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12 Vegetation 

12.1 Introduction 
The vegetation assessment addresses the interaction between upgrader construction, 
operations and decommissioning and vegetation resources. The assessment addresses the 
vegetation information requirements of the Terms of Reference (ToR) issued by 
Alberta Environment to TOTAL (AENV 2007). 

12.2 Setting 
The upgrader is in the Central Parkland Subregion of the Parkland Natural Region of 
Alberta (Achuff 1994; Alberta Natural Heritage Information Centre [ANHIC] 2006, 
Internet site). This subregion is a transition zone between the drier Grassland Natural 
Region to the south and the Boreal Forest Natural Region to the north. Native vegetation 
in the Central Parkland Subregion consists of groves of aspen intermixed with grasslands, 
with occasional wetlands in depressions. A large portion of the Central Parkland 
Subregion, and in particular the Fort Saskatchewan area, has been converted to 
agricultural, residential and industrial use (Prairie Conservation Forum 2001). The 
project development area (PDA) is characterized by existing industrial and agricultural 
lands, with pockets of wetland, grassland and forested vegetation communities. 

12.3 Assessment Focus 
The focus of the vegetation assessment in the local study area (LSA) was to characterize: 

• potential loss of common native vegetation community and species diversity from 
clearing and site preparation during construction 

• potential for indirect effects on offsite wetlands from changes in surface water 
catchments, siltation and temporary pumping of surficial aquifers during construction 

• potential to promote establishment of persistent weeds in and next to areas disturbed 
during construction, operations and decommissioning 

The focus of the assessment in the regional study area (RSA) was to characterize 
potential effects of the upgrader’s contribution to air emissions on crop species’ health, 
crop yields and native species diversity during operations. 

The above issues address the potential effects of the upgrader on biodiversity, as required 
in the ToR. Although fragmentation is also a key issue for vegetation, particularly in 
relatively undeveloped parts of the province, it was not considered an applicable key 
issue for this particular application. Fragmentation is of particular concern where large 
blocks of intact native cover types, and associated species requiring interior forest 
conditions to survive and reproduce, are being threatened by exploration or industrial 
development. The proposed upgrader is situated in Alberta’s Industrial Heartland on 
lands that already support roads, agricultural activities, and other land uses. As species 
known to be invasive (i.e., weeds) were found in the interior of all native vegetation 
examined in the LSA, the area is already considered to be highly fragmented. As a result, 
upgrader effects will not contribute measurably to fragmentation-induced changes in 
vegetation diversity. 
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For a summary of key issues for vegetation, see Table 12.3-1. 

Table 12.3-1 Key Issues for Vegetation 
Project Stage Key Issue Terms of Reference Relevance to Project 

Construction 
 

Potential direct 
effects on native 
community and 
species diversity 
and rarity. 

Alberta Environment 
ToR Section 5.6.2 

Site preparation will involve clearing existing 
vegetation, grading the surface and excavating. 
Direct effects on native vegetation communities, 
including altered species diversity and rarity, from 
clearing existing vegetation in the PDA and 
adjacent lands, were assessed. 
For an assessment of direct effects on crops, see 
Section 15: Land Use. 

Potential indirect 
effects on wetland 
communities and 
species. 

Alberta Environment 
ToR Section 5.3.2 [B]; 
Section 5.6.2 

Site preparation could involve changes in surface 
water catchments, siltation and temporary 
dewatering of surficial aquifers that might indirectly 
affect adjacent associated wetland communities. 
Potential effects of the project on wetlands 
communities in the LSA were assessed. 

Fragmentation of 
large blocks of 
native vegetation 
communities, and 
loss of landscape 
diversity. 

Alberta Environment 
ToR Section 5.8.1; 
Section 5.8.2 

As no large, intact patches of native vegetation 
occur in the LSA (e.g., weeds are already present 
in interior native vegetation patches), the project 
will not contribute measurably to vegetation 
fragmentation (i.e., the area is already highly 
fragmented from a vegetation 
perspective).Therefore, fragmentation was not 
included as a key issue for vegetation. 

Construction 
Operations and 
Decommissioning 

Project direct effects 
on native species 
diversity from 
introducing and 
spreading weeds. 

Alberta Environment 
ToR Section 5.6.2 

Exposure of soils through site preparation and 
movement of equipment during construction, 
operations and decommissioning could allow 
persistent weeds to become established in and 
next to disturbed areas. Potential effects were 
assessed on the introduction and spreading of 
weeds. 

Operations Potential effects of 
air emissions on 
native vegetation 
health and diversity. 

Alberta Environment 
ToR Section 5.1.2 

Upgrader contributions to air emissions could affect 
native plant species’ health and diversity. Effects of 
the project’s contribution to air emissions on native 
vegetation were assessed. 

Potential effects of 
air emissions on 
economic crops. 

Alberta Environment 
ToR Section 5.1.2 

Upgrader contributions to air emissions could affect 
health and yields on crops. Effects of the project’s 
contribution to air emissions on crops were 
assessed. 

 

Environmental effects of water facilities have been considered in Volume 1, 
Section 3.6.2.3. 
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12.4 Study Area 

12.4.1 Local Study Area 
The LSA for the vegetation assessment consists of the PDA (i.e., within the project 
fenceline), as well as a buffer to the PDA where the PDA boundary intersects isolated 
wetlands, or surface water drainages to isolated wetlands potentially affected by the 
project. A buffer was not required where the boundary of the PDA did not intersect any 
wetlands or surface water drainages to wetlands (see Figure 12.4-1). The area of the 
vegetation LSA is 471 ha. 

12.4.2 Regional Study Area 
The regional study area (RSA) was based on the modelling domain for air dispersion 
modelling to enable the potential areal extent of effects on vegetation from upgrader 
emissions to be assessed. Therefore, the vegetation RSA (see Figure 12.4-2) was defined 
as the area within the 100 km by 100 km area air modelling domain centred on the PDA 
(see Section 3: Air). The area of the vegetation RSA is 1,000,000 ha. 

12.5 Methods 

12.5.1 Effects Characterization 
For the descriptors and associated definitions used to characterize the level and 
consequence of project effects on native vegetation, see Table 12.5-1. For the descriptors 
and associated definitions used to characterize the level and consequence of project 
effects on crops, see Table 12.5-2. 

A cumulative effects assessment is done only for key assessment issues where a project 
might contribute measurably to cumulative effects on vegetation distribution, health and 
health or diversity, including emissions effects. Cumulative effects were assessed at the 
regional scale. 

12.5.2 General Approach 
For further information on analytical approach, see Section 12.9.1. 
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Table 12.5-1 Effects Characterization for Native Vegetation 
Attribute Description Rating Definition 

Magnitude/ 
Extent 

Degree of change 
(or risk) to 
vegetation 
distribution, health 
and diversity 

Negligible Project will have no measurable effects on vegetation 
distribution, health or diversity. 

Low Project will alter, but not eliminate, the abundance of native 
species or communities. However, no rare species or 
communities listed on ANHIC tracking lists (i.e., species or 
communities of management concern) will be affected. 

Moderate Project will eliminate some native species or communities 
within the relevant study area. However, rare species or 
ecological communities listed on ANHIC tracking lists (i.e., 
species or communities of management concern) will not 
be affected. 

High Project will reduce the abundance of, or eliminate, rare 
species or ecological communities on ANHIC tracking lists 
(i.e., species or communities of management concern) 
within the relevant study area. 

Duration Length of time over 
which the effect is 
measurable 

Short term Less than one year. 
Medium term More than one year, but not beyond the end of project 

decommissioning. 
Long term Beyond the life of the project. 

Seasonal timing Specific times of 
year that an effect 
might be present or 
persist 

Season specific Effect on resource occurs at specific times of the year. 
Year-round Effect on resource occurs year-round. 

Frequency Number of times an 
activity occurs 
throughout the life 
of the project 

Once Effect occurs once. 
Intermittent Effect occurs occasionally or periodically throughout the 

project. 
Continuous Effect occurs continuously throughout the project. 

Reversibility Potential for the 
measurable 
parameter to return 
to baseline 
conditions in the 
absence of the 
project 

Reversible Will likely revert to baseline conditions after or before the 
end of project decommissioning. 

Nonreversible Unlikely to revert to baseline conditions after the end of 
project decommissioning. 

Environmental 
consequence 

Potential for the 
project to result in 
measurable 
regional changes in 
diversity within the 
boundaries of the 
RSA 

None No change in vegetation distribution or health in the RSA. 
Low Minor changes in vegetation distribution or health but no 

loss of diversity in the RSA. 
Moderate Possible loss of common vegetation diversity, or reduction 

in occurrence of rare species or ecological communities 
listed on ANHIC tracking lists in the RSA. 

High Possible loss of diversity of rare species or ecological 
communities listed on ANHIC tracking lists in the RSA. 
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Table 12.5-2 Effects Characterization for Crops 
Attribute Description Rating Definition 

Magnitude/Extent Degree of change 
(or risk) to crop 
health and yields. 

Low Project contributions to emissions will not result in 
exceedances of annual average critical levels for crops. 

Moderate Project contributions to emissions could potentially result 
in exceedances of annual average critical levels for crops, 
but primarily in non-agricultural areas. 

High Project contributions to emissions could potentially result 
in exceedances of annual average critical levels for crops 
in agricultural areas. 

Duration Length of time over 
which the effect is 
measurable. 

Short term Less than one year. 
Medium term More than one year, but not beyond the end of project 

decommissioning. 
Long term Beyond the life of the project. 

Seasonal timing Specific times of 
year that an effect 
might be present or 
persist. 

Season specific Effect on crop health occurs at specific times of the year. 
Year-round Effect on crop health use occurs year-round. 

Frequency Number of times an 
activity occurs 
throughout the life 
of the project. 

Once Effect occurs once. 
Intermittent Effect occurs occasionally or periodically throughout the 

project. 
Continuous Effect occurs continuously throughout the project. 

Reversibility Potential for the 
measurable 
parameter to return 
to baseline 
conditions in the 
absence of the 
project. 

Reversible Will likely revert to baseline conditions after or before the 
end of project decommissioning. 

Nonreversible Unlikely to revert to baseline conditions after the end of 
project decommissioning. 

Environmental 
consequence 

Potential risks to 
crop viability. 

None No change in crop health and yield. 
Low Potential minor changes in crop health and yield within 

range of natural variability, with no regional economic 
implications. 

Moderate Potential changes in crop health and yield within range of 
natural variability, with minor regional economic 
implications for certain crops. 

High Potential changes in crop health and yield outside natural 
variability, with threats to regional economic viability of 
certain crops. 
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12.6 Baseline Conditions 
Baseline studies in the LSA were completed during the 2007 growing season. A spring 
rare plant and vegetation mapping survey was done from June 18 to 21, 2007. A 
late-summer rare plant survey and wetland delineation survey was done from 
August 14 to 16, 2007. 

For additional information on vegetation baseline conditions in the LSA, see 
Environmental Baseline Study: Vegetation on CD. 

12.6.1 Local Study Area 

12.6.1.1 Local Study Area Vegetation Classification and Mapping 

Vegetated land covers about 96% of the LSA (Land Units 1 to 13), but most of these land 
units represent agricultural lands or pasture–prairie alliance. Native vegetation is 
represented by Land Units 1 to 11, with uplands (Land Units 1 to 6) covering 104.7 ha 
(22.2%) of the LSA, and wetlands (Land Units 7 to 11) covering 55 ha (11.7%) of the 
LSA. Some areas of native vegetation are regenerating stands where previous logging has 
occurred. 

All native vegetation land units were considered common in the region, according to 
Wheatley and Bentz (2002) for uplands and Vitt et al. (1996) for wetlands. To further 
place native vegetation land units in the LSA in a regional perspective, vegetation in 
Alberta’s Industrial Heartland south of the North Saskatchewan River will be mapped 
and provided as supplemental information in support of water intake facilities. 

12.6.2 Rare Plants 
Two rare plant species occurrences were identified in the LSA. They were the vascular 
plant species: 

• green saxifrage (Chrysosplenium tetrandrum) 
• long-leaved bluet (Hedyotis longifolia) 

12.6.2.1 Rare Plant Communities 

No rare plant communities were identified in the LSA from historical sources or baseline 
surveys. 
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12.6.2.2 Weeds 
Although no restricted weeds were identified in the LSA, several noxious and nuisance 
species were identified. Species observed included: 

• noxious species of concern to Strathcona County: 

• creeping thistle (Cirsium arvense) 
• butter-and-eggs (Linaria vulgaris) 
• bladder campion (Silene cucubalus) 
• white cockle (Silene pratensis) 
• perennial sow-thistle (Sonchus arvensis) 

• nuisance species: 

• quack grass (Agropyron repens) 
• wild mustard (Brassica kaber) 
• field mouse-ear chickweed (Cerastium arvense) 
• European stickseed (Lappula squarrosa) 
• rough cinquefoil (Potentilla norvegica) 
• common dandelion (Taraxacum officinale) 
• stinkweed (Thlaspi arvense) 

12.6.3 Regional Study Area 
The RSA is the area within the 100 km by 100 km area air model domain centred on the 
PDA. This study area encompasses the greatest extent within which project effects from 
sulphur dioxide (SO2), nitrogen dioxide (NO2) and nitrogen (N) deposition on vegetation 
community structure and diversity and on sensitive species are expected to occur. Native 
vegetation is relatively restricted in the RSA, and most of the land base has been cleared 
of native vegetation for agriculture, industry and transportation. Remaining areas of 
native vegetation tend to be restricted to: 

• riparian areas and river valleys 
• dune landforms 
• wetlands, including peatlands and moraines not suitable for tilling 
• protected areas 

Vegetation species that are particularly sensitive to air emissions (i.e., bryophytes and 
lichens) have a high cover and diversity on dune landforms and peatlands. Consequently, 
the distribution and occurrence of dune landforms and peatlands in the RSA is used as a 
proxy for vegetation species with high sensitivity to air emissions. Dune landforms cover 
about 28,209 ha (3%) of the RSA, and often include peatlands within interdune 
depressions. Additional peatland complexes not associated with dune landforms cover 
about 74,152 ha (7%) of the RSA. 
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12.7 Effects Management – Project Design and 
Mitigation Measures 

12.7.1 Construction 
As the PDA is on lands already modified by land use activities, the potential effects of 
project construction on native vegetation diversity will be minimal. Mitigation measures 
to further minimize upgrader effects could include: 
• compensating for effects on wetlands according to provincial wetland compensation 

guidelines (AENV 2007) 
• installing and maintaining siltation fences, as appropriate, to prevent siltation effects 

on adjacent offsite wetlands  
• transplanting rare plants from the PDA to regional protected areas 

(i.e., Redwater Natural Area), pending regulatory approval 
• implementing a weed management program 

The plan for the weed management program is to include measures to prevent 
introducing or spreading weeds. The program will address weeds of concern to the 
province and the county. For more information on the program, see Volume 1, 
Section 6.5: Conservation and Reclamation Plan. 

Key components planned for the program include the following: 
• equipment will arrive onsite clean and free of dirt and vegetative material 
• only weed-free straw bales will be used, where required for erosion control 
• harvested weeds will not be deposited where they might grow and spread 
• weed infestations will be controlled 

12.7.2 Operations and Decommissioning 
The plan is for the weed management program to continue to be followed during 
operations and decommissioning. 

For a discussion of project design features to reduce air emissions see Volume 1, 
Section 3 and Volume 2, Section 3. 

For a discussion on conceptual closure and revegetation plans at decommissioning to 
restore native vegetation, see Volume 1, Section 6.5: Conservation and Reclamation Plan. 
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12.8 Project Residual Effects 
The following effects assessments predict changes in vegetation and wetlands as a result 
of project activities. Effects were assessed assuming that the design measures and 
mitigation discussed previously would be implemented. 

12.8.1 Potential Direct Effects on Native Community Diversity and Rarity 

12.8.1.1 Analysis 
Direct effects of the upgrader on plant community diversity and rarity in the LSA were 
assessed by superimposing the proposed project footprint on the mapped vegetation, and 
estimating the areal loss of native upland and wetland plant communities (Land Units 1 
to 11). 

12.8.1.2 Predicted Effects 
Native plant communities (Land Units 1 to 11) currently cover 160 ha of the LSA (see 
Table 12.8-1). All plant communities identified in the LSA are common in the region and 
no rare ecological communities were identified. 

Table 12.8-1 Change in Community Diversity in the Local Study Area 

Unit 
Number 

 
Land Unit 

 
Pre-construction

(ha) 
Post-construction 

(ha) 

Change from 
Pre-construction 

(ha) (%) 
1 Aspen Poplar Woodland Alliance 47.3 0.0 -47.3 -100.0 
2 White Spruce Woodland Alliance 7.9 0.0 -7.9 -100.0 
3 White Spruce–Mixed Evergreen 

Deciduous Woodland Alliance 40.5 0.0 -40.5 -100.0 

4 Aspen Poplar Shrubland Alliance 4.8 0.0 -4.8 -100.0 
5 Chokecherry Shrubland Alliance 2.1 0.0 -2.1 -100.0 
6 Prickly Rose Shrubland Alliance 2.11 0.0 -2.1 -100.0 
7 Ephemeral Marsh 12.7 2.9 -9.8 -77.4 
8 Temporary Marsh 5.8 2.7 -3.1 -53.8 
9 Seasonal Marsh 33.5 2.9 -30.6 -91.3 

10 Semi-Permanent Marsh 0.3 0.0 -0.3 -100.0 
11 Shrubby Willow Swamp 2.8 0.0 -2.8 -100.0 

TOTAL 160 8 -151 -95 
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Construction in the PDA will result in a reduction of community diversity in the LSA, as 
the following land units would be removed locally: 
• Land Unit 1 – Aspen Poplar Woodland Alliance 
• Land Unit 2 – White Spruce Woodland Alliance 
• Land Unit 3 – White Spruce–Mixed Evergreen Deciduous Woodland Alliance 
• Land Unit 4 – Aspen Poplar Shrubland Alliance 
• Land Unit 5 – Chokecherry Shrubland Alliance 
• Land Unit 6 – Prickly Rose Shrubland Alliance 
• Land Unit 10 – Semi–Permanent Marsh  
• Land Unit 11 – Shrubby Willow Swamp 

All land units removed locally are either common wetlands or uplands represented 
elsewhere in the region. Wetlands will be compensated following the Provincial Wetland 
Restoration/Compensation Guide (AENV 2007). In addition, at decommissioning, some 
areas of the PDA will be targeted for re-establishing native vegetation. 

Project construction will reduce the diversity and areal extent of common communities in 
the LSA, but the upgrader will not affect the areal extent or diversity of communities of 
management concern (i.e., rare ecological communities on the ANHIC tracking list). 
Based on the effects characterization definitions in Table 12.5-1, effects of the upgrader 
on community diversity will be moderate in magnitude, long term in duration and likely 
nonreversible in the LSA. As the diversity of common and rare ecological communities 
in the RSA will not be reduced as a result of the upgrader, effects are considered to be of 
low environmental consequence. 

12.8.2 Potential Direct Effects on Native Species Diversity and Rarity 

12.8.2.1 Analysis 
Direct effects of the upgrader on native species diversity and rarity in the LSA were 
assessed by superimposing the proposed project footprint on the mapped vegetation, and 
estimating species loss. The assessment focused particularly on loss of tracked species. 

Where tracked species were eliminated at the LSA level, the occurrence of these species 
elsewhere in the RSA was investigated, to assess the potential for reduced diversity at the 
RSA level (see Section 12.9). 

12.8.2.2 Predicted Effects 
As all vegetation survey sites were located in the PDA, direct effects of the upgrader 
will result in the localized loss of all identified species in the PDA. All species 
identified in the PDA are common and are well represented elsewhere in the region 
(i.e., they are not considered provincially rare species), except for two rare vascular 
plants: green saxifrage and long-leaved bluet. 

Based on the effects characterization definitions in Table 12.5-1, the upgrader effects on 
species diversity and rarity are rated high in magnitude at the LSA level, as project 
construction will result in a local loss of two rare species. Although transplanting rare 
species can be used as a mitigation measure to reduce effects, this measure is considered 
experimental. Therefore, effects are considered to be long term and nonreversible. 
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Direct effects of the upgrader on two tracked species could contribute measurably to 
cumulative losses of species diversity in the RSA. For this reason, a cumulative effects 
assessment was done for rare species affected by the upgrader, to assess environmental 
consequence (see Section 12.9). 

12.8.3 Potential Indirect Effects on Wetland Communities and Species 

12.8.3.1 Analysis 
Potential indirect effects on wetlands could occur near the PDA because of: 

• areal changes in surface water catchments 
• temporary dewatering of surficial aquifers for construction 
• siltation from cleared land 

To assess effects of altered surface and groundwater flow patterns on adjacent wetlands, 
the effects assessments from Section 7: Groundwater and Section 8: Hydrology were 
reviewed. Findings from these disciplines were then used to derive qualitative predictions 
about wetland effects.  

12.8.3.2 Predicted Effects 
All wetlands near the PDA have water levels that vary dramatically between seasons and 
years (i.e., wetlands include ephemeral, temporary and seasonal wetlands). As a result, 
minor shifts in the ratio of wetlands to catchment area, for wetlands adjacent to, or 
intersected by, the PDA are not expected to experience water levels outside the range of 
natural variability. 

Dewatering during construction was predicted to result in drawdown values outside 
natural variability within 380 m of the drawdown area (see Section 8: Hydrology). 
Dewatering was predicted to occur for five to 17 weeks, with equivalent recovery times. 

Wetlands within 380 m of the PDA have the potential to be affected, if dewatering occurs 
during the spring when water levels in ephemeral, temporary and seasonal wetlands 
typically recharge.  

Wetlands directly adjacent to, or intersected by, the PDA will have siltation fencing 
installed at the PDA boundary (see Section 12.7.1). Installing and maintaining siltation 
fencing will effectively mitigate offsite effects from sedimentation. 

Because water levels in wetlands within 380 m of dewatering activities are predicted to 
be outside the range of natural variability, potential residual project effects are expected 
to be moderate in magnitude (i.e., all wetlands adjacent to, and mapped in, the LSA could 
be affected), short term and reversible in the LSA, particularly if drawdown occurs 
during the spring (see Table 12.8-2). 

As no tracked species or communities will be affected by this temporary dewatering, 
indirect effects of the upgrader on wetland communities and species will have a low 
environmental consequence regionally. Dewatering for the upgrader is not expected to 
contribute to cumulative effects on the water table, because dewatering at the adjacent 
Shell Scotford site will likely not occur at the same time. 
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12.8.4 Potential Direct Effects on Native Species Diversity from Introducing 
and Spreading Weeds 

12.8.4.1 Analysis 
Introducing weed species that could threaten native species diversity, and adjacent 
agricultural areas, depends on several factors, including: 

• existing land disturbance levels 
• current weed occurrences 
• weed management commitments by TOTAL 

The potential for weeds to be introduced and spread because of project activities was 
assessed qualitatively. 

12.8.4.2 Predicted Effects 
Several weed species were observed in the LSA, including five noxious species 
considered problem weeds in the county. Based on the effects characterization definitions 
in Table 12.5-1 and implementation of a weed management plan, the effects of the 
upgrader on native species diversity resulting from introducing weed species in the LSA 
and the RSA are predicted to be negligible to low in magnitude, short term and reversible 
(see Table 12.8-2). 

The potential effects of introducing weed species during project construction and 
operations will have a low environmental consequence at the regional scale (see 
Table 12.8-2). 

12.8.5 Potential Effects of Air Emissions on Native Vegetation Health and 
Diversity and on Crops 

The upgrader will produce NO2 and SO2 emissions that will contribute to cumulative 
emission levels in the region. At high enough concentrations or deposition rates, these 
emissions could affect native vegetation health and diversity, as well as crop health and 
yields.  

Because of the multiple sources of such emissions in the Fort Saskatchewan region, 
effects of upgrader contributions to cumulative levels of emissions were assessed as a 
cumulative issue (see Section 12.9). 

12.8.6 Summary of Project Residual Effects 
For a summary of project residual effects on vegetation, see Table 12.8-2. 
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Table 12.8-2 Summary of Project Residual Effects on Vegetation 

Project Stage Issue or Measurable Parameter 
Magnitude/ 

Extent1 Duration1 Seasonality1 Frequency1 Reversibility1 
Environmental 
Consequence1 

Construction Potential direct effects on native 
community diversity and rarity Moderate Long term Year-round Once Nonreversible Low 

Potential direct effects on native 
species diversity and rarity High Long term Year-round Once Nonreversible See Section 12.9 

Potential indirect effects on 
wetland communities and species Moderate Short term Year-round Once Reversible Low 

Construction, 
operations and 
decommissioning 

Project direct effects on native 
species diversity from the 
introduction and spreading of 
weeds 

Negligible to 
Low Short term Year-round Continuous Reversible Low 

Operations Potential effects of air emissions 
on native vegetation health and 
diversity 

See Section 12.9 

Potential effects of air emissions 
on economic crops See Section 12.9 

NOTE: 
For definitions of effects characterization, see Table 12.5-1 and Table 12.5-2. 
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12.9 Cumulative Effects Assessment 
Past and current activities and development in the region have substantially reduced and 
altered native vegetation in the region, and the upgrader will contribute to further 
reductions in the areal extent of native communities. However, the preceding assessment 
showed that no tracked communities will be affected by project activities, and no loss of 
community diversity is anticipated at the regional level as a result of the upgrader. 
Therefore, cumulative losses of native vegetation communities were not assessed at the 
regional level. Instead, the cumulative effects assessment focused on potential cumulative 
losses of two tracked species identified in the LSA. 

In addition, the upgrader will produce NO2 and SO2 emissions that will contribute to 
cumulative emission levels in the region. As these emissions have the potential to affect 
the health of native vegetation and crops, effects of project contributions to these 
emissions on sensitive species and crop health were assessed at the regional level. 

12.9.1 Analysis 
Key project-related issues assessed at the cumulative effects level were examined at the 
RSA level for the following assessment cases: 
• Base Case (existing and approved developments – see Section 2: 

Assessment Methods, for a detailed project inclusion list) 
• Application Case (existing and approved case plus the upgrader) 
• Planned Development Case (Application Case plus potential planned developments) 

12.9.2 Reduction in Species Diversity and Rarity 

12.9.2.1 Predicted Effects 
Of the two rare tracking list species affected by the upgrader, long-leaved bluet 
(Hedyotis longifolia) has 11 documented occurrences in the RSA, based on current 
ANHIC records (see Figure 12.9-1 and Table 12.9-1). Two of these occurrences are 
present within existing or approved developments. The Application Case results in the 
loss of one of these recorded occurrences, but no further losses are expected in the RSA 
for the Planned Development Case. 

No additional occurrences of green saxifrage (Chrysosplenium tetrandrum) have been 
identified in the RSA according to current ANHIC records. However, this species was 
added to the tracking list in 2006, and occurrences identified in the RSA before 2006 
were not entered in ANHIC records. Although no occurrences have been identified from 
recent regulatory applications (BA Energy 2004; North West Upgrading 2005; 
Shell 2005, 2007; Synenco 2006), one historical occurrence in the RSA is known from 
herbarium collections. This occurrence will not be affected by the Application or 
Planned Development Case. 

Although the upgrader is predicted to reduce the diversity of tracked species at the LSA 
level, the two species in question are present elsewhere in the RSA and neither is 
considered threatened by planned developments. Therefore, based on the effects 
characterization definitions in Table 12.5-1, the upgrader’s contribution to cumulative 
losses of species diversity is considered to be of moderate environmental consequence. 
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Table 12.9-1 Change in Species Rarity in the Regional Study Area 

Species 

Base Case 
Application 

Case 

Change from 
Base Case to 

Application Case 

Planned 
Development 

Case 

Change from 
Base Case to Planned 

Development Case 
Number of 

Occurrences 
Number of 

Occurrences 
Number of 

Occurrences
% 

Change
Number of 

Occurrences
Number of 

Occurrences 
% 

Change
Vascular Species 
Hedyotis longifolia 111 10 -1 -9.1 10 -1 -9.1 
Chrysosplenium 
tetrandrum 2 1 -1 -50 1 -1 -50 

NOTE: 
1Two additional occurrences reported by Rintoul (2007, pers. comm.) are within existing or approved developments. 

12.9.3 Potential Cumulative Effects of Air Emissions on Native Vegetation 
Air emissions can have short-term and long-term effects on vegetation. Acute effects 
result from short-term, high concentration emissions where receptors are located near the 
point source. Chronic effects result from long-term exposure and usually involve 
accumulation of a chemical on the growing substrate through deposition, or gradual 
cellular responses to accumulation of chemicals in plant tissue (Legge et al. 1998). 

Air emission effects on vegetation can occur: 
• directly, through: 

• fumigation (from NO2 and SO2) 
• fertilization (from nitrogen deposition) 

• indirectly, through changes in soil chemistry from acid deposition 

Combinations of air emissions can have an additive effect on vegetation. Therefore, 
differentiating the direct effects of SO2, NO2, nitrogen deposition or acid deposition on 
vegetation (Davison 2001) is difficult. Critical levels for SO2 and NO2, for example, do 
not consider the combined effects of these pollutants, or the exposure to: 
• abiotic stresses, such as: 

• extreme temperatures 
• drought 
• salinity 
• waterlogging 
• mineral deficiencies 
• toxicity 

• biotic stresses, such as: 
• disease 
• herbivory (consuming plants without killing them) 

Therefore, the severity of effects might be underestimated using the current conventions 
for assessments (Jäger 2001; Bell 2001; Davison 2001). 
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The sensitivity of plants to emissions also depends on the type of plant and the 
community in which it is found. Lichens and bryophytes respond to airborne pollutants 
sooner than vascular plants, because of morphology and physiological processes, and 
exposure to emissions can often result in visible effects. Lichens and bryophytes do not 
have a waxy protective coating, nor do they always interact with the soil to derive 
nutrients (Conti and Cecchetti 2001; Onianwa 2001). Rather, they obtain chemicals 
directly from the air, or through precipitation. 

Chemicals enter surface cells via diffusion and ion exchange (Onianwa 2001). 
Filamentous, fruticose (i.e., shrubby) species and epiphytic lichens containing 
cyanobacteria are the most pollution-sensitive lichens (Brodo et al. 2001; WHO 2000). 
Bryophytes accumulate substances in their tissue and show changes in growth rate 
(Jäger 2001). Therefore, lichens and bryophytes act as excellent indicator species for the 
effects of air emissions, including fumigation and effects from acid deposition (Conti and 
Cecchetti 2001; Vitt et al. 2003). 

In the RSA, lichens and bryophytes are most abundant and diverse in landscapes 
associated with peatlands and stabilized sand dunes. Dunes occur in the central and 
northern portion of the RSA (David 1977), and can be vegetated with mature jackpine 
forests with lichen or feather moss understories (Timoney 1998; Achuff 1994). Peatlands 
have a relatively restricted distribution in this region. They occur in small basins in the 
landscape, where they are associated with perched water tables in hummocky moraine 
(e.g., Cooking Lake Moraine), or in stabilized dune landform complexes, often 
originating from shallow aquifers (Vitt et al. 1996). 

Because of their sensitivity to emissions, lichen and bryophyte species were considered 
appropriate indicators of potential cumulative effects of air emissions for this assessment. 
Landforms that support a high cover and diversity of lichens and bryophytes (i.e., dune 
landforms and peatlands) were used as a proxy for these sensitive species. 

12.9.3.1 Predicted Effects – Sulphur Dioxide Concentrations 
The World Health Organization (WHO) has established annual critical levels 
(i.e., concentrations) of SO2 for vegetation, at which point growth or compositional 
characteristics can change. Critical levels for SO2 are 10 μg/m3 for lichens and bryophytes 
(WHO 2000). To evaluate the potential effects of cumulative emissions on sensitive and 
important economic species, predicted annual SO2 concentration isopleths for the 
different assessment scenarios were superimposed on a map of indicator landforms 
(i.e., dunes, peatlands). This identified the extent of sensitive landforms exposed to the 
identified critical level. 

For Base Case conditions, no areas of dune landforms or peatlands in the RSA are 
exposed to critical levels of SO2 (see Figure 12.9-2 and Table 12.9-2). The upgrader’s 
contribution to SO2 emissions is predicted to increase the area of dune landforms exposed 
to the identified critical level by 21.8 ha, whereas peatlands remain unaffected. Planned 
Development Case conditions show an increase of 2852.9 ha in the area of dune 
landforms affected, relative to the Base Case, whereas peatlands remain unaffected. 
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Table 12.9-2 Extent of Landforms Exposed to Critical Levels of SO2 

Landform 
 

Annual 
Critical 
Level1 
(μg/m3) 

Extent of 
Landform 

in RSA 
(ha) 

Base Case 
(ha) 

Application 
Case 
(ha) 

Change from 
Base Case to 
Application 

Case 
Planned 

Development 
Case 
(ha) 

Change from 
Base Case to 

Planned 
Development Case 

(ha) (%) (ha) (%) 

Dunes 10 28,209 0 21.8 21.8 <0.1 2852.9 2852.9 10.1 

Peatlands 10 22,260 0 0 0 0 0 0 0 

NOTE: 
1 The critical level represents the annual ambient air concentration. 

Because there could be a localized reduction in the abundance of sensitive tracked 
species as a result of cumulative SO2 levels for the Application Case and Planned 
Development Case, effects are considered to be high magnitude. Such effects from 
fumigation can be reversible in the long term, as observed in Europe, where lichen and 
bryophyte populations recovered after air quality improved (Rose and Hawksworth 1981; 
Seaward and Galinou 1991; Seaward 1997; Bates et. al 1995; Bates 1997). However, for 
this assessment, effects are considered nonreversible, as recovery processes are poorly 
understood for the species in this area. 

The proportion of sensitive landforms in the RSA exposed to critical levels is relatively 
small for both the Application Case (less than 0.1%) and the Planned Development Case 
(10%). Most of these landforms will not experience emission effects. As a result, 
although the areal extent of some tracked species or communities could be affected by 
project emissions, the diversity of tracked species or communities is not predicted to be 
reduced at the RSA level. Therefore, the effects of project contributions to cumulative 
SO2 emissions are expected to be of moderate environmental consequence. These effects 
are typical of large urban centres and associated industrial areas (i.e., the Edmonton area 
is a significant source of urban and industrial emissions) throughout the world and are to 
be expected (Bates et al. 2001). 

12.9.3.2 Predicted Effects – Nitrogen Dioxide Concentrations 
WHO has established critical concentration thresholds (i.e., annual average) of NO2 for 
vegetation, at which point growth and compositional characteristics can change. Critical 
annual concentrations for NO2 are 15 μg/m3 for lichens and bryophytes (WHO 2000). To 
evaluate the potential effects of cumulative emissions on sensitive and important 
economic species, predicted annual NO2 concentration isopleths for the different 
assessment scenarios were superimposed on a map of indicator landforms (i.e., dunes, 
peatlands). This identified the extent of sensitive landforms exposed to the critical level. 

For Base Case conditions, about 440.5 ha of dune landforms and 57.6 ha of peatlands in 
the RSA are exposed to critical levels of NO2 (see Figure 12.9-3 and Table 12.9-3). The 
upgrader’s contribution to NO2 is predicted to increase the area of dune landforms 
exposed by 114.1 ha, and of peatlands exposed by 2.7 ha. Planned Development Case 
conditions show an increase in area affected relative to the Base Case of 2656.2 ha for 
dune landforms and 87.9 ha for peatlands. 
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Table 12.9-3 Extent of Landforms Exposed to Critical Levels of NO2 

Landform 
 

Annual 
Critical 
Level1 
(μg/m3) 

Extent of 
Landform 

in RSA 
(ha) 

Base 
Case 
(ha) 

Application 
Case  
(ha) 

Change from 
Base Case to 
Application 

Case 

Planned 
Development 

Case 
(ha) 

Change from Base 
Case to Planned 

Development 
Case 

(ha) (%) (ha) (%) 
Dunes 10 28,209 440.5 554.6 114.1 0.4 3,096.7 2,656.2 9.4 

Peatlands 10 22,260 57.6 60.3 2.7 <0.1 145.5 87.9 0.4 

NOTE: 
1 The critical level represents the annual ambient air concentration. 

Predicted effects from cumulative NO2 concentrations are considered high in magnitude 
for all assessment cases, as the diversity of sensitive species, including potential rare 
species, might be affected in dunes and peatlands exposed to critical levels. Effects from 
fumigation are considered reversible in the long term, as observed in Europe, where 
lichen and bryophyte populations recovered after air quality improved (Rose and 
Hawksworth 1981; Seaward and Galinou 1991; Seaward 1997; Bates et. al 1995; 
Bates 1997).However, for this assessment, effects are considered nonreversible, as 
recovery processes are poorly understood for the species in this area. 

The proportion of sensitive landforms in the RSA exposed to critical loads is relatively 
small for both the Application Case (less than 0.1%) and the Planned Development Case 
(10%). Most of these landforms will not experience emission effects. As a result, 
although the areal extent of some tracked species or communities could be affected by 
project emissions, the diversity of these species or communities in the RSA is not 
expected to be reduced as a result of project contributions. Therefore, the effects of 
project contributions to cumulative NO2 emissions are expected to be of moderate 
environmental consequence. These effects are typical of large urban centres and 
associated industrial areas (i.e., the Edmonton area is a significant source of urban and 
industrial emissions) throughout the world and are to be expected (Bates et al. 2001). 

12.9.3.3 Predicted Effects – Nitrogen Deposition 
Nitrogen is a limiting nutrient for plant growth in many natural and semi-natural 
ecosystems, and many native species are adapted to nutrient-poor conditions. Nitrogen is 
the only nutrient cycling through the ecosystem that is almost exclusively regulated by 
biological processes (Jäger 2001). Therefore, nitrogen deposition can: 
• increase growth rates 
• increase the susceptibility of vegetation to secondary stresses such as temperature, 

drought or insects 
• change the competitive relationships between species resulting in a loss (WHO 2000; 

Davison 2001), or change, in diversity 

Nitrogen deposition has been identified as an important factor in changes in growth rates 
and shifts in species composition in Europe (Nellemann and Thomsen 2001; WHO 2000; 
Van der Eerden et al. 1995; Cunha et al. 2002; Davison 2001) and Canada 
(Turchenek et al. 1998). Bogs and poor fens, and sphagnum mosses in particular, are 
sensitive to nitrogen deposition (Davison 2001; Li and Vitt 1997) and large changes in 
species composition have been observed in Europe. Lichens with cyanobacteria are 
particularly sensitive (WHO 2000). 
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WHO has established critical nitrogen deposition rates for sensitive species and 
ecosystems, at which point growth and compositional characteristics can change. WHO 
estimated that nitrogen deposition should not exceed 5 to 10 kg/ha/a for ombrotrophic 
bogs and 7 to 10 kg/ha/a for acidic coniferous forests in Europe. In Alberta, Vitt et al. 
(2003) estimated that nitrogen deposition should not exceed 15 kg/ha/a for Sphagnum 
species. As both ombrotrophic bogs and Sphagnum species are present in the RSA (see 
Nicholson and Vitt 1994), the identified thresholds were used as a guide to assign a 
critical load of 10 kg/ha/a for this assessment. To evaluate potential effects of cumulative 
nitrogen deposition on lichen and bryophyte communities, predicted annual nitrogen 
deposition rates for the different assessment scenarios were superimposed on a map of 
indicator landforms (i.e., dunes, peatlands). This identified the extent of sensitive 
landforms exposed to the critical load. 

No areas of sensitive landforms intersect with the 10 kg/ha/a critical load for nitrogen 
deposition for any of the assessment cases (see Figure 12.9-4). As a result, predicted 
effects from nitrogen deposition are considered to be negligible and no regional 
environmental consequence exists. 

12.9.3.4 Predicted Effects – Acid Deposition 

Acid deposition directly affects soil properties, but its effects on vegetation are poorly 
understood. Therefore, an assessment of project contributions to cumulative effects for 
acid deposition was included in the terrain and soils assessment, and discussed in the 
context of soil suitability (see Section 11: Terrain and Soils). 

12.9.4 Potential Cumulative Effects of Air Emissions on Crops 
Combustion processes from upgrader operations will result in emissions of SO2, NO2, 
carbon monoxide (CO), volatile organic compounds (VOCs) and particulate matter with 
aerodynamic diameters less than 2.5 μm. Of particular concern to crops are emissions of 
SO2 and NO2 (Legge et al. 1998). These components of air emissions can have short-term 
and long-term effects on vegetation, including agricultural crops. Acute effects result 
from short-term, high-concentration emissions where receptors are located near the point 
source. 

Chronic effects result from long-term exposure and usually involve the accumulation of a 
chemical on the growing substrate through deposition, or gradual cellular responses to the 
accumulation of chemicals in the plant tissues (Legge et al. 1998). Air emission effects 
on agricultural crops can occur directly, through fumigation (from NO2 and SO2) and 
indirectly, through changes in soil chemistry from acid deposition.  

Sulphur and nitrogen are both essential plant nutrients and can be absorbed from the 
atmosphere or the soil (Garner 2001), resulting in increased or decreased growth rates. 
The World Health Organization (WHO 2000) has established critical levels (i.e., annual 
average concentrations) of SO2 and NO2 for crops, at which point health and yields can 
be affected. Annual critical levels for SO2 and NO2 effects on crops are both 30 μg/m3. 

To evaluate potential effects of emissions on cultivated crops, predicted annual SO2 and 
NO2 concentration isopleths for the Base Case, Application Case and Planned 
Development Case were superimposed on a map of human-modified landform types, to 
determine the area exposed to critical levels. 
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Because of the limitations of the base data, determining the extent of cultivated crops in 
the RSA is not possible. The Central Parkland Native Vegetation Inventory (CPNVI) 
dataset (used to classify landforms) has a classification for human-modified land, which 
includes agricultural land as well as other human-modified categories, such as residential 
development (where garden crops are often grown) and infrastructure. Therefore, results 
of this analysis will be conservative, overestimating the area of crops exposed to the 
identified critical levels. 

12.9.4.1 Predicted Effects – Sulphur Dioxide Concentrations 
The annual average critical level for SO2 effects on crops is defined as 30 µg/m3 
(WHO 2000). Air emission modelling for the upgrader predicted no areas in the RSA that 
exceed 30 µg/m3 for the Base Case, Application Case and Planned Development Case. 
The highest predicted SO2 level in the RSA is 14 µg/m3 (see Section 3: Air). However, 
even if the critical level of SO2 emissions for forests and natural vegetation of 20 ug/m3 
(WHO 2000) is used, the Base Case, Application Case and Planned Development Case 
have no exceedances of the critical level for SO2. As a result, effects on cultivated crops 
from SO2 emissions associated with the upgrader are considered negligible and of no 
environmental consequence. 

12.9.4.2 Predicted Effects – Nitrogen Dioxide Concentrations 
The annual average critical level for NO2 effects on crops is defined as 30 µg/m3 
(WHO 2000). Air emissions modelling (see Section 3: Air) indicated areas in the RSA 
that exceed the defined NO2 critical level for the Base Case (see Figure 12.9-4). These 
areas are mostly centred on urban areas and known areas of industrial activity (e.g., 
Shell Scotford Complex). Cultivated crops are not likely to be grown in these urban and 
industrial areas. 

About 780,234 ha of human-modified landforms occur in the RSA. Of these, 52,317 ha 
are predicted to occur within the 30 µg/m3 critical level isopleth for the Base Case (see 
Figure 12.9-4 and Table 12.9-4). The predicted increase in area exposed to critical levels 
of NO2 resulting from the Application Case is 122 ha, and for the Planned Development 
Case is 927 ha. As differences in the critical level isopleths for each case are small, 
spatial distinction between the cases is not evident in Figure 12.9-4. 

For Base Case conditions, about 7% of human-modified landforms in the RSA is exposed 
to critical levels of NO2. The upgrader’s contribution to NO2 is predicted to increase the 
area exposed to human-modified landforms by less than 1%. Planned Development Case 
scenarios predict a 2% increase in the area of human-modified landforms affected. 
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Table 12.9-4 Extent of Human-Modified Landforms Exposed to Critical Levels 
of NO2 

Landform 
 

Annual 
Critical 
Level1 
(μg/m3) 

Extent of 
Landform 

in RSA 
(ha) 

Base 
Case 
(ha) 

Application 
Case  
(ha) 

Change from 
Base Case to 
Application 

Case 

Planned 
Development 

Case 
(ha) 

Change from 
Base Case to 

Planned 
Development 

Case 
(ha) (%) (ha) (%) 

Human-
modified 30 780,234 52,317 52,439 122 <1 53,244 927 2 

NOTE: 
1 The critical level represents the annual ambient air concentration. 

Predicted effects on crops from NO2 concentrations are considered moderate in 
magnitude as predicted effects are relatively restricted (i.e., only 2% of human-modified 
landforms in the RSA) and associated with urban centres (i.e., Edmonton, 
Fort Saskatchewan and Gibbons, Alberta) (see Table 12.9-5 and Figure 12.9-4). The 
predicted area affected is conservative, as cultivated crops do not make up the entire 
human-modified landform type. As most cultivated crops are annuals, effects are 
reversible (i.e., if emission concentrations decline, new individuals will not be affected). 
Effects are also medium term, as the upgrader’s contribution will not extend one year 
past decommissioning. As crop climate effects have a much larger effect on yields, the 
environmental consequence of NO2 concentrations on cultivated crops is determined to 
be of low environmental consequence. These effects are typical of large urban centres 
and associated industrial areas (i.e., the Edmonton area is a significant source of urban 
and industrial emissions) throughout the world and are to be expected (Bates et al. 2001). 

12.9.4.3 Predicted Effects – Acid Deposition 

For a discussion of predicted effects on agricultural lands from acid deposition, see 
Section 11: Terrain and Soils. 

12.9.5 Summary of Cumulative Effects 
For a summary of cumulative effects, see Table 12.9-5. 
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Table 12.9-5 Summary of Cumulative Effects on Vegetation 

Project Stage Issue or Measurable Parameter 
Magnitude/ 

Extent1 Duration1 Seasonality1 Frequency1 Reversibility1 
Environmental 
Consequence1 

Construction Potential direct effects on native 
species diversity and rarity High Long term Year-round Once Nonreversible Moderate 

Operations Potential effects of SO2 emissions on 
native vegetation health and diversity High Long term Year-round Continuous Nonreversible Moderate 

Potential effects of NO2 emissions on 
native vegetation health and diversity High Long term Year-round Continuous Nonreversible Moderate 

Potential effects of Nitrogen-deposition 
on native vegetation health and 
diversity 

Negligible Long term Year-round Continuous Nonreversible None 

Potential effects of SO2 emissions on 
economic crops Negligible Medium term Year-round Continuous Reversible None 

Potential effects of NO2 emissions on 
economic crops Moderate Medium term Year-round Continuous Reversible Low 

NOTE: 
1For definitions of effects characterization, see Table 12.5-1 and Table 12.5-2. 
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12.10 Prediction Confidence 

12.10.1 Potential Direct Effects on Native Community Diversity and Rarity 
For a summary of prediction confidence for potential direct effects on native community 
diversity and rarity, see Table 12.10-1. 

Table 12.10-1 Prediction Confidence for Potential Direct Effects on Native 
Community Diversity and Rarity 

Prediction Criterion Confidence Ranking1 
Quality of baseline High 
Confidence in analyses High 
Confidence in effectiveness of mitigation High 

NOTE: 
1 Scale: High, Moderate or Low. 

As field surveys provided a thorough inventory of vegetation alliances in the LSA, 
confidence in baseline data and data analyses is high. Confidence in mitigation and 
associated residual effects is high, as the upgrader is located where land use activities 
have reduced the amount of native vegetation. As a result, overall confidence in the 
prediction of residual effects on community diversity and rarity is high. 

12.10.2 Potential Direct Effects on Native Species Diversity and Rarity 
For a summary of prediction confidence for potential direct effects on native species 
diversity and rarity, see Table 12.10-2. 

Table 12.10-2 Prediction Confidence for Potential Direct Effects on 
Native Species Diversity and Rarity 

Prediction Criterion Confidence Ranking1 
Quality of baseline Moderate 

Confidence in analyses Moderate 

Confidence in effectiveness of mitigation Low 

NOTE: 
1Scale: High, Moderate or Low. 

Field surveys provided a thorough inventory of vegetation species in all native vegetation 
types, although all rare plant occurrences are difficult to document for surveyed areas of 
this size. As a result, confidence in baseline data and data analyses is moderate. 
Confidence in mitigation is low (i.e., transplants are experimental). However, as 
mitigation measures were not used to reduce effects characterization, overall confidence 
in the prediction of residual effects on species diversity and rarity is moderate. 
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12.10.3 Potential Indirect Effects on Wetland Communities and Species 
For a summary of prediction confidence for potential indirect effects on wetland 
communities and species, see Table 12.10-3. 

Table 12.10-3 Prediction Confidence for Potential Indirect Effects on 
Wetland Communities and Species 

Prediction Criterion Confidence Ranking1 
Quality of baseline High 
Confidence in analyses High 
Confidence in effectiveness of mitigation High 

NOTE: 
1Scale: High, Moderate or Low. 

The confidence is high for wetland mapping (i.e., wetland class), associated qualitative 
seasonal and annual variations in water levels, geological data and groundwater 
modelling techniques used to estimate indirect effects on wetlands. The high confidence 
rating is supported by concordance with historical data obtained from dewatering 
activities at the Scotford Complex, as well as observations on the variability of annual 
wetland flooding in the region. 

Confidence in predicted effects on wetlands is high, as the worst-case scenario of a spring 
drawdown period was assessed. If drawdown occurs outside the spring recharge period, 
effects are likely overstated. Confidence in mitigation is also high, as maintained siltation 
fences are an effective means of preventing siltation. The level of confidence in the 
overall prediction of potential indirect effects of dewatering on the wetlands water table 
and associated effects on wetlands is high. 

12.10.4 Potential Direct Effects on Native Species Diversity from Introducing 
and Spreading Weeds 

For a summary of prediction confidence for potential direct effects on native species 
diversity from introducing and spreading weeds, see Table 12.10-4. 

Table 12.10-4 Prediction Confidence for Potential Direct Effects on Native 
Species Diversity from Introducing and Spreading Weeds 

Prediction Criterion Confidence Ranking1 
Quality of baseline High 
Confidence in analyses High 
Confidence in effectiveness of mitigation High 

NOTE: 
1Scale: High, Moderate or Low. 

Field surveys provided a thorough inventory of weed species in the PDA. As a result, 
confidence in baseline data and data analyses is high. Confidence in mitigation and 
associated residual effects is high, as TOTAL will comply with the Alberta Weed Act. As 
a result, overall confidence in the prediction of potential direct effects on native species 
diversity from introducing and spreading weeds is high. 
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12.10.5 Potential Cumulative Effects of Air Emissions on Native Vegetation 
Health and Diversity 

For a summary of prediction confidence for potential cumulative effects of air emissions 
on native vegetation health and diversity, see Table 12.10-5. 

Table 12.10-5 Prediction Confidence for Potential Cumulative Effects of 
Air Emissions on Native Vegetation Health and Diversity 

Prediction Criterion Confidence Ranking1 
Quality of baseline Moderate 
Confidence in analyses High 
Confidence in effectiveness of mitigation Moderate 

NOTE: 
1 Scale: High, Moderate or Low. 

Prediction confidence related to the extent of vegetation effects from air emissions is 
moderate. The use of indicator landforms to predict the distribution of sensitive 
vegetation species represents a relatively coarse scale of resolution. As a result, some 
localized sensitive communities associated with other landforms were not explicitly 
identified. Therefore, the quality of baseline data is considered moderate. However, 
confidence in analyses is high, as the emission dispersion models used to predict 
emission concentrations and deposition patterns generally overpredict, adding a level of 
conservatism to the assessment. 

Confidence in the effectiveness of mitigation is considered moderate, as it requires 
emission control compliance of a variety of industrial operators in the region (see 
Section 3: Air, for air emission mitigation measures). As a result, overall prediction 
confidence is considered moderate. 

12.10.6 Potential Cumulative Effects on Native Species Diversity and Rarity 
For a summary of prediction confidence for potential direct cumulative effects on native 
species diversity and rarity, see Table 12.10-6. 

Table 12.10-6 Prediction Confidence for Potential Direct Cumulative Effects on 
Native Species Diversity and Rarity 

Prediction Criterion Confidence Ranking1 
Quality of baseline Moderate 
Confidence in analyses Moderate 
Confidence in effectiveness of mitigation Low 

NOTE: 
1 Scale: High, Moderate or Low. 
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Field surveys provided a thorough inventory of vegetation species in all native vegetation 
types in the LSA, although all rare plant occurrences are difficult to document for 
surveyed areas of this size. Although targeted surveys for long-leaved bluet and green 
saxifrage have not been done in the RSA, location of additional occurrences would not 
result in a change in the effects assessment, unless sufficient populations were identified 
to remove these species from the rare plant tracking list. As a result, confidence in 
baseline data and data analyses is moderate. 

Confidence in mitigation is low (i.e., transplants are experimental). However, as 
mitigation measures were not used to reduce effects characterization, overall confidence 
in the prediction of residual effects on species diversity and rarity is moderate. 

12.10.7 Potential Cumulative Effects Air Emissions on Crops  
For a summary of prediction confidence for potential cumulative effects of air emissions 
on crop health and diversity, see Table 12.10-7. 

Table 12.10-7 Prediction Confidence for Potential Cumulative Effects of Air 
Emissions on Crops  

Prediction Criterion Confidence Ranking1 
Quality of baseline High 
Confidence in analyses High 
Confidence in effectiveness of mitigation Moderate 

NOTE: 
1 Scale: High, Moderate or Low. 
 

Prediction confidence related to the quality of baseline data is high. As the use of 
indicator landforms to predict the distribution of crop lands includes all human-modified 
lands, predictions are likely overstated. Confidence in analyses is high. The emission 
dispersion models used to predict emission concentrations generally overpredict, so an 
added level of conservatism is added to the assessment.  

Confidence in the effectiveness of mitigation is considered moderate, as it requires 
emission control compliance of a variety of industrial operators in the region (see 
Section 3: Air, for air emission mitigation measures). As a result, overall prediction 
confidence is considered high. 

As a result, overall prediction confidence is considered high. 

12.11 Climate Change Effects 
For details on potential climate change relevant to the upgrader, see Section 3: Air. 
Effects of climate change on the upgrader were examined for potential changes in 
mitigation measures as well as changes in predicted effects. 
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12.11.1 Change in Mitigation 
Although TOTAL plans to target areas of the PDA for re-establishing native vegetation at 
decommissioning, specifics on revegetation will depend on management objectives at the 
time, as well as climatic conditions. Therefore, changes in vegetation mitigation as a 
result of climate change are not predicted. 

12.11.2 Change in Effects 
Climate is one of the primary controls on the distribution and occurrence of vegetation 
species in the landscape. Although changes in climate will likely affect the distribution 
and occurrence of individual species, and the composition of associated vegetation 
communities, supporting details and data on the responses of all individual LSA species 
are not available. 

Historically, Alberta has experienced substantial swings in climate, and associated 
droughts and floods. However, the general characteristics of vegetation in the RSA have 
remained essentially unchanged over the last 3000 years (Vance et al. 1983; 
Hickman 1987). Therefore, predicted effects on vegetation are not expected to differ as a 
result of climate change. 

12.12 Management and Monitoring 
To manage project and cumulative effects on vegetation, TOTAL plans the following 
programs: 

• rare plant transplant monitoring for a period of three years 

• wetland reclamation monitoring as part of the wetland compensation program 
(AENV 2007) 

• reclamation monitoring, depending on rezoning of the land to non-industrial use, as 
part of decommissioning near the end of the first growing season after reclamation, 
and then following the second growing season or until satisfactory results are 
obtained, unless otherwise indicated in the terms and conditions of project approval 
(see Volume 1, Section 6.5: Conservation and Reclamation Plan) 

In addition, through its membership in the Northeast Capital Industrial Association 
(NCIA), which provides funding to the Fort Air Partnership (FAP), TOTAL participates 
in the Beaverhill Vegetation Study to further evaluate effects of air emissions on 
sensitive species. 
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