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9.0 FISHERIES AND AQUATIC RESOURCES

9.1 Introduction

The Korea National Oil Corporation (KNOC) BlackGold Expansion Project includes several
activities that may impact fisheries and aquatic resources. These include:

J construction and operation of a temporary construction laydown area and new well pads;

. construction and operation of watercourse crossings associated with pipelines, access
roads, and utility crossings; and

. groundwater withdrawals.

The objective of the fisheries and aquatics resources program is to characterize aquatic habitat,
fish communities and benthic invertebrate communities within areas potentially impacted by the
project. These components of the fisheries and aquatic resources program are described in the
following sections.

9.2 Study Area

Three study areas were delineated to assess the potential impacts associated with the project.
These include:

. Aquatic Regional Study Area (ARSA);

. Aquatic Local Study Area (ALSA); and

. the project area.

9.2.1 Aquatic Regional Study Area

The Aquatic Regional Study Area (ARSA) was delineated to determine the potential of the
project to contribute to the cumulative effects on aquatic resources within the Christina Lake
region (Figure 9.2-1). Numerous developments are either currently operational, have been
approved, or have been proposed for development in the oil sands region. All existing, approved
or proposed developments in the oil sands area were considered when selecting the ARSA.

9.2.2 Aquatic Local Study Area

The Aquatic Local Study Area (ALSA) was determined based on watercourses and waterbodies
that may be directly or indirectly affected by the project. The ALSA is located in the south
portion of the Christina Lake drainage basin (Figure 9.2-1) and includes Sunday Creek
watershed, two unnamed tributaries of Christina Lake and the lower section of Birch Creek.

9.2.2.1 ALSA Basin and Waterbody Nomenclature

In order to simplify the discussion of hydrology, water quality, and fisheries and aquatic
resources, the ALSA was divided into five separate basins and areas of direct drainage into
Christina Lake, which were assigned a letter code (Table 9.2-1).
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Table 9.2-1: Basins within the ALSA and the Corresponding Basin Code

Basin Basin Code
Sunday Creek Upstream of the project area Basin A
Sunday Creek Downstream of the project area Basin B
East Unnamed Creek Basin C
West Unnamed Creek Basin D
Birch Creek Basins E and F

Basins A and B occupy the largest area of the ALSA and comprise the Sunday Creek
watershed. Basins C and D are quite small in comparison and flow north through the KNOC
lease area and discharge into Christina Lake. Basins E and F are located in the top northwest
portion of the ALSA and drains the lower portion of Birch Creek and a number of tributaries
before discharging into Christina Lake. Gray shaded areas on the Figure 9.2-2 represent zones
within the ALSA that drain directly over land into Christina Lake.

Fisheries and aquatic resources sites located within each basin have been labeled with the
basin code as a prefix, followed by the site number; i.e., Site C1 would be located within
Basin C.

Within each basin, named streams have not been recoded, although each unnamed
watercourse or waterbody was represented by the basin code followed by a series of
hyphenated numbers, with each successive number representing a new tributary encountered
when moving upstream through the basin. Tributaries were numbered in upstream order from
the mouth. A list of watercourse and waterbody names and the corresponding site numbers
within the ASLA is provided in Table 9.2-2. Figure 9.2-3 shows the sampling locations.

Table 9.2-2: Names, Watershed Codes and Site Numbers for
Watercourses and Waterbodies Sampled Within the ALSA

Watercourse/Waterbody | Site(s)
Basin A

Sunday Creek A1, A2

- Lake A3 A3-1"

—  Watercourse A4 Ad-1, A4-2"
-  Lake A5 A5-1"

—  Watercourse A15 A15-1, A15-2
Basin B

Sunday Creek B1, B2
Monday Creek B3, B4
Basin C

Watercourse C | C1,C2
Basin D

Watercourse D | D1, D2
Basins Eand F

Birch Creek | No sites

' Site is located on an unnamed lake.
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9.2.3 Project Area

The project area includes all watercourse and waterbodies found within the KNOC leases
(Figure 9.2-2). This area will contain all project-related activities. The project area lies entirely
within a southern portion of the Christina Lake drainage basin. Within the project area,
watercourses and waterbodies of interest included:

. two small unnamed Christina Lake tributaries and a lake, which drains into one of the
tributaries;

. a portion of Sunday Creek; and

o three unnamed tributaries and waterbodies, which feed Sunday Creek (Figure 9.2-2).

9.3 Issues and Assessment Criteria

931 Issue Scoping

Issues concerning fisheries and aquatic resources were compiled from consultation with
provincial regulators, through KNOC'’s public consultation, and from examination of previous
environmental impact assessment (EIAs) of similar in-situ oil sands development projects.

Fisheries and aquatic resources issues and implications within the EIA include:

. Potential Impacts on Buffering, Biological Productivity and Species Composition of Acid-
Sensitive Rivers and Lakes — Impacts due to deposition of acidifying substances are
addressed in Volume 2, Section 8.0 (Surface Water Quality). Impacts to fisheries and
other aquatic resources are addressed in this section of the EIA,;

° Increased Fishing Pressures Due to Improved Access That Can Cause Reductions in
Fish Populations — Status of existing fish populations and the potential impacts on these
populations due to increased fishing pressure are discussed in this section of the EIA;

. Activities will Reduce Stream and River Flows, Resulting in Changes to Fish Habitat —
Changes in stream and river flows are addressed in Volume 2, Section 7.0 (Hydrology).
Potential impacts of these changes on fish populations and habitat are addressed in this
section of the EIA;

. Changes in Flows, Sediment Concentrations and Channel Regimes may Impact Fish
Habitat — Impact of sediment loading is addressed in Volume 2, Section 7.0 (Hydrology).
Potential impact of sediment loading on fish populations and habitat are addressed in
this section of the EIA;

. Monitoring and Assessment of Water Pollution Effects in the Downstream Region,
Including Fish — No releases of project wastewater to area waterbodies will occur; water
pollution will be minimal to non-existent (Volume 2, Section 8.0, Surface Water Quality).
Therefore, it is not addressed in this section of the EIA;
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° Potential Effects of Industrial Effluents on Fish Health — There will be no direct releases
from the project into nearby watercourses (Volume 2, Section 8.0, Surface Water
Quality). Therefore, this is not addressed in this EIA; and

. Project Activities have the Potential to Impact Special Status Fish Species — Special
status fish species may exist in the local and regional study areas. Potential impacts to
these species are addressed in this section.

9.3.2 Assessment Criteria

Each of the issues above was assessed for its potential to impact fish and aquatic resources,
following implementation of best management practices and other available mitigation
measures.

Evaluation of mitigation measures and identification of residual impacts were based on review of
available literature and on professional judgment. Evaluation of potential project impacts was
qualitatively assessed at the local (project-specific impacts) and regional (cumulative effects)
scales.

9.3.3 Indicator Resources

Indicator resources were selected to focus the assessment of project potential impacts on fish
and aquatic resources. Potential impacts to indicator resources were not intended to imply
impacts to the broader fish community but were instead used to focus the assessment to
species or guilds of traditional, social, economic and/or ecological importance.

Four guilds were selected as indicator resources for this assessment: benthic invertebrates,
small-bodied forage fish, large-bodied forage fish and predatory fish. These four guilds, and
their habitat, were selected to assess various trophic levels potentially affected by the project.
Benthic invertebrates were selected as indicator resources in all waterbodies because of their
abundance and wide distribution, importance as food for fish, sensitivity to sedimentation and
rapid response to environmental change.

Brook stickleback (Culaea inconstans) was selected as an indicator resource in all waterbodies
although the species composition of this guild varied for each waterbody, depending on which
species was documented. This species represents the small-bodied fish guild and are resident,
spawn in the ALSA, are widely distributed and are the most abundant fish found in the ALSA.
Spoonhead sculpin (Cottus ricei) was also selected as an indicator resource due to being listed
as a special status species. Shuter (1990) suggested that populations with quick response time
(i.e., short age-to-maturity and fast growth rate), small adult size and low food web position are
useful as indicators of environmental stress. All species in the small-bodied forage fish guild
meet these criteria and could be individually used as indicators. The small-bodied forage fish
guild was selected collectively as an indicator resource because individual taxa are difficult to
select objectively, their sensitivity may vary due to other factors (besides potential project
impacts) and they cannot indicate the relative degree of degradation (Fausch et al. 1990).
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Individual species from the large-bodied forage fish guild and predatory fish guild were selected
instead of using the entire guild. This was done to reflect important spawning, rearing, or
feeding habitats for these species, listings on provincial and regional priority lists, and
importance values placed on these species by various user groups, including traditional,
subsistence and recreational users.

White sucker (Catostomus commersoni) and longnose sucker (Catostomus catostomus) were
selected as indicator resources for the large-bodied forage fish guild. Both species occur within
the ALSA and spawn in a number of waterbodies in the ALSA. White sucker and longnose
sucker feed on benthic invertebrates and spawn on clean gravel (Scott and Crossman 1973)
and are sensitive to sedimentation. Juvenile sucker are also important as prey for sportfish
species.

Northern pike (Esox lucius) and Arctic grayling (Thymallus arcticus) were selected as indicator
resources from the predatory fish guild. Northern pike are documented in the local and regional
study areas, are a preferred subsistence and sportfish (Park 2007) and are listed as a Priority 1
indicator species by CEMA (2001). Arctic grayling spawn in the regional study area, utilizing
clean gravels in swift-flowing riffles that are sensitive to sedimentation. Arctic grayling, an
important sportfish (Park 2007), are susceptible to over fishing, and are listed as a

Priority 2 indicator species (CEMA 2001).

9.4 Methods

The baseline condition of fisheries and aquatic resources within the ALSA and project area was
determined from a review of existing information and field programs previously conducted for
the KNOC lease area in 2005 and 2006 (KNOC 2008). Baseline conditions in the project ARSA
were described using available literature.

Primary literature sources that provided aquatic resources information for the study areas were
reviewed and included:

. the Atlas of Alberta Lakes (Mitchell and Prepas 1990);

° baseline assessments related to regional oil sands developments (Van Horne 1998,
Devon 2003 and 2006, MEG 2005); and
o baseline assessments conducted in 2005/2006 for the KNOC lease area (KNOC 2008).

Additional information sources included discussions with Alberta Sustainable Resource
Development (SRD) and the SRD Fish and Wildlife Management Information System (FWMIS).
The FWMIS database provided fisheries data for the area from additional references (Brown
and Stanislawski 1995 and 1996).
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9.5 Existing Conditions

9.5.1 Regional Setting

The ARSA includes the Christina Lake drainage basin and a portion of Jackfish River, which are
part of the Athabasca River watershed. The drainage area of the basin is approximately

1 270 km? and the lake is fed by six main tributaries (Mitchell and Prepas 1990). The largest
tributary, Sunday Creek, flows along the south boundary of the project area and then flows
north, outside the project area on the east side, before discharging to Christina Lake

(Figure 9.2-1).

The basin is part of a till plain that drains slowly to the northeast with most of the basin
consisting of poorly drained muskeg (Mitchell and Prepas 1990). Watercourses in the project
area are generally characterized by uniform run habitat over fine substrates with regular beaver
activity (Devon 2003, MEG 2005). The largest tributary, Sunday Creek, is characterized by run
habitat with impoundments formed by beaver activity (Devon 2006).

Christina Lake is a long, narrow lake that has three major sub-basins. The lake is approximately
33 m deep at the deepest point, and is strongly thermally stratified over the summer (Mitchell
and Prepas 1990). During the winter, dissolved oxygen (DO) levels are above 5 mg/L, thus the
lake provides good overwintering habitat for all fish species. Other lakes within the Christina
Lake basin are generally shallow and uniform with fine substrates and are characterized by
extensive littoral habitat with abundant beaver activity (Devon 2003, MEG 2005, KNOC 2008).
The outlet of Christina Lake, Jackfish River, is located at the west end of the lake and travels
north approximately 9 km before entering into Christina River (Mitchell and Prepas 1990).

The Christina Lake basin supports seven sportfish species and ten other species (Table 9.5-1).
Sportfish in the basin include: Arctic grayling, burbot (Lota lota), cisco (Coregonus artedii), lake
whitefish (Coregonus clupeaformis), northern pike, walleye (Sander vitreus), and yellow perch
(Perca flavescens). Sucker species in the basin are limited to longnose sucker and white
sucker. The forage fish comprising the remaining species in the basin are: brook stickleback,
lowa darter (Etheostoma exile), lake chub (Couesius plumbeus), ninespine stickleback
(Pungitius pungitius), pearl dace (Margariscus margarita), slimy sculpin (Cottus cognatus),
spoonhead sculpin, spottail shiner (Notropis hudsonius) and trout-perch (Percopsis
omiscomaycus) (Mitchell and Prepas 1990, Brown and Stanislawski 1995 and 1996, Van
Horne 1998, Devon 2003, MEG 2005, KNOC 2008).
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Table 9.5-1: Fish Species Documented in the Christina Lake Basin

Common Name Scientific Name

Arctic grayling Thymallus arcticus
brook stickleback Culaea inconstans
burbot Lota lota

cisco Coregonus artedii

lowa darter Etheostoma exile

lake chub Couesius plumbeus

lake whitefish Coregonus clupeaformis
longnose sucker Catostomus catostomus
ninespine stickleback Pungitius pungitius
northern pike Esox lucius

pearl dace Margariscus margarita
slimy sculpin Cottus cognatus
spoonhead sculpin Cottus ricei

spottail shiner Notropis hudsonius
trout-perch Percopsis omiscomaycus
walleye Sander vitreus

white sucker Catostomus commersoni
yellow perch Perca flavescens

Source: Mitchell and Prepas (1990), Brown and Stanislawski (1995 and 1996),
Van Horne (1998), Devon (2003 and 2006), MEG (2005), KNOC (2008) and SRD (2009a).

9.5.2 Local Setting

A total of nine species of fish including Arctic grayling, brook stickleback, lake chub, longnose

sucker, northern pike, slimy sculpin, spoonhead sculpin, walleye and white sucker, have been

documented within the ALSA (Table 9.5-2) (Van Horne 1998, Devon 2003, MEG 2005, KNOC
2008). Habitat descriptions and fish inventory results are provided for each of the basins within
the ALSA in the following sections.

Table 9.5-2: Fish Species Documented within the ALSA

Common Name Basin A Basin B Basin C Basin D Basins E & F
Arctic grayling A

brook stickleback A A A

lake chub A

longnose sucker A

northern pike A A
slimy sculpin A
spoonhead sculpin A

sucker spp. A A

walleye A

white sucker A A

unidentified fish A

Source: Van Horne (1998), Devon (2003 and 2006), KNOC (2008) and SRD (2009a).
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9.5.2.1 Basin A (Sunday Creek Upstream of the Project Area)

Sunday Creek

The headwaters of Sunday Creek originate at Edwards Lake to the southwest of the ALSA.
Downstream of Edwards Lake, the creek flows for a distance of 54 km before entering the south
shore of Christina Lake. Sunday Creek receives input from numerous small tributaries and one
large tributary system, locally referred to as Monday Creek.

Several sites have been sampled along Sunday Creek within the ALSA (Figure 9.2-3), as
follows:

. one (A1) located within the project area, sampled over 2005/2006 (KNOC 2008);
. one (A2) located upstream of the project area, sampled in 2005 (Devon 2006);
. one (B1) located downstream of the confluence with Monday Creek (KNOC 2008); and

. a group of three sites (B2) located downstream of the project area, in the vicinity of the
BP Road crossing, which were sampled in 2002 (Devon 2003) and 2005/2006 (Devon
2006).

Information on sites B1 and B2 is provided in Section 9.5.2.2, Basin B.

The Sunday Creek channel flows in a meandering pattern through a moderately sloped valley.
Run habitat dominated pools, created by beaver impoundments, are present and occasional
riffle habitat is present at both locations, but was generally limited. Fine substrate is the most
common type at both sites and larger substrates (i.e., cobble and boulder) occur at the
downstream site. At both sites, banks are stable and well vegetated with grasses, forbs and
shrubs. Cover is primarily provided in the form of depth, surface turbulence, and instream
vegetation.

Site Al

In the vicinity of Site A1, Sunday Creek meanders and is partially confined within a moderately
sloped valley. Habitat is predominately run with moderate depth and occasional riffles. The
substrate is typically sands and silts, with small populations of macrophytes (Devon 2006).
Banks are stable and vegetated with grasses, forbs and shrubs. Overhead cover is provided by
small woody debris piles, overhanging vegetation. Depth, turbulence and macrophytes provide
moderate instream cover (Devon 2006).

A juvenile walleye (spring 2005), brook stickleback (summer and fall 2005) and an unidentified
sucker fry species (fall 2005) were captured at site A1 (Devon 2006). The walleye captured at
the site represents the furthest upstream location of any sportfish species with Sunday Creek.
No fish were captured during winter 2006 sampling.
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Site A2

At Site A2, Sunday Creek flows in an unconfined irregular meander channel pattern. The creek
is characterized by low quality run and high quality pool habitat types. The substrate is entirely
comprised of fines. Instream cover is not limited, existing predominately in the form of deep
pools (55%) followed by large woody debris (40%), and overhanging vegetation (5%). Banks
within this section range from 0.5 to 5.0 m in height and are stable and vegetated (Devon 2006).

Fish sampling was conducted in the spring of 2005 and a single white sucker fry was captured.
No other fish were captured or observed (Devon 2006).

Unnamed Tributaries of Sunday Creek

Several unnamed lakes and tributaries to Sunday Creek have been sampled and including:

° Unnamed Lake A3 (Site A3-1);

. Unnamed Watercourse A4 (Site A4-1 (watercourse) and Site A4-2 (lake));
o Unnamed Lake A5 (Site A5-1); and

. Unnamed Watercourse A15 (Sites A15-1 and A15-2).

Unnamed Lake A3

Site A3-1 is located within the project area on a lake that has a short outlet channel, which flows
east into Sunday Creek. The lake is a small, oblong waterbody bordered by black spruce (Picea
mariana), lodgepole pine (Pinus contorta), muskeg and grasses (KNOC 2008). It receives input
from a fen-type area with no channel development, located on the west side of the lake. The
outlet is located at the east end of the lake and has a well defined channel, approximately 2 m
wide. The lake is a uniform depth (maximum of 1.5 m) over fine sediment and organic
substrates, which support occasional submergent and emergent macrophyte communities. DO
levels are low in the winter (0.6 to 1.0 mg/L).

Juvenile northern pike and juvenile sucker species were captured in the fall, while only juvenile
northern pike were captured in the summer (KNOC 2008). The lake provides rearing habitat for
large-bodied species but the low winter DO levels limit overwintering potential for fish species.

Unnamed Watercourse A4

Unnamed watercourse A4 feeds Sunday Creek, and originates south of the project area. At
Site A4-1, the tributary flows in a meandering pattern through a moderately sloped valley. The
dominant habitat type consists of shallow run over fine substrates. Occasional cobble
substrates occur within the surveyed area with cover provided primarily by overhanging
vegetation and woody debris. Depths are shallow, ranging between 0.06 m and 0.16 m.
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Brook stickleback were captured throughout the open water season and sucker species fry
were captured during the summer (KNOC 2008). The watercourse appears to serve as a
migration corridor to Lake A4-2, as well as providing seasonal rearing and feeding habitat for
sucker species. The shallow depth and lack of pools suggests that no overwintering habitat is
present.

Site A4-2 is located on a lake, which is part of the watercourse A4 system. This lake is slightly
larger than the lake on watercourse A3 and is located towards the downstream end of the
tributary system. The lake receives input from the main tributary flowing north then east into the
lake. The short outlet channel is obstructed by a beaver dam and drains from the lake directly
north into Sunday Creek. The lake is oblong with a bowl shaped bed profile and a maximum
recorded depth of 3 m. The substrate of fine sediment and organic material supports occasional
submergent macrophytes. A ring of floating vegetation (grasses/forbs) is present, several
metres out from the shoreline. DO levels were above 5.5 mg/L during all surveys.

Brook stickleback were captured during the spring, summer, and fall surveys, and juvenile
longnose sucker were captured in the summer and fall (KNOC 2008). Despite the presence of
the beaver dam at the outlet, the capture of juvenile longnose sucker within the lake indicates
that migration is possible and that the lake provides rearing habitat for large-bodied forage
species and year round habitat for forage fish species.

Unnamed Lake A5

Site A5-1 is located on a lake, near the center of the project area. The lake discharges through
watercourse A5 to the southwest into Sunday Creek. The lake is circular, bordered by black
spruce, muskeg and grasses, and has a single undefined outlet characterized by fen-type
habitat, located on the southwest end of the lake. The lake is of uniform depth, with a recorded
maximum of 1.3 m. The substrate consists primarily of fine sediments and organic materials and
a large submergent aquatic macrophyte community is present. DO levels were below 5.5 mg/L
only in the winter.

No fish were captured within the lake during spring, summer, fall, and winter fish inventories.
The presence of an undefined outlet suggests that connectivity to Sunday Creek may be limited.
Therefore the lake may only be able to support forage fish species tolerant of low DO levels.

Unnamed Watercourse A15

Unnamed watercourse A15 originates in a series of unnamed ponds located in the middle of the
ALSA. The stream flows for approximately 11 km before entering into Sunday Creek about
40 km from its confluence with Christina Lake (Devon 2006).

Site A15-1 is located near the confluence of watercourse A15 and Sunday Creek. The stream
flows in an irregular meandering channel pattern and is occasionally confined. The creek is
characterized by predominately low quality run and pool habitat types. The average wetted
width is 6.0 m while the average channel width was 8.0 m (Devon 2006). Pools are limited and
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tend to be of poor quality, with average depths of 0.4 to 0.8 m. The largest pool along the
surveyed creek is created by the impoundment of water from beaver activity and is
approximately 1.5 m in depth. Substrate is primarily cobbles and gravels while pool substrate
consists of fine silt and sand with some cobbles and gravels. Total available cover was not
limiting (80%) and is primarily large woody debris (70%), followed by deep pools (15%) and
overhanging vegetation (15%). Crown closure is approximately 60% and is made up of a
combination of trees and shrubs. During the spring survey fish passage was not impeded
(Devon 2006).

No fish were captured or observed at A15-1(Devon 2006).

Site A15-2 is located near the headwaters of watercourse A15. The channel pattern is sinuous
in nature and consists of pool and run habitat types. Upstream of the winter access road, a
large impoundment has been formed by beaver dam construction creating deep pool habitat
(>1.5 m). Downstream of the access road, the habitat consists of low quality run and more
shallow pool habitat. The wetted width of the non-impounded channel is 4 m and substrate
consists of fines overlaying some cobble. Total available cover is not limiting (60%) and is
provided predominately in the form of deep pools (80%), followed by large woody debris (10%),
instream vegetation (5%) and overhanging vegetation (5%). Several beaver dams are present
along the surveyed area that would impede fish movement under low flow conditions (Devon
2006).

During fish sampling, six brook stickleback were captured and nine brook stickleback were
observed at Site A15-2 (Devon 2006).

9.5.2.2 Basin B (Sunday Creek Downstream of the Project Area)

Sunday Creek

Site B1

At Site B1 along 