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10 Aquatic Resources 

10.1 Introduction 
The aquatic resources assessment addresses the potential interactions between the 
construction, operations and decommissioning of the upgrader and the aquatic 
environment. The assessment also addresses the information requirements of the Terms 
of Reference (ToR) issued by Alberta Environment to TOTAL (AENV 2007). 

10.2 Setting 
The PDA is located in the North Saskatchewan River tablelands on the south side of the 
river, approximately 20 km downstream of Edmonton. It is a low-relief area consisting of 
pasture and cultivated fields, with stands of shrubs in some locations and denser, treed 
areas in the northern portion of the project site. One small depression wetland was 
identified in the PDA; no flowing watercourses were identified. 

Astotin Creek is east of the upgrader and receives some surface runoff from the PDA. 
The northwest corner of the PDA is approximately 1.3 km from the North Saskatchewan 
River, which is a possible source of water supply and receptor of treated water discharge 
for the upgrader. 

10.3 Assessment Focus 
The assessment focused on key issues related to project effects on aquatic resources, 
based on expected interactions between the upgrader and aquatic resources (see 
Table 10.3-1. 

The analysis considered possible effects on the biological receptors due to changes in 
surface water hydrology and surface water quality and resource use (e.g., fishing 
pressure) as a result of upgrader construction and operations. 
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Table 10.3-1 Key Issues for Aquatic Resources 

Project Stage Key Issue 
Terms of 

Reference Relevance to the Upgrader Project 
Construction Changes in aquatic habitat in 

Astotin Creek 
AENV ToR 
5.5.2 [B](d) 

Project construction will alter drainage 
area. 

Alteration or loss of fish and 
aquatic and riparian habitat 
caused by construction in the 
North Saskatchewan River 

AENV ToR 
5.5.2 [B](b)(d) 

A water intake is planned that would 
cause disturbance to the bed and 
banks of the North Saskatchewan 
River. 

Operations North Saskatchewan River 
fish mortality caused by fish 
entrainment 

AENV ToR 5.5.2 [A], 
[B](d) 

Water withdrawal from the 
North Saskatchewan River has the 
potential to entrain or impinge fish. 

Changes in tributary water 
levels and flow 

AENV ToR 5.5.2 [A] Alteration of the flow volume could 
affect fish habitat if present. 

Increase in water demands on 
North Saskatchewan River 
flow and effects on aquatic 
resources and habitat 

AENV ToR 5.5.2 [A] A reduction in flow has the potential to 
reduce aquatic habitat downstream of 
the water intake location. Withdrawals 
for the project water supply will 
increase the total withdrawal from all 
developments on the 
North Saskatchewan River.  

Effects of treated water 
releases on 
North Saskatchewan River 
fish and fish habitat 

AENV ToR 5.5.2 [A], 
[B](c) 

Treated water will be released into the 
river and water quality in the mixing 
zone will be altered. Depending on the 
levels of nutrient enrichment and 
toxicity, changes in water quality can 
affect aquatic resources.  

Effects on fish and fish health 5.5.2 [B](a) Effluent release, sedimentation, flow 
alterations, temperature and habitat 
changes may affect survival of eggs or 
fry, or cause chronic or acute health 
effects in fish.  

Effects of acidification and 
other air emissions on aquatic 
resources 

AENV ToR 5.5.2 [A] Acidifying air emissions from the 
project might alter the pH balance of 
waterbodies in the LSA and RSA.  

Effects on biodiversity and 
habitat fragmentation 

AENV ToR 5.8 Water withdrawal and treated water 
release might alter existing species 
richness or species composition. 

Effects on resource use AENV ToR 
5.5.1 [B](c); 
5.5.2 [B](a) 
Professional 
judgement 

Wastewater discharge might affect fish 
habitat and sportfish abundance. An 
increase in fishing pressure due to the 
project could decrease sportfish 
abundance.  
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Potential effects on existing aquatic resources could occur through several processes, 
including: 

• loss of aquatic habitat area due to direct disturbance from the upgrader or water 
intake footprint within study area watercourses 

• alteration in habitat conditions due to changes in water quality and flow 

• change in fish condition due to water quality changes 

• changes in fish and invertebrate abundance due to changes in habitat 

• changes in fish and invertebrate abundance due to water intake entrainment 

• changes in biodiversity or impacts due to habitat fragmentation 

• changes in fish abundance or availability due to increases in fishing pressure from the 
project workforce 

Currently, TOTAL plans to obtain water required for the upgrader from the 
North Saskatchewan River, which would require construction of a water intake structure. 
A treated water outfall is also planned that would be located on the North Saskatchewan 
River. Alternatives continue to be considered, see Volume 1, Section 3.7.5. 

Key aquatic issues related to the upgrader are closely linked to those for hydrology (see 
Section 8) and surface water quality (see Section 9). These issues are primarily related to 
surface water runoff and use of the North Saskatchewan River as a design basis water 
supply and receiving watercourse for treated water discharge. 

Development activities assessed included construction, operations and decommissioning, 
which could alter the condition or area of fish habitat and aquatic resources, as they relate 
to streamflow and water level, sediment loading and water quality. For specific 
development activities that could affect water quality and hydrology, and in turn affect 
fish and fish habitat, see Section 8 and Section 9. An assessment of the river water intake 
will be filed in a separate submission subsequent to future stages of engineering once 
design drawings are complete. 

10.4 Study Areas 

10.4.1 Local Study Area 
The LSA for the project (see Figure 10.4-1), was selected to include areas where fish 
or fish habitat might be directly affected by the upgrader. 

This includes all land areas in the PDA, downstream watercourses that convey site 
drainage to the North Saskatchewan River and the reach of the North Saskatchewan 
River upstream and downstream of potential water intake and treated wastewater outfall 
locations. 
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There are no lakes in the LSA and ponded water is limited to ephemeral wetlands in 
low-lying areas. More specifically, the aquatic resources LSA includes: 

• local watercourses or surface runoff east of the PDA that drain to Astotin Creek, and 
the reaches of Astotin and Beaverhill creeks that convey natural site drainage to the 
North Saskatchewan River 

• the reach of the North Saskatchewan River and tributary confluences between the 
Sturgeon River and the Redwater River 

10.4.2 Regional Study Area 
The RSA for the project (see Figure 10.4-2) is a reach of the North Saskatchewan River 
that was selected to include an area within which cumulative effects of the upgrader and 
other developments should be assessed. The primary aquatic ecosystem issue of concern 
in the RSA include the potential effects of water withdrawals from the 
North Saskatchewan River and nutrient loading.  

The downstream limit of the RSA is the Pakan Bridge, which is the location where 
treated water from upstream development is expected to be fully mixed. The upstream 
limit of the RSA is the Town of Devon, which is approximately the existing limit of 
urban development upstream of Edmonton. 

10.5 Methods 

10.5.1 Effects Characterization 
For the descriptors and associated definitions used to characterize the level and 
consequences of project effects on aquatic resources, see Table 10.5-1. 

10.5.2 General Approach 
For further information on analytical approach, see Sections 10.7.1 and 10.8.1. 

10.6 Baseline Conditions 
Historical information and field data were combined to provide a summary of aquatic 
resources with respect to the following: 

• fish species composition, relative abundance and distribution in local watercourses 

• use of available habitats by resident fish species 

• presence of listed fish species (i.e., species listed by federal or provincial agencies as 
sensitive or at some level of risk) and other management significant or indicator fish 
species 

• use (i.e., recreational angling) of the fisheries resource 

• benthic invertebrate communities present 

For a detailed discussion of aquatic resources baseline conditions, see Environmental 
Baseline Study: Aquatic Resources on CD. 
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Table 10.5-1 Project Effects Characterization for Aquatic Resources 
Attributes Description Rating Definition 

Magnitude/ 
Extent 

Degree of change in 
aquatic resources or 
resource use 

Negligible No observable changes in aquatic ecosystems, 
communities and/or fish habitat within LSA or RSA.  

Low Observable changes in aquatic ecosystems, communities 
or fish habitat, but within the range of natural variability, and 
confined to LSA. 

Moderate Observable changes in aquatic ecosystems, communities 
and/or habitat, but within the range of natural variability, and 
extending into RSA. 

High Observable changes in aquatic ecosystems, communities 
and/or fish habitat extending beyond the range of natural 
variability and beyond RSA. 

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 

Period in which the 
effect will occur 

Season-
specific 

Effect occurs at specific times of the year. 

Year-round Effect occurs year-round. 
Frequency Frequency the 

impact is expected 
to occur 

Once Effect is expected only once during the life of the project. 
Intermittent Effect is expected to occur occasionally or periodically 

during the life of the project. 
Constant Effect is expected to occur continuously.  

Reversibility Potential to return to 
baseline conditions 
after 
decommissioning 

Reversible  Effects that are reversible and diminish after project 
decommissioning. 

Nonreversible Unlikely to revert to baseline conditions following project 
decommissioning. 

Environ-
mental 
Consequence 

Potential for the 
project to result in 
local or regional 
changes 

Negligible No measurable effects on aquatic community and habitat. 
Low Minor localized effects on productive capacity of 

watercourse for aquatic resources within the RSA managed 
by on-site mitigation and/or compensation.  

Moderate Measurable effects on productive capacity of watercourse 
for aquatic resources within the RSA managed by on-site 
mitigation and/or compensation.  

High Loss of critical habitat for aquatic resources within the RSA. 
Compensation required.  

10.6.1 Bank and Stream Habitat Conditions 

10.6.1.1 Instream Habitat 
The North Saskatchewan River in the LSA is predominately single-channelled, 
and exhibits an irregular meander pattern (see Figure 10.6-1). The river is entrenched and 
laterally stable, with a defined thalweg. Instream habitat is characterized mainly by deep 
Run habitat (R1; average depth greater than 1.25 m). Some small Backwater Pools and 
isolated Riffle (RF) habitats are present. These were often associated with small islands 
and exposed bars and shoals. 
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A short section of shallow Run (R3) and Riffle (RF) habitat was identified at the 
downstream end of Section 3. The dominant instream cover in the river was provided by 
depth and water turbidity; boulder and cobble substrates also provided occasional cover. 
In general, the substrate was dominated by sand and silt but discrete areas of cobble and 
large boulders were observed throughout the area. Underwater observation of the 
substrate using digital imaging sonar (DIDSON) near Section 1 showed cobble and 
boulder substrate within 30 m of the shore (Golder 2007a). 

Several deep areas were identified during the aquatics field program; a maximum depth 
of 5.2 m was recorded in Section 1. Under some seasonal flow conditions and reduced 
velocities associated with backwaters, these areas could form defined Pool (P1 and P2) 
habitats. These are important fish habitat features, providing deep-water cover and 
holding, feeding and overwintering functions for most large-bodied species. 

During the study period, the discharge of the North Saskatchewan River ranged between 
155.2 m3/s (August 7, 2007) and 336.7 m3/s (July 29, 2007). The North Saskatchewan 
River is subject to flow regulation from upstream hydroelectric generating facilities. As a 
result of load peaking from energy demands, the river experiences daily water level 
fluctuations. During the field program (July 27 to August 7), daily water level fluctuated 
between 0.21 and 0.67 m and fluctuated an average of 0.46 m (see Environmental 
Baseline Study: Aquatic Resources, Appendix B, Table 10-2, on CD). Daily river 
fluctuations likely affect the use, productivity and habitat values of the nearshore and 
shallow habitats. 

The average water temperature of the North Saskatchewan River along the water quality 
transect on August 2 was 22.1°C (see Environmental Baseline Study: Aquatic Resources, 
Appendix B, Table 10-3). Mean conductivity at this location was 147 µS/cm and pH 
was 8.48. Turbidity was similar at all sample locations and averaged 14.2 NTU. 
Dissolved oxygen and water temperature profiles were measured at three locations that 
correspond to the deepest part of the channel in the three sections. Dissolved oxygen and 
water temperatures were similar throughout the water column and between stations (see 
Environmental Baseline Study: Aquatic Resources, Appendix B, Table 10-4). 

Bank Habitat 
In the surveyed section of the North Saskatchewan River, armoured, depositional and 
erosional bank habitats were observed. Approximately 65% of the banks assessed were 
erosional (see Environmental Baseline Study: Aquatic Resources, Appendix B, 
Table 10-1). Depositional (31.6%), armoured (2.5%) and composite (E3/A2, 0.9%) 
bank habitats made up the remainder. 

E3 bank habitat was most common, accounting for over 28% of the total bank assessed. 
This habitat type typically has high, steep, eroding banks, loose till deposits and moderate 
to high offshore velocity and depth. Cover is usually limited to instream substrate 
roughness and turbidity. The armoured A4 bank habitat identified was associated with the 
Shell Scotford water intake structure on the right downstream bank of the 
North Saskatchewan River. Armoured bank habitat was not present along the left 
downstream bank. 
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10.6.2 Fish Communities 

10.6.2.1 Species Presence 
Data from baseline surveys and current collection records (FMIS 2006) identified 17 fish 
species commonly inhabiting the North Saskatchewan River in or near the LSA. An 
additional 13 species might occur in the RSA (i.e., upstream–downstream reaches and 
tributaries) but are rarely found in the LSA. For the fish species expected to occur in this 
portion of the North Saskatchewan River and their relative abundance (common, 
occasional or rare), see Environmental Baseline Study: Aquatic Resources, Appendix C. 
According to the 2005 General Status of Alberta Wild Species, species of note 
encountered during the 2007 field sampling program included sauger (listed as Sensitive) 
and spoonhead sculpin (listed as May be at Risk). The lake sturgeon is designated 
At Risk; however, according to the Committee on the Status of Endangered Wildlife in 
Canada (COSEWIC 2006), the lake sturgeon is considered Endangered and has been 
entered in the federal Minister of Environment consultation process for consideration for 
listing under the Species At Risk Act (DFO 2007). 
The estimated lake sturgeon population in the North Saskatchewan River in 2000 was 
approximately 1360 fish, with only 20% of the population more than 20 years old, the 
approximate age of maturity (ASRD 2002). In the 2007 Alberta Sportfishing Regulations 
(ASRD 2007), both walleye and lake sturgeon have zero catch limits and must be 
released. 

10.6.2.2 Species Abundance 
During electrofishing, trapping, setlining and seining, 405 fish comprising 15 species 
were captured in the mainstem North Saskatchewan River LSA (see Environmental 
Baseline Study: Aquatic Resources, Appendix C). The seven sportfish species 
encountered in the LSA during the summer sampling period included northern pike, 
walleye, sauger, goldeye, mooneye, burbot and lake sturgeon. Goldeye (n= 33) and 
mooneye (n=20) were the dominant sportfish species captured. Thirteen walleye were 
sampled in the study area. Both northern pike and sauger were captured in similar 
numbers (n=5). Two juvenile burbot were sampled. Two lake sturgeon were also 
captured in the LSA, of which one had been previously tagged by Alberta Sustainable 
Resource Development. 
Eight non-sportfish species were encountered in the North Saskatchewan River 
mainstem; this group of fish (n=285) was considerably more abundant than sportfish 
(n=74). Longnose dace and white sucker were the most abundant species captured, 
contributing 28.6% and 26.2%, respectively, to the total catch (see Table 10.6-1). 
Shorthead redhorse (11.6%) and longnose sucker (10.4%) were also abundant in the 
LSA. Silver redhorse (n=3), considered rare in this stretch of the North Saskatchewan 
River, and quillback (n=3) were also present. The remainder of the non-sportfish 
composition included spoonhead sculpin (n=1) and emerald shiner (n=1). 
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Table 10.6-1 Fish Captured or Observed and Percent Composition of Catch in 
Mainstem North Saskatchewan River – July 26 to August 7, 2007 

Species 
Total Individuals Percent 

Total Adults Juveniles Y-o-Y1 
Sportfish 
Burbot  2  0.5 
Goldeye 33   8.1 
Lake sturgeon 2   0.5 
Mooneye 20   4.9 
Northern pike 5   1.2 
Sauger 2 3  1.2 
Walleye 12 1  3.2 
Total Sportfish 74 6  19.8 
Non-Sportfish 
Emerald shiner 1   0.2 
Longnose dace 116   28.6 
Longnose sucker 19 22 1 10.4 
Shorthead redhorse 46 1  11.6 
Silver redhorse 3   0.7 
Spoonhead sculpin 1   0.2 
Quillback 3   0.7 
White sucker 92 14  26.2 
Unidentified sucker 4  2 1.5 
Total Non-Sportfish 285 37 3 80.2 
TOTAL 359 43 3 100.0 

NOTE: 
1Young-of-the-year. 

Fish distribution and habitat use was assessed based on the electrofishing catch, as this 
method was used in all sample sections. The CPUE values overall were low; however, 
these values were similar between sections. Species diversity was lower in Section 4, but 
diversity was similar between sections encompassing Sections 1, 2 and 3. Although some 
minor differences in distribution of species were noted between sections, these 
differences can be attributed to the local availability of suitable habitats and cover. 
Goldeye, mooneye and northern pike were more common in Section 1 than in the other 
sections, whereas lake sturgeon was encountered only in Section 2 and Section 3. Sucker 
species were relatively common in all sections. 
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10.6.2.3 Fish Health 
External exams were completed on most large-bodied fish (greater than 250 mm fork 
length) sampled to identify physical abnormalities and deformities, erosion, lesions and 
tumours (DELTs). Most fish were observed to be in a generally healthy state, although 
some abnormalities were detected (see Appendix C, Table C-6). Of approximately 
132 fish examined, 18 fish were observed with some form of DELT (13.6%). All 18 of 
the fish with abnormalities were white sucker, (n=56) accounting for approximately 32% 
of the white sucker catch (see Environmental Baseline Study: Aquatic Resources, 
Appendix C). 

The incidence of DELTs is consistent with values reported from other fish surveys in this 
section of the North Saskatchewan River. In the Sturgeon Upgrader and North West 
Upgrader EIAs, 10% and 13% of the fish were reported with DELTs, respectively. The 
exception is the high incidence of DELTs reported by AXYS (2005) for the 
Scotford Upgrader at 40.6%. 

10.6.3 Key Indicator Species 
Lake sturgeon and white sucker were identified as Key Indicator Species. Lake sturgeon 
was selected because of its management and regulatory significance. Instream habitat in 
the LSA was considered suitable for adult holding and feeding of lake sturgeon due to 
depth and flow characteristics. Adult lake sturgeon often congregate in deep (greater than 
4 m) pools, or in slow-moving Run habitat with laminar flow. These areas provide 
suitable habitat conditions for both overwintering and adult holding and feeding in the 
summer (ASRD 2002). During field sampling, two lake sturgeon were captured in the 
LSA. In a recent fact sheet on water-related issues in the Industrial Heartland, one of the 
objectives listed was for lake sturgeon habitat to be maintained or improved through 
management of the river flows and water quality (AENV 2007 Internet site). 

The number of DELTs were higher on white sucker than any other species captured 
during the field program. Due to their feeding habits and overall abundance in the LSA, 
this species was selected as an indicator of aquatic ecosystem health and stressors. 

10.7 Effects Management – Project Design and 
Mitigation Measures 

10.7.1 Construction 
For an assessment of changes in flow in the North Saskatchewan River and local surface 
drainage, and a description of mitigation measures to alleviate potential impacts, see 
Section 8. For an evaluation of potential changes in physical and chemical water quality 
parameters, as well as the mitigation measures that will be used to alleviate the predicted 
changes, (see Section 9). 

One small depression wetland is located in the PDA; no flowing watercourses were 
identified. No fish habitat will be directly affected by the footprint of the development. 
Although Astotin Creek is located to east of the PDA, it will not be directly affected by 
construction activity in the PDA. 

The proposed intake facility for the project will be a bank structure that will extend 
approximately 30 m into the river channel at design flood levels. Therefore, some habitat 
disturbance will result from this facility. 
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Project construction and operations best management practices will be implemented to 
prevent or minimize impacts. Where permanent loss of productive aquatic habitat is 
unavoidable (i.e., intake structure), to address the loss, a conceptual compensation plan is 
discussed in Section 10.7.3. 

Several design and construction best management practices will be implemented to 
minimize effects of the upgrader on aquatic resources. These practices are dictated by 
federal and provincial legislation, which include the Fisheries Act and the Water Act. A 
water licence will be required under the Water Act, and conditions stipulated in the Code 
of Practice for Outfall Structures on Waterbodies (AENV 2003) will be applicable to the 
upgrader. 

The North Saskatchewan River has a Restricted Activity Period (RAP) of April 16 to July 
31, during which time instream construction is not permitted without approval under the 
Water Act. This construction window is designed to protect fish species during critical 
spawning and incubation periods for spring spawning species. 

Mitigation and environmental management measures (including monitoring) will be 
designed to minimize the potential impacts on aquatic resources in the project area, and 
include: 

• protecting the riparian zone by maintaining a minimum development setback distance 
(i.e., 50 m) along the North Saskatchewan River, as appropriate 

• isolating the water intake and pipeline construction zones, and using erosion controls 
to avoid increased suspended solids levels or sedimentation in the 
North Saskatchewan River 

• implementing a sediment- and erosion-control plan to minimize introduction of fine 
sediment to the North Saskatchewan River due to construction activities or runoff 
from disturbed bank areas or releases from upland sedimentation ponds 

Before extensive construction activities get underway, a system of diversion berms will 
be installed along the site perimeter to prevent offsite surface water entering the project 
area and to permit stormwater to be retained within the site for testing and disposition 
(see Volume 1, Section 6.6). 

Dewatering systems might be required depending on the type of soils (see Section 7). 
Quantities of water from dewatering activities are expected to be small and will be 
conveyed to the stormwater management pond. Water from the dewatering activities will 
be tested for compliance with EPEA discharge standards before release (see Volume 1, 
Section 6.6.5). 

In addition to these construction designs and practices, the use of Best Management 
Practices is planned (see Volume 1, Section 6). These Best Management Practices are 
designed to prevent input of deleterious substances into Astotin Creek and the 
North Saskatchewan River during construction. 

Any water pumped for construction or operations purposes must adhere to the 
Freshwater Intake End-of Pipe Fish Screen Guideline (DFO 1995). 
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10.7.2 Operations 
Design considerations will minimize project effects and protect aquatic resources during 
operations (see Volume 1, Section 6). These measures include: 

• designing and constructing a non-process stormwater system to collect stormwater 
from the developed portion of the facility outside the process area. Stormwater from 
this system will be conveyed to a lined stormwater retention pond and tested for 
compliance with EPEA discharge standards before release. 

• collecting, testing and treating stormwater from paved process areas, rail loading and 
petroleum coke storage areas as required. Uncontaminated stormwater will be 
directed through underground piping to the non-process stormwater pond and 
contaminated material will be processed in the wastewater treatment facilities. 

• recycling process waters throughout project operations to reduce the volume of water 
withdrawn from the North Saskatchewan River 

• developing management practices and a spill contingency plan to minimize spills and 
reduce the likelihood of spills reaching waterbodies, watercourses or groundwater 

• withdrawing water from the North Saskatchewan River for processing; design and 
construction of water intake screens will follow Fisheries and Oceans Canada (DFO) 
recommendations (DFO 1995) to minimize impingement and entrainment of fish 

• incorporating the following intake design considerations: 

• fish presence, species and possible fish size or fish habitat conditions present at 
the site 

• rate of water withdrawal 

• screen aperture and effectiveness areas 

• screen material and supporting structures, and screen maintenance and cleaning 

As Alberta Environment manages recreational fishing activities in the project area, no 
direct mitigation by TOTAL is proposed. 

10.7.3 Conceptual Compensation Plan 
A conceptual habitat compensation plan was developed to address mitigation of habitat 
loss and temporal disturbances during construction of the river water intake and pump 
house, outfall structures and associated bank armouring. The objective of the 
compensation plan is to achieve “no net loss” of aquatic habitat for fish and other 
organisms. A detailed No Net Loss plan will be submitted subsequently, as and if 
required. 

10.7.3.1 Site Location 
The bank habitat in the area of the planned intake and outfall structures is characterized 
by high, steep and eroding banks, and substrate consisting of loose till deposits (i.e., 
gravel/cobble/sand mixture). The water velocity and depth are moderate offshore and 
overhead cover for fish is provided primarily by water turbidity. Water depth in this area 
exceeded 5 m, and these habitats could be used for overwintering by fish. 
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10.7.3.2 Site Design 
The conceptual layout for the river water intake and pump house is a bank intake, similar 
to the Shell Scotford intake located downstream. The bank style of river water intake at 
this location is preferred because the thalweg is close to the right downstream bank 
(Golder 2007c). With the bank design, there is reduced impact on the river bed and banks 
during construction and operations. In addition, the plan is for the entire system, 
including fish screens, to be accessible for maintenance and monitoring. 

At the intake location, contouring of the valley slope will be required for the access road 
and construction and operation of the pump station. Subsequent slope stabilization would 
also be required. Although the river water intake and pump house and associated outfall 
will be designed in subsequent stages of engineering, it is expected that the footprint 
disturbance to the bed and banks of the North Saskatchewan River will be less than 
1000 m² (combined) and approximately 150 m of shoreline will be disturbed. 

Mitigation 

During construction, it is assumed the following mitigation strategies will be 
implemented to mitigate construction effects: 

• using a sheet pile (or similar construction) cofferdam to permit construction of the 
water intake in dry conditions. The cofferdam would extend approximately 50 m into 
the channel. 

• establishing a fish salvage program to remove fish from the containment before 
complete dewatering 

• establishing sediment monitoring programs during cofferdam construction and 
associated instream construction activities 

• observing the Water Act RAP of April 16 to July 31, unless otherwise directed by 
DFO or ARSD 

• constructing the outfall structure in accordance with the Code of Practice for Outfall 
Structures on Waterbodies (AENV 2003) 

10.7.3.3 Compensation Approach 
The two general approaches to developing the compensation are: 

• replacing habitat based on habitat gains and losses (m²) 

• replacing habitat based on productivity using accepted habitat suitability index 
models (HSI ratings) (M. Janowicz 2007, pers. comm.) 

The approach that will be taken will be detailed as and if required in the subsequent No 
Net Loss plan.  

Preliminary discussions with DFO indicated that compensation in general is currently 
applied at a 2:1 ratio (M. Janowicz 2007, pers. comm.). However, if the proposed 
compensation has high environmental value, and has a high probability of success, the 
ratio might not apply. A recent example of habitat compensation for an intake structure 
on the North Saskatchewan River indicated the use of spur deflectors at a ratio of 
approximately 1.5:1. 
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To meet the condition of no net loss of fish habitat, the following conceptual 
compensation options are proposed. The options will require further discussion with the 
regulatory agencies once the final footprint has been determined, and during development 
of the detailed No Net Loss Plan. 

Habitat Enhancement 
Spur deflectors provide habitat diversity by deflecting flow away from the riverbank 
(AIT 2001; AENV 1992). This diversion creates pool habitat (in areas off the nose of the 
spur, where flow velocities are increased), riffle habitat (over the submerged portion of 
the spur), and backwater areas (upstream and /or downstream of the spur, depending on 
orientation). 

Placement of large boulders or boulder clusters in mid-river channels may create cover 
for larger fish (i.e., overhead cover and associated scour pools), or if placed near shore, 
provide cover and nursery habitat for juvenile and forage fish. The size of the boulders 
would need to be large enough to avoid movement during large flow events. Approval 
from Transport Canada under the Navigable Waters Act would also be required as these 
clusters could pose as navigation hazards depending on flow conditions (e.g., during 
low-water events). 

Lake Sturgeon Research 
Lake sturgeon were identified as a Key Indicator Species, due to its management and 
regulatory significance (i.e., listed as endangered in COSEWIC). Lake sturgeon 
populations in the North Saskatchewan River are small, and spawning habitat use has not 
been identified. Some tagging and monitoring has been conducted (ASRD 2002); 
however, funding a specific radio telemetry monitoring program for lake sturgeon in the 
North Saskatchewan River would provide valuable information in protecting this species. 
The program would be designed to determine the use of the river for critical life 
requisites, such as overwintering and summer holding. 

Monetary Compensation 
A monetary compensation approach has been used to procure lands for habitat protection. 
In other development activities, funds have been directed to the Alberta Conservation 
Association to be used on a yet-to-be-determined habitat enhancement project in the 
North Saskatchewan River watershed. This option could be further explored. 

10.7.3.4 Post-Construction Monitoring 
Regardless of the compensation option selected, a post-construction monitoring program 
is expected to be a requirement of a DFO Authorization that would demonstrate that the 
habitat compensation works function as designed. The monitoring program would be 
tailored to the specific function of the compensation works, and monitoring would be 
conducted over a period of several years, as changes to the aquatic community would not 
be instantaneous and readily observed or measured. Sampling would be conducted during 
alternate years for three sampling periods. 
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10.8 Project Residual Effects 

10.8.1 Analysis 
The assessment of key issues identified potential changes in aquatic habitat for both the 
North Saskatchewan River and for local drainages. Potential impacts are due to instream 
disturbance, water demands, treated water discharge and increased resource use. 

Changes will occur as a result of construction, operations and decommissioning activities 
related to the water intake in the North Saskatchewan River. These changes could affect 
aquatic habitat, and water level and flow in local drainages and the North Saskatchewan 
River. Impacts due to treated water discharge and water intake entrainment could also 
result from the upgrader. 

A number of operators in Alberta’s Industrial Heartland contribute to effects on aquatic 
resources. Therefore, any potential upgrader effects associated with water supply, 
discharge of treated process water, acidifying air emissions or fisheries are more 
appropriately described in the context of cumulative effects (see Section 10.9). 

10.8.2 Changes in Aquatic Habitat in Local Drainages 
Stormwater runoff captured in the Astotin Creek drainage within the PDA will be 
managed within a closed-circuit system and conveyed to the North Saskatchewan River. 
As discussed in the Section 8, changes in flow to Astotin Creek due to the upgrader alone 
will be less than 0.5% of the mean annual water yield (23 dam3) and are considered 
negligible. Changes in aquatic habitat in the local drainages will similarly be negligible. 

10.8.3 Changes in Aquatic Habitat Caused by North Saskatchewan River 
Instream Disturbance 

Several water intakes are planned or currently being constructed on the 
North Saskatchewan River, including the Fort Hills Sturgeon Upgrader Project, the 
North West Upgrader Project and EPCOR’s E.L. Smith Water Treatment Facility. All 
these projects and other licensed users for water withdrawal could affect aquatic habitats 
in the North Saskatchewan River. 

TOTAL plans to construct a water intake and associated outfall for upgrader operations 
(see Volume 1, Section 6). The intake facility is planned to be situated on the bank of the 
North Saskatchewan River. For a conceptual compensation plan, to address potential fish 
habitat loss, see Section 10.7.3. The plan is to submit a detailed No Net Loss Plan to 
support a subsequent regulatory application as and if required.  

Impacts on aquatic habitats will depend on the footprint of the structure and timing of 
construction activities. The North Saskatchewan River has a Restricted Activity Period 
(RAP) of April 16 to July 31, during which time instream construction is not permitted 
without approval under the Water Act. This construction window is designed to protect 
fish species during critical spawning and incubation periods for spring spawning species. 

Although detailed plans have not been developed for these structures, based on 
experience, it is likely that a relatively small habitat area will be affected by each water 
intake or outfall (perhaps less than 500 m2 each). Relative to the available habitat in the 
river, the magnitude of habitat losses is considered low, but habitat losses will likely 
require compensation. With an appropriate compensation plan, the environmental 
consequence is anticipated to be low. 
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10.8.4 North Saskatchewan River Fish Mortality Caused by Water Intake 
Entrainment 

The raw water intake for the upgrader could entrain small fish species or early life stages 
of fish and other aquatic organisms. There is potential for entrainment in the flow into the 
facility or for fish to be impinged on the water intake structures, and mortality could be 
high. Adult fish generally have sufficient swimming capability to avoid being entrained; 
however, depending on their physiological state and seasonal behaviour, they can, and 
do, become impinged on the intake structures. Large numbers of fish, including northern 
pike, have been impinged on the intake screens at the Battle River Generating Station 
(McLeod and Yaremko 1994) and the Wabamun Power Plant (unpublished data). In a 
recent monitoring study of the Shell Scotford Upgrader intake (located in the LSA), 
larval fish were found to be entrained in the intake screens (Golder 2003). Eggs and 
larval stages of fish are susceptible to entrainment during spawning and developmental 
stages of larvae. 

Screening guidelines exist to reduce or eliminate fish entrainment at freshwater intakes 
(DFO 1995). The guidelines consider the target size of fish, intake approach velocities 
and other variables. TOTAL will work with the responsible agencies to implement these 
guidelines and mitigate potential impacts. With mitigation, effects are expected to be of 
low magnitude, and of low environmental consequence. 

10.8.5 Changes in Tributary Water Level and Flows 
Development of the PDA will increase the amount of impermeable surface area due to 
infrastructure (i.e., buildings, parking lots). A surface water drainage system will be 
developed that collects the stormwater and redirects the flow into the 
North Saskatchewan River, thereby reducing the drainage area of Astotin Creek. 

As discussed in Section 10.7.2, the reduction in flow to Astotin Creek due to the upgrader 
alone will be less than 0.5% of the mean annual water yield (23 dam3). These changes in 
flow due to the upgrader will be negligible. Changes in water level in Astotin Creek will 
similarly be negligible. 

10.8.6 Biodiversity and Fragmentation 
During baseline studies in 2007 (see Environmental Baseline Study: Aquatic Resources, 
Appendix C), 15 of 30 reported fish species for the Edmonton area were encountered, 
despite low habitat diversity. Species diversity for fish is not expected to be affected by 
the proposed Upgrader; however, the effects on diversity and variability of the benthic 
community could be measurable, particularly downstream of the treated water outfall. 
The species diversity and richness of the benthic community will be further defined in a 
supplementary document. 

Habitat fragmentation issues will be negligible, as the proposed development will not 
create barriers to fish movement. 

10.8.7 Summary of Residual Project Effects 
For a summary of potential effects on aquatic resources during upgrader construction and 
operations, and characterization of residual effects, see Table 10.8-1. 
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Table 10.8-1 Summary of Residual Effects for Aquatic Resources 

Project Stage Issue/Measurable Parameter 
Magnitude/ 

Extent1 Duration1 Seasonality1 Frequency1 Reversibility1 
Environmental 
Consequence1

Construction Changes in aquatic habitat in Astotin Creek Negligible N/A N/A N/A N/A Negligible 
Alteration or loss of fish and aquatic habitat 
caused by instream construction and 
operation of intake structure  in the 
North Saskatchewan River 

Low Medium term Year-round Continuous Reversible Low (i.e., 
requiring on-site 
compensation) 

Operations North Saskatchewan River fish mortality 
caused by water intake entrainment 

Low Medium term Year-round Continuous Reversible Low 

Changes in tributary water level and flows Negligible N/A N/A N/A N/A Negligible 
Effects on biodiversity and habitat 
fragmentation 

Low Medium term Year-round Continuous Reversible Low 

NOTE: 
1 For definitions of effects characterization, see Table 10.5-1. 
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10.9 Cumulative Effects Assessment 

10.9.1 Analysis 
Key project-related issues that were identified as having the potential to contribute to 
cumulative effects were examined at the RSA level for each of the assessment cases: 

• Base Case (existing and approved developments – see Section 2: Assessment 
Methods, for a detailed project inclusion list) 

• Application Case (Base Case plus the project) 

• Planned Development Case (Application Case plus potential planned developments – 
see Section 2: Assessment Methods, for a detailed project inclusion list) 

The assessment concluded that project effects on aquatic resources, as a result of direct 
physical disturbance and indirect effects include: 

• increased water demand on North Saskatchewan River flow and effects on aquatic 
resources and habitat 

• effects of treated water releases on North Saskatchewan River fish and aquatic 
habitat 

• effects on fish and fish health 

• effects of acidification and other emissions 

• effects on recreational resource use 

Changes were evaluated using the methods used in Section 10.7. 

Projects considered in the analysis of downstream tributaries include only those located 
in the Astotin and Beaverhill Creek watersheds. Projects considered in the 
North Saskatchewan River analysis include all those in the RSA relying on the river for 
water supply. 

10.9.2 Increased Water Demand Effects on North Saskatchewan River Flow 
For water consumption volumes in the RSA, see Section 8. Change in flow (surface 
water) will occur during upgrader operations as a result of water withdrawal and might 
affect the quantity and quality of downstream fish habitat, particularly during low-flow 
periods during the winter. The reduction in flows in the North Saskatchewan River as a 
result of water withdrawal by the upgrader is predicted to be less than 0.5% of the 7Q10 
and 0.1% of the mean annual flow. These changes equate to a drop in water level of 
2 mm at the 7Q10 and 1 mm at the mean annual flow.  

The present water withdrawal for existing upgrader facilities (Base Case) in the RSA 
amounts to a mean annual demand of 4.37 m3/s. This equates to a drop in water level of 
40 mm for the 7Q10 flows. With the addition of the proposed TOTAL Upgrader 
(Application Case), the mean annual demand increases to 4.56 m3/s and a drop in water 
level at the 7Q10 flows to 42 mm. This additional drop of 2 mm is not anticipated to 
directly affect aquatic resources. However, under the Planned Development Case, the 
mean annual demand increases to 6.42 m3/s, and the drop in water level at the 7Q10 
flows increases to 60 mm (78 mm under ice-covered conditions). 
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Compared with present withdrawal requirements, the Planned Development Case flow 
scenario indicates a net 20-mm decrease in water level (26 mm under ice-covered 
conditions). This decrease in water level could reduce the availability of shallow water 
habitat and might also reduce the availability of overwintering habitat in the 
North Saskatchewan River downstream of the upgrader. 

Water withdrawal contributions from the project are too small to measurably affect 
aquatic communities or the productive capacity of the river, and no specific 
compensation actions associated with river flows is considered necessary for this effect. 
The compensation plan for HADD associated with the intake structure should more than 
address reduced flow implications. Therefore, project contributions to water withdrawals 
are expected to have low magnitude effects with low environmental consequence.  

10.9.3 Treated Process Water Discharge Effects on Aquatic Habitat in the 
North Saskatchewan River 

The assessment of key issues identified the effects of increased treated process water 
discharge to the North Saskatchewan River as a potential impact of the upgrader on 
aquatic resources. The upgrader will increase loadings of a wide range of parameters, 
including suspended solids, organics, metals and nutrients. These parameters could affect 
aquatic resources through direct toxic effects (either chronic or acute) or through an 
increase in nutrient levels. These effects could become more pronounced during the 
winter low-flow conditions, as there is reduced discharge to dilute the treated water 
plume. 

Nutrients, including phosphorous and nitrogen-containing compounds can contribute to 
eutrophication in a waterbody. Under high nutrient loading, plant and algal matter growth 
can be stimulated. As this material dies and decomposes, oxygen levels can become 
depleted. 

Modelling results indicate that the ammonia nitrogen content downstream of the TOTAL 
effluent discharge (at the mixing zone boundary) will be below the instream guidelines 
(see Section 9). Phosphorous levels at Base Case at Pakan are above guideline levels due 
to effluent from the Gold Bar and Capital Region wastewater treatment plants. 
Phosphorous concentrations at Pakan for the Planned Development Case will only 
increase slightly (0.02 mg/L) above Base Case. Total nitrogen is expected to increase by 
0.05 mg/L above Base Case at Pakan, and is not expected to alter the nutrient enrichment 
levels from the current conditions. Dissolved oxygen levels are estimated to decrease by 
0.01 mg/L at Pakan but will remain in compliance with guidelines. 

Although small changes in nutrient levels, dissolved oxygen content and water 
temperature were predicted from the surface water quality models, all these constituent 
levels were within water quality guidelines. Potential effects of the TOTAL treated 
discharge water on ammonia toxicity levels are predicted to be within guideline levels for 
both low- and high-flow conditions. 

Modelling results indicate that the TOTAL treated process water discharge will not result 
in exceedances of guidelines for protection of aquatic life for most parameters, except for 
chromium, hexavalent chromium, cobalt, copper, mercury, silver and total phenolics (see 
Section 9). However, these exceedances were identified under the Base Case and the 
predicted increase under the Application Case was less than 5%, except for total 
phenolics. 
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The total phenolics concentration is predicted to be marginally above the guideline at the 
mixing zone boundary; however, the concentration is below the concentration where 
chronic effects are predicted. Prolonged exposure to phenols can also affect fish 
behaviour (e.g., cause fish to migrate out of an area). 

Nevertheless, some avoidance by aquatic life of the mixing zone for the discharge plume 
may occur, locally reducing habitat availability. It is anticipated that such loss can be 
addressed through compensation plans to improve habitat conditions outside of the 
mixing zone. Therefore, project effects are considered to be low magnitude and of low 
consequence.  

10.9.4 Treated Water Discharge Effects on Fish and Fish Health 
Fish health and suitability for human consumption can be affected by changes in flow, 
sedimentation, and water quality (from spills, outfall discharges and air emissions). 
Temporary effects on fish health (i.e., increased sedimentation from onsite surface runoff 
and construction in or near water) might occur in aquatic ecosystems, but can be 
mitigated. 

Phenols can create an unacceptable tainting to fish tissue in low concentrations 
(Svobodová et al. 1993). Tainting of flesh in rainbow trout exposed to 2-chlorophenol for 
48 hours was not detected until concentrations in water exceeded 0.06 mg/L (Shumway 
and Palensky 1973). Based on the model predictions, tainting of tissues is not expected.  

Fish consumption guidelines exist for mercury levels in walleye, sauger, northern pike 
and goldeye in the North Saskatchewan River (ASRD 2007). Mercury is present in 
natural background waters of the North Saskatchewan River at levels above the acute 
water quality guidelines and can bioaccumulate in fish. The water quality modelling (see 
Section 9) indicates that the TOTAL treated process water discharge will not increase the 
concentration of mercury in the North Saskatchewan River, and thus will not contribute 
to bioaccumulation in resident fish. 

The water temperature modelling results in Section 9 indicate an increase of 0.4°C above 
ambient temperature at low flow conditions. Although a slight increase in water 
temperature may result in a decrease in egg incubation periods, the effects from the small 
temperature change are expected to be negligible. 

Specific fish spawning areas within the LSA and RSA were not identified during the 
baseline studies. The presence of juvenile burbot indicates spawning does occur within 
the LSA, but may be restricted to the lower reaches of the Sturgeon and Redwater rivers. 
Other species, such as suckers, are prevalent in the area and may spawn in the mainstem 
North Saskatchewan River. In 2003, Golder (2003) captured shorthead redhorse and 
other sucker species in larval stages during an intake monitoring study at the Shell 
Scotford water intake. During this study, goldeye and mooneye eggs were also collected, 
indicating spawning by these species either upstream or within the LSA. Exceedances 
noted above were identified under the Base Case; therefore, effects on eggs and larvae 
resulting from the project are expected to be negligible to low, with no environmental 
consequence. 
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10.9.5 Effects of Acidification and Other Air Emissions on Aquatic Resources 
The cumulative effects of acidification are discussed in Section 9 and the effects of air 
emissions are discussion in Section 3. The range of pH values in surrounding lakes 
ranged between 7.9 and 9.2, indicating slightly alkaline conditions (see Section 9). 
Similarly, streams in the area surrounding the project were considered not sensitive to 
acidification. The emission of acidifying substances from the project is predicted to have 
a negligible effect on aquatic resources under the Application Case. 

In addition, the percentage change in the nitrogen/phosphorous ratios were low and 
therefore the magnitude of air emissions on eutrophication is negligible. 

10.9.6 Cumulative Effects on Resource Use 
Construction of other refineries, upgraders and industrial plants (see Section 8, 
Table 8.8.1) will result in an increased number of workers and families moving to the 
local communities and region. Additional demand for recreational opportunities will 
occur, as will cumulative pressures on available fisheries resources in the 
North Saskatchewan River and lakes in the surrounding area. 

Only sport fisheries were addressed in this assessment as there are no commercial 
fisheries in the RSA and Aboriginal fishing is undefined or anecdotal (Wilcox 2007, 
pers. comm.). Recreational fisheries can be affected by activities throughout all project 
stages. Changes in recreational fisheries could result from the following: 

• fishing pressure and fish availability 
• fish health, condition and consumption 
• site accessibility 

10.9.6.1 Fishing Pressure 
Although the North Saskatchewan River generally supports a low level of recreational 
angling, the project workforce and their families will place additional angling pressure on 
the North Saskatchewan River. The North Saskatchewan River and associated local 
tributary confluences (i.e., Sturgeon River confluence, Redwater River confluence) are 
likely to attract the interest of project workers because of their proximity, with a potential 
increase in fishing pressure. An increase in fishing pressure may reduce the abundance of 
sportfish. 

The workforce for the upgrader is estimated to be in excess of 4000 workers during peak 
construction (including onsite and fabrication shop support). To provide a conservative 
estimate of the increased angling pressure, it was assumed that half the workers will 
move into the area from outside the region. Using the statistic of 9.2% of Alberta’s 
population that have historically obtained a fishing license (Alberta Environment 1994) 
and the assumptions described, an increase of approximately 184 anglers would be 
anticipated (2000 people x 9.2% = 184 people) from the peak construction workforce. If 
each angler fished an average of 22.8 days per year, based on the average number of 
angler-days for resident anglers in 1994 (Alberta Environment 1994), this would 
represent an increase of nearly 4200 angler-days per year during construction. It is likely 
this number could also be increased as a result of the participation of family members. 
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A workforce of approximately 390 workers per year will be required during Phase 1 and 
Phase 2 operations. This equates to an increase of approximately 36 anglers and 821 
angler-days per year following the previous assumptions. 

The increased angling pressure attributable to the permanent Phase 1 and Phase 2 
workforce is expected to be small relative to the total angling pressure in the region, or 
specific to the North Saskatchewan River. A survey of the North Saskatchewan River by 
Patterson and Sullivan (1998) estimated a total of 12,166 anglers used the 
North Saskatchewan River in the reach from Edmonton to the Sturgeon River, during the 
May to September 1997 period, when most angling activities occur. If a majority of 
additional angling pressure focused on the North Saskatchewan River in the RSA, a 
moderate increase in fishing pressure would result during construction, but would be of 
short duration. A low increase in the number of anglers would be observed during 
operations. 

The effects of fishing pressures on fish populations are largely regulated through 
provincial fishing guidelines and protocols (e.g., bait fishing bans, etc.) and harvest limits 
(catch and release, etc.). However, the project will represent an incremental contribution 
to regional fishing pressures that could result in minor changes to fish abundance that 
could extent into the RSA. It is anticipated that effects can be addressed through on-site 
compensation plans to improve habitat conditions within the LSA. Therefore, project 
effects are considered to be moderate magnitude and of low consequence. 

10.9.6.2 Accessibility 
Construction of a water intake or outfall and any associated service road, if publicly 
accessible, could potentially create additional access to the North Saskatchewan River for 
recreational fishing. An increase in site access could reduce the abundance of sportfish. 

10.9.7 Summary of Cumulative Effects 
For a summary of the potential effects of project contributions to cumulative effects on 
aquatic resources, see Table 10.9-1. 
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Table 10.9-1 Summary of Cumulative Effects for Aquatic Resources 
Project 
Stage Issue/Measurable Parameter 

Magnitude/
Extent1 Duration1 

Seasonal 
Timing1 Frequency1 Reversibility1 

Environmental 
Consequence1 

Operations Increased water demand on 
North Saskatchewan River flow and 
effects on aquatic resources and 
habitat 

Low Medium 
term 

Year-round Constant Reversible Moderate 

Effects of treated water releases on 
North Saskatchewan River fish and 
aquatic habitat 

Low Medium 
term 

Year-round Constant Reversible Low 

Effects on fish and fish health Negligible to 
Low 

Medium 
term 

Year-round Constant Reversible Negligible to Low 

Effects of acidification and other air 
emissions on aquatic resources 

Negligible N/A N/A N/A N/A Negligible 

Effects of increased fishing pressure 
on fish abundance and diversity 

Moderate Long term Year-round Season-specific Reversible Low 

NOTE: 
1 For definitions of effects characterization, see Table 10.5-1. 
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10.10 Prediction Confidence 
The extent and use of fishery and aquatic resources in the LSA and RSA are moderately 
well understood, based on observations during field programs and available data. The 
prediction confidence for impact ratings is moderate. 

The confidence in the baseline data used for predicting effects on aquatic resources is 
also closely dependent on the confidence in the impact predictions for both the hydrology 
and surface water quality disciplines. As the confidence in the predictions for these 
disciplines is high, confidence for aquatic resources predictions relative to application of 
these assessments is also high. 

Effects of water demands are predicted with medium confidence because the assessment 
is based on a mean annual flow. Actual consumptive use might be variable, where peak 
values can exceed the mean value. In addition, the information related to stage-discharge 
is based on an open-water rating curve with an allowance for ice effects; therefore, 
predictions for 7Q10 values have a high confidence. The magnitude of effects on aquatic 
resources is moderate. 

Predicted effects on aquatic resources are closely dependent on the predictions related to 
surface water quality. The analysis is based on the 7Q10 low-flow conditions, which 
represent a worst-case scenario. As such, overall confidence in the effects assessment is 
high. 

There is limited quantification of fishing in the area of study. Confidence in predicted 
effects on recreational fishing is considered moderate, because of the uncertainty 
regarding the potential effects of other planned projects and activities. 

10.11 Management and Monitoring 
The North Saskatchewan River has a Restricted Activity Period (RAP) of April 16 to 
July 31, during which time instream construction is not permitted without approval under 
the Water Act. This construction window is designed to protect fish species during critical 
spawning and incubation periods for spring spawning species. 

A sediment- and erosion-control plan will be developed, including a suspended sediment 
sampling program, for instream construction required for installing the intake and outfall 
structures. Where HADD conditions arise from this construction through modification of 
the bed or banks of the North Saskatchewan River, a No Net Loss Plan will be developed 
as and if required. Regulatory approval of habitat compensation typically requires 
monitoring of the effectiveness of the compensation. As well, monitoring the intake 
screens for fish impingement and larval fish entrainment is also expected to be a 
condition of regulatory approval. 

Detailed regional habitat simulation modelling, which is outside the scope of any single 
operator, would be required to quantify potential effects of the decrease in water levels 
on aquatic habitat and the relationships to fish and aquatic resources in the 
North Saskatchewan River. This would entail the development and implementation 
of an instream flow needs (IFN) assessment. 

The North Saskatchewan Watershed Alliance, the Watershed Planning and 
Advisory Council for the North Saskatchewan River watershed, has developed an IFN 
scope of work report for the North Saskatchewan River, and this report is currently under 
review (ASRD 2007, Internet site). 
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10.12 Climate Change 

10.12.1 Change in Mitigation 
Climate change is not expected to alter the mitigation options or strategies implemented 
during upgrader construction and operations. 

10.12.2 Change in Effects 
The mean annual temperature for Alberta in the Edmonton area is predicted to increase 
by 3°C by 2050 (see Section 3.8.9.2). The resultant moisture losses (due to higher 
temperatures and evapotranspiration rates), and more rapid snowmelt could contribute to 
lower summer river flows. 

Without project design changes, the effects of the low-flow conditions on the aquatic 
resources in the North Saskatchewan River will be difficult to predict, but it is speculated 
the impacts will be low, as the flow regime of the river is regulated by hydroelectric 
facilities in the upper watershed. Some additional water might be required to maintain the 
cooling towers, but the additional volume likely will have a low effect. However, if the 
design change includes the incorporation of an additional cooling tower, the impacts to 
flow in the North Saskatchewan River as a water source and associated indirect impacts 
may increase, and would require further assessment. 
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