planned Development Case (PDC), which includes developments that have been

disclosed or applied for, but not yet approved

The Project Update considers cumulative effects of developments in assessment cases

based on the project configuration and schedules disclosed in the public domain.

However, the mine development schedules for the Joslyn North Mine and Pierre River

Mine (PRM) have been delayed indefinitely. These changes add to the conservative

nature of the assessment because the assessment update includes effects from these

developments, and these effects may not be realized. For more details on the assessment

cases and the related developments and activities included in each case and of relevance

to the vegetation assessment, see Section 2, Appendix 2A.

10.3.3 Temporal Considerations

As in the Integrated Application, the updated assessment models temporal changes to

vegetation. This modelling provides an opportunity to contrast simulated changes in

vegetation that result from natural disturbances (e.g., aging and fire) with simulated

changes that result from development (e.g., forestry, in-situ, mining and urbanization).

For details on model simulations, see Section 10.3.3.3

The assessment compares equivalent temporal snapshots between assessment cases to

determine whether changes in vegetation are generated by natural disturbances

(e.g., forest fires, aging) or development. Each temporal snapshot represents a specific

point in time, and each assessment case represents a specific development scenario. By

comparing assessment cases using equivalent temporal snapshots, forest stand structure

and age remain similar. Therefore, changes in vegetation assessed reflect only those

changes that are related to development.

The timing of temporal snapshots has changed since the Integrated Application based on

the updated mine development plan (see Volume 1, Section 4) Nonetheless, the rationale

for inclusion (e.g., existing conditions, maximum build-out) remain the same

(see Section 10.3.3.2).

10.3.3.1 Reference Conditions

Reference conditions refer to conditions on the landscape prior to the introduction of

development or disturbance. This is a conservative approach taken at the request of

Aboriginal communities and stakeholders to provide perspective on change from
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undisturbed conditions. For the updated vegetation assessment, reference conditions

were evaluated at two specific points (snapshots) in time:

 predevelopment (no disturbance)

 existing (2013) (Note that existing conditions are now assessed at 2013 [compared

to 2008 in the Integrated Application] and include the 2011 Richardson fire)

Predevelopment landscapes were generated using the same methods outlined in the

Integrated Application. Specifically, the vegetation and wildlife RSA is based on

predevelopment conditions provided for both existing (2013) and maximum build-out of

the Project (2066). Existing stands were aged to represent undisturbed conditions at

2066.

Both 2013 and 2066 predevelopment conditions are provided to identify how

development has affected vegetation resources (i.e., comparing existing and

predevelopment conditions) and assess the potential contribution of the Project on key

indicators. Future forest fires were simulated for the 2066 predevelopment reference

condition. For areas where simulated fire was not applicable the forests were aged.

The terrestrial LSA is based on information about predevelopment conditions provided

only for existing conditions (2013). Simulated future forest fires were not considered in

the terrestrial LSA assessment since they are more meaningfully applied at a regional

scale. In addition the forest was not aged (i.e., all undisturbed structural stages were

considered at 2013).

10.3.3.2 Snapshots

The following temporal snapshots were used to evaluate changes in vegetation due to

the Project, in combination with other developments, as applicable:

 maximum build-out (Year 41) (2066), which was included for both the terrestrial

LSA and vegetation and wildlife RSA

 peak operating capacity (Phases 1 and 2) for aerial emissions (Years 23 to 37) (2048

to 2062), which applies only to acidification and aerial deposition assessments

 closure (2081), which was included only for the terrestrial LSA

Maximum build-out is now assessed at 2066 (compared to 2057 in the Integrated

Application). For maximum build-out or peak production, the years indicated represent

the point when maximum land disturbance and emissions associated with the Project

have been reached. These are conservative assumptions made by the assessment.

Snapshots for terrestrial disciplines consider how future environmental conditions

(i.e., environmental conditions that consider future forest fires and planned and

simulated logging) might affect key indicators in addition to providing information on

the cumulative effects of development.

For a summary of temporal snapshots considered in the updated vegetation assessment,

see Table 10-2.
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Table 10-2 Temporal Snapshots and Scenarios Considered in the Updated Vegetation Assessment

Reference Condition or
Assessment Case Forest Conditions Cumulative Assessment Scenario Comments

Terrestrial LSA

Predevelopment Assessment considers:

 2013; existing forest fires only

N/A Landscape as it would be if there
were no developments

Existing conditions and
Base Case

As there are no approved
developments in the terrestrial LSA,
existing conditions and Base Case
are equivalent

Application Case
(Maximum build-out)

Project at maximum build-out

Application Case
(Closure)

Project at closure

PDC (Maximum build-out) Project at maximum build-out

PDC (Closure) Project at closure

Vegetation and Wildlife RSA

Predevelopment Assessment considers:

 2013; existing forest fires only

 2066: existing and simulated forest fires

N/A Landscape as it would be if there
were no developments

Existing Assessment considers:

 2013; existing forest fires only

N/A Compared to predevelopment (2013)

Base Case Assessment considers:

 2066: existing and simulated forest fires;
planned and simulated logging; forest
aged

Assessment considers:

 Worst-case all developments at
maximum build-out

 Best-case with developments
progressively reclaimed

Compared to predevelopment (2066)

Application Case Assessment considers:

 2066: existing and simulated forest fires;
planned and simulated logging; forest
aged

Assessment considers:

 Worst-case all developments at
maximum build-out

 Best-case with developments
progressively reclaimed

Project at maximum build-out;
compared to predevelopment (2066)
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Table 10-2 Temporal Snapshots and Scenarios Considered in the Updated Vegetation Assessment

Reference Condition or
Assessment Case Forest Conditions Cumulative Assessment Scenario Comments

Vegetation and Wildlife RSA (cont’d)

PDC Assessment considers:

 2066: existing and simulated forest fires;
planned and simulated logging; forest
aged

Assessment considers:

 Worst-case all developments at
maximum build-out

 Best-case with developments
progressively reclaimed

Project at maximum build-out;
compared to predevelopment (2066)

NOTE:

N/A = Not applicable
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10.3.3.3 Cumulative Assessment Scenarios

In response to SIRs from regulators and requests from Aboriginal communities, the

updated vegetation assessment incorporates two regional cumulative assessment

scenarios:

 a worst-case scenario, which includes all developments at maximum build-out

without progressive reclamation for all assessment cases

 a best-case scenario, which includes mitigation and legal requirements identified in

Environmental Protection and Enhancement Act (EPEA) approvals for progressive

reclamation. Regional progressive reclamation is included only for operating and

approved developments and does not include the Project or developments in the

PDC.

These scenarios provide a more robust assessment than the Integrated Application.

Information on the worst-case scenario is provided for context, as requested through the

SIR process. The assessment conclusions are provided only for the best-case scenario.

Reclamation is a legal requirement under EPEA and its associated development

approvals. By comparison, assessment conclusions for the worst-case scenario are

considered inappropriate because this scenario is overly conservative and unrealistic.

10.3.3.4 Model Input and Comparison of Reference Condition Landscapes

This section was not part of the Integrated Application. It summarizes methods used to

generate reference conditions and assessment landscapes, and compares the landscapes

used for the Project Update with those from the Integrated Application. These

comparisons provide important context for the updated assessment. Specifically, the

comparisons help identify the extent to which changes in vegetation can be attributed to

the difference in the timing of existing conditions (i.e., 2013 in the updated assessment

versus 2008 in the Integrated Application).

Methods discussed include:

 capture of existing forest fires (including the 2011 Richardson fire, which is part of

existing conditions in the updated vegetation assessment)

 simulated forest fires

 progressive reclamation

 forest harvesting

For a summary of how these inputs and assessment landscapes have been incorporated

into the updated vegetation assessment, see Table 10-2.

Existing Forest Fires

The updated vegetation assessment considers forest fires that occurred on the landscape

in 2013 and in previous years (as reported by Alberta Environment and Sustainable

Resource Development [ESRD 2014]). This includes the 2011 Richardson fire, which

affected more than 700,000 ha of the boreal forest, including a large part (16.8%) of the

vegetation and wildlife RSA.
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The 2011 Richardson fire was not considered in the original assessment as it occurred

subsequent to filing of the Integrated Application. As a result, the overall area-weighted

age of the forest at predevelopment (existing conditions with no disturbance) is younger

in the updated vegetation assessment (57.1 years) compared to the Integrated

Application (64.8 years).

The distribution of structural stages in the vegetation and wildlife RSA at

predevelopment, based on existing conditions (2008 for the Integrated Application and

2013 for the updated assessment) is listed in Table 10-3. As in the Integrated

Application, the updated assessment assumes that fire did not result in a change to

vegetation cover classes.

The most apparent difference between predevelopment at 2008 (in the Integrated

Application) and at 2013 (in the updated assessment) is the increase in structural stage

3a and decrease in structural stages 3b through 7 (see Table 10-3). These differences

reflect regional changes in vegetation structure resulting from the 2011 Richardson fire.

Simulated Forest Fires

To provide consistency with the Integrated Application, the spatial simulated forest fire

model1 used in the Integrated Application was applied to predevelopment

(i.e., undisturbed landscape) for existing conditions (2013) and the forest was aged to

2066 (i.e., Project at maximum build-out). Assumptions used for simulated forest fire

modelling align with those used in the Integrated Application and in the Terrestrial

Ecosystem Management Framework (TEMF) (Andison 2003; Silvatech 2008), including

all areas having an equal potential to burn.

Because the simulated forest fire model was applied to a different landscape (i.e., 2013

for the updated assessment compared to 2008 for the Integrated Application), and the

distribution and occurrence of structural stages vary (see Table 10-3), there are

differences in how the simulated fires interacted with the predevelopment landscape

(see Table 10-4). As in the Integrated Application, fire was assumed to not result in a

change to vegetation cover classes.

Predevelopment conditions also differ from those described in the Integrated

Application as a result of differences in the temporal snapshot used for maximum build-

out (2057 for the Integrated Application and 2066 for the updated assessment). The most

obvious difference between predevelopment (2057) and (2066) is the increase in

structural stage 5 and decrease in structural stages 6 and 7 (see Table 10-4). This

difference reflects changes in vegetation structure in the region as a result of the 2011

Richardson fire and subsequent growth of those burned areas between 2013 and 2066.

Small changes in other structural stages reflect use of a raster spatial dataset in the

Integrated Application and a polygon spatial database for the updated vegetation

assessment.

1 One hundred spatial fire modelling runs were completed for the Integrated Application. The model that produced
the average forest age closest to the mean value of all 100 runs was selected to represent the effects of fire on age
classes and associated structural stage.



Volume 3: Assessment Update

Frontier Oil Sands Mine Project Update Section 10: Vegetation

June 2015 Page 10-15

Table 10-3 Predevelopment Conditions (2013 Versus 2008)

Structural
Stage Code Description

Predevelopment
(2008)

1
Area

(ha)

Predevelopment
(2013) Area

(ha)

Difference
(2013 Versus 2008)

Area
(ha) Percent

0 Nonvegetated/Water 23,103 23,103 0 0

1 Sparse or bryoid 420 420 0 0

2 Herb 87,585 87,585 0 0

3a Low shrub 75,159 233,770 158,611 211

3b Tall shrub 102,866 85,329 -17,537 -17

4 Pole or sapling 172,956 108,826 -64,130 -37

5 Young forest 365,805 323,096 -42,709 -12

6 Mature forest 323,159 291,672 -31,486 -10

7 Old-growth forest 44,507 41,758 -2,749 -6

Total
2

1,195,560 1,195,560 0 0

NOTES:
1

Information on predevelopment (2008) is taken from the response to ESRD/CEAA Round 1 SIR 462a,
Table 462a-1.

2
Areas and proportions might not add up to totals because of rounding.

Table 10-4 Predevelopment Conditions (2066 Versus 2057)

Structural
Stage Code Description

Predevelopment
(2057)

1
Area

(ha)

Predevelopment
(2066) Area

(ha)

Difference
(2066 Versus 2057)

Area
(ha) Percent

0 Nonvegetated/Water 23,103 23,103 0 0

1 Sparse or bryoid 420 420 0 0

2 Herb 87,585 87,585 0 0

3a Low shrub 75,159 75,159 0 0

3b Tall shrub 170,873 170,869 -4 0

4 Pole or sapling 290,797 290,799 2 0

5 Young forest 172,378 213,443 41,065 24

6 Mature forest 204,847 182,913 -21,934 -11

7 Old-growth forest 170,397 151,270 -19,128 -11

Total
2

1,195,560 1,195,560 0 0

NOTES:
1

Information on predevelopment (2057) is taken from the response to ESRD/CEAA Round 1 SIR 462a,
Table 462a-1.

2
Areas and proportions might not add up to totals because of rounding
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Developments, Activities and Progressive Reclamation

Disturbances resulting from oil sands developments and activities were introduced to the

2066 landscape that included simulated fires. Specific developments and activities were

identified for each assessment case (i.e., Base Case, Application Case and PDC); for

details, see Section 2, Appendix 2A.

Using information on reclamation sequencing and revegetation plans from filed

regulatory applications, progressive reclamation of developments was included in the

vegetation and wildlife RSA. Typical revegetation plans were applied for developments

where project-specific revegetation plans were not available. For developments where

project-specific reclamation sequencing was not available, the date of start-up was used

and a reclamation lag was applied following the methods used by TEMF (Wilson et al.

2008). Because start-up dates for developments in the PDC are not known, progressive

reclamation was not applied to additional PDC developments. This approach increases

the conservativeness of the assessment.

For linear developments and disturbances, timing of reclamation was based on a nearest-

neighbour development relationship. For developments that are not fully reclaimed,

associated linear developments and disturbances were also not reclaimed. Linear

disturbances were returned to predevelopment conditions with the exception of roads,

where peatlands were reclaimed to shrubby swamps.

To provide context, the updated vegetation assessment incorporates two regional

cumulative assessment scenarios:

 a best-case scenario, which includes progressive reclamation

 a worst-case scenario, which includes all developments at maximum build-out

Both scenarios are considered for the landscape and community diversity assessment.

However, the worst-case scenario is considered overly conservative and unrealistic

given that reclamation will occur as required under EPEA.

Simulated Forest Harvesting

Simulated forest harvesting in the vegetation and wildlife RSA was included as to 2066

as part of the updated vegetation assessment (Base Case, Application Case and PDC).

Simulated forest harvesting was included to support the long-term timber supply needs

of the Forest Management Holders (i.e., Alberta-Pacific Forest Industries Inc. [Al-Pac]

and Northland Forest Products Ltd. [Northland]).

Inclusion of fire salvage as part of the updated assessment differs from the Integrated

Application and better reflects recent fire salvage activities. For example, Al-Pac has not

been salvaging deciduous timber left after fire; however, Northland has been salvaging

coniferous timber (Cheyne 2014, pers. comm.; Hall 2014, pers. comm.). As a result, fire

salvage was not specifically targeted for deciduous volumes, but it was for coniferous

volumes. Teck used recent fire salvage timber volumes obtained by Northland, which

included 80 m3/ha for Jack pine and 130 m3/ha for white spruce (Hall 2014, pers.

comm.).
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Once fire salvage was applied, harvest priority was given to stands closest to existing

access. Harvesting was progressed using identified annual allowable cuts for each forest

management unit (FMU), adjusted to the area of the FMU present in the vegetation and

wildlife RSA (see Table 10-5). Harvesting estimates considered:

 stands that were within 5 km of existing access

 that stands smaller than 2 ha will not be harvested

 that stands larger than 100 ha were not harvested unless all other merchantable

timber in an FMU had been removed

Table 10-5 Annual Allowable Cut by Timber Type and FMU

Forest Management Unit (FMU)
Deciduous

(m
3
/a)

Coniferous
(m

3
/a)

A6 N/A N/A

A101 N/A 8,442

A11 N/A N/A

A142 164,587 213,574

A152 476,588 357,506

NOTE:

N/A = Not applicable (no annual allowable cut defined)

SOURCES: ESRD 2013a, 2013b

10.3.4 Key Indicators

To focus the assessment, key indicators were chosen to represent environmental effects

on vegetation. These key indicators are examined at the appropriate scale

(i.e., landscape, community and plant species diversity) for each key question. At least

one measurable parameter was selected for each key indicator to provide a means of

measuring and assessing effects of the Project. The key indicators and measurable

parameters for each key question and key issue are listed in Table 10-6.

The criteria used to select key indicators and the methods used to evaluate effects of the

Project are described in the following sections:

 landscape diversity, see Section 10.4

 community diversity, see Section 10.5

 species diversity, see Section 10.6

 air emissions effects on vegetation health and diversity, see Section 10.7
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Table 10-6 Key Indicators – Vegetation

Key Question Effects Pathway Key Indicator Measureable Parameter Spatial Considerations

V1: Could the Project
contribute to cumulative
changes in landscape
diversity?

Fragmentation and
homogeneity

 Patch number and size  Patch number and size RSA

 Patch perimeter  Patch perimeter length

V2: Could the Project
contribute to cumulative
changes in vegetation
community diversity?

Loss or alteration of vegetation
types from Project construction
and operation

 Upland ecosite phase,
wetlands classes

 Area LSA and RSA
(when appropriate)

 Old growth  Area

 Rare and special plant
communities

 Location

V3: Could the Project
contribute to cumulative
changes in plant species
diversity?

Loss of vegetation species
from construction and
alteration of vegetation species
from Project operation

 Species diversity potential  Area LSA and RSA
(when appropriate)

 Rare species  Location

 Species integrity  Qualitative

V4: Could Project contributions
to cumulative air emissions
affect vegetation health and
diversity?

Fumigation  Cover classes sensitive to
SO2 and NO2 emissions

 Cover class distribution
and extent exceeded

 Cover class distribution
and extent exceeded

RSA

Fertilization  Cover classes sensitive to
nitrogen deposition

 Cover class distribution
and extent exceeded

Acidification  Soil series critical loads  Soil series critical loads
distribution and extent
exceeded

 Cover classes sensitive to
tailings dust

 Qualitative
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10.3.5 Effects Classification

The effects classification criteria used in this assessment are the same as in the Integrated

Application (see Table 10-7) except that magnitude is not measured relative to the RNV.

For the Project Update, magnitude is determined based on total change. This results in a

more conservative assessment than was previously completed as part of the Integrated

Application. This change was incorporated in response to SIRs from regulators and

requests from Aboriginal communities.

Table 10-7 Effects Classification Criteria – Vegetation

Criteria Criteria Definitions

Geographic extent
of effect

Local Effects occurring in the terrestrial LSA

Regional Effects occurring in the vegetation and wildlife RSA beyond the boundary of
the terrestrial LSA

Provincial Effects occurring within the provincial boundary, extending beyond the
vegetation and wildlife RSA

National Effects occurring within the national boundary, extending beyond the
provincial boundary

Duration of effect Short Effects lasting less than 1 year

Medium Effects lasting more than 1 year, but ending by closure

Long Effecting persisting beyond closure

Frequency of effect Continuous Effects occurring continually over assessment period

Isolated Effects occurring once

Periodic Effects occurring intermittently but repeatedly over assessment period

Ability for recovery Reversible Measurable parameter returns to levels prior to disturbance

Irreversible Measurable parameter does not return to levels prior to disturbance

Magnitude
(quantitative)

Low  <20% change in landscape diversity

 <10% change of community or species abundance in the region

Moderate  20% to 40% change in landscape diversity

 10% to 20% change of community or species abundance in the region

High  >40% change in landscape diversity

 >20% change of community or species abundance in the region

Magnitude
(qualitative)

Low Abundance of common vegetation communities and species
1

will be altered
but not reduced

Moderate Abundance of rare vegetation communities and species
1

will be altered but
not reduced

High Abundance of rare vegetation communities and species
1

will be reduced

NOTE:
1

A more stringent definition is not required because no SARA-listed vegetation species are present in the Athabasca
Oil Sands Region.

SARA = Species at Risk Act
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10.3.6 Environmental Consequence

As in the Integrated Application, conclusions are framed around an effect’s

environmental consequence. Environmental consequence refers to the potential for the

Project to contribute to long-term regional changes in vegetation diversity. Three

environmental consequence ratings have been defined (i.e., low, moderate and high).

Both the magnitude of the change and its potential to be reversed are considered in

determining the environmental consequence rating (see Table 10-8).

Table 10-8 Environmental Consequence – Vegetation

Magnitude Irreversible Reversible

High High environmental consequence Moderate environmental consequence

Moderate Moderate environmental consequence Low environmental consequence

Low Low environmental consequence Low environmental consequence

Resource management and land use frameworks are applied most effectively within

larger areas (e.g., the LAR) because they can consider the cumulative effects of the full

spectrum of development. Because of this, the relevance and consequence of changes in

vegetation and wildlife resources can be meaningfully evaluated only within the context

of broader resource characteristics and other oil sands developments. The terrestrial LSA

is 43,349 ha and is not a representative unit of land within which broader ecological

processes and resources are managed. For this reason, an environmental consequence

rating is applied only at a regional scale and represents cumulative effects on vegetation

resources.

Localized changes will be substantial because the PDA covers most of the terrestrial LSA

and biophysical conditions will be modified during operations and at closure. Although

conclusions for the updated vegetation assessment are provided only at a regional scale,

Teck recognizes that localized effects associated with vegetation community and species

diversity will have a high local environmental consequence during construction,

operations and at closure. This reflects disturbance during construction and operations

(e.g., maximum build-out), an overall decline in wetland habitat (specifically peatlands),

and loss of rare species at closure. Teck also acknowledges that localized effects might

have an effect on place-based opportunities for traditional land use. Opportunities to

harvest traditionally important plant species are discussed in detail in Section 17.

10.3.7 Prediction Confidence

As in the Integrated Application, uncertainty around predictions is discussed by

considering:

 quality and quantity of baseline data used in the assessment

 confidence in measurements and analytical techniques

 confidence in the success of Project-specific mitigation measures

 potential changes in future environmental conditions, such as possible climate change

influences on vegetation
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The effects of climate change are included under prediction confidence discussions

because of the uncertainty that climate change may have on predictions as well as the

uncertainty associated with what particular climate changes may occur.

In addition, Project design and mitigation measures have been developed with the

recognition of climate change.

Overall prediction confidence is defined as low, medium or high.

10.4 Landscape Diversity

10.4.1 Introduction

This section addresses key question V1: Could the Project contribute to cumulative

changes in landscape diversity?

The relevance of landscape diversity in the assessment and the assumptions inherent to

the assessment are discussed in the Integrated Application.

10.4.2 Methods

Methods used to assess landscape diversity remain the same as the Integrated Application

and focus on change to the number, size and edge of regional vegetation patches in the

vegetation and wildlife RSA. Patches were examined for vegetation cover class and

structural stage. Data sources align with the Integrated Application with the minor

modifications described in Section 10.3.

For an assessment of effects on landscape diversity within 400 m of the Athabasca River

valley break and major tributaries, see Appendix 10A.

10.4.3 RSA Effects Analysis – Reference Conditions

At predevelopment (2013), the number of patches for vegetation cover class and

structural stage ranges from 1,341 to 17,651 and 449 to 18,690, respectively

(see Table 10-9). The number of patches for almost all vegetation cover classes increases

from predevelopment (2013) to existing conditions reflecting classic fragmentation

patterns. A similar pattern occurs for predevelopment (2066). The increase in patch

number from predevelopment (2013) to existing conditions ranges from 2.7% to 46.8%

for vegetation cover classes and -34.5% to 10,287.1% for structural stage

(see Table 10-9).

At predevelopment (2013), the mean patch area for vegetation cover classes ranges from

2.1 ha to 12.0 ha and 0.9 ha to 21.6 ha for structural stage (see Table 10-9). The number

of patches decreases from predevelopment (2013) to existing conditions. This change

follows the opposite pattern as for number of patches, again reflecting classic

fragmentation patterns. A similar pattern occurs for predevelopment (2066). There is a

decrease in patch number from predevelopment (2013) to existing conditions that ranges

from -55.3% to -21.7% for vegetation cover classes and -93.6% to -29.6% for structural

stages (see Table 10-9).
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Table 10-9 Changes in Landscape Diversity in the RSA – Reference Conditions

Vegetation Class

Predevelopment
Condition

(2013)

Predevelopment
Condition

(2066)
Existing Condition

(2013)

Percent Change from
Predevelopment

Condition (2013) to
Existing Conditions

Patch Number – Vegetation Cover Class

Coniferous – Jack pine 10,091 10,106 13,823 37.0

Coniferous – White spruce 9,201 9,201 10,412 13.2

Coniferous – Black spruce 1,341 1,341 1,573 17.3

Mixedwood – Jack pine 10,237 10,239 13,324 30.2

Mixedwood – White spruce 13,905 13,922 17,303 24.4

Deciduous/Mixedwood – Deciduous 15,078 15,100 22,131 46.8

Upland shrubland 5,157 5,157 6,415 24.4

Upland grassland 6,596 6,596 7,948 20.5

Shrubby bog 8,303 8,303 9,711 17.0

Wooded bog 14,350 14,357 19,787 37.9

Wooded poor fen 11,921 11,921 14,361 20.5

Rich wooded fen 9,103 9,103 11,215 23.2

Shrubby fen 8,891 8,891 10,496 18.1

Open fen 8,954 8,954 10,789 20.5

Wooded swamp 17,651 17,651 24,388 38.2

Shrubby swamp 16,807 16,807 21,506 28.0

Marsh/wet meadow 4,488 4,488 4,610 2.7

Patch Number – Structural Stage

0: Nonvegetated/Water 1,727 1,727 179,385 10,287.1

1: Sparse or bryoid 449 449 294 -34.5

2: Herb 16,249 16,249 20,473 26.0

3a: Low shrub 16,252 16,434 21,531 32.5

3b: Tall shrub 18,690 17,014 23,888 27.8

4: Pole or sapling 5,045 5,967 7,804 54.7
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Table 10-9 Changes in Landscape Diversity in the RSA – Reference Conditions (cont’d)

Vegetation Class

Predevelopment
Condition

(2013)

Predevelopment
Condition

(2066)
Existing Condition

(2013)

Percent Change from
Predevelopment

Condition (2013) to
Existing Conditions

Patch Number – Structural Stage (cont’d)

5: Young forest 17,082 8,939 25,855 51.4

6: Mature forest 17,843 9,506 27,492 54.1

7: Old-growth forest 5,495 10,867 6,745 22.7

Mean Patch Area – Vegetation Cover Class

Coniferous – Jack pine 11.8 11.8 7.9 -33.1

Coniferous – White spruce 3.7 3.7 2.9 -23.6

Coniferous – Black spruce 2.1 2.1 1.4 -35.3

Mixedwood – Jack pine 7.0 7.0 4.7 -33.0

Mixedwood – White spruce 4.8 4.8 3.5 -26.9

Deciduous/Mixedwood – Deciduous 11.3 11.3 6.5 -42.4

Upland shrubland 3.6 3.6 2.1 -43.7

Upland grassland 4.2 4.2 1.9 -55.3

Shrubby bog 5.9 5.9 4.5 -22.5

Wooded bog 10.0 10.0 6.9 -30.9

Wooded poor fen 3.7 3.7 2.9 -21.7

Rich wooded fen 4.6 4.6 3.3 -26.6

Shrubby fen 3.0 3.0 2.2 -27.5

Open fen 5.4 5.4 3.8 -28.4

Wooded swamp 12.0 12.0 8.1 -32.8

Shrubby swamp 5.0 5.0 3.5 -29.7

Marsh/wet meadow 2.6 2.6 1.8 -28.3

Mean Patch Area – Structural Stage

0: Nonvegetated/Water 13.4 13.4 0.9 -93.6

1: Sparse or bryoid 0.9 0.9 0.3 -63.7
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Table 10-9 Changes in Landscape Diversity in the RSA – Reference Conditions (cont’d)

Vegetation Class

Predevelopment
Condition

(2013)

Predevelopment
Condition

(2066)
Existing Condition

(2013)

Percent Change from
Predevelopment

Condition (2013) to
Existing Conditions

Mean Patch Area – Structural Stage (cont’d)

2: Herb 5.4 5.4 3.2 -41.0

3a: Low shrub 14.4 4.6 10.1 -29.6

3b: Tall shrub 4.6 10.0 3.0 -33.4

4: Pole or sapling 21.6 48.7 13.2 -38.8

5: Young forest 18.9 23.9 11.4 -39.6

6: Mature forest 16.3 19.2 9.2 -43.7

7: Old-growth forest 7.6 13.9 5.2 -31.7

Total Edge (km) – Vegetation Cover Class

Coniferous – Jack pine 13,946.0 13,950.5 15,623.7 12.0

Coniferous – White spruce 8,647.2 8,647.2 8,223.9 -4.9

Coniferous – Black spruce 994.7 994.7 867.8 -12.8

Mixedwood – Jack pine 11,430.3 11,430.5 12,339.2 8.0

Mixedwood – White spruce 13,810.4 13,812.0 15,149.9 9.7

Deciduous/Mixedwood – Deciduous 25,078.6 25,085.6 26,501.4 5.7

Upland shrubland 5,155.1 5,155.0 4,323.5 -16.1

Upland grassland 6,733.3 6,733.3 4,743.8 -29.5

Shrubby bog 9,248.1 9,248.1 9,218.3 -0.3

Wooded bog 22,229.5 22,245.7 24,717.9 11.2

Wooded poor fen 11,303.8 11,303.8 11,611.0 2.7

Rich wooded fen 9,981.7 9,981.7 10,003.7 0.2

Shrubby fen 7,633.8 7,633.8 7,041.9 -7.8

Open fen 9,399.1 9,399.1 8,826.5 -6.1

Wooded swamp 33,408.9 33,408.9 35,825.8 7.2

Shrubby swamp 19,747.1 19,747.1 20,078.1 1.7
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Table 10-9 Changes in Landscape Diversity in the RSA – Reference Conditions (cont’d)

Vegetation Class

Predevelopment
Condition

(2013)

Predevelopment
Condition

(2066)
Existing Condition

(2013)

Percent Change from
Predevelopment

Condition (2013) to
Existing Conditions

Total Edge (km) – Vegetation Cover Class (cont’d)

Marsh/wet meadow 3,454.6 3,454.6 3,028.2 -12.3

Total Edge (km) – Structural Stage

0: Nonvegetated/Water 2,776.6 2,776.6 40,982.5 1,376.0

1: Sparse or bryoid 190.0 190.0 72.2 -62.0

2: Herb 17,857.3 17,857.3 15,555.0 -12.9

3a: Low shrub 23,709.2 16,591.0 26,811.4 13.1

3b: Tall shrub 20,582.7 23,405.8 20,136.1 -2.2

4: Pole or sapling 11,936.1 17,525.1 13,976.0 17.1

5: Young forest 34,021.0 21,023.9 40,253.3 18.3

6: Mature forest 33,671.3 19,081.8 38,665.3 14.8

7: Old-growth forest 7,451.0 19,280.6 7,079.5 -5.0

NOTE:

Areas and proportions might not add up to totals because of rounding.
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The total edge for each vegetation cover class and structural stage increases or decreases

from predevelopment (2013) to existing conditions (see Table 10-9). The increase or

decrease in total patch edge depends on the relative number and area of the patches. A

similar pattern occurs for predevelopment (2066). Change in total edge ranges

from -29.5% to 12.0% for vegetation cover class and -62.0% to 1,376.0% for structural

stage when predevelopment (2013) is compared to existing conditions.

10.4.4 RSA Effects Analysis – Base Case

10.4.4.1 Worst-Case Scenario

For the worst-case scenario (all developments at maximum build-out):

 the number of patches for all vegetation cover classes and structural stages generally

increases at Base Case relative to predevelopment (2066)

 the mean patch area and total edge generally decrease for all vegetation cover classes

and structural stages at Base Case relative to predevelopment (2066)

These results reflect classic fragmentation patterns where disturbance creates more

patches that are smaller in size (see Table 10-10).

10.4.4.2 Best-Case Scenario

For the best-case scenario (developments progressively reclaimed), effects on vegetation

cover classes (i.e., the number of patches, mean patch area and total edge) are

summarized in Table 10-11. In general, the following patterns are expected:

 A decrease in patch number and increase in average size and total edge for vegetation

cover classes and structural stages that are typically included in progressive

reclamation of oil sands mines. The overall change in patch configuration is

generated from conceptual reclamation planning of large, homogenous areas of

vegetation on oil sands mines for the 2066 assessment snapshot and represents a

departure from classic fragmentation patterns.

 An increase in patch number and a decrease in average size and total edge for

vegetation cover classes and structural stages that are not typically included in

reclamation planning in the region (e.g., reclamation of bogs and fens), or structural

stages that are age-dependent and require many decades to develop (e.g., mature and

old growth forest).

 An increase in patch number and total edge, and a decrease in average size, for pole

(sapling) forest. This change would result from reclamation of linear disturbances

including low-impact seismic.
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Table 10-10 Changes in Landscape Diversity in the RSA – Worst-Case Scenario

Vegetation Class

Predevelopment
Condition

(2066)

Base
Case
(2066)

Percent Change
from

Predevelopment
to Base Case

(2066)

Application
Case
(2066)

Percent Change
from

Predevelopment
to Application

Case
(2066)

PDC
1

(2066)

Percent Change
from

Predevelopment
to PDC
(2066)

Patch Number – Vegetation Cover Class
1

Coniferous – Jack pine 10,106 12,117 19.9 11,947 18.2 11,705 15.8

Coniferous – White spruce 9,201 9,937 8.0 9,418 2.4 9,089 -1.2

Coniferous – Black spruce 1,341 1,387 3.4 1,387 3.4 1,377 2.7

Mixedwood – Jack pine 10,239 11,388 11.2 11,256 9.9 11,078 8.2

Mixedwood – White spruce 13,922 16,659 19.7 15,587 12.0 15,432 10.8

Deciduous/Mixedwood – Deciduous 15,100 19,460 28.9 19,073 26.3 18,451 22.2

Upland shrubland 5,157 6,086 18.0 5,997 16.3 5,610 8.8

Upland grassland 6,596 6,237 -5.4 6,085 -7.7 5,551 -15.8

Shrubby bog 8,303 8,827 6.3 8,667 4.4 8,411 1.3

Wooded bog 14,357 18,253 27.1 18,037 25.6 18,107 26.1

Wooded poor fen 11,921 13,278 11.4 13,262 11.2 13,170 10.5

Rich wooded fen 9,103 10,344 13.6 10,344 13.6 10,295 13.1

Shrubby fen 8,891 8,790 -1.1 8,730 -1.8 8,574 -3.6

Open fen 8,954 9,701 8.3 9,574 6.9 9,123 1.9

Wooded swamp 17,651 22,763 29.0 21,889 24.0 21,171 19.9

Shrubby swamp 16,807 19,394 15.4 19,102 13.7 18,220 8.4

Marsh/wet meadow 4,488 4,270 -4.9 4,012 -10.6 3,952 -11.9

Patch Number – Structural Stage
1

0: Nonvegetated/Water 1,727 158,201.0 9,060.5 146,906 8,406.4 141,575 8,097.7

1: Sparse or bryoid 449 279.0 -37.9 273 -39.2 267 -40.5

2: Herb 16,249 17,841.0 9.8 17,407 7.1 16,470 1.4

3a: Low shrub 16,434 17,102.0 4.1 16,895 2.8 16,494 0.4

3b: Tall shrub 17,014 21,160.0 24.4 20,805 22.3 19,788 16.3
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Table 10-10 Changes in Landscape Diversity in the RSA – Worst-Case Scenario (cont’d)

Vegetation Class

Predevelopment
Condition

(2066)

Base
Case
(2066)

Percent Change
from

Predevelopment
to Base Case

(2066)

Application
Case
(2066)

Percent Change
from

Predevelopment
to Application

Case
(2066)

PDC
1

(2066)

Percent Change
from

Predevelopment
to PDC
(2066)

Patch Number – Structural Stage
1

(cont’d)

4: Pole or sapling 5,967 10,045.0 68.3 9,964 67.0 10,060 68.6

5: Young forest 8,939 13,883.0 55.3 13,400 49.9 12,789 43.1

6: Mature forest 9,506 14,477.0 52.3 14,008 47.4 13,506 42.1

7: Old-growth forest ,867 13,802.0 27.0 13,090 0.5 12,488 14.9

Mean Patch Area (ha) – Vegetation Cover Class
1

Coniferous – Jack pine 11.8 8.2 -30.0 8.3 -29.1 8.4 -28.8

Coniferous – White spruce 3.7 2.8 -25.0 2.8 -24.3 2.7 -26.9

Coniferous – Black spruce 2.1 1.4 -34.6 1.4 -34.6 1.4 -34.2

Mixedwood – Jack pine 7.0 4.5 -36.2 4.5 -35.7 4.5 -35.7

Mixedwood – White spruce 4.8 3.5 -26.1 3.6 -25.1 3.6 -25.5

Deciduous/Mixedwood – Deciduous 11.3 6.7 -40.8 6.2 -45.3 6.2 -45.5

Upland shrubland 3.6 2.0 -43.8 2.0 -44.4 2.0 -44.1

Upland grassland 4.2 1.6 -63.5 1.5 -63.7 1.6 -63.5

Shrubby bog 5.9 4.7 -19.1 4.8 -18.4 4.8 -17.7

Wooded bog 10.0 7.1 -28.8 7.2 -28.3 7.1 -29.1

Wooded poor fen 3.7 3.0 -19.4 3.0 -19.4 3.0 -19.3

Rich wooded fen 4.6 3.4 -25.7 3.4 -25.7 3.4 -26.2

Shrubby fen 3.0 2.2 -26.7 2.2 -27.3 2.2 -27.4

Open fen 5.4 3.8 -28.4 3.9 -28.2 4.0 -26.1

Wooded swamp 12.0 8.2 -31.4 8.3 -30.6 8.3 -30.8

Shrubby swamp 5.0 3.5 -29.6 3.4 -31.2 3.4 -32.1

Marsh/wet meadow 2.6 1.9 -27.3 1.6 -37.6 1.6 -38.8
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Table 10-10 Changes in Landscape Diversity in the RSA – Worst-Case Scenario (cont’d)

Vegetation Class

Predevelopment
Condition

(2066)

Base
Case
(2066)

Percent Change
from

Predevelopment
to Base Case

(2066)

Application
Case
(2066)

Percent Change
from

Predevelopment
to Application

Case
(2066)

PDC
1

(2066)

Percent Change
from

Predevelopment
to PDC
(2066)

Mean Patch Area (ha)– Vegetation Cover Class
1

0: Nonvegetated/Water 13.4 1.5 -88.8 1.8 -86.5 2.0 -84.7

1: Sparse or bryoid 0.9 0.3 -67.7 0.3 -69.8 0.3 -69.4

2: Herb 5.4 3.1 -42.9 3.0 -43.8 3.1 -42.6

3a: Low shrub 4.6 3.6 -22.0 3.6 -21.9 3.6 -21.6

3b: Tall shrub 10.0 7.3 -27.4 7.3 -27.5 7.4 -26.4

4: Pole or sapling 48.7 28.5 -41.6 28.5 -41.6 28.1 -42.4

5: Young forest 23.9 13.6 -43.0 13.5 -43.6 13.8 -42.4

6: Mature forest 19.2 8.3 -56.9 8.0 -58.6 7.9 -58.8

7: Old-growth forest 13.9 6.8 -51.3 6.9 -50.5 6.7 -51.9

Total Patch Edge (km) – Vegetation Cover Class
1

Coniferous – Jack pine 13,950.5 13,884.4 -0.5 13,821.0 -0.9 13,617.8 -2.4

Coniferous – White spruce 8,647.2 7,807.4 -9.7 7,386.7 -14.6 7,037.2 -18.6

Coniferous – Black spruce 994.7 777.4 -21.8 777.4 -21.8 775.0 -22.1

Mixedwood – Jack pine 11,430.5 10,506.6 -8.1 10,438.9 -8.7 10,274.7 -10.1

Mixedwood – White spruce 13,812.0 14,656.6 6.1 13,684.6 -0.9 13,451.7 -2.6

Deciduous/Mixedwood– Deciduous 25,085.6 23,621.2 -5.8 21,863.0 -12.8 21,137.6 -15.7

Upland shrubland 5,155.0 4,073.8 -21.0 3,978.4 -22.8 3,745.3 -27.3

Upland grassland 6,733.3 3,399.9 -49.5 3,295.6 -51.1 2,993.5 -55.5

Shrubby bog 9,248.1 8,547.0 -7.6 8,416.8 -9.0 8,194.8 -11.4

Wooded bog 22,245.7 23,088.1 3.8 22,912.7 3.0 22,783.7 2.4

Wooded poor fen 11,303.8 10,933.5 -3.3 10,929.7 -3.3 10,854.2 -4.0

Rich wooded fen 9,981.7 9,268.1 -7.1 9,268.1 -7.1 9,183.0 -8.0

Shrubby fen 7,633.8 5,898.4 -22.7 5,847.9 -23.4 5,732.3 -24.9
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Table 10-10 Changes in Landscape Diversity in the RSA – Worst-Case Scenario (cont’d)

Vegetation Class

Predevelopment
Condition

(2066)

Base
Case
(2066)

Percent Change
from

Predevelopment
to Base Case

(2066)

Application
Case
(2066)

Percent Change
from

Predevelopment
to Application

Case
(2066)

PDC
1

(2066)

Percent Change
from

Predevelopment
to PDC
(2066)

Total Patch Edge (km) – Vegetation Cover Class
1

(cont’d)

Open fen 9,399.1 7,899.3 -16.0 7,783.2 -17.2 7,532.3 -19.9

Wooded swamp 33,408.9 33,756.5 1.0 32,648.3 -2.3 31,425.3 -5.9

Shrubby swamp 19,747.1 18,045.3 -8.6 17,598.8 -10.9 16,609.3 -15.9

Marsh/wet meadow 3,454.6 2,805.8 -18.8 2,434.9 -29.5 2,367.7 -31.5

Total Patch Edge (km) – Vegetation Cover Class
1

0: Nonvegetated/Water 2,776.6 36,579.9 1,217.4 35,538.5 1,179.9 34,634.3 1,147.3

1: Sparse or bryoid 190.0 63.2 -66.7 59.1 -68.9 58.1 -69.4

2: Herb 17,857.3 13,226.1 -25.9 12,676.8 -29.0 12,086.0 -32.3

3a: Low shrub 16,591.0 14,283.3 -13.9 14,108.0 -15.0 13,771.7 -17.0

3b: Tall shrub 23,405.8 23,946.2 2.3 23,416.0 <0.1 22,247.1 -5.0

4: Pole or sapling 17,525.1 24,677.8 40.8 24,488.5 39.7 24,456.4 39.6

5: Young forest 21,023.9 23,956.0 13.9 22,955.5 9.2 22,130.0 5.3

6: Mature forest 9,081.8 19,047.6 -0.2 17,799.1 -6.7 17,047.0 -10.7

7: Old-growth forest 19,280.6 15,732.3 -18.4 15,011.2 -22.1 14,071.1 -27.0

NOTE:
1

All developments in the Base Case have been progressively reclaimed to 2066 for the best-case scenario while the Project and developments in the PDC are
considered at maximum build-out.
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Table 10-11 Changes in Landscape Diversity in the RSA – Best-Case Scenario

Vegetation Class

Predevelopment
Condition

(2066)

Base
Case
(2066)

Percent Change
from

Predevelopment
to Base Case

(2066)

Application
Case
(2066)

Percent Change
from

Predevelopment
to Application

Case
(2066)

PDC
1

(2066)

Percent Change
from

Predevelopment
to PDC
(2066)

Patch Number – Vegetation Cover Class
1

Coniferous – Jack pine 10,102 9,783 -3.2 9,628 -4.7 9,493 -6.0

Coniferous – White spruce 9,201 8,635 -6.2 8,218 -10.7 7,939 -13.7

Coniferous – Black spruce 1,341 1,841 37.3 1,841 37.3 1,833 36.7

Mixedwood – Jack pine 10,238 9,347 -8.7 9,233 -9.8 9,087 -11.2

Mixedwood – White spruce 13,915 13,330 -4.2 12,475 -10.3 12,344 -11.3

Deciduous/Mixedwood –
Deciduous

15,093 13,948 -7.6 13,750 -8.9 13,322 -11.7

Upland shrubland 5,157 5,069 -1.7 5,008 -2.9 4,723 -8.4

Upland grassland 6,596 5,404 -18.1 5,280 -20.0 4,926 -25.3

Shrubby bog 8,303 7,381 -11.1 7,250 -12.7 7,056 -15.0

Wooded bog 14,354 13,491 -6.0 13,303 -7.3 13,295 -7.4

Wooded poor fen 11,921 11,030 -7.5 11,015 -7.6 10,936 -8.3

Rich wooded fen 9,103 8,266 -9.2 8,266 -9.2 8,215 -9.8

Shrubby fen 8,891 7,777 -12.5 7,724 -13.1 7,573 -14.8

Open fen 8,954 8,082 -9.7 7,979 -10.9 7,669 -14.4

Wooded swamp 17,651 17,198 -2.6 16,503 -6.5 16,021 -9.2

Shrubby swamp 16,807 17,110 1.8 16,885 0.5 16,292 -3.1

Marsh/wet meadow 4,488 4,183 -6.8 3,970 -11.5 3,897 -13.2

Patch Number – Structural Stage
1

0: Nonvegetated/Water 1,727 6,943 302.0 5,132 197.2 5,074 193.8

1: Sparse or bryoid 449 398 -11.4 392 -12.7 389 -13.4

2: Herb 16,249 15,153 -6.7 14,732 -9.3 14,177 -12.8

3a: Low shrub 16,434 14,670 -10.7 14,474 -11.9 14,146 -13.9

3b: Tall shrub 17,014 18,876 10.9 18,548 9.0 17,842 4.9
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Table 10-11 Changes in Landscape Diversity in the RSA – Best-Case Scenario (cont’d)

Vegetation Class

Predevelopment
Condition

(2066)

Base
Case
(2066)

Percent Change
from

Predevelopment
to Base Case

(2066)

Application
Case
(2066)

Percent Change
from

Predevelopment
to Application

Case
(2066)

PDC
1

(2066)

Percent Change
from

Predevelopment
to PDC
(2066)

Patch Number – Structural Stage
1

(cont’d)

4: Pole or sapling 5,967 106,630 1,687.0 100,449 1,583.4 96,870 1,523.4

5: Young forest 8,939 14,304 60.0 13,764 54.0 13,152 47.1

6: Mature forest 9,506 14,480 52.3 14,011 47.4 13,509 42.1

7: Old-growth forest 10,867 13,802 27.0 13,090 20.5 12,488 14.9

Mean Patch Area (ha) – Vegetation Cover Class
1

Coniferous – Jack pine 11.8 13.2 12.6 13.4 14.3 13.4 14.4

Coniferous – White spruce 3.7 4.0 6.9 4.1 8.3 3.9 5.5

Coniferous – Black spruce 2.1 10.5 401.9 10.5 401.9 10.6 404.0

Mixedwood – Jack pine 7.0 6.7 -4.5 6.8 -3.6 6.8 -3.5

Mixedwood – White spruce 4.8 4.7 -1.6 4.8 0.0 4.8 -0.8

Deciduous/Mixedwood –
Deciduous

11.3 13.9 22.8 13.2 16.4 13.2 17.0

Upland shrubland 3.6 3.1 -14.0 3.1 -14.7 3.1 -16.2

Upland grassland 4.2 2.7 -36.3 2.7 -36.1 2.6 -38.0

Shrubby bog 5.9 5.9 0.2 5.9 1.1 5.9 1.6

Wooded bog 13.4 8.7 -35.0 8.7 -34.6 8.8 -34.1

Wooded poor fen 3.7 3.7 -0.2 3.7 0.0 3.7 0.0

Rich wooded fen 4.6 4.4 -4.3 4.4 -4.3 4.3 -4.9

Shrubby fen 3.0 2.7 -10.1 2.7 -10.7 2.7 -11.4

Open fen 5.4 5.1 -5.4 5.1 -5.1 5.2 -3.5

Wooded swamp 12.0 11.3 -5.7 11.5 -4.3 11.4 -5.2

Shrubby swamp 5.0 5.1 1.0 5.0 -0.7 4.9 -2.2

Marsh/wet meadow 2.6 3.5 36.3 3.3 28.2 3.3 27.9
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Table 10-11 Changes in Landscape Diversity in the RSA – Best-Case Scenario (cont’d)

Vegetation Class

Predevelopment
Condition

(2066)

Base
Case
(2066)

Percent Change
from

Predevelopment
to Base Case

(2066)

Application
Case
(2066)

Percent Change
from

Predevelopment
to Application

Case
(2066)

PDC
1

(2066)

Percent Change
from

Predevelopment
to PDC
(2066)

Mean Patch Area (ha) – Vegetation Cover Class
1

0: Nonvegetated/Water 13.4 7.5 -43.8 15.8 17.8 21.6 61.7

1: Sparse or bryoid 0.9 0.7 -21.9 0.7 -22.5 0.7 -22.9

2: Herb 5.4 4.6 -14.1 4.6 -14.4 4.6 -14.5

3a: Low shrub 4.6 4.4 -4.4 4.4 -4.2 4.4 -4.2

3b: Tall shrub 10.0 9.3 -7.3 9.3 -7.2 9.4 -6.7

4: Pole or sapling 48.7 3.5 -92.7 3.7 -92.4 3.8 -92.2

5: Young forest 23.9 17.0 -28.9 17.0 -28.7 17.5 -26.8

6: Mature forest 19.2 8.3 -56.9 8.0 -58.6 7.9 -58.8

7: Old-growth forest 13.9 6.8 -51.3 6.9 -50.5 6.7 -51.9

Total Patch Edge (km) – Vegetation Cover Class
1

Coniferous – Jack pine 13,948.9 14,359.5 2.9 14,296.7 2.5 14,119.7 1.2

Coniferous – White spruce 8,647.2 8,058.8 -6.8 7,676.2 -11.2 7,326.2 -15.3

Coniferous – Black spruce 994.7 4,410.5 343.4 4,410.5 343.4 4,407.2 343.1

Mixedwood – Jack pine 11,430.3 10,192.1 -10.8 10,132.1 -11.4 9,990.2 -12.6

Mixedwood – White spruce 13,811.0 12,924.4 -6.4 12,058.1 -12.7 11,863.4 -14.1

Deciduous/Mixedwood –
Deciduous

25,083.0 23,876.6 -4.8 22,608.6 -9.9 21,920.5 -12.6

Upland shrubland 5,155.0 4,492.9 -12.8 4,418.4 -14.3 4,109.6 -20.3

Upland grassland 6,733.3 4,179.4 -37.9 4,087.1 -39.3 3,697.6 -45.1

Shrubby bog 9,248.1 8,020.1 -13.3 7,904.1 -14.5 7,691.0 -16.8

Wooded bog 22,240.4 20,357.2 -8.5 20,194.8 -9.2 20,142.4 -9.4

Wooded poor fen 11,303.8 10,339.2 -8.5 10,335.4 -8.6 10,263.3 -9.2

Rich wooded fen 9,981.7 8,620.1 -13.6 8,620.1 -13.6 8,543.5 -14.4

Shrubby fen 7,633.8 6,009.7 -21.3 5,966.9 -21.8 5,811.9 -23.9
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Table 10-11 Changes in Landscape Diversity in the RSA – Best-Case Scenario (cont’d)

Vegetation Class

Predevelopment
Condition

(2066)

Base
Case
(2066)

Percent Change
from

Predevelopment
to Base Case

(2066)
Application
Case (2066)

Percent Change
from

Predevelopment
to Application

Case (2066)
PDC

1

(2066)

Percent Change
from

Predevelopment
to PDC (2066)

Total Patch Edge (km) – Vegetation Cover Class
1
(cont’d)

Open fen 9,399.1 7,986.7 -15.0 7,886.0 -16.1 7,611.4 -19.0

Wooded swamp 33,408.9 0,566.8 -8.5 29,636.9 -11.3 28,591.3 -14.4

Shrubby swamp 19,747.1 21,149.8 7.1 20,795.4 5.3 19,867.3 0.6

Marsh/wet meadow 3,454.6 3,549.2 2.7 3,226.7 -6.6 3,144.2 -9.0

Total Patch Edge (km) – Vegetation Cover Class
1

0: Nonvegetated/Water 2,776.6 9,014.5 224.7 8,859.7 219.1 9,315.8 235.5

1: Sparse or bryoid 190.0 149.3 -21.4 145.2 -23.6 143.7 -24.4

2: Herb 17,857.3 14,659.7 -17.9 14,165.6 -20.7 13,482.3 -24.5

3a: Low shrub 16,591.0 13,881.6 -16.3 13,722.9 -17.3 13,355.7 -19.5

3b: Tall shrub 23,405.8 27,345.9 16.8 26,900.4 14.9 25,736.9 10.0

4: Pole or sapling 17,525.1 42,403.3 142.0 41,599.8 137.4 40,522.5 131.2

5: Young forest 21,023.9 26,829.0 27.6 25,827.7 22.8 25,002.1 18.9

6: Mature forest 19,081.8 19,047.5 -0.2 17,799.0 -6.7 17,047.0 -10.7

7: Old-growth forest 19,280.6 15,732.3 -18.4 15,011.2 -22.1 14,071.1 -27.0

NOTE:
1

All developments in the Base Case have been progressively reclaimed to 2066 for the best-case scenario while the Project and developments in the PDC are
considered at maximum build-out.
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10.4.5 RSA Effects Analysis – Application Case

10.4.5.1 Worst-Case Scenario

For the worst-case scenario (all developments at maximum build-out):

 the number of patches for all vegetation cover classes and structural stages generally

increases at Application Case relative to predevelopment (2066)

 the mean patch area and total edge generally decrease for all vegetation cover classes

and structural stages at Application Case relative to predevelopment (2066)

As with the Base Case, these results align with classic fragmentation patterns

(see Table 10-10).

10.4.5.2 Mitigation

As outlined in the conceptual CC&R plan (see Volume 1, Section 13), reclamation of the

closure landscape will focus on generating a sustainable landscape that is designed to

maximize diversity through the generation of landforms that include:

 topographic diversity and associated diversity in moisture regimes

 aspect diversity

 substrate diversity including both fine- and coarse-grained landforms

 mesotopography

Mitigation strategies for landscape diversity are outlined in Volume 1, Section 13.6.

Maximizing diversity in the reclaimed landscape will allow for the inclusion of all site

types identified in the Guidelines for Reclamation to Forest Vegetation in the Athabasca

Oil Sands Region (2nd Edition) (ESRD 2010) and the Guideline for Wetland

Establishment on Reclaimed Oil Sands Leases (3rd Edition) (CEMA 2014).

In addition to creating a diverse and sustainable landscape, reclamation of the Project will

allow for the removal of existing linear disturbances that are currently fragmenting the

landscape. Existing linear disturbances will be integrated into Project disturbance and,

once reclaimed, will result in large, integrated patches of vegetation, eliminating

numerous former linear edges.

Removal of linear disturbances and the integration of these disturbances into the

reclamation landscape align with key strategies identified in the LARP to reduce the

effects of fragmentation, with the Cumulative Environmental Management Association’s

TEMF recommendations for aggressive reclamation of linear corridors (CEMA 2008),

and with related recommendations from Aboriginal communities. Currently, oil sands

operators have been reclaiming linear corridors as part of a COSIA-led joint industry

project to reduce fragmentation and reduce effects on woodland caribou (for details, see

OSLI 2012 and Nexen 2013, 2014).
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To mitigate the Project’s incremental contribution to regional changes in biodiversity,

Teck will work with the governments of Alberta and Canada and look to their guidance

on the development of a Conservation Agreement. Teck believes that the development of

detailed mitigation measures or offset plans that could form the basis of a Conservation

Agreement should occur after the anticipated EPEA approval for the Project is received,

and involve consultation with regulators and potentially affected Aboriginal communities

and stakeholders. Development of a Conservation Agreement forms part of the

biodiversity management plan that Teck will develop for the Project and aligns with

corporate sustainability goals. For details on the biodiversity management plan, see

Volume 1, Section 14.8.

10.4.5.3 Best-Case Scenario

The pattern of fragmentation for the best-case scenario at Application Case is similar to

the best-case scenario for Base Case though the number of patches decreases and become

smaller because the Project at maximum build-out results in the removal of patches

(see Table 10-11).

Mitigation strategies for landscape diversity as described above and outlined in

Volume 1, Section 13.6 also apply to the best-case scenario.

10.4.6 RSA Effects Analysis – Planned Development Case

10.4.6.1 Worst-Case Scenario

For the worst-case scenario (all developments at maximum build-out):

 the number of patches for all vegetation cover classes and structural stages generally

increases at PDC relative to predevelopment (2066)

 the mean patch area and total edge generally decrease for all vegetation cover classes

and structural stages at PDC relative to predevelopment (2066)

This reflects a shift from classic fragmentation patterns to removal of patches from

development by large oil sands mines (see Table 10-10).

10.4.6.2 Best-Case Scenario

The pattern of fragmentation for the best-case scenario at PDC is similar to the best-case

scenario for Base Case and Application Case though the number of patches decreases and

become smaller as additional developments included as part of the PDC result in the

removal of patches (see Table 10-11).
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10.4.7 Effects Classification

Table 10-12 summarizes the effects classification for landscape diversity at an RSA scale

and for the best-case scenario. Changes to patch metrics are considered long-term but

eventually reversible. Large anthropogenic disturbances such as oil sands mines are

known to create homogeneous landscapes (see Herzog et al. 2001 for a discussion on the

effects of fragmentation and large-scale disturbances). As discussed in the Integrated

Application, effects of the Project on patch metrics create a long-term effect on landscape

diversity. This effect is eventually reversible through a combination of reclamation and

reestablishment of natural landscape processes that introduce heterogeneity into the

landscape.

Patch configuration on the closure reclamation landscapes will be initially influenced by

mesotopography and associated moisture and nutrient regimes that will occur

immediately after recontouring and revegetation. Additional, unplanned heterogeneity is

expected to occur naturally as a result of dynamic and complex interaction of these

factors (i.e., development of opportunistic wetlands). Although there is evidence that the

number of vegetation patches in reclaimed mined landscapes does increase through time,

an outcome that largely reflects unplanned heterogeneity (Ru-Tian et al. 2007), overall

success rates and time required for development of comparable heterogeneity has not

been documented. That recovery is a slow process (i.e., centuries) as suggested by

simulation modelling (Keane et al. 2002), measured landscape pattern changes resulting

from large, infrequent natural disturbances (Foster et al. 1998) and observed forest

patterns emerging from centuries-past anthropogenic activities (Josefsson et al. 2009). An

imprint of the disturbance legacy will likely remain, as pathways of recovery will

inevitably not be the same as the predevelopment landscape. Smaller disturbances, such

as those associated with linear developments, are expected to recover more quickly.

The greatest magnitude change for all patch metrics generally occurs for vegetation cover

classes that are included in typical reclamation plans for developments (e.g., coniferous –

black spruce dominated) and the structural stage that reflects typical forest age for the

reclamation landscape (e.g., pole or sampling) for the snapshot considered (i.e., 2066).

For the Base Case, Application Case and PDC, the magnitude rating falls in the moderate

to high range.
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Table 10-12 Effects Classification of Landscape Diversity

Key Indicator Duration Frequency
Ability to
Recover

Percent Magnitude Change

From
Predevelopment to

Existing
Conditions

1

From
Predevelopment to

Base Case
1

From
Predevelopment to
Application Case

1

From
Predevelopment to

PDC
1

Vegetation Cover Classes
2

Patch number Long Isolated Reversible 46.8% (Deciduous
and deciduous
mixedwood) – High

37.3% (Coniferous –
black spruce
dominated) –
Moderate

37.3% (Coniferous –
black spruce
dominated) –
Moderate

36.7% (Coniferous –
black spruce
dominated) –
Moderate

Mean patch area Long Isolated Reversible -55.3% (Upland
grassland) – High

401.9% (Coniferous –
black spruce
dominated) – High

401.9% (Coniferous –
black spruce
dominated) – High

404.0% (Coniferous –
black spruce
dominated) – High

Total patch edge Long Isolated Reversible -29.5% (Upland
grassland) –
Moderate

343.4% (Coniferous –
black spruce
dominated) – High

343.4% (Coniferous –
black spruce
dominated) – High

343.1% (Coniferous –
black spruce
dominated) – High

Structural Stages

Patch number Long Isolated Reversible -54.1% (Mature
forest) – High

1,687.0% (Pole or
sapling) – High

1,583.4% (Pole or
sapling) – High

1,523.4% (Pole or
sapling) – High

Mean patch area Long Isolated Reversible -43.7% (Mature
forest) – High

-92.7% (Pole or
sapling) – High

-92.4% (Pole or
sapling) – High

-92.2% (Pole or
sapling) – High

Total patch edge Long Isolated Reversible 18.3% (Young forest)
– Low

142.0% (Pole or
sapling) – High

137.4% (Pole or
sapling) – High

131.2% (Pole or
sapling) – High

NOTES:
1

Magnitude of change for patch metrics follows percolation theory and includes a low magnitude of change (<20%), moderate magnitude of change (20% to 40%)
and high magnitude change (>40%).

2
Vegetation cover classes that are changing as a result of typical inclusion in reclamation plans are not included.
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10.4.8 Environmental Consequence

Based on the magnitude of change and concept of reversibility, effects from

fragmentation are generally rated the same as those in the Integrated Application.

Environmental consequence ratings range from a low to moderate for existing conditions,

Base Case, Application Case and PDC. As with the Integrated Application, the Project

does not result in a change in environmental consequence rating from Base Case though

it does incrementally contribute to changes in landscape diversity in the vegetation and

wildlife RSA. A moderate environmental consequence rating for existing conditions is to

be expected. It aligns with CEMA’s TEMF recognition that the landscape in the region

has already been substantially altered and classical fragmentation by linear developments

is the key driver of decline in environmental [key] indicators (CEMA 2008).

Classic fragmentation results in an increase in the number of patches on the landscape.

Although the Project and other oil sands developments contribute to an increase in

disturbance, the number of patches generally decreases from Base Case, Application

Case and PDC as large mine developments remove linear disturbance from the landscape.

Progressive reclamation of the Project along with other developments, reclamation of

linear disturbances through programs such as the Algar Historic Restoration Project

(formally the Oil Sands Leadership Initiative [OSLI] Algar Caribou Habitat Restoration

Program) (OSLI 2012; Nexen 2013, 2014), expansion of protected areas (see GOA

2012b) and Project-specific conservation initiatives will all contribute to mitigating

cumulative effects.

10.4.9 Prediction Confidence

Overall prediction confidence related to fragmentation and homogeneity of landscape

diversity is moderate, and remains the same as in the Integrated Application.

Quality and quantity of baseline information is considered moderate. The original RSA

cover class information is considered accurate and identified vegetation cover classes at a

high level of resolution (30 m x 30 m) relative to the scale of the RSA, allowing for

delineation of patches.

The updated vegetation assessment considers changes to structural stage related to forest

fire (both recently occurring and simulated) and forest growth. In addition, developments

that have been withdrawn or delayed (i.e., PRM, the Joslyn North Mine and Joslyn North

Mine expansion) have been included in the assessment. As such, the assessment is overly

conservative because it includes changes to vegetation diversity that are no longer

planned. Because of this, confidence in the RSA cover class information is moderate.

Confidence in mitigation as it relates to vegetation cover class and structural stage patch

metrics is moderate. Confidence is moderate because the conceptual revegetation plan for

the Project was developed following recommendations provided in the Guidelines for

Reclamation to Forest Vegetation in the Athabasca Oil Sands Region (2nd Edition)

(ESRD 2010) and the Guideline for Wetland Establishment on Reclaimed Oil Sands

Leases (3rd Edition) (CEMA 2014). Guidance was also provided from ongoing research



Volume 3: Assessment Update

Section 10: Vegetation Frontier Oil Sands Mine Project Update

Page 10-40 June 2015

in the region. However, Teck recognizes that demonstrated reclamation through

certification has occurred only on a small proportion of developed land (see GOA

2013b).

10.4.10 Responses to Aboriginal Community Concerns

In addition to specific concerns raised during Aboriginal community consultations on

landscape fragmentation, several concerns are indirectly applicable, including:

 loss of ecological diversity, integrity and sustainability at all scales

 total area of disturbed land at any one time and reclamation timing

 putting the land “back the way it was”

 reclamation success, particularly as it relates to traditionally used species

The Project will result in a temporary, localized decline in patch diversity and an increase

in disturbed lands during construction and operation; however, the removal of linear

disturbances and integration of these disturbances into the reclamation landscape will, in

the long-term, decrease fragmentation effects at the local scale. These mitigation

measures align with the Cumulative Environmental Management Association’s TEMF

recommendations for aggressive reclamation of linear corridors to reduce effects of

fragmentation (CEMA 2008) and with related recommendations from Aboriginal

communities. To reduce the amount of Project-related disturbed land, progressive

reclamation has been included in the CC&R plan (see Volume 1, Section 13.5). Inclusion

of progressive reclamation will allow for a greater range of forest stand structure at

closure (i.e., forested stands included in progressive reclamation will have moved from

the pole sapling stage [structural stage 4] to the young forest stage [structural stage 5]).

Revegetation plans for the Project are based on the closure landscape, which is more

diverse than existing conditions (i.e., topography, moisture regimes, aspect and

mesotopography are all more diverse at closure compared with existing conditions). As a

result of increased landscape diversity, patch metrics will become increasingly more

heterogeneous and move towards natural conditions as the closure areas mature.

With the inclusion of landscape diversity and progressive reclamation, predicted declines

in ecological diversity will be temporary. Work will continue with potentially affected

Aboriginal communities to address concerns, solicit input into reclamation planning,

define monitoring goals and targets to determine success and collaboratively participate

in reclamation research both from a Project and regional perspective.
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10.4.11 Management and Monitoring

10.4.11.1 Regional

Landscape diversity is a regional concern, with increasing fragmentation and landscape

homogeneity altering the natural distribution of vegetation patches during the exploration

and development phase. Teck will continue to support research and continued

development and refinement of management plans (e.g., conceptual CC&R plan) and

tools through such cooperative organizations as COSIA.

10.4.11.2 Project-Specific

A Project-specific conceptual CC&R plan is provided as part of the Project Update (see

Volume 1, Section 13). This conceptual plan identifies that progressive reclamation will

be carried out through the life of the Project and will include direct placement of

reclamation materials including LFH (leaf litter layer plus surface horizons), when

practical. Integrated reclamation monitoring will document reclamation success and

allow for adaptive management of procedures suitable to specific site conditions. In

addition to following all relevant regulatory guidelines and aligning with regulatory

policy, Teck plans to co-create Reclamation Working Groups with potentially affected

Aboriginal communities to seek additional input to the Project’s reclamation plan and

measures to determine its success.

10.4.12 Summary

Based on the magnitude of change and concept of reversibility, effects from

fragmentation, as assessed at a regional scale, are generally rated the same as those in the

Integrated Application and range from a low to moderate environmental consequence for

existing conditions, Base Case, Application Case and PDC.

Overall prediction confidence related to fragmentation and homogeneity of landscape

diversity is considered moderate, aligning with the Integrated Application.

10.5 Community Diversity

10.5.1 Introduction

This section addresses key question V2: Could the Project contribute to cumulative

changes in vegetation community diversity?

The relevance of community diversity in the assessment and the assumptions inherent to

the assessment are discussed in the Integrated Application.
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10.5.2 Methods

Methods used to assess direct effects on community diversity are the same as the

Integrated Application and focus on changes to the area of vegetation types, including

upland ecosite phases, wetland classes and structural stages in the terrestrial LSA, and

vegetation cover classes and structural stages in the vegetation and wildlife RSA. Data

sources align with the Integrated Application with minor modifications (described in

Section 10.3).

Indirect effects on community diversity associated with potential operational

groundwater drawdown of Quaternary deposits (see Section 5.4.4.2) are not included in

the updated assessment. Predicted operational groundwater drawdown was simulated for

Quaternary deposits and is not expected to propagate to the surface and affect surface

water levels. This expectation is supported by existing oil sands mines where operational

pumping currently occurs and has not, to Teck’s knowledge, resulted in drawdown of

surface water that has affected wetlands or the vegetation species they support (e.g., see

Suncor 2005). As part of the anticipated EPEA approval for the Project, Teck expects

there would be a requirement for groundwater monitoring to evaluate any changes in

drawdown within Quaternary deposits (see Section 5.4.9).

10.5.3 LSA Effects Analysis – Reference Conditions

Because natural forest dynamics (i.e., simulated forest fires and forest growth) were not

considered in the assessment of terrestrial LSA ecosite phases and wetland classes,

predevelopment conditions in the terrestrial LSA are considered static. For this reason,

changes between predevelopment and existing conditions are related only to

anthropogenic disturbances (see Table 10-13). These include a decrease in:

 upland ecosite phases (-2.1%)

 wetland classes (-2.2%)

 old growth forest (structural stage 7) (-2.1%)

In addition to common ecosite phases and wetland classes in the terrestrial LSA, there is

one occurrence of a rare ecological community – Alnus incana ssp. tenuifolia/Matteuccia

struthiopteris.
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Table 10-13 Land Units and Structural Stages in the LSA – Reference
Conditions

Measureable Parameter
Predevelopment

(ha)

Existing
Conditions

(ha)

Change from
Predevelopment to
Existing Conditions

(ha) Percent

Land Units

a1: Jack pine/lichen 3,434.1 3,379.7 -54.4 -1.6

b1: Jack pine–aspen/blueberry 3,070.4 3,016.2 -54.2 -1.8

b2: aspen–white birch/blueberry 400.5 395.2 -5.3 -1.3

b3: aspen–white spruce/blueberry 569.3 561.0 -8.3 -1.5

b4: white spruce–Jack pine/blueberry 594.5 587.9 -6.7 -1.1

c1: -mesic Jack pine–black spruce/Labrador tea 77.1 75.5 -1.6 -2.1

d1: aspen/low-bush cranberry 6,472.0 6,312.1 -159.9 -2.5

d2: aspen-white spruce/low-bush cranberry 1,158.4 1,136.2 -22.2 -1.9

d3: white spruce-aspen/low bush cranberry 1,420.6 1,383.8 -36.8 -2.6

e1: balsam poplar–aspen/dogwood 3,554.5 3,471.7 -82.8 -2.3

e2: balsam poplar–white spruce/dogwood 676.7 666.9 -9.7 -1.4

e3: white spruce/dogwood 238.7 234.7 -4.0 -1.7

f1: balsam poplar-aspen/horsetail 1,274.4 1,248.8 -25.6 -2.0

f2: balsam poplar-white spruce/horsetail 420.0 404.7 -15.2 -3.6

f3: white spruce/horsetail 98.8 97.4 -1.3 -1.3

g1: subhygric black spruce–Jack pine/Labrador tea 325.3 320.2 -5.1 -1.6

h1: white spruce-black spruce/Labrador tea 351.2 343.9 -7.3 -2.1

Upland graminoid 2.3 2.3 -0.1 -3.8

Upland shrubland 301.6 295.2 -6.4 -2.1

Subtotal Upland 24,440.6 23,933.5 -507.0 -2.1

Forested to wooded bogs without internal lawns
(BFNN/BTNN)

800.5 782.7 -17.8 -2.2

Nonpatterned, open, graminoid-dominated fens
(FONG)

511.7 503.9 -7.8 -1.5

Nonpatterned, open, shrub-dominated fens (FONS) 2,528.3 2,493.0 -35.3 -1.4

Patterned, open fen (FOPN) 56.3 51.3 -5.1 -9.0

Nonpatterned, wooded fens with no internal lawns
(FTNN)

1,918.4 1,873.6 -44.8 -2.3

Marshes (MONG) 521.9 517.8 -4.0 -0.8

Shrubby swamps (SONS) 2,374.7 2,310.0 -64.7 -2.7

Forested and wooded swamps- coniferous
(SFNNcs/STNNcs)

4,683.3 4,568.2 -115.1 -2.5

Forested and wooded swamps- hardwood
(SFNNhs/STNNhs)

4,885.4 4,762.9 -122.6 -2.5

Forested and wooded swamps- mixedwood
(SFNNms/STNNms)

133.8 131.0 -2.8 -2.1

Shallow open water (WONN) 478.1 477.8 -0.3 -0.1

Subtotal Wetland 18,892.3 18,472.1 -420.2 -2.2



Volume 3: Assessment Update

Section 10: Vegetation Frontier Oil Sands Mine Project Update

Page 10-44 June 2015

Table 10-13 Land Units and Structural Stages in the LSA – Reference
Conditions (cont’d)

Measureable Parameter
Predevelopment

(ha)

Existing
Conditions

(ha)

Change from
Predevelopment to
Existing Conditions

(ha) Percent

Land Units (cont’d)

Water and Littoral 14.3 14.3 <0.1 <0.1

Mineral soil 2.0 2.0 <0.1 <0.1

Cutblocks 0.0 29.9 N/A 29.9

Disturbed land 0.0 897.3 N/A 897.3

Total 43,349 43,349 0 0

Structural Stage

0: Nonvegetated/Water 492.3 1,389.4 897.0 182.2

1: Sparse or bryoid 2.0 2.0 <0.1 <0.1

2: Herb 1,092.2 1,075.2 -17.0 -1.6

3a: Low shrub 20,494.6 20,097.0 -397.6 -1.9

3b: Tall shrub 1,567.3 1,544.7 -22.7 -1.4

4: Pole or sapling 1.1 1.1 <0.1 <0.1

5: Young forest 799.6 784.3 -15.3 -1.9

6: Mature forest 14,879.0 14,519.0 -360.0 -2.4

7: Old-growth forest 4,020.9 3,936.4 -84.5 -2.1

Total 43,349 43,349 0 0

NOTES:

Areas and proportions might not add up to totals because of rounding.

N/A = Not applicable

10.5.4 LSA Effects Analysis – Base Case

There are no approved developments in the terrestrial LSA. As a result, Base Case and

existing conditions are identical and are not assessed further.

10.5.5 LSA Effects Analysis – Application Case

10.5.5.1 Maximum Build-out (Year 41) (2066)

Upland ecosite phases and wetland classes cover 9,533.8 ha (22.0%) and 4,375.3 ha

(10.1%) of the terrestrial LSA for the Application Case at maximum build-out

(see Figure 10-3). This represents a decline of 14,906.8 ha (-61.0%) of upland ecosite

phases and -14,517.0 ha (-76.8%) of wetland classes from predevelopment. This includes

a decline in fens which is one of the proposed indicators in the Draft Biodiversity

Management Framework for the LAR (GOA 2014a). Although upland ecosite phases and

wetland classes are reduced in area at maximum build-out, none are eliminated.
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For the distribution of structural stages in the terrestrial LSA at Application Case

maximum build-out, see Table 10-14 and Figure 10-4. Old growth forest, one of the

indicators identified in the Draft Biodiversity Management Framework for the LAR

(GOA 2014a), covers 1,422.9 ha (3.3%) of the terrestrial LSA at Application Case. This

represents a decline of -2,598.0 ha (-64.6%) at Application Case maximum build-out

from predevelopment. A temporary decline in old growth forest is an unavoidable effect

of the Project.

The one rare ecological community identified in the terrestrial LSA remains unaffected at

Application Case maximum build-out (see Figure 10-3).

Table 10-14 Changes in Community Diversity in the LSA

Measureable Parameter

Reference
Condition Application Case

Change from Predevelopment to
Application Case

Predevelopment

Project
Maximum
Build-out

Project
Closure

Project Maximum
Build-out Project Closure

ha ha ha ha Percent ha Percent

Land Units

a1: Jack pine/lichen 3,434.1 1,848.8 1,863.9 -1,585.3 -46.2 -1,570.2 -45.7

b1: Jack pine–aspen/blueberry 3,070.4 1,291.7 3,287.9 -1,778.7 -57.9 214.8 7.0

b2: aspen–white birch/blueberry 400.5 244.8 245.4 -155.7 -38.9 -155.1 -38.7

b3: aspen–white spruce/blueberry 569.3 459.1 2,095.8 -110.2 -19.4 1,526.4 268.1

b4: white spruce–Jack
pine/blueberry

594.5 502.7 507.2 -91.8 -15.4 -87.3 -14.7

c1: mesic Jack pine–black
spruce/Labrador tea

77.1 8.7 2,138.1 -68.4 -88.7 2,061.3 2,673.5

d1: aspen/low-bush cranberry 6,472.0 1,808.2 4,156.3 -4,663.8 -72.1 -2,315.7 -35.8

d2: aspen-white spruce/low-bush
cranberry

1,158.4 497.9 685.3 -660.5 -57.0 -473.1 -40.8

d3: white spruce-aspen/low bush
cranberry

1,420.6 541.8 3,399.0 -878.8 -61.9 1,977.9 139.2

e1: balsam poplar–
aspen/dogwood

3,554.5 903.8 2,847.7 -2,650.7 -74.6 -707.1 -19.9

e2: balsam poplar–white
spruce/dogwood

676.7 337.1 1,243.9 -339.6 -50.2 566.7 83.7

e3: white spruce/dogwood 238.7 69.0 325.7 -169.7 -71.1 87.0 36.5

f1: balsam poplar-aspen/horsetail 1,274.4 277.4 277.4 -997.0 -78.2 -997.0 -78.2

f2: balsam poplar-white
spruce/horsetail

420.0 246.0 275.5 -174.0 -41.4 -144.5 -34.4

f3: white spruce/horsetail 98.8 45.6 45.8 -53.2 -53.8 -53.0 -53.6

g1: subhygric black spruce–Jack
pine/Labrador tea

325.3 177.1 3,361.9 -148.2 -45.5 3,033.1 932.4

h1: white spruce-black
spruce/Labrador tea

351.2 158.0 1,382.7 -193.2 -55.0 1,034.2 294.5

Upland graminoid 2.3 1.3 1.3 -1.0 -44.5 -1.0 -44.5

Upland shrubland 301.6 114.7 114.7 -186.9 -62.0 -186.9 -62.0

Subtotal Upland 24,440.6 9,533.8 28,255.5 -14,906.8 -61.0 3,810.1 15.6

Forested to wooded bogs without
internal lawns (BFNN/BTNN)

800.5 392.4 392.4 -408.1 -51.0 -408.1 -51.0
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Table 10-14 Changes in Community Diversity in the LSA (cont’d)

Measureable Parameter

Reference
Condition Application Case

Change from Predevelopment to
Application Case

Predevelopment

Project
Maximum
Build-out

Project
Closure

Project Maximum
Build-out Project Closure

ha ha ha ha Percent ha Percent

Land Units (cont’d)

Nonpatterned, open, graminoid-
dominated fens (FONG)

511.7 98.8 98.8 -412.9 -80.7 -412.9 -80.7

Nonpatterned, open, shrub-
dominated fens (FONS)

2,528.3 915.1 915.1 -1,613.2 -63.8 -1,613.2 -63.8

Patterned, open fen (FOPN) 56.3 51.3 51.3 -5.0 -8.9 -5.0 -8.9

Nonpatterned, wooded fens with
no internal lawns (FTNN)

1,918.4 952.8 952.8 -965.6 -50.3 -965.6 -50.3

Marshes (MONG) 521.9 43.1 1,204.8 -478.8 -91.7 663.3 127.1

Shrubby swamps (SONS) 2,374.7 252.4 4,697.6 -2,122.3 -89.4 2,339.4 98.5

Forested and wooded swamps-
coniferous (SFNNcs/STNNcs)

4,683.3 787.9 794.9 -3,895.4 -83.2 -3,888.4 -83.0

Forested and wooded swamps-
hardwood (SFNNhs/STNNhs)

4,885.4 689.8 689.8 -4,195.6 -85.9 -4,195.6 -85.9

Forested and wooded swamps-
mixedwood (SFNNms/STNNms)

133.8 62.7 62.7 -71.1 -53.1 -71.1 -53.1

Shallow open water (WONN) 478.1 128.9 129.5 -349.2 -73.0 -348.6 -72.9

Subtotal Wetland 18,892.3 4,375.3 9,989.7 -14,517.0 -76.8 -8,905.7 -47.1

Water and littoral 14.3 14.3 4,903.3 <-0.1 -0.3 4,881.2 34,134.3

Mineral soil 2.0 0.4 0.4 -1.6 -81.1 -1.6 -81.1

Cutblocks 0.0 25.6 25.6 25.6 N/A 25.6 N/A

Disturbed land 0.0 29,399.8 182.4 29,399.8 N/A 182.4 N/A

Total 43,349 43,349 43,349 0 0 0 0

Structural Stage

0: Nonvegetated/Water 492.3 29,543.0 5,207.5 29,050.7 5,901.0 4,715.2 957.8

1: Sparse or bryoid 2.0 0.4 0.4 -1.6 -81.1 -1.6 -81.1

2: Herb 1,092.2 194.5 1,356.2 -897.7 -82.2 264.0 24.2

3a: Low shrub 20,494.6 7,510.8 7,511.7 -12,983.8 -63.4 -12,982.9 -63.3

3b: Tall shrub 1,567.3 586.3 5,031.4 -981.0 -62.6 3,464.1 221.0

4: Pole or sapling 1.1 <0.1 14,111.9 -1.1 -100.0 14,110.8 1,282,799.9

5: Young forest 799.6 117.0 4,733.7 -682.6 -85.4 3,934.1 492.0

6: Mature forest 14,879.0 3,974.4 3,973.4 -10,904.6 -73.3 -10,905.6 -73.3

7: Old-growth forest 4,020.9 1,422.9 1,422.9 -2,598.0 -64.6 -2,598.0 -64.6

Total 43,349 43,349 43,349 0 0 0 0

NOTES:

Areas and proportions might not add up to totals because of rounding.

N/A = Not applicable
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10.5.5.2 Mitigation

Reclamation Guidelines and Manuals

As outlined in the conceptual CC&R plan (see Volume 1, Section 13), mitigation to

reduce effects on community diversity have focused on research results and strategies as

summarized in:

 Guidelines for Reclamation to Forest Vegetation in the Athabasca Oil Sands Region

(2nd Edition) (ESRD 2010)

 Guideline for Wetland Establishment on Reclaimed Oil Sands Leases (3rd Edition)

(CEMA 2014)

 Oil Sands Marshes: A Knowledge Transfer (Charette et al. 2012)

 Best Management Practices for Conservation of Reclamation Materials in the

Mineable Oil Sands Region of Alberta (MacKenzie 2011)

 Restoration and Reclamation of Boreal Ecosystems: Attaining Sustainable

Development (Vitt and Bhatti 2012)

 Riparian Classification and Reclamation Guide, Revised Edition (Mihajlovich 2012)

The CC&R plan allows for adaptive management (see Volume 1, Section 13.3.4) to

incorporate new best practice and follow new guidance documents as they become

available.

Upland Forests

The Guidelines for Reclamation to Forest Vegetation in the Athabasca Oil Sands Region

(2nd Edition) (ESRD 2010) represents over 10 years of guided research. One of the major

modifications between editions has been the introduction of the site type concept. Site

type is introduced as the primary revegetation target to:

 reflect species overlap between ecosite phases

 allow for greater flexibility in revegetation in recognition of uncertainty in edaphic

conditions on new reclaimed landscapes

The five upland site types include:

 Dry Site Type – a and b ecosites; the closure plan for the updated Project focused on

b1 (Jack pine–aspen/blueberry) and b3 (aspen–white spruce/blueberry) ecosite phases

 Moist Poor Site Type – c ecosite; the closure plan for the updated Project focused on

c1 (mesic Jack pine–black spruce/Labrador tea) ecosite phase

 Moist Rich Site Type – d ecosites; the closure plan for the updated Project focused on

d1 (aspen/low-bush cranberry) and d3 (white spruce-aspen/low bush cranberry)

ecosite phases
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 Wet Rich Site Type – f and e ecosites; the closure plan for the Project focused on

e1 (balsam poplar–aspen/dogwood), e2 (balsam poplar–white spruce/dogwood) and

e3 (white spruce/dogwood) ecosite phases

 Wet Poor Site Type – g and some h ecosites; the closure plan for the Project focused

on the g1 (subhygric black spruce–Jack pine/Labrador tea) and h1 (white spruce-

black spruce/Labrador tea) ecosite phase.

Wetlands

Teck has made a concerted effort to increase the amount of wetland and littoral areas on

the closure landscape from the Integrated Application following commitments made as

part of responses to SIRs and Aboriginal community concerns and recommendations. The

conceptual reclamation plan now includes 6,500 ha (22.2% of the updated PDA) of

wetlands, including littoral areas, an increase of 477 ha (20.5% of the original PDA). In

addition to planned wetlands, opportunistic wetlands are expected to develop, adding

wetland area, as well as introducing heterogeneity into the closure landscape.

The revised Guideline for Wetland Establishment on Reclaimed Oil Sands Leases (3rd

Edition) (CEMA 2014) makes several recommendations for the construction of marshes

along with associated ponds that include such aspects as basin morphology, sediment and

substrate properties, hydrology, water chemistry, vegetation and phytoplankton,

invertebrates and habitat for vertebrates. Charette et al. (2012) provides a thorough

summary of the current knowledge concerning marsh reclamation, including topics such

as hydrology and landform design, chemistry, toxicology, and revegetation.

Numerous marsh wetlands have been constructed in the oil sands region and elsewhere

(see Macyk and Drozdowski 2008 for a summary) and learnings have been extensive

(Charette et al. 2012). Opportunistic establishment of marsh wetlands has also been

observed in depressions on landscapes reclaimed with overburden (Charette et al. 2012).

Raab and Bayley (2013) conclude that sedge meadow communities may be established in

the landscape if designed and revegetated with suitable species.

Establishment of peatland ecosites i, j and k (i.e., fens and bogs) that naturally develop

over several thousand years, are just beginning to be tested in the oil sands region (Vitt

and Bhatti 2012). Given the amount of time required to naturally develop these

ecosystems, many consider it unlikely that peatland ecosites can be developed in the time

period typically considered for oil sands reclamation (i.e., 100 years) (Sherrington 2005).

Research outside of the oil sands region suggests peatland restoration is possible with the

reestablishment of former hydrological characteristics, reintroduction of peat-forming

plants and subsequent establishment of carbon storage (Ferland and Rochefort 1997;

Rochefort et al. 2003; Lucchese et al. 2010; Vitt and Bhatti 2012). Graf et al. 2012

conclude that success in the creation of peatlands, especially revegetation, in the post-

mining landscape will largely depend on the ability to “create a true fen hydrology”. In

the oil sands region, hydrological conditions suitable for peatland establishment are

considered feasible (Price et al. 2009), with high salinity and fluctuating water tables

posing the greatest impediment to peatlands establishment(Vitt and Bhatti 2012).
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Recent studies provide evidence that several boreal peatland species, especially

graminoids, are able to survive in wetlands with elevated concentrations of parameters

associated with oil sands process material (e.g., high salinity) (summarized in Vitt and

Bhatti 2012; Pouliot et al. 2012; Mollard et al. 2012; Raab and Bayley 2013; Roy et al.

2014). Research has also shown that some moss species are able to survive and reproduce

when exposed to oil sands process water; however, mosses are less tolerant than

graminoids, especially during periods of dryness (Pouliot et al. 2012, 2013). Although

Vitt and Bhatti (2012) identify two moss species that are most suitable for use in fen

creation, they conclude that additional research is required to determine boreal moss

species thresholds for exposure to oil sand process water and salts. Other research

suggests that peatland (fen) plant establishment will improve when planted on a peat

layer within reclaimed wetland (Price et al. 2009; Roy et al. 2014) at least in part because

peat has the capacity to buffer and slow the transport of salts and naphthenic acids in a

soil column (Rezanezhad et al. 2012). It is suggested that peat’s ability to buffer these

substances might provide a period in which wetland plants can establish in a reclaimed

wetland and build a litter layer that might further isolate the introduced plants (Vitt and

Bhatti 2012).

Currently, both Syncrude (Wytrkykush 2010) and Suncor (Daly 2010) are testing the

viability of fen reclamation. In addition, reclamation of peatlands on mineral soil is being

tested on well pads in northern Alberta. Vitt and Bhatti (2012) summarize the fen

watershed design, watershed construction and planting prescriptions undertaken on fen

reclamation trials. Preliminary results of well pad research indicate planted peatland

species are increasing in number and density (Vitt et al. 2010). While these reclaimed

well pads are currently net carbon sources, the net amount of carbon being emitted is

declining over time (Wieder et al. 2010a).

Although peatlands are not currently included in the CC&R plan for the Project, Teck

anticipates that marshes and swamps will start to accumulate peat and move towards

peatlands as salinity decreases. It has been noted that saline marshes do accumulate peat

in northern Alberta as salt-tolerant species have lower decomposition rates than their

freshwater counterparts (Trites and Bayley 2009). Teck recognizes that peatlands are an

important traditional use area for Aboriginal communities and therefore Teck will make

an effort to include peatlands in detailed CC&R planning should research results and

recommendations prove to be feasible and appropriate.

Long-Term Oil Sands Reclamation Monitoring

Monitoring in the last two decades has begun to focus on natural ecosite reclamation.

Because of this, monitoring initiatives designed to gauge the successional and temporal

performance of oil sands reclamation efforts from a diversity perspective span less than a

decade. In terms of site productivity, preliminary measurements from older monitoring

plots indicate that early tree growth on reconstructed soils is comparable to growth rates

of trees on natural soils, although the long-term sustainability of this growth is still in

question (Timberline Natural Resource Group 2008). For the most part, long-term

monitoring plots show that reclaimed oil sands sites appear to be developing into

ecosystems with similar plant community composition and nutrient availability to those
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that occur naturally (see Rowland et al. 2009 for an evaluation of long-term reclamation

monitoring data). From a community succession perspective, however, the diversity of

plants on sites with reconstructed peat/mineral mix soils still remains well below that of

natural sites (Stantec 2009).

Sorenson et al. (2011) found that temporal changes in forest floor development and

microbial communities occur in reclaimed stands as the reclaimed stand ages and the

canopy becomes denser. For reclaimed stands with canopies less than 30%, the microbial

community is related to the reclamation prescription (i.e., soil texture). When the canopy

cover exceeds 30%, microbial communities become more reflective of the stand and

become more similar to natural communities (Sorenson et al. 2011).

Based on Teck’s extensive reclamation knowledge and experience from elsewhere in

western Canada (see the response to ESRD/CEAA Round 3 SIR 78), diversity will be

improved by planting additional species to supplement those recommended in provincial

reclamation guidelines. In addition, targeting early development of a tree canopy will

improve overall stand composition.

Oil Sands Research Innovations

In addition to providing recommendations for species out-planting and planting densities

by site type, the Guidelines for Reclamation to Forest Vegetation in the Athabasca Oil

Sands Region (2nd Edition) (ESRD 2010), Teck will incorporate results of ongoing oil

sands research on reclamation as follows:

 Variations of slope and aspect will be part of the reclaimed landscape (i.e.,

undulating and rolling topography). Introducing mesotopography onto the landscape

will increase site diversity, establish sustainable drainage patterns, manage salinity,

and enhance opportunities for wetland reestablishment.

 Islands of native vegetation will be conserved in the PDA, where feasible, to allow

for potential seed sources and natural reclamation.

 Teck will use the LFH layer and upper 10 cm to 30 cm of upland forest soils as a

source of propagules. These soil layers enhance the abundance and diversity of

wooded plants on reclaimed landscapes when directly placed or stored, preferably in

small stockpiles, for a year or less (MacKenzie 2006; MacKenzie and Naeth 2009;

Pinno et al. 2012). Recent research indicates that the benefit of using forest floor

material in reclamation treatments extends beyond the introduction of plant

propagules. A study of LFH and peat-mineral mix on reclaimed sites found that

nitrogen availability and enzyme activity varied seasonally; however, both were

greater in LFH compared to peat-mineral mix (Jamro et al. 2014). Béasse et al.

(2015) suggest that mixing of forest floor and peat materials offers the benefits of

both materials to reclaimed sites. For example, a mixture can increase water-holding

capacity compared to forest floor while producing a microbial community that is

more similar to the forest floor community. Teck will use available LFH (forest floor

material) to enhance reclamation success where feasible.
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 By targeting different plant communities for surface soils, conductivities will likely

exceed 4 dS/cm (see Purdy et al. 2005). A recent study by Bissonnette et al. (2014)

found that alders (Alnus spp.) are very tolerant of oil sands process-affected material;

survival was not affected by exposure to the oil sands process-affected material.

However, symbiosis was reduced on alders grown within pure oil sands process-

affected material. Closure land units for the Project will focus on salt-tolerant

shrubby swamps in riparian areas likely to be influenced by salt. This will include

planting species identified as appropriate for areas where surface salts are present.

 Research (Brown 2010; Brown and Naeth 2014) completed since the completion of

the Guidelines for Reclamation to Forest Vegetation in the Athabasca Oil Sands

Region (2nd Edition) (ESRD 2010) identifies the use of coarse woody debris as a

favourable amendment because it provides microsites that assist the establishment

and growth of native species. Benefits include increased native vegetation cover and

species richness, providing a source of locally viable seed (i.e., Picea mariana) and

decreased introduced species cover. In general, variation in surface conditions

(woody debris, microtopography and material) creates conditions suitable for the

establishment of a variety of species (Vitt and Bhatti 2012). Teck will incorporate

woody debris into the reclamation landscape and will monitor outcomes.

 Studies have concluded that the inoculation of trees and shrubs with symbionts can

provide a benefit to growth and establishment (Bissonnette et al. 2014; Onwuchekwa

et al. 2014). Alders (Alnus spp.) grown in oil sands process-affected material have

demonstrated increased biomass production (up to 15 times) in plants containing the

symbiont compared to that in non-inoculated alders (Bissonnette et al. 2014).

Ectomycorrhizal inoculation of Jack pine and white spruce seedlings provided

measurable benefits after two growing seasons on reclaimed oil sands sites

(Onwuchekwa et al. 2014). Growth (i.e., relative height growth rates, dry biomass

and stem volume) in inoculated Jack pine were greater compared to inoculated white

spruce. Survival of inoculated white spruce was 75% greater than non-inoculated

control white spruce following two growing seasons. Ectomycorrhizal colonization

rates of the seedlings were also found to be greater compared to the non-inoculated

controls (Onwuchekwa et al. 2014).

 Development of a closed tree canopy can suppress early-successional species and

provide microsites for the establishment of a more diverse understory over time

(shade-tolerant species) (Vitt and Bhatti 2012).

 Forest stand type (i.e., species composition) and canopy cover are important factors

in forest floor development (Sorenson et al. 2011; Vitt and Bhatti 2012).

Establishment of a forest canopy (more than 30% cover) dominated by Populus

tremuloides results in greater development of the forest floor compared to stands

composed of conifers. In addition, the soil microbial community begins to vary from

that associated with the original mineral soil texture after canopy cover exceeds 30%

(Sorenson et al. 2011).

Teck will continue to participate and fund regional reclamation research relevant to

the Project, including research initiatives managed by COSIA. Teck will incorporate
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evolving research such as that discussed above to improve reclamation timing and

success, as relevant to the Project, as part of more detailed reclamation planning.

Assessment Implications

Following guidelines, recent research and monitoring results, reclamation of upland

forests and mineral wetland communities (i.e., marshes, swamps and shallow open

waters) are considered reversible in this assessment, though it is expected that not all

species currently present will return.

Reclamation of peatlands (i.e., bogs and fens) is considered irreversible by the

assessment because reclamation of these ecosystems directly on mineral substrates is just

beginning. Although reclamation of peatlands is considered irreversible, independent

review of oil sands reclamation efforts suggests that reclamation of peatlands is more

feasible than generally believed (Royal Society of Canada Expert Panel 2010) and for

this reason Teck will also incorporate results and recommendations of this evolving

research should it prove to be feasible and appropriate.

Conservation Agreement

To mitigate the Project’s incremental contribution to regional changes in diversity, Teck

will work with the governments of Alberta and Canada and look to their guidance on the

development of a Conservation Agreement. Teck believes that the development of

detailed mitigation measures or offset plans that could form the basis of a Conservation

Agreement or Conservation Allowance should occur after the anticipated EPEA approval

for the Project is received, and involve consultation with regulators and potentially

affected Aboriginal communities and stakeholders. Development of a Conservation

Agreement forms part of the biodiversity management plan that Teck will develop as part

of the Project and aligns with corporate sustainability goals. For details on the

biodiversity management plan, see Volume 1, Section 14.8.

10.5.5.3 Closure (2081)

Upland ecosite phases and wetland classes cover 28,255.5 ha (65.2%) and 9,989.7 ha

(23.0%) of the terrestrial LSA for the Application Case at closure (see Table 10-14 and

Figure 10-5). This represents an increase of 3,814.9 ha (15.6%) of upland ecosite phases

and a decrease of 8,902.6 ha (-47.1%) of wetland classes from predevelopment. No

upland ecosite phases or wetland classes are eliminated from the terrestrial LSA for the

Application Case at closure.
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Following commitments made as part of responses to SIRs and recognizing concerns and

recommendations from Aboriginal communities, Teck has made a concerted effort to

increase the planned area of wetlands and littoral zones in the closure landscape. The

conceptual reclamation plan includes 6,500 ha (22.2% of the updated PDA) of wetlands

including 886 ha of littoral areas (see Volume 1, Section 13.6, Table 13.6-7). This

represents an increase of 477 ha from the 6,023 ha (20.5% of the original PDA) of

wetlands including littoral areas relative to the Integrated Application.

For the distribution of structural stages in the terrestrial LSA for the Application Case at

closure, see Table 10-14 and Figure 10-6. Old growth forest covers 1,422.9 ha (3.3%) of

the terrestrial LSA for the Application Case at closure. This represents a decline of -

2,598.0 ha (-64.6%) at maximum build-out for the Application Case relative to

predevelopment. A decline in old growth forest is an unavoidable outcome of the Project.

The one rare ecological community identified in the terrestrial LSA remains unaffected

for the Application Case at closure (see Figure 10-5).

10.5.6 RSA Effects Analysis – Reference Conditions

Predevelopment conditions in the vegetation and wildlife RSA were treated dynamically

(i.e., included fire simulations and forest growth as discussed in Section 10.3.3.4). For a

comparison of cover classes, upland ecosite phases and wetland classes, see Table 10-15.

Changes in reference conditions from predevelopment (2013) to existing conditions

(see Table 10-16) include a decrease in:

 upland vegetation cover classes (-14.7%)

 wetland vegetation cover classes (-8.3%)

 old growth forest (structural stage 7) (-16.2%)

In addition, there is a change in structural stages in the vegetation and wildlife RSA

between predevelopment (2013) and predevelopment (2066) (see Table 10-16) resulting

from changes in forest age from simulated forest fires and forest growth. For further

discussion of the assessment landscapes, see Section 10.3.3.4.
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Table 10-15 Comparison of RSA and LSA Land Units

RSA Land Units LSA Land Units

Coniferous – Jack pine leading a1: Jack pine/lichen

c1: -mesic Jack pine–black spruce/Labrador tea

Coniferous – White spruce leading b4: white spruce–Jack pine/blueberry

e3: white spruce/dogwood

f3: white spruce/horsetail

h1: white spruce-black spruce/Labrador tea

Coniferous – Black spruce leading g1: subhygric black spruce–Jack pine/Labrador tea

Mixedwood – Jack pine leading b1: Jack pine–aspen/blueberry

Mixedwood – White spruce leading d3: white spruce-aspen/low bush cranberry

Deciduous and Mixedwood – Deciduous
leading

b2: aspen–white birch/blueberry

b3: aspen–white spruce/blueberry

d1: aspen/low-bush cranberry

d2: aspen-white spruce/low-bush cranberry

e1: balsam poplar–aspen/dogwood

e2: balsam poplar–white spruce/dogwood

f1: balsam poplar-aspen/horsetail

f2: balsam poplar-white spruce/horsetail

Upland shrubland Upland shrubland

Upland grassland Upland graminoid

Shrubby bog Wooded bogs without internal lawns (BTNN)

Wooded bog Forested bogs without internal lawns (BFNN)

Wooded bogs without internal lawns (BTNN)

Wooded poor fen Nonpatterned, wooded fens with no internal lawns (FTNN)

Rich wooded fen Nonpatterned, wooded fens with no internal lawns (FTNN)

Shrubby fen Nonpatterned, open, shrub-dominated fens (FONS)

Open fen Nonpatterned, open, graminoid-dominated fens (FONG)

Patterned, open fen (FOPN)

Wooded swamp Forested and wooded swamps - coniferous (SFNNcs/STNNcs)

Forested and wooded swamps - hardwood (SFNNhs/STNNhs)

Forested and wooded swamps - mixedwood (SFNNms/STNNms)

Shrubby swamp Shrubby swamps (SONS)

Marsh/wet meadow Marshes (MONG)

Shallow open water (WONN)

Water Shallow open water (WONN)

Mineral soil Mineral soil

Cutblock Cutblock

Disturbed land Disturbed land
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Table 10-16 Land Units and Structural Stages in the RSA – Reference
Conditions

Vegetation Class

Predevelopment
Condition

(2013)

Predevelopment
Condition

(2066)

Existing
Condition

(2013)

Percent Change
from

Predevelopment
Condition (2013)

to Existing
Conditions

Vegetation Cover Classes

Coniferous – Jack pine 118,758.6 118,758.6 108,861.7 -8.3

Coniferous – White spruce 34,438.5 34,438.5 29,780.1 -13.5

Coniferous – Black spruce 2,807.9 2,807.9 2,132.3 -24.1

Mixedwood – Jack pine 71,888.2 71,888.2 62,730.4 -12.7

Mixedwood – White spruce 66,608.8 66,608.8 60,593.4 -9.0

Deciduous/Mixedwood – Deciduous 170,509.4 170,509.4 144,238.3 -15.4

Upland shrubland 18,804.8 18,804.8 13,175.9 -29.9

Upland grassland 28,022.3 28,022.3 15,093.6 -46.1

Subtotal Uplands 511,838.5 511,838.5 436,605.7 -14.

Shrubby bog 48,568.3 48,568.3 44,022.6 -9.4

Wooded bog 143,334.7 143,334.7 136,538.7 -4.7

Wooded poor fen 44,452.4 44,452.4 41,925.8 -5.7

Rich wooded fen 41,523.2 41,523.2 37,533.7 -9.6

Shrubby fen 26,591.1 26,591.1 22,746.3 -14.5

Open fen 48,102.2 48,102.2 41,536.4 -13.6

Wooded swamp 212,105.2 212,105.2 196,938.3 -7.2

Shrubby swamp 84,060.9 84,060.9 75,606.3 -10.1

Marsh/wet meadow 11,460.6 11,460.6 8,439.5 -26.4

Subtotal Wetlands 660,198.5 660,198.5 605,287.5 -8.3

Water and Littoral 23,102.5 23,102.5 22,017.6 -4.7

Mineral soil 420.3 420.3 100.2 -76.2

Disturbed land 0.0 0.0 131,548.7 N/A

Total 1,195,560 1,195,560 1,195,560 0

Structural Stage

0: Nonvegetated 23,102.5 23,102.5 153,566.4 564.7

1: Sparse or bryoid 420.3 420.3 100.2 -76.2

2: Herb 87,585.1 87,585.1 65,069.5 -25.7

3a: Low shrub 233,770.4 75,159.4 218,187.4 -6.7

3b: Tall shrub 85,328.9 170,868.9 72,593.9 -14.9

4: Pole or sapling 108,826.5 290,798.6 103,057.4 -5.3

5: Young forest 323,095.6 213,442.6 295,210.6 -8.6

6: Mature forest 291,672.3 182,912.8 252,777.1 -13.3

7: Old-growth forest 41,758.3 151,269.5 34,997.3 -16.2

Total 1,195,560 1,195,560 1,195,560 0

NOTES:

Areas and proportions might not add up to totals because of rounding.

N/A = Not applicable
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10.5.7 RSA Effects Analysis – Base Case

10.5.7.1 Worst-Case Scenario

Both upland and wetland vegetation cover classes experience a decline at Base Case

relative to predevelopment (2066) for the worst-case scenario. Upland vegetation cover

classes decline by -23.5%, while wetland cover classes decline by -14.1%

(see Table 10-17).

Old growth covers 93,500.6 ha of the vegetation and wildlife RSA at Base Case, decline

of -38.2% relative to predevelopment (2066) for the worst-case scenario

(see Table 10-17).

10.5.7.2 Best-Case Scenario

For the best-case scenario, upland vegetation cover classes increase by 3.9% and wetland

cover classes decrease by -7.4% at Base Case, reflecting higher proportions of uplands on

reclaimed oil sands mines at 2066 (see Table 10-18 and Figure 10-7). Because many of

the vegetation cover classes are typically included in reclamation planning, declines are

not as large as for the worst-case scenario.

Old forests will not have had time to develop relative to regional planned progressive

reclamation, so predicted declines in the vegetation and wildlife RSA are identical to

those for the worst-case scenario. At Base Case, for example, there is a decline of -38.2%

relative to predevelopment (2066) (see Table 10-18 and Figure 10-8).

10.5.8 RSA Effects Analysis – Application Case

10.5.8.1 Worst-Case Scenario

Both upland and wetland vegetation cover classes experience a decline at Application

Case relative to predevelopment (2066) for the worst-case scenario. Upland vegetation

cover classes decline by -26.9%, while wetland cover classes decline by -15.8%

(see Table 10-17).

Old growth covers 90,256.9 ha of the vegetation and wildlife RSA at Application Case,

representing a decline of -40.3% relative to predevelopment (2066) for the worst-case

scenario (see Table 10-17).

10.5.8.2 Best-Case Scenario

For the best-case scenario, upland vegetation cover classes increase by 0.5% and wetland

cover classes decrease by -9.1% at Application Case, reflecting higher proportions of

uplands on reclaimed oil sands mines at 2066 (see Table 10-18 and Figure 10-9). Because

many of the vegetation cover classes are typically included in reclamation planning,

declines are not as large for the worst-case scenario.

Old forests will not have had time to develop relative to regional planned progressive

reclamation, so predicted declines in the vegetation and wildlife RSA are identical to

those for the worst-case scenario. For the Application Case this includes a decline of -

40.3% relative to predevelopment (2066) (see Table 10-18 and Figure 10-10).
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Table 10-17 Changes in Community Diversity in the RSA – Worst-Case Scenario

Vegetation Class

Predevelopment
Condition

(2066)
Base Case

(2066)

Percent Change
from

Predevelopment
to Base Case

(2066)

Application
Case
(2066)

Percent Change
from

Predevelopment
to Application

Case
(2066)

PDC
(2066)

Percent Change
from

Predevelopment
to PDC
(2066)

Land Units

Coniferous – Jack pine 118,758.6 99,701.9 -16.0 99,588.4 -16.1 97,997.3 -17.5

Coniferous – White spruce 34,438.5 27,887.0 -19.0 26,676.7 -22.5 24,882.9 -27.7

Coniferous – Black spruce 2,807.9 1,900.5 -32.3 1,900.5 -32.3 1,898.0 -32.4

Mixedwood – Jack pine 71,888.2 51,039.6 -29.0 50,849.2 -29.3 50,047.5 -30.4

Mixedwood – White spruce 66,608.8 58,844.5 -11.7 55,807.0 -16.2 54,944.8 -17.5

Deciduous/Mixedwood –
Deciduous

170,509.4 130,021.3 -23.7 117,714.4 -31.0 113,648.9 -33.3

Upland shrubland 18,804.8 12,467.2 -33.7 12,171.8 -35.3 11,441.8 -39.2

Upland grassland 28,022.3 9,666.2 -65.5 9,393.9 -66.5 8,604.7 -69.3

Subtotal Upland 511,838.5 391,528.2 -23.5 374,102.0 -26.9 363,466.0 -29.0

Shrubby bog 48,568.3 41,762.0 -14.0 41,375.7 -14.8 40,502.8 -16.6

Wooded bog 143,334.7 129,759.6 -9.5 129,147.4 -9.9 128,254.1 -10.5

Wooded poor fen 44,452.4 39,887.5 -10.3 39,882.2 -10.3 39,634.6 -10.8

Rich wooded fen 41,523.2 35,026.7 -15.6 35,026.7 -15.6 34,659.1 -16.5

Shrubby fen 26,591.1 19,276.5 -27.5 18,993.5 -28.6 18,620.0 -30.0

Open fen 48,102.2 37,320.1 -22.4 36,934.9 -23.2 36,214.0 -24.7

Wooded swamp 212,105.2 187,682.4 -11.5 182,637.9 -13.9 175,917.7 -17.1

Shrubby swamp 84,060.9 68,291.5 -18.8 65,738.6 -21.8 61,902.8 -26.4

Marsh/wet meadow 11,460.6 7,933.8 -30.8 6,392.3 -44.2 6,176.6 -46.1

Subtotal Wetland 660,198.5 566,940.2 -14.1 556,129.3 -15.8 541,881.7 -17.9

Water 23,102.5 21,799.6 -5.6 21,545.4 -6.7 21,489.6 -7.0

Mineral soil 420.3 84.6 -79.9 77.6 -81.5 76.6 -81.8

Disturbed land 0.0 215,207.2 N/A 243,705.5 N/A 268,645.9 N/A

Total 1,195,560 1,195,560 0 1,195,560 0 1,195,560 0
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Table 10-17 Changes in Community Diversity in the RSA – Worst-Case Scenario (cont’d)

Vegetation Class

Predevelopment
Condition

(2066)
Base Case

(2066)

Percent Change
from

Predevelopment
to Base Case

(2066)

Application
Case
(2066)

Percent Change
from

Predevelopment
to Application

Case
(2066)

PDC
(2066)

Percent Change
from

Predevelopment
to PDC
(2066)

Structural Stage

0: Nonvegetated 23,102.5 237,006.8 925.9 265,250.9 1,048.1 290,135.5 1,155.86

1: Sparse or bryoid 420.3 84.6 -79.9 77.6 -81.5 76.6 -81.8

2: Herb 87,585.1 54,920.1 -37.3 52,721.2 -39.8 50,995.2 -41.8

3a: Low shrub 75,159.4 61,038.5 -18.8 60,369.2 -19.7 59,122.8 -21.3

3b: Tall shrub 170,868.9 154,266.5 -9.7 151,418.3 -11.4 146,376.1 -14.3

4: Pole or sapling 290,798.6 285,805.6 -1.7 283,507.1 -2.5 282,306.9 -2.9

5: Young forest 213,442.6 188,875.6 -11.5 180,390.4 -15.5 176,007.5 -17.5

6: Mature forest 182,912.8 120,061.5 -34.4 111,568.2 -39.0 106,985.4 -41.5

7: Old-growth forest 151,269.5 93,500.6 -38.2 90,256.9 -40.3 83,553.7 -44.8

Total 1,195,560 1,195,560 0 1,195,560 0 1,195,560 0

NOTES:

Areas and proportions might not add up to totals because of rounding.

N/A = Not applicable
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Table 10-18 Changes in Community Diversity in the RSA – Best-Case Scenario

Vegetation Class

Predevelopment
Condition

(2066)
Base Case

(2066)

Percent Change
from

Predevelopment
to Base Case

(2066)

Application
Case
(2066)

Percent Change
from

Predevelopment
to Application

Case
(2066)

PDC
1

(2066)

Percent Change
from

Predevelopment
to PDC
(2066)

Land Units

Coniferous – Jack pine 118,758.6 129,613.9 9.1 129,499.1 9.0 127,707.3 7.5

Coniferous – White spruce 34,438.5 34,476.6 0.1 33,250.9 -3.4 31,284.6 -9.2

Coniferous – Black spruce 2,807.9 19,191.2 583.5 19,191.2 583.5 19,187.1 583.3

Mixedwood – Jack pine 71,888.2 62,637.8 -12.9 62,448.2 -13.1 61,533.6 -14.4

Mixedwood – White spruce 66,608.8 62,851.6 -5.6 59,761.3 -10.3 58,717.7 -11.8

Deciduous/Mixedwood – Deciduous 170,509.4 192,835.3 13.1 180,304.0 5.7 175,515.0 2.9

Upland shrubland 18,804.8 15,799.4 -16.0 15,505.3 -17.5 14,356.9 -23.7

Upland grassland 28,022.3 14,591.6 -47.9 14,320.4 -48.9 12,955.5 -53.8

Subtotal Upland 511,838.5 531,997.5 3.9 514,280.4 0.5 501,257.7 -2.1

Shrubby bog 48,568.3 43,224.2 -11.0 42,836.4 -11.8 41,899.4 -13.7

Wooded bog 143,334.7 133,094.9 -7.1 132,475.0 -7.6 131,487.0 -8.3

Wooded poor fen 44,452.4 41,066.8 -7.6 41,061.5 -7.6 40,768.0 -8.3

Rich wooded fen 41,523.2 36,102.3 -13.1 36,102.3 -13.1 35,640.1 -14.2

Shrubby fen 26,591.1 20,891.2 -21.4 20,606.3 -22.5 20,051.2 -24.6

Open fen 48,102.2 41,063.9 -14.6 40,681.9 -15.4 39,736.8 -17.4

Wooded swamp 212,105.2 194,755.7 -8.2 189,637.9 -10.6 182,395.6 -14.0

Shrubby swamp 84,060.9 86,347.3 2.7 83,797.8 -0.3 79,615.3 -5.3

Marsh/wet meadow 11,460.6 14,494.6 26.5 12,947.0 13.0 12,684.6 10.7

Subtotal Wetland 660,198.5 611,040.7 -7.4 600,146.2 -9.1 584,277.9 -11.5

Water 23,102.5 41,722.3 80.6 41,467.9 79.5 41,336.8 78.9

Mineral soil 420.3 291.2 -30.7 284.3 -32.4 281.0 -33.1

Disturbed land 0.0 10,507.9 N/A 39,381.0 N/A 68,406.3 N/A

Total 1,195,560 1,195,560 0 1,195,560 0 1,195,560 0
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Table 10-18 Changes in Community Diversity in the RSA – Best-Case Scenario (cont’d)

Vegetation Class

Predevelopment
Condition

(2066)
Base Case

(2066)

Percent Change
from

Predevelopment
to Base Case

(2066)

Application
Case
(2066)

Percent Change
from

Predevelopment
to Application

Case
(2066)

PDC
1

(2066)

Percent Change
from

Predevelopment
to PDC
(2066)

Structural Stage

0: Nonvegetated 23,102.5 52,230.3 126.1 80,848.9 250.0 109,743.1 375.0

1: Sparse or bryoid 420.3 291.2 -30.7 284.3 -32.4 281.0 -33.1

2: Herb 87,585.1 70,150.0 -19.9 67,949.3 -22.4 65,376.9 -25.4

3a: Low shrub 75,159.4 64,115.4 -14.7 63,442.7 -15.6 61,950.6 -17.6

3b: Tall shrub 170,868.9 175,654.5 2.8 172,810.9 1.1 167,195.8 -2.1

4: Pole or sapling 290,798.6 376,880.6 29.6 374,125.2 28.7 370,582.7 27.4

5: Young forest 213,442.6 242,675.9 13.7 234,273.6 9.8 229,890.9 7.7

6: Mature forest 182,912.8 120,061.2 -34.4 111,568.0 -39.0 106,985.2 -41.5

7: Old-growth forest 151,269.5 93,500.6 -38.2 90,256.9 -40.3 83,553.7 -44.8

Total 1,195,560 1,195,560 0 1,195,560 0 1,195,560 0

NOTES:
1

All developments in the Base Case have been progressively reclaimed to 2066 for the best-case scenario while the Project and developments in the PDC are
considered at maximum build-out.

Areas and proportions might not add up to totals because of rounding.

N/A = Not applicable











Volume 3: Assessment Update

Frontier Oil Sands Mine Project Update Section 10: Vegetation

June 2015 Page 10-69

10.5.9 RSA Effects Analysis – Planned Development Case

10.5.9.1 Worst-Case Scenario

Both upland and wetland vegetation cover classes experience a decline at PDC relative to

predevelopment (2066) for the worst-case scenario. Upland vegetation cover classes

decline by -29.0%, while wetland cover classes decline by -17.9% (see Table 10-17).

Old growth covers 83,553.7 ha of the vegetation and wildlife RSA at PDC, representing a

decline of -44.8% relative to predevelopment (2066) for the worst-case scenario

(see Table 10-17).

10.5.9.2 Best-Case Scenario

As with the worst-case scenario, both upland and wetland vegetation cover classes

decline at PDC relative to predevelopment (2066) for the best-case scenario. Declines for

vegetation cover classes typically included in reclamation planning are not as large for

the worst-case scenario, with upland vegetation cover classes declining by -2.1% and

wetland cover classes declining by -11.5% (see Table 10-18 and Figure 10-11).

Again, old forests will not have had time to develop relative to regional planned

progressive reclamation, so predicted declines in the vegetation and wildlife RSA are

identical to those for the worst-case scenario. For the PDC, this includes a decline of -

44.8% relative to predevelopment (2066) (see Table 10-18 and Figure 10-12).

10.5.10 Effects Classification

For a summary of effects classification for changes in community diversity,

see Table 10-19.

The greatest magnitude change for upland cover classes that experience a decline occurs

for upland grasslands that occur naturally as small patches on the predevelopment

landscape and are not included in typical reclamation plans. For existing conditions, Base

Case, Application Case and PDC, this change corresponds to a high magnitude rating.

Upland ecosite phases increase 3,810.1 ha (15.6%) in the terrestrial LSA as a result of the

Project when closure is considered, reflecting reclamation and recovery of these

ecosystems.

Wetland classes decrease by 8,905.7 ha (-47.1%) in the terrestrial LSA as a result of the

Project at closure. The decrease in wetland classes reflects an increase in topographic

diversity in the LSA and overall better drained conditions. As a result, uplands are more

common at closure in the terrestrial LSA than at predevelopment. Although there is an

overall decline in wetlands, Teck has made a concerted effort to increase the planned area

of wetlands and littoral zones in the closure landscape relative to the Integrated

Application following commitments Teck made in responses to SIRs and concerns and

recommendations from Aboriginal communities. The conceptual reclamation plan

includes 6,500 ha (22.2% of the updated PDA) of wetlands, including littoral areas. This

represents an increase of 477 ha from the 6,023 ha (20.5% of the original PDA) of

wetlands, including littoral areas, relative to the Integrated Application.
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Table 10-19 Effects Classification of Community Diversity

Key
Indicator Duration Frequency

Ability to
Recover

Percent Magnitude Change
1

From
Predevelopment to
Existing Conditions

From
Predevelopment to

Base Case

From
Predevelopment to
Application Case

From
Predevelopment to

PDC

Upland
cover
classes

Long Isolated Reversible -46.1% (Upland
grassland) – High

-47.9% (Upland
grassland) – High

-48.9% (Upland
grassland) – High

-53.8% (Upland
grassland) – High

Wetland
cover
classes

Long Isolated Irreversible for
most cover
classes

-26.4% (Marsh/wet
meadow) – High

-21.4% (Shrubby fen)
– High

-22.5% (Shrubby fen)
– High

-24.6% (Shrubby fen)
– High

Structural
stage

Long Isolated Reversible -76.2% (Sparse or
bryoid) – High

-38.2% (Old growth)
– High

-40.3% (Old growth)
– High

-44.8% (Old growth)
– High

NOTE:
1

Magnitude of change for vegetation types follows TEMF criteria (CEMA 2008) and includes a low magnitude of change (<10%), moderate magnitude of change
(10% to 20%) and high magnitude change (>20%).
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Where wetlands are reclaimed in the closure landscape, recovery is expected to be

restricted to marshes and shrubby swamps. As previously indicated, surface water

chemistry and ability to sustainably maintain water levels in depressional areas where

wetlands are planned will be evaluated. If appropriate conditions for peatland reclamation

are identified from a water quality and quantity perspective, the suite of reclamation

objectives will be expanded to include peatlands. Research on peatland species shows

that some can tolerate saline conditions and have the potential to accumulate organic

matter because of slow decomposition (e.g., Carex aquatilis, Carex atherodes, Carex

utriculata, Triglochin maritima and Campylium stellatum) (Trites and Bayley 2009; Vitt

et al. 2011; Koropchak et al. 2012; Pouliot et al. 2012, 2013). Targeting use of these and

similar species in closure landscape wetlands should increase organic matter

accumulation in the closure landscape and reduce the loss of some peatland functions

(i.e., long-term carbon storage).

The loss of peatlands and associated functions (i.e., long-term carbon storage) is

considered irreversible because peatlands are not typically included in reclamation

planning for oil sands developments, and because research on their establishment has

only recently begun (Vitt and Bhatti 2012). For additional discussion on peatland

reclamation in the oil sands, see Section 10.5.5.2.

The greatest magnitude change for wetland cover classes for existing conditions relative

to predevelopment are marshes/wet meadows, which are typically included in

reclamation plans. Shrubby fens, which are not typically included in reclamation plans,

have the largest decline and magnitude of change for Base Case, Application Case and

PDC. The magnitude change for wetland cover classes is rated high, with the Project not

generating a shift in the magnitude rating.

The greatest magnitude change for vegetated structural stage for the best-case scenario

(Base Case, Application Case and PDC) is old growth forest. Current declines in old

growth also represent a high magnitude rating.

Due to the time required for old growth generation and timing of progressive reclamation

for the Project, no old growth forest is expected in the PDA at closure. Old growth is

based on an age definition, so this change should be considered temporary.

No rare or special ecological communities will be affected by the Project based on known

information.

10.5.11 Environmental Consequence

Environmental consequence ratings are provided for the vegetation and wildlife RSA.

Based on the magnitude of change and concept of reversibility, changes in community

diversity are considered to have:

 moderate environmental consequence for existing conditions through to PDC for

upland cover classes since effects can be considered reversible when reclamation is

applied
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 moderate environmental consequence for existing conditions for wetland cover

classes because marsh/wet meadow cover classes are typically included in

reclamation planning for oil sands developments. As a result, changes are generally

considered reversible.

 high environmental consequence for Base Case, Application Case and PDC for

wetland cover classes because bog and fen cover classes are not typically included in

reclamation planning for oil sands development. As a result, changes are likely

irreversible or largely irreversible because the current body of knowledge on peatland

reclamation is still in the early stages. Although oil sands reclamation landscape

topography results in a general overall decrease in the amount of wetland on the

landscape, Teck has provided a conceptual plan to optimize the amount of wetland on

the closure landscape. Specifically, the PDA is currently conceptualized to support

22.2% of wetland and littoral areas when compared to 20.5% in the Integrated

Application. As well, Teck recognizes that peatlands are an important traditional use

area for Aboriginal communities and therefore Teck will make an effort to include

peatlands in the CC&R plan should research results and recommendations prove to

be feasible and appropriate. In addition, it is likely that opportunistic wetlands will

develop on the closure landscape. Opportunistic wetlands are recognized to occur and

be an important component of oil sands mine reclamation (CEMA 2014).

 moderate environmental consequence for old growth for existing conditions through

to PDC given its age-dependent nature

Environmental consequence ratings for community diversity reflect the relatively high

proportion of MOSA in the vegetation and wildlife RSA and the relatively small

proportion of protected areas and identified new conservation areas (see Figure 10-2)

relative to the Regional Municipality of Wood Buffalo (RMWB) and LAR. Wetland

habitats present in the MOSA are well represented in the larger RMWB and LAR. If

predicted effects were placed into a larger regional planning framework (e.g., LAR) that

includes areas identified for intensive development as well as protected areas and

identified conservation areas, predicted high environmental consequences would be

reduced.

10.5.12 Prediction Confidence

Overall prediction confidence related to community diversity is considered moderate, and

remains the same as in the Integrated Application. Quality and quantity of baseline

information is high because baseline field surveys were done throughout the terrestrial

LSA to improve the vegetation community maps. The RSA vegetation map based on

satellite imagery is reasonably accurate and is at a more generalized level.

Confidence in analytical techniques is moderate for assessment of direct effects because

the terrestrial LSA was defined by the mine plan at a level of detail adequate for the

assessment. In addition, developments that have been withdrawn (i.e., PRM and the

Joslyn North Mine) have been included in the assessment. As such, the assessment is

overly conservative because it includes changes to vegetation diversity that are no longer

planned.
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Confidence in mitigation is moderate because existing guidelines and recent research,

coupled with Teck’s extensive mining history (as described in the response to

ESRD/CEAA Round 3 SIR 78) were all used to inform the conceptual CC&R plan.

However, Teck recognizes that demonstrated reclamation through certification has

occurred only on a small proportion of developed land (see GOA 2013b).

Reclamation goals need to consider potential climate change because vegetation patterns

respond to changes in climate. Ecosite phases and wetlands classes present in the oil

sands region might be out of phase with future climate regimes as was discussed in the

Integrated Application.

To incorporate the added level of uncertainty associated with potential future climate

change, adaptive management is included as one of the core principles of the Project’s

CC&R plan.

10.5.13 Responses to Aboriginal Community Concerns

Aboriginal community members have raised concerns about overall ecological diversity,

integrity and sustainability of terrestrial ecosystems, and in particular the loss of peatland

and Jack pine ecosystems. Concerns have also been raised about the success of

reclamation and the diversity of species that the closure landscape will support. In

addition, concern has been expressed about how reclamation success will be measured,

including the use of the reference condition concept, targets for traditional land use, and

the input Aboriginal communities will have in the process.

The assessment of changes to community diversity provides information on how

wetlands, including peatlands, as well as Jack pine forests will be affected by the Project

and includes an examination of cumulative effects. To address concerns, the reclamation

and revegetation plan has focused on maximizing diversity including topography,

moisture regimes, aspect and mesotopography. By maximizing landscape diversity,

revegetation plans have included a diversity of vegetation types that include species of

importance to Aboriginal communities including Jack pine and other tree species, berry

producing shrubs and rat root. As land is cleared, seeds of species of cultural importance

will be harvested and collected for use in propagation and revegetation establishment.

This work will be conducted following available recommendations (e.g., Smreciu and

Gould 2010; Smreciu et al. 2013) and will involve potentially affected Aboriginal

communities.

Over the past two decades, reclamation of disturbed lands in the Athabasca Oil Sands

Region has begun to focus on natural ecosite reclamation, which is partly a response to

Aboriginal community concerns. Because of this, monitoring results designed to gauge

the progression of reclaimed lands towards natural ecosystems are limited. From a site

productivity perspective, tree growth on reclaimed sites is comparable to growth rates of

trees on natural sites, although the long-term sustainability of this growth has yet to be

proven (Timberline Natural Resource Group 2008). Long-term monitoring plots

document that, for the most part, reclaimed oil sands sites appear to be developing into

ecosystems with similar plant community composition and nutrient availability to those
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which occur naturally (see Rowland et al. 2009 for an evaluation of long-term

reclamation monitoring data).

With the inclusion of landscape diversity and progressive reclamation, predicted declines

in community diversity will be temporary for most vegetation types with ecological

integrity and sustainability locally restored at closure. Work will continue with

potentially affected Aboriginal communities to address concerns, solicit input into

reclamation planning and collaboratively participate in reclamation research both from a

Project and regional perspective. Teck has committed to co-create Reclamation Working

Groups with potentially affected Aboriginal communities to guide more detailed

reclamation planning and monitoring to determine reclamation success.

10.5.14 Management and Monitoring

10.5.14.1 Regional

Participation in the following regional committees and research organizations is ongoing:

 COSIA

 the Alberta Biodiversity Monitoring Institute

 the Joint Canada-Alberta Implementation Plan for Oil Sands Monitoring

These groups are involved with a variety of monitoring and research programs designed

to understand ecosystem dynamics, biodiversity and to enhance reclamation efforts in the

Athabasca Oil Sands Region. Results from ongoing monitoring and research will be

evaluated with applicable findings applied to the Project reclamation program, where

appropriate, so that reclamation objectives are met. In addition, Teck will participate in

other appropriate regional committees.

10.5.14.2 Project-Specific

A Project-specific reclamation monitoring program will be implemented to comply with

anticipated EPEA approval conditions and applicable reclamation certification guidelines.

This will include the use of reclamation criteria for the oil sands region that identify

targets for environmental performance and mitigation success (e.g., the use of a reference

condition approach). The reclamation monitoring program is described in the CC&R plan

(see Volume 1, Section 13).

Maintenance of diverse ecosystems on the landscape is important. Although peatlands are

not currently included in the closure plan, Teck anticipates that marshes and swamps will

start to accumulate peat and move towards peatlands as salinity decreases. This

hypothesis is supported by:

 monitoring data from reclaimed wetlands associated with oil sands mines that are

known to support organic soils and accumulate organic matter (Trites and Bayley

2009; Koropchak et al. 2012)
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 scientific literature showing that natural peatlands have developed from swamps and

marshes. Peat accumulation in the MOSA typically began about 4,000 years after

deglaciation (see Halsey et al. 1998, 2000), so any surface salts present after

deglaciation had been leached from the mineral substrate by the time peatland

formation began. Direct, local evidence that saline wetlands have the potential to

develop into peatlands is not available given the time when peatland formation in the

region began (i.e., desalinization had occurred well before peatlands developed).

However, there is evidence that saline areas have developed into peatlands in coastal

marine/tidal ecosystems where glacial rebound has recently occurred and where there

is no deglacial lag for peatland development. For example, saline marine/tidal marsh

ecosystems have developed directly into peatlands over a 100-year timeframe in the

Hudson Bay Lowlands (Glaser et al. 2004) indicating that peatlands can form directly

from saline ecosystems.

Project-specific monitoring will include surface water chemistry, and Teck will evaluate

the ability to sustainably maintain water levels in depressional areas where wetlands are

planned. If appropriate conditions are identified for peatland reclamation from a water

quality and quantity perspective, the suite of reclamation objectives will be expanded to

include peatlands. Teck will also consider a functional component for wetland

reclamation monitoring in the CC&R plan aligning with the Federal Policy on Wetland

Conservation (GOC 1991).

To offset differences between existing conditions and closure, Teck plans to provide

additional offsets for vegetation diversity through a Conservation Agreement that will be

developed in conjunction with provincial and federal regulators and involve consultation

with potentially affected Aboriginal communities (see Volume 1, Section 14.8).

10.5.15 Summary

Land Units

Upland ecosite phases increase by 3,810.1 ha (15.6%) in the terrestrial LSA as a result of

the Project when closure is considered, reflecting reclamation and recovery of these

ecosystems. There are regional changes in the distribution of upland vegetation cover

classes when compared to predevelopment; however, most upland cover classes are

typically included in reclamation planning.

The greatest magnitude change for wetland cover classes for existing conditions relative

to predevelopment includes marsh/wet meadow (-19.7%). This decline can be considered

a moderate magnitude change for existing conditions. Wetland classes decrease

by -8,905.7 ha (-47.1%) in the terrestrial LSA as a result of the Project at closure. The

decrease in wetland classes reflects an increase in topographic diversity in the terrestrial

LSA and overall better drained conditions. As a result, uplands are more common at

closure in the terrestrial LSA then at predevelopment. Where wetlands are reclaimed,

recovery is expected to be restricted to marshes and shrubby swamps. As previously

indicated, if appropriate conditions for peatland reclamation are identified from a water

quality and quantity perspective, the suite of reclamation objectives will be expanded to

include peatlands. As wetlands in the oil sands region are typically salty in nature and
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experience fluctuating water tables, wetland loss, and the loss of some peatland functions

(i.e., long-term carbon storage) are considered irreversible. The Project will incrementally

contribute to wetland loss with wetland classes that are not typically included in

reclamation planning declining regionally.

Old Growth

The Project will incrementally contribute to a loss of old growth in the region. Predicted

declines of mature and old growth constitute a high magnitude change for Base Case,

Application Case and PDC. Due to the time required for old growth generation and

timing of progressive reclamation for the Project, no old growth is anticipated in the PDA

for the 2081 snapshot. Old growth is based on an age definition, so this change should be

viewed as temporary, albeit over a long time horizon.

Rare and Special Ecological Communities

As in the Integrated Application, no rare or special ecological communities will be

affected by the Project based on known information (i.e., Alberta Conservation

Information Management System [ACIMS] and Alberta Biodiversity Monitoring Institute

[ABMI] databases and Project-specific field surveys).

Environmental Consequence

Based on the magnitude of change and concept of reversibility, effects on community

diversity are generally consistent with the Integrated Application. These effects are

considered to have:

 moderate environmental consequence for existing conditions through to PDC for

upland cover classes since effects can be considered reversible when reclamation is

applied

 moderate environmental consequence for existing conditions for wetland cover

classes that are typically included in reclamation planning for oil sands

developments. As a result, changes are generally reversible.

 high environmental consequence for Base Case, Application Case and PDC for

wetland cover classes that are not typically included in reclamation planning for oil

sands development (e.g., bogs and fens). As a result, changes are likely irreversible

or largely irreversible because the current body of knowledge on peatland

reclamation is still in the early stages. In addition, oil sands reclamation landscape

topography results in a general overall decrease in the amount of wetland on the

landscape.

 moderate environmental consequence for old growth for existing conditions through

to PDC given its age-dependant nature and assumption on reversibility.

Environmental consequence ratings for community diversity reflect the relatively high

proportion of MOSA in the vegetation and wildlife RSA and the relatively small

proportion of protected areas and identified new conservation areas (see Figure 10-2)

relative to the RMWB and LAR. Wetland habitats present in the MOSA are well
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represented in the larger RMWB and LAR. If predicted effects were placed into a larger

regional planning framework (e.g., LAR) that includes areas identified for intensive

development as well as protected areas and identified conservation areas, predicted high

environmental consequences would be reduced.

As part of the Project, Teck has focused on conceptual reclamation planning that

increases the relative proportion of wetlands on the closure landscape relative to the

Integrated Application. Although the amount of wetland that is planned at closure has

increased relative to the Integrated Application, overall declines are still anticipated. To

mitigate these effects, Teck plans to provide additional offsets for vegetation diversity

through a Conservation Agreement that will be developed in conjunction with provincial

and federal regulators and involve consultation with potentially affected Aboriginal

communities (see Volume 1, Section 14.8).

Prediction Confidence

Overall prediction confidence related to community diversity is moderate. To incorporate

the added level of uncertainty associated with potential future climate change, adaptive

management is included as one of the core principles of the Project’s reclamation plan.

10.6 Species Diversity

10.6.1 Introduction

This section addresses key question V3: Could the Project contribute to cumulative

changes in plant species diversity?

The relevance of species diversity in the assessment and the assumptions inherent to the

assessment is discussed in the Integrated Application.

10.6.1.1 Species Diversity Potential

Species diversity is a measure of the distribution and occurrence of species across a

landscape. A key measureable parameter of species diversity is the number of species

present in a landscape. Species diversity is often considered by vegetation type (alpha

diversity) and includes concepts such as evenness and species turnover.

Species diversity potential in the terrestrial LSA was rated by upland ecosite phases and

wetland classes (see Volume 2, Section 8.3.4, Table 8-12). Ratings for the vegetation and

wildlife RSA are based on vegetation cover classes and provided in Volume 2,

Section 8.3.4, Table 8-13.

10.6.1.2 Rare Plant Species

Rare plants are species that occur in small numbers, in Alberta or globally. Rare plants

contribute to overall species diversity and are often found in unusual or uncommon

habitats, however, the reason for rarity is not well understood for many species (Kershaw

et al. 2001). Rare plant species might be vulnerable to extirpation (removal) because of

their biological make-up or because of disturbances to their habitat (Lancaster 2000).
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Changes in biotic factors, such as the introduction of non-native invasive species, and

changes in physical factors, such as alteration of hydrology, can directly and indirectly

contribute to species rarity by altering the current habitat (Kershaw et al. 2001).

Maintaining rare plants in a landscape is an important means of preserving biodiversity.

Rare plants tend to occur in fine-scale biotic patterns (Lancaster 2000; Locky and Bayley

2006) and therefore, are not directly correlated to ecosite phases and wetlands classes and

their occurrence is difficult to predict. In addition, habitat affinities for many rare plants

are not well established or known (CEMA 2004), which also makes it difficult to

associate these plants with ecosite phases and wetlands classes. For this reason, rare plant

occurrences that have been identified were assessed, but rare plant potential partitioned

by vegetation type was not assessed.

10.6.1.3 Invasive Non-native Species

A concern with increased development is the proliferation of non-native species,

including weeds. The spread of invasive non-native species is a potential threat to

diversity because these species can outcompete native vegetation (Boylen et al. 1999).

10.6.2 Methods

Methods used to assess species diversity are the same as the Integrated Application for

individual species (i.e., rare plants) and non-native and invasive species. These methods

focus on direct effects. For changes in distribution of species diversity potential, methods

follow those used for community diversity. Species diversity potential ratings for the

terrestrial LSA and vegetation and wildlife RSA are provided in Volume 2, Section 8.3.4.

10.6.3 LSA Effects Analysis – Reference Conditions

Species Diversity Potential

There were 559 plants identified to species or genus, including 427 vascular plants and

132 bryophytes in the terrestrial LSA.

Because natural forest dynamics (i.e., simulated forest fires and forest growth) were not

considered in the assessment of terrestrial LSA ecosite phases and wetland classes,

predevelopment conditions in the terrestrial LSA are considered static. The same is true

for associated ratings of species diversity potential. For this reason, changes between

predevelopment and existing conditions are related only to anthropogenic disturbances

that have occurred (see Table 10-20). These include a decline of -181.1 ha (-2.1%) in the

terrestrial LSA with high species diversity potential (see Table 10-20).



Volume 3: Assessment Update

Frontier Oil Sands Mine Project Update Section 10: Vegetation

June 2015 Page 10-81

Table 10-20 Species Diversity Potential in the LSA – Reference Conditions

Species Diversity Rating
Predevelopment

(ha)

Existing
Conditions

(ha)

Change from
Predevelopment to
Existing Conditions

(ha) Percent

High potential to support species diversity 8,570.0 8,388.9 -181.1 -2.1

Moderate potential to support species diversity 26,871.8 26,252.7 -619.1 -2.3

Low potential to support species diversity 7,891.0 7,764.0 -127.0 -1.6

Not rated 16.3 943.5 927.2 5,688.2

Total 43,349 43,349 0 0

NOTE:

Areas and proportions might not add up to totals because of rounding.

Rare Plants

Thirty-three provincially rare vegetation species, including 10 rare vascular plants

(27 occurrences at 24 sites) and 23 rare bryophytes (77 occurrences at 63 sites), were

identified during vegetation field surveys and from historical sources. All rare species

have other known occurrences in the province and none of the rare vegetation species

identified are listed under the federal Species at Risk Act (SARA) (GOC 2014).

Non-native Invasive Species

Non-native and invasive species are not common in the terrestrial LSA. No prohibited

noxious weeds were found in the terrestrial LSA; however, four noxious weed, as defined

by the Weed Control Regulations (GOA 2010) were found as part of field surveys at six

sites.

10.6.4 LSA Effects Analysis – Base Case

All approved developments in the terrestrial LSA are currently disturbed. As such, Base

Case and existing conditions are identical and are not assessed further.

10.6.5 LSA Effects Analysis – Application Case

10.6.5.1 Maximum Build-out (Year 41) (2066)

Species Diversity Potential

There will be a decline in the area of high species diversity potential in the terrestrial

LSA at maximum build-out of -5,941.5 ha (-69.3%) (see Table 10-21). The relatively

large decrease occurs because the PDA represents most of the terrestrial LSA.
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Table 10-21 Changes in Species Diversity Potential in the LSA

Species Diversity
Potential

Predevelop-
ment

Reference
Condition

Application Case
Change from Predevelopment to

Application Case

Project
Maximum
Build-out

Project
Closure

Project Maximum
Build-out Project Closure

ha ha ha ha Percent ha Percent

High potential to support
species diversity

8,570.0 2,628.5 8,518.5 -5,941.5 -69.3 -51.5 -0.6

Moderate potential to
support species diversity

26,871.8 6,930.3 16,079.9 -19,941.5 -74.2 -10,791.9 -40.2

Low potential to support
species diversity

7,891.0 4,350.3 13,639.0 -3,540.7 -44.9 5,748.0 72.8

Not rated 16.3 29,440.0 5,111.7 29,423.7 180,513.6 5,095.4 31,260.4

Total 43,349 43,349 43,349 0 0 0 0

NOTE:

Areas and proportions might not add up to totals because of rounding.

Rare Plants

The Project will result in a decline in 8 of the 10 rare vascular plant species, with 7 of the

rare vascular plant species being eliminated from the terrestrial LSA based on known

occurrences (see Table 10-22). The Project will result in a decline in 18 of the 23 rare

bryophytes species, with 11 of the rare bryophyte species being eliminated from the

terrestrial LSA based on known occurrences.

Table 10-22 Changes in Rare Species in the LSA

Species and Authority

Provincial/Global
Rank and Provincial

Listing
1

Reference
Condition

Application
Case

Change from
Predevelopment to
Application Case

Number of
Occurrences

Number of
Occurrences

Number of
Occurrences Percent

Vascular Plants

Carex umbellata Schkuhr
ex Willd.

S2/G5; Tracking List 1 0 -1 -100

Chrysosplenium iowense
Rydb.

S3?/G3?; Tracking List 5 0 -5 -100

Coptis trifolia (L.) Salisb. S3/G5; Watch List 1 0 -1 -100

Cypripedium acaule Ait. S3/G5; Tracking List 8 1 -7 -88

Chamaesaracha
grandiflora (Hook.)
Fernald

SU/G4?; Tracking List 3 0 -3 -100

Dryopteris cristata (L.) A.
Gray

S1/G5; Tracking List 1 0 -1 -100

Elodea canadensis Rich.
in Michx.

SU/G5; Tracking List 1 1 0 0

Physostegia ledinghamii
(Boivin) Cantino

S3/G4G5; Watch List 5 5 0 0
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Table 10-22 Changes in Rare Species in the LSA (cont’d)

Species and Authority

Provincial/Global
Rank and Provincial

Listing
1

Reference
Condition

Application
Case

Change from
Predevelopment to
Application Case

Number of
Occurrences

Number of
Occurrences

Number of
Occurrences Percent

Vascular Plants (cont’d)

Sparganium glomeratum
Laestad. ex Beurling

S1/G4?; Tracking List 1 0 -1 -100

Spiranthes lacera (Raf.)
Raf

S1/G5; Tracking List 1 0 -1 -100

Bryophytes

Anastrophyllum
helleranum (Nees)
Schust.

S2/G5; Tracking List 5 1 -4 -80

Blasia pusilla L. S1/G5; Tracking List 1 1 0 0

Brachythecium
acuminatum (Hedw.) Aust.

S1S2/G5; Tracking List 9 2 -7 -78

Buxbaumia aphylla Hedw. S2/G4G5; Tracking List 1 0 -1 -100

Campylium polygamum
(Schimp. in B.S.G.) C.
Jens.

S3/G5; Watch List 7 0 -7 -100

Dicranella cerviculata
(Hedw.) Schimp.

S1/G5?; Tracking List 2 0 -2 -100

Gymnocolea inflata
(Huds.) Dum.

S1/G5; Tracking List 1 1 0 0

Herzogiella turfacea
(Lindb.) lwats.

S3/G4G5; Watch List 17 5 -12 -71

Hypnum pallescens
(Hedw.) P. Beauv.

S2/G5; Tracking List 1 0 -1 -100

Lophozia guttulata (Lindb.
et H. Arnell) Evans

S2/G4G5; Tracking List 4 3 -1 -25

Lophozia heterocolpos
(Thed.) M.A. Howe

S2/G5; Tracking List 4 2 -2 -50

Lophozia laxa (Lindb.)
Grolle

S1/G4; Tracking List 1 1 0 0

Neckera pennata Hedw. S2S3/G5; Tracking List 1 1 0 0

Plagiochila porelloides
(Torrey Ex Nees) Lindenb.

SNR/G5; Tracking List 4 0 -4 -100

Riccia fluitans L. S2/G5; Tracking List 1 0 -1 -100

Scapania glaucocephala
(Tayl.) Aust.

S2/G4G5; Tracking List 3 1 -2 -67

Sphagnum fallax (Klinggr.)
Klinggr.

S2/G5; Tracking List 1 1 0 0

Sphagnum fimbriatum
Wils. in Wils. & Hook. f. in
Hook. f.

S2/G5; Tracking List 9 5 -4 -44

Sphagnum subsecundum
Nees in Sturm

S3/G5; Watch List 1 0 -1 -100
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Table 10-22 Changes in Rare Species in the LSA (cont’d)

Species and Authority

Provincial/Global
Rank and Provincial

Listing
1

Reference
Condition

Application
Case

Change from
Predevelopment to
Application Case

Number of
Occurrences

Number of
Occurrences

Number of
Occurrences Percent

Bryophytes (cont’d)

Splachnum ampullaceum
Hedw.

S2/G5; Tracking List 1 0 -1 -100

Splachnum rubrum Hedw. S3/G4?; Tracking List 1 0 -1 -100

Splachnum vasculosum
Hedw.

S2/G3G5; Tracking List 1 0 -1 -100

Zygodon viridissimus
(Dicks.) Brid.

S1/G5; Tracking List 1 0 -1 -100

NOTE:
1

The use of ? in rare plant rankings reflects uncertainty in the rank.

10.6.5.2 Mitigation

Species Diversity Potential

Many, though not all, common species will likely be planted or become established on

the closure landscape. To improve species diversity and incorporate reclamation

knowledge gathered from Teck’s extensive mining history (see the response to

ESRD/CEAA Round 3 SIR 78), Teck will plant additional species on the reclamation

landscape, including those with traditional value, to supplement those recommended in

provincial reclamation guidelines.

Species with a high fidelity to peatlands (i.e., bog and fen wetland classes) are unlikely to

become established on the closure landscape. Based on information collected from

baseline surveys, 22 vascular plant species are unique to bog and fen wetland classes

(see Volume 2, Section 8.3.4, Table 8-10).

Rare Plants

Mitigation for rare plant species will be achieved through avoidance whenever possible.

In areas where avoidance is not possible, alternate mitigation strategies will be developed

to promote conservation of these species and associated genetic diversity. Alternate

mitigation could include strategies such as seed collection and sowing, direct

transplantation of affected individuals or diaspore dispersal. In addition, Teck will

examine the potential to introduce rare species into the reclamation landscape. Because

mitigation of rare species has not been well tested, mitigation measures are considered

experimental and are not used to reduce effects and environmental consequence ratings.

Details on rare plant mitigation will be developed prior to construction.
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Non-native Invasive Species

Teck does not expect that the presence of weeds in the closure landscape will limit

wildlife habitat or forage for ungulates such as bison. However, to mitigate the effects of

non-native invasive species, a weed management plan will be implemented throughout

the life of the Project including during reclamation and at closure. Although oil sands

reclamation aims to establish locally common plant communities, it is recognized that

non-native vegetation species can become invasive and hinder the establishment of native

flora in reclaimed lands (ESRD 2010). However, in most cases, non-native vegetation

species remain relatively rare (ESRD 2010), and generally, the spread of weeds is

currently not considered a critical issue in the Fort McMurray area (Landhäusser et al.

2012).

In some cases, weeds can have positive effects on ecosystem processes. For example,

they can enhance resilience by increasing functional diversity and productivity (Welham

2013). However, if left uncontrolled, weeds will inevitability spread and reduce diversity

(Boylen et al. 1999). For information about non-native vegetation species incursion in the

oil sands region, see Table 10-23. This table references research studies and publically

available information on oil sands reclaimed lands.

Table 10-23 Non-native Species Information in the Oil Sands Region

Study Study Location Summary Statement from Study

ABMI 2014a Athabasca Oil
Sands Area, Cold
Lake Oil Sands
Area, Peace River
Oil Sands Area

The ABMI found 57 species of non-native plants in the OSR [Oil Sands
Region]. Combined, non-native plants were detected across 46% of the OSR.
Many of the non-native plants occurred very infrequently in the region, at less
than 5% of ABMI sites. At sites where non-native plants were found, an
average of 3.8 species were detected. For each quarter section in the OSR,
the predicted number of non-native species per 1 ha plot ranged from 0 to 30
species. Common dandelion was the most abundant nonnative plant,
occurring at 30% of ABMI sites surveyed, followed by Kentucky bluegrass,
which occurred at 18% of sites, and Alsike clover, which was present at 14%
of sites. Four of the species detected are listed under the Alberta Weed
Control Act, including creeping thistle (6%), perennial sow-thistle (3%), tall
buttercup (2%), and scentless chamomile (< 1%).

Brown 2010 Suncor mine site
near Fort
McMurray, Alberta

Woody debris did not affect initial vegetation emergence, but increased
species richness and decreased introduced species cover. Although non
woody debris treatments had significantly more vegetation cover than woody
debris treatments (p = 0.007), 58.8% was introduced species, with 48%
perennial sow thistle. On woody debris treatments 21.6% of vegetation was
introduced species and 14.1% was perennial sow thistle. Woody debris
treatments had 42 different species, four of which were introduced.
Treatments without woody debris had 35 species, six of which were
introduced.

Stantec 2009 Athabasca Oil
Sands Region,
116 plots (50
natural and 66
reclaimed)

Reclaimed sites do not appear to strongly show floristic similarities in plant
species cover with natural sites until they become at least 15 years old.
Introduced species (including those classified as weeds or invasive
agronomic species) varies greatly between reclaimed and natural
sites…Reclaimed sites continue to show a wide range of weedy and invasive
species cover while natural sites have little to none.

NOTE:

ABMI = Alberta Biodiversity Monitoring Institute
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Under the Alberta Weed Control Act, land occupants and owners are responsible for

managing weed control and spread. Best management practices for oil sands reclamation

include techniques that do not facilitate colonization of noxious species in stockpiles

(MacKenzie 2011). Teck will follow these best management practices and continue to

monitor research in this area. It will also consider future recommendations as applicable.

Following current regulatory standards, reclaimed land that receives a reclamation

certificate must comply with the Criteria and Indicators Framework for Oil Sands Mine

Reclamation Certification (GOA 2014b). These criteria specify that a site must be free of

prohibited noxious weeds for two years before a reclamation certificate will be issued.

Teck will follow these, or similar, regulatory direction when reclaiming the Project.

10.6.5.3 Closure (2081)

Species Diversity Potential

There will be a decline of -51.5 ha (-0.6%) in the area of high species diversity potential

in the terrestrial LSA at closure (see Table 10-21). This decline is not as large as at

maximum build-out because some ecosite phases and wetland classes with high potential

to support a diverse assemblage of species (e.g., marshes, shrubby swamps) are included

in the closure plan for the Project. Nonetheless, the species variability that reclaimed

ecosystems will likely have at closure is not expected to be initially equivalent because

factors known to control species occurrence in wetlands (e.g., water quality) will likely

be more uniform than naturally occurring ecosystems on the initial closure landscape.

Teck expects that heterogeneity will develop progressively in the reclamation landscape

over time.

Rare Plants

Introduction of rare species to the reclamation landscape is considered experimental. As

such, for the purposes of this assessment, it is assumed that rare plant species disturbed

by the Project are not reestablished.

10.6.6 RSA Effects Assessment – Base Case

10.6.6.1 Worst-Case Scenario

Species Diversity Potential

Upland and wetland vegetation cover classes both decline at Base Case relative to

predevelopment (2066) for the worst-case scenario. This change results in a decline in the

area of low, moderate and high diversity potential for vegetation species. For example,

areas with high diversity potential are expected to decrease by -20.7% in the vegetation

and wildlife RSA at Base Case (see Table 10-24).
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Table 10-24 Changes in Species Diversity Potential in the RSA – Worst-Case Scenario

Species Diversity Potential
1

Predevelopment
Condition

(2066)
Base Case

(2066)

Percent Change
from

Predevelopment
to Base Case

(2066)

Application
Case
(2066)

Percent Change
from

Predevelopment
to Application

Case
(2066)

PDC
(2066)

Percent Change
from

Predevelopment
to PDC
(2066)

High potential to support
species diversity

211,738.0 167,848.6 -20.7 163,086.1 -23.0 157,572.4 -25.6

Moderate potential to support
species diversity

644,498.6 558,662.3 -13.3 547,921.5 -15.0 535,674.0 -16.9

Low potential to support species
diversity

338,902.9 253,757.1 -25.1 240,769.1 -29.0 233,590.8 -31.1

Not rated 420.3 215,291.8 51,129.2 243,783.1 57,908.8 268,722.5 63,843.2

Total 1,195,560 1,195,560 0 1,195,560 0 1,195,560 0

NOTES:
1

For a description species diversity potential ratings based on vegetation cover class, see Volume 2, Section 8.3.4, Table 8-12.

Areas and proportions might not add up to totals because of rounding.



Volume 3: Assessment Update

Section 10: Vegetation Frontier Oil Sands Mine Project Update

Page 10-88 June 2015

Rare Plants

Regional Base Case developments will result in a decline in 3 of the 6 rare vascular plant

species and 3 of the 10 bryophytes on the ACIMS tracking list that will be lost from the

terrestrial LSA as a result of the Project (see Table 10-25). All rare species will, however,

persist in the vegetation and wildlife RSA at Base Case based on available information

(i.e., ACIMS and ABMI databases and Project-specific field surveys).

10.6.6.2 Best-Case Scenario

Species Diversity Potential

As with the worst-case scenario, upland and wetland vegetation cover classes both

decline at Base Case relative to predevelopment (2066) for the best-case scenario. For

vegetation cover classes typically included in reclamation planning, declines are smaller

for the best-case scenario with the area of high diversity potential declining by -6.1%

(see Table 10-26 and Figure 10-13).

10.6.7 RSA Effects Analysis – Application Case

10.6.7.1 Worst-Case Scenario

Species Diversity Potential

Both upland and wetland vegetation cover classes decline at Application Case relative to

predevelopment (2066) for the worst-case scenario, resulting in a decline in the area of

low, moderate and high diversity potential for vegetation species. For example, areas of

high diversity potential decrease by -23.0% in the vegetation and wildlife RSA at

Application Case for the worst-case scenario (see Table 10-24). The large increase in

unrated area compared to predevelopment (63,843%) reflects all disturbances being

included.

Rare Plants

The Project will result in a decline in rare vascular plant and bryophyte species on the

ACIMS tracking list (see Table 10-25). Declines include the regional loss of four rare

vascular species (Carex umbellata, Chamaesaracha grandiflora, Dryopteris cristata and

Sparganium glomeratum) and two rare bryophytes (Buxbaumia aphylla and Splachnum

vasculosum) based on available data (i.e., ACIMS and ABMI databases and Project-

specific field surveys). Although provincially rare, these species are not listed under

SARA and are considered globally apparently secure to secure, though some ratings are

uncertain (see Table 10-22).
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Table 10-25 Changes in Rare Species in the RSA

Species and Authority

Predevelopment
Condition

(2066)

Base
Case
(2066)

Percent Change
from

Predevelopment
to Base Case

(2066)

Application
Case
(2066)

Percent Change
from

Predevelopment
to Application

Case
(2066)

PDC
(2066)

Percent Change
from

Predevelopment
to PDC
(2066)

Vascular Plants

Carex umbellata Schkuhr ex Willd. 2 1 --50 0 -100 0 -100

Chrysosplenium iowense Rydb. 41 23 -44 18 -56 18 -56

Chamaesaracha grandiflora (Hook.)
Fernald

3 3 0 0 -100 0 -100

Dryopteris cristata (L.) A. Gray 1 1 0 0 -100 0 -100

Sparganium glomeratum Laestad. ex
Beurling

1 1 0 0 -100 0 -100

Spiranthes lacera (Raf.) Raf 9 6 -33 5 -44 5 -44

Bryophytes

Blasia pusilla L.
1

2 2 0 1 -50 1 -50

Buxbaumia aphylla Hedw. 1 1 0 0 -100 0 -100

Dicranella cerviculata (Hedw.)
Schimp.

2
3 3 0 1 -66 -1 -66

Hypnum pallescens (Hedw.) P.
Beauv.

3 3 0 2 -33 2 -33

Plagiochila porelloides (Torrey Ex
Nees) Lindenb.

8 5 -38 1 -88 0 -100

Riccia fluitans L.
1

2 2 0 1 -50 0 -100

Splachnum ampullaceum Hedw. 12 7 -42 6 -50 5 -58

Splachnum rubrum Hedw. 9 7 -22 6 -33 5 -44

Splachnum vasculosum Hedw. 1 1 0 0 -100 0 -100

Zygodon viridissimus (Dicks.) Brid. 3 3 0 2 -33 2 -33

NOTES:
1

Includes occurrences identified during field surveys for the Project that are outside the updated terrestrial LSA. Although all rare plants identified during field
surveys completed for the Project have been submitted to ACIMS, not all have been integrated into the ACIMS database at this time.

2
Includes one occurrence of this species in Alberta Biodiversity Monitoring Institute (ABMI) data (ABMI 2014b) collected in the vegetation and wildlife RSA.

Values and proportions might not add up to totals because of rounding.
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Table 10-26 Changes in Species Diversity Potential the RSA – Best-Case Scenario

Species Diversity Rating

Predevelopment
Condition

(2066)
Base Case

(2066)

Percent Change
from

Predevelopment
to Base Case

(2066)

Application
Case
(2066)

Percent Change
from

Predevelopment
to Application

Case
2066)

PDC
(2066)

Percent Change
from

Predevelopment
to PDC
(2066)

High potential to support
species diversity

211,738.0 198,899.2 -6.1 194,135.3 -8.3 187,727.9 -11.3

Moderate potential to
support species diversity

644,498.6 613,829.9 -4.8 602,939.2 -6.4 589,422.6 -8.5

Low potential to support
species diversity

338,902.9 372,031.5 9.8 358,820.0 5.9 349,721.9 3.2

Not rated
1

420.3 10,799.1 2,469.7 39,665.2 9,338.4 68,687.3 16,244.3

Total
2

1,195,560 1,195,560 0 1,195,560 0 1,195,560 0

NOTES:
1

Areas of water and disturbed land including cutblocks have not been rated for species diversity potential.
2

Areas and proportions might not add up to totals because of rounding.
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10.6.7.2 Best-Case Scenario

Species Diversity Potential

As with the worst-case scenario, upland and wetland vegetation cover classes both

decline at Application Case relative to predevelopment (2066) for the best-case scenario.

For vegetation cover classes typically included in reclamation planning, declines are not

as large as for the worst-case scenario, with the area of high diversity potential decreasing

by -8.3% (see Table 10-26 and Figure 10-14).

10.6.8 RSA Effects Analysis – Planned Development Case

10.6.8.1 Worst-Case Scenario

Species Diversity Potential

Upland and wetland vegetation cover classes both decline at PDC relative to

predevelopment (2066) for the worst-case scenario. This change results in a decline in the

area of low, moderate and high diversity potential for vegetation species. For example,

areas with high diversity potential decrease by -25.6% in the vegetation and wildlife RSA

at PDC for the worst-case scenario (see Table 10-24).

Rare Plants

Regional PDC developments will result in a decline in all rare vascular plant and

bryophyte species on the ACIMS tracking list that are lost from the terrestrial LSA as a

result of the Project (see Table 10-25). Two additional rare bryophytes, Plagiochila

porelloides and Riccia flutians, will be lost from the region at PDC based on available

data (see Table 10-25). As with species regionally lost for the Application Case, these

species are not listed by SARA and are considered globally secure.

10.6.8.2 Best-Case Scenario

Species Diversity Potential

As with the worst-case scenario, upland and wetland vegetation cover classes both

decline at Application Case relative to predevelopment (2066) for the best-case scenario.

For vegetation cover classes typically included in reclamation planning, these declines

are smaller for the best-case scenario with the area of high diversity potential declining

by -11.3%) (see Table 10-26 and Figure 10-15).
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10.6.9 Effects Classification

Species Diversity Potential

Effects of the Project on species diversity potential are expected to persist beyond

closure. For the best-case scenario, declines in areas with high species diversity

potentially represent a low magnitude change at Base Case and Application Case and a

moderate magnitude change at PDC (see Table 10-27).

Table 10-27 Effects Classification of Species Diversity

Key Indicator Duration Frequency
Ability to
Recover

Magnitude of Change from
Predevelopment

Species diversity potential Long Isolated Irreversible
1

Low to Moderate

Rare plants Long Isolated Irreversible High

NOTE:
1

For species with a high fidelity to bog and fen wetland classes, effects on species diversity potential are considered
irreversible.

Rare Plants

Regional occurrences of six rare vascular plant species and 10 rare bryophytes affected

by the Project and on the ACIMS tracking list were examined.

For the Base Case, all species examined will persist regionally.

For the Application Case:

 All rare vascular plant species examined will experience declines, and four rare

vascular plant species will be eliminated from the vegetation and wildlife RSA.

These include: Carex umbellata, Chamaesaracha grandiflora, Dryopteris cristata

and Sparganium glomeratum (see Table 10-25). One additional species

(Chamaesaracha grandiflora) was not considered during the Integrated Application.

Occurrences of this species were not found until field surveys completed after 2011.

 All 10 rare bryophytes examined will experience declines, and two rare bryophyte

species will be eliminated from the vegetation and wildlife RSA. These include:

Buxbaumia aphylla, Splachnum vasculosum (see Table 10-25). This represents a

decrease in the number of rare bryophytes regionally lost from the area due to the

Project compared to the Integrated Application. This decrease is attributed to changes

to the PDA.

For the PDC, additional declines in rare bryophyte species examined are expected, with

two additional species, Plagiochila porelloides and Riccia flutians, being regionally lost

(see Table 10-25).
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10.6.10 Environmental Consequence

Species Diversity Potential

Changes in species diversity potential are considered to have low environmental

consequence for Base Case and Application Case and moderate environmental

consequence for the PDC. However, as stated in the Joint Review Panel Decision Report

for the Jackpine Mine Expansion Project (AER and CEAA 2013): The Panel also

recognizes that Shell has based its analysis of biodiversity on an unverified assumption

that habitat types (e.g., wetlands) have an associated level of biodiversity.

Following the logic used by the Joint Review Panel Decision Report for the Jackpine

Mine Expansion (AER and CEAA 2013), a qualitative analysis of biodiversity that is

based on relevant key indicators and quantitative assessment results (i.e., those with the

largest predicted irreversible effect) represents a more complete approach. Results of

other vegetation key indicators assessed as part of the Project—together with operating,

approved and planned developments—will incrementally contribute to a regional decline

in biodiversity. This decline is predicted to be largely associated with a decline in the

abundance of wetlands and habitat for wetland-dependent species. As with the

assessment of wetlands, this decline is predicted to have a high-magnitude effect that is

considered irreversible. In addition, there will be a regional decline in mature and old

growth forest in the vegetation and wildlife RSA and a decline in available habitat for

species that depend on these ecosystems. Because the decline is expected to be reversible

over the long-term, and can be mitigated using integrated land management, this change

is considered to have a moderate environment consequence to biodiversity.

To mitigate the Project’s incremental contribution to regional changes in biodiversity,

Teck plans to provide additional offsets for vegetation diversity through a Conservation

Agreement that will be developed in conjunction with provincial and federal regulators

and involve consultation with potentially affected Aboriginal communities

(see Volume 1, Section 14.8).

Rare Species

Effects on rare species are expected to be of high environmental consequence given that

some rare species will be eliminated from the vegetation and wildlife RSA as a result of

the Project (i.e., Application Case).

It is important to recognize that the high environmental consequence rating is a regionally

focused rating and reflects:

 baseline sampling that is focused on the terrestrial LSA, with 10 rare vascular plant

occurrences identified at 24 sites and 77 rare bryophyte occurrences identified at

63 sites. This equates to 20% of the plot-based survey sites examined supporting rare

plant species.

 that limited information is available on rare plants for the broader region at a similar

survey intensity
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 the fact that several rare species that will be disturbed by the Project have only been

identified in the PDA and have not been recorded in the vegetation and wildlife RSA.

However, all of the species that will be eliminated from the terrestrial LSA are well

represented in other regions of Canada, and none are listed as species at risk by

federal authorities. Similar results have been predicted for other developments in the

Athabasca Oil Sands Region including the Kearl (Imperial Oil Resources Ltd. 2005)

and Fort Hills oil sands projects (Fort Hills Energy Corporation 2007).

The high environmental consequence rating is meant to identify to regional resource

managers new species diversity issues that might need to be tracked and managed

through existing cooperative resource management initiatives. The rating does not imply

high environmental consequence at a broader jurisdictional or geographic area. In all

probability, future regional vegetation studies will identify additional occurrences of one

or more of these species and a delisting of some species will occur.

10.6.11 Prediction Confidence

Overall prediction confidence associated with changes in species diversity is low.

Confidence in the quality and quantity of baseline information is considered low because:

 rare species are difficult to locate and as a result are imperfectly detected

 many rare species are considered rare because of under-collection or uncertain

taxonomy and might be more common than currently considered

 current understanding of factors that control species, and particularly rare species, is

poor (CEMA 2004)

Confidence in the analyses is moderate because effects from the Project were easily

quantified. However, developments that have been withdrawn (i.e., PRM, Joslyn North

Mine) have been included in the assessment. As such, the assessment is overly

conservative because it includes changes to vegetation diversity that are no longer

planned. Confidence in mitigation is low, as mitigation options (i.e., transplants) are

considered experimental.

10.6.12 Responses to Aboriginal Community Concerns

Loss of traditional use plants, including species of berries and medicinal plants was raised

as a concern during consultation with potentially affected Aboriginal communities. In

addition, the ability of the reclaimed landscape to support a diverse assemblage of species

similar to those currently present was also raised as a concern. To address these concerns,

the reclamation and revegetation plan has focused on a diversity of vegetation types that

include species of importance to Aboriginal communities (e.g., trees, berry-producing

shrubs and species used for medicinal and cultural purposes).

Based on Teck’s extensive reclamation history from other parts of western Canada and to

align with corporate biodiversity policies, Teck will plant additional species to

supplement those indicated in the Guidelines for Reclamation to Forest Vegetation in the

Athabasca Oil Sands Region (2nd Edition) (ESRD 2010). Teck will also experiment with
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including rare species present in the terrestrial LSA in reclamation planning with the goal

of maintaining genetic diversity.

As land is cleared, Teck will harvest and collect seeds and individuals (as relevant) of

rare and culturally important species for use in propagation and revegetation efforts. This

work will be conducted following available recommendations (e.g., Smreciu and Gould

2010; Smreciu et al. 2013) and will involve potentially affected Aboriginal communities.

Teck has committed to co-create Reclamation Working Groups with potentially affected

Aboriginal communities to guide more detailed reclamation planning and monitoring to

determine reclamation success. It anticipates that species of traditional importance will be

identified by Reclamation Working Group(s) and incorporated into reclamation planning

as feasible. In addition, collaborative participation is planned in reclamation research

both from a Project and regional perspective. Results of this research will be incorporated

into future Project plans.

10.6.13 Management and Monitoring

10.6.13.1 Regional

Reclamation technology in the oil sands region continues to be an evolving science. The

importance of reclamation research and on developing new techniques that target

reclamation of diverse communities and species richness across the landscape is

recognized. Participation is planned in regional committees with a focus on development

of community diversity and species richness in the reclamation landscape. Teck will

continue to fund and participate in other regional programs (some through COSIA) that

are monitoring regional changes to biodiversity including JOSMP and ABMI.

10.6.13.2 Project-Specific

The importance of local and regional diversity in addressing provincial and federal

objectives on biodiversity is recognized. Results of rare plant surveys completed for the

Project have been submitted to ACIMS so rare species information in the province is as

up to date as possible. In addition, follow-up work will be undertaken to evaluate

mitigation options for reducing effects on local diversity. Follow-up work will include

the development of a rare plant mitigation strategy in conjunction with provincial

regulators) and ACIMS representatives.

One of Teck’s sustainability focus areas is biodiversity. Teck’s long-term biodiversity

vision is to achieve a net positive impact on biodiversity by maintaining or reestablishing

self-sustaining landscapes and ecosystems that lead to viable, long-term and diverse land

uses in the areas where it operates (Teck 2013). Teck will explore various options with

regulators and potentially affected Aboriginal communities to achieve this long-term

vision. Planting a wider range of species in addition to those outlined in the Guidelines

for Reclamation to Forest Vegetation in the Athabasca Oil Sands Region (2nd Edition)

(ESRD 2010) is a potential option to improve biodiversity. In addition, Teck plans to

provide additional offsets for vegetation diversity through a Conservation Agreement that

will be developed in conjunction with provincial and federal regulators and involve
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consultation with potentially affected Aboriginal communities (see Volume 1,

Section 14.8).

10.6.14 Summary

Several key indicators were used to assess potential changes in species diversity,

including:

 species diversity potential

 rare plant species

 non-native and invasive species

Species Diversity Potential

Changes in species diversity potential are considered to be of low environmental

consequence for Base Case and Application Case and moderate environmental

consequence for the PDC. However, species with a high fidelity to wetlands that are not

typically included in reclamation planning will likely not be return to predevelopment

conditions. As such, effects on species diversity are considered to have a high

environmental consequence.

Rare Plants

The Project will result in a regional loss of 4 rare vascular plants and 2 rare bryophyte

species. Project effects on rare plants are expected to persist beyond closure and be

irreversible. Effects are considered irreversible because the ability to successfully

mitigate rare species by propagating or transplanting is still being developed and is

unknown for many species, particularly bryophytes.

Environmental Consequence

Effects on species diversity are expected to be of high environmental consequence, as

rare species are eliminated from the vegetation and wildlife RSA as a result of the Project

(i.e., Application Case). As well, species with a high fidelity to some vegetation cover

classes (bogs and fens) will be reduced and these effects are considered irreversible.

The environmental consequence rating reflects the fact that several rare species that will

be disturbed by the Project have been identified only in the proposed footprint and not

elsewhere in the vegetation and wildlife RSA. Although species will be regionally lost,

none of the eliminated species are listed as species at risk by federal authorities. Similar

results have been predicted for other developments in the Athabasca Oil Sands Region

including the Kearl (Imperial Oil Resources Ltd. 2005) and Fort Hills oil sands projects

(Fort Hills Energy Corporation 2007).

The high environmental consequence rating is meant to identify to regional resource

managers new species diversity issues that might need to be tracked and managed

through existing cooperative resource management initiatives. The rating does not imply

environmental significance at a broader jurisdictional or geographic area. In all
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probability, future regional vegetation studies will identify additional occurrences of one

or more of these rare species and a delisting of some species will occur.

Prediction Confidence

As with the Integrated Application, overall prediction confidence associated with changes

in species diversity is low.

10.7 Air Emissions and Vegetation Health and Diversity

10.7.1 Introduction

This section addresses key question V4: Could Project contributions to cumulative air

emissions affect vegetation health and diversity?

The relevance of cumulative air emissions effects to vegetation health and diversity in the

assessment and the assumptions inherent to the assessment are discussed in the Integrated

Application.

10.7.2 Methods

Methods used to assess cumulative air emissions effects on vegetation health and

diversity remain the same as the Integrated Application, including the critical levels and

loads used as briefly described below.

10.7.2.1 Sulphur Dioxide Fumigation

For this assessment, vegetation cover classes with high amounts of lichen were

considered sensitive (critical level of 10 µg/m3). These cover classes include:

 coniferous – Jack pine leading

 wooded poor fen

 wooded rich fen

 wooded bog

Other vegetation cover classes that do not typically support high amounts of lichen were

considered not as sensitive (critical level of 20 µg/m3 following recommendations from

Alberta Environment (AENV 2011a) and World Health Organization (WHO 2000).

These critical levels are the same ones used for the Integrated Application.

10.7.2.2 Nitrogen Dioxide Fumigation

The WHO (2000) recommends an annual average NOx concentration converted to NO2 of

around 30 µg/m3. This critical level is lower than the provincial guidelines of 45 µg/m3

(AENV 2011b) but better reflects current literature on native species. Accordingly, NO2

fumigation is assessed at the critical level of 30 µg/m3 for all vegetated cover classes

following WHO (2000) recommendations. This critical level was also used for the

Integrated Application.
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10.7.2.3 Nitrogen Deposition

Based on recommendations from the United Nations Economic Commission for Europe

(UNECE 2007) and the known patterns of sensitive species occurrence including lichens,

bryophytes and carnivorous plants, critical loads for each vegetation cover class were

assigned based on loadings of 5, 8 or 10 kg/ha/a, as described in the Integrated

Application.

10.7.2.4 Dust and Potential Acid Input

Defined critical loadings for dust are not available in the literature as dust is typically

treated as an unspeciated mass, though effects with the largest aerial extent result from

mass loading of chemical constituents (Grantz et al. 2003). Although dust is not

specifically considered in the vegetation assessment, if left unmitigated, it has the

potential to coat vegetation and decrease health. In addition, constituents in dust can

buffer acid deposition, with recent literature indicating buffering of acid deposition by

dust is relevant to the MOSA (Watmough et al. 2014; Fenn et al. 2015; Clair and Percy

2015). The assessment update considers the buffering capacity of dust as part of the

assessment of potential acid input (PAI) (see Section 4 and Section 7).

10.7.3 Reference Conditions

SO2 Fumigation

Background values (i.e., predevelopment) of SO2 are 2 µg/m3 for the annual average

(see Section 4). This value is well below the defined critical level of 10 µg/m3 for

sensitive vegetation.

The current area (i.e., existing conditions) of vegetation cover classes that are greater than

the critical level for SO2 is 480.9 ha. This represents less than 0.1% of the vegetation and

wildlife RSA.

NO2 Fumigation

Background values (i.e., predevelopment) of NO2 are 2 µg/m3 for the annual average (see

Section 4). This value is well below the defined critical level of 30 2 µg/m3 for sensitive

vegetation.

The current area (i.e., existing conditions) of vegetation cover classes that are greater than

the critical level for NO2 is 42,923 ha. This represents 4% of the vegetation and wildlife

RSA.

Nitrogen Deposition

For predevelopment N-deposition predictions, the highest nitrogen deposition (i.e.,

1.5 kg N/ha/a) occurs in the southeastern portion of the vegetation and wildlife RSA. The

lowest values occur in the northwestern corner of the RSA (i.e., 1 kg N/ha/a).

The current area (i.e., existing conditions) of vegetation cover classes that are greater than

the critical load for N-deposition is 71,423.6 ha. This represents 6.0% of the vegetation
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and wildlife RSA. The individual cover class with the largest area that is above the

critical load for existing conditions is open fen (5,918.1 ha or 26.0%).

10.7.4 Base Case

SO2 Fumigation

About 155 ha (0.1%) of highly sensitive and moderately sensitive vegetation cover

classes fall within defined critical levels of SO2 for Base Case (see Figure 10-16 and

Table 10-28). This includes 157 ha (0.1%) of vegetation cover classes with a high

potential to support traditional use berry species at Base Case.

NO2 Fumigation

NO2 concentrations are greater than the critical level of 30 g/m3 for 46,234 ha (4%) (see

Figure 10-17 and Table 10-29). This includes 37,265 ha (4%) of vegetation cover classes

with a high potential to support traditional use berry species. The mixedwood–Jack pine

leading cover class has the largest proportion of individual cover class affected at Base

Case, with 14.9% of the area above the critical load.

Nitrogen Deposition

The area above the critical load for nitrogen-deposition is 106,247 ha (9%) for Base Case

(see Figure 10-18 and Table 10-30). This includes 81,142 ha (15%) of vegetation cover

classes with a high potential to support traditional use berry species (see Table 10-30).

The coniferous–Jack pine leading cover class has the largest proportion of individual

cover class affected at Base Case with 28.7% of the area above the critical load.
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Table 10-28 Area above SO2 Critical Levels by Cover Class – Base Case and Application Case

Cover Class

Total Area
Base Case

(ha)

Area above
SO2 Critical
Levels Base

Case
(ha)

Percent
above SO2

Critical
Levels Base

Case

Total Area
Application

Case
(ha)

Area above
SO2 Critical

Levels
Application

Case
(ha)

Percent
above SO2

Critical
Levels

Application
Case

Percent
Change

above SO2

Critical
Levels from

Base Case to
Application

Case

Coniferous – Jack pine leading
1

118,758.6 110.6 0.1 99,588.4 112.4 0.1 <0.1

Coniferous – White spruce leading
1

34,438.5 N/A N/A 26,676.7 N/A N/A N/A

Coniferous – Black spruce leading
1

2,807.9 N/A N/A 1,900.5 N/A N/A N/A

Mixedwood – Jack pine leading
1

71,888.2 N/A N/A 50,849.2 N/A N/A N/A

Mixedwood – White spruce leading
1

66,608.8 N/A N/A 55,807.0 N/A N/A N/A

Deciduous and mixedwood – Deciduous
leading

1
170,509.4 N/A N/A 117,714.4 N/A N/A N/A

Upland shrubland
1

18,804.8 N/A N/A 12,171.8 N/A N/A N/A

Upland grassland 28,022.3 N/A N/A 9,393.9 N/A N/A N/A

Shrubby bogs
1

48,568.3 N/A N/A 41,375.7 N/A N/A N/A

Wooded bogs
1

143,334.7 28.3 <0.1 129,147.4 29 <0.1 <0.1

Wooded poor fen
1

44,452.4 16 <0.1 39,882.2 16.1 <0.1 <0.1

Wooded rich fen 41,523.2 2.3 <0.1 35,026.7 2.3 <0.1 <0.1

Shrubby fen 26,591.1 N/A N/A 18,993.5 N/A N/A N/A

Open fen 48,102.2 N/A N/A 36,934.9 N/A N/A N/A

Wooded swamp
1

212,105.2 N/A N/A 182,637.9 N/A N/A N/A

Shrubby swamp 84,060.9 N/A N/A 65,738.6 N/A N/A N/A

Marsh/wet meadow 11,460.6 N/A N/A 6,392.3 N/A N/A N/A

Total vegetated berry-supporting land 932,277 155 0.1 757,751 158 0.1 <0.1

Total vegetated land 1,172,037 157 0.1 930,231 160 0.1 <0.1

NOTES:
1

These vegetation cover classes have a high potential to support traditional use berry species.

N/A = Not applicable
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Table 10-29 Area above NO2 Critical Levels by Cover Class – Base Case and Application Case

Cover Class

Total Area
Base Case

(ha)

Area above
NO2 Critical

Levels
Base Case

(ha)

Percent
above NO2

Critical
Levels Base

Case

Total Area
Application

Case
(ha)

Area above
NO2 Critical

Levels
Application

Case
(ha)

Percent
above NO2

Critical
Levels

Application
Case

Percent
Change

above NO2

Critical
Levels from

Base Case to
Application

Case

Coniferous – Jack pine leading
1

118,758.6 5102.6 4.3 99,588.4 5,238.7 5.3 1.0

Coniferous – White spruce leading
1

34,438.5 485.6 1.4 26,676.7 501.8 1.9 0.5

Coniferous – Black spruce leading
1

2,807.9 219.5 7.8 1,900.5 228.2 12.0 4.2

Mixedwood – Jack pine leading
1

71,888.2 10,697.4 14.9 50,849.2 10,878.1 21.4 6.5

Mixedwood – White spruce leading
1

66,608.8 546.7 0.8 55,807.0 587.2 1.1 0.2

Deciduous and mixedwood – Deciduous
leading

1
170,509.4 6,801.2 4.0 117,714.4 7,025.4 6.0 2.0

Upland shrubland
1

18,804.8 519.0 2.8 12,171.8 527.6 4.3 1.6

Upland grassland 28,022.3 2,041.9 7.3 9,393.9 2,064.4 22.0 14.7

Shrubby bogs
1

48,568.3 781.1 1.6 41,375.7 851.1 2.1 0.4

Wooded bogs
1

143,334.7 5,558.8 3.9 129,147.4 5,629.0 4.4 0.5

Wooded poor fen
1

44,452.4 735.6 1.7 39,882.2 754.6 1.9 0.2

Wooded rich fen 41,523.2 1,000.1 2.4 35,026.7 1,102.0 3.1 0.7

Shrubby fen 26,591.1 1,306.8 4.9 18,993.5 1,374.8 7.2 2.3

Open fen 48,102.2 1,386.0 2.9 36,934.9 1,507.4 4.1 1.2

Wooded swamp
1

212,105.2 5,817.3 2.7 182,637.9 6,080.0 3.3 0.6

Shrubby swamp 84,060.9 3,076.5 3.7 65,738.6 3,277.2 5.0 1.3

Marsh/wet meadow 11,460.6 157.6 1.4 6,392.3 164.4 2.6 1.2

Total vegetated berry-supporting land 932,277 37,265 4 757,751 38,302 5 1

Total vegetated land 1,172,037 46,234 4 930,231 47,792 5 1

NOTE:
1

These vegetation cover classes have a high potential to support traditional use berry species.
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Table 10-30 Area above N-Deposition Critical Loads by Cover Class – Base Case and Application Case

Cover Class

Total Area
2

Base Case
(ha)

Area
2

above
N-Deposition

Critical
Loads Base

Case
(ha)

Percent
above N-

Deposition
Critical

Loads Base
Case

2

Total Area
2

Application
Case
(ha)

Area
2

above
N-Deposition

Critical
Loads

Application
Case
(ha)

Percent
above N-

Deposition
Critical

Loads Levels
Application

Case
2

Percent
Change
above N-

Deposition
Critical

Loads from
Base Case to
Application

Case
2

Coniferous – Jack pine leading
1

118,758.6 34,092.2 28.7 99,588.4 37,750.2 37.9 9.2

Coniferous – White spruce leading
1

34,438.5 968.6 2.8 26,676.7 1,070.5 4.0 1.2

Coniferous – Black spruce leading
1

2,807.9 371.0 13.2 1,900.5 365.6 19.2 6.0

Mixedwood – Jack pine leading
1

71,888.2 4,968.1 6.9 50,849.2 5,044.4 9.9 3.0

Mixedwood – White spruce leading
1

66,608.8 554.6 0.8 55,807.0 557.0 1.0 0.2

Deciduous and mixedwood – Deciduous
leading

1
170,509.4 5,926.6 3.5 117,714.4 6,167.2 5.2 1.8

Upland shrubland
1

18,804.8 735.7 3.9 12,171.8 787.3 6.5 2.6

Upland grassland 28,022.3 637.1 2.3 9,393.9 642.8 6.8 4.6

Shrubby bogs
1

48,568.3 4,262.7 8.8 41,375.7 4,537.8 11.0 2.2

Wooded bogs
1

143,334.7 17,480.2 12.2 129,147.4 18,433.2 14.3 2.1

Wooded poor fen
1

44,452.4 5,900.3 13.3 39,882.2 6,360.5 15.9 2.7

Wooded rich fen 41,523.2 8,141.4 19.6 35,026.7 8,676.9 24.8 5.2

Shrubby fen 26,591.1 6,011.7 22.6 18,993.5 6,340.0 33.4 10.8

Open fen 48,102.2 5,877.4 12.2 36,934.9 6,070.3 16.4 4.2

Wooded swamp
1

212,105.2 6,151.9 2.9 182,637.9 6,373.8 3.5 0.6

Shrubby swamp 84,060.9 4,168.0 5.0 65,738.6 4,337.2 6.6 1.6

Total vegetated berry-supporting land 932,277 81,412 9 757,751 87,447 12 3

Total vegetated land 1,160,577 106,247 9 923,839 113,515 12 3

NOTES:
1

These vegetation cover classes have a high potential to support traditional use berry species.
2

Includes a small area of land outside the vegetation and wildlife RSA.
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10.7.5 Application Case

10.7.5.1 Mitigation

Project design features to reduce emissions are described in the air quality section (see

Section 4). Mitigation measures to reduce air emissions include but are not restricted to:

 Project planning and mine engineering to optimize haul distances

 use of a U.S. EPA Tier IV-compliant haul truck fleet, when available

 cogeneration of heat and power using natural gas as a fuel source

 use of dry low NOx 1+ technology to reduce emissions and increase the efficiency of

the cogeneration plant (i.e., as opposed to selective catalytic reduction, which is an

energy-consuming ‘scrubber’ process)

 designing the Project to maximize energy conservation by such measures as:

 recovering hot water for reuse

 maximizing recovery of thermal energy (e.g., use of heat exchangers instead of a

cooling tower)

 using variable frequency drives on boiler feed pumps and forced draft fans to

reduce electrical energy related to steam production

10.7.5.2 Effects Analysis

SO2 Fumigation

The Project is predicted to slightly increase the area of highly and moderately sensitive

cover classes exposed to critical levels of SO2 relative to Base Case (see Figure 10-19

and Table 10-28). The area of vegetated land affected by SO2 fumigation increases by

3.0 ha (less than 0.1%) relative to Base Case owing to Project emissions. This includes an

increase of 3.0 ha (less than 0.1%) of vegetation cover classes with a high potential to

support traditional use berry species.

NO2 Fumigation

The Project is predicted to slightly increase the area exposed to critical levels of NO2

relative to Base Case (see Figure 10-20 and Table 10-29). The area of vegetated land

affected by NO2 fumigation increases by 1,558 ha (1%) relative to Base Case as a result

of Project emissions. This includes an increase of 1,037 ha (1%) of vegetation cover

classes with a high potential to support traditional use berry species.
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Nitrogen Deposition

The Project is predicted to slightly increase the area of cover classes exposed to critical

loads of N-deposition relative to Base Case (see Figure 10-21 and Table 10-30). The area

of vegetated land affected by N-deposition increases by 7,268 ha (3%) relative to Base

Case as a result of Project emissions. This includes an increase of 6,035 ha (3%) of

vegetation cover classes with a high potential to support traditional use berry species

(see Figure 10-21 and Table 10-30). The coniferous–Jack pine leading cover class has the

largest proportion of individual cover class affected at Application Case with 37.9% of

the area above the critical load, an increase of 9.2% relative to Base Case.

10.7.6 Planned Development Case

SO2 Fumigation

Emissions from PDC are predicted to slightly increase the area of highly and moderately

sensitive cover classes exposed to critical levels of SO2 relative to Base Case

(see Figure 10-22 and Table 10-31). The area of vegetated land affected by SO2

fumigation increases by 209 ha (less than 0.1%) relative to Base Case because of

emissions. This includes an increase of 183 ha (less than 0.1%) of vegetation cover

classes with a high potential to support traditional use berry species (see Figure 10-22 and

Table 10-31).

NO2 Fumigation

Emissions from PDC are predicted to slightly increase the area exposed to critical levels

of NO2 relative to Base Case (see Figure 10-23 and Table 10-32). The area of vegetated

land affected by NO2 fumigation increases by 12,828 ha (3%) relative to Base Case

because of emissions. This includes an increase of 9,252 ha (2%) of vegetation cover

classes with a high potential to support traditional use berry species (see Figure 10-23 and

Table 10-32). The upland grassland cover class has the largest proportion of individual

cover class affected at PDC with 28.2% of the area above the critical load, an increase of

20.9% relative to Base Case.

Nitrogen Deposition

Emissions from PDC are predicted to slightly increase the area of cover classes exposed

to critical loads of N-deposition relative to Base Case (see Figure 10-24 and

Table 10-33). The area of vegetated land affected by N-deposition increases by 38,432 ha

(7%) relative to Base Case because of emissions. This includes an increase of 28,956 ha

(6%) of vegetation cover classes with a high potential to support traditional use berry

species (see Figure 10-24 and Table 10-33). The coniferous–Jack pine leading cover class

has the largest proportion of individual cover class affected at PDC with 40.5% of the

area above the critical load, an increase of 11.7% relative to Base Case.
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Table 10-31 Area above SO2 Critical Levels by Cover Class – Base Case and PDC

Cover Class

Total Area
Base Case

(ha)

Area above
SO2 Critical

Levels
Base Case

(ha)

Percent
above SO2

Critical
Levels Base

Case

Total Area
PDC
(ha)

Area above
SO2 Critical
Levels PDC

(ha)

Percent
above SO2

Critical
Levels PDC

Percent
Change

above SO2

Critical
Levels from

Base Case to
PDC

Coniferous – Jack pine leading
1

118,758.6 110.6 0.1 97,997.3 212.9 0.1 <0.1

Coniferous – White spruce leading
1

34,438.5 N/A N/A 24,882.9 N/A N/A N/A

Coniferous – Black spruce leading
1

2,807.9 N/A N/A 1,898.0 N/A N/A N/A

Mixedwood – Jack pine leading
1

71,888.2 N/A N/A 50,047.5 N/A N/A N/A

Mixedwood – White spruce leading
1

66,608.8 N/A N/A 54,944.8 N/A N/A N/A

Deciduous and mixedwood – Deciduous
leading

1 170,509.4 N/A N/A 113,648.9 N/A N/A N/A

Upland shrubland
1

18,804.8 N/A N/A 11,441.8 N/A N/A N/A

Upland grassland 28,022.3 N/A N/A 8,604.7 N/A N/A N/A

Shrubby bogs
1

48,568.3 N/A N/A 40,502.8 N/A N/A N/A

Wooded bogs
1

143,334.7 28.3 <0.1 128,254.1 88.3 <0.1 <0.1

Wooded poor fen
1

44,452.4 16 <0.1 39,634.6 36.3 <0.1 <0.1

Wooded rich fen 41,523.2 2.3 <0.1 34,659.1 28.7 <0.1 <0.1

Shrubby fen 26,591.1 N/A N/A 18,620.0 N/A N/A N/A

Open fen 48,102.2 N/A N/A 36,214.0 N/A N/A N/A

Wooded swamp
1

212,105.2 N/A N/A 175,917.7 N/A N/A N/A

Shrubby swamp 84,060.9 N/A N/A 61,902.8 N/A N/A N/A

Marsh/wet meadow 11,460.6 N/A N/A 6,176.6 N/A N/A N/A

Total vegetated berry-supporting land 932,277 155 <0.1 739,170 338 0.1 <0.1

Total vegetated land 1,172,037 157 <0.1 905,348 366 0.1 <0.1

NOTES:
1

These vegetation cover classes have a high potential to support traditional use berry species.

N/A = Not applicable
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Table 10-32 Area above NO2 Critical Levels by Cover Class – Base Case and PDC

Cover Class

Total Area
Base Case

(ha)

Area above
NO2 Critical
Levels Base

Case
(ha)

Percent
above NO2

Critical
Levels

Base Case

Total Area
PDC
(ha)

Area above
NO2 Critical
Levels PDC

(ha)

Percent
above NO2

Critical
Levels PDC

Percent
Change above

NO2 Critical
Levels From
Base Case to

PDC

Coniferous – Jack pine leading
1

118,758.6 5102.6 4.3 97,997.3 6,472.2 6.6 2.3

Coniferous – White spruce leading
1

34,438.5 485.6 1.4 24,882.9 853.4 3.4 2.0

Coniferous – Black spruce leading
1

2,807.9 219.5 7.8 1,898.0 239.1 12.6 4.8

Mixedwood – Jack pine leading
1

71,888.2 10,697.4 14.9 50,047.5 12,352.1 24.7 9.8

Mixedwood – White spruce leading
1

66,608.8 546.7 0.8 54,944.8 903.5 1.6 0.8

Deciduous and mixedwood – Deciduous
leading

1 170,509.4 6,801.2 4.0 113,648.9 8,989.9 7.9 3.9

Upland shrubland
1

18,804.8 519.0 2.8 11,441.8 880.5 7.7 4.9

Upland grassland 28,022.3 2,041.9 7.3 8,604.7 2,425.7 28.2 20.9

Shrubby bogs
1

48,568.3 781.1 1.6 40,502.8 1,102.7 2.7 1.1

Wooded bogs
1

143,334.7 5,558.8 3.9 128,254.1 6,078.8 4.7 0.9

Wooded poor fen
1

44,452.4 735.6 1.7 39,634.6 926.6 2.3 0.7

Wooded rich fen 41,523.2 1,000.1 2.4 34,659.1 1,222.0 3.5 1.1

Shrubby fen 26,591.1 1,306.8 4.9 18,620.0 1,696.5 9.1 4.2

Open fen 48,102.2 1,386.0 2.9 36,214.0 2,094.4 5.8 2.9

Wooded swamp
1

212,105.2 5,817.3 2.7 175,917.7 7,718.7 4.4 1.6

Shrubby swamp 84,060.9 3,076.5 3.7 61,902.8 4,906.0 7.9 4.3

Marsh/wet meadow 11,460.6 157.6 1.4 6,176.6 199.9 3.2 1.9

Total vegetated berry-supporting land 932,277 37,265 4 739,170 46,517 6 2

Total vegetated land 1,172,037 46,234 4 905,348 59,062 7 3

NOTE:
1

These vegetation cover classes have a high potential to support traditional use berry species.
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Table 10-33 Area above N-Deposition Critical Loads by Cover Class – Base Case and PDC

Cover Class

Total Area
2

Base Case
(ha)

Area
2

above
N-Deposition
Critical Loads

Base Case
(ha)

Percent
above N-

Deposition
Critical Loads

Base Case
2

Total Area
2

PDC
(ha)

Area
2

above
N-Deposition

Critical
Loads PDC

(ha)

Percent
above N-

Deposition
Critical

Loads PDC
2

Percent
Change above
N-Deposition
Critical Loads

from Base
Case to PDC

2

Coniferous – Jack pine leading
1

118,758.6 34,092.2 28.7 97,997.3 39,644.7 40.5 11.7

Coniferous – White spruce leading
1

34,438.5 968.6 2.8 24,882.9 1,804.0 7.2 4.4

Coniferous – Black spruce leading
1

2,807.9 371.0 13.2 1,898.0 353.6 18.6 5.4

Mixedwood – Jack pine leading
1

71,888.2 4,968.1 6.9 50,047.5 5,519.4 11.0 4.1

Mixedwood – White spruce leading
1

66,608.8 554.6 0.8 54,944.8 683.3 1.2 0.4

Deciduous and mixedwood – Deciduous
leading

1 170,509.4 5,926.6 3.5 113,648.9
7,184.3

6.3 2.8

Upland shrubland
1

18,804.8 735.7 3.9 11,441.8 733.4 6.4 2.5

Upland grassland 28,022.3 637.1 2.3 8,604.7 512.0 6.0 3.7

Shrubby bogs
1

48,568.3 4,262.7 8.8 40,502.8 5,950.4 14.7 5.9

Wooded bogs
1

143,334.7 17,480.2 12.2 128,254.1 30,616.4 23.9 11.7

Wooded poor fen
1

44,452.4 5,900.3 13.3 39,634.6 10,387.2 26.2 12.9

Wooded rich fen 41,523.2 8,141.4 19.6 34,659.1 14,654.9 42.3 22.7

Shrubby fen 26,591.1 6,011.7 22.6 18,620.0 7,547.1 40.5 17.9

Open fen 48,102.2 5,877.4 12.2 36,214.0 6,342.2 17.5 5.3

Wooded swamp
1

212,105.2 6,151.9 2.9 175,917.7 7,490.9 4.3 1.4

Shrubby swamp 84,060.9 4,168.0 5.0 61,902.8 5,255.6 8.5 3.5

Total vegetated berry-supporting land 932,277 81,412 9 739,170 110,368 15 6

Total vegetated land 1,160,577 106,247 9 899,171 144,679 16 7

NOTES:
1

Vegetation cover classes with a high potential to support traditional use berry species.
2

Includes a small area of land outside the vegetation and wildlife RSA.
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10.7.7 Effects Classification

For a summary of effects classification for air emissions on vegetated land,

see Table 10-34.

SO2 Fumigation

Total area of vegetated land within the defined critical level for SO2, attributed to the

Project, is predicted to increase. It is possible that this increase may result in a shift in

natural community diversity patterns associated with SO2 fumigation and this change

might be further exacerbated by planned developments.

The Project is predicted to result in an overall change in area affected of less than 0.1%

for the Application Case when critical levels are considered. This is in addition to the

0.1% percent change from background levels (i.e., predevelopment) to Base Case. The

PDC will result in a less than 0.1% increase in the area affected by SO2 fumigation

relative to Base Case. The combined cumulative effect from background values from

predevelopment to Application Case represents 0.1% of vegetated land affected by SO2

emissions. No individual vegetation cover classes are predicted to be exposed to levels

above the critical level by more than 1%. This represents a low-magnitude change for

existing conditions as well as Base Case, Application Case and PDC, similar to the

Integrated Application.

Although SO2 fumigation is predicted to have an effect on vegetation resources, no cover

classes in the RSA are completely exposed to critical levels, and reduced community

diversity is not expected in the vegetation and wildlife RSA. Localized effects of

fumigation have been noted in the oil sands region near active mines (Berryman 2004);

however, widespread effects have not been documented. The Project will result in a

small, incremental increase to overall emissions effects in the vegetation and wildlife

RSA.

NO2 Fumigation

Total area of vegetated land within the defined critical level for NO2, attributed to the

Project, is predicted to increase. It is possible that the increase may result in a shift in

natural community diversity patterns associated with NO2 fumigation and this change

might be further exacerbated by planned developments.

The Project is predicted to result in an overall change in area of vegetated land affected of

1% when the 30 g/m3 critical level is considered. This is in addition to the 4% change

from background values (i.e., predevelopment) to Base Case. The PDC might result in a

7% increase in the area affected by NO2 fumigation relative to Base Case. The combined

cumulative effect from background values from predevelopment to Application Case

represents 5% of vegetated land affected by NO2 emissions. For existing conditions and

Base Case, no individual vegetation cover classes are predicted to have more than 20.0%

affected. This represents a moderate-magnitude effect that differs from the Integrated

Application where effects were predicted to be of low magnitude. For the Application

Case and PDC, some individual vegetation cover classes have more than 20.0% above

the critical level. This represents a high-magnitude effect and also represents a change
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from the Integrated Application where effects were predicted to be of low magnitude.

The change in the area of vegetated land affected from the Integrated Application differs

as several developments that were previously included in the development inclusion list

were not included for the Project Update because they have been cancelled. Areas

previously occupied by developments in the Integrated Application are now considered to

remain vegetated.

Although these effects are considered long-term, they are also considered reversible.

Effects from emissions are considered reversible in the long term following observations

from Europe, where sensitive species recovered after air quality improved (Rose and

Hawksworth 1981; Bates et al. 1990; Seaward and Galinou 1991; Bates et al. 1997).

Air emissions are predicted to have an effect on vegetation resources; however, no cover

classes in the vegetation and wildlife RSA are completely exposed to critical levels, and

reduced community diversity is not expected in the RSA. Localized effects of fumigation

have been noted in the oil sands region near active mines (Berryman 2004); however,

widespread effects have not been documented.

Nitrogen Deposition

Total area of vegetated land within the defined critical load for N-deposition, attributed to

the Project, is predicted to increase. It is possible that the Project might result in a shift in

natural community diversity patterns associated with N-deposition and this might be

further exacerbated by planned developments.

The Project is predicted to result in an overall change in area of vegetated land affected of

3% for the Application Case when the critical loads are considered. This is in addition to

the 9% change from background levels (i.e., predevelopment) to Base Case. The PDC

may result in a 7% increase in the area affected by N-deposition relative to Base Case.

The combined cumulative effect from background values from predevelopment to

Application Case represents 12% of vegetated land affected by N-deposition.

The cover class with the highest proportional predicted effect at Base Case, Application

Case and PDC is coniferous–Jack pine leading. At Base Case 28.7% is predicted to be

affected 37.9% at Application Case and 40.5% at PDC. The Project results in a 9%

increase in the area of the coniferous–Jack pine leading vegetation above the critical load

relative to Base Case. As with the Integrated Application, this represents a high-

magnitude effect for Base Case, Application Case and PDC, the same as predicted for the

Integrated Application.

Although localized effects on sensitive vegetation species from N-deposition have been

documented (Vitt et al. 2003) broad, regional effects from air emissions have not been

noted (Wieder et al. 2010b; Whitfield et al. 2010). The Project will result in a small,

incremental increase to overall emissions effects in the RSA, but will not generate a shift

in magnitude rating.

While effects are considered long-term, they can be considered generally reversible as

shown in other areas where N-deposition has declined (Mitchell et al. 2004; Clark and

Tilman 2008).
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Table 10-34 Effects Classification of Emissions on Vegetation

Key Indicator Duration Frequency
Ability to
Recover

Percent Magnitude Change

From
Predevelopment to

Existing
Conditions

1

From
Predevelopment to

Base Case
1

From
Predevelopment to
Application Case

1

From
Predevelopment to

PDC
1

SO2 fumigation Long Continuous Reversible
1

0.1% – Low 0.1% – Low 0.1% – Low 0.1% – Low

NO2 fumigation Long Continuous Reversible
1

15% – for
mixedwood–Jack
pine leading –
Moderate

15% – for
mixedwood–Jack
pine leading –
Moderate

22% – for upland
grassland – High

28% – for upland
grassland – High

Nitrogen
deposition

Long Continuous Reversible
1

26.0% for open fen –
High

28.7% for
coniferous–Jack pine
leading – High

37.9% for
coniferous–Jack pine
leading – High

40.5% for
coniferous–Jack pine
leading – High

NOTES:
1

Effects are considered generally reversible, although some species might not recover.
2

Magnitude of change for emissions effects includes a low magnitude of change (<10%), moderate magnitude of change (10% to 20%) and high magnitude
change (>20%).
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10.7.8 Environmental Consequence

Localized effects from air emissions are predicted as a result of existing, approved and

planned developments, with effects considered generally reversible in the long-term.

Following these assumptions, effects of SO2 and NO2 fumigation on vegetation are

considered to be of low to moderate environmental consequence for existing conditions

as well as for Base Case, Application Case and PDC. For N-deposition, existing

conditions and the assessment cases are rated as a moderate environmental consequence

as some cover classes are above the critical level or load by 20%.

The Project will result in a small, incremental increase to overall emissions effects in the

vegetation and wildlife RSA.

10.7.9 Prediction Confidence

Prediction confidence is moderate about the extent that SO2, NO2 and N-deposition will

affect vegetation. The use of cover classes to predict the distribution of sensitive

vegetation species provides a relatively coarse scale of resolution (i.e., the linkage of

individual sensitive species is generalized). The overall assessment is conservative,

however, for the following reasons:

 Modelling assumed that all developments are at full capacity and emissions for all

developments occur simultaneously for all assessment cases. This will not necessarily

be the case.

 Developments that have been delayed (e.g., Joslyn North Mine) or withdrawn (e.g.,

PRM and Joslyn North Mine Expansion) have been included, but their emissions

might not occur during the life of the Project.

 Mitigation assumed in the assessment is based on current technology; however, Teck

will keep abreast of technological advancements that relate to emissions reductions

and implement such when appropriate.

Because emissions mitigation is of regional, provincial and federal concern, it is expected

that new, improved technology will become available that will allow for reductions in

predicted emissions.

10.7.10 Responses to Aboriginal Community Concerns

Concerns have been raised that air emissions in the region have affected traditional use

species, including berries. Given this, the updated vegetation assessment examined

potential effects on vegetation cover classes with a high potential to support traditional

use berry species. To mitigate effects, the Project has been designed to reduce emissions

by:

 optimizing hauling distances and using a U.S. EPA Tier IV-compliant haul truck

fleet, when available
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 using cogeneration and dry low NOx 1+ technology to increase the efficiency of the

cogeneration plant

 implementing energy conservation measures

Teck plans to participate in research and development and associations that advance

emission reduction technologies that are applicable to oil sand extraction. In addition,

energy efficiency and the identification of compatible emerging technologies will

continue to be improved as part of future stages of engineering and as global equipment

standards improve. Although COSIA does not target air emissions other than greenhouse

gasses, some of the research might have ancillary benefits. An example is the Teck-led

joint industry project that is piloting bifuel haul trucks in Teck’s coal mines in Elk

Valley, British Columbia (Sutherland 2015). Such technology, if proven viable, will

reduce greenhouse gas, NOx and PM2.5 emissions.

10.7.11 Management and Monitoring

10.7.11.1 Regional

Participation is planned in regional committees committed to managing and monitoring

effects of air emissions on vegetation resources, including:

 Terrestrial Environment Effects Monitoring (TEEM), a working group of the Wood

Buffalo Environmental Association (WBEA)

 Alberta Environmental Monitoring, Evaluation and Reporting Agency (AEMERA)

10.7.11.2 Project-Specific

Teck will continue to be a member and support WBEA, which is responsible for the air

monitoring network in the region.

10.7.12 Summary

The Project, combined with existing, approved and planned developments, will generate

air emissions from fossil fuel combustion and other fugitive sources that could affect

vegetation. Effects on vegetation might include:

 changes in species health resulting in increased or decreased growth rates

 loss of sensitive species

Air emissions effects on vegetation can occur:

 directly, through:

 fumigation (NO2 and SO2)

 fertilization (N-deposition)

 indirectly, as a result of changes in soil chemistry from PAI
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Effects from fumigation and fertilization are summarized below. For the effects of PAI

on terrestrial ecosystems, see Section 9.7.

Localized effects from air emissions are anticipated as a result of existing, approved and

planned developments with effects considered generally reversible in the long term.

Following these assumptions, effects of SO2 and NO2 fumigation on vegetation are

considered to be of low to moderate environmental consequence for existing conditions

as well as for Base Case, Application Case and PDC. For N-deposition, existing

conditions and the assessment cases can be rated as a moderate environmental

consequence as some cover classes are above the critical level or load by 20%. The

Project will result in a small, incremental increase to overall emissions effects in the

vegetation and wildlife RSA.

Air emissions are predicted to have an effect on vegetation resources; however, no cover

classes in the RSA are completely exposed to critical levels, and reduced community

diversity is not expected in the RSA. Localized effects of fumigation have been noted in

the oil sands region in the vicinity of active mines, however widespread effects have not

been documented. Although localized effects on sensitive vegetation species from

N-deposition have been documented (Vitt et al. 2003), broad, regional effects from air

emissions have not been noted (Wieder et al. 2010b; Whitfield et al. 2010).

Prediction confidence about the extent that SO2, NO2 and N-deposition will affect

vegetation is moderate. The use of cover classes to predict the distribution of sensitive

vegetation species is a relatively coarse scale of resolution, with the linkage of individual

sensitive species being generalized. In addition, the extent of emissions effects is

overstated as the assessment cases include developments that have been cancelled or

withdrawn (i.e., PRM, Joslyn North Mine and Joslyn North Mine Expansion).

10.8 Conclusions

For a summary of the environmental consequence and prediction confidence for

vegetation, see Table 10-35.

Table 10-35 Environmental and Prediction Consequence

Key Issue Environmental Consequence Prediction Confidence

Change in landscape diversity Low to moderate Moderate

Change in community diversity Moderate to high Moderate

Change in species diversity High Low

Air emissions effects and vegetation health Low to moderate Moderate
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10.8.1 Landscape Diversity

Environmental Consequence

Based on the magnitude of change and concept of reversibility, effects from

fragmentation are generally rated the same as in the Integrated Application. Changes in

landscape diversity range from a low to moderate environmental consequence for

existing conditions, Base Case, Application Case and PDC. As with the Integrated

Application, the Project does not result in a change in environmental consequence ratings

from Base Case though it does incrementally contribute to changes in landscape diversity

in the vegetation and wildlife RSA. A moderate environmental consequence rating for

existing conditions is to be expected. It aligns with the TEMF and specifically the

recognition that the landscape in the region has already been substantially altered, and

classical fragmentation by linear developments is the key driver of decline in

environmental [key] indicators (CEMA 2008).

Classic fragmentation results in an increase in the number of patches on the landscape.

While the Project and other oil sands developments result in an increase in disturbance,

the number of patches generally decreases from Base Case, Application Case and PDC as

mine developments remove linear disturbance from the landscape.

Progressive reclamation of the Project along with other developments, reclamation of

linear disturbances through programs such as the Algar Historic Restoration Project

(formally the Oil Sands Leadership Initiative [OSLI] Algar Caribou Habitat Restoration

Program) (OSLI 2012 and Nexen 2013, 2014), expansion of protected areas (see GOA

2012b) and Project-specific conservation initiatives will all contribute to mitigating

cumulative effects.

Prediction Confidence

As with the Integrated Application, overall prediction confidence related to fragmentation

and homogeneity of landscape diversity is moderate with consideration of the effects of

climate change included.

10.8.2 Community Diversity

Environmental Consequence

Environmental consequence ratings are provided for the vegetation and wildlife RSA.

Based on the magnitude of change and concept of reversibility, effects on community

diversity are predicted to be of:

 moderate environmental consequence for existing conditions through to PDC for

upland cover classes since effects can be considered reversible when reclamation is

applied

 moderate environmental consequence for existing conditions for wetland cover

classes as marsh/wet meadow cover classes are typically included in reclamation

planning for oil sands developments. As a result, changes are generally reversible.
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 high environmental consequence for Base Case, Application Case and PDC for

wetland cover classes that are not typically included in reclamation planning for oil

sands development (e.g., bogs and fens). As a result, changes are likely irreversible

or largely irreversible because the current body of knowledge on peatland

reclamation is still in the early stages. Although oil sands reclamation landscape

topography results in a general overall decrease in the amount of wetland on the

landscape, Teck has provided a conceptual plan to optimize the amount of wetland on

the closure landscape. Specifically, the PDA is conceptualized to support 22.2% of

wetland and littoral areas compared to 20.5% in the Integrated Application. Teck

recognizes that peatlands are an important traditional use area for Aboriginal

communities and therefore Teck will make an effort to include peatlands in detailed

CC&R planning should research results and recommendations prove to be feasible

and appropriate. In addition, it is likely that opportunistic wetlands will develop on

the closure landscape. Opportunistic wetlands are recognized to occur and be an

important component of oil sands mine reclamation (CEMA 2014).

 moderate environmental consequence for old growth for existing conditions through

to PDC given its age-dependant nature

To mitigate effects on community diversity, Teck will consider new and evolving

research and guidelines throughout the life of the Project and integrate findings and

practices into the reclamation plan. Teck has committed to co-create Reclamation

Working Group(s) with potentially affected Aboriginal communities to guide more

detailed reclamation planning and monitoring to determine reclamation success.

In addition, to the development of a more detailed reclamation plan, Teck plans to

provide additional offsets for vegetation diversity through a Conservation Agreement that

will be developed in conjunction with provincial and federal regulators and involve

consultation with potentially affected Aboriginal communities. While Teck plans to

provide additional offsets for vegetation diversity through a Conservation Agreement, the

assessment has not considered this when determining the Project’s contribution to

cumulative effects. As a result, the updated vegetation assessment is considered

conservative.

Environmental consequence ratings for community diversity reflect the relatively high

proportion of MOSA in the vegetation and wildlife RSA and the relatively small

proportion of protected areas and identified new conservation areas (see Figure 10-2)

relative to the RMWB and LAR. Wetland habitats present in the MOSA are well

represented in the larger RMWB and LAR. If predicted effects were placed into a larger

regional planning framework (e.g., LAR) that includes areas identified for intensive

development as well as protected areas and identified conservation areas, predicted high

environmental consequences would be reduced.

Prediction Confidence

As with the Integrated Application, overall prediction confidence related to community

diversity is moderate. To incorporate the added level of uncertainty associated with
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potential future climate change, adaptive management is included as one of the core

principles of CC&R plan.

10.8.3 Species Diversity

Environmental Consequence

Effects on species diversity are expected to be of high environmental consequence, as

rare species are eliminated from the vegetation and wildlife RSA as a result of the Project

(i.e., Application Case). In addition, species with a high fidelity to some vegetation cover

classes (bogs and fens) will be reduced, and these effects are considered irreversible.

This environmental consequence rating reflects the fact that several rare species that will

be disturbed by the Project have been identified only in the proposed footprint and have

not been recorded elsewhere in the vegetation and wildlife RSA. Although species will be

regionally lost, none of the eliminated species are listed as species at risk by federal

authorities. Similar results have been predicted for other projects in the Athabasca Oil

Sands Region including the Kearl (Imperial Oil Resources Ltd. 2005) and Fort Hills oil

sands projects (Fort Hills Energy Corporation 2007).

The high environmental consequence rating is meant to identify to regional resource

managers new species diversity issues that might need to be tracked and managed

through existing cooperative resource management initiatives. The rating does not imply

environmental significance at a broader jurisdictional or geographic area. In all

probability, future regional vegetation studies will identify additional occurrences of one

or more of these rare species and a delisting of some species will occur.

Prediction Confidence

As with the Integrated Application, overall prediction confidence associated with changes

in species diversity is low.

10.8.4 Air Emissions and Vegetation Health and Diversity

Localized effects from air emissions are anticipated as a result of existing, approved and

planned developments with effects considered generally reversible in the long-term.

Following these assumptions, effects of SO2 and NO2 fumigation on vegetation are

considered to be of low to moderate environmental consequence for existing conditions

as well as for Base Case, Application Case and PDC. For N-deposition, existing

conditions and the assessment cases can be rated as a moderate environmental

consequence as some cover classes are above the critical level or load by 20%. The

Project will result in a small, incremental increase to overall emissions effects in the

vegetation and wildlife RSA.

Air emissions are predicted to have an effect on vegetation resources; however, no cover

classes in the RSA are completely exposed to critical levels, and reduced community

diversity is not expected in the vegetation and wildlife RSA. Localized effects of

fumigation and have been noted in the oil sands region near active mines; however,

widespread effects have not been documented. Similarly, although localized effects of
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N-deposition have been documented for sensitive vegetation species (Vitt et al. 2003),

broad, regional effects from air emissions have not been noted (Whitfield et al. 2010;

Wieder et al. 2010b).

Prediction confidence about the extent that SO2, NO2 and N-deposition will affect

vegetation is moderate. The use of cover classes to predict the distribution of sensitive

vegetation species is a relatively coarse scale of resolution, with the linkage of individual

sensitive species being generalized. In addition, the extent of emissions effects is likely

overstated as the assessment cases include developments that have been cancelled or

withdrawn (i.e., PRM, Joslyn North Mine and Joslyn North Mine Expansion).

10.9 References

10.9.1 Literature Cited

ABMI (Alberta Biodiversity Monitoring Institute). 2014a. The Status of Biodiversity in the Oil Sands

Region of Alberta.

ABMI. 2014b. Brachythecium acuminatum – Species Account. Available at: http://www.abmi.ca/

abmi/biodiversitybrowser/speciesprofile.jsp;jsessionid=F51DCF5C4AAF217176679D6DE6CB6

FB5?tsnId=99001317&rankId=220&kingdomId=3. Accessed September 2014.

AENV (Alberta Environment). 2009. Final Terms of Reference Environmental Impact Assessment Report

for the Proposed UTS Energy Corporation/Teck Cominco Limited Frontier Oil Sands Mine

Project. Edmonton, Alberta.

AENV (Alberta Environment). 2011a. Alberta Ambient Air Quality Objectives Sulphur Dioxide.

Available at: http://environment.gov.ab.ca/info/library/8304.pdf. Accessed March 2015.

AENV. 2011b. Alberta Ambient Air Quality Objectives Nitrogen Dioxide. Available at:

http://environment.gov.ab.ca/info/library/8303.pdf. Accessed March 2015.

AER and CEAA (Alberta Energy Regulator and Canadian Environmental Assessment Agency). 2013.

Report of the Joint Review Panel Established by the Federal Minister of the Environment and the

Energy Resources Conservation Board. Decision 2013 ABAER 011: Shell Canada Energy,

Jackpine Mine Expansion Project, Application to Amend Approval 9756, Fort McMurray Area.

July 9, 2013. AER Application No. 1554388. CEAA Reference No. 59540. Published by Alberta

Energy Regulator and Canadian Environmental Assessment Agency. Calgary, Alberta.

Andison, D. 2003. Natural levels of forest age-class variability on the Alberta-Pacific FMA. Prepared for

Alberta-Pacific Forest Industries Inc. Boyle, Alberta.

Bates, J.W., J.N.B. Bell and A.M. Farmer. 1990. Epiphyte recolonization of oaks along a gradient of air

pollution in south-east England, 1979–1990. Environmental Pollution 68: 81–99.

Bates, J.W., M.C.F. Proctor, C.D. Preston, N.G. Hodgetts and A.R. Perry. 1997. Occurrence of epiphytic

bryophytes in a tetrad transect across southern Britain 1. Geographical trends in abundance and

evidence of recent change. Journal of Bryology 19: 685–714.

Béasse, M.L., S.A. Quideau and S.-W. Oh. 2015. Soil microbial communities identify organic

amendments for use during oil sands reclamation. Ecological Engineering 75: 199–207.



Volume 3: Assessment Update

Section 10: Vegetation Frontier Oil Sands Mine Project Update

Page 10-130 June 2015

Berryman, S. 2004. Depositional Gradients of Atmospheric Pollutants in the Athabasca Oil Sands

Region, Alberta, Canada: An Analysis of Lichen Tissue and Lichen Communities. Prepared for

the Wood Buffalo Environmental Association. Fort McMurray, Alberta.

Bissonnette, C., B. Fahlman, K.M. Peru, D.P. Dhasa, D.W. Greer, J.V. Headley and S. Roy. 2014.

Symbiosis with Frankia sp. Benefits the establishment of Alnus virisdis ssp. crispa and Alnus

incana ssp. rugosa in tailings sand from the Canadian oil sands industry. Ecological Engineering

68: 167–175.

Boylen, C.W., L.W. Eichler and J.D. Madsen. 1999. Loss of native aquatic plant species in a community

dominated by Eurasion watermilfoil. Hydrobiologia 415: 207–211.

Brown, R.L. 2010. Use of woody debris as an amendment for reclamation after oil sands mining. M.Sc.

thesis, Department of Renewable Resources, University of Alberta. Edmonton, Alberta.

Brown, R.L. and A. Naeth. 2014. Woody debris amendment enhances reclamation after oil sands mining

in Alberta, Canada. Restoration Ecology 22: 40–48.

Candler, C. and the Firelight Group Research Cooperative. 2013a. Athabasca Chipewyan First Nation

Knowledge and Use Report and Assessment for Teck Resources Limited Proposed Frontier Oil

Sands Mine Project.

Candler, C., Olsen, R. and the Firelight Group Research. 2013b. Mikisew Cree First Nation Indigenous

Knowledge and Use Report and Assessment for Teck Resources Limited’s Proposed Frontier Oil

Sands Mine Project.

CEMA (Cumulative Environmental Management Association). 2004. Rare Plants and Special Plant

Communities: Mapping and Literature Review of the Sustainable Ecosystem Working Group

Priority 1D Area, Regional Municipality of Wood Buffalo. Fort McMurray, Alberta.

CEMA. 2008. Terrestrial Ecosystem Management Framework for the Regional Municipality of Wood

Buffalo. Fort McMurray, Alberta.

CEMA. 2014. Guideline for Wetland Establishment on Reclaimed Oil Sands Leases. 3rd Edition. Fort

McMurray, Alberta.

Charette, T., M. Trites, J. Hornung, G. Haekel and C. Wytrykush. 2012. Oil Sands Marshes: A

Knowledge Transfer. Technology Transfer Task Group, Aquatic Subgroup, Reclamation Working

Group, Cumulative Environmental Management Association.

Clair, T.A. and K.E. Percy [eds.]. 2015. Assessing forest health in the Alberta Oil Sands Region. Wood

Buffalo Environmental Association Technical Report. 2015-05-25.

Clark, C.M. and D. Tilman. 2008. Loss of plant species after chronic low-level nitrogen deposition to

prairie grasslands. Nature 451: 712–715.

Daly, C. 2010. Innovative Wetland Reclamation Design Case Studies: The Suncor Fen and Pond 1 Marsh.

Reclamation and Restoration of Boreal Peatland and Forest Ecosystems: Toward a Sustainable

Future. March 25-27, 2010. Edmonton, Alberta.

Elias, P.D. 2011. Mikisew Cree Use of Lands and Resources in the Vicinity of the Proposed Teck

Resources and SilverBirch Energy Frontier Oil Sands Project.



Volume 3: Assessment Update

Frontier Oil Sands Mine Project Update Section 10: Vegetation

June 2015 Page 10-131

ESRD (Alberta Environmental and Sustainable Resource Development). 2010. Guidelines for

Reclamation to Forest Vegetation in the Athabasca Oil Sands Region. 2nd Edition. Available at:

http://environment.gov.ab.ca/info/library/8269.pdf. Accessed February 2015.

ESRD. 2013a. Approval – Northland Forest Products Ltd. Forest Management Unit A10 Annual

Allowable Cut Tables Update. Available at: http://esrd.alberta.ca/lands-forests/forest-

management/forest-management-plans/documents/ForestManagementUnitA10/

ForestManagementA10Approval%20-%20Jan%2022%202013.pdf. Accessed January 2015.

ESRD. 2013b. Alpac Forest Products Incorporated Annual Allowable Cut Tables Consolidation

Available at: http://esrd.alberta.ca/lands-forests/forest-management/forest-management-

plans/documents/AlPacForestProducts/Alpac-AllowableCutTable-Jun11-2013.pdf. Accessed

January 2015.

ESRD. 2014. Alberta Historical Wildfire Database. Available at: http://wildfire.alberta.ca/wildfire-

maps/historical-wildfire-information/historical-wildfire-database.aspx. Accessed February 2015.

Fenn, M.E., A. Bytnerowicz, S.I. Schilling and C.S. Ross. 2015. Atmospheric deposition of nitrogen,

sulfur and base cations in jack pine stands in the Athabasca Oil Sands Region, Alberta, Canada.

Environmental Pollution 196: 497–510.

Ferland, C. and L. Rochefort. 1997. Restoration techniques for sphagnum-dominated peatlands. Canadian

Journal of Botany 75: 1110–1118.

Fort Hills Energy Corporation. 2007. Fort Hills Oil Sands Project Amendment Application. Prepared by

Jacques Whitford-AXYS. Calgary, Alberta.

Fort McKay Sustainability Department and Integral Ecology Group. 2011. Traditional Land Use Study

for the Teck and SilverBirch Frontier Project.

Foster, D.R., D.H. Knight and J.F. Franklin. 1998. Landscape patterns and legacies resulting from large,

infrequent forest disturbances. Ecosystems 1: 497–510.

Glaser, P.H., B.S.C. Hansen, D.I. Siegel, A.S. Reeve and P. Morin. 2004. Rates, pathways and drivers for

peatland development in Hudson Bay Lowlands, northern Ontario, Canada. Journal of Ecology

92: 1036–1053.

GOA (Government of Alberta). 2010 Weed Control Regulations Available at: http://www.qp.alberta.ca/

574.cfm?page=W05P1.cfm&leg_type=Acts&isbncln=9780779749867. Accessed May

2011.

GOA. 2012a. Lower Athabasca Regional Plan. Available at:

https://landuse.alberta.ca/LandUse%20Documents/Lower%20Athabasca%20Regional%20Plan%

202012-2022%20Approved%202012-08.pdf. Accessed February 2015.

GOA. 2012b. New Conservation and Recreation/Tourism Areas in the Lower Athabasca Region.

Available at: https://landuse.alberta.ca/SiteCollectionDocuments/LARP%202012-

2022%20Schedule%20G%20Map%202012-08.pdf/ Accessed February 2015.

GOA. 2013a. Alberta Wetland Policy. Available at: http://www.waterforlife.alberta.ca/documents/

Alberta_Wetland_Policy.pdf. Accessed February 2015.

GOA. 2013b. Oil Sands Reclamation. Available at: http://oilsands.alberta.ca/FactSheets/

Reclamation_FSht_Sep_2013_Online.pdf. Accessed March 2015.



Volume 3: Assessment Update

Section 10: Vegetation Frontier Oil Sands Mine Project Update

Page 10-132 June 2015

GOA. 2014a. Draft Lower Athabasca Region Biodiversity Framework. Available at:

https://banister.ab.ca/larbmfsurvey/DRAFT_LARP_BMF.pdf. Accessed February 2015.

GOA. 2014b. Criteria and Indicators Framework for Oil Sands Mine Reclamation Certification.

Available at: http://esrd.alberta.ca/lands-forests/land-industrial/reclamation-initiatives-in-

alberta/documents/CriteriaIndicatorsFramework-Sep04-2014.pdf. Accessed February 2015.

GOC (Government of Canada). 1991. The Federal Policy on Wetland Conservation. Ottawa,

Ontario.2014. Species at Risk Public Registry Schedule 1. Available at: http://www.registrelep-

sararegistry.gc.ca/species/default_e.cfm. Accessed February 2014.

GOC. 2014. Species at Risk Public Registry Schedule 1. Available at: http://www.registrelep-

sararegistry.gc.ca/species/default_e.cfm. Accessed February 2014.

Graf, M.D., V. Bérubé and L. Rochefort. 2012. Restoration of peatland after peat extraction: impacts,

restoration goals, and techniques. In: Vitt, D.H., Bhatti, J. (Eds.), Restoration and Reclamation of

Boreal Ecosystems: Attaining Sustainable Development. Cambridge University Press,

Cambridge, UK, pp. 259–280.

Grantz, D.A., J.H.B. Garner and D.W. Johnson. 2003. Ecological effects of particulate matter.

Environment International 29: 213–239.

Halsey, L.A., D.H. Vitt and I.E. Bauer. 1998. Peatland initiation during the Holocene in continental
western Canada. Climatic Change 40: 315–342.

Halsey, L.A., D.H. Vitt and L.D. Gignac. 2000. Sphagnum-dominated peatlands in North America since

the last glacial maximum: their occurrence and extent. The Bryologist 103: 334–352.

Herzog, F., A. Lausch, E. Müller, H-H. Thulke, U. Steinhardt and S. Lehmann. 2001. Landscape metrics

for assessment of landscape destruction and rehabilitation. Environmental Management 27: 91–

107.

Imperial Oil Resources Ltd. 2005. Application for the Kearl Oil Sands Project. Prepared by Golder

Associates Ltd. Calgary, Alberta.

Jamro, G.M., S.X. Chang and M.A. Naeth. 2014. Organic capping type affected nitrogen availability and

associated enzyme activities in reconstructed oil sands soils in Alberta, Canada. Ecological

Engineering 73: 92-101.

Josefsson, T., G. Hörnbery and L. Östlund. 2009. Long-term human impact and vegetation change in a

boreal forest reserve: implications for the use of protected areas as ecological reference.

Ecosystems 12: 1017–1036.

Keane, R.E., R.A. Parsons and P.F. Hessburg. 2002. Estimating historical range and variation of

landscape patch dynamics: limitations of the simulation approach. Ecological Modelling 151: 29–

49.

Kershaw, L., J. Gould, D. Johnson and J. Lancaster. 2001. Rare Vascular Plants of Alberta. University of

Alberta Press and Natural Resources Canada Canadian Forest Service, Northern Forestry Centre.

Edmonton, Alberta.



Volume 3: Assessment Update

Frontier Oil Sands Mine Project Update Section 10: Vegetation

June 2015 Page 10-133

Koropchak, S., D.H. Vitt, R. Bloise and R.K. Wieder. 2012. Fundamental paradigms, foundation species

selection, and early plant responses to peatland initiation on mineral soils. In: D. Vitt and J. Bhatti

[eds.]. Restoration and Reclamation of Boreal Ecosystems: Attaining Sustainable Development.

Cambridge University Press, New York, New York.

Lancaster, J. [ed.]. 2000. Guidelines for Rare Plant Surveys. Alberta Native Plant Council. Edmonton,

Alberta.

Landhäusser, S.M., J. Rodriguez-Alvarez, E.H. Marenholtz and V.J. Lieffers. 2012. Effect of stock type

characteristics and time of planting on field performance of aspen (Populus tremuloides Michx.)

seedlings on boreal reclamation sites. New Forests 43: 679–693.

Locky, D. and S. Bayley. 2006. Plant diversity, composition, and rarity in the southern boreal peatlands of

Manitoba, Canada. Canadian Journal of Botany 84: 940–955.

Lucchese, M., J.M. Waddington, M. Poulin, R. Pouliot, L. Rochefort and M. Strack. 2010. Organic matter

accumulation in a restored peatland: evaluating restoration success. Ecological Engineering 36:

482–488.

MacKenzie, D.D. 2006. Assisted natural recovery using a forest soil propagule bank in the Athabasca oil

Sands. M.Sc. thesis, Department of Renewable Resources, University of Alberta, Edmonton,

Alberta.

MacKenzie, D.D. 2011. Best Management Practices for Conservation of Reclamation Materials in the

Mineable Oil Sands Region of Alberta. Prepared for the Terrestrial Subgroup, Best Management

Practices Task Group, Cumulative Environmental Management Association.

MacKenzie, D.D. and M.A. Naeth. 2009. The role of the forest soil propagule bank in assisted natural

recovery after oil sands mining. Restoration Ecology 17:1061–2971.

Macyk, T.M. and B.L. Drozdowski. 2008. Comprehensive Report on Operational Reclamation

Techniques in the Mineable Oil Sands Region. Cumulative Environmental Management

Association, Fort McMurray, Alberta.

Mihajlovich, M. 2012. Riparian Classification and Reclamation Guide. Revised Edition. Reclamation

Working Group, Aquatic Subgroup, Cumulative Environmental Management Association.

Mitchell, R.J., M.A. Sutton, A.M. Truscott, I.D. Leith, J.N Cape, C.E.R. Pitcairn and N.V. Dijk. 2004.

Growth and tissue nitrogen and epiphytic Atlantic bryophytes: effects of increased and decreased

atmospheric N deposition. Functional Ecology 18: 322–329.

Mollard, F.P.O., M.-C. Roy, K. Frederick and L. Foote. 2012. Growth of dominant macrophyte Carex

aquatilis is inhibited in oil sands affected wetlands in Northern Alberta, Canada. Ecological

Engineering 38: 11–19.

Nexen (Nexen Energy ULC). 2013. Algar Caribou Habitat Restoration Program 2012/2013 Phase 2 and 3

Areas. Field Operations Report.

Nexen. 2014. Algar Caribou Habitat Restoration Program 2013/2014 Phase 2 and 3 Areas. Field

Operations Report.

Onwuchekwa, N., J.J. Zwiasek, A. Quoreshi and D.P. Khasa. 2014. Growth of mycorrhizal jack pine

(Pinus banksiana) and white spruce (Picea glauca) seedlings planted in oil sands reclaimed areas.

Mycorrhiza 24(6): 431–41, DOI 10.1007/s00572-014-0555-x.



Volume 3: Assessment Update

Section 10: Vegetation Frontier Oil Sands Mine Project Update

Page 10-134 June 2015

OSLI (Oil Sands Leadership Initiative). 2012. Algar Caribou Habitat Restoration Program Field

Operations: Phase 1 Area.

Pinno, B.D., S.M. Landhäusser, M.D. MacKenzie, S.A. Quideau and P.S. Chow. 2012. Trembling aspen

seedling establishment, growth and response to fertilization on contrasting soils used in oil sands

reclamation. Canadian Journal of Soil Science 92: 143–151.

Pouliot, R., L. Rochefort and M.D. Graf. 2012. Impacts of oil sands process water on fen plants:

implications for plant selection in required reclamation projects. Environmental Pollution 167:

132–137.

Pouliot, R., L. Rochefort and M.D. Graf. 2013. Fen mosses can tolerate some saline conditions found in

oil sands process water. Environmental and Experimental Botany 89: 44–50.

Price, J.S. R.G. McLaren and D.L. Rudolph. 2009. Landscape restoration after oil sands mining:

conceptual design and hydrological modelling for fen reconstruction. International Journal of

Mining, Reclamation and Environment 24: 109–123.

Purdy, B.G., S.E. Macdonald and V. Lieffers. 2005. Naturally Saline Boreal Communities as Models for

Reclamation of Saline Oil Sand Tailings. Restoration Ecology 13: 667–677.

Raab, D. and S.E. Bayley. 2013. A Carex species-dominated marsh community represents the best short-

term target for reclaiming wet meadow habitat following oil sands mining in Alberta, Canada.

Ecological Engineering 54: 97–106.

Rezanezhad, F., R. Andersen, R. Pouliot, J.S. Prince, L. Rochefort and M.D. Graf. 2012. How fen

vegetation structure affects the transport of oil sands process-affected waters. Wetlands: DOI

10.1007/s13157-012-0290-z

Rochefort, L., F. Quinty, S. Campeau, K. Johnson and T. Malterer. 2003. North American approach to the

restoration of Sphagnum dominated peatlands. Wetlands Ecology and Management 11: 3–20.

Rose, C.I. and D.L. Hawksworth. 1981. Lichen recolonization in London’s cleaner air.

Nature 289: 289–292.

Rowland, S.M., C.E. Prescott, S.J. Grayston, S.A. Quideau and G.E. Bradfield. 2009. Recreating a

functional forest soil in reclamation oil sands in northern Alberta: an approach for measuring

success in ecological restoration. Journal of Environmental Quality 38: 1580–1590.

Roy, M.-C., F.P.O. Mollard and A.L. Foote. 2014. Do peat amendments to oil sands wet sediments affect

Carex aquatilis biomass for reclamation success? Journal of Environmental Management 139:

154–163.

Royal Society of Canada Expert Panel. 2010. Environmental and Health Impacts of Canada’s Oil Sands

Industry. Ottawa, Ontario.

Ru-Tian, B., B. Zhong-ke, L. Hua and Y. Bao-ying. 2007. Landscape change analysis of reclamation land

in opencast coal mine based on 3S technology. Journal of China Coal Society: 11-008 (translated

abstract only).

Seaward, M.R.D. and M.A. Galinou. 1991. Lichen recolonization of the trees in the Jardin du

Luxembourg, Paris. Lichenologist 23: 181–186.



Volume 3: Assessment Update

Frontier Oil Sands Mine Project Update Section 10: Vegetation

June 2015 Page 10-135

Sherrington, M. 2005. Biodiversity assessment in the oil sands region, northeastern Alberta, Canada.

Impact Assessment and Project Appraisal 25: 73–82.

Silvatech. 2008. Indicator Synthesis: Selection Rationale, Modelling Results and Monitoring

Considerations for Key Indicators of the Terrestrial Ecosystem Management Framework.

Prepared for Cumulative Environmental Management Association. Fort McMurray, Alberta.

Smreciu, A. and K. Gould. 2010. Priority Shrub Species: Propagation and Establishment Final Report –

2009. Prepared for Cumulative Environmental Management Association. Fort McMurray,

Alberta.

Smreciu, A., K. Gould and S. Wood. 2013. Boreal Plant Species for Reclamation of Athabasca Oil Sands

Disturbances – Updated December 2014. Oil Sands Research and Information Network,

University of Alberta, School of Energy and the Environment, Edmonton, Alberta. OSRIN

Report No. TR-44.

Sorenson, P.T., S.A. Quideau, M.D. MacKenzie, S. M. Landhäusser and S.W. Oh. 2011. Forest floor

development and biochemical properties in reconstructed boreal forest soils. Applied Soil Ecology

49: 169–147.

Stantec. 2009. Results from Long Term Soil and Vegetation Plots Established in the Oil Sands Region

(2009). Prepared for Cumulative Environmental Management Association, Fort McMurray,

Alberta and other annual reports (2001 through 2008).

Suncor (Suncor Energy Inc.). 2005. Voyageur Project, Supplemental Information Responses (Response

Number 42). Submitted to the Alberta Energy and Utilities Board and Alberta Environment.

Sutherland, J., 2015. Bifuel for Oil Sands Mining Fleets – COSIA. COSIA Innovation Summit 2015,

March 31 to April 2, 2015. Banff, Alberta.

Teck (Teck Resources Ltd.). 2013. Resourceful Teck 2013 Sustainability Report. Available at:

http://www.tecksustainability.com/sites/base/pages/performance-data-pages/report-archive.

Accessed February 2015.

Timberline Natural Resource Group Ltd. 2008. Analyzing and relationship between LCCS Ratings and

Site Productivity. Cumulative Environmental Management Association, Fort McMurray, Alberta.

Trites, M. and S.E. Bayley. 2009. Organic matter accumulation in western boreal saline wetlands: a

comparison of undisturbed and oil sands wetlands. Ecological Engineering 35: 1734–1742.

UNECE (United Nations Economic Commission for Europe). 2007. Report of workshop on effects of low-

level nitrogen deposition. Convention on long-range transboundary air pollution working group

on effects. Available at: http://www.unece.org/env/documents/2007/eb/WGE/

ece.eb.air.wg.1.2007.15.e.pdf. Accessed March 2015.

Vitt, D.H., K. Wieder, L.A. Halsey and M. Turetsky. 2003. Response of Sphagnum fuscum to nitrogen

deposition: A case study of ombrogenous peatlands in Alberta, Canada. The Bryologist 106: 235–

245.

Vitt, D. and J. Bhatti [Eds.]. 2012. Restoration and Reclamation of Boreal Ecosystems: Attaining

Sustainable Development. Cambridge University Press, New York, New York.



Volume 3: Assessment Update

Section 10: Vegetation Frontier Oil Sands Mine Project Update

Page 10-136 June 2015

Vitt, D.H., R.K. Wider, B. Xu, M. Kaskie and S. Koropchak. 2010. Peatland establishment on mineral

soils: effects of water level, amendments and species after two growing seasons. Ecological

Engineering 37: 354–363.

Vitt, D.H., R.K. Wieder, B. Xu, M. Kaskie and S. Koropchak. 2011. Peatland establishment on mineral
soils: effects of water level, amendments, and species after two growing seasons. Ecological
Engineering 37: 354–363.

Watmough, S.A., C.J. Whitfield and M.E. Fenn. 2014. The importance of atmospheric base cation

deposition for preventing soil acidification in the Athabasca Oil Sands Region of Canada. Science

of the Total Environment 493: 1–11.

Welham, C. 2013. Factors Affecting Ecological Resilience of Reclaimed Oil Sands Uplands. Oil Sands

Research and Information Network, University of Alberta, School of Energy and the

Environment, Edmonton, Alberta. OSRIN Report No. TR-34.

Whitfield, C.J., J. Aherne, S. Watmough and M. McDonald. 2010. Estimating the sensitivity of forest

soils to acid deposition in the Athabasca Oil Sands Region, Alberta. Journal of Limnology 69

(Suppl. 1): 201–208.

WHO (World Health Organization). 2000. WHO Air Quality Guideline for Europe, 2nd Edition.

WHO Regional Office for Europe. Available at: http://www.euro.who.int/document/e71922.pdf.

Accessed March 2015.

Wieder, R., D.H. Vitt and S. Mowbray. 2010a. Can decommissioned oil pads in boreal Alberta be

reclaimed to carbon accumulating peatlands? American Geophysical Union Fall Meeting,

Abstract #B13A-0458. Cambridge, Mass.

Wieder, R.K., D.H. Vitt, M. Burke-Scoll, K.D. Scott, M. House and M. Vile. 2010b. Nitrogen and

sulphur deposition and the growth of Sphagnum fuscum in bogs of the Athabasca Oil Sands

Region, Alberta. Journal of Limnology 69 (Suppl. 1): 161–170.

Willow Springs Strategic Solutions Inc. 2014. Métis Traditional Land Use and Occupancy Study: Teck

Resources Limited – Frontier Oil Sands Project.

Wilson, B., J.B. Stelfox, M. Patriquin and SilvaTech Team. 2008. SEWG Workplan Facilitation and

Modelling Project Data Input and Assumptions. Prepared for Cumulative Environmental

Management Association, Fort McMurray, Alberta.

Wytrkykush, C. 2010. Fen Wetland landform Design and Reclamation. Reclamation and Restoration of

Boreal Peatland and Forest Ecosystems: Toward a Sustainable Future. March 25-27, 2010.

Edmonton, Alberta.

10.9.2 Personal Communications

Cheyne, D. 2014. Forester, Alberta Pacific Forest Industries (Al-Pac).

Hall, R. 2014. Forester, Northland Forest Products Limited.




