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14 AQUATIC RESOURCES 

14.1 Setting 
The Project is located on land zoned for heavy industrial development and that has been heavily 
modified by agricultural activities. The Project will require water from the North Saskatchewan 
River (NSR), which flows to the south of the Project, and will discharge treated effluent into the 
NSR.  

Two small tributaries of the NSR flow through the principal development area (PDA): Tributary 1 
and Tributary 2. These tributaries drain agricultural areas to the north and west of the PDA, 
respectively, and flow directly into the NSR.  

The NSR originates in the Columbia Icefield in Banff and Jasper National parks and flows 
eastward toward the Saskatchewan border. It is used by a variety of stakeholders for industrial, 
recreational and municipal uses. Major municipal users upstream of the PDA include Rocky 
Mountain House, Drayton Valley, Edmonton and Fort Saskatchewan. Industrial uses include 
TransAlta’s Bighorn Dam and numerous industrial complexes in the Fort Saskatchewan area. 

The portion of the NSR near the PDA is a coolwater system. Sport fish species inhabiting the 
area include walleye, goldeye, mountain whitefish and northern pike. Other fish species known 
to occur in the NSR near the PDA are longnose and white sucker, lake sturgeon and numerous 
minnow species (Allen 1993). 

14.2 Assessment Focus 
Table 14-1 lists the key aquatic resource issues related to the Project. These issues are based 
on the Terms of Reference (TOR) prepared by Alberta Environment (AENV) (AENV 2006) 
through public input, and with the professional judgement of the author (Author Page). Key 
aquatic resource issues are closely linked with those discussed in Section 12: Hydrology and 
Section 13: Surface Water Quality. 

Table 14-1: Key Issues for Aquatic Resources 
Project Phase Key Issue Source Relevance to Project 

Changes in 
aquatic habitat in 
local drainages  

AENV TOR, 
Section 4.11 

Project construction will require alteration of the 
channels in Tributaries 1 and 2. Channel 
alteration could affect fish habitat if it were 
present. 

Construction 

Changes in 
aquatic habitat 
caused by 
instream 
disturbance in 
NSR 

AENV TOR, 
Section 4.11; 
Professional 
judgement 

A new water intake structure on the NSR will be 
required. The location and design of the 
structure has not been finalized, but it is 
assumed that instream construction will be 
required. Instream construction will result in 
disturbance to the bed and banks of the NSR 
and could cause downstream sedimentation. 



Sturgeon Upgrader Project Volume 2: Environmental and
Section 14: Aquatic Resources Socio-economic Impact Assessment
 

December 2006  
Page 14-2  
 

Table 14-1: Key Issues for Aquatic Resources (cont’d) 
Project Phase Key Issue Source Relevance to Project 

NSR fish mortality 
caused by 
entrainment in 
water intake 

Professional 
judgement 

Water withdrawal from the NSR has the 
potential to affect fish either through 
impingement from intake screens or 
entrainment of fish in the water intake.  

Changes in 
tributary water 
level and flows 

AENV TOR, 
Section 4.11 

Alteration of the drainage patterns within the 
PDA could affect the timing and volume of flow 
in the tributaries and thereby could affect fish 
habitat, if present. 

Increase in water 
demands on NSR 
flows 

AENV TOR, 
Section 4.11 

The Project will require withdrawal of some 
water from the NSR. A reduction in flow has the 
potential to reduce aquatic habitat downstream 
of the water intake location.  

Operations 

Effluent effects on 
NSR fish and fish 
habitat 

AENV TOR, 
Section 4.11 

Project effluent will be released into the river 
and water quality in the mixing plume will be 
altered. This has the potential to: 
• affect the health of aquatic life 
• have localized toxic effects 
• cause eutrophication and indirect loss of 

fish habitat 

14.3 Study Area 

14.3.1 Local Study Area 
The local study area (LSA) for the aquatic resources assessment includes:  

• the main channel of the NSR, from 5 km upstream to 10 km downstream of the PDA 

• the channels of Tributary 1 and Tributary 2 from their western intersection with the PDA to 
their confluence with the NSR. The LSA includes only the channels and associated riparian 
vegetation. 

This LSA was selected to include: 

• the portion of the NSR that could be affected by Project water withdrawal and effluent 
deposition 

• reference areas upstream of the water intake 

• locations downstream of the water intake where samples were collected for near and 
far-field benthic invertebrates 

Figure 14-1 shows the location of the LSA. 
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14.3.2 Regional Study Area 
The regional study area (RSA) for the aquatic resources assessment includes the portion of the 
NSR from the Gold Bar Wastewater Treatment Plant (WWTP) in Edmonton (about 45 km 
upstream from the PDA) to the intersection with the Redwater River, about 500 m downstream 
of Highway 38 (Figure 14-1). This RSA is 60 km long and encompasses all the regional 
developments whose effects on aquatic resources would overlap with those of the Project.  

14.4 Project Effects Characterization 
Table 14-2 presents the descriptors and associated definitions that were used to characterize 
the level and consequence of Project effects on aquatic resources.  

14.5 Baseline Conditions 

14.5.1 Baseline Methods 

14.5.1.1 Bank and Stream Habitat Conditions 

Tributaries 1 and 2 
Fish habitat in Tributaries 1 and 2 in the LSA was investigated between May 1 and May 4, 2006. 
The investigations included, where appropriate, habitat mapping, site photo records, water 
quality sampling and stream discharge measurements. Although water was present in certain 
portions of the tributaries during the early summer assessment period, the tributaries were dry 
during the fall assessment period. 

Tributary 1 was sampled along a 400-m reach in the northeast corner of the LSA and at the 
confluence with the NSR. Figure 14-2 shows the locations of these sampling sites. 

Tributary 2 was examined at four locations:  

• the crossing at Range Road 222 
• the crossing at Range Road 221 
• along Highway 643  
• at its confluence with the NSR  

Habitat information collected at the tributaries included substrate type, bank stability, channel 
morphology, instream cover, width, depth, aquatic vegetation type and riparian vegetation type. 
Water quality measurements (pH, dissolved oxygen, oxygen saturation, conductivity, salinity 
and temperature) were recorded where feasible at each tributary and a stream discharge was 
calculated at Tributary 2 using a velocity meter. Benthic invertebrates were not collected in 
either tributary due to the absence of water during the fall assessment period. 

North Saskatchewan River 
The NSR was sampled over a 15-km length, from 3 km upstream of the site for the water intake 
to 10 km downstream of that site. Sampling was completed on May 3 and 4, 2006. The large 
river classification system (R. L. & L. 1994) was used to map the bank type, channel unit, 
aquatic vegetation, location of tributaries and bank stability. Depth of the thalweg was measured 
with an electronic depth sounder along the entire 15-km study reach. Areas greater than 2 m in 
depth were marked on the river habitat map (Figure 14-3). 
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Table 14-2: Effects Characterization for Aquatic Resources 
Attributes Description Rating Definition 

Negligible Project will not affect aquatic habitat and/or the aquatic community in 
waterbodies in the LSA 

Low Project will affect aquatic habitat and/or the aquatic community in 
waterbodies in the LSA, but these effects will be within the range of natural 
variability 

Moderate Project will affect aquatic habitat and/or the aquatic community in 
waterbodies in the LSA and changes beyond the range of natural variability. 
However, in the RSA, changes to aquatic habitat and/or the aquatic 
community will remain within the range of natural variability. 

Magnitude/extent The degree of change (or 
risk) to aquatic habitat 
and/or the aquatic 
community 

High Project will affect aquatic habitat and/or the aquatic community in 
waterbodies in both the local and RSAs and changes beyond the range of 
natural variability can be measured 

Short term Effect will be measurable for less than one year 
Medium term Effect will be measurable for more than one year, but not beyond the 

operating life of the Project 

Duration The length of time over 
which the effect is 
measurable 

Long term Effect will be measurable beyond end of the Project closure phase 
Reversible Measurable parameter will likely revert to baseline conditions following or 

before the end of Project life  
Reversible/Non-
reversible 

The potential for the 
measurable parameter to 
return to baseline 
conditions in the absence of 
the Project 

Non-reversible Measurable parameter will unlikely revert to baseline conditions following the 
end of Project life 

None No measurable effects on aquatic habitat and/or the aquatic community 
beyond the range of natural variability 

Low Minor effects on aquatic habitat or the aquatic community within the 
tributaries, but no effects on the NSR 

Moderate Loss of aquatic habitat and/or effects on the aquatic community within the 
LSA; no effect on the RSA 

Environmental 
consequence 

The potential for the Project 
to measurably affect 
aquatic habitat and aquatic 
communities 

High Loss of aquatic habitat and/or effects on aquatic community in the local and 
RSAs, or loss of habitat for threatened or endangered species 

Yes Project effects will contribute measurably to cumulative effects on aquatic 
resources 

Potential for 
cumulative effects  

The potential for the Project 
to contribute measurably to 
cumulative effects No Project effects will not contribute measurably to cumulative effects on aquatic 

resources 
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14.5.1.2 Fish Community Surveys 

Tributaries 1 and 2 
Tributaries 1 and 2 and the NSR were sampled for fish presence from May 2 to 4, 2006 to 
gather information on fish communities in the LSA. 

There was insufficient water in Tributary 2 for sampling. In Tributary 1, a Smith-Root Type 
LR-24 backpack electrofisher and Gee type minnow trap were used for sampling. The 
electrofishing effort along this tributary was 588 s (seconds) and a single minnow trap was set 
for 71 h (hours). Electrofishing effort represents the number of seconds that the electrofisher 
unit was active, not the total time spent during a given run. 

North Saskatchewan River 
Electrofishing was also used to sample fish in the NSR and was conducted using a Smith-Root 
GPP 2.5 portable electrofishing unit equipped with port and starboard wire-dropper cathodes 
and Smith Root SAA-6 Electrode Arrays. The entire system was mounted on a 4.2-m Mercury 
inflatable boat. 

Five electrofishing runs were completed on May 4, 2006 (Figure 14-3). Each run was conducted 
parallel to the shore and sampling was limited to one side of the river, as shown in Figure 14-3. 
Sampling was generally conducted between 5 m and 15 m from the bank, but this varied 
depending on depth and obstacles in the river. 

The runs corresponded roughly with the various habitat types along the banks. The lengths of 
each run in the NSR and the number of seconds of electrofishing effort are found in Table 14-3.  

Table 14-3: Length and Sample Duration of Electrofishing Runs – NSR 
Run 

 
Sample Duration  

(s) 
Length  

(km) 
EF1 1,268 2.42 
EF2 960 2.46 
EF3 310 1.0 
EF4 452 1.6 
EF4 193 0.8 

All fish captured in each electrofishing run were identified to species and life history stage (i.e., 
young-of-the-year, juvenile, adult), sexed where possible (based on external characteristics), 
weighed and measured to the nearest millimetre (fork length), and the reach in which they were 
captured was noted. 

Before release, all fish were inspected for deformities, erosion, lesions and tumours 
(DELT survey), and signs of external parasitism. The location of affected tissue and severity of 
observed DELTs were recorded on a datasheet. Observed DELTs were classified as either mild 
(i.e., no effect on fish behaviour) or severe (i.e., might influence the ability of fish to perform 
certain biological functions). As part of the aquatic health study, eight longnose suckers were 
taken for fish tissue analysis. Collected fish were inspected for internal abnormalities and 
external DELTs. 
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14.5.1.3 Invertebrate Communities 
Invertebrate community sampling was conducted on September 6, 2006 in the NSR. Because 
there was no flowing water in either tributary, no benthic invertebrate sampling could be 
completed in the tributaries. This included the mouth of Tributary 1, which did not have sufficient 
water depth or velocity for sampling during the baseline investigation.  

Three sampling locations were chosen in the NSR: reference, near field and far-field. The 
reference location was upstream of the water intake location and the near and far-field locations 
were approximately 500 m and 10 km downstream of that location, respectively. Five samples 
were collected with a Hess cylinder at each location. Samples were collected along the left side 
of the river (facing downstream). For each sample, the substrate within the Hess cylinder 
(mesh size 210 µm) was disturbed for one minute. All collected invertebrates were rinsed into 
1-L plastic jars and preserved with 4-percent-buffered formaldehyde. 

To analyze the benthic invertebrate community in the study area several measurements were 
used (Table 14-4). These included total density (abundance) at each site, mean richness, 
Simpson’s diversity index, evenness, measures of the EPT Ephemeroptera (mayflies), 
Plecoptera (stoneflies) and Trichoptera (caddisflies) taxa, and measures of chironomid taxa. 

Table 14-4: Summary of Metrics Used for Benthic Invertebrate Assessment 
Category Metric Definition Response to Perturbations 

Total density Total number of organisms per 
given unit area (e.g., no./m2) 

The number of individuals at 
a perturbed site is expected 
to decrease. 

Mean richness Number of distinct species or taxa 
present. Measures the overall 
variety of the benthic invertebrate 
community. 

A measure of community 
health. Generally, a higher 
number of taxa suggests 
good quality habitat, diversity 
and water quality. 

Total EPT 
richness 

Total number of distinct taxa within 
the orders of Ephemeroptera, 
Plecoptera and Trichoptera. 

EPT are generally intolerant 
to pollution. A low EPT 
richness indicating degraded 
habitat and water quality. 

Richness 
measures 

Chironomid 
richness 

Total number of distinct taxa within 
the family Chironomidae. 

Chironomids are generally 
tolerant to pollution. A high 
chironomid richness indicates 
degraded habitat and water 
quality. 

% EPT The relative abundance of EPT taxa 
as a percent of the entire benthic 
sample. 

EPT are generally intolerant 
to pollution and are expected 
to decrease in degraded 
habitats. 

Composition 
measures 

% Chironomidae The relative abundance of 
chironomids as a percent of the 
entire benthic sample. 

Chironomid species are 
generally considered to be 
tolerant to perturbations and 
are expected to increase in 
degraded habitats. 
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Table 14-4: Summary of Metrics Used for Benthic Invertebrate Assessment 
(cont’d) 

Category Metric Definition Response to Perturbations 
Simpson 
Diversity Index 

Characterizes species diversity in a 
community. It takes into account 
both the density and taxonomic 
richness of benthic invertebrates.  

It is expressed as a number 
between one and zero, with 
one representing a 
community with high diversity 
and zero representing a 
community with low diversity. 

Diversity 
measures 

Evenness A measure of the equitability with 
which the total number of 
individuals is distributed among the 
total number of species. 

Evenness is expected to 
decrease in response to 
increasing perturbation. 

Tolerance/ 
Intolerant 
measure 

% Dominant taxa The most dominant taxa as a 
percent of the total number of 
individuals. 

The most dominant taxon is 
expected to increase in 
response to increasing 
perturbation. 

14.5.2 Bank and Stream Habitat Conditions  

14.5.2.1 Tributary 1 
Tributary 1 is about 15 km long and originates from a series of intermittent waterbodies and 
wetlands to the north of the PDA. It flows through the northeast corner of the PDA with 
approximately 900 m of the tributary occurring within the PDA boundary. It then flows east 
before entering the NSR. Tributary 1 was flowing when the investigation was completed on 
May 2, 2006. The average velocity was 0.08 m/s and discharge was 0.013 m3/s. The tributary’s 
characteristics are found in Table 14-5. Photographs can be found in Appendix 14A. Detailed 
water chemistry data can be found in Section 13: Surface Water Quality. 

Table 14-5: Tributary 1 – Water Quality and Habitat Summary 
Description Water Quality 

UTM Location 12 U 359334 5968575 Date May 2, 2006 
Average width (m) 3.5 Time 4:00 p.m. 
Average depth (m) 0.1 Discharge (m3/s) 0.013 
Maximum depth (m) 0.3 Velocity (m/s) 0.06 to 0.09 

Water temperature (°C) 6 
Channel characteristics Glide (90%), Class 3 pool (2%), riffle (8%) 

pH NA 
Dissolved oxygen (mg/L) 8.7 

Substrate Silt (50%), detritus (45%), sand (5%)  
Oxygen saturation (%) 70 

Aquatic vegetation No aquatic vegetation; some terrestrial 
grasses growing in shallow stream areas Conductivity (µS/cm)1 420 

Riparian vegetation Alder, grass, willow Turbidity (NTU) 1 

Habitat features Limited instream cover, abundant overhead 
cover   

NOTE: 
NA – not applicable 
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Tributary 1 was examined along a representative section in the LSA. This tributary appears to 
have intermittent flow and has sections with good overhead cover but poor instream cover. 
When water is present in the tributary, habitat is mostly glides1, with short sections of riffles and 
a small pool. The remnants of a beaver dam were located at the downstream end of the sample 
area, along the eastern boundary of the PDA. The remnants of the dam did not appear to 
present an obstacle to fish passage. Riparian vegetation was a mixture of willows, poplars and 
grasses, which provided from 50 to 100 percent overhead cover in some sections of the 
tributary. 

Based on the relatively uniform channel morphology, it appears that the tributary has been 
modified in the past—possibly to accommodate agricultural practices. 

The mouth of the tributary at its confluence with the NSR was examined and found to have 
flowing water. Several young-of-the-year fish (species unknown) were observed in small pools 
at the mouth of the tributary. In the North West Upgrader EIA, it was noted that debris jams and 
beaver dams upstream from the confluence with the NSR could restrict fish passage to the 
section of the watercourse near the PDA (Millennium 2006). In addition, there is an average 
6 percent gradient (based on measurements made on topographic maps) up the side of the 
NSR valley that could further restrict the passage of small-bodied fish beyond the toe of the 
valley slope. 

14.5.2.2 Tributary 2 
Tributary 2 is approximately 11 km long and originates in a wetland to the west of the PDA. It 
flows from west to east across the entire width of the PDA and drains into the NSR 
approximately 3 km downstream of the PDA. When the surveys were completed, there was no 
flowing water at any of the road crossings. A very slight, immeasurable flow was present at the 
mouth of the tributary. The locations of the survey sites along Tributary 2 are found in 
Figure 14-2. Photographs of the stream can be found in Appendix 14A. 

At Range Road (RR) 222, the tributary had a moderately defined channel upstream of the 
culvert that appeared to be acting as a drainage ditch, and instream vegetation was 
predominantly terrestrial grasses. There was a shallow pool of water downstream of the culvert 
on RR 222. The pool contained abundant mosquito larvae and some other invertebrates, but 
would not provide fish habitat. Therefore, no water quality measurements were taken. 

Cattle were grazing in what appeared to be the channel upstream of RR 221; however, there 
were no defined bed and banks. Water was pooled at the upstream and downstream ends of 
the culvert, and a dry swale was observed to the east of the crossing. The upstream and 
downstream culvert pools contained some mosquito larvae and other invertebrates (species 
unknown), but would not provide fish habitat. Topographic and satellite imagery show 
Tributary 2 crossing underneath Highway 643 between RR 220 and RR 221. During the fish 
habitat survey, it was observed that the tributary had been diverted into the ditch along the north 
side of Highway 643 and crosses to the south side of Highway 643 to the west of RR 220. The 
construction of the ditch has created a small berm that causes water to pool to the north of the 
highway. There is no evidence of a defined connection between the pool and the ditch.  

There was a defined channel at the confluence of this tributary and the NSR. However, the 
connection to the NSR was not well established and it is likely this area would only act as a 

                                                      
1Glides are shallow (less than 0.3 m deep), wide, slow flowing (less than 0.2 m/s), non-turbulent and lack 
a defined thalweg. Substrate is usually silt and sand but might consist of gravel to small cobble. 
Featureless with low instream cover (R.L. & L. 1994). 
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refuge for juvenile fish from the NSR during high NSR water levels (which would flood the mouth 
of the channel). Tributary 2 does not provide any fish habitat in the LSA. 

14.5.2.3 North Saskatchewan River 
Within the limits of the RSA, the NSR displays an irregular wandering pattern with well-defined 
and stable banks. Few islands are present in the RSA, with the most notable being a multiple 
island complex near the upstream end of the LSA. This reach of the NSR is classified as a 
Class C watercourse by AENV with a restricted activity period (RAP) of April 16 to July 31 
(AENV 2000). Mid-channel depth was consistently between 1.5 m and 2 m, with a 5-m deep 
section near the upstream end of the LSA and two 3-m-deep areas near the confluence with 
Tributary 1. 

Discharge and velocity measurements were taken from AENV and Water Survey of Canada’s 
Edmonton station (Station 05DF001). The measurements for May 2 to May 4, 2006 ranged from 
135 m3/s to 210 m3/s (AENV 2006, Internet site). The discharge fluctuation is the result of 
upstream hydroelectric operations at the Bighorn Dam near Nordegg. Operations at the dam 
resulted in average water level fluctuations of 0.3 m during the study period (WSC 2006, 
Internet site). 

During the field trip that took place May 2 to 4, instream habitat in the NSR was difficult to 
classify because of the depth and turbidity of the water. During the benthic invertebrate survey 
on September 6, 2006, water clarity had improved and the substrate could be observed. The 
substrate throughout the LSA was primarily a mixture of cobble and gravel, with some fine 
material in shallow areas near shore. Bedrock slabs and large boulders are scattered 
throughout the LSA and provide good instream cover. These findings are comparable to the 
results found in the 2005 survey of the area (Millennium 2006). An area of shoals composed of 
gravel and cobble was observed near the upstream end of the LSA. These shoals were 
associated with a multiple island complex and would provide excellent habitat for rearing fish. 
There was a riffle near the downstream end of the LSA that spanned the entire width of the river 
and was composed of large boulders and cobbles, providing good instream cover. 

The LSA was mapped according to the large river classification system developed by R.L. & L. 
(1994). Details on the bank habitat are found in Figure 14-4 and Table 14-6. Definitions of the 
bank habitat types can be found in Appendix 14B, Table 14B-1. The dominant channel unit was 
run habitat with a depth greater than 1 m. The portion of the NSR in the LSA was primarily a 
mixture of steep, erosional areas along the northwest side of the valley wall and gently sloping 
depositional areas along the opposite bank. The majority of banks in the LSA were classified as 
erosional, with a mixture of low and high slumping banks. Offshore of these areas, flows tend to 
be high and instream cover is provided by vegetation, eroded bank materials and depth. 
Depositional areas were associated with the insides of meanders and consisted mostly of 
shallow areas composed of embedded cobble with low velocities. 

The deeper sections of the river might provide some overwintering habitat. However, in general, 
the portion of the NSR in the LSA provides habitat suitable for rearing, feeding and migration for 
a variety of fish species. The deeper cobble-gravel runs could provide spawning habitat for 
mountain whitefish (Scott and Crossman 1973); this type of habitat is abundant in the local and 
RSAs. 
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Table 14-6: Summary of Bank Habitat in the Local Study Area 
Bank Habitat Type 

 
Total Length  

(km) 
Percentage 

(%) 
D1 9.62 31 
E4 5.57 18 
E6 5.52 18 
E5 2.52 8 
D2 2.51 8 
E3 2.30 7 
E2 1.86 6 
A4 0.71 2 

14.5.3 Fish Communities 

14.5.3.1 Tributaries 1 and 2 
No fish were captured through electrofishing or minnow traps. Several young-of-the-year fish 
were observed at the mouth of Tributary 2. The fish were too small to be captured by minnow 
trapping or electrofishing and therefore could not be identified. Previous studies of Tributary 1 
found minnow species, longnose and white sucker (Millennium 2006). In that study, all fish were 
captured between the mouth of the tributary and the first beaver dam 300 m upstream.  

14.5.3.2 North Saskatchewan River 
Alberta Sustainable Resource Development (ASRD) maintains the Fisheries Management 
Information System (FMIS), a database of fish captured in the province. This data was provided 
by D. Watters of ASRD in September 2005. The database consists of information returned from 
fish research licenses issued for the purpose of scientific collection. Data were available from 
1990 to 2004. These results and those from the North West Upgrader (Millennium 2006) are 
presented in Table 14-7. A list of fish species known to occur in the LSA is found in Appendix 
14B, Table 14B-2. 

Twenty species have been captured over the past 16 years in the LSA. Nearly 70 percent of fish 
captured during previous sampling efforts have been longnose or white sucker. The most 
abundant sportfish were walleye and goldeye, which comprise an additional 10 percent of the 
total fish captured. Overall numbers are low, although no quantitative assessment can be done 
because the level of effort and type of gear used is not known. 
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Table 14-7: Fisheries Management Information System – Fish Sampling Data 
Species 

 
1990 

 
1997 

 
1998 

 
2000 

 
2001 

 
2004 

 
2005 

 
Total 

 
Percentage

(%) 
White sucker  139 10  3 41 8 201 34.1 
Longnose sucker  117 5  29 22 19 192 32.6 
Walleye 5 8    17 2 32 5.4 
Goldeye 2 22    2 4 30 5.1 
Shorthead redhorse  17 2   7 2 28 4.8 
Mountain whitefish  11    3  14 2.4 
Longnose dace   10  2  1 13 2.2 
Northern pike  4 1   6 1 12 2.0 
River shiner   10    1 11 1.9 
Trout perch   5   4 2 11 1.9 
Spottail shiner   10     10 1.7 
Emerald shiner  2 4   3  9 1.5 
Sauger 1 2    6  9 1.5 
Brook stickleback      3 3 6 1.0 
Mooneye      1 3 4 0.7 
Quillback      2  2 0.3 
Burbot 1       1 0.2 
Finescale dace       1 1 0.2 
Fathead minnow   1     1 0.2 
Lake sturgeon    1    1 0.2 
Northern redbelly dace  1      1 0.2 
Total 9 323 58 1 34 117 47 589 100 

A summary of the electrofishing runs completed during the field survey can be found in 
Table 14-3. 

Six species were captured during the electrofishing (Table 14-8). None of the species captured 
are listed as being of concern by either the provincial or federal governments. Most of the fish 
were captured in association with the depositional areas and approximately half of the fish were 
captured in an area along the west bank, across the river from the water intake for Shell’s 
Scotford Complex. The most common species were longnose sucker and white sucker, 
comprising over 60 percent of the fish captured. These results are comparable to the recent 
study for the North West Upgrader (Millennium 2006). Details of the captured fish are listed in 
Appendix 14B, Table 14B-3. 

Only three of the captured fish (10 percent) had some form of DELT (cases showed deformity, 
lesion and tumour) and all instances were minor. These DELTs were found on suckers and two 
were consistent with injuries often sustained during spawning activity. This number is consistent 
with the 13 percent of fish found during the assessment for the North West Upgrader 
(Millennium 2006), but far less than what was found during the assessment for the Scotford 
Upgrader Expansion Project (AXYS 2005). No internal DELTs were found on the eight fish 
sampled for tissue analysis. 
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Table 14-8: Fish Species Captured during Electrofishing Survey – NSR 
Species Total 

Goldeye 1 
Longnose sucker 9 
Mountain whitefish 4 
Silver redhorse 2 
Walleye 4 
White sucker 8 

Total 28 

At the end of the habitat investigation, four anglers arrived at the boat launch location. All were 
interviewed about species and success in the area. All four reported capturing pike, walleye, 
goldeye and whitefish in the area; however, overall success was low, particularly early in the 
season.  

14.5.4 Invertebrate Communities 
Table 14-9 provides a summary of the benthic invertebrate community composition. 
Tables 4B-4 through 14B-6 provide a physical summary of the three sites sampled. All raw data 
can be found in Appendix 14B.  

Table 14-9: Summary of Benthic Invertebrate Metrics Used for the NSR at 
Fort Saskatchewan 

Parameter Reference Near Field Far-field 
Total density (SE) 7,357 ± 1,450 23,357 ± 6,639 25,312 ± 5,209 
Total Richness  38 37 35 
Simpson's Diversity Index 0.90 0.83 0.73 
Evenness 0.26 0.16 0.11 
Total EPT Richness 11 16 11 
Chironomid Richness 8 6 8 
% EPT 19 32 11 
% Chironomids 41 53 78 
Dominant taxa (%) Diptera (41), 

Oligochaeta (19), 
Trichoptera (14) 

Diptera (54), 
Trichoptera (18), 
Ephemeroptera (13) 

Diptera (80), 
Trichoptera (8), 
Oligochaeta (5) 

All of the sites sampled had similar physicochemical composition (Table 14B-4 to 14B-6). All 
sampled sites had similar substrate composition with a high presence of benthic algae and 
substrate embeddedness of 80 percent. Water depth at these sites ranged from 0.25 m to 
0.5 m. Water velocity ranged from 0.1 m/s to 0.8 m/s. 

Benthic invertebrate density (no./m2) was lowest at the upstream reference site with 
7357 ± 1450 individuals/m2 while the far-field site had 25,312 ± 5209 individuals/m2  
(Table 14-9). 
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The increase in total density, decrease in diversity, decrease in relative abundance of EPT taxa 
and increase in the relative abundance of chironomid taxa from upstream to downstream 
suggest an increasing nutrient concentration in the water from the upstream reference site to 
the downstream far-field site. The increase in nutrients, as suggested by the changes in the 
benthic invertebrate community structure, is also supported by the water quality models results 
in Section 13: Surface Water Quality. 

14.6 Project Design and Mitigation to Reduce Effects 

14.6.1 Construction 
To minimize the effects of Project construction activities on aquatic resources, several design 
and mitigation measures will be implemented. 

The site will be isolated by the construction of diversion channels to convey the flow in 
Tributaries 1 and 2 around the site, and interceptor berms and swales to direct other overland 
runoff around the site. The diversion channels will be designed to prevent increased 
downstream erosion. Neither tributary provides aquatic habitat in the LSA and Fisheries and 
Oceans Canada (DFO) has issued a Letter of Advice indicating that alterations to the tributaries 
will not constitute a harmful alteration, disruption or destruction (HADD), assuming appropriate 
mitigation measures are employed. Channel diversions will be designed to maintain existing 
downstream flows and seasonal discharge patterns to preserve downstream aquatic habitat.  

An internal drainage system will then be developed to convey runoff from disturbed areas inside 
the site to stormwater ponds. Stormwater ponds used for construction will be one cell of the final 
(operational) two-cell ponds. At the north development, containment berms will be provided 
around the east (downslope) boundary of the site to contain runoff for events up to the 1:100 
year storm. Additional information on tributary relocation and construction drainage 
management is presented in Volume 1, Section 5.3.6: Construction Water Management.  

An erosion and sedimentation control plan will be implemented for tributary relocation, site 
stripping and construction to ensure sediment loading in any surface runoff does not exceed 
expected predevelopment rates. The plan will include the following design and mitigation 
measures to minimize the effects of Project construction activities on hydrology and surface 
water quality: 

• Stripping of vegetation and topsoil, and replanting vegetation, will be scheduled to limit the 
extent and duration of bare soil exposure to rainfall. 

• Topsoil stockpiles inside and outside the isolated area will be protected by sediment control 
fences. 

• Sediment control fence will be placed around the perimeter of construction zones. 

• Check dams with geotechnical fabric will be placed in internal drainage channels to lower 
flow velocities and promote sediment deposition. 

• Erosion control matting will be used on any slopes steeper than 10H:1V in the grassed 
channels and swales to minimize erosion while the grass is becoming established. 

• Long-term stockpiles of topsoil or subsoil will be protected using one or more of the following 
to limit erosion: relatively flat side slopes, erosion control matting, vegetation, or other best 
management practices. 

• Trenches, silt fencing and flow barriers will be installed to minimize or prevent the movement 
of sediment from disturbed areas. 
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The portion of the NSR in the LSA is designated as a Class C watercourse2 with a RAP of 
April 16 to July 31 to protect spring-spawning fish, incubating fish eggs and newly hatched fry 
(AENV 2000). No instream construction would occur during this timeframe.  

To further reduce disturbance, the cofferdam and water intake construction will be constructed 
between September and October when flows typically range between 150 m3/s and 175 m3/s. In 
addition, the cofferdam will be built of sheet piling to minimize sedimentation to the greatest 
extent possible. When the cofferdam is constructed, a fish salvage will be completed to remove 
and relocate any fish that might be trapped behind the dam. To prevent introduction of 
sedimentation or contamination into the NSR during construction: 

• All equipment will be refuelled at least 100 m from the NSR shoreline. A hydrocarbon spill kit 
will be onsite at all times. 

• All hazardous materials will be properly stored and contained at least 100 m from the NSR 
shoreline. 

• Washing of heavy equipment (e.g., mud-covered buckets on backhoes) in the NSR will not 
be permitted. 

• Equipment operating near the NSR will be free of external grease, oil or fluid leaks. 

14.6.2 Operations 
Details of the mitigation measures for surface runoff can be found in Section 12: Hydrology and 
Section 13: Surface Water Quality. A summary of the recommendations is presented here. 

The stormwater system will be designed and constructed to contain and collect stormwater from 
the developed portion of the facility outside the processing area. This water is predominantly 
clean and of good quality and will be used by the Project to reduce the requirement for 
additional raw water withdrawal from the NSR. On confirmation that the retained stormwater is 
uncontaminated, the water will be released into the ditches that collect water from the roadways 
in the tank farm and directed to a clean stormwater pond for reuse. Stormwater that collects in 
the process areas will be collected in a contained system or Potentially Contaminated Sewer 
System (PCSS). This system will be an underground system inside the paved developed 
process area, which eventually connects to the stormwater collection system. The catch basins 
for the PCSS will be connected together within each process area. Water seals will separate 
each catch basin to prevent the propagation of fire between and through the PCSS system.  

Water for the upgrading process will be withdrawn from the NSR. The water intake will be 
designed to prevent the entrainment and impingement of larval sport fish. The water intake will 
be designed to the criteria outlined in Table 14-10 (DFO 1992, 1995). 

                                                      
2 Class C – Moderate sensitivity; habitat areas are sensitive enough to be potentially damaged by unconfined or unrestricted 
activities in a waterbody; broadly distributed habitats supporting local fish species populations.  
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Table 14-10: Water Intake Screen Design Requirements 
Item Criterion 

Target fish Sport fish swimming in the subcarangiform3 mode 
Fish length to be excluded from 
entrainment/impingement 

≥25 mm 

Maximum screen mesh size 2.54 mm 
Maximum approach velocity 0.1 m/s  
Net screen area per m3/s flow 10 m2 
Screen open area >50% of total screen area  
Screen material Stainless steel (wedge wire) 
Cleaning/debris removal Screens will be self-cleaning (i.e., air pressure back flushing) 
Screen location A minimum of 30 cm above the river bottom to prevent entrainment of 

sediment, fish eggs and benthic invertebrates 

The subcarangiform mode of swimming is specified for the intake design parameter because 
this is the mode almost all of the large-bodied fish in the LSA use (walleye, sauger, white and 
longnose sucker, goldeye, mooneye, mountain whitefish and lake sturgeon). Fish that swim in 
the less-powerful anguilliform4 mode include burbot and possibly northern pike. Only a single 
burbot has been captured in the LSA since 1997 and northern pike have only been captured in 
low numbers. During larval fish monitoring in 2003 and 2004 near the upstream Shell Scotford 
Complex water intake, only one larval northern pike (23-mm length) was captured (AXYS 2005). 
Recent studies suggest that juvenile northern pike are more powerful swimmers than originally 
thought. Their performance during water intake studies indicated they could exceed velocity 
criteria established for the more powerful subcarangiform fish species (Peake 2004). 

The 25-mm fish length criterion will be used as an additional intake screen design parameter as 
most fish larvae remain in the bottom substrate until reaching an approximate size of 25 mm 
(DFO 1995).  

The water intake will be orientated so that the angle of the screen that faces the direction of the 
river flow does not exceed 45o (i.e., screen is parallel or near parallel to river flow). Placing the 
intake parallel to the river flow has two distinct advantages (Pearce and Lee 1991):  

• The sweeping velocity assists in moving smaller debris along the screen face, reducing the 
build up of debris on the screen.  

• The likelihood of impinging or entraining larval fish is reduced, as fish will be transported 
past the screen face at a velocity faster than the approach velocity.  

                                                      
3 Subcarangiform – Swimming mode for fish that swim like trout or salmon and move through the water by undulating the 
posterior third to half of their body. 
4 Anguilliform – Swimming mode for fish that swim like an eel, and move through the water by undulating most or all of their 
body. 
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14.7 Project Residual Effects 

14.7.1 Analyses 

14.7.1.1 Changes in Aquatic Habitat in Local Drainages  
Tributaries 1 and 2 will be diverted prior to construction to isolate flows from potential Project 
effects. Changes in channel characteristics and flow regimes in the tributaries are presented in 
Section 12: Hydrology, and the proposed diversion of the channels during construction is 
outlined in Volume 1: Project Application. Professional judgement was used to assess potential 
effects on aquatic habitat on local drainages. 

14.7.1.2 Changes in NSR Aquatic Habitat Caused by Instream Disturbance 
Based on the previous designs, professional judgement was used to estimate the effects that an 
intake structure might have on aquatic habitat. The final design of the intake structure is not 
known, but the use of a cofferdam to isolate the intake construction area from flowing water was 
assumed and taken into account. 

14.7.1.3 NSR Fish Mortality Caused by Entrainment in Water Intake 
Based on previous designs, professional judgement and monitoring studies were used to 
evaluate the potential risk of fish entrainment in the intake structure, based on guidelines from 
DFO (1992, 1995). 

14.7.1.4 Changes in Tributary Water Level and Flows 
Construction of buildings, parking lots and other impermeable surfaces will increase surface 
runoff within the PDA that will be directed away from the tributaries, resulting in a loss of 
drainage area. The loss of drainage area is quantified in Section 12: Hydrology. Professional 
judgement was used to determine the effects on fish and fish habitat.  

14.7.1.5 Increase in Water Demands on NSR Flows 
The effects of project-related water demands on aquatic habitat and communities were based 
on the results presented in Section 12: Hydrology, for the effects of water withdrawal on the 
overall flow in the NSR. The principle is that a reduction in flow will lead to a reduction in water 
depth and, therefore, a reduction in the total area available for fish habitat, or wetted usable 
area (WUA) (Bovee and Bartholow 1996). 

Because detailed habitat near the intake and pump house was not available, the quality of the 
habitat could not be accounted for, only the loss in WUA. The loss in WUA was determined 
through a review of aerial photographs and calculations, over a 1 m wide section of the river, of 
the loss in depth resulting from the maximum withdrawal rate. Based on observations during the 
benthic invertebrate sampling, the slope along the banks around the intake was 20 percent. This 
value was used to determine the loss of wetted habitat along the edges.   
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14.7.1.6 Effluent Effects on NSR Fish and Fish Habitat 

Aquatic Health Risk Assessment 
A screening level ecological risk assessment (SLERA) was done to determine potential 
population-level effects of Project effluent on aquatic receptors in the LSA (Appendix 14C for the 
complete assessment). This level of risk assessment was selected based on the guidance 
documents from Health Canada and the Canadian Council of Ministers for the Environment 
(CCME). 

A SLERA is an assessment of the potential environmental risk to specific ecological receptors 
that have been determined to be of major importance. A SLERA is based primarily on data from 
literature reviews and from previous or preliminary studies at the site. It helps to determine if 
remediation is required or not, and forms the basis for scoping more detailed ecological risk 
assessment studies, where they are deemed necessary.  

In order to identify which components of the Project effluent would have the greatest potential to 
affect aquatic life, a comprehensive screening was undertaken. Based on this screening, two 
chemicals of potential concern (COPC) were identified for further assessment: Phenols and 
Chloride. Details on the chemical screening process can be found in Appendix 14C.  

Potential effects on individual freshwater species were not evaluated in the SLERA. Rather, 
toxicity assessments were based on freshwater quality screening benchmarks, called chronic 
effects values (CEVs) that are considered protective of all aquatic life for each COPC. Appendix 
14C outlines the freshwater quality benchmarks used in this risk assessment. Risks were 
characterized based on the degree of exceedance of the COPC over the CEV (Appendix 14C). 

Localized Toxic Effects 
To assess whether the effluent has the potential to affect aquatic habitat use near the 
wastewater outfall, the concentration of ammonia downstream of the outfall was examined. 
Ammonia was chosen as an indicator, because after dissolved oxygen, it is the most important 
water quality parameter that affects fish (Francis-Floyd and Watson 1996). The effects of 
ammonia are seen almost immediately and, therefore, an elevated concentration of ammonia 
could result in an area of the river becoming unusable and, therefore, directly lost as fish 
habitat. 

Ammonia in water exists in two forms, ionized and un-ionized, and it is the ionized portion that is 
directly toxic to aquatic life. Research on a variety of species has found that a concentration of 
un-ionized ammonia (UIA) in excess of 0.041 mg/L will also begin to affect aquatic organisms 
and could result in altered behaviour (Francis-Floyd and Watson 1996; Chambers et al. 2001). 
The CCME guideline for UIA is 0.019 mg/L. The concentration of UIA is dependent on the total 
ammonia concentration (the parameter modelled in Section 13: Surface Water Quality), the pH 
of the water and the temperature. As temperature and pH increase, so does the fraction of total 
ammonia that is un-ionized (CCME 1999). 

Eutrophication 
The water quality modelling results (Section 13: Surface Water Quality) were reviewed, based 
on professional judgement, to assess any potential effects on fish habitat from eutrophication. 
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14.7.2 Changes in Aquatic Habitat in Local Drainages 
As outlined in Section 12: Hydrology, re-channelizing Tributaries 1 and 2 will result in a 
negligible to low effect on the hydrological regime of the tributaries. Therefore, rechannelizing is 
not predicted to affect downstream flow and will have negligible effect on the aquatic community 
and habitat. These tributaries have no fish habitat.  

The effects of construction on aquatic habitat in local drainages will be negligible to low in 
magnitude, medium term, reversible and have low environmental consequence. No cumulative 
effects are expected for Tributary 1 or Tributary 2. North West Upgrading is also proposing to 
realign Tributary 1, but this is not expected to have any effect on flows, so the Project will not 
contribute to cumulative effects. 

14.7.3 Changes in Aquatic Habitat Caused by Instream Disturbance in NSR 
The location for the water intake and pump house is along the west side of the river. The bank is 
steep and eroding in some sections, and aquatic habitat near the shore consists of alternating 
areas of shallow water (0.3 m to 0.7 m) with a cobble substrate embedded with fine materials 
and deeper water (1 m to 1.5 m) with a silt substrate. Instream and overhead cover are very 
limited in this area. This type of habitat is common in the LSA and RSA and provides limited 
rearing and feeding habitat for juvenile fish of all species and adult minnow species.  

The location for the water intake and pump house does not offer habitat for the only COSEWIC-
listed species known to occur in the area—the lake sturgeon. When the design of the water 
intake and pump house is finalized, a more detailed study of the habitat loss will be conducted 
and a compensation plan will be developed to offset any loss of instream habitat. Compensation 
for habitat loss could take the form of increased instream and overhead cover along the banks, 
both of which are limited in the LSA. Instream cover could be bank armouring (riprap) to protect 
the water intake and pump house combined with shrubs along the water’s edge to provide 
overhead cover. Studies have found that bank armouring contributes to higher species numbers 
of coolwater and warmwater species, such as those found in the NSR (Pennington et al. 1983; 
Farabee 1986). 

Construction of the water intake structure will require that the area be isolated from flows in the 
river. While a final design has yet to be developed, it is assumed that some form of cofferdam 
will be used. Installation of the cofferdam could result in the release of sediment into the NSR. 
However, it is unlikely that the sediment will have a great effect on habitat in the river for several 
reasons: 

• Substrate at and downstream of the water intake location either comprises or is already 
embedded with fine material and is therefore less susceptible to sedimentation. 

• Velocities near the shore where the water intake will be located are low and therefore the 
sediment is unlikely to travel any great distance downstream. 

• Construction and removal of the cofferdam will occur over a short period during periods of 
low flow, further limiting the amount of sediment that could enter the river.  

Construction of the cofferdam will also result in a temporary loss of aquatic habitat in the area 
between the dam and the intake structure. This loss will not be permanent and the habitat will 
be restored once the cofferdam is removed. 

The effects of the water intake structure on aquatic habitat will be moderate in magnitude, 
medium in duration, reversible and have low environmental consequence. Because the effects 
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will not change aquatic habitat in the regional area outside of the range of natural variability, the 
Project will not contribute measurably to cumulative effects on aquatic habitat. 

14.7.4 NSR Fish Mortality Caused by Entrainment in Water Intake 
The target fish species for intake screens is a 25-mm sport fish. Application of the mitigation 
measures outlined in Section 14.6.2 will substantially reduce the risk that larval fish will become 
entrained in the intake or impinged on the intake screen. These mitigation measures were 
incorporated by Shell Canada during upgrading of the Shell Scotford Complex water intake. The 
screen was designed with a 1.75-mm screen mesh and a maximum approach velocity of 
0.09 m/s (Golder 2004). 

Monitoring of the intake screens has demonstrated that the system is effective at preventing 
entrainment of fish larvae. Shell monitored this fish screen design in 2003 and 2004. In 2003, 
larval fish sampling captured a total of 49 larval fish (species unknown) that were entrained in 
the water intake system. The larval fish ranged in length from 7 mm to 12 mm, below the target 
size of 25 mm. River sampling near the intake was also done at the same time and no larval 
sport fish were captured. In 2004, a total of 23,779 larval fish were captured drifting passively in 
the river around the intake. At this time, only nine larval fish (6 mm to 13.5 mm length) were 
entrained in the intake system (Golder 2004). The monitoring data from 2003 and 2004 indicate 
the fish screen effectively prevented larval fish greater than or equal to 25 mm in length from 
becoming entrained or impinged, and the screen exceeded design requirements because it was 
effective at preventing fish greater than 14 mm from becoming entrained. Incorporation of a 
similar design for the current Project should yield similar results. 

The effects of entrainment at the water intake on fish mortality will be negligible to low in 
magnitude, medium term, reversible and have low environmental consequence. Project effects 
will not contribute measurably to cumulative effects on fish mortality.  

14.7.5 Changes in Tributary Water Level and Flows 
Onsite stormwater ponds will trap all excess runoff from site facilities up to a 1-in-100-year 
event. Events larger than that will result in release of water to the tributaries. Therefore, during 
normal operations, there will be a reduction in total drainage area for each of the tributaries. 
This reduction was small and the effect to overall flow patterns in the tributaries is expected to 
be negligible (Section 12: Hydrology). Since the aquatic habitat within the tributaries is limited to 
providing flow to downstream areas, loss of drainage is not expected to affect aquatic 
resources.  

The effects of surface runoff on the aquatic habitat in Tributaries 1 and 2 are predicted to be low 
in magnitude, medium term in duration, reversible and have no environmental consequence. 
Project effects will not contribute measurably to cumulative effects on aquatic habitat in the 
tributaries. 

14.7.6 Increase in Water Demands on NSR flows 
The amount of water withdrawal for the Project is a relatively small fraction of the overall flow in 
the NSR. Even with maximum withdrawal during a low-flow period, the Project will withdraw a 
maximum of 0.46 m3/s or 0.80 percent of the 7Q10 flow in the NSR. The minimum wetted width 
of the NSR near the water intake location is approximately 80 m (measured from aerial 
photographs), which, combined with the maximum water withdrawal rate of 0.46 m3/s, would 
result in a 0.00575 m decrease in depth at the intake location. This translates into a loss of 
approximately 0.01 m2 of WUA in the 1 m section of the river downstream of the intake and 
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even less farther downstream. This would have a negligible effect on the total wetted useable 
area in the river, especially given that the average daily fluctuation in water level is 0.2 m (AENV 
2006, Internet site).  

The effect of water withdrawal from the NSR on aquatic habitat will be low in magnitude, 
medium term, reversible (lasting for the operations phase of the Project) and have no 
environmental consequence. Project effects have the potential to contribute to cumulative 
effects on aquatic habitat in the NSR. 

14.7.7 Effluent Effects on NSR Fish and Fish Habitat 
Effluent discharge will increase the load of a broad array of chemical parameters, including 
metals, total dissolved solids (TDS) and nutrients (phosphorus and nitrogen). Aquatic resources 
could be affected either through direct toxic effects or through alterations to aquatic habitat 
resulting from eutrophication (nutrient enrichment) or temperature changes. 

14.7.7.1 Aquatic Health Effects 
The two chemicals of potential concern, Phenols and Chloride, identified in the SLERA were 
below the chronic effects values indicating negligible residual effects resulting due to water 
quality on aquatic life. Therefore, water is not considered a major pathway in the aquatic health 
risk assessment for the Project. 

The attributes of magnitude, duration, and reversibility used in the other assessments do not 
apply to risk assessments, as these criteria are part of the risk assessment calculation. 

14.7.7.2 Localized Toxic Effects 
Water quality modelling of the effluent indicated it will not be acutely toxic to aquatic life and in 
accordance with AENV (1999) guidelines, there will be no chronic concentration beyond 
1.38 km downstream, except in the case of those parameters that are already above chronic 
levels (Section 13: Surface Water Quality). The actual length of chronic effect is probably much 
less, given that even under low-flow conditions, the effluent concentration 11 m downstream 
from the treated wastewater outfall is only 11.2 percent. Suspended solids, dissolved solids, pH 
and related parameters are expected to increase downstream of the wastewater outfall, but will 
be within applicable guidelines, where available, and are not expected to affect aquatic habitat.  

Total ammonia is predicted to increase from 0.2 to 0.23 mg/L downstream of the wastewater 
outfall (Section 13: Surface Water Quality). To calculate the UIA, the high-flow effluent 
temperature of 24.6°C and the median pH of 8.0 were used. Under these conditions, 
background UIA would increase by 0.0015 mg/L to 0.0115 mg/L, which is very close to the 
CCME guideline of 0.019 mg/L. A slight increase in pH could result in UIA exceeding the CCME 
guidelines in the near-field zone around the wastewater outfall (i.e., within 11 m). Once the 
effluent has mixed with the river, the UIA concentration will also decrease because of dilution 
and the reduction in water temperature.  

During high-flow discharge events when discharge temperatures would be highest, aquatic 
organisms could respond to increases in UIA by avoiding the discharge area. This highly 
localized alienation or loss of aquatic habitat is predicted to affect a very small portion of the fish 
within the immediate area of the NSR. Effects are anticipated to be low in magnitude, medium 
term, reversible, and have low environmental consequences. 

As the effects of discharge of Project effluent on water quality in the NSR will add to similar 
existing water quality effects and possible future additions to these effects, there is a potential 
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for the Project to contribute measurably to cumulative effects on water quality and to changes in 
aquatic habitat associated with these changes in water quality. Cumulative effects are 
discussed in Section 14.8. 

14.7.7.3 Eutrophication 
The discharge of phosphate will slightly increase the concentration in the near-field zone around 
the wastewater outfall (i.e., within 11 m). This has the potential to stimulate the growth of 
periphyton (benthic algae), which in turn, could result in an increase in abundance of benthic 
invertebrates, but could possibly result in the loss of some species, similar to the effect 
observed between the near-field and far-field sites. The small area affected is unlikely to result 
in any changes to fish species distribution or abundance. The effluent is quickly mixed and any 
effects of nutrient enrichment outside of the near-field zone will be covered by the continued 
migration of the effluent from upstream wastewater treatment plants. 

The highly localized nature of the effect or loss of aquatic habitat is predicted to affect a very 
small portion of the aquatic community within the immediate area of the wastewater outfall 
location. Effects are expected to be low in magnitude, medium term, reversible, and have low 
environmental consequences. 

As the effects of discharge of Project effluent on water quality in the NSR will add to similar 
existing water quality effects and possible future additions to these effects, there is a potential 
for the Project to contribute measurably to cumulative effects on water quality and to changes in 
aquatic habitat associated with these changes in water quality. Cumulative effects are 
discussed in Section 14.8. 

14.7.8 Prediction Confidence 
The confidence in the baseline data used for predicting the effects on aquatic resources is 
closely dependent on the confidence in baseline predictions for hydrology and water quality. As 
discussed in Section 12: Hydrology and Section 13: Surface Water Quality, the confidence in 
these predictions is high. Therefore, the confidence in baseline data is also high for aquatics 
resource use.  

The level of confidence in the effects of the Project on aquatic habitat in the local drainages is 
high because of the confidence in the design and mitigation measures. 

14.7.9 Summary of Residual Effects 
Table 14-12 characterizes the residual effects of the key issues for aquatic resources after 
mitigation and the potential of these issues to contribute measurably to regional cumulative 
effects. 
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Table 14-12: Summary of Residual Effects for Aquatic Resources 

Project Phase 
Issue/Measurable 

Parameter 
Magnitude/ 

Extent Duration 
Reversible/Non-

reversible 
Environmental 
Consequence 

Potential for 
Cumulative 

Effects 
Changes in aquatic 
habitat in local drainages 

Negligible to 
Low 

Medium 
term 

Reversible Low No Construction  

Changes in aquatic 
habitat caused by 
instream disturbance in 
NSR 

Moderate Medium 
term 

Reversible Low  No 

NSR fish mortality 
caused by entrainment in 
water intake 

Negligible to 
Low 

Medium 
term 

Reversible Low No 

Changes in tributary 
water level and flows 

Low Medium 
term 

Reversible None No 

Increase in water 
demands on NSR flows 

Low Medium 
term 

Reversible None Yes 

Effluent effects on NSR 
fish and fish habitat 
• Aquatic health 

Negligible NA NA NA No 

• Localized toxic 
effects 

Low Medium 
term 

Reversible Low Yes 

Operations 

• Eutrophication Low Medium 
term 

Reversible Low Yes 

NOTE: 
NA – not applicable 
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14.8 Cumulative Effects Assessment 
The cumulative effects assessment of aquatic resources focuses on the cumulative effects of 
water withdrawals from the NSR and the discharge of process effluent to the river. 

14.8.1 Analytical Approach 
Cumulative effects were assessed by comparing the baseline condition with the Application 
Case and the Future Case. For the purpose of this assessment, the Future Case includes the 
current Project as well as the North West Upgrader located adjacent to the Project and the 
Synenco Upgrader, located downstream. Water withdrawals for each case are presented in 
Section 12: Hydrology. The cumulative effects of effluent discharge are presented in Section 13: 
Surface Water Quality. 

Professional judgement was used to ascertain the effects of cumulative surface water 
withdrawals and effluent discharge on aquatic habitat. 

14.8.2 Increase in Water Demands on NSR Flows 

Base Case 
The Base Case water consumption from the NSR between Edmonton and the Saskatchewan 
border, as presented in Section 12: Hydrology, amounts to 250,177 dam3/a or 7.93 m3/s. That 
equates to 13.4 percent of the 7Q10, or 4.0 percent of the mean annual discharge in the river. 
Water consumption consists of licensed (or proposed to be licensed) consumptive use and 
losses. It is equivalent to the gross withdrawal minus return flow. 

Application Case 
When the Project water demands (11,700 dam3/a) are included, the total licensed demand on 
the river is amounts to 261,877 dam3/a or 8.30 m3/s. That equates to 14.1 percent of the 7Q10, 
or 4.2 percent of the mean annual discharge in the river. This is an increase of 0.37 m3/s over 
the Base Case or a reduction in water depth of 0.005 m. This is an insignificant decrease over 
the Base Case and will have no measurable effect on fish habitat within the NSR, especially in 
light of the 0.2 m daily fluctuation that occurs due to upstream hydroelectric operations.  

Future Case 
Including the North West Upgrader (6570 dam3/a; Stantec 2006) and the Synenco Project water 
demands of 9800 dam3/a (Section 12: Hydrology), the expected future licensed consumption 
from the river would be 278,247 dam3/a, or 8.82 m3/s assuming a constant withdrawal rate 
throughout the year. That equates to 15.0 percent of the 7Q10, or 4.5 percent of the mean 
annual discharge in the river. This would result in a further loss of depth of approximately 
0.007 m for a total reduction for all three projects of 0.012 m. This is a negligible reduction 
compared to the existing withdrawal and the daily fluctuations in the river. The current Project 
will have a negligible effect when combined with other proposed projects. 

Key Findings 
The Project contribution to the cumulative effects of withdrawals from the NSR is shown in 
Table 4-13. The Project’s contributions flow in the NSR because of cumulative water demands 
will be negligible in magnitude, medium term, reversible (lasting for the operations phase of the 
Project), and have no environmental consequence 
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Table 14-13: Effect of Water Withdrawals on NSR Discharges1 

Scenario 
 

Water Consumption 
Rate2 

(m3/s) 
Percent of 7Q10 

 

Reduction in Depth 
Downstream of the 

Intake3  
(m) 

Base Case 7.93 13.4% 0.099 
Sturgeon Upgrader 0.37 0.6% 0.005 

Application Case 8.30 14.1% 0.104 
North West Upgrader 0.21 0.4% 0.003 
Synenco 0.31 0.5% 0.004 

Future Case 8.82 15.0% 0.110 

NOTES: 
1All NSR flow statistics are based on the period 1974–2005. 
2 Water consumption consists of licensed (or proposed to be licensed) consumptive use and losses. It is 
equivalent to the gross withdrawal minus return flow, assuming a constant withdrawal rate through the 
year. 
3Depth reduction assumes a wetted width of 80 m. 

14.8.3 Effluent Effects on Aquatic Habitat in the NSR 

Base Case 
The Base Case is the existing water quality within the river, which is dominated by discharge 
from the two wastewater treatment plants, but contains effluent from numerous other industrial 
sources. The effect of the existing discharges to the river, particularly to the benthic invertebrate 
community, has been documented in previous studies (Golder 1995; NSWA 2005) 

Application Case 
Water quality monitoring of the effluent for the Application Case considered only the Project 
(Section 13: Surface Water Quality). Therefore, the Application Case for the analysis of aquatic 
effects of the effluent were limited to the Project only. Based on the results of the water quality 
monitoring, the effluent will slightly increase nutrient concentration along the left bank. This 
nutrient enrichment will likely increase productivity downstream of the wastewater outfall, 
although the effects on species diversity will be difficult to determine. Total ammonia 
concentrations will likely result in the loss of habitat use within the near field of the effluent and 
the reduction of habitat quality along the left bank, especially during the summer, when water 
temperatures are high. 
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Future Case 
The two other projects, North West and Synenco Upgraders, will have similar effluent 
characteristics to the current Project (Table 13A-3). Inclusion of the additional effluent in the 
analysis results in an incremental increase in ammonia concentration of 0.07 mg/L and 
increases the size of the plume. Assuming that the effluent temperature of the additional 
facilities is similar, the increase in ammonia will exceed the CCME guidelines for the protection 
of aquatic life under the median pH condition of 8.0. Aquatic organisms could respond by 
avoiding the areas of high UIA, which could effectively result in a loss of aquatic habitat in the 
NSR downstream of the wastewater outfalls, especially at the outfall located farthest 
downstream, which will have the highest UIA concentration. The loss of habitat will be limited to 
the area of warmer water immediately surrounding the outfall locations. The exact extent of the 
loss would depend on the pH and temperature. 

The effect of the additional phosphorus loadings from all three upgrader facilities will be to 
increase phosphorus concentrations immediately along the left bank by about 4 percent, above 
the existing median baseline concentration. This could affect benthic invertebrates along the left 
bank, but the changes would be within the range of what is currently observed within the river 
due to the effects of the discharge from the wastewater treatment plants. 

The effects of the Project effluent discharge into the NSR for both localized toxic effects and 
eutrophication are low, medium term, reversible and of low environmental consequence. 

14.8.4 Prediction Confidence 
The effects of the Project water demands on NSR discharges are predicted with a high degree 
of confidence. The reported effects are considered to be conservatively high, because the 
analysis is based on licensed volumes. Actual consumptive use for both the Project and other 
projects on the river are frequently less than the licensed volumes. A major source of 
uncertainty is the unknown variability of water withdrawal rates at the various projects. 

Predicted effects on aquatic resources are closely dependent on the confidence in predictions 
related to effects on water quality. As discussed in Section 13: Surface Water Quality, effects on 
water quality of effluent release are predicted with a high degree of confidence based on site-
specific baseline data and a high confidence in analytical, measurement and mitigation 
techniques. 

Pathways relating changes in water quality to effects on aquatic resources are well understood. 
However, given the complexity of interacting factors, there is some uncertainty about the 
magnitude of potential effects within affected portions of the LSA. Given the magnitude of 
nutrient loading in relation to total loads in the NSR, there is high confidence in predicting that 
the combined effluent from the three proposed upgraders will be within the range of natural 
variability.  
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14.8.5 Summary of Cumulative Effects 
Table 14-14 characterizes the issues or measurable parameters for aquatic resources that 
could add to cumulative effects in the region. 

Table 14-14: Summary of Cumulative Effects for Aquatic Resources 
Project 
Phase 

Issue/Measurable 
Parameter 

Magnitude/ 
Extent Duration 

Reversible/ 
Non-reversible 

Environmental 
Consequence 

Increase in water 
demands on NSR flows 

Negligible Medium Reversible None 

Effluent effects on NSR 
fish and fish habitat 
• aquatic health 

Low Medium Reversible Low 

Operations  

• localized toxic 
effects 

Low Medium Reversible Low 

14.9 Follow-up and Monitoring 
Withdrawals from, and releases to, the NSR will be monitored for quality and quantity as 
outlined in the cumulative effects discussions in Sections 12: Hydrology and Section 13: Surface 
Water Quality. Benthic invertebrates monitoring should be included to determine if there is an 
effect on species diversity or richness. 

Effects of cofferdam construction on fish habitat will be reviewed after the water intake and 
cofferdam have been designed. 

Water intake screens will be monitored to ensure larval fish are not becoming entrained in the 
intake. Monitoring should include drift studies to determine the number of larvae in the area as 
well as the number that become trapped in the intake structure. 
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